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Preface 

Dental medicine, especially periodontics, has changed dramatically during the past 80 
years. Much of this progress has been the result of research findings carried out in 
laboratories, dental practices, and clinical research settings around the world. 
Investigations in periodontics have been supported by the National Institute for 
Dental and Craniofacial Research, industry, foundations, and academic institutions. 
The first Department of Periodontics was established at New York University in 
1924, and most dental curricula did not include this subject until after World War II. 
In 1940, at the age of 39, Dr. Henry M. Goldman published the first edition of 
Periodontia. That volume might be considered the great-great ancestor of this text 
since D. Walter Cohen joined Dr. Goldman in the fourth edition of Periodontia in 
1957, followed by Periodontal Therapy in 1959, which included Saul Schluger and 
Lewis Fox as co-authors. In 1990, the book Contemporary Periodontics by Genco, 
Goldman, and Cohen continued this lineage. These volumes formed the foundations 
upon which this current textbook, Periodontics: Medicine, Surgery, and Implants, is 
laid. But this book is not simply a look to the past. Quite the opposite, it embraces a 
vision of the future for the practice of periodontics in dentistry. This vision asks not 
only "Where are we today in the field of periodontics?" but also "Where are we going 
in the next 10 or 20 years?" Guided by a firm understanding of the pathobiology of 
periodontal diseases and other oral infections, this book details new knowledge in the 
field of periodontal medicine, periodontal surgery and nonsurgical care, oral plastic 
and reconstructive surgical techniques, and dental implant therapy. 

Dentistry is no longer a profession whose driving force is the "saving of teeth." 
Rather, dental diagnosis and treatment is directed toward controlling infection and 
establishing an oral environment that is conducive to the overall health and well-
being of the patient. This is particularly true of the field of periodontology. The new 
evidence that has been made available to the profession has been the inspiration for 



this volume, which is designed for all oral health professionals who have the 
opportunity to treat patients. A group of distinguished contributors has made the text 
one that can be used by dental students, postdoctoral students, generalists, dental 
hygienists, and specialists. The goal of the book is to bring this knowledge into the 
dental practice and into the day-to-day activities of all oral health care providers. The 
book is about possibilities: possibilities to reinforce what one may already have 
learned in the field of periodontology, to examine one's current level of understanding 
in light of today's expanded knowledge base, and to look to the future with 
confidence that periodontics will play a major role in one's dental practice and will 
help address many of the problems cited in the recent Surgeon General's report on the 
nation's oral health. 

In this textbook, chapters have been grouped into five sections for ease of reference: 

Part I, Basic Concepts in Periodontal Pathobiology, introduces the reader to the 
anatomy and physiology of the periodontium, the most current diagnoses and 
classification of periodontal diseases, epidemiology and risk factors, the microbiology 
of periodontal lesions, immunoinflammatory responses in periodontal diseases, dental 
plaque and calculus, microbial biofilms, and other factors that contribute to the onset 
and progression of periodontal diseases. 

Part II, Periodontal Evaluation, Treatment Planning, and Nonsurgical Therapy, 
discusses clinical and radiographic diagnostic techniques, management of acute 
periodontal conditions, oral physiotherapy, nonsurgical therapy and instrumentation, 
periodontal and dental implant maintenance care, and use of locally acting and 
systemic chemotherapeutic agents. This section contains a first-of-its-kind chapter on 
digital record keeping in the dental practice and serves as a guide to the future 
"paperless" dental office. 

Part III, Surgical Therapy, addresses the surgical aspects of therapy and includes 
principles and practice of periodontal surgery, periodontal plastic and reconstructive 
surgery, principles of periodontal microsurgery, resective surgical techniques, and 
management of molar furcation problems. Included in this section is a detailed 
chapter on conscious sedation and anxiety control. The section ends with an extensive 
chapter on dental implant therapy. 

Part IV, Multidisciplinary Care, includes several chapters on multidisciplinary dental 
therapy, including the topics of diagnosis and treatment planning of the compromised 
dentition, periodontal-restorative and periodontal-prosthetic associations, occlusion, 
and considerations in the relationships between periodontics, orthodontics, and 
endodontics. 

Part V, Periodontal Medicine, addresses systemic considerations and contains the 
latest information on systemic factors impacting the periodontium, the effects of 
periodontal infection on a number of systemic conditions, medications impacting the 
periodontium, tumors and other pathology involving the periodontium, the effects of 
smoking and other habits on the periodontium and on periodontal therapy, and proper 



execution of the medical/dental history. The final chapter contains a detailed and 
exhaustive review of clinical dental/periodontal management of the medically 
compromised patient. 

Louis F. Rose 

Brian L. Mealey 

Robert J. Genco 

D. Walter Cohen 
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1  Anatomy, Development, and Physiology of the 

Periodontium 

Mark I. Ryder 

This chapter presents an overview and in depth examination of the structure, 
development, and physiology of the periodontal tissues. In other texts, these topics are 
traditionally divided over several chapters devoted to such areas as the gingiva, 
periodontal support, macroanatomy of the periodontium, microanatomy of the 
periodontium, and development. Integrating these topics into a single chapter was done 
in the hope that the reader will gain a comprehensive understanding of the relations 
between these topics. Such an integration is important for our understanding as to how 
normal tissues change during the pathologic processes of periodontal diseases. In 
addition, by integrating the story of the development of the periodontium into the 
macroanatomy and the microanatomy of the periodontium, the reader may understand 
the often confusing and complex terminologies used for periodontal tissues. This 
integration of the discussion of periodontal development into periodontal anatomy can 
also help the reader understand how investigators are developing new regeneration 
strategies based on these developmental principles. Thus in this chapter, the 



microanatomy, macroanatomy, physiology, and development of the periodontium will 
be presented in such a way that the reader can carry this knowledge forward to the 
subsequent chapters in this textbook. Therefore, these anatomic, developmental, and 
physiologic topics will be presented in the following sequence:  

• A description of the normal clinical, radiographic, and gross microscopic 
appearance of the periodontal tissues that support, protect, and nourish the tooth. 

• An overview of the development of the periodontal attachment. 

• A more detailed discussion of the development, structure, and physiology of each 
of the principal periodontal tissues: the cementum and alveolar bone, the periodontal 
ligament and gingival connective tissues, and the gingival epithelium and epithelial 
attachment. 

THE NORMAL PERIODONTIUM 

The periodontium consists of those tissues that surround and anchor the tooth in the 
maxillary and mandibular alveolar process. These tissues include the gingiva and 
gingival attachment to the tooth, cementum, periodontal ligament, and alveolar bone. 
When viewed clinically, the only portion of periodontium that is visible to the 
unaided eye is the oral aspect of the gingival epithelium (Fig. 1-1). When healthy, this 
area of gingiva is normally coral pink with variations in melanin pigmentation among 
different racial groups.1,2 The firm, pink, coronally located gingiva is distinguished 
from the more pliable and more red oral mucosa on the buccal aspect of the maxillary 
teeth and on the buccal and lingual aspect of the mandibular teeth by a distinct 
mucogingival line or mucogingival junction. On the palatal aspect, the firm pink 
gingiva is continuous with the firm pink palatal mucosa. In areas of the dentition 
where there is contact between adjacent teeth, the gingiva has a typical scalloped 
profile coming to a triangular point in the interproximal embrasure. In areas where 
there is no contact between teeth, this gingival profile is flatter in appearance. In cross 
section, the margin of the gingiva comes to a tapered point or knife edge. On the 
surface of the oral gingival epithelium there is a characteristic dimpled pattern or 
stippled pattern formed from invaginations of the oral gingival epithelium into the 
underlying connective tissue. A shallow gingival groove is seen on approximately 
50% of the gingival surface, which runs a few millimeters below the gingival margin 
profile at approximately the level of the base of the gingival sulcus. 

The remaining periodontal structures can best be appreciated in low-power buccal-
lingual sections or diagrams of the tooth and surrounding bone (see Fig. 1-1).3,4 In 
this type of section, one can discern a thin covering of mineralized tissue over the root 
dentin, termed the cementum. Fibers of the periodontal ligament insert into the 
cementum on the tooth side and into the alveolar bone on the opposite side. The 
periodontal ligament thus provides the principal anchoring mechanism of the tooth to 
the alveolar bone. The width of the space occupied by the periodontal ligament often 
can be visualized on standard dental radiographs (Fig. 1-2). This width ranges from 



0.1 to 0.25 mm and is generally narrowest at the midpoint of the root. The periodontal 
ligament space also has a blood supply to provide nutrients to the surface and the 
alveolar bone; cells for repair and remodeling the cementum, ligament, and surface of 
the alveolar bone; and a sensory nerve network to provide tactile information on the 
position of the tooth. Thus the periodontal ligament and associated structures have 
supportive, nutritive, regenerative, and sensory functions. 

In a buccal-lingual cross section, the gingival epithelium forms a crevice around the 
tooth.5 This epithelium can be distinguished into three regions covering the 
underlying gingival connective tissue (Fig. 1-3). In all cases, the basal lamina of the 
basal epithelial layer attaches to the underlying connective tissue through anchoring 
fibrils. The three regions include:  

• A thicker keratinized (orthokeratinized) or parakeratinized oral gingival 
epithelium (see Fig. 1-3, A). 

• A thinner and flatter parakeratinized or nonkeratinized lining of the crevice itself, 
termed the crevicular epithelium (see Fig. 1-3, B). 

• An area apical to the unattached crevicular epithelium, termed the junctional 
epithelium, which forms an epithelial attachment to the tooth surface itself (see Fig. 
1-3, C). 

This epithelial attachment is therefore the most coronal portion of the periodontal 
attachment apparatus. When healthy, the level of the epithelium attachment to the 
tooth is usually at or slightly coronal to the level of the border between the apical 
extent of the enamel and coronal extent of the cementum. This area on the tooth is 
called the cementoenamel junction. The connective tissue underlying the gingival 
epithelium can be divided into a less collagen-dense papillary layer directly beneath 
the gingival epithelium and a deeper more collagen-dense reticular layer. 

Figure 1-1.   



 

Clinical view and diagrammatic representation of the major elements of the 
periodontium. A diagram of what a buccal-lingual cross section of the clinical 
view might look like is presented to the right of the clinical photograph. The 
buccal-lingual scale is exaggerated to illustrate some of the much thinner regions 
of the periodontium. (Redrawn from Rateitschak KH, Rateitschak EM, Wolf HF, 
Hassell TM: Color atlas of dental medicine/periodontology, ed 2, New York, 
1994, Thieme Medical Publishers.) 

Figure 1-2.   



 

Standard periapical radiograph of the tooth and alveolar bone support. The more 
radiodense lamina dura and radiolucent periodontal ligament space can be seen. 

The blood supply for the periodontium comes from the inferior and superior alveolar 
arteries, respectively.3,5 Branches of these arteries extend coronally into the ligament 
from the apices of the teeth and from branches that extend coronally into the central 
trabecular areas of the alveolar bone, or over the oral side of the periosteum, and then 
penetrate perpendicularly through the alveolar bone and into the periodontal ligament 
(Fig. 1-4). When the surface of the bony socket is viewed face on, numerous small 
holes can be seen that correspond to the penetration of these small blood vessels and 
nerves into the periodontal ligament. This perforated appearance of the alveolar bone 
is similar to the appearance of the cribriform plate of the ethmoid bone above the 
nasal cavity. 

Some branches of the blood supply run directly into the periodontal ligament and into 
the alveolar bone. Other branches run along the surface of the bone. These various 
arterial branches continue into the gingival tissue and terminate in numerous capillary 
loops in the superficial area of the gingival connective tissue adjacent to the gingival 
epithelium (the papillary region of the gingival connective tissue) (see Fig. 1-4). 
Within the gingival tissue, there are numerous anastomoses among these three blood 
supplies. This extensive collateral circulation enables the clinician to perform a 
variety of surgical procedures on the gingiva without significantly compromising its 
blood supply. 

Figure 1-3.   



 

The three major types of epithelial organization within the gingival epithelium. a, 
The four layers characteristic of orthokeratinized gingiva are seen. These include 
the cuboidal cells of the basal layer (BL), a prickle cell layer or spinous layer 
(PL), a granular layer (GL) with flattened cells containing keratohyaline granules, 
and a keratinized layer (KL) with flattened cells packed with keratin filaments. 
When dark nuclei are present in the KL, the epithelium is termed parakeratinized. 
When no nuclei can be seen in the KL, the epithelium is "orthokeratinized." b, 
Nonkeratinized epithelium. Although a BL and PL are still present, the cells in the 
more superficial layers (SL) are not as flat as the parakeratinized or 
orthokeratinized epithelium, contain fewer keratin filaments, and still have nuclei. 
c, Junctional epithelium. Only two layers are seen: a BL and a PL. The cells of the 
most SL of the PL attach to the tooth in part through hemidesmosomes. Note that 
in all types of epithelium (a, b, and c), the basal layer is anchored to the 
underlying connective tissue through hemidesmosomes, which interdigitate with 
anchoring collagen fibrils extending from the connective tissue. 



The nerve supply to the periodontium is derived from branches of the trigeminal 
nerve and thus is sensory in function. Nerve branches terminate in the periodontal 
ligament, surface of the alveolar bone, and within the gingival connective tissue in 
four different morphologies of nerve endings that receive stimuli for pain 
(nociceptors) and position and pressure (mechanoreceptors or proprioreceptors). 

Because the alveolar bone that lines the tooth socket has numerous small perforations 
and is mixed in with calcified fiber bundles of the periodontal ligament, it is termed 
woven bone. The buccal and lingual plates on the buccal or lingual external surface of 
the alveolar process is composed of compact bone (see Fig. 1-1). Between the buccal 
or lingual plates and the alveolar bone socket, the bone is more trabecular in 
appearance. These three bone regions are usually clearly visible on standard dental 
radiographs (see Fig. 1-2). The height of this alveolar bone or alveolar crest is usually 
1.0 to 1.5 mm apical to the radiographic cementoenamel junction. In conventional 
radiographs of teeth and the supporting alveolar bone, the alveolar bone that lines the 
bony socket and extends over the alveolar crest often appears as a radiodense line, 
termed the lamina dura. The appearance of this radiodense lamina dura may be 
because of an increased density of bone in this area, or superimposition of the bony 
curvatures of the bony socket, or both. In periodontal diseases accompanied by loss of 
alveolar bone, this radiographic lamina dura is often not seen. 

Figure 1-4.   

 

Blood supply of the periodontal tissues. From the apical aspect of the periodontal 
tissues, arterial branches course through the periodontal ligament (1), through the 
alveolar bone (2), and along the surface of the periosteum (3). The terminal 



branches of each of the three arterial sources form numerous anastomoses and 
capillary loops. These arterial loops are especially prominent within the 
connective tissue that interdigitates with the oral gingival epithelium (inset 
enlargement). 

DEVELOPMENT OF THE PERIODONTAL ATTACHMENT 

The story of the development of the periodontal attachment and supporting tissues 
begins at the earliest stages of tooth development at 4 to 5 weeks gestation.5–7 At this 
stage, the oral cavity consists of a simple cavity known as the primitive stomatodeum. 
This primitive stomatodeum is lined by a single layer of ectoderm with an underlying 
ectomesenchyme. At 4 to 5 weeks, a horseshoe-shaped thickening of this ectoderm 
can be seen along the developing mandibular and maxillary arches. This thickening is 
formed through the focal division of the ectoderm and is called the primary epithelial 
band. At the site of each developing primary tooth, this primary epithelial band will 
extend as a dental lamina into the underlying ectomesenchyme and will form a 
knoblike projection or tooth bud at its terminal end (Fig. 1-5, A). Deeper within this 
ectomesenchyme, rudimentary woven bone will begin to form around each of these 
developing tooth buds. This first woven bone will be the structural framework for the 
developing alveolar bone support. The epithelium of the tooth bud will begin to 
differentiate into a dental organ with four distinct layers (see Fig. 1-5, B): an inner 
enamel epithelium that will first differentiate into a columnar secretory ameloblast 
layer, an overlying layer of one to two cells of stratum intermedium, a wide area of 
stellate reticulum, and an outer enamel epithelium. 

Directly beneath this dental organ, the underlying ectomesenchyme will condense 
into a dental papilla, which will give rise to the crown and root dentin and most of the 
cellular elements of the pulp (see Fig. 1-5, B). At this time, a second spherical 
condensation of ectomesenchyme will form to surround the developing dental organ 
and dental papilla (see Fig. 1-5, B). This surrounding spherical condensation is called 
the dental follicle. Cells of the dental follicle will eventually differentiate into 
cementoblasts to lay down cementum, periodontal ligament fibroblasts to lay down 
the fibers of the periodontal ligament, and osteoblasts to lay down the alveolar bone 
adjacent to the periodontal ligament. The central question of development of the 
periodontal attachment is how the root dentin, cementum, periodontal ligament, and 
alveolar bone integrate to form this critical anchor for the tooth in the supporting 
bone. To understand this process, the development of the root dentin and cementum 
will be presented first. 

Figure 1-5.   



 

Two early stages of the development of the tooth and periodontium. A, At 
approximately 4 to 5 weeks into development there is downgrowth of the 
ectoderm of the primitive oral stomatodeum into the underlying ectomesenchyme. 
At the terminal end of this downgrowth, the cells form a knoblike structure or 
bud. Cells in the surrounding ectomesenchyme begin to concentrate around this 
bud. B, Several weeks later, this ectodermal bud has developed into a caplike 
structure with four distinct layers: an outer enamel epithelium (OEE), an inner 
enamel epithelium (IEE), a stellate reticulum (SR), and a stratum intermedium 
(SI). Directly beneath the inner enamel epithelium, cells of the underlying 
ectomesenchyme have condensed into a dental papilla (DP). Surrounding these 
two structures is a third condensation, the dental follicle (DF), which will give 
rise to most of the cementum, periodontal ligament, and alveolar bone. 

Figure 1-6.   



 

Developing root and periodontal structures. At the apical extent of the root, the 
inner and outer enamel epithelium have fused to form the Hertwig's epithelial root 
sheath (HES). More coronally, this root sheath breaks down to form islands of 
epithelial cells in the developing periodontal ligament space, the epithelial rests of 
Malassez (ERM). The breakdown of the root sheath and subsequent exposure of 
the dentin (D) to the dental follicle allows cells in the dental follicle nearest the 



developing root surface to differentiate into cementoblasts (CB) and lay down the 
first cementum matrix (CM). Further away from the tooth follicle, cells 
differentiate into fibroblasts and lay down the first bundles of collagen in the 
periodontal ligament (PDL). 

At the apical extent of the developing crown, the inner and outer epithelium come 
together in close apposition. The loop formed by the inner and outer enamel 
epithelium is termed the cervical loop and will play a pivotal role in directing the 
formation of both the root dentin and the periodontal attachment (Fig. 1-6 and Fig. 1-
7). As the dental organ begins to assume a more bell shape and then lays down the 
first enamel and dentin matrix at the incisal tip area, cells in the cervical loop begin to 
divide and extend apically as a cylindrical sheath called Hertwig's epithelial root 
sheath (see Fig. 1-6 and Fig. 1-7). This root sheath migrates apically around the 
dental papilla. Cells in the dental papilla in direct contact with the sheath differentiate 
into odontoblasts and lay down the first dentin matrix of the surface of the root. At 
about the same time, the root sheath secretes an amorphous hyaline-like layer that 
contains among other things, embryonic enamel proteins. This protein is similar to the 
protein laid down more coronally by the inner enamel epithelium. After this initial 
secretion of dentin matrix by cells of the dental papilla and the amorphous enamel-
like matrix of the root sheath, this root sheath breaks down to form small islands of 
epithelial cells in the developing periodontal ligament space called the epithelial rests 
of Malassez (see Fig. 1-6). 

Figure 1-7.   

 

Low-power micrograph of the apical extent of a developing human root. At the 
apical extent of the developing root dentin is Hertwig's epithelial root sheath 
(HES). On the more coronal aspect of the root dentin (D), this sheath has been 
replaced by cementoblasts (CB) derived from the dental follicle. Odontoblasts 



(OB) derived from the dental papilla (DP) produce dentin matrix, whereas 
cementoblasts (CB) from the dental follicle produce cementum. (Courtesy Dr. 
Max Listgarten, Foster City, Calif.) 

When this root sheath breaks down, it leaves the developing root in direct contact 
with the cells of the surrounding dental follicle.8–11 Cells nearest the developing root 
dentin will differentiate into a layer of cementoblasts that will lay down a fibrillar 
cementum matrix. This layer of cementoblasts will move away from the tooth leaving 
a layer of calcifying cementum that slowly grows in thickness. Meanwhile, cells in 
the dental follicle nearest the developing alveolar process will differentiate into a 
layer of osteoblasts and will lay down bone matrix over the developing alveolar bone 
process. Between the developing root and alveolar bone, cells of the dental follicle 
will differentiate into fibroblasts and will lay down the first short lengths of 
periodontal ligament fibers (see Fig. 1-6). Periodontal ligament fibroblasts will 
continuously remodel lengths of ligament fibers into longer and thicker bundles. As 
the cementum and alveolar bone both thicken by apposition of their respective 
matrices and narrow the periodontal ligament space, periodontal ligament fibers will 
become trapped and will calcify within these thickening matrices (Fig. 1-8). These 
trapped calcified bundles of collagen fibers are termed Sharpey's fibers. It is primarily 
through the entrapment of these ligament fibers by the bone and cementum matrices 
that a periodontal connection is made between the root of the tooth and the supporting 
alveolar bone. 

At first the orientation of these early bundles of collagen fibers is nearly parallel to 
the longitudinal root surface, with fibers oriented in a steep oblique angle coronally 
from the alveolar bone to apically into the root cementum. Fibroblasts within this 
steep oblique orientation are attached, through the adhesion protein fibronectin, to the 
segments of collagen bundles through a specialized attachment called the fibronexus. 
These periodontal ligament fibroblasts have the ability to contract, and thereby bring 
these collagen fibers closer together. Because the alveolar bone is fixed in the 
developing mandible and maxilla relative to the unanchored developing root, this 
action on the segments of periodontal ligament fibers has the effect of pulling the 
developing tooth upward toward the oral cavity. This phenomenon has been shown to 
be the primary force for tooth eruption and is called active eruption. 

As discussed in the overview section, the most coronal portion of the periodontal 
attachment is the epithelial attachment extending apically from the base of the 
gingival crevice. The development of this unique attachment begins at the completion 
of enamel formation.7 At this stage, the columnar layer of inner enamel epithelium 
differentiates into a flat layer of reduced enamel epithelium (Fig. 1-9). This layer of 
reduced enamel epithelium attaches to the entire enamel surface of the crown through 
"spot weld"-like attachments along the epithelial cell membrane called 
hemidesmosomes. These hemidesmosomes appear as thickenings in the cell 
membrane that are anchored to the underlying cell structure through intermediate 
filaments. Above this layer of reduced enamel epithelium, the more superficial 
stratum intermedium and stellate reticulum break down. This results in the outer 
enamel epithelium coming in direct contact with the reduced inner enamel epithelium. 



This attachment of the inner enamel epithelium to the enamel surface is called the 
primary epithelial attachment. 

Figure 1-8.   

 

Low-power light micrograph showing the insertion of periodontal ligament fiber 
bundles into root cementum on the left and alveolar bone on the right in a 
monkey. The ligament fibers insert in thicker and more widely spaced bundles on 
the alveolar bone side, whereas fiber bundles are smaller but more numerous on 
the cementum side. (Courtesy Dr. Max Listgarten, Foster City, Calif.) 

As the tooth erupts toward the oral cavity, this bilayer of reduced enamel epithelium 
derived from the dental organ makes contact with epithelium originating from the 
lining of the oral cavity. This epithelium from the oral cavity extends into the 
connective tissue by cell division (Fig. 1-10). The epithelial cells of the primary 
epithelial attachment begin to break down (see Fig. 1-9) and are replaced by these 
epithelial cells from the oral cavity (see Fig. 1-10). These oral epithelial cells migrate 
from the cusp tips in an apical direction down the enamel crown to the 
cementoenamel junction. The result is a multilayered covering of the crown with oral 
epithelial cells that are attached to the tooth through hemidesmosomes (Fig. 1-11). 
This attachment of oral epithelium to the tooth surface is called the secondary 
epithelial attachment. 

Figure 1-9.   



 

Transmission electron microscopic view of the primary epithelial attachment. In 
this section of demineralized tissue, two reduced enamel epithelial (REE) cells 
that derive from the inner enamel epithelium attach to the demineralized enamel, 
which appears as an enamel space (ES). Directly above these reduced enamel 
epithelial cells, cells of the original outer enamel epithelium (OEE) are juxtaposed 
directly adjacent to these REE cells. (Courtesy Dr. Max Listgarten, Foster City, 
Calif.) 

As the tooth erupts into the oral cavity, this multilayered secondary epithelial 
attachment will split between its layers, leaving a layer or several layers adjacent to 
the tooth surface, which will abrade off the tooth surface. The layer of cells on the 
opposite side of the split will recede away in an apical direction along with the 
underlying connective tissue. This splitting and recession of the epithelial cell layers 
more distant from the tooth results in more clinical exposure of the crown. Because 
this process does not involve an actual displacement of the tooth as in active eruption, 
it is called passive eruption. In the normal passive eruption process, this epithelial 



splitting process will continue in a coronal direction until the split approaches the 
normal clinical attachment level at the cementoenamel junction. The epithelium on 
the opposite side of the split will continue to recede until it is slightly coronal to the 
cementoenamel junction. This splitting and recession thus results in the formation of 
the gingival crevice. 

Figure 1-10.   

 

Diagrammatic representation of the formation of the primary and secondary 
epithelial attachment. At the more apical aspect of the tooth crown, the epithelial 
attachment is formed by cells of the inner enamel epithelium (the primary 
epithelial attachment). As the enamel crown approaches the oral cavity, epithelial 
cells from the oral cavity grow downward, replace these inner enamel epithelial 
cells from the cusp tips to the cemento-enamel junction, and form the secondary 
epithelial attachment. 

Figure 1-11.   



 

High-power transmission electron microscopic view of the junctional epithelium 
at the region of the epithelial attachment to a section of enamel. In this 
demineralized section, the enamel matrix can still be seen covered by a fine 
cuticle layer. On the epithelial cell side, numerous hemidesmosomal attachment 
complexes can be seen. They appear as small, dark "spot welds." When numerous 
hemidesmosomes lie side-by-side, they may appear as a more continuous dark 
line (see hemidesmosomes, bottom left). (Courtesy Dr. Max Listgarten, Foster 
City, Calif.) 



CEMENTUM AND ALVEOLAR BONE: FORMATION, 

STRUCTURE, AND PHYSIOLOGY 

The deposition of cementum on the root surface that gradually thickens toward the 
periodontal ligament space is somewhat similar to the deposition of alveolar bone that 
thickens the alveolar bone support from the opposite side of the ligament space. As a 
result, the cementum does have some structural and biochemical similarities (as well 
as some critical differences) with alveolar bone.9–11 As with the development of the 
alveolar bone proper, an organic matrix of cementum composed primarily of type I 
and type III collagen is secreted by a layer of formative cells (the cementoblasts) over 
the thin hyaline-like layer secreted by Hertwig's epithelial root sheath covering the 
root dentin. This fine fibrillar matrix calcifies to form a relatively uniform and well 
organized layer of cementum free of cellular elements called primary acellular 
cementum.10 This first thin layer of mineralized cementum contains only the fibrillar 
matrix from the cementoblasts themselves. These fibers are therefore called intrinsic 
fibers of cementum. 

As the cementum continues to thicken by apposition of cementum by the 
cementoblast layers, this thickening cementum will encounter and incorporate 
bundles of the forming periodontal ligament. These ligament bundles incorporated 
into the cementum surface will calcify along with the surrounding intrinsic fibers to 
form a significant portion of the more superficial layers of the cementum. These 
insertions of calcified ligament fibers are termed extrinsic fibers of the cementum.11 
A similar entrapment and calcification process occurs on the forming alveolar bone 
side. The general term for these calcified insertions of bundles of ligament fibers into 
the cementum and bone are Sharpey's fibers. On the cementum side, these Sharpey's 
fibers are much thinner in diameter and insert at closer intervals when compared with 
the alveolar bone side (see Fig. 1-8). These differences in the pattern of insertion have 
clinical importance in the distribution of forces that are generated within the 
periodontal ligament during occlusion, tooth movement, and traumatic forces. 
Specifically, these forces are more evenly distributed along the cementum surface and 
are more concentrated along the more widely spaced insertions on the alveolar bone 
side. As a result, in response to mechanical forces, there is generally a remodeling of 
the periodontal housing on the alveolar bone side and not on the cementum side. This 
prevents the possibility of significant cementum and root resorption. In addition, the 
root cementum is protected from this relatively extensive remodeling because it is 
avascular, and therefore not as exposed to osteoclast-like precursor cells in the 
circulation. Although small areas of microscopic cementum resorption and repair 
have been frequently observed in histologic sections, more extensive resorption of 
cementum is usually not seen unless there is a force on the tooth of a high enough 
magnitude, or duration, or both, that cannot be accommodated by the remodeling of 
the alveolar bone. 

As the tooth completes active eruption into the oral cavity and meets its opposing 
tooth in the other arch, the formation of cementum becomes somewhat less regular 
and organized. This type of cementum formation that occurs over the more organized 



primary cementum is called secondary cementum. It occurs mainly along the apical 
one third of the root. During the formation of secondary cementum, cells in the layer 
of secreting cementoblasts will often become entrapped within the cementum matrix 
(Fig. 1-12). These entrapped cementoblasts become cementocytes similar in 
appearance to the entrapped osteoblasts that become osteocytes on the alveolar bone 
side (Fig. 1-13). These areas of cementum that contain cementocytes are called 
cellular cementum. Layers of cellular cementum are generally seen in the apical one 
third of the root surface. In secondary cementum, these layers of cellular cementum 
often alternate with layers of acellular cementum. 

By understanding how cementum forms, it can be understood how areas of cementum 
can be termed acellular or cellular cementum, primary or secondary cementum, and 
can contain intrinsic fibers, extrinsic fibers, or a mixture of these fibers. There is one 
final terminology of cementum that needs to be introduced to complete this 
discussion: the formation of a thin layer of cementum at the junction of the enamel 
and the root surface.12 This form of cementum lacks a fibrillar organization and is 
therefore called afibrillar cementum. It is usually formed after root eruption when the 
connective tissue comes in direct contact with the enamel and dentin at the 
cementoenamel junction without an intervening layer of cementoblasts. In 
approximately 30% of teeth, the coronal extent of the cementum ends in a "butt" joint 
adjacent to the enamel, whereas in 60% to 65% of teeth, the cementum may overlap 
the enamel, and in 5% to 10% of teeth, the cementum will end short of the enamel 
thereby exposing the root surface dentin. This latter situation may have clinical 
importance in that patients with this type of gap may experience root sensitivity 
during instrumentation or exposure to extreme temperatures. 

Figure 1-12.   



 

Low-power light micrograph of an area of cementum between root dentin (D) and 
periodontal ligament (PDL). Numerous cementoblasts can be seen lining the 
cementum surface (CB). In some areas (arrowheads), the cementoblasts appear 
partially trapped in the cementum. (Courtesy Dr. Gary Armitage, San Francisco, 
Calif.) 

Figure 1-13.   



 

Light micrograph section through an area of cellular cementum in a monkey. The 
dentin (D) and granular layer of tomes (GLT) are on the left and the periodontal 
ligament space on the right. Numerous cementocytes (CY) are seen within this 
layer of cellular cementum. Note the orientation of the cementocyte cell processes 
toward the periodontal ligament side. (Courtesy Dr. Max Listgarten, Foster City, 
Calif.) 

From the time the tooth has erupted to the occlusal plane, cementum will continue to 
be deposited throughout life.13 This thickening of cementum with age is usually 
greatest around the apical one third of the tooth. This apical thickening may partially 
maintain the overall length of the tooth during the natural attrition of the crown and 
may therefore retard the collapse of the vertical bite dimension with aging. Abnormal 
thickening of the cementum is often observed in certain metabolic bone diseases such 
as Paget's disease.14 

Figure 1-14.   



 

Low-power trypan blue stained section from an advanced periodontal lesion in the 
rice rat. Several multinucleated osteoclasts are seen on the bone surface. 
Polymorphonuclear leukocytes (PMN) can be seen in the adjacent blood vessel 
(BV) and in the connective tissue. 

On the other side of the future periodontal ligament, the alveolar bone is forming.15 
The alveolar bone is similar in chemical composition to fibrillar cementum, 
particularly cellular fibrillar cementum. As discussed in the overall development 
section, the alveolar bone begins to first form by an intramembranous ossification 
within the ectomesenchyme surrounding the developing tooth. This first bone formed 
is less organized woven bone that will be replaced with a more organized lamellar 
bone. Within this forming lamellar bone, individual osteons with blood and nerve 
supplies can be observed. As cells in the dental follicle between this first alveolar 
bone and developing root differentiate into cementoblasts on the root dentin side and 
fibroblasts in the future periodontal ligament space, the cells in the dental follicle near 
the alveolar bone side differentiate into osteoblasts. This layer of osteoblasts will lay 
down bone matrix to form the outer wall of the alveolar bone support. 

During the life of the periodontium, the alveolar bone continuously remodels its 
shape in response to mechanical forces on the tooth and inflammation. As a result, on 
the surface of the alveolar bone the following can be observed:  

1. Bone synthesis with areas of bone covered with cuboidal-shaped 
osteoblasts secreting bone matrix, 



2. Bone resorption with areas of bone covered by multinucleated bone 
resorbing osteoclasts (Fig. 1-14), and 

3. Areas of no synthetic or resorptive activity with bone covered by flattened 
cells. 

PERIODONTAL LIGAMENT AND GINGIVAL 

CONNECTIVE TISSUE: FORMATION, STRUCTURE, AND 

PHYSIOLOGY 

In this section, the periodontal ligament and gingival connective tissue structures will 
be considered together because there is some overlap in their respective structure and 
function. When the early development of the periodontal ligament was discussed 
previously, the ligament per se was in the form of short lengths of collagen bundles 
oriented in a near parallel direction to the tooth surface. As discussed in the previous 
section on the development of cementum, the bundles closest to the developing and 
expanding cementum on one side and alveolar bone on the other side are incorporated 
into the matrix of these forming hard tissues. The fibroblasts that form the collagen in 
these ligament bundles will continue to extend and remodel these ligament fiber 
bundles, through secretion of new collagen and resorption of older collagen, until 
they form a continuous network of fibers between the cementum and bone. As the 
tooth erupts into the oral cavity by the process of active eruption, the erupting root 
connected to the ligament fibers will move the orientation of the fibers to a generally 
more perpendicular orientation to the root surface (Fig. 1-15).5 At the coronal extent 
of the ligament near the alveolar crest, the ligament will be oriented more obliquely 
from an apical insertion at the alveolar crest to a coronal insertion at the root near the 
cementoenamel junction (see Fig. 1-15). More apically these fibers will orient in a 
more horizontal and perpendicular direction to the root surface, whereas near the root 
apex and within the furcations of molars, these fibers will orient more vertically and 
perpendicularly to the root surface. Thus periodontal ligament fiber groups can be 
classified based on their orientation (see Fig. 1-15). However, these distinct fiber 
orientations are not always observed on routine histologic sections. 

Figure 1-15.   



 

The major periodontal ligament and gingival fiber groups. A, In this low-power 
diagram, periodontal ligament fibers can be divided into several groupings 
depending on their orientation. These include: (1) an alveolar crest group, (2) a 
horizontal fiber group, (3) an oblique fiber group, (4) an apical group, and (5) a 
radicular group. B, In this magnified view of the alveolar crest, the gingival fibers 
can also be classified based on their orientation, origin, and insertion. These 
groups include: (a) fibers that run from the root surface and over the oral 
periosteum, (b) fibers that run from the root surface and into the gingiva, and (c) 
fibers that run from the alveolar bone and into the gingiva. Not shown are fibers 
that run in a circumferential or semicircumferential direction around the tooth 
within the gingiva, as well as the transseptal fiber group that runs from the root 
surface of one tooth over the alveolar crest and into the root surface of the 
adjacent tooth. 

The collagen fiber bundles themselves are made up primarily of type I collagen 
(80%) with a smaller percentage of type III collagen (20%).7 As with collagen fiber 
structures in other connective tissues of the body, each fiber bundle is composed of 
smaller diameter collagen fibrils (Fig. 1-16). Each collagen fibril is in turn composed 
of individual bundles of collagen molecules that are secreted by the fibroblasts as 
procollagen α helices. These procollagen molecules are assembled and modified 
extracellularly into bundles that are staggered in a regular linear manner to give the 
characteristic cross-banding pattern seen in the collagen fibril. 

In addition, the periodontal ligament also contains immature forms of other 
connective tissue fibers, such as an immature form of elastin fiber known as elaunin, 



and oxytalan fibers. Elaunin fibers and oxytalan fibers form a more reticular-like 
network that is generally oriented perpendicular to the collagen fiber bundles. 
Although the role of these elaunin and oxytalan fibers still remains unknown, they 
may play a role in the spatial organization of the principal collagen fibers and blood 
vessel elements in the periodontal ligament. At intervals along the periodontal 
ligament near the root surface, remnants of Hertwig's epithelial root sheath, the 
epithelial rests of Malassez, can be observed (see Fig. 1-6). Although several theories 
regarding the future fate of these cells in periodontal development and periodontal 
disease have been proposed, the significance of these epithelial remnants has yet to be 
determined.7 

Figure 1-16.   



 

High-power transmission electron microscopic view of a periodontal ligament in 
the rice rat. Bundles of collagen fibrils that make up collagen fibers are seen 
running parallel to elongated fibroblasts. FC, fibroblast cytoplasm; FN, fibroblast 
nucleus. 



Between the fiber elements of the ligament, there is a ground substance consisting of 
glycosaminoglycans, laminin, and fibronectin. The ground substance itself has the 
potential to retain aqueous fluid and is composed of 70% water. As an aqueous 
"cushion," the ground substance may help the ligament absorb mechanical forces 
placed on the tooth and periodontal support. 

As discussed in the overview of the periodontium, the gingival connective tissue 
coronal to the periodontal ligament area is called the reticular area of the gingival 
connective tissue. This area shares many of the same structural features as the 
periodontal ligament. It is an area composed of a dense network of collagen fibers 
(primarily of type I) surrounded by a similar composition of ground substance seen in 
the periodontal ligament. As with the periodontal ligament, these bundles of collagen 
fibers have distinct orientations that can be classified as gingival fiber groups (see 
Fig. 1-15). These groups include fibers that run from the alveolar crest into the 
gingiva; fibers that run from the tooth surface and over the buccal or lingual 
periosteum; fibers that run in a circular or semicircular pattern around the tooth; and 
fibers that run interproximally from the root surface of one tooth, over the alveolar 
crest, and into the root surface of the adjacent tooth (the transseptal fibers).1,5 These 
organized gingival fiber groups enable the gingiva to form a rigid cuff around the 
tooth that can add stability, especially when a significant portion of the periodontal 
ligament and alveolar support is lost. This may explain in part the increased mobility 
in periodontally involved teeth immediately after surgical procedures because these 
procedures often significantly disrupt or remove these gingival fiber groups. In 
addition, after tooth movement, these fiber groups may exert forces on the tooth to 
move it toward its original position. Therefore, after tooth movement procedures, a 
"fiberotomy" to cut the gingival fiber attachments to the tooth is sometimes 
performed.16 

The portion of the gingival connective tissue above the dense reticular layer and 
underlying the gingival epithelium itself is called the papillary layer of the gingival 
connective tissue. In this layer, the distribution of collagen is sparser and less 
organized than in the reticular layer. Between the epithelial cells and the connective 
tissue lies the basal lamina (basement membrane), which is critical to the attachment 
between the two tissues.7 At the electron microscopic level, the basal lamina consists 
of a dark band called the lamina densa and a more translucent band known as the 
lamina lucida. The portion of the papillary layer adjacent to the basal lamina has 
small anchoring fibrils of type IV collagen that anchor the lamina densa of the basal 
lamina of the gingival epithelium (also composed of type IV collagen) to the gingival 
connective tissue. In addition to the collagen types I, III, and IV, ground substance, 
blood vessels, neural and lymphatic elements, and small numbers of inflammatory 
cells such as neutrophils, monocytes, lymphocytes, mast cells, and macrophages are 
routinely observed. During the inflammatory process of periodontal diseases, the 
number of these cells increases within this papillary layer. The clinical importance of 
this inflammatory cell infiltrate is discussed in later chapters. 



GINGIVAL EPITHELIUM: FORMATION, STRUCTURE, 

AND PHYSIOLOGY 

As described in the section on development of the periodontium, the erupting enamel 
crown of the tooth is covered with several layers of epithelium that are first derived 
from the inner enamel epithelium (the primary epithelial attachment) and are then 
replaced from the incisal tips to the cementoenamel junction with epithelial cells from 
the oral cavity (the secondary epithelial attachment) (see Fig. 1-10). During the 
process of passive eruption, a natural gingival crevice is formed around the 
circumference of the tooth. Within this gingival crevice, three distinct zones of 
epithelium can be seen on routine buccal-lingual sections of the tooth and 
surrounding periodontal tissues (see Fig. 1-3). These include a thick orthokeratinized 
or parakeratinized oral gingival epithelium that faces the oral cavity, an unattached 
thinner and parakeratinized or nonkeratinized crevicular epithelium, and an area of 
junctional epithelium where the gingiva actually attaches to the tooth through 
hemidesmosomes and adhesion proteins such as laminins (Fig. 1-17, see also Fig. 1-3 
and Fig. 1-11). Each of these three zones of gingival epithelium is distinct in the 
organization, stratification, and characteristics of the keratinocytes that make up each 
strata. 

The oral gingival epithelium resembles the epidermis in structure and has multiple 
layers (see Fig. 1-3).5–7 The basal layer has one or two layers of cuboidal-shaped cells 
that divide and migrate toward the superficial layers of epithelium. Outside of the 
basal layers is the prickle layer consisting of more spinous-shaped cells with large 
intercellular spaces (also known as the spinous layer, or stratum spinosum). Cells of 
both the basal and prickle cell layers attach to each other in part through desmosomes. 
These desmosome "spot-weld" junctions appear on transmission electron micrographs 
as thickenings of the inner membranes of both apposing cells. In the intercellular 
space between these membrane thickenings, a central dark line is often discernible, 
which may be an area of protein links between the two cell membranes. As with 
hemidesmosomes, these membrane thickenings are anchored to the underlying cell 
structures through intermediate filaments. Above the prickle layer there is a layer of 
flattened granular cells with flattened and condensed nuclei, increased accumulation 
of intracellular keratin within keratin filaments and keratohyaline granules, and 
intracellular and extracellular membrane-coated granules (also known as the stratum 
granulosum). Above the granular layer there is a keratinized layer of flattened cells 
packed with keratin (also known as the stratum corneum). In some instances, the cells 
of the keratinized layer have no discernible nuclei (orthokeratinized), whereas in 
others, dense nuclei are visible (parakeratinized). The superficial cells of this 
keratinized layer will continuously slough off into the oral cavity to be replaced by 
cells migrating from the deeper layers. 

Within the oral gingival epithelium, there are several other cells not derived from 
keratinocytes. These include melanocytes that transfer melanin pigment granules to 
the surrounding basal layer of keratinocytes, Langerhans cells that are part of the 
reticuloendothelium system and are responsible for processing and presenting foreign 



antigens to the immune system, and Merkel cells that may be responsible for 
perception of sensation in the gingiva. 

Figure 1-17.   

 

Low-power transmission electron micrograph of the junctional epithelium in the 
rice rat. As in humans, this junctional epithelium consist of solely two layers: a 
basal layer and a prickle (spinous) layer. In this view, the most superficial layer of 
the prickle layer is seen to attach to the root cementum (arrowheads), which has 
been decalcified in the preparation of this section. In humans, this attachment 
level can be on enamel alone, the junction of enamel and root cementum or root 
dentin, or on the root cementum or dentin alone. The basal layer has numerous 
desmosomes between the individual cells, making intercellular spaces very 
narrow and almost indistinguishable. Conversely, the cells of the prickle layer 
have fewer desmosomal attachments (small arrows) and wider, more visible 
intercellular spaces. 

The crevicular epithelium is generally nonkeratinized, although some parakeratinized 
cells may be seen in the most coronal region. As with the oral gingival epithelium, the 
crevicular epithelium has a basal layer and a prickle layer; however, a distinct 
granular layer and keratinized layer are not present (see Fig. 1-3). Rather the most 



superficial layers of the crevicular epithelium have some keratin filaments and an 
intact flattened nucleus. Several investigators have proposed the idea that in the 
complete absence of bacterial plaque and inflammation, the crevicular epithelium 
may become more orthokeratinized with a distinct stratum basale and granulosum 
layer. Conversely, in the presence of significant inflammation, this layer of crevicular 
epithelium can become quite thin to the extent that breaks may form in the epithelium 
to allow substances in the gingival crevice to penetrate into the underlying connective 
tissue. 

The junctional epithelium consists of only two layers: a basal layer and a prickle 
layer. The prickle layer of the junctional epithelium is oriented parallel to the tooth 
surface (see Fig. 1-3 and Fig. 1-17). The prickle layer attaches to the tooth surface 
through hemidesmosomes (see Fig. 1-11) and through adhesion proteins such as 
laminin. Within this prickle layer, inflammatory cells from the granulocyte or 
mononuclear blood cell lines can be observed migrating from the underlying 
connective tissue and into the gingival crevice. In the natural course of inflammatory 
changes in the periodontium there is a marked increase in the numbers of these 
inflammatory cells within the junctional epithelium. The presence of inflammatory 
cells in the prickle layer of the junctional epithelium disrupts desmosomal 
attachments between keratinocytes and creates even larger intercellular spaces. 
Because the coronal aspect of this layer is exposed to the gingival crevice with the 
typically larger intercellular spaces exposed to the crevicular environment, this area 
may be a critical entry for bacteria and bacterial products into the deeper connective 
tissues. 

IMPLICATIONS FOR PERIODONTAL REGENERATION 

By presenting the microstructure of the periodontium through the story of the 
development of the periodontium, it is hoped that the reader not only has gained an 
appreciation of the origins of the different terminologies for the various periodontal 
tissues, but can also gain an understanding for the rationale for several approaches in 
periodontal therapy. In the concluding section of this chapter, several examples of 
periodontal regeneration treatment approaches are discussed that draw on this 
understanding of periodontal development. 

To begin, there are several types of periodontal surgical procedures during which the 
epithelial attachment of the gingiva is severed and the gingiva is reflected away from 
the tooth to give the operator a better view of the underlying tissues. At the end of the 
procedure, the gingiva is repositioned on the tooth with sutures. In the postsurgical 
healing process, the gingiva reforms its epithelial attachment on the tooth surface. 
This reformation of the epithelial attachment after flap surgery involves processes 
similar to the formation of the gingival crevice and epithelial attachment during 
development. Specifically, these processes involve the formation of an attachment of 
the epithelium to the tooth surface, apical proliferation of the epithelium along the 
root surface, and splitting of the epithelium within its strata to form a crevice. In 
postsurgical healing, this process often leads to the formation of a "long epithelial 



attachment" along the root surface. This long epithelial attachment is less desirable in 
some procedures because it may lead to epithelial splitting and formation of a deeper 
crevice. In addition, this long attachment may prevent mesenchymal cells from the 
periodontal ligament from reaching the root surface.17 As with the embryonic 
development of cementum, ligament, and alveolar bone from the mesenchymal cells 
of the dental follicle, these mesenchymal cells from the ligament have the potential to 
differentiate into cementoblasts, fibroblasts, and osteoblasts if they can reach the root 
surface.18 

One approach to prevent this formation of a long epithelial attachment is to place 
some form of barrier between the reapposed gingival epithelial flap and the 
underlying bone and connective tissue.17 This "guided tissue regeneration approach" 
with a membrane barrier will prevent the downgrowth of the epithelial attachment 
and allow cells from the periodontal ligament, remaining cementum, and bone to 
migrate into the wound to form new cementum, ligament, and bone. 

From this example of guided tissue regeneration, it can be seen that in the proper 
environment or with the proper stimulus, cells derived from the dental follicle have 
the potential to migrate to areas of lost periodontium and to lay down new tissue.19 
One of these stimuli for new periodontal tissue formation may be cementum itself. 
Some investigators have stressed the importance of retaining as much healthy 
cementum as possible during surgical and nonsurgical debridement procedures to 
create an environment in which new cementum can form and induce new periodontal 
ligament attachment. In addition, several investigators have reported gains in 
periodontal support by coating the root surface with an enamel matrix derivative to 
stimulate the formation of new cementum.20 The rationale for this approach can be 
understood from periodontal development. Specifically, the very first hyaline-like 
layer deposited on the root dentin from the inner enamel epithelium of the Hertwig's 
epithelial root sheath contains enamel matrix proteins. This enamel matrix derivative 
coating, applied to the roots during periodontal surgery, may induce the surrounding 
cells to reenact the developmental process of periodontal attachment formation. 

In the future, it is possible that clinicians will use other forms of tissue engineering to 
regenerate lost portions of the periodontium based on these concepts of periodontal 
development. For example, several investigators are developing tissue engineering 
approaches whereby cells from a patient's periodontal ligament are harvested and 
cultured in the laboratory to form monolayers of less differentiated cells with 
characteristics of dental follicle stem cells, and then are reimplanted into areas of 
periodontal loss. These types of therapeutic approaches based on the development, 
anatomy, and microanatomy of the periodontium have considerable potential. 
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1  Anatomy, Development, and Physiology of the 

Periodontium 

Mark I. Ryder 

This chapter presents an overview and in depth examination of the structure, 
development, and physiology of the periodontal tissues. In other texts, these topics are 
traditionally divided over several chapters devoted to such areas as the gingiva, 
periodontal support, macroanatomy of the periodontium, microanatomy of the 
periodontium, and development. Integrating these topics into a single chapter was done 
in the hope that the reader will gain a comprehensive understanding of the relations 
between these topics. Such an integration is important for our understanding as to how 
normal tissues change during the pathologic processes of periodontal diseases. In 
addition, by integrating the story of the development of the periodontium into the 
macroanatomy and the microanatomy of the periodontium, the reader may understand 
the often confusing and complex terminologies used for periodontal tissues. This 
integration of the discussion of periodontal development into periodontal anatomy can 
also help the reader understand how investigators are developing new regeneration 
strategies based on these developmental principles. Thus in this chapter, the 
microanatomy, macroanatomy, physiology, and development of the periodontium will 
be presented in such a way that the reader can carry this knowledge forward to the 
subsequent chapters in this textbook. Therefore, these anatomic, developmental, and 
physiologic topics will be presented in the following sequence:  

• A description of the normal clinical, radiographic, and gross microscopic 
appearance of the periodontal tissues that support, protect, and nourish the tooth. 

• An overview of the development of the periodontal attachment. 

• A more detailed discussion of the development, structure, and physiology of each 
of the principal periodontal tissues: the cementum and alveolar bone, the periodontal 
ligament and gingival connective tissues, and the gingival epithelium and epithelial 
attachment. 

THE NORMAL PERIODONTIUM 

The periodontium consists of those tissues that surround and anchor the tooth in the 
maxillary and mandibular alveolar process. These tissues include the gingiva and 
gingival attachment to the tooth, cementum, periodontal ligament, and alveolar bone. 
When viewed clinically, the only portion of periodontium that is visible to the 
unaided eye is the oral aspect of the gingival epithelium (Fig. 1-1). When healthy, this 



area of gingiva is normally coral pink with variations in melanin pigmentation among 
different racial groups.1,2 The firm, pink, coronally located gingiva is distinguished 
from the more pliable and more red oral mucosa on the buccal aspect of the maxillary 
teeth and on the buccal and lingual aspect of the mandibular teeth by a distinct 
mucogingival line or mucogingival junction. On the palatal aspect, the firm pink 
gingiva is continuous with the firm pink palatal mucosa. In areas of the dentition 
where there is contact between adjacent teeth, the gingiva has a typical scalloped 
profile coming to a triangular point in the interproximal embrasure. In areas where 
there is no contact between teeth, this gingival profile is flatter in appearance. In cross 
section, the margin of the gingiva comes to a tapered point or knife edge. On the 
surface of the oral gingival epithelium there is a characteristic dimpled pattern or 
stippled pattern formed from invaginations of the oral gingival epithelium into the 
underlying connective tissue. A shallow gingival groove is seen on approximately 
50% of the gingival surface, which runs a few millimeters below the gingival margin 
profile at approximately the level of the base of the gingival sulcus. 

The remaining periodontal structures can best be appreciated in low-power buccal-
lingual sections or diagrams of the tooth and surrounding bone (see Fig. 1-1).3,4 In 
this type of section, one can discern a thin covering of mineralized tissue over the root 
dentin, termed the cementum. Fibers of the periodontal ligament insert into the 
cementum on the tooth side and into the alveolar bone on the opposite side. The 
periodontal ligament thus provides the principal anchoring mechanism of the tooth to 
the alveolar bone. The width of the space occupied by the periodontal ligament often 
can be visualized on standard dental radiographs (Fig. 1-2). This width ranges from 
0.1 to 0.25 mm and is generally narrowest at the midpoint of the root. The periodontal 
ligament space also has a blood supply to provide nutrients to the surface and the 
alveolar bone; cells for repair and remodeling the cementum, ligament, and surface of 
the alveolar bone; and a sensory nerve network to provide tactile information on the 
position of the tooth. Thus the periodontal ligament and associated structures have 
supportive, nutritive, regenerative, and sensory functions. 

In a buccal-lingual cross section, the gingival epithelium forms a crevice around the 
tooth.5 This epithelium can be distinguished into three regions covering the 
underlying gingival connective tissue (Fig. 1-3). In all cases, the basal lamina of the 
basal epithelial layer attaches to the underlying connective tissue through anchoring 
fibrils. The three regions include:  

• A thicker keratinized (orthokeratinized) or parakeratinized oral gingival 
epithelium (see Fig. 1-3, A). 

• A thinner and flatter parakeratinized or nonkeratinized lining of the crevice itself, 
termed the crevicular epithelium (see Fig. 1-3, B). 

• An area apical to the unattached crevicular epithelium, termed the junctional 
epithelium, which forms an epithelial attachment to the tooth surface itself (see Fig. 
1-3, C). 



This epithelial attachment is therefore the most coronal portion of the periodontal 
attachment apparatus. When healthy, the level of the epithelium attachment to the 
tooth is usually at or slightly coronal to the level of the border between the apical 
extent of the enamel and coronal extent of the cementum. This area on the tooth is 
called the cementoenamel junction. The connective tissue underlying the gingival 
epithelium can be divided into a less collagen-dense papillary layer directly beneath 
the gingival epithelium and a deeper more collagen-dense reticular layer. 

Figure 1-1.   

 

Clinical view and diagrammatic representation of the major elements of the 
periodontium. A diagram of what a buccal-lingual cross section of the clinical 
view might look like is presented to the right of the clinical photograph. The 
buccal-lingual scale is exaggerated to illustrate some of the much thinner regions 
of the periodontium. (Redrawn from Rateitschak KH, Rateitschak EM, Wolf HF, 
Hassell TM: Color atlas of dental medicine/periodontology, ed 2, New York, 
1994, Thieme Medical Publishers.) 

Figure 1-2.   



 

Standard periapical radiograph of the tooth and alveolar bone support. The more 
radiodense lamina dura and radiolucent periodontal ligament space can be seen. 

The blood supply for the periodontium comes from the inferior and superior alveolar 
arteries, respectively.3,5 Branches of these arteries extend coronally into the ligament 
from the apices of the teeth and from branches that extend coronally into the central 
trabecular areas of the alveolar bone, or over the oral side of the periosteum, and then 
penetrate perpendicularly through the alveolar bone and into the periodontal ligament 
(Fig. 1-4). When the surface of the bony socket is viewed face on, numerous small 
holes can be seen that correspond to the penetration of these small blood vessels and 
nerves into the periodontal ligament. This perforated appearance of the alveolar bone 
is similar to the appearance of the cribriform plate of the ethmoid bone above the 
nasal cavity. 

Some branches of the blood supply run directly into the periodontal ligament and into 
the alveolar bone. Other branches run along the surface of the bone. These various 
arterial branches continue into the gingival tissue and terminate in numerous capillary 
loops in the superficial area of the gingival connective tissue adjacent to the gingival 
epithelium (the papillary region of the gingival connective tissue) (see Fig. 1-4). 
Within the gingival tissue, there are numerous anastomoses among these three blood 
supplies. This extensive collateral circulation enables the clinician to perform a 
variety of surgical procedures on the gingiva without significantly compromising its 
blood supply. 

Figure 1-3.   



 

The three major types of epithelial organization within the gingival epithelium. a, 
The four layers characteristic of orthokeratinized gingiva are seen. These include 
the cuboidal cells of the basal layer (BL), a prickle cell layer or spinous layer 
(PL), a granular layer (GL) with flattened cells containing keratohyaline granules, 
and a keratinized layer (KL) with flattened cells packed with keratin filaments. 
When dark nuclei are present in the KL, the epithelium is termed parakeratinized. 
When no nuclei can be seen in the KL, the epithelium is "orthokeratinized." b, 
Nonkeratinized epithelium. Although a BL and PL are still present, the cells in the 
more superficial layers (SL) are not as flat as the parakeratinized or 
orthokeratinized epithelium, contain fewer keratin filaments, and still have nuclei. 
c, Junctional epithelium. Only two layers are seen: a BL and a PL. The cells of the 
most SL of the PL attach to the tooth in part through hemidesmosomes. Note that 
in all types of epithelium (a, b, and c), the basal layer is anchored to the 
underlying connective tissue through hemidesmosomes, which interdigitate with 
anchoring collagen fibrils extending from the connective tissue. 



The nerve supply to the periodontium is derived from branches of the trigeminal 
nerve and thus is sensory in function. Nerve branches terminate in the periodontal 
ligament, surface of the alveolar bone, and within the gingival connective tissue in 
four different morphologies of nerve endings that receive stimuli for pain 
(nociceptors) and position and pressure (mechanoreceptors or proprioreceptors). 

Because the alveolar bone that lines the tooth socket has numerous small perforations 
and is mixed in with calcified fiber bundles of the periodontal ligament, it is termed 
woven bone. The buccal and lingual plates on the buccal or lingual external surface of 
the alveolar process is composed of compact bone (see Fig. 1-1). Between the buccal 
or lingual plates and the alveolar bone socket, the bone is more trabecular in 
appearance. These three bone regions are usually clearly visible on standard dental 
radiographs (see Fig. 1-2). The height of this alveolar bone or alveolar crest is usually 
1.0 to 1.5 mm apical to the radiographic cementoenamel junction. In conventional 
radiographs of teeth and the supporting alveolar bone, the alveolar bone that lines the 
bony socket and extends over the alveolar crest often appears as a radiodense line, 
termed the lamina dura. The appearance of this radiodense lamina dura may be 
because of an increased density of bone in this area, or superimposition of the bony 
curvatures of the bony socket, or both. In periodontal diseases accompanied by loss of 
alveolar bone, this radiographic lamina dura is often not seen. 

Figure 1-4.   

 

Blood supply of the periodontal tissues. From the apical aspect of the periodontal 
tissues, arterial branches course through the periodontal ligament (1), through the 
alveolar bone (2), and along the surface of the periosteum (3). The terminal 



branches of each of the three arterial sources form numerous anastomoses and 
capillary loops. These arterial loops are especially prominent within the 
connective tissue that interdigitates with the oral gingival epithelium (inset 
enlargement). 

DEVELOPMENT OF THE PERIODONTAL ATTACHMENT 

The story of the development of the periodontal attachment and supporting tissues 
begins at the earliest stages of tooth development at 4 to 5 weeks gestation.5–7 At this 
stage, the oral cavity consists of a simple cavity known as the primitive stomatodeum. 
This primitive stomatodeum is lined by a single layer of ectoderm with an underlying 
ectomesenchyme. At 4 to 5 weeks, a horseshoe-shaped thickening of this ectoderm 
can be seen along the developing mandibular and maxillary arches. This thickening is 
formed through the focal division of the ectoderm and is called the primary epithelial 
band. At the site of each developing primary tooth, this primary epithelial band will 
extend as a dental lamina into the underlying ectomesenchyme and will form a 
knoblike projection or tooth bud at its terminal end (Fig. 1-5, A). Deeper within this 
ectomesenchyme, rudimentary woven bone will begin to form around each of these 
developing tooth buds. This first woven bone will be the structural framework for the 
developing alveolar bone support. The epithelium of the tooth bud will begin to 
differentiate into a dental organ with four distinct layers (see Fig. 1-5, B): an inner 
enamel epithelium that will first differentiate into a columnar secretory ameloblast 
layer, an overlying layer of one to two cells of stratum intermedium, a wide area of 
stellate reticulum, and an outer enamel epithelium. 

Directly beneath this dental organ, the underlying ectomesenchyme will condense 
into a dental papilla, which will give rise to the crown and root dentin and most of the 
cellular elements of the pulp (see Fig. 1-5, B). At this time, a second spherical 
condensation of ectomesenchyme will form to surround the developing dental organ 
and dental papilla (see Fig. 1-5, B). This surrounding spherical condensation is called 
the dental follicle. Cells of the dental follicle will eventually differentiate into 
cementoblasts to lay down cementum, periodontal ligament fibroblasts to lay down 
the fibers of the periodontal ligament, and osteoblasts to lay down the alveolar bone 
adjacent to the periodontal ligament. The central question of development of the 
periodontal attachment is how the root dentin, cementum, periodontal ligament, and 
alveolar bone integrate to form this critical anchor for the tooth in the supporting 
bone. To understand this process, the development of the root dentin and cementum 
will be presented first. 

Figure 1-5.   



 

Two early stages of the development of the tooth and periodontium. A, At 
approximately 4 to 5 weeks into development there is downgrowth of the 
ectoderm of the primitive oral stomatodeum into the underlying ectomesenchyme. 
At the terminal end of this downgrowth, the cells form a knoblike structure or 
bud. Cells in the surrounding ectomesenchyme begin to concentrate around this 
bud. B, Several weeks later, this ectodermal bud has developed into a caplike 
structure with four distinct layers: an outer enamel epithelium (OEE), an inner 
enamel epithelium (IEE), a stellate reticulum (SR), and a stratum intermedium 
(SI). Directly beneath the inner enamel epithelium, cells of the underlying 
ectomesenchyme have condensed into a dental papilla (DP). Surrounding these 
two structures is a third condensation, the dental follicle (DF), which will give 
rise to most of the cementum, periodontal ligament, and alveolar bone. 

Figure 1-6.   



 

Developing root and periodontal structures. At the apical extent of the root, the 
inner and outer enamel epithelium have fused to form the Hertwig's epithelial root 
sheath (HES). More coronally, this root sheath breaks down to form islands of 
epithelial cells in the developing periodontal ligament space, the epithelial rests of 
Malassez (ERM). The breakdown of the root sheath and subsequent exposure of 
the dentin (D) to the dental follicle allows cells in the dental follicle nearest the 



developing root surface to differentiate into cementoblasts (CB) and lay down the 
first cementum matrix (CM). Further away from the tooth follicle, cells 
differentiate into fibroblasts and lay down the first bundles of collagen in the 
periodontal ligament (PDL). 

At the apical extent of the developing crown, the inner and outer epithelium come 
together in close apposition. The loop formed by the inner and outer enamel 
epithelium is termed the cervical loop and will play a pivotal role in directing the 
formation of both the root dentin and the periodontal attachment (Fig. 1-6 and Fig. 1-
7). As the dental organ begins to assume a more bell shape and then lays down the 
first enamel and dentin matrix at the incisal tip area, cells in the cervical loop begin to 
divide and extend apically as a cylindrical sheath called Hertwig's epithelial root 
sheath (see Fig. 1-6 and Fig. 1-7). This root sheath migrates apically around the 
dental papilla. Cells in the dental papilla in direct contact with the sheath differentiate 
into odontoblasts and lay down the first dentin matrix of the surface of the root. At 
about the same time, the root sheath secretes an amorphous hyaline-like layer that 
contains among other things, embryonic enamel proteins. This protein is similar to the 
protein laid down more coronally by the inner enamel epithelium. After this initial 
secretion of dentin matrix by cells of the dental papilla and the amorphous enamel-
like matrix of the root sheath, this root sheath breaks down to form small islands of 
epithelial cells in the developing periodontal ligament space called the epithelial rests 
of Malassez (see Fig. 1-6). 

Figure 1-7.   

 

Low-power micrograph of the apical extent of a developing human root. At the 
apical extent of the developing root dentin is Hertwig's epithelial root sheath 
(HES). On the more coronal aspect of the root dentin (D), this sheath has been 
replaced by cementoblasts (CB) derived from the dental follicle. Odontoblasts 



(OB) derived from the dental papilla (DP) produce dentin matrix, whereas 
cementoblasts (CB) from the dental follicle produce cementum. (Courtesy Dr. 
Max Listgarten, Foster City, Calif.) 

When this root sheath breaks down, it leaves the developing root in direct contact 
with the cells of the surrounding dental follicle.8–11 Cells nearest the developing root 
dentin will differentiate into a layer of cementoblasts that will lay down a fibrillar 
cementum matrix. This layer of cementoblasts will move away from the tooth leaving 
a layer of calcifying cementum that slowly grows in thickness. Meanwhile, cells in 
the dental follicle nearest the developing alveolar process will differentiate into a 
layer of osteoblasts and will lay down bone matrix over the developing alveolar bone 
process. Between the developing root and alveolar bone, cells of the dental follicle 
will differentiate into fibroblasts and will lay down the first short lengths of 
periodontal ligament fibers (see Fig. 1-6). Periodontal ligament fibroblasts will 
continuously remodel lengths of ligament fibers into longer and thicker bundles. As 
the cementum and alveolar bone both thicken by apposition of their respective 
matrices and narrow the periodontal ligament space, periodontal ligament fibers will 
become trapped and will calcify within these thickening matrices (Fig. 1-8). These 
trapped calcified bundles of collagen fibers are termed Sharpey's fibers. It is primarily 
through the entrapment of these ligament fibers by the bone and cementum matrices 
that a periodontal connection is made between the root of the tooth and the supporting 
alveolar bone. 

At first the orientation of these early bundles of collagen fibers is nearly parallel to 
the longitudinal root surface, with fibers oriented in a steep oblique angle coronally 
from the alveolar bone to apically into the root cementum. Fibroblasts within this 
steep oblique orientation are attached, through the adhesion protein fibronectin, to the 
segments of collagen bundles through a specialized attachment called the fibronexus. 
These periodontal ligament fibroblasts have the ability to contract, and thereby bring 
these collagen fibers closer together. Because the alveolar bone is fixed in the 
developing mandible and maxilla relative to the unanchored developing root, this 
action on the segments of periodontal ligament fibers has the effect of pulling the 
developing tooth upward toward the oral cavity. This phenomenon has been shown to 
be the primary force for tooth eruption and is called active eruption. 

As discussed in the overview section, the most coronal portion of the periodontal 
attachment is the epithelial attachment extending apically from the base of the 
gingival crevice. The development of this unique attachment begins at the completion 
of enamel formation.7 At this stage, the columnar layer of inner enamel epithelium 
differentiates into a flat layer of reduced enamel epithelium (Fig. 1-9). This layer of 
reduced enamel epithelium attaches to the entire enamel surface of the crown through 
"spot weld"-like attachments along the epithelial cell membrane called 
hemidesmosomes. These hemidesmosomes appear as thickenings in the cell 
membrane that are anchored to the underlying cell structure through intermediate 
filaments. Above this layer of reduced enamel epithelium, the more superficial 
stratum intermedium and stellate reticulum break down. This results in the outer 
enamel epithelium coming in direct contact with the reduced inner enamel epithelium. 



This attachment of the inner enamel epithelium to the enamel surface is called the 
primary epithelial attachment. 

Figure 1-8.   

 

Low-power light micrograph showing the insertion of periodontal ligament fiber 
bundles into root cementum on the left and alveolar bone on the right in a 
monkey. The ligament fibers insert in thicker and more widely spaced bundles on 
the alveolar bone side, whereas fiber bundles are smaller but more numerous on 
the cementum side. (Courtesy Dr. Max Listgarten, Foster City, Calif.) 

As the tooth erupts toward the oral cavity, this bilayer of reduced enamel epithelium 
derived from the dental organ makes contact with epithelium originating from the 
lining of the oral cavity. This epithelium from the oral cavity extends into the 
connective tissue by cell division (Fig. 1-10). The epithelial cells of the primary 
epithelial attachment begin to break down (see Fig. 1-9) and are replaced by these 
epithelial cells from the oral cavity (see Fig. 1-10). These oral epithelial cells migrate 
from the cusp tips in an apical direction down the enamel crown to the 
cementoenamel junction. The result is a multilayered covering of the crown with oral 
epithelial cells that are attached to the tooth through hemidesmosomes (Fig. 1-11). 
This attachment of oral epithelium to the tooth surface is called the secondary 
epithelial attachment. 

Figure 1-9.   



 

Transmission electron microscopic view of the primary epithelial attachment. In 
this section of demineralized tissue, two reduced enamel epithelial (REE) cells 
that derive from the inner enamel epithelium attach to the demineralized enamel, 
which appears as an enamel space (ES). Directly above these reduced enamel 
epithelial cells, cells of the original outer enamel epithelium (OEE) are juxtaposed 
directly adjacent to these REE cells. (Courtesy Dr. Max Listgarten, Foster City, 
Calif.) 

As the tooth erupts into the oral cavity, this multilayered secondary epithelial 
attachment will split between its layers, leaving a layer or several layers adjacent to 
the tooth surface, which will abrade off the tooth surface. The layer of cells on the 
opposite side of the split will recede away in an apical direction along with the 
underlying connective tissue. This splitting and recession of the epithelial cell layers 
more distant from the tooth results in more clinical exposure of the crown. Because 
this process does not involve an actual displacement of the tooth as in active eruption, 
it is called passive eruption. In the normal passive eruption process, this epithelial 



splitting process will continue in a coronal direction until the split approaches the 
normal clinical attachment level at the cementoenamel junction. The epithelium on 
the opposite side of the split will continue to recede until it is slightly coronal to the 
cementoenamel junction. This splitting and recession thus results in the formation of 
the gingival crevice. 

Figure 1-10.   

 

Diagrammatic representation of the formation of the primary and secondary 
epithelial attachment. At the more apical aspect of the tooth crown, the epithelial 
attachment is formed by cells of the inner enamel epithelium (the primary 
epithelial attachment). As the enamel crown approaches the oral cavity, epithelial 
cells from the oral cavity grow downward, replace these inner enamel epithelial 
cells from the cusp tips to the cemento-enamel junction, and form the secondary 
epithelial attachment. 

Figure 1-11.   



 

High-power transmission electron microscopic view of the junctional epithelium 
at the region of the epithelial attachment to a section of enamel. In this 
demineralized section, the enamel matrix can still be seen covered by a fine 
cuticle layer. On the epithelial cell side, numerous hemidesmosomal attachment 
complexes can be seen. They appear as small, dark "spot welds." When numerous 
hemidesmosomes lie side-by-side, they may appear as a more continuous dark 
line (see hemidesmosomes, bottom left). (Courtesy Dr. Max Listgarten, Foster 
City, Calif.) 



CEMENTUM AND ALVEOLAR BONE: FORMATION, 

STRUCTURE, AND PHYSIOLOGY 

The deposition of cementum on the root surface that gradually thickens toward the 
periodontal ligament space is somewhat similar to the deposition of alveolar bone that 
thickens the alveolar bone support from the opposite side of the ligament space. As a 
result, the cementum does have some structural and biochemical similarities (as well 
as some critical differences) with alveolar bone.9–11 As with the development of the 
alveolar bone proper, an organic matrix of cementum composed primarily of type I 
and type III collagen is secreted by a layer of formative cells (the cementoblasts) over 
the thin hyaline-like layer secreted by Hertwig's epithelial root sheath covering the 
root dentin. This fine fibrillar matrix calcifies to form a relatively uniform and well 
organized layer of cementum free of cellular elements called primary acellular 
cementum.10 This first thin layer of mineralized cementum contains only the fibrillar 
matrix from the cementoblasts themselves. These fibers are therefore called intrinsic 
fibers of cementum. 

As the cementum continues to thicken by apposition of cementum by the 
cementoblast layers, this thickening cementum will encounter and incorporate 
bundles of the forming periodontal ligament. These ligament bundles incorporated 
into the cementum surface will calcify along with the surrounding intrinsic fibers to 
form a significant portion of the more superficial layers of the cementum. These 
insertions of calcified ligament fibers are termed extrinsic fibers of the cementum.11 
A similar entrapment and calcification process occurs on the forming alveolar bone 
side. The general term for these calcified insertions of bundles of ligament fibers into 
the cementum and bone are Sharpey's fibers. On the cementum side, these Sharpey's 
fibers are much thinner in diameter and insert at closer intervals when compared with 
the alveolar bone side (see Fig. 1-8). These differences in the pattern of insertion have 
clinical importance in the distribution of forces that are generated within the 
periodontal ligament during occlusion, tooth movement, and traumatic forces. 
Specifically, these forces are more evenly distributed along the cementum surface and 
are more concentrated along the more widely spaced insertions on the alveolar bone 
side. As a result, in response to mechanical forces, there is generally a remodeling of 
the periodontal housing on the alveolar bone side and not on the cementum side. This 
prevents the possibility of significant cementum and root resorption. In addition, the 
root cementum is protected from this relatively extensive remodeling because it is 
avascular, and therefore not as exposed to osteoclast-like precursor cells in the 
circulation. Although small areas of microscopic cementum resorption and repair 
have been frequently observed in histologic sections, more extensive resorption of 
cementum is usually not seen unless there is a force on the tooth of a high enough 
magnitude, or duration, or both, that cannot be accommodated by the remodeling of 
the alveolar bone. 

As the tooth completes active eruption into the oral cavity and meets its opposing 
tooth in the other arch, the formation of cementum becomes somewhat less regular 
and organized. This type of cementum formation that occurs over the more organized 



primary cementum is called secondary cementum. It occurs mainly along the apical 
one third of the root. During the formation of secondary cementum, cells in the layer 
of secreting cementoblasts will often become entrapped within the cementum matrix 
(Fig. 1-12). These entrapped cementoblasts become cementocytes similar in 
appearance to the entrapped osteoblasts that become osteocytes on the alveolar bone 
side (Fig. 1-13). These areas of cementum that contain cementocytes are called 
cellular cementum. Layers of cellular cementum are generally seen in the apical one 
third of the root surface. In secondary cementum, these layers of cellular cementum 
often alternate with layers of acellular cementum. 

By understanding how cementum forms, it can be understood how areas of cementum 
can be termed acellular or cellular cementum, primary or secondary cementum, and 
can contain intrinsic fibers, extrinsic fibers, or a mixture of these fibers. There is one 
final terminology of cementum that needs to be introduced to complete this 
discussion: the formation of a thin layer of cementum at the junction of the enamel 
and the root surface.12 This form of cementum lacks a fibrillar organization and is 
therefore called afibrillar cementum. It is usually formed after root eruption when the 
connective tissue comes in direct contact with the enamel and dentin at the 
cementoenamel junction without an intervening layer of cementoblasts. In 
approximately 30% of teeth, the coronal extent of the cementum ends in a "butt" joint 
adjacent to the enamel, whereas in 60% to 65% of teeth, the cementum may overlap 
the enamel, and in 5% to 10% of teeth, the cementum will end short of the enamel 
thereby exposing the root surface dentin. This latter situation may have clinical 
importance in that patients with this type of gap may experience root sensitivity 
during instrumentation or exposure to extreme temperatures. 

Figure 1-12.   



 

Low-power light micrograph of an area of cementum between root dentin (D) and 
periodontal ligament (PDL). Numerous cementoblasts can be seen lining the 
cementum surface (CB). In some areas (arrowheads), the cementoblasts appear 
partially trapped in the cementum. (Courtesy Dr. Gary Armitage, San Francisco, 
Calif.) 

Figure 1-13.   



 

Light micrograph section through an area of cellular cementum in a monkey. The 
dentin (D) and granular layer of tomes (GLT) are on the left and the periodontal 
ligament space on the right. Numerous cementocytes (CY) are seen within this 
layer of cellular cementum. Note the orientation of the cementocyte cell processes 
toward the periodontal ligament side. (Courtesy Dr. Max Listgarten, Foster City, 
Calif.) 

From the time the tooth has erupted to the occlusal plane, cementum will continue to 
be deposited throughout life.13 This thickening of cementum with age is usually 
greatest around the apical one third of the tooth. This apical thickening may partially 
maintain the overall length of the tooth during the natural attrition of the crown and 
may therefore retard the collapse of the vertical bite dimension with aging. Abnormal 
thickening of the cementum is often observed in certain metabolic bone diseases such 
as Paget's disease.14 

Figure 1-14.   



 

Low-power trypan blue stained section from an advanced periodontal lesion in the 
rice rat. Several multinucleated osteoclasts are seen on the bone surface. 
Polymorphonuclear leukocytes (PMN) can be seen in the adjacent blood vessel 
(BV) and in the connective tissue. 

On the other side of the future periodontal ligament, the alveolar bone is forming.15 
The alveolar bone is similar in chemical composition to fibrillar cementum, 
particularly cellular fibrillar cementum. As discussed in the overall development 
section, the alveolar bone begins to first form by an intramembranous ossification 
within the ectomesenchyme surrounding the developing tooth. This first bone formed 
is less organized woven bone that will be replaced with a more organized lamellar 
bone. Within this forming lamellar bone, individual osteons with blood and nerve 
supplies can be observed. As cells in the dental follicle between this first alveolar 
bone and developing root differentiate into cementoblasts on the root dentin side and 
fibroblasts in the future periodontal ligament space, the cells in the dental follicle near 
the alveolar bone side differentiate into osteoblasts. This layer of osteoblasts will lay 
down bone matrix to form the outer wall of the alveolar bone support. 

During the life of the periodontium, the alveolar bone continuously remodels its 
shape in response to mechanical forces on the tooth and inflammation. As a result, on 
the surface of the alveolar bone the following can be observed:  

1. Bone synthesis with areas of bone covered with cuboidal-shaped 
osteoblasts secreting bone matrix, 



2. Bone resorption with areas of bone covered by multinucleated bone 
resorbing osteoclasts (Fig. 1-14), and 

3. Areas of no synthetic or resorptive activity with bone covered by flattened 
cells. 

PERIODONTAL LIGAMENT AND GINGIVAL 

CONNECTIVE TISSUE: FORMATION, STRUCTURE, AND 

PHYSIOLOGY 

In this section, the periodontal ligament and gingival connective tissue structures will 
be considered together because there is some overlap in their respective structure and 
function. When the early development of the periodontal ligament was discussed 
previously, the ligament per se was in the form of short lengths of collagen bundles 
oriented in a near parallel direction to the tooth surface. As discussed in the previous 
section on the development of cementum, the bundles closest to the developing and 
expanding cementum on one side and alveolar bone on the other side are incorporated 
into the matrix of these forming hard tissues. The fibroblasts that form the collagen in 
these ligament bundles will continue to extend and remodel these ligament fiber 
bundles, through secretion of new collagen and resorption of older collagen, until 
they form a continuous network of fibers between the cementum and bone. As the 
tooth erupts into the oral cavity by the process of active eruption, the erupting root 
connected to the ligament fibers will move the orientation of the fibers to a generally 
more perpendicular orientation to the root surface (Fig. 1-15).5 At the coronal extent 
of the ligament near the alveolar crest, the ligament will be oriented more obliquely 
from an apical insertion at the alveolar crest to a coronal insertion at the root near the 
cementoenamel junction (see Fig. 1-15). More apically these fibers will orient in a 
more horizontal and perpendicular direction to the root surface, whereas near the root 
apex and within the furcations of molars, these fibers will orient more vertically and 
perpendicularly to the root surface. Thus periodontal ligament fiber groups can be 
classified based on their orientation (see Fig. 1-15). However, these distinct fiber 
orientations are not always observed on routine histologic sections. 

Figure 1-15.   



 

The major periodontal ligament and gingival fiber groups. A, In this low-power 
diagram, periodontal ligament fibers can be divided into several groupings 
depending on their orientation. These include: (1) an alveolar crest group, (2) a 
horizontal fiber group, (3) an oblique fiber group, (4) an apical group, and (5) a 
radicular group. B, In this magnified view of the alveolar crest, the gingival fibers 
can also be classified based on their orientation, origin, and insertion. These 
groups include: (a) fibers that run from the root surface and over the oral 
periosteum, (b) fibers that run from the root surface and into the gingiva, and (c) 
fibers that run from the alveolar bone and into the gingiva. Not shown are fibers 
that run in a circumferential or semicircumferential direction around the tooth 
within the gingiva, as well as the transseptal fiber group that runs from the root 
surface of one tooth over the alveolar crest and into the root surface of the 
adjacent tooth. 

The collagen fiber bundles themselves are made up primarily of type I collagen 
(80%) with a smaller percentage of type III collagen (20%).7 As with collagen fiber 
structures in other connective tissues of the body, each fiber bundle is composed of 
smaller diameter collagen fibrils (Fig. 1-16). Each collagen fibril is in turn composed 
of individual bundles of collagen molecules that are secreted by the fibroblasts as 
procollagen α helices. These procollagen molecules are assembled and modified 
extracellularly into bundles that are staggered in a regular linear manner to give the 
characteristic cross-banding pattern seen in the collagen fibril. 

In addition, the periodontal ligament also contains immature forms of other 
connective tissue fibers, such as an immature form of elastin fiber known as elaunin, 



and oxytalan fibers. Elaunin fibers and oxytalan fibers form a more reticular-like 
network that is generally oriented perpendicular to the collagen fiber bundles. 
Although the role of these elaunin and oxytalan fibers still remains unknown, they 
may play a role in the spatial organization of the principal collagen fibers and blood 
vessel elements in the periodontal ligament. At intervals along the periodontal 
ligament near the root surface, remnants of Hertwig's epithelial root sheath, the 
epithelial rests of Malassez, can be observed (see Fig. 1-6). Although several theories 
regarding the future fate of these cells in periodontal development and periodontal 
disease have been proposed, the significance of these epithelial remnants has yet to be 
determined.7 

Figure 1-16.   



 

High-power transmission electron microscopic view of a periodontal ligament in 
the rice rat. Bundles of collagen fibrils that make up collagen fibers are seen 
running parallel to elongated fibroblasts. FC, fibroblast cytoplasm; FN, fibroblast 
nucleus. 



Between the fiber elements of the ligament, there is a ground substance consisting of 
glycosaminoglycans, laminin, and fibronectin. The ground substance itself has the 
potential to retain aqueous fluid and is composed of 70% water. As an aqueous 
"cushion," the ground substance may help the ligament absorb mechanical forces 
placed on the tooth and periodontal support. 

As discussed in the overview of the periodontium, the gingival connective tissue 
coronal to the periodontal ligament area is called the reticular area of the gingival 
connective tissue. This area shares many of the same structural features as the 
periodontal ligament. It is an area composed of a dense network of collagen fibers 
(primarily of type I) surrounded by a similar composition of ground substance seen in 
the periodontal ligament. As with the periodontal ligament, these bundles of collagen 
fibers have distinct orientations that can be classified as gingival fiber groups (see 
Fig. 1-15). These groups include fibers that run from the alveolar crest into the 
gingiva; fibers that run from the tooth surface and over the buccal or lingual 
periosteum; fibers that run in a circular or semicircular pattern around the tooth; and 
fibers that run interproximally from the root surface of one tooth, over the alveolar 
crest, and into the root surface of the adjacent tooth (the transseptal fibers).1,5 These 
organized gingival fiber groups enable the gingiva to form a rigid cuff around the 
tooth that can add stability, especially when a significant portion of the periodontal 
ligament and alveolar support is lost. This may explain in part the increased mobility 
in periodontally involved teeth immediately after surgical procedures because these 
procedures often significantly disrupt or remove these gingival fiber groups. In 
addition, after tooth movement, these fiber groups may exert forces on the tooth to 
move it toward its original position. Therefore, after tooth movement procedures, a 
"fiberotomy" to cut the gingival fiber attachments to the tooth is sometimes 
performed.16 

The portion of the gingival connective tissue above the dense reticular layer and 
underlying the gingival epithelium itself is called the papillary layer of the gingival 
connective tissue. In this layer, the distribution of collagen is sparser and less 
organized than in the reticular layer. Between the epithelial cells and the connective 
tissue lies the basal lamina (basement membrane), which is critical to the attachment 
between the two tissues.7 At the electron microscopic level, the basal lamina consists 
of a dark band called the lamina densa and a more translucent band known as the 
lamina lucida. The portion of the papillary layer adjacent to the basal lamina has 
small anchoring fibrils of type IV collagen that anchor the lamina densa of the basal 
lamina of the gingival epithelium (also composed of type IV collagen) to the gingival 
connective tissue. In addition to the collagen types I, III, and IV, ground substance, 
blood vessels, neural and lymphatic elements, and small numbers of inflammatory 
cells such as neutrophils, monocytes, lymphocytes, mast cells, and macrophages are 
routinely observed. During the inflammatory process of periodontal diseases, the 
number of these cells increases within this papillary layer. The clinical importance of 
this inflammatory cell infiltrate is discussed in later chapters. 



GINGIVAL EPITHELIUM: FORMATION, STRUCTURE, 

AND PHYSIOLOGY 

As described in the section on development of the periodontium, the erupting enamel 
crown of the tooth is covered with several layers of epithelium that are first derived 
from the inner enamel epithelium (the primary epithelial attachment) and are then 
replaced from the incisal tips to the cementoenamel junction with epithelial cells from 
the oral cavity (the secondary epithelial attachment) (see Fig. 1-10). During the 
process of passive eruption, a natural gingival crevice is formed around the 
circumference of the tooth. Within this gingival crevice, three distinct zones of 
epithelium can be seen on routine buccal-lingual sections of the tooth and 
surrounding periodontal tissues (see Fig. 1-3). These include a thick orthokeratinized 
or parakeratinized oral gingival epithelium that faces the oral cavity, an unattached 
thinner and parakeratinized or nonkeratinized crevicular epithelium, and an area of 
junctional epithelium where the gingiva actually attaches to the tooth through 
hemidesmosomes and adhesion proteins such as laminins (Fig. 1-17, see also Fig. 1-3 
and Fig. 1-11). Each of these three zones of gingival epithelium is distinct in the 
organization, stratification, and characteristics of the keratinocytes that make up each 
strata. 

The oral gingival epithelium resembles the epidermis in structure and has multiple 
layers (see Fig. 1-3).5–7 The basal layer has one or two layers of cuboidal-shaped cells 
that divide and migrate toward the superficial layers of epithelium. Outside of the 
basal layers is the prickle layer consisting of more spinous-shaped cells with large 
intercellular spaces (also known as the spinous layer, or stratum spinosum). Cells of 
both the basal and prickle cell layers attach to each other in part through desmosomes. 
These desmosome "spot-weld" junctions appear on transmission electron micrographs 
as thickenings of the inner membranes of both apposing cells. In the intercellular 
space between these membrane thickenings, a central dark line is often discernible, 
which may be an area of protein links between the two cell membranes. As with 
hemidesmosomes, these membrane thickenings are anchored to the underlying cell 
structures through intermediate filaments. Above the prickle layer there is a layer of 
flattened granular cells with flattened and condensed nuclei, increased accumulation 
of intracellular keratin within keratin filaments and keratohyaline granules, and 
intracellular and extracellular membrane-coated granules (also known as the stratum 
granulosum). Above the granular layer there is a keratinized layer of flattened cells 
packed with keratin (also known as the stratum corneum). In some instances, the cells 
of the keratinized layer have no discernible nuclei (orthokeratinized), whereas in 
others, dense nuclei are visible (parakeratinized). The superficial cells of this 
keratinized layer will continuously slough off into the oral cavity to be replaced by 
cells migrating from the deeper layers. 

Within the oral gingival epithelium, there are several other cells not derived from 
keratinocytes. These include melanocytes that transfer melanin pigment granules to 
the surrounding basal layer of keratinocytes, Langerhans cells that are part of the 
reticuloendothelium system and are responsible for processing and presenting foreign 



antigens to the immune system, and Merkel cells that may be responsible for 
perception of sensation in the gingiva. 

Figure 1-17.   

 

Low-power transmission electron micrograph of the junctional epithelium in the 
rice rat. As in humans, this junctional epithelium consist of solely two layers: a 
basal layer and a prickle (spinous) layer. In this view, the most superficial layer of 
the prickle layer is seen to attach to the root cementum (arrowheads), which has 
been decalcified in the preparation of this section. In humans, this attachment 
level can be on enamel alone, the junction of enamel and root cementum or root 
dentin, or on the root cementum or dentin alone. The basal layer has numerous 
desmosomes between the individual cells, making intercellular spaces very 
narrow and almost indistinguishable. Conversely, the cells of the prickle layer 
have fewer desmosomal attachments (small arrows) and wider, more visible 
intercellular spaces. 

The crevicular epithelium is generally nonkeratinized, although some parakeratinized 
cells may be seen in the most coronal region. As with the oral gingival epithelium, the 
crevicular epithelium has a basal layer and a prickle layer; however, a distinct 
granular layer and keratinized layer are not present (see Fig. 1-3). Rather the most 



superficial layers of the crevicular epithelium have some keratin filaments and an 
intact flattened nucleus. Several investigators have proposed the idea that in the 
complete absence of bacterial plaque and inflammation, the crevicular epithelium 
may become more orthokeratinized with a distinct stratum basale and granulosum 
layer. Conversely, in the presence of significant inflammation, this layer of crevicular 
epithelium can become quite thin to the extent that breaks may form in the epithelium 
to allow substances in the gingival crevice to penetrate into the underlying connective 
tissue. 

The junctional epithelium consists of only two layers: a basal layer and a prickle 
layer. The prickle layer of the junctional epithelium is oriented parallel to the tooth 
surface (see Fig. 1-3 and Fig. 1-17). The prickle layer attaches to the tooth surface 
through hemidesmosomes (see Fig. 1-11) and through adhesion proteins such as 
laminin. Within this prickle layer, inflammatory cells from the granulocyte or 
mononuclear blood cell lines can be observed migrating from the underlying 
connective tissue and into the gingival crevice. In the natural course of inflammatory 
changes in the periodontium there is a marked increase in the numbers of these 
inflammatory cells within the junctional epithelium. The presence of inflammatory 
cells in the prickle layer of the junctional epithelium disrupts desmosomal 
attachments between keratinocytes and creates even larger intercellular spaces. 
Because the coronal aspect of this layer is exposed to the gingival crevice with the 
typically larger intercellular spaces exposed to the crevicular environment, this area 
may be a critical entry for bacteria and bacterial products into the deeper connective 
tissues. 

IMPLICATIONS FOR PERIODONTAL REGENERATION 

By presenting the microstructure of the periodontium through the story of the 
development of the periodontium, it is hoped that the reader not only has gained an 
appreciation of the origins of the different terminologies for the various periodontal 
tissues, but can also gain an understanding for the rationale for several approaches in 
periodontal therapy. In the concluding section of this chapter, several examples of 
periodontal regeneration treatment approaches are discussed that draw on this 
understanding of periodontal development. 

To begin, there are several types of periodontal surgical procedures during which the 
epithelial attachment of the gingiva is severed and the gingiva is reflected away from 
the tooth to give the operator a better view of the underlying tissues. At the end of the 
procedure, the gingiva is repositioned on the tooth with sutures. In the postsurgical 
healing process, the gingiva reforms its epithelial attachment on the tooth surface. 
This reformation of the epithelial attachment after flap surgery involves processes 
similar to the formation of the gingival crevice and epithelial attachment during 
development. Specifically, these processes involve the formation of an attachment of 
the epithelium to the tooth surface, apical proliferation of the epithelium along the 
root surface, and splitting of the epithelium within its strata to form a crevice. In 
postsurgical healing, this process often leads to the formation of a "long epithelial 



attachment" along the root surface. This long epithelial attachment is less desirable in 
some procedures because it may lead to epithelial splitting and formation of a deeper 
crevice. In addition, this long attachment may prevent mesenchymal cells from the 
periodontal ligament from reaching the root surface.17 As with the embryonic 
development of cementum, ligament, and alveolar bone from the mesenchymal cells 
of the dental follicle, these mesenchymal cells from the ligament have the potential to 
differentiate into cementoblasts, fibroblasts, and osteoblasts if they can reach the root 
surface.18 

One approach to prevent this formation of a long epithelial attachment is to place 
some form of barrier between the reapposed gingival epithelial flap and the 
underlying bone and connective tissue.17 This "guided tissue regeneration approach" 
with a membrane barrier will prevent the downgrowth of the epithelial attachment 
and allow cells from the periodontal ligament, remaining cementum, and bone to 
migrate into the wound to form new cementum, ligament, and bone. 

From this example of guided tissue regeneration, it can be seen that in the proper 
environment or with the proper stimulus, cells derived from the dental follicle have 
the potential to migrate to areas of lost periodontium and to lay down new tissue.19 
One of these stimuli for new periodontal tissue formation may be cementum itself. 
Some investigators have stressed the importance of retaining as much healthy 
cementum as possible during surgical and nonsurgical debridement procedures to 
create an environment in which new cementum can form and induce new periodontal 
ligament attachment. In addition, several investigators have reported gains in 
periodontal support by coating the root surface with an enamel matrix derivative to 
stimulate the formation of new cementum.20 The rationale for this approach can be 
understood from periodontal development. Specifically, the very first hyaline-like 
layer deposited on the root dentin from the inner enamel epithelium of the Hertwig's 
epithelial root sheath contains enamel matrix proteins. This enamel matrix derivative 
coating, applied to the roots during periodontal surgery, may induce the surrounding 
cells to reenact the developmental process of periodontal attachment formation. 

In the future, it is possible that clinicians will use other forms of tissue engineering to 
regenerate lost portions of the periodontium based on these concepts of periodontal 
development. For example, several investigators are developing tissue engineering 
approaches whereby cells from a patient's periodontal ligament are harvested and 
cultured in the laboratory to form monolayers of less differentiated cells with 
characteristics of dental follicle stem cells, and then are reimplanted into areas of 
periodontal loss. These types of therapeutic approaches based on the development, 
anatomy, and microanatomy of the periodontium have considerable potential. 
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2  Diagnosis and Classification of Periodontal Diseases 

Gary C. Armitage 

COMPONENTS OF A PERIODONTAL DIAGNOSIS 

One of the first steps in the management of a patient with periodontal disease is to 
take thorough medical and dental histories and to perform a complete oral/periodontal 
examination. On the basis of the information collected, a diagnosis (Greek: dia 
"through," gnosis "knowledge") can be made. Plaque-induced periodontal diseases 
can be divided into two general diagnostic categories—gingivitis or periodontitis—
based on the presence or absence of attachment loss. Gingivitis is the presence of 
gingival inflammation without loss of connective tissue attachment.1 Periodontitis is 
the presence of gingival inflammation at sites where there has been apical migration 
of the junctional epithelium onto the root surface with the concomitant loss of 
connective tissue and alveolar bone.1 In making a periodontal diagnosis, a clinician 
must answer three simple questions:  

1. What disease (if any) is present? 

2. Where is the disease (e.g., localized vs. generalized)? In answering this 
question, an assessment of the extent of the disease is made. 

3. How severe is the disease (e.g., slight, moderate, severe)? 

Although these questions are simple, they are sometimes difficult to answer. To 
decide on a diagnosis one must use previous clinical experiences and apply current 
concepts of the etiology and pathogenesis of periodontal diseases. A diagnosis is in 
reality the clinician's educated guess as to what disease or condition the patient has 
(see Chapter 11). All experienced clinicians have, at one time or another, been wrong 
in their initial assignment of a diagnosis. Therefore, it is good practice to develop 
what is known as a differential diagnosis, which lists the possible diagnoses from 
most likely to least likely. Even in cases in which there is considerable certainty about 
the initial diagnostic impression, it is always a good idea to acknowledge that other 
possibilities exist. 

The separation of plaque-induced periodontal diseases into two categories (i.e., 
gingivitis and periodontitis) is not as simple as it might seem at first. For example, if 
sites with periodontitis have been successfully treated they can be assigned a post-
treatment diagnosis of "periodontal health on a reduced periodontium." A reduced 
periodontium is one in which there has been loss of attachment that is usually induced 
by periodontitis. Much of this periodontal damage is permanent, even in successfully 



treated cases of periodontitis. If such sites develop gingival inflammation at a later 
date, do those sites now have recurrent periodontitis or gingivitis superimposed on a 
reduced but stable periodontium? Unfortunately, there is no answer to this question. 
However, it has been clearly established that only a small percentage of sites with 
gingivitis actually progress to periodontitis.2 Therefore, it can be assumed that 
gingivitis can occur on a reduced periodontium in which additional attachment loss is 
not occurring. Because it is not possible to determine if attachment loss is occurring 
from the findings of a single examination, most clinicians err on the side of caution 
and assign the diagnosis of "periodontitis" to inflamed sites that have experienced 
loss of attachment and bone in the past. This is particularly the case if there are 
periodontal pockets at the inflamed sites. 

The extent of a periodontal disease is a general description of its location or 
distribution throughout the mouth. There is no fixed rule regarding when a 
periodontal disease is designated as localized or generalized. However, it has been 
recommended that distribution of the disease be designated as: localized if less than 
30% of the sites are involved, and generalized if more than 30% of the sites are 
affected.3 There is a practical rationale behind this recommendation because if the 
disease is characterized as "localized," then in correspondence to colleagues (such as 
a referring dentist) it is necessary to itemize all of the sites where the disease is 
present. This can simply be done in cases of localized aggressive periodontitis (LAP) 
for which the disease is frequently localized to the permanent first molars and 
incisors; it is not excessively time-consuming to list the affected teeth. However, in 
cases of generalized aggressive periodontitis (GAP) in which most teeth in all 
sextants might be affected, it becomes impractical to list them all in a letter to a 
colleague. This is especially true because a copy of the periodontal chart showing the 
precise location of affected sites is usually attached to any correspondence with 
colleagues. It should be emphasized that the 30% cutoff point between localized and 
generalized categories is arbitrary, because in cases of LAP, if all permanent first 
molars and incisors are affected, then approximately 43% (12 of 28 teeth excluding 
third molars) would be involved. Clearly, strict adherence to the "30% rule" would 
lead one to the ambiguous conclusion that LAP is a generalized disease. 

The severity of a periodontal disease is usually characterized as slight, moderate, or 
severe. Sometimes the terms initial or mild are used instead of slight, and advanced is 
used interchangeably with severe. It does not make a difference what terms are used 
to designate the severity of involvement as long as they are understood by clinicians 
who may be treating the patient and have access to your records. In cases of 
periodontitis, it has been recommended that severity be characterized on the basis of 
the amount of clinical attachment loss (CAL) as follows: slight = 1 or 2 mm of CAL, 
moderate = 3 to 4 mm of CAL, and severe = 5 mm or more of CAL.3 CAL is 
measured with a periodontal probe and is the distance from the cementoenamel 
junction to the base of the probeable crevice. The rationale behind this 
recommendation is that 5 mm of CAL means that more than 40% of the periodontal 
attachment at that site has been lost (assuming an average root length of 12 mm). In 
cases of gingivitis the terms slight, moderate, and severe are sometimes used to 
indicate the intensity of the clinical inflammation (mild vs. intense). Again what is 



important is minimal or no ambiguity in the terms used so that other clinicians will 
understand what is written. 

When entering the periodontal diagnosis in a patient's chart or in written 
correspondence, one usually writes the extent followed by severity and then the name 
of the disease (Box 2-1). There are, of course, many other possible periodontal 
diagnoses (Box 2-2). In most instances it is useful for purposes of clarity to specify 
the disease name, its extent, and its severity. 

VALUE OF ESTABLISHING A DIAGNOSIS 

Deciding on a diagnosis has several practical purposes: (1) it sets the stage or context 
for treatment planning, (2) it helps in estimating outcomes (prognosis), (3) it 
facilitates communication with colleagues and patients, and (4) it reassures 
investigators in a research setting that they are studying the same disease rather than 
multiple diseases under one umbrella. In addition, some third-party (insurance) plans 
link the level of reimbursement to the diagnosis. 

Box 2-1  Examples of Typical Diagnoses for Plaque-

Induced Periodontal Diseases 



 

The label that one puts on a disease conjures up the entire reservoir of a clinician's 
knowledge and past experience with that particular form of disease. Numerous 
important questions begin to be answered when careful thought is given to making a 
diagnosis. In different cases in which the same diagnosis was assigned, did the 
disease respond to treatment as expected? What was done last time that worked? 



What didn't work? How much time did treatment take? Was there a problem with 
patient compliance? For example, if one assigns a diagnosis of generalized moderate 
chronic periodontitis, most clinicians would expect that the disease will respond well 
to oral hygiene instructions and thorough scaling and root planing, followed by a 
program of periodic periodontal maintenance care. In addition, a good long-term 
prognosis for the affected teeth would be anticipated. Conversely, in many cases of 
generalized severe chronic periodontitis a more complicated and costly course of 
therapy might be anticipated. There is an increased likelihood that periodontal surgery 
might be needed. A less favorable prognosis for some of the severely affected teeth 
might be predicted. These scenarios are, of course, oversimplified because many 
factors impact treatment outcomes. Nevertheless, a wide spectrum of anticipated 
events in the management of periodontal disease all start with a carefully developed 
and well thought-out diagnosis. (A detailed discussion of formulating a diagnosis and 
prognosis appears in Chapter 11.) 

CLASSIFICATION SYSTEMS 

In the last 130 years, many classification systems for periodontal diseases have been 
used.4 Over time, classification systems have been changed to reflect new knowledge 
about the nature of periodontal infections. In 1989, a classification system was 
developed that included five types of periodontitis: (i) adult periodontitis, (ii) early 
onset periodontitis, (iii) periodontitis associated with systemic disease, (iv) 
necrotizing ulcerative periodontitis, and (v) refractory periodontitis.5 Even 
though this system had some serious flaws, it was widely accepted and is still 
occasionally used by some authors. The main problems with this classification were: 
(1) considerable overlap in disease categories, (2) absence of a gingival disease 
component, (3) inappropriate emphasis on age of onset of disease and rates of 
progression, and (4) inadequate or unclear classification criteria.3 The currently 
accepted classification system (see Box 2-2), developed in 1999, attempts to correct 
some of the deficiencies of the 1989 classification. It is based on an infection/host 
response paradigm that follows the concept that plaque-induced periodontal diseases 
are infections, and much of the destruction observed in these infections occurs as a 
result of host inflammatory and immunologic responses to dental plaque bacteria.4 By 
far, the most common periodontal diseases listed in the current classification system 
are plaque-induced gingivitis and chronic periodontitis. 

Box 2-2  Classification of Periodontal Diseases and 

Conditions (1999 International Workshop for a 

Classification of Periodontal Diseases and Conditions) 

I. Gingival Diseases 

A. Dental Plaque-Induced Gingival Diseases* 

1. Gingivitis associated with dental plaque only  



a. without other local contributing factors 

b. with local contributing factors (see section VIII, part A) 

2. Gingival diseases modified by systemic factors  

a. associated with the endocrine system  

1) puberty-associated gingivitis 

2) menstrual cycle-associated gingivitis 

3) pregnancy-associated  

a) gingivitis 

b) pyogenic granuloma 

4) diabetes mellitus-associated gingivitis 

b. associated with blood dyscrasias  

1) leukemia-associated gingivitis 

2) other 

3. Gingival diseases modified by medications  

a. drug-influenced gingival diseases  

1) drug-influenced gingival enlargements 

2) drug-influenced gingivitis  

a) oral contraceptive-associated gingivitis 

b) other 

4. Gingival diseases modified by malnutrition  

a. ascorbic acid-deficiency gingivitis 

b. other 

B. Nonplaque-Induced Gingival Lesions 

1. Gingival diseases of specific bacterial origin  

a. Neisseria gonorrhea-associated lesions 



b. Treponema pallidum-associated lesions 

c. Streptococcal species-associated lesions 

d. other 

2. Gingival diseases of viral origin  

a. herpes virus infections  

1) primary herpetic gingivostomatitis 

2) recurrent oral herpes 

3) varicella zoster infections 

b. other 

3. Gingival diseases of fungal origin  

a. Candida species infections  

1) generalized gingival candidiasis 

b. linear gingival erythema 

c. histoplasmosis 

d. other 

4. Gingival lesions of genetic origin  

a. hereditary gingival fibromatosis 

b. other 

5. Gingival manifestations of systemic conditions  

a. mucocutaneous disorders  

1) lichen planus 

2) pemphigoid 

3) pemphigus vulgaris 

4) erythema multiforme 

5) lupus erythematosus 



6) drug induced 

7) other 

b. allergic reactions  

1) dental restorative materials  

a) mercury 

b) nickel 

c) acrylic 

d) other 

2) reactions attributable to  

a) toothpastes/dentifrices 

b) mouthrinses/mouthwashes 

c) chewing gum additives 

d) foods and additives 

3) other 

6. Traumatic lesions (factitious, iatrogenic, accidental)  

a. chemical injury 

b. physical injury 

c. thermal injury 

7. Foreign body reactions 

8. Not otherwise specified 

II. Chronic Periodontitis† 

A. Localized 

B. Generalized 

III. Aggressive Periodontitis† 

A. Localized 



B. Generalized 

IV. Periodontitis as a Manifestation of Systemic Diseases 

A. Associated with hematologic disorders 

1. Acquired neutropenia 

2. Leukemias 

3. Other 

B. Associated with genetic disorders 

1. Familial and cyclic neutropenia 

2. Down syndrome 

3. Leukocyte adhesion deficiency syndromes 

4. Papillon-Lefèvre syndrome 

5. Chediak-Higashi syndrome 

6. Histiocytosis syndromes 

7. Glycogen storage disease 

8. Infantile genetic agranulocytosis 

9. Cohen syndrome 

10. Ehlers-Danlos syndrome (types IV and VIII AD) 

11. Hypophosphatasia 

12. Other 

C. Not otherwise specified (NOS) 

V. Necrotizing Periodontal Diseases 

A. Necrotizing ulcerative gingivitis (NUG) 

B. Necrotizing ulcerative periodontitis (NUP) 

VI. Abscesses of the Periodontium 

A. Gingival abscess 



B. Periodontal abscess 

C. Pericoronal abscess 

VII. Periodontitis Associated With Endodontic Lesions 

A. Combined periodontal-endodontic lesions 

VIII. Developmental or Acquired Deformities and Conditions 

A. Localized tooth-related factors that modify or predispose to plaque-
induced gingival diseases/periodontitis 

1. tooth anatomic factors 

2. dental restorations/appliances 

3. root fractures 

4. cervical root resorption and cemental tears 

B. Mucogingival deformities and conditions around teeth 

1. gingival/soft tissue recession  

a. facial or lingual surfaces 

b. interproximal (papillary) 

2. lack of keratinized gingiva 

3. decreased vestibular depth 

4. aberrant frenum/muscle position 

5. gingival excess  

a. pseudopocket 

b. inconsistent gingival margin 

c. excessive gingival display 

d. gingival enlargement (see section I, parts A.3 and B.4) 

6. abnormal color 

C. Mucogingival deformities and conditions on edentulous ridges 

1. vertical and/or horizontal ridge deficiency 



2. lack of gingiva/keratinized tissue 

3. gingival/soft tissue enlargement 

4. aberrant frenum/muscle position 

5. decreased vestibular depth 

6. abnormal color 

D. Occlusal trauma 

1. primary occlusal trauma 

2. secondary occlusal trauma 

Modified from Armitage GC: Development of a classification system for 
periodontal diseases and conditions, Ann Periodontol 4:1–6, 1999. 
* Can occur on a periodontium with no attachment loss or on a periodontium with 
attachment loss that is not progressing. 
† Can be further classified on the basis of extent and severity. As a general guide, 
extent can be characterized as localized (<30% of sites involved) or generalized 
(≥30% of sites involved). Severity can be characterized on the basis of the amount 
of clinical attachment loss (CAL) as follows: slight = 1 to 2 mm of CAL, moderate 
= 3 to 4 mm of CAL, and severe ≥5 mm of CAL. 

GINGIVAL DISEASES 

Dental Plaque-Induced Gingival Diseases 

Gingival diseases include several subcategories in which dental plaque plays an 
important etiologic role. The simplest and most common of these subcategories is 
plaque-induced gingivitis with no other local or systemic complicating factors. In 
the three other subcategories in this group—that is, plaque-induced gingival 
diseases modified by systemic factors, medications, or malnutrition—dental plaque 
still plays a central etiologic role, but the harmful effects of plaque bacteria are 
enhanced or modified by perturbations in host-parasite interactions.6 Examples of 
this are regularly encountered in clinical practice and include pregnancy-associated 
gingivitis in which endogenous hormone fluctuations promote the growth of certain 
members of the plaque flora7 and medication-influenced gingival enlargement.8,9 In 
the presence of plaque-induced gingival inflammation certain medications can 
promote the development of gingival enlargement. Meticulous plaque control can 
often reduce,10,11 but not completely prevent,12 the severity of this side effect. Drugs 
with this side effect include certain anticonvulsants (e.g., phenytoin),13,14 
immunosuppressive agents (e.g., cyclosporin),15 and a variety of calcium channel 
blockers (e.g., nefedipine, verapamil, diltiazem).13 



Patients with diabetes mellitus under poor metabolic control tend to develop more 
intense plaque-induced gingival inflammation than individuals without diabetes.6,16 
The reasons for this are not entirely clear, but alterations in antibacterial host 
defenses such as decreased neutrophil adherence, chemotaxis, and phagocytosis 
have been reported.17–19 Such patients are occasionally seen in general dental 
practices and the pronounced inflammatory response of the gingiva is sometimes 
assigned the diagnosis of "diabetes mellitus-associated gingivitis."6 Severe 
malnutrition is unusual in well developed countries, and therefore the effects of 
nutritional deficiencies as modifiers of plaque-induced gingival inflammation are 
rarely encountered. The effects of slight dietary deficiencies on the periodontium 
have not been well studied, but it is unlikely that they have any significant impact 
on the course of periodontal infections. However, during early phases of 
experimental ascorbic acid deficiency, modest increases in gingival inflammation 
and bleeding on probing have been reported.6,20 

Nonplaque-Induced Gingival Diseases 

In nonplaque-induced gingival diseases dental plaque does not have an etiologic 
role. These diseases can present difficulties in making the correct diagnosis because 
the observed gingival inflammation might be caused by specific bacterial, viral, or 
fungal infections.21 Specific bacteria that can infect gingival tissues and cause a 
form of gingivitis include medically important exogenous pathogens such as 
Neisseria gonorrhea, Treponema pallidum, as well as other nonoral species.22 In 
addition, some types of gingivitis can be caused by a number of viruses with the 
most important being herpes simplex virus types 1 and 221,23,24 and the varicella 
zoster virus.21,25 Papillomaviruses can also infect gingival tissues, but the growths 
(i.e., squamous papillomas) do not have any of the clinical characteristics of 
gingivitis.26 Although rare in otherwise healthy individuals, gingival lesions can 
also be caused by fungal infections such as candidosis21 and histoplasmosis.27 In 
addition, there are some gingival lesions with a genetic etiology that are not 
infections at all, such as hereditary gingival fibromatosis.28 

A wide variety of gingival lesions, some resembling plaque-induced gingivitis, can 
occur as manifestations of systemic conditions such as mucocutaneous disorders 
and allergic reactions.21 Among these mucocutaneous disorders are lichen 
planus,29,30 pemphigoid,31,32 pemphigus vulgaris,33,34 erythema multiforme,35 lupus 
erythematosus,36 and psoriasis.37 The diagnosis of these disorders is based on their 
clinical features and histopathologic characteristics of biopsy specimens. 
Hypersensitivity (allergic) reactions to dental restorative materials, oral care 
products (e.g., mouthrinses), and foods are occasionally encountered.21 Allergic 
reactions to restorative materials can present a considerable diagnostic quandary 
because the allergen-gingiva contact frequently results in an inflammatory response 
that clinically looks exactly like plaque-induced gingivitis. In such cases, the 
gingival inflammation does not resolve when plaque control procedures are 
instituted. Sometimes the only way to determine if the patient is allergic to the 



restorative material is to remove the restoration and replace it with a different 
material. 

CHRONIC PERIODONTITIS 

Chronic periodontitis is a common plaque-induced periodontal infection that is a 
major cause of tooth loss throughout the world. This form of periodontitis was once 
called adult periodontitis because it was thought to be primarily found in adults.5 
However, epidemiologic data suggest that the disease can also be found in children 
and adolescents.38 Chronic periodontitis has been historically considered as a slowly 
progressive disease and there are data to support this view.39–41 However, there are 
also data indicating that some patients may experience short periods of rapid 
progression.42,43 Some of the more important clinical features of the disease are listed 
in Box 2-3.44 

Although chronic periodontitis can be distributed in localized and generalized 
patterns throughout the mouth, the two forms appear to be identical with regard to 
their etiology and pathogenesis. There is a general consensus that chronic 
periodontitis is initiated and sustained by dental plaque biofilms, but host responses to 
plaque bacteria are responsible for most of the tissue destruction. The extent and 
severity of the disease can be increased by several host-modifying factors including 
poorly controlled diabetes mellitus,45 cigarette smoking,46 and emotional stress.46 The 
progression of the disease can only be confirmed by repeated examinations that show 
additional connective attachment loss and resorption of alveolar bone. It is generally 
assumed that the risk for progression is increased if the disease is untreated.44 
Treatment for chronic periodontitis is directed against disruption, removal, and 
control of subgingival plaque biofilms. Reduction in probing depths is a desirable 
outcome of treatment because periodontal pockets are the primary habitat of bacteria 
that cause the disease.1 However, pocket reduction is not an absolute requirement for 
successful treatment of the disease. 

Box 2-3  Main Clinical Features and Characteristics 

of Chronic Periodontitis 

Most prevalent in adults, but can occur in children and adolescents 

Amount of destruction is consistent with the presence of local factors 

Subgingival calculus is a frequent finding 

Associated with a variable microbial pattern 

Slow to moderate rate of progression, but may have periods of rapid progression 

Can be associated with local predisposing factors (e.g., tooth-related or iatrogenic 
factors) 



May be modified by or associated with systemic diseases (e.g., diabetes mellitus) 

Can be modified by factors other than systemic disease such as cigarette smoking 
and emotional stress 

From Lindhe J, Ranney R, Lamster I, et al: Consensus report: chronic 
periodontitis, Ann Periodontol 4:38, 1999. 

AGGRESSIVE PERIODONTITIS 

Aggressive periodontitis is much less common than chronic periodontitis and affects 
a narrower range of young patients. It is generally acknowledged that it occurs in 
localized and generalized forms, and the two forms differ in many respects with 
regard to their etiology and pathogenesis.47 LAP and GAP were once called localized 
and generalized juvenile periodontitis, respectively.5 However, these terms were 
replaced with the LAP and GAP terminology because they do not depend on 
questionable age-based classification criteria.3 There is a consensus that both forms of 
aggressive periodontitis share the following common features:  

• Except for the presence of periodontitis, patients are otherwise clinically healthy 

• Rapid attachment loss and bone destruction 

• Familial aggregation47 

Some of the more important secondary features of both forms of aggressive 
periodontitis are:  

• Amounts of microbial deposits are inconsistent with the severity of periodontal 
tissue destruction 

• Increased proportions of Actinobacillus actinomycetemcomitans and, in some 
populations, Porphyromonas gingivalis may be increased 

• Phagocyte abnormalities 

• Hyperresponsive macrophage phenotype, including increased levels of 
prostaglandin E2 and interleukin-1β 

• Progression of attachment loss and bone loss may be self-arresting47 

All of these characteristics do not need to be present to make a diagnosis that is 
usually based on clinical, radiographic, and historical information.47 

As in the case of chronic periodontitis, both forms of aggressive periodontitis are 
plaque-induced infections, and host responses to plaque bacteria are responsible for 
most of the tissue destruction. The plaque biofilms are, however, often clinically 
thinner than with chronic periodontitis. This is particularly true in cases of LAP. 



Host-modifying factors that increase the extent and severity of chronic periodontitis 
can also adversely affect the clinical course of both forms of aggressive 
periodontitis.45–47 Treatment for aggressive periodontitis is directed toward 
controlling subgingival biofilms. In many cases, successful treatment requires 
mechanical disruption of the biofilms supplemented with systemic antibiotics.48 

On the basis of several specific clinical and host-response differences between LAP 
and GAP, it is clear that LAP is not merely a localized form of GAP. Features that are 
said to be specific for each of these forms of aggressive periodontitis are shown in 
Box 2-4. Importantly, LAP generally has a circumpubertal onset or is first detected 
and diagnosed during puberty, whereas GAP is usually detected and diagnosed in 
patients younger than 30 years; however, some patients with GAP may be older than 
30 years. It has been suggested that patients with LAP usually mount a robust serum 
antibody response to periodontal pathogens, whereas patients with GAP exhibit a 
poor antibody response to the infecting agents.47 (A detailed discussion of host 
responses in periodontal diseases can be found in Chapter 5.) 

PERIODONTITIS AS A MANIFESTATION OF SYSTEMIC 

DISEASES 

There are two general categories of systemic diseases that have periodontitis as a 
frequent manifestation: (1) certain hematologic disorders (e.g., acquired neutropenia, 
leukemia) and (2) some genetic diseases (e.g., familial/cyclic neutropenia, Down 
syndrome, leukocyte adhesion deficiency syndromes, Papillon-Lefèvre syndrome).49 
In most of these systemic diseases there is either a significant impairment in the 
ability of neutrophils to fight infections or a severe reduction in the number of 
functional neutrophils. Dental plaque biofilms are etiologically important in this 
group of periodontal infections. However, the severely decreased host resistance 
associated with the systemic disease is a major determinant in the development of the 
observed periodontitis, and therefore the periodontal condition is usually referred to 
as a manifestation of the systemic disease. In such cases, the systemic disease is such 
a dominant modifier of the periodontal infection that the infection is considered a 
secondary feature of the systemic disease. 

Box 2-4  Specific Features of Localized and 

Generalized Aggressive Periodontitis 

Localized Aggressive Periodontitis 

Circumpubertal onset 

Robust serum antibody to infecting agents 

Localized first molar/incisor presentation with interproximal attachment loss on at 
least two permanent teeth, one of which is a first molar, and involving no more 
than two teeth other than first molars and incisors 



Generalized Aggressive Periodontitis 

Usually affecting individuals younger than 30 years, but patients may be older 

Poor serum antibody response to infecting agents 

Pronounced episodic nature of the destruction of attachment and alveolar bone 

Generalized interproximal attachment loss affecting at least three permanent teeth 
other than first molars and incisors 

From Lang N, Bartold PM, Cullinan M, et al: Consensus report: aggressive 
periodontitis, Ann Periodontol 4:53, 1999. 

There are no established criteria governing when a host-modifying factor, such as a 
systemic disease, is so important in the development of periodontitis that it should be 
a principal part of the disease classification.4 Indeed, sometimes it is difficult to make 
this decision. For example, although the presence of poorly controlled diabetes 
mellitus can modify or alter the clinical course and expression of periodontitis, most 
authorities believe that there are insufficient data to conclude that "diabetic 
periodontitis" is a valid term.3 The current view is that diabetes under poor metabolic 
control is simply an important modifier of all forms of periodontitis. In other words, 
chronic periodontitis in a patient with poorly controlled diabetes might be more 
severe than in an individual without diabetes, but both patients still have chronic 
periodontitis. 

There are some rare genetic disorders (e.g., hypophosphatasia,50 Ehlers-Danlos 
syndrome51 ) of connective tissue and bone metabolism in which periodontitis-like 
bone loss occurs around the teeth. In these disorders plaque is of minimal etiologic 
importance in the observed bone loss. Finally, plaque does not play an important 
etiologic role in the periodontal bone loss frequently found in Langerhans cell disease 
(idiopathic histiocytosis) in which there is an uncontrolled proliferation of 
Langerhans cells.52 The clinical appearance of periodontal lesions of Langerhans cell 
disease often mimics plaque-induced periodontitis and can present the clinician with a 
difficult diagnostic challenge.53 

NECROTIZING PERIODONTAL DISEASES 

Necrotizing periodontal infections include necrotizing ulcerative gingivitis (NUG)54 
and necrotizing ulcerative periodontitis (NUP),55 which share many of the same 
clinical characteristics. In both conditions there is a rapid onset of pain associated 
with the development of necrotic and ulcerative lesions of the marginal gingiva, 
particularly involving interproximal sites. In addition, they both appear to share 
certain predisposing factors that lead to diminished systemic resistance to bacterial 
infection of periodontal tissues.56 There is some uncertainty about the relation 
between NUG and NUP. It is possible that they are fundamentally different diseases. 
Alternatively, they could be two stages of a single disease process. Until this issue is 



resolved they have been grouped under the single disease category of "necrotizing 
periodontal diseases."3 

Necrotizing Ulcerative Gingivitis 

NUG is an acute periodontal infection that has been described since ancient times.54 
Over the years many terms have been used for this clinically distinct periodontal 
infection (e.g., "trench mouth," Vincent's infection, Gilmer's disease, Vincent-Plaut 
disease, Vincent's ulceromembranous gingivostomatitis, fusospirochetal stomatitis). 
The diagnosis of NUG is made on the basis of findings from the clinical 
examination and history. The two most significant criteria used for the diagnosis of 
NUG are: (1) the presence of interproximal necrosis and ulceration, and (2) a 
history of rapid onset of gingival soreness and pain. The interproximal necrosis and 
ulceration take the form of eroded crater-like depressions of one or more 
interproximal gingival papillae, sometimes referred to as having a "punched-out" 
appearance.57 

Marked halitosis is present in most patients with NUG. Numerous other signs and 
symptoms have been associated with the disease, but they are not present in every 
case. Some patients have a pseudomembrane covering the ulcerated areas of the 
gingiva. It is a heterogeneous film composed of fibrin, bacteria, sloughed epithelial 
cells, and other debris. It can be easily wiped off or removed by the frictional forces 
of eating and is, therefore, frequently absent. Also occasionally associated with 
NUG are lymphadenopathy, increased salivation, fever, malaise, and anorexia.57 
The diagnosis is usually easy to make from the clinical presentation of the disease. 
However, cicatricial pemphigoid involving the gingiva may sometimes clinically 
resemble NUG.58 

Factors that have been implicated as predisposing factors for NUG in adult patients 
from North America and Europe include: (1) emotional stress, (2) heavy cigarette 
smoking, (3) lack of sleep, (4) poor dietary habits, and (5) immunosuppression.54,57 
In children from underdeveloped countries, NUG appears to be associated with 
malnutrition or the debilitating and immunosuppressive effects of viral or parasitic 
infections.57,59 The common feature of all of the predisposing factors for NUG is 
that they decrease host resistance to periodontal infections. Indeed, in severely 
immunosuppressed children, NUG is believed to be the first stage of noma or 
cancrum oris, a severe necrotic infection that causes massive destruction of the 
tissues of the oral cavity and face.60–62 

Necrotizing Ulcerative Periodontitis 

The principal clinical difference between NUG and NUP is that the latter disease 
always involves considerable loss of periodontal attachment and alveolar bone.55 In 
most cases of NUG loss of clinical attachment is not generally found; however, 
some attachment loss can probably occur in untreated NUG or with recurrent 
attacks of the disease.63 



The term necrotizing ulcerative periodontitis did not appear in classification 
systems for periodontal diseases until the late 1980s at the peak of the AIDS 
epidemic.5 It was added to classification systems primarily because of the 
increasing appearance of a rapidly destructive and intensely painful form of 
periodontitis in HIV-infected patients. In some patients with NUP there is exposure 
and sequestration of alveolar bone. In addition to HIV infection, severe 
immunosuppression from other sources such cancer chemotherapy1 and advanced 
protein-energy malnutrition64 can lead to the development of NUP. It could be 
argued that NUP should be classified as a periodontal manifestation of those 
specific systemic diseases that decrease host resistance and allow NUP to develop. 
However, only a relatively small subset of HIV-infected patients or those with 
protein-energy malnutrition actually experience NUP development. Until more is 
known about how severe immunosuppression leads to NUP, this periodontal disease 
is grouped with NUG because they share so many clinical characteristics. 

ABSCESSES OF THE PERIODONTIUM 

An abscess is a circumscribed collection of pus (i.e., purulent exudate). Bacteria in 
subgingival dental plaque biofilms attract enormous quantities of neutrophils from the 
highly vascularized and inflamed soft tissue side of a periodontal pocket. Most of the 
time the neutrophil-laden inflammatory exudate slowly oozes unnoticed into the oral 
cavity through the pocket orifice. However, when this drainage is blocked or 
impeded, the exudate collects in the soft tissue wall of the pocket and forms a 
periodontal abscess. A tooth with a periodontal abscess may exhibit one or more of 
the following: gingival swelling, a draining fistula, pain on percussion, and increased 
mobility. Occasionally, the abscess is asymptomatic. Some of the common situations 
that predispose to abscess formation are: (1) deep periodontal pockets,65–67 (2) 
incomplete removal of subgingival calculus during scaling and root planing,65–68 (3) 
occlusion of the pocket orifice by foreign bodies,66,69,70 and (4) administration of 
antibiotics to patients with periodontitis in the absence of mechanical therapy.71 

Abscesses of the periodontium are classified primarily on the basis of their location. 
Gingival abscesses are those localized to the marginal gingiva and interdental papilla. 
Periodontal abscesses are those localized within the tissues adjacent to the 
periodontal pocket that may lead to nearby portions of the periodontal ligament and 
alveolar bone. Of the three types of abscesses of the periodontium, periodontal 
abscesses are the ones most frequently encountered in clinical practice. Pericoronal 
abscesses develop within tissue surrounding the crown of a partially erupted tooth.72 

Uncomplicated periodontal abscesses are usually, but not always, easy to diagnose. In 
some instances, painful gingival swellings with signs and symptoms identical to those 
of a periodontal abscess may be of endodontic origin.73 In rare cases, 
malignancies74,75 and periodontal lesions of Langerhans cell disease76 have been 
mistaken for periodontal abscesses. 



PERIODONTITIS ASSOCIATED WITH ENDODONTIC 

LESIONS 

Infections of periapical tissues caused by pulpal death (i.e., endodontic lesions) can 
often locally join with separate infections emanating from periodontal pockets. This 
coalescence of endodontic and periodontal infections has been termed combined 
periodontal-endodontic lesions.73,77 In some cases, an existing periapical (endodontic) 
infection spreads into a periodontal pocket, whereas in other situations, infection from 
the periodontal pocket spreads to the apex of the tooth and joins a periapical lesion. 
(A detailed discussion of the relation between periodontal and endodontic lesions 
appears in Chapter 30.) 

DEVELOPMENTAL OR ACQUIRED DEFORMITIES AND 

CONDITIONS 

There are many developmental or acquired deformities and conditions of periodontal 
tissues that technically are not diseases. They are included in most classifications of 
periodontal diseases because they may be important modifiers of susceptibility to 
periodontal infections or can dramatically influence treatment outcomes.3 Some are 
included because dentists are routinely called on to treat many of these conditions. 

Localized Tooth-Related Factors That Modify or 

Predispose to Plaque-Induced Periodontal Diseases 

Tooth-related factors that can be associated with an increased risk for development 
of plaque-induced periodontal diseases include cervical enamel projections, enamel 
pearls, furcation anatomy, tooth position, root proximity, and anomalous grooves in 
roots. In addition, defects in dental restorations such as poor contours and marginal 
discrepancies can increase the risk of periodontal infections.78 (A detailed 
discussion of this topic appears in Chapter 7.) 

Mucogingival Deformities and Conditions Around 

Teeth 

Mucogingival deformities refer to a group of congenital, developmental, or 
acquired defects in the normal relation between keratinized gingival tissues and 
nonkeratinized alveolar mucosa.79 (A detailed description of these deformities and 
their treatment appears in Chapter 21.) 

Mucogingival Deformities and Conditions on 

Edentulous Ridges 



Mucogingival problems associated with edentulous ridges are similar to those 
associated with teeth. (A detailed discussion of this topic appears in Chapter 21.) 

Occlusal Trauma 

Damage to periodontal tissues can occur during a variety of conditions involving 
occlusal loads and forces that exceed the capacity of the periodontium to withstand 
them.80 (A detailed discussion of this topic appears in Chapter 29.) 

FUTURE REVISIONS TO PERIODONTAL DISEASE 

CLASSIFICATIONS 

All classification systems should be considered as works in progress. There has never 
been a perfect and permanent disease classification in any medical or dental 
discipline, and there probably never will be. Classification systems are merely tools to 
study the etiology, pathogenesis, and treatment of diseases in an orderly fashion. In 
addition, such systems provide clinicians a way to organize their approach to the 
health care needs of patients.3 The classification system presented in this chapter was 
developed in 1999 and has been widely accepted by the international community. 
However, it is certain that as more is learned about the nature of periodontal diseases 
evidence-based revisions will be necessary. 

REFERENCES 
1. Armitage GC: Clinical evaluation of periodontal diseases, Periodontol 
2000 7:39–53, 1995. 
2. Armitage GC: Periodontal diseases: diagnosis, Ann Periodontol 1:37–215, 
1996. 
3. Armitage GC: Development of a classification system for periodontal 
diseases and conditions, Ann Periodontol 4: 1–6, 1999. 
4. Armitage GC: Classifying periodontal diseases—A long-standing 
dilemma, Periodontol 2000 30:9–23, 2002. 
5. American Academy of Periodontology: Consensus report. Discussion 
section I, Proceedings of the World Workshop in Clinical Periodontics. Chicago, 
1989, American Academy of Periodontology, pp I-23–I-32. 
6. Mariotti A: Dental plaque-induced gingival diseases, Ann Periodontol 
4:7–17, 1999. 
7. Amar S, Chung KM: Influence of hormonal variation on the periodontium 
in women, Periodontol 2000 6:79–87, 1994. 
8. Seymour RA, Thomason JM, Ellis JS: The pathogenesis of drug-induced 
gingival overgrowth, J Clin Periodontol 23: 165–175, 1996. 
9. Seymour RA, Ellis JS, Thomason JM: Risk factors for drug-induced 
gingival overgrowth, J Clin Periodontol 27:217–223, 2000. 



10. Pihlstrom BL, Carlson JF, Smith QT, et al: Prevention of phenytoin 
associated gingival enlargement—A 15-month longitudinal study, J Periodontol 
51:311–317, 1980. 
11. Somacarrera ML, Hernández G, Acero J, et al: Factors related to the 
incidence and severity of cyclosporin-induced gingival overgrowth in transplant 
patients. A longitudinal study, J Periodontol 65:671–675, 1994. 
12. Dahllöf G, Modéer T: The effect of a plaque control program on the 
development of phenytoin-induced gingival overgrowth. A 2-year longitudinal 
study, J Clin Periodontol 13: 845–849, 1986. 
13. Marshall RI, Bartold PM: Medication induced gingival overgrowth, Oral 
Dis 4:130–151, 1998. 
14. Thomason J, Seymour RA, Rawlins MD: Incidence and severity of 
phenytoin-induced gingival overgrowth in epileptic patients in general medical 
practice, Community Dent Oral Epidemiol 20:288–291, 1992. 
15. Spratt H, Boomer S, Irwin CR, et al: Cyclosporin associated gingival 
overgrowth in renal transplant patients, Oral Dis 5:27–31, 1999. 
16. Ervasti T, Knuuttila M, Pohjamo L, et al: Relation between control of 
diabetes and gingival bleeding, J Periodontol 56:154–157, 1985. 
17. Marhoffer W, Stein M, Maeser E, et al: Impairment of polymorphonuclear 
leukocyte function and metabolic control of diabetes, Diabetes Care 15:256–260, 
1992. 
18. Gallacher SJ, Thomson G, Fraser WD, et al: Neutrophil bactericidal 
function in diabetes mellitus: Evidence for association with blood glucose control, 
Diabet Med 12:916–920, 1995. 
19. Delamaire M, Maugendre D, Moreno M, et al: Impaired leucocyte 
function in diabetic patients, Diabet Med 14:29–34, 1997. 
20. Leggott PJ, Robertson PB, Rothman DL, et al: The effect of controlled 
ascorbic acid depletion and supplementation on periodontal health, J Periodontol 
57:480–485, 1986. 
21. Holmstrup P: Non-plaque-induced gingival lesions, Ann Periodontol 
4:20–29, 1999. 
22. Siegel MA: Syphilis and gonorrhea, Dent Clin N Am 40: 369–383, 1996. 
23. Miller CS, Redding SW: Diagnosis and management of orofacial herpes 
simplex virus infections, Dent Clin N Am 36:879–895, 1992. 
24. Scully C, Epstein JB, Porter SR, et al: Viruses and chronic diseases of the 
oral mucosa, Oral Surg Oral Med Oral Pathol 72:537–544, 1991. 
25. Straus SE, Ostrove JM, Inchauspé G, et al: Varicella-zoster infections. 
Biology, natural history, treatment, and prevention, Ann Intern Med 108:221–237, 
1988. 
26. Jimenez C, Correnti M, Salma N, et al: Detection of human 
papillomavirus DNA in benign oral squamous epithelial lesions in Venezuela, J 
Oral Pathol Med 30:385–388, 2001. 
27. Loh FC, Yeo JF, Tan WC, et al: Histoplasmosis presenting as hyperplastic 
gingival lesion, J Oral Pathol Med 18:533–536, 1989. 
28. Hart TC, Zhang Y, Gorry MC, et al: A mutation in the SOS1 gene causes 
hereditary gingival fibromatosis type 1, Am J Hum Genet 70:943–954, 2002. 



29. Gorsky M, Raviv M, Moskona D, et al: Clinical characteristics and 
treatment of patients with oral lichen planus in Israel, Oral Surg Oral Med Oral 
Pathol Oral Radiol Endod 82:644–649, 1996. 
30. Thorn JJ, Holmstrup P, Rindum J, et al: Course of various clinical forms 
of oral lichen planus. A prospective follow-up of 611 patients, J Oral Pathol 
17:213–218, 1988. 
31. Damoulis PD, Gagari E: Combined treatment of periodontal disease and 
benign mucous membrane pemphigoid. Case report with 8 years of maintenance, 
J Periodontol 71: 1620–1629, 2000. 
32. Kurihara M, Nishimura F, Hashimoto T, et al: Immunopathological 
diagnosis of cicatricial pemphigoid with desquamative gingivitis, J Periodontol 
72:243–249, 2001. 
33. Barnett ML: Pemphigus vulgaris presenting as a gingival lesion. A case 
report, J Periodontol 59:611–614, 1988. 
34. Mignogna MD, Lo Muzio L, Bucci E: Clinical features of gingival 
pemphigus vulgaris, J Clin Periodontol 28:489–493, 2001. 
35. Farthing PM, Maragou P, Coates M, et al: Characteristics of the oral 
lesions in patients with cutaneous recurrent erythema multiforme, J Oral Pathol 
Med 24:9–13, 1995. 
36. Schiødt M: Oral manifestations of lupus erythematosus, Int J Oral Surg 
13:101–147, 1984. 
37. Yamada J, Amar S, Pertungaro P: Psoriasis-associated periodontitis: A 
case report, J Periodontol 63:854–857, 1992. 
38. Papapanou PN: Periodontal diseases: Epidemiology, Ann Periodontol 1:1–
36, 1996. 
39. Brown LJ, Löe H: Prevalence, extent, severity and progression of 
periodontal disease, Periodontol 2000 2:57–71, 1993. 
40. Papapanou PN, Wennström JL, Gröndahl K: A 10-year retrospective study 
of periodontal disease progression, J Clin Periodontol 16:403–411, 1989. 
41. Löe H, Anerud A, Boysen H, et al: Natural history of periodontal disease 
in man. Rapid, moderate and no loss of attachment in Sri Lankan laborers 14 to 
46 years of age, J Clin Periodontol 13:431–440, 1986. 
42. Socransky SS, Haffajee AD, Goodson JM, et al: New concepts of 
destructive periodontal disease, J Clin Periodontol 11:21–32, 1984. 
43. Jeffcoat MK, Reddy MS: Progression of probing attachment loss in adult 
periodontitis, J Periodontol 62:185–189, 1991. 
44. Lindhe J, Ranney R, Lamster I, et al: Consensus report: chronic 
periodontitis, Ann Periodontol 4:38, 1999. 
45. Taylor GW: Bidirectional interrelationships between diabetes and 
periodontal diseases: an epidemiological perspective, Ann Periodontol 6:99–112, 
2001. 
46. Salvi GE, Lawrence HP, Offenbacher S, et al: Influence of risk factors on 
the pathogenesis of periodontitis, Periodontol 2000 14:173–201, 1997. 
47. Lang N, Bartold PM, Cullinan M, et al: Consensus report: aggressive 
periodontitis, Ann Periodontol 4:53, 1999. 



48. Slots J, Ting M: Systemic antibiotics in the treatment of periodontal 
disease, Periodontol 2000 28:106–176, 2002. 
49. Kinane DF: Periodontitis modified by systemic factors, Ann Periodontol 
4:54–63, 1999. 
50. Chapple ILC: Hypophosphatasia: dental aspects and mode of inheritance, 
J Clin Periodontol 20:615–622, 1993. 
51. Hartsfield JK Jr, Kousseff BG: Phenotypic overlap of Ehlers-Danlos 
syndrome types IV and VIII, Am J Med Genet 37: 465–470, 1990. 
52. Ardekian L, Peled M, Rosen D, et al: Clinical and radiographic features of 
eosinophilic granuloma in the jaws. Review of 41 lesions treated by surgery and 
low-dose radiotherapy, Oral Surg Oral Med Oral Pathol Oral Radiol Endod 
87:238–242, 1999. 
53. Nicopoulou-Karayianni K, Mombelli A, Lang NP: Diagnostic problems of 
periodontitis-like lesions caused by eosinophilic granuloma, J Clin Periodontol 
16:505–509, 1989. 
54. Rowland RW: Necrotizing ulcerative gingivitis, Ann Periodontol 4:65–73, 
1999. 
55. Novak MJ: Necrotizing ulcerative periodontitis, Ann Periodontol 4:74–77, 
1999. 
56. Lang N, Soskolne WA, Greenstein G, et al: Consensus report: Necrotizing 
periodontal diseases, Ann Periodontol 4:78, 1999. 
57. Armitage GC: Acute periodontal lesions. In: Biologic basis of periodontal 
maintenance therapy, Berkeley, Calif, 1980, Praxis Publishing. 
58. Musa NJ, Kumar V, Humphreys L, et al: Oral pemphigoid masquerading 
as necrotizing ulcerative gingivitis in a child, J Periodontol 73:657–663, 2002. 
59. Osuji OO: Necrotizing ulcerative gingivitis and cancrum oris (noma) in 
Ibadan, Nigeria, J Periodontol 61:769–772, 1990. 
60. Enwonwu CO: Epidemiological and biochemical studies of necrotizing 
ulcerative gingivitis and noma (cancrum oris) in Nigerian children, Arch Oral 
Biol 17:1357–1371, 1972. 
61. Enwonwu CO, Falkler WA Jr, Idigbe EO, et al: Noma (cancrum oris): 
questions and answers, Oral Diseases 5:144–149, 1999. 
62. Falkler WA Jr, Enwonwu CO, Idigbe EO: Microbiological understandings 
and mysteries of noma (cancrum oris), Oral Dis 5:150–155, 1999. 
63. MacCarthy D, Claffey N: Acute necrotizing ulcerative gingivitis is 
associated with attachment loss, J Clin Periodontol 18:776–779, 1991. 
64. Enwonwu CO: Cellular and molecular effects of malnutrition and their 
relevance to periodontal diseases, J Clin Periodontol 21:643–657, 1994. 
65. Kahldahl WB, Kalkwarf KL, Patil KD, et al: Long-term evaluation of 
periodontal therapy: I. Response to 4 treatment modalities, J Periodontol 67:93–
102, 1996. 
66. Meng HX: Periodontal abscess, Ann Periodontol 4:79–82, 1999. 
67. Herrera D, Roldán S, González I, et al: The periodontal abscess (I). 
Clinical and microbiological findings, J Clin Periodontol 27:387–394, 2000. 
68. Dello Russo NM: The post-prophylaxis periodontal abscess: etiology and 
treatment, Int J Periodontics Restorative Dent 5(1):28–37, 1985. 



69. Abrams H, Kopczyk RA: Gingival sequela from a retained piece of dental 
floss, J Am Dent Assoc 106:57–58, 1983. 
70. O'Leary TJ, Standish SM, Bloomer RS: Severe periodontal destruction 
following impression procedures, J Periodontol 44:43–48, 1973. 
71. Helovuo H, Hakkaraainen K, Paunio K: Changes in the prevalence of 
subgingival enteric rods, staphylococci and yeasts after treatment with penicillin 
and erythromycin, Oral Microbiol Immunol 8:75–79, 1993. 
72. Lang N, Soskolne WA, Greenstein G, et al: Consensus report: Abscesses 
of the periodontium, Ann Periodontol 4:83, 1999. 
73. Meng HX: Periodontic-endodontic lesions, Ann Periodontol 4:84–89, 
1999. 
74. Kirkham DB, Hoge HW, Sadeghi EM: Gingival squamous cell carcinoma 
appearing as a benign lesion: report of a case, J Am Dent Assoc 111:767–769, 
1985. 
75. Selden HS, Manhoff DT, Hatges NA, et al: Metastatic carcinoma to the 
mandible that mimicked pulpal/periodontal disease, J Endod 24:267–270, 1998. 
76. Girdler NM: Eosinophilic granuloma presenting as a chronic lateral 
periodontal abscess: a lesson in diagnosis? Br Dent J 170:250, 1991. 
77. Lang N, Soskolne WA, Greenstein G, et al: Consensus report: periodontic-
endodontic lesions, Ann Periodontol 4:90, 1999. 
78. Blieden TM: Tooth-related issues, Ann Periodontol 4:91–96, 1999. 
79. Pini Prato GP: Mucogingival deformities, Ann Periodontol 4:98–100, 
1999. 
80. Hallmon WW: Occlusal trauma: effect and impact on the periodontium, 
Ann Periodontol 4:102–107, 1999. 

(Rose, Louis F. Rose. Periodontics: Medicine, Surgery and Implants. Elsevier, 2004. 2).  
<vbk:0-8016-7978-8#outline(2)> 
 

3  Epidemiology of Periodontal Diseases and Risk 

Factors 

Mauricio Ronderos 

Bryan S. Michalowicz 

Epidemiology is the science and practice concerned with the distribution and 
determinants of states of health and disease in populations, and the application of this 
knowledge to control health problems.1 As the basic method of public health, the goals 
of epidemiology are to understand the natural course of a disease and the factors that 
influence its distribution. On the basis of this knowledge, the epidemiologist looks for 
effective ways to reduce the occurrence or sequelae of disease in the population. 

In contrast to the clinical practice of dentistry or medicine, epidemiologists focus on 
groups of people rather than on individuals. Epidemiology is an interdisciplinary field 



that uses methods from biostatistics, social and behavioral sciences, immunology, 
genetics, microbiology, clinical dentistry, and medicine. There are two basic types of 
epidemiologic research: observational and experimental. During the past decades the 
methods of epidemiologic research have evolved significantly, giving rise to 
subspecialties within the field, including behavioral epidemiology, molecular 
epidemiology, and genetic epidemiology. Box 3-1 contains terms and definitions that 
are frequently used in epidemiologic research and will be used throughout this chapter. 

OBSERVATIONAL STUDIES 

In observational studies, the researcher acts as a spectator who documents the natural 
course of events and draws conclusions. One of the most important limitations of all 
observational studies is that the effect of confounders can never be completely ruled 
out as a possible explanation for any observations. A confounder is an extraneous 
factor that distorts the effect of the exposure or characteristic of interest. For example, 
in the United States, chronic periodontitis is more prevalent, extensive, and severe 
among ethnic minorities.4 Such differences are not likely to be caused by genetic 
differences that exist among races; they are most likely because of racial 
discrepancies in access to preventive dental care, education, and other 
behavioral factors. Therefore, it could be said that access to dental care and to 
education are confounders of the association between prevalence of chronic 
periodontitis and race. 

Observational studies are frequently subclassified as descriptive or analytic. 
However, most observational studies in periodontics have both components. Purely 
descriptive studies are used to provide basic knowledge about the characteristics, 
frequency, and distribution of a health-related condition. These studies characterize 
the occurrence of the disease with respect to personal (e.g., age, sex, race/ethnicity), 
geographic (i.e., geographic distribution), and time characteristics. Such knowledge 
regarding the general characteristics of those at increased risk for disease in a given 
population is essential for the formulation of a hypothesis regarding the etiology of 
the disease and for the implementation of rational and cost-effective health care 
programs. Descriptive studies are also valuable in establishing a baseline assessment 
for future evaluation of preventive and therapeutic interventions. Cross-sectional 
studies, case reports, and case series are the most common study designs used for 
purely descriptive purposes. In contrast, analytic studies are used to test a specific 
hypothesis regarding etiologic or nonetiologic factors that may be associated with the 
presence of the disease or factors that may predict the future occurrence of the 
disease. The most common study designs used for hypothesis testing are the case-
control studies, cohort studies, and ecologic studies. Cross-sectional studies are also 
frequently used for testing a specific hypothesis. 

Cross-Sectional Studies 



In cross-sectional studies, the researcher examines a group of subjects with an 
unknown history of exposure or disease and assesses their health status, as well as 
the presence of factors that may be associated with disease. The subjects are 
evaluated only at a single point in time. Cross-sectional studies are traditionally 
classified as being purely descriptive. However, data gathered from most cross-
sectional studies in periodontics are used for descriptive and analytical (i.e., 
hypothesis testing) purposes. For example, the U.S. National Health and Nutrition 
Examination Surveys (NHANES) are a series of cross-sectional studies designed to 
obtain information on the health and nutritional status of the population of the 
United States. This series of surveys included periodontal examinations that were 
primarily collected to describe the periodontal status of the entire U.S. population, 
as well as the periodontal condition of people in different age groups, geographic 
locations, races/ethnicities, and sex categories. However, data gathered in the 
surveys have also been used by investigators to analyze the possible association 
between periodontitis and various dietary, behavioral, and environmental factors, as 
well as to assess associations between periodontitis and systemic diseases (e.g., 
diabetes mellitus, osteoporosis, cardiovascular diseases). To look for such 
associations the researcher compares the frequency or level of the exposure of 
interest (e.g., smoking, calcium intake, etc.) between patients with disease and 
healthy subjects. The basic unit of observation and analysis is the individual. Cross-
sectional studies are valuable at studying chronic diseases that affect a large 
proportion of the population (e.g., chronic periodontitis), but they are not efficient 
to study rare conditions or conditions that may only last for short periods (e.g., 
periodontitis associated with Papillon-Lefèvre syndrome). Repeated cross-sectional 
studies are often conducted to examine changes in the prevalence of a disease or 
risk factors that can vary over time. Such information may be valuable to 
demonstrate trends of the disease over time or to evaluate the effects of preventive 
or therapeutic programs. The main limitation of cross-sectional studies is that they 
do not follow the population over time. It is, therefore, difficult to assess whether a 
given factor preceded the onset of a disease. Because this study design assesses the 
presence of the disease and the risk factors at the same time, in most cases it is not 
appropriate to make inferences of cause-and-effect relations on the basis of cross-
sectional studies. 

Case-Control Studies 

In case-control studies, the investigator starts with a group of individuals who have 
the disease (cases) and a group of subjects without disease (control subjects). Both 
groups are assessed for the history of exposure or the presence of putative risk 
factors. The frequency, or levels, or both, of the exposure among the cases and 
control subjects are compared statistically to assess if there are associations between 
the exposure of interest and the presence of the disease. This study design is the 
most efficient way to study conditions that are not highly prevalent. Case-control 
studies do not follow the subjects over time; therefore, it is difficult to assess if the 
exposure preceded the onset of disease. A major difficulty in conducting a case-
control study is selecting a control group of individuals without disease that is 



representative of the general population from which the cases were recruited. Case-
control studies have been used extensively to study chronic and aggressive 
periodontitis. 

Box 3-1  Basic Terminology Used in Epidemiology 

of Periodontal Diseases 



 

Cohort Studies 



In the classic cohort study design, the researcher will gather a group of individuals 
without disease and will classify them according to the presence or levels of 
exposures of interest (e.g., specific bacteria, smoking, oral hygiene, diabetes, and 
others). The subjects are then followed over time. If the incidence of the disease is 
greater among the subjects who were exposed to a given factor, this factor may be 
considered to predict the development of the disease. Cohort studies can establish if 
exposure to some environment or behavior preceded the onset of disease. 

Performing cohort studies for the study of periodontitis is difficult and expensive. 
To recruit a group of individuals without disease who are representative of the 
overall population, it would be necessary to enroll a very large group of young 
individuals. Because periodontitis is generally a slowly progressing, late-onset 
disease, cohorts would need to be followed for several years. Variations in the 
exposure of interest over the follow-up period would further complicate 
interpretation of the results. Many longitudinal studies have been conducted to 
study periodontitis, but no study has assessed exclusively disease-free individuals at 
baseline. A limitation of periodontal studies that follow mixed populations of 
subjects with disease and healthy individuals is that they cannot ascertain if the 
exposure of interest preceded the onset of the disease. However, these longitudinal 
studies have provided valuable information regarding predictors of disease 
progression. 

Ecologic Studies 

In ecologic studies, the unit of analysis is a group of persons rather than an 
individual. This study design has not been frequently used in the study of 
periodontal diseases. There are two basic types of ecologic studies: ecologic 
comparisons and ecologic trends. In ecologic comparison studies, the researcher 
gathers information regarding the overall prevalence or incidence of the disease in 
various populations and categorizes these populations according to their level of 
exposure or characteristic of interest. Subsequently, the researcher assesses 
associations between the exposure or characteristic of interest and the disease rates 
among the different groups or populations. In ecologic trend studies, the researcher 
studies possible relations between changes in exposure and changes of disease level 
over time in a given population. 

EXPERIMENTAL STUDIES 

In observational studies, the researcher is a spectator of the natural course of disease. 
In contrast, in experimental studies, the researcher has control over the exposure of 
interest and assigns subjects to exposed or nonexposed groups, or to different 
treatment and no treatment groups. The researcher may also control the characteristics 
of the exposure and factors that may influence the subject's response to such an 
exposure. Experimental studies may be used to assess the role of potential 
determinants of a disease or the effectiveness of therapeutic or preventive 



interventions. In experimental designs, the study group(s) receive an intervention and 
the outcome is compared with concurrent observations conducted in a control group 
that may be receiving another intervention or no intervention. Therefore, 
experimental studies produce stronger evidence of the effects of an exposure than 
observational studies. The two most common types of experimental designs are 
clinical and community trials. 

Clinical trials are primarily used to assess the safety and efficacy of new drugs, 
therapies, and procedures used for the treatment of a disease. In periodontics, most 
clinical trials fall into three main categories: (1) randomized parallelarm design, (2) 
crossover design, and (3) the split-mouth design. Studies in which subjects are 
randomly assigned to either an experimental or a control group and subsequently 
followed over time are generally described as parallel-arm studies. In parallel-arm 
studies, each subject will be part of one treatment group and there may be two or 
more study groups. The response to the intervention of each group will be compared 
with the response of the other groups. Crossover designs are only used to test the 
effects of interventions that are fully reversible and do not have a lasting effect (e.g., 
antiplaque agents). Crossover studies have three phases: experimental phase I, 
washout period, and experimental phase II. During the experimental phase I, each 
subject is assigned to either an experimental or a control group and the response to 
the intervention is documented. Thereafter, interventions are discontinued for a time 
to ensure that the effects of the interventions of phase I have completely disappeared 
(i.e., washout period). Subsequently, the subjects who received the experimental 
treatment during phase I will be part of the control group during phase II. In this way, 
the responses of each subject during phase I of the study will be compared with 
his/her response during phase II. In split-mouth designs, each subject will receive two 
or more types of therapy to treat lesions of similar characteristics that are located in 
different parts of the mouth. A classic application of split-mouth designs is in studies 
conducted to compare the effects of surgical versus nonsurgical therapy in the 
treatment of chronic periodontitis.5 For example, subjects with generalized moderate 
to severe chronic periodontitis received scaling and root planing followed by surgical 
therapy in one half of the mouth and scaling and root planing alone on the 
contralateral side. The cases were followed for several years to compare the long-
term response of the quadrants treated with surgery to those treated with root planing 
alone.5 

Community trials examine the impact of an intervention on the overall health status of 
a group or community. This study design is most commonly used to evaluate the 
effects of educational campaigns, behavior change, or policy change on the health 
status of a population as a whole. A typical example of a community trial is a study of 
residents of the South Pacific islands of Tonga.6 The effects of different preventive 
strategies on the overall periodontal condition of three village communities were 
determined. One village received free toothbrushes and toothpaste, health education, 
and periodic dental scaling at no cost; another village received the same except that 
dental scaling was not provided; and a third village did not receive any services. A 
sample of each community was examined at baseline and 3 years later. It was 
concluded that unsupervised self-care promoted at the community level, when 



supplemented with periodic scaling, significantly improves the periodontal health of 
the overall community.6 The main limitation of community trials is that it is 
impossible to control for the possible influence of differences among populations 
over the outcome of the study. 

MEASURES OF ASSOCIATION 

Measures of association are used to assess the presence of a relation between an 
exposure and the occurrence of the disease and to describe the direction and 
magnitude of such an association. Odds ratios and risk ratios are measures of 
association that are frequently used in the periodontal literature to describe relations 
between exposures and the presence or absence of disease (see Box 3-1). Other 
measures used to evaluate the performance of tests at determining the presence or 
absence of pathology or at predicting future disease occurrence are presented in Box 
3-2. Notably, close associations or statistically significant correlations between 
putative etiologic factors and disease occurrence, as established on the basis of 
epidemiologic surveys, may be suggestive but are not proof of cause and effect. 

Assessment of Periodontal Diseases 

Periodontal tissue destruction is generally a gradual process, unevenly distributed 
within the mouth, and often presents great variability of severity from site to site. 
Therefore, when characterizing periodontal disease in a population, it is not feasible 
to independently analyze the prevalence, severity, and extent of the periodontal 
condition. A major limitation in estimating the prevalence of periodontal disease in 
a population is the difficulty in establishing a valid threshold to distinguish health 
from disease. There is no consensus about the number of sites or teeth that should 
meet a given threshold for an individual to be considered as having disease. The 
lack of uniform criteria to define disease has resulted in great variability in the 
literature. Differences among studies can also be attributed to examiner variability, 
the use of different partial-mouth recording systems, differences in the parameters 
scored and indexes used, variation in the instruments used, or differences in 
examination conditions. 

Box 3-2  Terminology Frequently Used in 

Evaluation of Screening Tests 



 

Adapted from Last JM, Abramson JH—International Epidemiological 
Association: A dictionary of epidemiology, ed 3, New York (1995): Oxford 
University Press. 

Until the 1940s, the epidemiology of periodontal diseases was mainly based on 
subjective and nonnumeric descriptions of populations. Thereafter, numerous 
indexes and examination protocols were developed. The main purpose of such 
recording systems was to express the gingival and/or periodontal condition in 
numerical values. Each of these index systems and examination protocols had 
properties, assumptions, and limitations that influenced the study results. The 
selection of the most appropriate approach is determined by the research question 
and the study design. The following discussion of specific measures for assessing 
periodontal diseases includes the most widely used indexes. Many of these indexes 
and disease definitions that were developed for epidemiologic purposes are not 
necessarily adequate or practical for the clinical practice of periodontics. 

Assessment of Gingival Inflammation 

There are several methods for categorizing and quantifying gingival inflammation. 
Most of these methods categorize the extent and severity of gingival inflammation 
based on the assessment of gingival color, contour, and bleeding. Some authors 
have also proposed the use of more sensitive techniques including measurements of 
laser-Doppler readings,7 subgingival temperature,8 or gingival crevicular fluid 
flow.9,10 However, these methods are impractical for large-scale epidemiologic 
surveys. 



Perhaps the first index described to assess the extent of gingival inflammation was 
the PMA (papilla, margin, and attached gingiva) index.11 This simple method was 
based on a count of the number of facial interdental papillae, marginal gingival 
sites, and attached gingival units that were inflamed. The sum of the affected units 
was used as the PMA score for a given person. The PMA was also the first system 
that used the examination of a subset of index teeth as representative of the 
periodontal condition of the entire dentition, a concept that became important in the 
epidemiology of periodontal disease. 

The most widely used systems to characterize gingival inflammation in 
observational and experimental epidemiology are the Gingival Index (GI) of Löe 
and Silness12 and the bleeding on probing index. The GI is sensitive enough to 
detect small differences in gingival inflammation, and for this reason it is the most 
widely used method in clinical trials for antigingivitis agents. The gingival areas 
surrounding each selected tooth are scored according to the criteria described in 
Box 3-3. The scores are frequently averaged to determine a mean GI score for each 
individual. Various protocols for assessing gingival inflammation based on gingival 
bleeding have been described. Most use a periodontal probe to induce bleeding, 
whereas others use wooden wedges or floss. Some indexes score the amount of 
bleeding observed after mechanical stimulation. However, most investigators today 
simply assess the presence or absence of bleeding at each site and compute the 
percentage of sites that bleed on probing. This is a practical method to characterize 
gingival inflammation in large-scale population studies. Variation in probing force, 
type of probe used, and angulations of the probe can influence the results of a 
study.13 The time between probing and the assessment of bleeding may also 
influence the results. For example, it has been reported that 14% of sites examined 
among attendants of a large health maintenance organization in the Minneapolis-St. 
Paul area bled immediately after probing. However, when sites that exhibited more 
delayed bleeding were also considered, the percentage increased to 55%.14 

Bleeding on mechanical stimulation is highly correlated with gingival 
inflammation.10,15 Although some categorical indexes, like the GI,12 use redness and 
swelling as the initial signs for gingival inflammation, others suggest that bleeding 
precedes redness and swelling. Histologic15 and clinical findings16,17 indicate that 
bleeding on probing (i.e., to the base of the sulcus) is an earlier and more sensitive 
sign of inflammation than redness and swelling. However, sites with obvious edema 
and erythema may not bleed on gentle probing. Furthermore, bleeding may appear 
to be an early or later sign of inflammation depending on the nature of the 
mechanical stimulus used to elicit bleeding. In some studies bleeding is assessed 
after gently running the probe in a mesiodistal direction one millimeter 
subgingivally, whereas in other studies the probe is inserted to the depth of the 
gingival sulcus. It is possible that more severe inflammation is necessary to elicit 
bleeding when the probe is not inserted to the depth of the pocket. 

Box 3-3  Criteria for the Gingival Index 



 

From Löe H, Silness J: Periodontal disease in pregnancy. 1. Prevalance and 
severity, Acta Odontol Scand 21:533, 1963. 

Assessment of Periodontitis 

The Periodontal Index (PI), described by Russell in 1956,18 was the first widely 
used index system in periodontal epidemiology. The World Health Organization 
(WHO) adopted this method as the standard, and the index was used in several 
studies worldwide. The PI combined assessments of gingival inflammation, 
periodontal pockets, and tooth mobility into a single score (Box 3-4). A score was 
assigned to each tooth in the mouth, and the average score for the patient was 
calculated. The population mean and the percentage of persons with scores greater 
than a given threshold were usually reported. However, the PI has important 
limitations. It does not distinguish between gingivitis and periodontitis, and the 
assessment of periodontal pockets is made visually without the aid of a 
periodontal probe, which yields very subjective and unreliable results. 

In 1959, Ramfjord introduced the Periodontal Disease Index (PDI).19 Like Russell's 
PI, the PDI includes both gingivitis and periodontitis in a single index system that 
summarizes the presence and severity of periodontal disease in a population. 
Although never widely used, the PDI introduced important concepts to periodontal 
epidemiology. It used a subset of teeth as representative of the overall periodontal 
condition. This tooth subset (i.e., 3, 9, 12, 19, 25, 28), often referred to as the 
"Ramfjord teeth," is still frequently used in epidemiologic research and clinical 
trials. In addition, it incorporated the concept of clinical attachment level (CAL) to 
estimate periodontal destruction. The clinical attachment level of a site is assessed 
by using a periodontal probe to measure the distance in millimeters from the 
cementoenamel junction (CEJ) to the base of the probeable gingival sulcus. 
Recession or formation of periodontal pockets may accompany clinical attachment 
loss. Therefore, it is important to describe the presence of periodontal pockets and 
gingival recession. Currently, clinical attachment level remains the "gold standard" 
for scoring periodontitis. 

Box 3-4  Criteria for the Periodontal Index 



 

From Russell AL: A system of classification and scoring for prevalence surveys of 
periodontal disease, J Dent Res, 35:350, 1956. 

In contemporary epidemiology, the description of the periodontal condition of 
populations is generally based on full- or partial-mouth assessments of probing 
depths (PDs), CALs, and gingival recession. Because of the lack of a consensus 
definition for disease and the use of different research methodologies, it is difficult 
to compare results from the literature on epidemiology of periodontal diseases. In 
the description of periodontal disease in a population, three features should be 
described: prevalence, extent, and severity of periodontal destruction. The 
prevalence of slight, moderate, and severe periodontitis could be characterized, for 
example, by the percentage of persons with at least one site with CAL 2 to less 
than 3 mm, 3 to 4 mm, or 5 mm or more, respectively. Different cutoffs and 
thresholds may be used to estimate the prevalence of periodontal pockets or 
recession and to assess the proportion of affected teeth or sites (i.e., extent). The 
mean clinical attachment loss (average across all examined sites) is also frequently 
used to characterize the periodontal condition. This measurement, often regarded as 
a measurement of severity, is a combined estimate of disease prevalence, extent, 
and severity. 

Attachment level measurements and bone loss reflect the effects of prior damage 
caused by periodontal disease but do not necessarily indicate ongoing progression 
of disease. Currently, there are no reliable methods to distinguish between 
progressing and nonprogressing sites. The finding of additional attachment loss or 
radiographic bone loss between two examination periods confirms that the disease 
has progressed but does not reliably predict future destructive events. Considerable 
work is in progress to develop assays that identify ongoing periodontal destruction. 
Levels of inflammatory mediators, host-derived enzymes, tissue-breakdown 
products, and other biochemical markers in gingival crevicular fluid are possible 
sources for future tests to accurately detect progressive periodontitis.20 

Determination of PD and CAL remain the standard assessments for epidemiologic 
studies of periodontal disease. However, periodontal probing does not precisely 
measure the level of the connective tissue attachment.21 Because of the large 
variability in repeated probing measurements, 2 to 3 mm changes in PD and CAL 
are necessary to determine with confidence that change has actually occurred. The 



rate of false-positive findings increases if smaller thresholds are used to define 
disease progression.22 In longitudinal studies (i.e., cohort designs and clinical trials), 
periodontal disease progression is generally characterized by assessment of 
increases in clinical attachment levels of at least 2 mm. 

Computer-assisted subtraction radiography is a very precise method to measure 
small changes in alveolar bone level.23 It is able to detect bone level differences as 
small as 0.5 mm between two radiographs. In this method, the computer 
superimposes initial and follow-up radiographs that have been obtained in a 
standardized way. Subsequently, a computer program detects and quantifies 
differences in bone levels and bone density between the two digitized radiographs. 
Subtraction radiography is a useful tool for clinical trials. The evaluation of bone 
loss in radiographs and the quantitative assessment of progressive bone loss through 
computer-assisted subtraction radiography are currently not practical for 
population-based studies. These approaches are technique-sensitive, expensive, and 
time-consuming. Furthermore, radiographic bone levels are closely related to 
clinical attachment levels,20 which can be more easily obtained with a periodontal 
probe. The assessment of the periodontal condition in epidemiologic studies may 
dramatically change in the future as more precise and practical imaging techniques 
and computer software for analysis of such images evolve. 

Assessment of Periodontal Treatment Needs 

To allocate resources, estimate manpower needs, and design effective public health 
programs, public health practitioners need to assess the treatment needs of the 
population. Investigators have attempted to develop specific measures to assess a 
population's periodontal treatment needs. In 1978, the WHO recommended the 
Community Periodontal Index of Treatment Needs (CPITN) for use in 
epidemiologic surveys.24 Since then, the CPITN has been used extensively to assess 
the treatment needs of populations around the world. This system combines 
assessments of gingival health, calculus, and the presence of periodontal pockets 
(Box 3-5). 

Although it is simple and practical, the validity of the CPITN for determining 
treatment needs has been challenged.25 In theory, the CPITN is a reversible index 
(i.e., after adequate treatment the CPITN score of a person should be 0). However, 
this is not true in practice and the index is unable to distinguish between 
pretreatment and posttreatment conditions.26 Furthermore, it overestimates certain 
treatment needs in the population. For example, the CPITN assumes that a sextant 
with a pocket 6 mm or deeper will require periodontal surgery. However, as a 
public health strategy, surgical therapy is not always cost-effective, and in most 
cases scaling and root planing alone are effective.5 

Box 3-5  Community Periodontal Index of 

Treatment Needs (CPITN) 



 

The following index teeth are examined and a single score is given for each tooth: 

 

 

Among young people the second molars are not examined to avoid classifying the 
deepened crevices associated with eruption as periodontal pockets. For the same 
reason, the World Health Organization does not recommend the recording of 
pockets for children younger than 15 (i.e., only bleeding and calculus should be 
considered). 

Assessment of Plaque 

Various plaque index systems have been described. Many estimate the quantity of 
plaque in terms of tooth area covered with plaque, whereas other systems simply 
score the presence or absence of plaque. Some indexes require the use of plaque 
disclosing solutions. Although the use of disclosing solutions may improve the 
accuracy of the plaque assessment, this is not practical for population-based studies 
and its use is mainly reserved for clinical trials that require accurate documentation 
of small changes in oral cleanliness. 

The Turesky modification of the Quigley and Hein plaque index27,28 is perhaps the 
index system most frequently used in clinical trials that evaluate antiplaque 
measures such as toothbrushing, flossing, and mouthrinses (Box 3-6). The most 
frequently used plaque indexes in observational epidemiologic studies are the 
Plaque Index (Box 3-7)29,30 or less elaborate systems that only score plaque as being 
present or absent at each examined surface. The most significant problem with most 
plaque indexes is that their criteria are somewhat subjective; they require well 
trained and experienced examiners to obtain reliable data.31 

Box 3-6  Quigley & Hein, Turesky Modification 



 

Note: A disclosing solution should be used prior to the assessment. 

From Quigley G, Hein J: Comparative cleansing efficiency of manual and power 
brushing, J Am Dent Assoc 65:26, 1962; and Turesky S, Gilmore ND, Glickman 
I: Reduced plaque formation by the chloromethyl analogue of vitamin C, J 
Periodontol 41:41, 1970. 

Box 3-7  Criteria for the Plaque Index (PII) 

 

Note: There is no need for the use of disclosing solution before the assessment. 

(From Silness P, Löe H: Periodontal disease in pregnancy, Acta Odontol Scand 
22:123, 1964; and Löe H: The gingival index, the plaque index and the retention 
index systems, J Periodontol 38:610, 1967.) 

Full-Mouth Versus Partial-Mouth Examinations 

A full-mouth examination, including individual recordings of six sites (i.e., 
mesiofacial, facial, distofacial, mesiolingual, lingual, and distolingual) on each of 
the teeth present in the mouth, is the ideal method to characterize periodontal 
conditions. However, in epidemiologic investigations, conducting full-mouth 
examinations is frequently not feasible because of limited resources and time. A 
variety of tooth subsets have been proposed for partial-mouth examinations, but the 
most frequently used are the tooth subsets originally proposed for the CPITN index, 
the Ramfjord teeth, and the half-mouth examination protocol (Box 3-8).19,24 The 
Ramfjord teeth and half-mouth subsets are used to estimate the average extent and 
severity of the disease of the entire dentition. The CPITN tooth subsets, however, 
are primarily designed to assess periodontal treatment needs and score the most 
severely involved sites in the mouth. These partial-mouth evaluation protocols are 
meant to be used as research tools and are not appropriate for the clinical practice of 
periodontics. 



The use of partial-mouth recording systems may underestimate or overestimate the 
prevalence, severity, or extent of disease. Examination of the Ramfjord teeth and 
half-mouth examinations produce accurate estimates of extent and severity of 
periodontitis and gingivitis.32–35 Meanwhile, because of the predominance of molar 
teeth, the CPITN subset grossly overestimates the severity and the extent of PD, 
gingivitis, and plaque.32 

All partial-mouth examination protocols grossly underestimate the prevalence of 
periodontal disease.33,35 The degree of underestimation is dependent on the cutoff 
established to discriminate between health and disease, and on the extent and 
distribution of disease within the sample population. The more extensive the 
disease, the lower the relative bias and vice versa. As a result, disease is more likely 
to be underestimated in younger age groups and in periodontally healthier 
populations.33,35 If the disease is extensive in a sample population, a partial-mouth 
examination is likely to find diseased sites. By contrast, when the disease is less 
extensive, it is less likely that diseased sites will be detected through a partial-
mouth examination. 

Similarly, the relative bias of a partial-mouth index is inversely related to the 
severity and extent of the disease among the sample population. As the definition of 
"disease" becomes more stringent, the proportional difference between prevalence 
estimates obtained from full and partial-mouth examinations increase.33 This is 
because more severe conditions generally involve fewer sites in the mouth and, 
therefore, partial-mouth examinations are less likely to detect affected sites. In 
general, examination of the CPITN-2 subset of teeth generally renders a better 
estimate of the true prevalence of the disease than examination of the Ramfjord 
teeth or half-mouth examinations.35 The Ramfjord teeth and half-mouth 
examinations underestimate the prevalence of the disease to a similar degree.35 

Buccal tooth sites are more often directly visible than lingual sites and are therefore 
more reliably measured.36 Examination protocols used in epidemiologic surveys are 
often limited to scoring buccal sites. Although these measures are more reliable, 
this scheme also underestimates the prevalence of periodontal disease.33,34 
Furthermore, lingual sites are generally more susceptible to periodontal disease than 
buccal sites.35 Therefore, a method that only includes facial sites tends to make the 
population look healthier than it is.33–35 Regardless of the subset used, it is 
recommended to measure as many sites per tooth as possible. 

Box 3-8  Most Frequently Used Partial Mouth 

Examination Protocols 



 

EPIDEMIOLOGY OF GINGIVITIS 

Gingivitis is defined as gingival inflammation in the absence of clinical attachment 
loss or in the presence of reduced but stable attachment levels.37 Attachment level 
stability can only be demonstrated through longitudinal monitoring, which is 
generally not feasible in epidemiologic surveys. In most epidemiologic studies, no 
distinction is made between gingival inflammation with or without attachment loss 
(i.e., gingivitis as a clinical sign rather than gingivitis as a diagnosis). This 
discrepancy in the clinical and epidemiologic uses of the term gingivitis should be 
considered when evaluating the epidemiologic literature. 

Most people have clinical signs of gingival inflammation in one or more sites of their 
mouth. However, the extent and severity of inflammation vary greatly from person to 
person and from one population to another. Such variability is mainly the reflection of 
personal differences in oral hygiene. Virtually all epidemiologic studies conducted in 
treated and untreated populations have shown that the prevalence, extent, and severity 
of gingivitis are strongly associated with the levels of plaque. Clear evidence of a 
cause-and-effect relation between undisturbed bacterial plaque and gingivitis came 
from a classic "experimental gingivitis" study of Löe and coworkers in 1965.38 In this 
study, young healthy individuals with normal gingiva were asked to refrain from all 
oral hygiene practices during a 3-week period. All subjects showed rapid 
accumulation of plaque and distinct changes in the composition of the bacterial flora 
that were followed by gingival inflammation. The time necessary to develop visible 
signs of gingivitis varied from 10 to 21 days of plaque accumulation. When good oral 
hygiene was reinstituted, the original microflora was reestablished and the inflamed 
gingiva returned to health. Such findings have been confirmed in different 
populations.39,40 Intraorally, the distribution of gingivitis reflects the areas of the 
mouth where patients are less effective at controlling plaque accumulation. Gingivitis 
most frequently affects the interdental areas of posterior teeth.41,42 

According to the 1988–1994 U.S. National Health and Nutrition Examination Survey 
(NHANES III), 50% of the adult population in the United States has gingival 
inflammation (i.e., at least one site with bleeding on probing (BOP).43 This 
percentage represents a gross underestimation of the true prevalence of gingival 



inflammation, because this study was based on half-mouth examinations of the 
mesiofacial and facial sites. Gingival bleeding occurred in 13.5% of the teeth of all 
the adult subjects examined and in 26.8% of teeth in people with gingival 
inflammation.43 

In the United States, as in most industrialized populations, males tend to have more 
plaque and gingivitis than females.43 Gingivitis is also more prevalent, extensive, and 
severe in groups with low socioeconomic status, groups with limited access to dental 
care, groups with less education, adolescents (especially males), and mentally 
handicapped individuals. In the United States, gingival inflammation is more 
prevalent among African Americans, Mexican Americans, and other underserved 
minorities than in white individuals.43 Aside from undisturbed plaque, various local 
and host-related factors influence the occurrence of gingivitis by influencing plaque 
accumulation or the inflammatory response of the host. Factors that favor gingival 
inflammation by increasing plaque accumulation and retention include calculus, ill-
fitting restorations, crowding, and tooth malalignment. Aging, smoking, diabetes 
mellitus, HIV infection, and hormonal changes may influence gingival inflammation 
by altering the host response to bacterial plaque. 

Age 

Gingivitis is a highly prevalent condition that can begin in early childhood. The 
reported prevalence of gingivitis varies greatly among studies. Between 35% to 
85% of 3- to 6-year-old children have been reported to have gingivitis.42,44–46 Such a 
large range in the reported prevalence of gingivitis mainly results from differences 
in study methodology and in the parameters used to define the disease. The 
prevalence, extent, and severity of gingivitis gradually increase during childhood, 
peaking in severity during puberty.42,46–48 After puberty, the extent and severity of 
gingival inflammation decrease. Throughout adulthood, the extent and severity of 
gingivitis appear to remain stable or slightly increase with increasing age.43,47–53 

The apparent increase in gingivitis that occurs during puberty has been reported for 
boys and girls. Such increase may be influenced by the effect of increasing levels of 
sex hormones on tissue physiology and the colonization of periodontal bacteria.12,54–

56 The gradual decrease in the extent and severity that occurs during the late teenage 
years is most likely associated with an improvement of oral hygiene. Of 161 
independent studies included in the WHO Oral Health Data Bank, 115 (71.4%) 
found that more than 80% of the subjects had sites that bleed after probing or had 
pockets 4 mm or greater.57 Other studies have reported that 90% to 100% of 
teenagers have detectable levels of gingival inflammation.48,58–60 

Age appears to modify the initial clinical response of the gingiva to bacterial 
plaque. In the absence of oral hygiene, younger subjects tend to develop gingivitis 
slightly faster than older persons.61 However, age does not appear to significantly 
affect how quickly gingivitis resolves after oral hygiene is reinstituted.40,61 



Tobacco Use 

A clear delay in inflammatory response to plaque accumulation has been 
documented for smokers.62,63 The intensity of the vascular reaction to plaque-
induced gingivitis in smokers is suppressed compared with the response of 
nonsmokers.64 

Diabetes Mellitus 

Given the same amount of plaque and calculus, patients with diabetes tend to 
present more gingival inflammation than groups without diabetes.65 Furthermore, 
among people with diabetes, those with complications such as retinopathy and 
nephropathy also tend to have more gingival inflammation.66 

Pregnancy 

Gingival inflammation and PDs gradually increase during pregnancy, with 
resolution after parturition.12,67,68 Such an increase in gingivitis is unrelated to the 
amount of plaque present and is not accompanied by increased rates of bone loss or 
attachment loss.12,68 Increases in gingival inflammation have also been reported for 
women during periods of ovulation and during puberty (i.e., puberty-associated 
gingivitis and menstrual cycle-associated gingivitis).37 An even more exaggerated 
inflammatory response to local irritants that occurs during pregnancy is the 
pregnancy-associated pyogenic granuloma. This lesion, also referred to as 
pregnancy tumor, may occur in as many as 0.5% to 5% of pregnant women.37 It 
may start to develop during the first trimester and frequently reduces in size or 
completely disappears after parturition. 

Worldwide Distribution 

Gingivitis associated with extensive plaque and calculus deposits is most prevalent, 
extensive, and severe in developing countries and populations with limited access to 
health education and dental care (Fig. 3-1).50,51,53,69–75 Data from national surveys in 
the United States suggest that improvements in overall oral hygiene and access to 
preventive dental care have resulted in a tendency toward a decline in gingival 
inflammation.76 

EPIDEMIOLOGY OF AGGRESSIVE PERIODONTITIS 

Aggressive periodontitis, which occurs in otherwise healthy patients, is characterized 
by rapid clinical attachment loss and bone destruction.77,78 The true incidence or even 
prevalence of aggressive periodontitis is difficult to determine from published reports 
for many of the same reasons that will be discussed in the context of chronic 
periodontitis. These include the following:  



• Most surveys were cross sectional in nature, making it impossible to determine 
the rate of disease progression. Rates of disease progression can only be determined 
through prospective or careful retrospective evaluations of individuals. 
Furthermore, the extent to which the rate of disease in aggressive periodontitis must 
exceed that seen in chronic lesions has not been specified. 

• Different tools (e.g., probes, radiographs) have been used to assess participants. 

• A variety of diagnostic criteria have been used to define this disease. 

• In many surveys, especially the largest ones, cases were identified using partial-
mouth examination protocols. Although data from such evaluations can be used to 
estimate the severity of disease (i.e., mean clinical attachment loss) or treatment 
needs in a population, they can grossly underestimate the prevalence of disease.72 

Figure 3-1.   

 

Mean percent of sites bleeding on probing per person in adult populations. 

These substantive differences among studies also limit the ability to make rigorous 
comparisons across studies. Furthermore, surveys that relied solely on radiographic 
findings likely underestimated the prevalence of the disease because early lesions 
may not be visible on radiographs. The reliability of pocket probing also limits 
accurate reporting of individuals with incipient disease. Between 2 and 3 mm of 
clinical attachment level must be recorded before a site is considered, with statistical 
confidence, to be diseased or progressing. Reliability of the assessment method is a 
particularly critical issue in longitudinal surveys designed to identify risk factors or 



prognostic factors, because few tooth sites or individuals experience more than 2 mm 
of attachment loss over 1 to 2 years.79 

Because the diagnosis of aggressive periodontitis is based principally on the rate of 
progression rather than the pattern or severity of disease, it may be inadequate to 
establish a diagnosis based on data collected at a single time point. For example, in a 
six-year follow-up of a national survey of aggressive periodontitis, initial disease 
classifications were not predictive of the rate of progression over the next 6 years.80 
More specifically, one third to one half of adolescents originally diagnosed with 
localized or generalized disease showed minimal or no disease progression during the 
follow-up period. The authors concluded that localized and generalized aggressive 
periodontitis consist of both rapidly and slowly progressing forms within each 
classification. 

Finally, there have been no studies that followed clinically healthy subjects to 
determine the incidence of aggressive periodontitis. It has been estimated that the 
incidence rate of radiographic bone loss in young adults (but not necessarily 
aggressive periodontitis) is 6% over 8 years.81 Unfortunately, only a small fraction of 
subjects originally examined in this study were available for follow-up assessments. 
Rather surprisingly, only 3 of 26 subjects with bone loss at baseline had persistent 
lesions 8 years later. Such findings are either because of error in the assessment 
method or the transiency of some lesions. Either cause makes it difficult to accurately 
estimate from radiographs the incidence of bone loss in adolescents. 

Worldwide Distribution 

Worldwide, aggressive periodontitis appears to be more prevalent in black 
individuals, including those of African, African-American, or Afro-Caribbean 
heritage, than in white individuals (Table 3-1). Scandinavians and whites 
individuals of northern European descent are infrequently affected. There is 
insufficient evidence, however, to determine if these differences are attributable to 
disparities in socioeconomic factors or access to dental care. 

Age 

Aggressive periodontitis can occur at any age. Most surveys, however, focus on 
disease forms previously referred to as juvenile or early-onset periodontitis, which 
by definition occur only in adolescents and young adults. Among adolescents, the 
frequency of affected individuals usually increases from puberty to about 25 years 
of age.88 Unfortunately, there are no good estimates of the prevalence in adults, 
which makes it impossible to determine the age-dependent risk for the disease in 
individuals older than about 25 years. 



TABLE 3-1  Estimated Prevalence of Aggressive 

Periodontitis in Selected Populations 

 

Aggressive disease in adolescents usually starts as a localized condition, affecting 
primarily the first molars and incisors. The disease can remain localized, or spread 
over time to affect teeth other than incisors and first molars.99 In younger 
adolescents, therefore, the localized form is usually found more frequently than the 
generalized form.83 A follow-up study of aggressive disease in adolescents and 
young adults highlights this point.99 Over a 6-year period, the disease became more 
severe and extensive. Existing lesions became more advanced and more of the teeth 
unaffected at baseline exhibited periodontal attachment loss at follow-up, thus 
changing the disease characteristics and the basis for the clinical classification. 
About 35% of the subjects with localized aggressive disease at baseline experienced 
disease progression around teeth other than first molars and incisors and were hence 
reclassified at the follow-up visit as having generalized disease. About one fourth of 
subjects who initially had some attachment loss—but whose pattern did not meet 
the criteria for localized or generalized disease—developed localized or generalized 
periodontitis in the ensuing period. These findings indicate that the localized and 
generalized forms of aggressive periodontitis may be variants of the same condition 
and not distinct entities, and that cases need to be followed over time before 
definitive diagnoses are established. 



Sex 

Although few studies have identified enough cases to make robust comparisons 
between male and female cases, it appears there is no sex predilection for 
aggressive periodontitis. Although some investigators found the disease to be more 
common in female than male cases,92,100 others claim the opposite.83,98 In a large 
survey of U.S. adolescents, male adolescents were found to be more likely than 
female adolescents to have generalized but not localized disease.83 

Most early surveys of aggressive periodontitis, which report a preponderance of 
affected female cases, sampled subjects from dental clinic populations. When this 
selection bias is eliminated, however, the number of affected male and female 
individuals in the population is found to be similar.101 

Race/Ethnicity 

Does the prevalence of aggressive periodontitis differ by race or ethnicity? The 
answer seems simple; one could simply compare the frequency of disease among 
ethnic or racial groups. Most surveys, however, either sample from a single racial or 
ethnic group or do not sample adequate numbers of subjects from separate groups. 
As discussed previously, because of substantive methodologic differences, 
comparisons across studies must be made cautiously. 

Only two surveys, both conducted in the United States, have been large enough to 
permit a robust comparison among racial groups. Between 5,000 and 11,000 youths 
or young adults were included in these surveys. Although one used clinical probing 
and the other radiographs to screen subjects, both reported that black individuals 
were more likely than white individuals to have aggressive periodontitis.82,83 The 
prevalence of aggressive periodontitis in these studies ranged from 2.1% to 2.9% in 
black and 0.09% to 0.17% in white individuals (see Table 3-1). Similar conclusions 
can be gleaned from the literature, where black individuals, including those of 
African, African-American or Afro-Caribbean heritage, and Hispanics appear to be 
at greater risk than white individuals. Whereas the prevalence in white youths is 
generally 0.2% or less,83,102 the disease has been reported to affect up to 6.5% of 
African98 and 3.7 % of South American youths. 

Socioeconomic Status 

In the general population, the extent and severity of periodontitis is inversely related 
to educational level attained and income. Children from low socioeconomic strata 
(SES) also appear to be at greater risk for attachment loss, but not necessarily 
aggressive periodontitis. That is, the pattern of disease in these children is more 
consistent with an early presentation of chronic periodontitis rather than aggressive 
periodontitis.95 This increased risk likely reflects income-related differences in 
access to dental care, and socioeconomic factors could be considered, at best, risk 



indicators and not risk factors for disease. That is, lack of education or income or 
low SES status per se does not cause disease. 

A few studies have examined whether SES is a risk indicator for aggressive 
periodontitis, and the findings have been mixed. Although the disease is reportedly 
more common in impoverished than nonimpoverished South American 
populations,90,103 it has recently been reported that no association exists between 
risk for disease and SES in schoolchildren in Uganda.98 Before drawing specific 
conclusions from such surveys, however, one should carefully consider both the 
sampling strategy used and the number of cases identified. For example, although 
aggressive periodontitis was reported to be greater in schoolchildren in Chile from 
lower rather than upper income strata, only eight cases were identified in the entire 
survey.90 

Disease Trends 

Although there are a number of reports detailing changes in prevalence rates of 
gingivitis, attachment loss, and bone loss in children and adults over time, none has 
addressed aggressive periodontitis specifically. Currently, it is unknown if the 
prevalence of this disease has increased, decreased, or remained unchanged over the 
years. One study of 16-year-old cohorts found that the prevalence rate of marginal 
bone loss was unchanged from 1975 to 1988,104 but this study was not limited to 
aggressive periodontitis. 

Diabetes Mellitus 

Although people with diabetes, especially those with long-standing poor metabolic 
control, may be at increased risk for periodontitis in general,105 diabetes mellitus 
has not been established as a risk factor for aggressive periodontitis. Adolescents 
with type 1 (insulin-dependent) diabetes generally have more gingival inflammation 
than healthy control subjects; a finding that may be more closely related to 
metabolic control than the presence of diabetes per se.106,107 Currently, there are no 
data from large-scale epidemiologic surveys to determine if patients with diabetes 
(either type 1 or type 2) are more or less likely to have aggressive periodontitis. 

Tobacco Use 

There is strong evidence that smoking is a risk factor for chronic periodontitis. The 
role of smoking in aggressive periodontitis, however, is less clear. One reason is 
that many individuals with aggressive disease may be too young to smoke or to 
have significant pack-year smoking histories. Nonetheless, there is some evidence 
that smoking can alter the severity and extent of generalized aggressive disease.108 
When compared with nonsmokers, the disease tends to be more extensive and 
severe in the maxilla of smokers with generalized aggressive disease.109,110 Smokers 
with aggressive periodontitis also tend to harbor more periodontal pathogens than 



nonsmokers with disease. 110 Overall, smoking also tends to suppress serum 
immunoglobulin levels, including those specific against periodontal pathogens. The 
impact of smoking on IgG levels is particularly pronounced in black smokers with 
generalized aggressive disease.111 Smoking does not appear to influence the severity 
of disease in subjects with localized aggressive periodontitis.108 In summary, it is 
unclear if smoking is a risk factor for aggressive periodontitis. Among persons with 
the disease, however, smokers tend to have more severe and widespread disease, 
especially in the maxilla. 

Oral Hygiene 

Currently, no associations between aggressive periodontitis and oral hygiene have 
been established, and it is unknown whether good oral hygiene by itself can reduce 
the incidence of aggressive periodontitis. Clinicians have recognized that aggressive 
periodontitis can occur in otherwise healthy young individuals who display good 
oral hygiene. However, most surveys have not reported measures of plaque or 
calculus. It is entirely possible that many cases reported in the literature were 
associated with heavy plaque and calculus, and were thus more likely to represent 
chronic rather than aggressive disease. 

Genetic Epidemiology of Aggressive Periodontitis 

The evidence that genetic factors affect risk for aggressive periodontitis can be 
summarized as follows:  

• The prevalence rate of disease is greater in first-degree relatives (parents, 
siblings, and offspring) of affected individuals than in the general population. 

• The disease is a consistent feature in several genetic or inherited disorders. 

• Segregation analyses implicate the role of a major gene. 

• Several genetic polymorphisms have been associated with the disease. 

• At least one form of disease, which cosegregates with dentinogenesis 
imperfecta, has been linked to a specific region on a chromosome. 

Aggressive periodontitis clearly tends to run in families.112 Familial clustering 
alone, however, does not prove that genes or inheritance affects the risk for disease. 
Clustering can occur if the disease has an heritable or genetic component or if 
important environmental or behavioral risk factors are shared within families. 
Significantly, the transmission of pathogenic microorganisms within families may 
explain part of the observed familial aggregation for this disease. Currently, genetic 
studies have examined the role of genes or microbes, but not both. More 
sophisticated models that address both inherited factors and family-correlated 



environmental risk factors must be applied to begin to understand how genes and 
the environment act and interact to affect risk for these diseases. 

Segregation analyses are used to determine whether the occurrence of disease in 
families is consistent with the action of autosomal or sex-linked genes, and whether 
the putative disease alleles are dominant or recessive. Results from such analyses of 
aggressive periodontitis have implicated the role of a major gene effect.112–114 
Statistical models that assume the disease is caused by environmental factors alone, 
or by the additive action of many genes, do not adequately explain the distribution 
of the disease within families. The specific mode of inheritance, however, is less 
clear. Autosomal dominant, autosomal recessive, and X-linked dominant modes of 
inheritance have been proposed for this disease.112–117 In the largest U.S. study to 
date, autosomal dominant inheritance was favored in both African-American and 
white populations.112 The estimated frequency of the disease allele was significantly 
greater in African Americans, which reflects the greater prevalence of disease in 
this group. The disparate results from segregation analyses may be because of 
inadequate statistical power, the use of inadequate statistical models for this 
complex multifactorial disease, or true genetic heterogeneity. Genetic heterogeneity 
means that there are multiple underlying genetic causes that lead to the same 
clinical presentation of disease. Given that clinical criteria and not biologic markers 
define the periodontal diseases, it is likely that aggressive periodontitis, as currently 
defined, is indeed a group of genetically heterogeneous conditions. 

Linkage analyses are used to localize disease-causing alleles to specific locations on 
a chromosome. In linkage studies, individuals are characterized both phenotypically 
(i.e., by disease status) and genotypically (through typing of polymorphic genetic 
markers). There have been few linkage studies of aggressive periodontitis. In one 
such study of a multigenerational, triracial family, linkage between the putative 
aggressive periodontitis allele and a region on the long arm of chromosome 4 was 
established.116 The family members in this report, however, also had dentinogenesis 
imperfecta, which is not associated with aggressive periodontitis in the general 
population. Linkage to this chromosomal region could not be verified in another 
sample population.118 Despite its implied existence from segregation analyses, no 
major disease allele has been identified for aggressive periodontitis in outbred 
populations. 

Aggressive periodontitis is a consistent feature in a number of inherited or genetic 
disorders (Box 3-9). The rapid periodontal destruction associated with these 
disorders demonstrates that genetic mutations can substantially affect risk for 
aggressive periodontitis. Typically, however, affected individuals have a number of 
systemic or organ problems in addition to aggressive periodontitis. Fortunately, 
these disorders are not common and the particular mutations that cause these 
conditions are too rare to be of value in predicting risk in the general population. 
Researchers instead have studied more common genetic variations, or 
polymorphisms. Whereas the term gene mutation usually connotes a sequence 
alteration that produces a deleterious phenotype, common polymorphisms often do 



not profoundly affect phenotype. Rather, they code for the variations that can be 
considered to define the range of "normal" within a population. 

Given the vast extent of variation in the human genome—there are an estimated 
three million single nucleotide polymorphisms in the human genome—random 
searches for associations with aggressive periodontitis are unlikely to be productive. 
Rather, investigators have focused on polymorphisms that reside in or near 
candidate genes—that is, those that play some role in pathogenesis of disease. For 
periodontitis, candidate genes are typically those that control the expression of 
tissue-degrading enzymes or inflammatory mediators (e.g., cytokines) or that code 
for receptors or proteins activated by bacterial antigens. These candidate gene 
polymorphisms may be located in the coding, promoter, or regulatory regions of 
genes, and alter either the amino acid sequence of the protein product or the 
efficiency of gene transcription. The case-control study design has been exploited in 
the search for associations between such candidate markers and aggressive 
periodontitis. However, these analyses are less powerful and unreliable than the 
genetic linkage studies. 

Polymorphisms in genetic regions that encode interleukin-1 (IL-1),119 the vitamin D 
receptor,120 the N-formyl-methionyl-leucyl-phenylalanine (FMLP) receptor,121 and 
the Fcγ receptor122 have been associated with either localized or generalized 
aggressive periodontitis (Table 3-2). Results from these and other studies, however, 
have been both inconsistent and often contradictory. Currently, the risk for 
aggressive periodontitis attributed to any single genetic polymorphism has not been 
reliably determined. For example, an IL-1B allele—specifically, the more common 
allele 1 at a polymorphic site 3,954 base pairs "downstream" from the start of the 
IL-1B gene—has been reported to be in linkage disequilibrium with generalized 
aggressive periodontitis.119 This finding suggests that at least one disease allele is at 
or very close to this polymorphism. This "high-risk" IL-1B allele, however, was not 
found to be associated with generalized disease in a northern European 
population127 and may be too common in African Americans to be of any predictive 
value.128 

Box 3-9  Aggressive Periodontitis Associated with 

Genetic Disorders 

 



TABLE 3-2  Associations (Linkage Disequilibrium) 

between Aggressive Periodontitis (Localized and/or 

Generalized) and Genetic Polymorphisms 

 

The human leukocyte antigens (HLAs) have long been considered candidate 
markers for aggressive periodontitis. Again, however, there have been few 
consistent findings among the many studies of these antigens. This inconsistency 
may be because of false-positive findings, differences in the racial or ethnic makeup 
of the study groups, differences in the clinical criteria used to define cases, or true 
heterogeneity. Only two antigens, HLA-A9 and HLA-B15, repeatedly have been 
found to occur more frequently in cases than control subjects.129 In contrast, the 
HLA-A2 antigen appears less frequently in cases than in control subjects, which 
suggests this antigen may somehow be protective against disease.130,131 The DR4 (a 
Class II) antigen has also been reported to be more prevalent in Israeli and Turkish 
patients than control subjects,132,133 although others have not found this association 
in other populations.134 

It is important to remember that aggressive periodontitis is a complex, 
multifactorial disease. It seems rather simplistic to believe that one disease-allele 
will be found to confer more than a mild increase in risk for disease in the general 
population. It is likely that several or many disease alleles act and interact to affect 
risk for disease. Furthermore, alleles that confer some increased risk in one 
population may not do so in another. The search for disease alleles for aggressive 
periodontitis remains a daunting task. It is imperative that, before any genetic 
marker or allele is considered a risk factor for aggressive periodontitis, its 
association (or linkage) is confirmed in multiple studies, preferably of different 
populations. The importance of recognizing and controlling important 
environmental risk factors for aggressive periodontitis must not be overlooked. 

EPIDEMIOLOGY OF CHRONIC PERIODONTITIS 



Most epidemiologic studies conducted between 1950 and 1970 used Russell's PI to 
characterize the periodontal conditions of populations. Periodontitis was found to be 
strongly associated with poor oral hygiene, calculus, low SES, and lack of access to 
dental care and education.135–139 These studies also reported that U.S. adults had very 
low disease scores,135,137 Latin-American countries had intermediate scores, and most 
Middle Eastern and Asian populations had very high scores.137 Interestingly, the 
periodontal conditions of "primitive Eskimos" from rural Alaska were similar to U.S. 
adults and significantly better than that of urban Eskimos.137 In general, however, 
groups with limited access to dental care and those from developing nations were 
found to have more disease than populations from industrialized countries.135,137 
These differences were attributed primarily to differences in plaque control among 
the groups.137 However, these results and conclusions should be viewed with caution. 
As previously discussed, differences in disease levels, especially when scored using 
Russell's PI, may be driven by differences in plaque levels leading to gingivitis rather 
than true differences in attachment levels or bone loss. 

The model of the pathogenesis of periodontitis in the 1950s to 1970s was predicated 
on the following beliefs:  

• All individuals were equally susceptible to periodontitis. 

• Long-standing gingivitis invariably progresses to periodontitis with subsequent 
tooth loss. Gingivitis and periodontitis were regarded as different stages of the same 
disease. 

• Susceptibility to periodontal disease increases with increasing age. 

• Risk for periodontal disease was determined by environmental factors alone. Poor 
oral hygiene and age were believed to account for 90% of the differences among 
individuals.137 

These concepts have been challenged by more recent research indicating the 
following: (1) all individuals are not equally susceptible to periodontitis; (2) only a 
small percentage of sites with untreated gingivitis will develop periodontitis; (3) even 
though periodontitis is more prevalent, extensive, and severe among older persons, 
the susceptibility to future periodontal breakdown seems to be independent of age; 
and (4) periodontal disease is a complex disease and only a portion of the variability 
of disease in the population can be attributed to environmental exposures (e.g., Gram-
negative bacteria, oral hygiene, dental care, smoking, and others), whereas the 
remaining variation is attributed to differences in host susceptibility. 

All individuals are not equally susceptible to development of periodontal disease. In a 
longitudinal study of Sri Lankan tea laborers with no access to dental care and poor 
oral hygiene, it was observed that subgroups of individuals could be defined based on 
their rates of disease progression.140 In this environmentally homogeneous 
population, some persons had disease development at rapid rates, whereas others 
experienced little progression. A total of 11% of the subjects had slow progression, 



81% were categorized as having "moderate" progression, and the remaining 8% 
experienced "rapid" progression (Fig. 3-2). In both the rapidly and moderately 
progressing disease groups, the disease process was not self-limiting; it progressed 
until multiple teeth or the entire dentition was lost (Fig. 3-3).140 

When these individuals from Sri Lanka were compared with a group of Norwegian 
scholars and students with optimal personal and professional dental care,140–142 the 
rate of clinical attachment loss was found to be two to four times greater in the Sri 
Lankan sample. Even persons with "moderate" progression by age 41 to 45 years had 
a mean clinical attachment loss of 5.4 mm. In contrast, the mean clinical attachment 
loss in U.S. adults in this age group ranges from 1.1 to 1.6 mm.70 

These classic reports on the natural history of periodontitis elucidated two important 
features of this disease: (1) severe disease tends to cluster in a small fraction of the 
population; and (2) there may be pronounced differences in disease susceptibility 
within a population that are independent of the environment. Both principles have 
been subsequently documented in treated and untreated populations.* However, the 
findings in these Sri Lankan individuals may not be representative of all untreated 
populations. Although extensive and early onset disease has also been reported in 
persons in Nigeria145 and Polynesia73 with limited access to dental care, other studies 
suggest that people in developing countries do not necessarily have severe 
periodontal destruction, despite having extensive plaque, calculus, and gingivitis. An 
analysis of 154 independent surveys conducted in 79 countries revealed little 
differences between developing and industrialized countries in the prevalence of 
periodontal pockets 6 mm or deeper among 35- to 44-year-old persons.146 
Furthermore, studies of Tanzanians, Kenyans and Guinea-Bissauans, and 
Amazonians revealed that the extent and severity of disease in these populations was 
only slightly worse than that found in industrialized countries or regions. 50–53,147 
Figure 3-4 compares the mean clinical attachment loss for various untreated and 
treated populations; similar relations are observed when the extent of clinical 
attachment loss of these populations is compared. 

It is apparent from the study of skull specimens that humans have experienced 
alveolar bone loss since at least the Neolithic period (5800–3000 BC).148 Studies of 
ancient populations indicate that, despite the presence of massive calculus deposits, 
only a small fraction of individuals had severe periodontal destruction.149,150 An 
evaluation of 1,149 ancient skulls from around the world revealed that only 10% to 
26% of the teeth studied displayed severe bone loss; 65% of the teeth in people 46 
years age or older had only slight bone loss.149 Prehistoric remains from Eskimos150 
and archeological material from Scottish medieval populations (900–1600 AD) and 
more recent English populations (1645–1852 AD) also reveal that relatively few 
individuals had severe periodontal destruction.151,152 Such archeological material also 
suggests that the prevalence or severity of periodontal diseases has not changed 
significantly throughout human history. 

Figure 3-2.   



 

Mean clinical attachment loss (CAL)* by age for Sri Lankans with slow, 
moderate, and rapid periodontal disease progression (n = 480). Solid lines 
represent trends in mean CAL generated by second- and third-degree polynomial 
functions. (From Löe H, Anerud A, Boysen H: Natural history of periodontal 
disease in man. Rapid, moderate and no loss of attachment in Sri Lankan laborers 
14 to 46 years of age, J Clin Periodontol 13:431, 1986.) 

In summary, when compared with groups with ready access to dental care, 
individuals with limited access to dental care and those from underdeveloped or 
undeveloped regions have, on average, more plaque, calculus, and gingival 
inflammation. Although they also tend to have more severe periodontal disease (i.e., 
clinical attachment loss, bone loss, and pockets), these differences are less 
pronounced. The majority of individuals in these untreated populations have 
extensive plaque, calculus, and long-standing gingivitis, yet do not develop severe 
periodontitis. Therefore, destructive periodontal disease should not be considered as 
an invariable consequence of long-standing gingival inflammation.153 Periodontitis is, 
however, almost invariably preceded by gingivitis, and gingival inflammation (i.e., 
BOP) has some predictive value for determining future attachment loss among 
patients receiving supportive periodontal therapy.154 

Figure 3-3.   



 

Mean number of missing teeth (MT) by age for Sri Lankans with slow, moderate, 
and rapid periodontal disease progression (n = 480). Lines represent trends in 
mean CAL generated by linear (for slow progression group), second- (for 
moderate progression group), and third-degree (for rapid progression group) 
polynomial functions. (From Löe H, Anerud A, Boysen H: Natural history of 
periodontal disease in man. Rapid, moderate and no loss of attachment in Sri 
Lankan laborers 14 to 46 years of age, J Clin Periodontol 13:431, 1986.) 

Figure 3-4.   

 



Mean clinical attachment loss (CAL) by age in six population samples. (Adapted 
from Ronderos M, Pihlstrom BL, Hodges JS: Periodontal disease among 
indigenous people in the Amazon rain forest, J Clin Periodontol 28:995, 2001.) 

Although it has been suggested that the extent and severity of periodontitis has 
gradually declined in the United States and Norway,76,155 the evidence to support this 
claim is not strong. Furthermore, despite improvements in oral hygiene and access to 
dental care, the absolute number and the percentage of U.S. adults with periodontitis 
may be on the increase because of increases in life expectancies, decreases in caries 
rates, and increase in the percentage of dentate seniors.156 

Figure 3-5.   

 

Prevalence of slight, moderate, and severe periodontitis in the United States. 
(From Albandar JM, Brunelle JA, Kingman A: Destructive periodontal disease in 
adults 30 years of age and older in the United States, 1988–1994, J Periodontol 
70:13, 1999.) 

According to the most recent U.S. national survey, 35% of adults older than 30 years 
have periodontitis, with 22% having a mild form and 13% having moderate to severe 
forms (Fig. 3-5).4 As previously discussed, however, the estimated prevalence of 
diseases depends on the threshold used to define affected teeth and individuals and on 
the examination methods used in the study. Because only a portion of the dentition 
was examined in this national survey, these figures are an underestimation of the true 
prevalence of disease. 

The following sections describe the population distribution of periodontal disease and 
various risk factors and risk indicators for the disease (Table 3-3). 



TABLE 3-3  Factors Associated with Chronic 

Periodontitis 



 

Age 



Clinical attachment loss and alveolar bone loss become more prevalent, extensive, 
and severe with advancing age.4 Figures 3-6 to 3-9 summarize the prevalence and 
extent of clinical attachment loss and periodontal pockets for U.S. adults.4 Although 
early loss can occur before the age of 20 years,141 by 30 to 39 years of age at least 
two thirds of U.S. adults have 1 or more sites with clinical attachment loss of 2 mm 
or more (see Fig. 3-6).4 By contrast, the prevalence, extent, and severity of 
pathologic pocketing increase only slightly with increasing age (see Fig. 3-8 and 
Fig. 3-9).53,70 On average, therefore, clinical attachment loss appears to be more 
commonly associated with gingival recession than with pocket deepening. 

Figure 3-6.   

 

Prevalence of clinical attachment loss (CAL) in the United States by age. (From 
Albandar JM, Brunelle JA, Kingman A: Destructive periodontal disease in 
adults 30 years of age and older in the United States, 1988–1994, J Periodontol 
70:13, 1999.) 

Figure 3-7.   



 

Extent: Percentage of teeth with clinical attachment loss (CAL) in the United 
States by age. (From Albandar JM, Brunelle JA, Kingman A: Destructive 
periodontal disease in adults 30 years of age and older in the United States, 
1988–1994, J Periodontol 70:13, 1999.) 

Although age is strongly associated with periodontal disease, aging per se is not 
likely to be a predisposing factor for periodontal disease. Because attachment loss 
and bone loss are not fully reversible with treatment, they may reflect the 
cumulative effects of past tissue destruction more so than current disease activity. 
The association between age and disease is strong because age, more than any other 
variable, directly reflects how long an individual has been exposed to etiologic 
factors. In fact, even in untreated populations, young and older adults lose 
periodontal support at similar rates.157–160 

Aging also does not appear to affect the outcome of periodontal therapy. Despite 
this, however, age should always be considered when assessing a patient's 
susceptibility to periodontitis. For example, a 35-year-old patient with generalized 
moderate periodontitis is more susceptible to disease than a 55-year-old patient with 
the same severity and extent of disease. Furthermore, more cases of aggressive 
forms of periodontitis are generally seen in younger age groups. 

Figure 3-8.   



 

Prevalence of periodontal pockets in the United States by age. (From Albandar 
JM, Brunelle JA, Kingman A: Destructive periodontal disease in adults 30 years 
of age and older in the United States, 1988–1994, J Periodontol 70:13, 1999.) 

Figure 3-9.   

 

Extent: Percentage of teeth with periodontal pockets in the United States by age. 
(From Albandar JM, Brunelle JA, Kingman A: Destructive periodontal disease 
in adults 30 years of age and older in the United States, 1988–1994, J 
Periodontol 70:13, 1999.) 

Sex 

In the United States and in most industrialized populations, male individuals of 
every age group have more attachment loss, deeper pockets, and more bleeding on 



probing than females.4 However, such differences have not been observed in all 
untreated populations and developing nations.53,161 This suggests that sex 
differences arise from behavioral differences, culturally related or otherwise, and 
not because of true differences in predisposition to the disease. For example, it has 
been reported that in the United States male individuals have poorer oral hygiene 
and more calculus than females.162,163 

Socioeconomic Status, Dental Care, and Race 

Personal income, educational level, and occupation all contribute to designation of 
SES. In most societies, access to health care is intimately related to SES. 
Periodontitis is more severe and widespread in groups from low SES strata, in those 
with less education, and in those who visit the dentist infrequently.69,144,164–166 
Socioeconomic differences may also be the root of racial differences in the 
prevalence of periodontal diseases that have been consistently reported in the 
United States. The prevalence, extent, and severity of periodontitis in the United 
States are greatest in black, intermediate in Mexican American, and least in white 
individuals.4 Interestingly, attachment loss in white individuals tends to be most 
severe on the facial aspect of teeth and is frequently associated with gingival 
recession. In black individuals, however, the most severe loss is found on proximal 
tooth surfaces and is associated with periodontal pockets.4 All of these racial/ethnic 
differences are most likely the result of socioeconomic differences, education, and 
disparity in access to health care rather than true differences in disease 
susceptibility (e.g., genetic differences). Racial minorities also tend to have more 
plaque, calculus, and gingivitis. When the periodontal conditions of white, black, 
and Mexican American individuals are compared after standardizing for income, 
frequency of dental visits, and calculus, most of the differences in disease severity 
disappear (Fig. 3-10).163 

Oral Hygiene, Calculus, and Gingival Inflammation 

Bacterial plaque is both necessary and sufficient to cause gingivitis. However, 
undisturbed bacterial plaque alone is not sufficient to cause periodontitis. Plaque 
plays a central role in the initiation of gingival inflammation38 and calculus 
formation,167 and poor plaque control has been shown to have a deleterious effect 
on the success of periodontal treatment.168 Furthermore, periodontal disease is 
preventable in most individuals through a combination of frequent professional care 
and improved oral hygiene.169 However, the independent effect of oral hygiene in 
preventing periodontitis has not been established. A few reports indicate that 
persons with greater plaque scores are more likely to experience progressive 
periodontal disease.159,170 Most longitudinal 22,160,171 and cross-sectional studies of 
treated144,166,172–175 and untreated 50–53,73,75,176 populations, however, indicate that 
supragingival plaque scores correlate poorly with periodontal destruction. 
Furthermore, a recent study failed to detect an association between oral hygiene 
practices reported by subjects and the presence of periodontitis.177 Although 



supragingival plaque plays a central role in the occurrence and prevention of 
gingivitis, it has not been clearly established as a strong risk factor for 
periodontitis.2 

Figure 3-10.   

 

Effect of poverty-income ratio, frequency of dental visits, and calculus scores 
on the racial differences in mean clinical attachment levels (CAL) in the United 
States. (From the U.S. Department of Health and Human Services (DHHS), 
Centers for Disease Control and Prevention. National Center for Health 
Statistics. Third National Health and Nutrition Examination Survey, 1988–
1994, NHANES III Data File (CD ROM). Public Use Data File Documentation 
No. 76200. Hyattsville, Md, 1996, Centers for Disease Control and Prevention.) 

In treated and untreated populations, persons with high calculus scores tend to have 
the most clinical attachment loss and bone loss.53,144,176 In fact, calculus may be 
more strongly associated with attachment loss and bone loss than supragingival 
plaque.53,178 Similarly, gingival inflammation appears to be a good clinical predictor 
of future loss of attachment.159 It is not surprising that calculus and gingival 
inflammation are better predictors of periodontal disease than plaque scores. 
Calculus and gingival indexes are generally the result of the presence of 
undisturbed mature plaque and the lack of preventive periodontal therapy.38,167 In 
most cases, calculus and gingival inflammation are surrogate indicators of the 
quality of the plaque control performed by a subject during the weeks before the 
examination. Meanwhile, plaque scores represent a point estimate of the oral 
hygiene at the examination. The lack of association between plaque scores and 
clinical attachment loss may be because plaque-scoring systems are poor 
"predictors." However, this does not necessarily mean that bacterial plaque itself is 
not an important determinant. 

Tobacco Use 

Cigarette smoking is the strongest modifiable risk factor for the occurrence of 
periodontal disease. People who smoke are two to six times more likely to have 
periodontitis than those who do not smoke.144,160,179–181 This relation is independent 
of potential confounders including oral hygiene. In other words, even in subjects 
with good oral hygiene, smokers have significantly more bone loss than 



nonsmokers.182 Smoking is related to periodontal disease in a dose-related manner. 
As the number of years exposed to tobacco and the number of cigarettes smoked 
per day increase, so does the risk for development of severe periodontitis.144 Cigar 
and pipe smoking also seem to have a harmful effect on the periodontium.183,184 
Furthermore, smokeless tobacco (e.g., chewing tobacco, snuff) has been associated 
with gingival recession and attachment loss at tooth sites that come into direct 
contact with the tobacco.185 Tobacco use has also been proven to adversely affect 
the outcomes of periodontal treatment and increase the chances of disease 
recurrences among treated populations.186 

The deleterious effects of tobacco on periodontal health are most likely because of 
an induced impairment in the host immune response.187,188 Although constituents of 
tobacco smoke may directly or indirectly influence bacterial colonization in the oral 
cavity, this pathway to increased disease risk is debatable. Some studies have 
reported that the periodontal microbiota is different in smokers and 
nonsmokers,189,190 whereas studies have shown that the rate of recovery of 
periodontal pathogens from relatively shallow pockets is greater in smokers.191 
However, not all studies have found the microbiota to be different in smokers and 
nonsmokers.14,192 

Diabetes Mellitus 

Individuals with diabetes, especially those with poor metabolic control, have more 
extensive and severe periodontal destruction than otherwise healthy persons144,193,194 
(see Chapter 31). The most prevalent forms of diabetes are type 1 (formerly insulin-
dependent) and type 2 (formerly noninsulin-dependent) diabetes mellitus. The onset 
of type 1 diabetes generally occurs before 30 years of age, whereas the more 
common type 2 diabetes peaks in incidence during the fifth decade of life. Patients 
with either type are at increased risk for periodontitis. However, the deleterious 
effect of diabetes on the periodontium appears to be cumulative, because patients 
with long-term diabetes tend to have greater attachment or bone loss than those who 
have had diabetes for shorter periods.195 

The metabolic control of diabetes is also strongly related to the incidence and 
severity of periodontal disease.196,197 Patients with diabetes who have retinopathy, 
nephropathy, and other complications (all signs of less than ideal glycemic control) 
have significantly more periodontal destruction than patients with well controlled 
diabetes.66 In contrast, patients with well controlled diabetes have similar levels of 
periodontitis to individuals without diabetes.198 

Perhaps the most comprehensive epidemiologic studies of type 2 diabetes and 
periodontitis have been conducted among the Pima Indians in Arizona. The 
incidence of diabetes in this population is extremely high, and the risk for losing 
clinical attachment and alveolar bone loss among the individuals with diabetes is 
approximately three times greater than among healthy persons from the 
community.199,200 



More recent evidence suggests that there may be a reciprocal relation between 
diabetes and periodontitis; each may influence the development and natural history 
of the other. As described earlier, diabetes appears to increase the risk for 
periodontitis. It has been hypothesized, however, that periodontal inflammation 
itself may increase insulin resistance, which leads to increases in blood glucose. 
This fledgling hypothesis is supported by recent studies that show small, but in 
some cases significant, improvements in glucose control after periodontal treatment 
in patients with diabetes.201–203 

HIV Infection 

Some reports published during the early stages of the AIDS epidemic in the United 
States suggest that HIV-positive patients, especially those with AIDS and low 
counts of T lymphocytes (CD4+ < 200 cells/µl), were at increased risk for severe 
chronic periodontitis (see Chapter 31). Most recent epidemiologic studies, however, 
suggest that HIV infection alone does not increase the risk for periodontal 
disease.204–207 Still other studies have reported a slightly greater prevalence of bone 
loss and attachment loss in HIV-infected patients accompanied by gingival 
recession and shallow pocket depths.208–210 The disparate findings among these 
studies may be attributable to the gradual yet significant improvements in the 
medical management of HIV-positive patients or to variations in sampling 
strategies among these studies (i.e., selection bias). Most early reports focus on 
severely immunocompromised patients who went to treatment centers for the 
management of oral symptoms. Recent studies, however, have obtained more 
representative samples of the general HIV-positive population. 

Necrotizing periodontal diseases and other intraoral lesions have been described in 
HIV-positive and AIDS patients. However, the development of more effective 
therapies for the management of HIV infection has been accompanied by a 
precipitous decline in the incidence of oral manifestations of the disease such as 
candidiasis, hairy leukoplakia, and necrotizing periodontal diseases.211,212 

Osteoporosis 

It has long been hypothesized that individuals with osteoporosis (i.e., low skeletal 
bone density) are also at increased risk for periodontitis (see Chapter 31). These 
conditions share some common pathways in their pathogeneses. For example, 
systemic up-regulation and increased production of IL-1α and IL-1β, tumor necrosis 
factor-α, and IL-6 induce osteoclastic activity and increase bone turnover rates that 
lead to loss of bone mass and osteoporosis.213,214 Increased concentrations of these 
cytokines in the periodontal tissues also lead to alveolar bone loss and periodontal 
disease.215 It is possible that patients who are at risk for osteoporosis because of a 
systemically up-regulated cytokine response may also be more susceptible to 
periodontitis in the presence of local irritants. 



Although this theory is appealing, the relation between osteoporosis and periodontal 
disease is not well understood. Although most observational studies conclude that 
patients with low skeletal bone mineral density have slightly more periodontal 
disease than healthy control subjects,216–218 other studies have found no association 
between the two conditions.219,220 Finally, it has been reported that female 
individuals with low bone density and gross amounts of calculus were at an 
increased risk for attachment loss.221 No such association was observed among 
women with low or intermediate levels of calculus. Currently, no definitive 
statements can be made concerning the relation between osteoporosis and 
periodontitis. 

Nutrition 

Persons with severe nutritional deficiencies are at an increased risk for development 
of acute periodontal lesions (see Chapter 31). For example, severe vitamin C 
deficiency (i.e., scurvy) leads to gingival lesions characterized by severe 
inflammation and spontaneous bleeding. Necrotizing lesions involving the 
periodontium and deeper tissues (i.e., cancrum oris or noma) have been reported in 
severely malnourished children. However, most epidemiologic studies have failed 
to find significant relations between nutritional status and chronic periodontal 
disease in more general populations.132,138,222–225 In these studies, the periodontal 
conditions of malnourished individuals or those with specific vitamin deficiencies 
were not different from well nourished individuals. A recent cross-sectional study 
indicated that adults in the United States who reported low dietary intake of calcium 
and vitamin C tended to have more clinical attachment loss than those with high 
intakes.226 The lack of evidence regarding the relations between nutritional factors 
and chronic periodontitis may result from a shortage of properly designed 
epidemiologic studies rather than the actual unimportance of nutrition in the 
development and progression of periodontitis.227 Most of the studies currently 
available have evaluated dietary intake from 24-hour recall questionnaires or from 
nutrient levels in single serum samples. Although these methods are useful to assess 
the overall dietary and nutritional status of a population, they do not accurately 
represent the long-term dietary patterns of an individual. 

Other Factors 

Hormone Replacement Therapy 

Women who use hormone replacement therapy have slightly less gingival 
inflammation228 and clinical attachment loss221,228 than age-matched women who 
do not (see Chapter 31). In postmenopausal women, estrogen supplementation 
appears to prevent loss of skeletal and alveolar bone.229,230 Estrogen may exert its 
protective effect against bone loss and infectious diseases by acting as a metabolic 
mediator of cytokine expression.231 Systemic levels of inflammatory mediators 
(i.e., IL-1, IL-6, and tumor necrosis factor-α), which increase after menopause, 



are lower in women who receive estrogen and progesterone supplementation.231–

233 This association, however, may be caused by confounders and not the result of 
a cause-and-effect relationship. Women who choose to receive hormone 
replacement therapy may be more health conscientious and, therefore, may be 
more likely to receive preventive periodontal therapy and to have better oral 
health behaviors. 

Psychological Factors 

Recent epidemiologic studies suggest that periodontal disease is more prevalent and 
severe among persons who report being psychologically stressed or depressed.234–

236 It has further been suggested that a person's ability to cope with stress is more 
important for determining risk for periodontitis than the level of stress per se.237,238 
(See Chapter 31.) It is hypothesized that stress leads to immune or behavioral 
changes, or both, that make a person more susceptible to infections. Emotional 
stress or depression may also lead to changes in oral health-related behaviors, 
including oral hygiene. 

Genetic Epidemiology of Chronic Periodontitis 

Measures of periodontitis and gingivitis are correlated within families.239,240 The 
nature of this clustering effect has been investigated using a number of study 
designs. Studies using family correlations (e.g., sibling, parent-offspring) to 
estimate genetic and environmental variances suggest that similarities within 
families are mainly because of cultural inheritance and the common family 
environment, but not shared genes.239,241 Meanwhile, twin studies have supported 
the theory that genetic factors significantly influence the risk for chronic 
periodontitis.242–244 More specifically, these studies have found that a significant 
portion of the variance in PD and clinical attachment loss measures is attributable to 
genetic variance. Although such estimates should be interpreted with caution 
because they are not precise, it has been estimated that approximately 50% of the 
variance in disease can be attributable to genetic variance (i.e., heritability is about 
50%). 

Oral bacteria can be transmitted within families. This finding could explain, in part, 
why some forms of periodontitis are familial. Although the introduction of bacteria 
into the oral cavity is an environmental event, long-term colonization may be 
determined by both host genetic and environmental factors. In groups of adolescent 
twins, genetically related individuals were found to be more similar 
microbiologically than pairs of unrelated individuals.245 In adults, however, neither 
host genes nor the early family environment appear to significantly influence the 
presence of periodontal bacteria in plaque.246 These findings support the theory that, 
although host genes may influence early bacterial colonization of the oral cavity, 
the effect does not persist into adulthood. 



As with aggressive periodontitis, the case-control study design has been used to 
search for specific genetic risk factors for chronic periodontitis. Various candidate 
genes including tumor necrosis factor-α polymorphisms, HLA antigens, FcγR 
genotypes and others, have been evaluated for their association with chronic 
periodontitis, but the overall results have been equivocal.247–256 Table 3-4 
summarizes the studies that have found associations between candidate markers and 
periodontitis. However, most of these findings have not been corroborated by other 
investigators or in multiple or racially mixed populations. 

In 1997, Kornman and colleagues251 first reported that a "composite" IL-1 
genotype, consisting of at least one copy of the less frequent allele 2 at both IL-1α 
(−889) and IL-1β (+3954) loci, was associated with severe periodontitis in a small 
group of nonsmoking Northern European adults. Those with the composite 
genotype were 6.8 times more likely to have severe disease, as opposed to mild or 
no disease. There was no association in smokers, which suggests that some 
environmental risk factors appear to overwhelm any genetically determined 
susceptibility or resistance to disease. Furthermore, neither of the two alleles, 
independently, was associated with disease. These findings have not been 
consistently supported by subsequent research. Although some studies support an 
association between the IL-1 composite genotype and periodontitis,252 others have 
reported no association257 or inconsistencies in the specific alleles found to be 
associated with periodontitis. For example, Gore and colleagues258 found the less 
common IL-1B allele, but not the composite genotype, to be more prevalent in 
patients with severe chronic periodontitis. 

TABLE 3-4  Associations between Genetic 

Polymorphisms and Chronic Periodontitis 

 

There is some evidence that the IL-1 composite genotype may be useful as a 
prognostic factor—that is, it may be useful, along with smoking history and the 
presence of P. gingivalis, for predicting those at greatest risk for disease occurrence, 
progression, or tooth loss.259,260 Two Fcγ receptor polymorphisms have also been 
associated with recurrent chronic disease in adults in Japan.248 All of these studies, 
however, involved a relatively small number of subjects, and the use of this or any 
other genotype has not been examined in large or diverse populations. In fact, no 



association was found between these same FcγR polymorphisms and refractory 
disease in a U.S. study.249 Currently, information about genotypes must be 
considered cautiously when assessing risk for chronic periodontitis. Certainly, 
environmental factors, such as smoking and specific bacteria, must be given equal if 
not greater weight in determining an individual's overall risk for disease. 

It remains to be seen if these or any genetic markers will be useful for predicting 
risk for chronic periodontitis in the general population. Chronic periodontitis is a 
complex and multifactorial disease in which the host's genetic makeup can modify 
the course of disease rather than cause it outright. Disease will not ensue in the 
absence of pathogenic microorganisms, and like hypertension and coronary artery 
disease, it is possible to mitigate the influence of high- or low-risk genotypes 
through exposure to favorable or deleterious environments. 
* See References 35, 50, 51, 53, 75, 143, and 144. 

PATTERNS OF DISEASE AND TOOTH LOSS 

In some persons or sites, attachment loss is accompanied by pocket formation, 
whereas in others it tends to be associated with gingival recession. On average, 
clinical attachment level appears to be more commonly associated with gingival 
recession than with pocket deepening. This general pattern of periodontal destruction 
has been reported in the United States and in groups with limited or no access to 
dental care.* In a longitudinal study of elderly subjects, only 58% of sites that lost 
attachment demonstrated an increase in PD. The remaining 42% of progressing sites 
in this study experienced concurrent gingival recession with no increase in 
pocketing.261 It has also been reported that facial sites tend to have attachment loss 
accompanied by recession, whereas proximal sites are more prone to develop 
periodontal pockets. 

Figure 3-11.   

 



Percentage of total teeth lost during maintenance phase in periodontal practices by 
tooth type. Percentages represent unweighted averages of the percentage of teeth 
lost reported by Hirschfeld and Wasserman (1978),265 McFall (1982),266 and 
Goldman and colleagues (1986).267 

It is generally thought that recession in industrialized societies results from traumatic 
oral hygiene or periodontal treatment.36,262 However, these reasons do not explain the 
recession-associated loss of attachment that has been reported in various untreated 
populations who do not practice regular oral hygiene. In such populations, recession 
tends to be more pronounced in individuals with extensive calculus. The association 
between calculus and gingival recession, which has been reported in a number of 
diverse populations,53,142,263,264 could be because of the following reasons: (1) calculus 
acts as a plaque-retentive factor; (2) recessed sites facilitate the formation of calculus; 
and/or (3) it is simply easier to detect calculus when the gingiva is recessed. 

Severe periodontitis is most frequently found in the posterior teeth, and the 
distribution appears to be symmetric in both jaws.49 Such distribution is clearly 
reflected in the patterns of tooth loss observed among patients with moderate to 
severe periodontal disease. Figure 3-11 summarizes the percentage of teeth lost 
among patients with moderate to severe periodontal disease who were treated and 
managed through long-term maintenance care. Such percentages have been stratified 
by tooth type, excluding third molars. In general, upper teeth are more frequently lost 
than lower teeth. The teeth most frequently lost were the upper second molars, 
followed by the upper first molars, lower second and first molars, upper premolars, 
and upper and lower incisors. The lower canines were by far the teeth least frequently 
lost. 

In industrialized countries and many developing nations, the rates of tooth loss and 
edentulism have declined drastically since the 1960s. Such decline is most likely 
related to reducing caries rates and improvements in dental care. Between 20% and 
50% of the permanent teeth extracted in industrialized nations are extracted for 
periodontal reasons.268 Various studies have indicated that periodontitis is the leading 
cause of tooth loss in the United States among adults 40 years and older.269 As part of 
a U.S. survey in 1981, examiners were asked to indicate which teeth currently in the 
mouth should be extracted and whether the extraction was required because of caries, 
periodontal disease, or other reasons.270 Only 1% of adults 19 to 44 years old had a 
tooth that required extraction because of periodontal problems; this percentage 
increased to 10% for adults 45 years or older. They also assessed the reasons for the 
extraction of teeth that were missing at the time of examination. Caries accounted for 
approximately 70% of the extractions, slightly less than 20% of the teeth were 
reported to be lost because of periodontal disease, and prosthetic, orthodontic, and 
other causes had led to the loss of approximately 11%. The mean number of teeth lost 
because of periodontal reasons increased from 0.2 teeth per person for the 19- to 44-
year-old group to 1.9 teeth per person for the 45- to 64-year-old group, reaching a 
high of 4.7 teeth per person in older age groups. However, even among the elderly, 
only 29% of missing teeth were because of periodontal disease. Obviously, the 
percentage of tooth loss associated with periodontal disease is highly dependent on 



the caries rates of the population. If caries rates continue to decrease faster than the 
rates of periodontal diseases, the percentage of teeth lost for periodontal reasons will 
increase even if the absolute number of teeth lost declines. 

* See References 4, 43, 50, 51, 53, and 75. 

PERIODONTITIS AS A RISK FACTOR FOR OTHER 

DISEASES 

During the last decade several epidemiologic studies have been conducted to assess 
the potential effect of periodontal diseases as risk factors for other systemic diseases. 
It has been hypothesized that persons with periodontitis are at increased risk for 
development of cardiovascular diseases (e.g., myocardial infarction and stroke) and 
respiratory diseases. In addition, pregnant women with periodontal disease may be at 
increased risk for having preterm delivery or giving birth to neonates that are small 
according to their gestational age. Furthermore, among patients with diabetes, 
periodontal disease may lead to increased glucose levels. (See Chapter 32 for a 
complete discussion regarding the possible effects of periodontal health on the 
general health of a patient.) 

CAUSALITY OF PERIODONTAL DISEASES 

In epidemiologic studies of infectious diseases, people often search for a single 
deterministic factor that causes the disease. Pure determinism specifies that a single 
agent, behavior, or exposure is considered to be an etiologic factor if it is both 
necessary (i.e., the disease will not appear without it) and sufficient (i.e., the factor 
alone can be causative) to produce disease. Some infectious diseases (e.g., varicella 
zoster virus as a cause of chickenpox) and Mendelian disorders (e.g., trisomy 21 as a 
cause of Down syndrome) fit this model of causation. Such a model may also be 
applicable to the study of plaque-related gingivitis. Undisturbed bacterial plaque is 
both a necessary and sufficient cause of gingivitis. Nevertheless, gingivitis is caused 
by a nonspecific infection and no single microorganism can be deemed as the single 
etiologic agent. A purely deterministic model, however, is too simplistic to explain 
the occurrence of chronic or aggressive periodontitis. No single factor—behavioral, 
microbial, or genetic—is both necessary and sufficient to cause periodontitis. 

In the past, periodontitis was thought to be caused strictly by environmental factors 
(e.g., poor oral hygiene). However, only a fraction of the differences among 
individuals in a population can be explained by differences in exposure to these 
environments. There is mounting evidence indicating that genetic factors play a role 
in the etiology of aggressive and chronic periodontitis. Diseases with etiologies that 
include various genetic and environmental factors are referred to as multifactorial. 
Chronic and aggressive periodontitis are clearly multifactorial in nature. The 
"sufficient cause" model is a useful approach for understanding diseases of 
multifactorial etiology.271 A sufficient cause represents a set group of minimal 
conditions or events that invariably lead to disease occurrence. A sufficient cause for 



chronic or aggressive periodontitis is most likely the combination of various genetic 
and environmental factors. Furthermore, these diseases appear to have etiologic 
heterogeneity, which means that more than one sufficient cause can be involved in the 
occurrence of the disease. For example, chronic periodontitis is more likely to occur 
in individuals who smoke. However, not all smokers will have periodontitis, and 
therefore only a portion of smokers possess other components of a sufficient cause for 
periodontitis. Moreover, severe periodontitis occurs in nonsmokers; therefore, 
sufficient causes that do not include smoking exist. This example is applicable to all 
other risk factors, including microbial risk factors, for periodontitis. The interaction 
between the different components of a given sufficient cause may also have an 
important effect on disease occurrence (e.g., two risk factors may have a synergistic 
effect). 

In establishing whether a factor should be considered as part of the causality of the 
disease the following should be evaluated: (1) the strength of the association between 
the factor in question and the occurrence of the disease, (2) the presence of dose-
response effects, (3) temporal consistency (i.e., the exposure should consistently 
precede the occurrence of disease), (4) consistency of findings, (5) biologic 
plausibility, (6) specificity of the association, and (7) the overall coherence of the 
evidence. Various environmental factors that may play a role in chronic periodontal 
disease causation have been identified. Risk factors for chronic periodontitis include 
smoking, poorly controlled diabetes, and lack of preventive periodontal care (i.e., oral 
hygiene and professional care). In addition, a significant portion of the variation in 
the population can be attributable to genetic variation. The roles that specific genes 
play in the etiology of these diseases, however, are largely unknown. In rare cases, 
single gene mutations lead to aggressive periodontitis as one of the characteristics of 
an overall syndrome (e.g., Papillon-Lefèvre syndrome, Leukocyte Adhesion 
Deficiency syndrome, Chédiak-Higashi syndrome). However, it is not likely that a 
single gene causes the most common presentations of chronic or aggressive 
periodontitis. Most likely few or many disease alleles interact with environmental 
factors to affect individual risk for chronic or aggressive periodontitis. Future 
epidemiologic research assessing the interaction of host susceptibility factors (e.g., 
genetic risk factors) and environmental factors are necessary. 
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4  Microbiology of Periodontal Diseases 

Peter M. Loomer 

Gary C. Armitage 

MICROBIAL ECOSYSTEMS OF THE ORAL CAVITY 

The oral cavity contains multiple ecologic milieus that provide unique environments 
for the diverse communities of microorganisms that reside in it. Although the mouth 
contains hundreds of microecosystems, for purposes of discussion it can be divided 



into four to five major ecosystems on the basis of anatomic, environmental, and 
microbiologic factors. 

Dorsum of the Tongue 

The dorsal surface of the tongue is covered with both shallow and deep fissures 
associated with such anatomic features as the foramen cecum, lingual follicles, and 
four types of papillae (i.e., filiform, fungiform, vallate, foliate). On a site-by-site 
basis the normal flora of the tongue has not been well characterized. However, 
gram-positive bacteria account for approximately 70% of the lingual flora.1 
Prominent among these are Streptococcus sanguis and Streptococcus salivarius. 
Low levels of cariogenic bacteria (S. mutans)1 and gram-negative putative 
(suspected) periodontal pathogens (e.g., Porphyromonas gingivalis, Prevotella 
intermedia, Campylobacter rectus) have been found as part of the resident lingual 
flora in some healthy individuals.2 

Epithelial Surfaces (Excluding Dorsum of Tongue) 

Epithelial surfaces include the buccal epithelium, ventral surface of the tongue, 
alveolar mucosa, gingival surfaces exposed to saliva, and the palate (hard and soft). 
Colonization of epithelial cells depends on subtle differences in cell surface 
receptors for bacteria and other microorganisms. Epithelial receptors for oral 
microorganisms are very specific and differences exist between keratinized and 
nonkeratinized surfaces. In general, the normal flora of epithelial surfaces is 
dominated by streptococci, but not in the same proportions as those found on the 
tongue. 

Supragingival Tooth Surfaces 

The bacterial flora that colonizes supragingival tooth surfaces is of considerable 
interest because this is the environment in which dental caries develops. 
Supragingival tooth surfaces are constantly bathed in saliva. In vivo, tooth surfaces 
are rapidly coated with specific salivary proteins that form a coating called the 
acquired pellicle. The composition of the pellicle depends on a variety of factors 
including the genetic make-up of the host and free surface energies of the surface.3,4 
Subtle differences can be found in the pellicles that form on enamel, cementum, 
dentin, and restorative materials. These differences have a significant impact on the 
types of microorganisms that colonize the teeth. The composition and properties of 
acquired pellicles are discussed in greater detail in Chapter 6. 

Subgingival Tooth Surfaces and the Epithelium Lining 

the Gingival Crevice 



The ecosystem of subgingival tooth surfaces and the epithelium lining the gingival 
crevice is also of considerable interest because it is the environment in which 
periodontal diseases develop. During most conditions, subgingival surfaces are not 
bathed in saliva. Instead, these surfaces are exposed to serum proteins found in 
gingival crevicular fluid, which is an inflammatory exudate. Gingival crevicular 
fluid is a rich source of antibodies (e.g., IgG, IgM, IgA) and other antibacterial 
proteins. In addition, it contains cellular elements such as neutrophils that can 
significantly affect microbial colonization at subgingival sites. Microorganisms that 
colonize subgingival sites frequently have the ability to bypass or counteract these 
and other host defenses. 

Saliva 

The ecosystem of saliva is a turbulent environment with no fixed surface for 
microorganisms to reside. Indeed, some authors do not consider it a separate 
ecosystem because it contains shed components of the other four ecosystems. 
Nevertheless, important interactions of bacteria with each other and the host occur 
in saliva; these interactions have an impact on the overall ecology of the mouth. 

EVIDENCE FOR A BACTERIAL ETIOLOGY OF 

PERIODONTAL DISEASES 

In the last century numerous lines of evidence have emerged supporting the concept 
that, in susceptible hosts, bacteria cause periodontal diseases. Strong arguments 
favoring this concept can be made, including the following seven lines of evidence: 
(1) clinical observations, (2) germfree animal studies, (3) observations in 
monoinfected gnotobiotic animals, (4) data from studies of experimental periodontal 
diseases in animals and humans, (5) results of periodontal therapy in humans, (6) 
epidemiologic data, and (7) pathogenic potential of dental plaque bacteria. 

Clinical Observations 

Testimonials from the empiric observations of clinicians are the weakest form of 
evidence. Nevertheless, careful observations by astute clinicians have led to 
significant advances in our understanding of disease. In the past 250 years 
numerous individuals expressed the clinical opinion that periodontal diseases are 
caused by uncleanliness of the mouth.5,6 After 1876, when Koch7 showed that 
bacteria could cause disease, many clinicians used the terms uncleanliness and 
bacteria interchangeably.8–10 Most scientific evidence, however, supporting the 
clinical impression that bacteria cause periodontal diseases is of recent vintage, 
emerging only within the past four to five decades. 

Periodontal Disease in Germfree Animals 



Since the initial studies of Orland and colleagues in 1954,11 it has been known that 
dental caries cannot develop in germfree animals. The development of periodontal 
disease in animals maintained in a germfree environment is not as clear-cut. In the 
absence of microorganisms, several strains of mice and rats have alveolar bone loss 
with apical migration of the junctional epithelium.12–14 It is generally believed, 
however, that this loss of attachment is attributable to mechanical irritation from 
hair and food impaction.15–18 Slight gingival inflammation without attachment loss 
has also been reported in germfree beagle dogs.19,20 Such inflammation is believed 
to be an immune-mediated response caused by exposure of the animals to foreign 
proteins and endotoxins in their sterilized diets.19 Conventional beagles with a 
naturally acquired oral flora, however, develop severe gingival inflammation and 
extensive attachment loss.21–23 Without question, these investigations show that, 
during some circumstances, a limited amount of periodontal destruction can occur 
in the absence of microorganisms. But because this tissue destruction only bears a 
superficial resemblance to that observed in conventional animals and humans with 
periodontitis, such studies do not disprove the hypothesis that bacteria are necessary 
for the development of periodontal disease. 

Periodontal Disease in Monoinfected Gnotobiotic 

Animals 

Gnotobiotic animals are those in which the microbial flora is known (Greek: gnotos, 
"know" + bios, "life"). A germfree animal is gnotobiotic because it is known that no 
microbial flora is present. Germfree animals are rarely screened for the presence of 
viruses and rickettsiae; therefore, strictly speaking, they may not be germfree. 
However, in general, use of the term germfree indicates animals free of bacteria, 
yeasts, fungi, and protozoa. Some, but not all bacteria, when introduced into 
environments of germfree animals, can colonize them. In such cases, the colonized 
animals are also termed gnotobiotic because their flora is known. Monoinfected 
animals are those colonized by a single microbial species or strain. Monoinfected 
animals have been widely used as a model for studying the pathogenic potential of 
certain microorganisms.24 Several strains of bacteria can produce caries, or 
periodontal disease, or both when implanted in gnotobiotic animals. In some cases, 
the clinical characteristics produced by monoinfection of experimental animals 
closely resemble those found in the human disease from which the microorganism 
was obtained. For example, Actinomyces viscosus, a species associated with 
gingival inflammation and root caries in humans, produces these pathologic 
conditions in monoinfected rats.25 

Experiments with monoinfected animals generally support the concept that 
microorganisms can cause periodontal disease. The gnotobiotic animal is, however, 
a somewhat artificial situation.24 In many instances, bacteria that are suspected 
periodontopathogens in humans will not cause disease in gnotobiotic animals 
because of an inability to successfully colonize oral tissues of the animals. 
Conversely, disease production in monoinfected animals may have no direct 



relation to pathologic events occurring in human periodontal tissues. Unlike 
humans, monoinfected animals have no endogenous or normal oral flora to interfere 
with, or enhance, the pathogenic properties of the infecting microorganisms, and 
their immune system has not been conditioned for microbial assaults. Furthermore, 
bone loss in monoinfected animals is frequently localized to areas of hair impaction, 
a situation not found in humans. 

Experimental Periodontal Diseases 

One of the strongest lines of evidence supporting an etiologic role for bacteria in 
human periodontal disease comes from an elegantly simple experimental gingivitis 
model introduced by Löe in 1965. The original studies of experimental gingivitis 
were performed on Danish dental students.26–30 The model has three stages:  

• Preparatory period: Through an intensive plaque control program, 
plaque-free mouths and healthy gingivae are produced in healthy volunteers. 

• Period of no plaque control: The disease-free volunteers cease all efforts 
toward oral cleanliness. As plaque accumulates, the onset and severity of disease 
is monitored. Gingivitis produced during these conditions is termed experimental 
gingivitis. 

• Period of plaque control: Efforts are made to once again remove plaque. 
The influence of plaque removal on the experimental gingivitis is monitored. 

This model has been used to study the sequential changes in the microbial flora of 
developing plaque and the relation of these changes to the time required for the 
onset of gingivitis. It was clearly shown that gingivitis could be experimentally 
produced in humans by deliberately allowing plaque to accumulate, and reversal of 
experimental gingivitis could be accomplished by plaque control procedures. The 
major findings of these studies were:  

• The time necessary for the development of clinically detectable marginal 
gingivitis varied from 10 to 21 days.26,27 

• With the reinstitution of oral hygiene procedures experimental gingival 
inflammation resolved in about 1 week.26,27 

• As dental plaque from the gingival margin matured, its composition 
changed from a predominantly gram-positive flora (90% to 100%) to one rich in 
gram-negative forms (40% to 50%) (Table 4-1).27 

• The appearance of the gram-negative flora preceded the onset of clinically 
detectable gingivitis by about 3 to 10 days.27 

• Despite the use of antibiotics to selectively suppress portions of the plaque 
flora, gingival inflammation still developed, albeit at a slower rate.28,29 



TABLE 4-1  Summary of Bacteriological Data from the 

Original Experimental Gingivitis Studies 

Data from References 26 and 27. 

Totals are about 40% to 50% G− bacteria. 

 

The bacteriological data from the original experimental gingivitis studies were 
based on microscopic examination of smears and impression preparations of 
supragingival plaque near the gingival margin.26 The impression technique involved 
pressing a thin plastic film against the gingival margin region. Plaque adhering to 
the film was Gram-stained and examined microscopically. These methods provide 
only a rough approximation of the composition of the flora. Therefore, the studies 
were repeated using bacteriological culturing techniques to better analyze the 
microbial composition of developing supragingival plaque associated with 
experimental gingivitis.31,32 The principal findings (Table 4-2) from this series of 
studies were:  

• The flora was predominantly gram-positive at all time periods (0, 1, 2, and 
3 weeks) 

• A. viscosus (G+ filament) was significantly associated with the 
development of marginal gingivitis 

• Actinomyces species dominated in the 2- and 3-week-old plaques (i.e., 
40% to 50% of the colony-forming units). 

Results of these cultural studies31,32 differ somewhat from those based on 
examination of crude smears of plaque.26,27 The cultural studies showed no increase 
in the gram-negative flora of developing supragingival plaque, a result that has been 
confirmed by other authors.33,34 However, the overall clinical findings of most 
experimental gingivitis studies are the same. 

Unlike experimental gingivitis studies, for ethical reasons experimental 
periodontitis studies have not been performed in humans. However, data are 
available from studies in animals. In a series of studies, young beagle dogs were 
brought to a state of gingival health through a rigorous plaque control regimen.22,23 
Dogs in one group had their teeth brushed twice daily for 4 years. Another group 
was allowed to form plaque during the same time period. Both groups were 



periodically examined clinically, radiographically, and histologically. At the end of 
4 years animals receiving daily plaque control had no gingival inflammation or 
attachment loss. All of the animals that had been allowed to form plaque had 
extensive gingival inflammation and most of them (i.e., 8 of 10) also had 
attachment loss at the end of the 4-year observation period.23 These important 
studies unequivocally show that, in beagles, experimental gingivitis can progress to 
periodontitis. They further show that the entire series of pathologic events 
associated with periodontitis can be prevented by rigorous plaque control. It is 
likely that similar results would be obtained in humans. Importantly, the finding 
that 2 of the 10 animals in this series of studies had severe gingivitis, but did not 
develop attachment loss, allowed researchers to begin to understand that gingivitis 
does not always lead to periodontitis. 

Therapeutic Effect of Plaque Control on Human 

Periodontitis 

If bacteria are important in the etiology of periodontitis, then periodic plaque 
removal in humans should control and/or prevent the disease. Indeed, longitudinal 
studies of periodontal therapy indicate that this is the case. In the last 35 years 
several important clinical studies have shown that plaque control and maintenance 
are the most important steps in the treatment of periodontitis.35–37 Plaque control is 
the daily mechanical removal of plaque by the patient. Maintenance involves the 
periodic removal of supragingival and subgingival plaque and calculus by a dentist 
or dental hygienist. Plaque control and maintenance can be viewed as mechanical 
forms of antimicrobial therapy.38 That they are effective in the clinical management 
of periodontitis supports the concept that periodontal diseases are of microbial 
origin. 

Further evidence that bacteria cause periodontal diseases comes from numerous 
studies demonstrating the value of antimicrobial chemicals when used as adjuncts to 
mechanical periodontal therapy.39 Antimicrobial agents that have been shown to 
add to the beneficial effects of mechanical periodontal treatment include: antiseptic 
mouthrinses,40 systemically administered antibiotics, 41 and subgingivally applied 
antiseptics and antibiotics.42 For a variety of reasons, none of the antimicrobial 
agents used in periodontal treatment is sufficient when used alone to adequately 
treat periodontal diseases. 

TABLE 4-2  Summary of Bacteriological Data from 

Cultural Studies on Experimental Gingivitis 

Data from References 31 and 32. 

Percentages represent colony-forming units. 



 

Epidemiologic Studies on the Relation Between Oral 

Hygiene and Periodontitis 

Numerous epidemiologic studies have examined the relation between gingivitis or 
periodontitis and such variables as: oral hygiene, age, race, sex, socioeconomic 
factors, education, occupation, tobacco consumption, nutrition, and vitamin 
deficiencies.43–55 In general, there is a strong relation between poor oral hygiene and 
gingivitis. The relation between poor oral hygiene and the risk for development of 
periodontitis is not as strong. Indeed, many studies indicate that there is a poor 
correlation between severe periodontitis and the amount of plaque and calculus.48–54 
The probable reason for this observation is that periodontitis is a multifactorial 
disease that requires the presence of plaque bacteria, a genetically susceptible host, 
and one or more risk factors such as aging or smoking. In other words, because 
some people have substantial amounts of plaque but no major periodontal 
destruction, the statistical relation between plaque and periodontitis is weakened. 
Nevertheless, it is rare to find individuals with periodontitis who also have excellent 
oral hygiene and very little plaque. 

Overall, epidemiologic studies provide considerable support for the hypothesis that 
bacteria are a cause of gingivitis and periodontitis. People with very clean teeth do 
not usually have these diseases. Epidemiologic studies also clearly show that, in 
addition to plaque, there are other equally important risk factors for the 
development of periodontitis. (A detailed discussion of risk factors for periodontal 
diseases appears in Chapter 3.) 

Pathogenic Potential of Plaque Bacteria 

The final line of evidence supporting a role for microorganisms in the pathogenesis 
of periodontitis deals with their potential to directly or indirectly cause tissue 
damage.56–60 Although this potential is immense, it is difficult to pinpoint the exact 
mechanisms by which plaque bacteria damage periodontal tissues because so many 
injurious agents emanate from plaque. 

Whereas frank invasion of gingival tissues does not occur in most cases of 
periodontitis, their products readily enter the gingiva. Entry of these products is 
facilitated by increased permeability of sulcular and pocket epithelia. In addition, in 
cases of periodontitis, microulcerations in the epithelial lining of the pocket wall are 
common. These ulcerations allow microbial products to come into direct contact 
with gingival connective tissue. 



There are numerous ways in which bacterial products from dental plaque might 
theoretically be involved in the development and progression of periodontitis, 
including the following:  

• Direct destruction of periodontal tissues (e.g., by enzymes of microbial 
origin) 

• Activation of endogenous or host-oriented lytic systems (e.g., activation of 
endogenous enzymes, generation of chemotactic factors) 

• Local alterations in tissue integrity (e.g., increased permeability of 
sulcular epithelium) 

• Enhancement or perpetuation of the inflammatory response (e.g., 
generation of chemotactic factors, alterations in vascular permeability, formation 
of antigen-antibody complexes, sensitization of lymphocytes) 

• Inhibition of host-repair processes (e.g., interference with collagen 
synthesis) 

• Local suppression of host defenses (e.g., blockage of the antimicrobial 
responses of neutrophils, production of enzymes that lyse antibacterial 
antibodies). 

"Proof" That Bacteria Cause Periodontal Diseases 

Koch's postulates 

In 1876, Robert Koch presented formal criteria for proving that a specific 
microorganism can cause a given disease.7 These criteria were: (1) the organism 
must be found in lesions of the disease, (2) it must be isolated and grown in pure 
culture on artificial media, (3) inoculation of this culture into experimental 
animals must produce lesions similar to those observed in cases of the disease in 
humans, and (4) the organism must be recovered from the lesions in the 
experimental animals. In the "Golden Age of Medical Microbiology" (1876–
1940) these criteria were valuable in identifying human pathogens. However, in 
some diseases, Koch's postulates cannot be satisfied because some pathogens 
cannot be grown on artificial media and some microorganisms are only 
pathogenic for humans (i.e., are species-specific). 

Alternative criteria 

In 1979, alternative criteria were suggested for establishing an etiologic role of a 
microorganism in periodontal diseases.61 These criteria include:  



1. Association with Disease: The putative pathogen must be at significantly 
greater levels at diseased sites than at healthy sites. This is a slight modification 
of Koch's first postulate. (Weighting Factor = 0.3.) 

2. Elimination of the Organism: If a putative pathogen is eliminated from or 
suppressed in a periodontal lesion by therapy, progression of the lesion should 
be arrested. (Weighting Factor = 0.3.) 

3. Host Response: Compared with host responses against nonpathogens, the 
response to pathogens should be increased or decreased. For example, a 
heightened immune response to an organism in cases of active periodontal 
disease suggests a possible etiologic role for that organism. (Weighting Factor = 
0.2.) 

4. Animal Pathogenicity: If the putative pathogen can colonize the mouths of 
either germfree or conventional animals, it should cause a disease similar to that 
observed in humans from which it was originally isolated (e.g., gingival 
inflammation, bone loss, and others). (Weighting Factor = 0.1.) 

5. Mechanisms of Pathogenicity: The putative pathogen should possess 
characteristics that could allow it to contribute to the pathogenesis of the 
disease. (Weighting Factor = 0.1.) 

Application of these alternative criteria can be useful in objectively evaluating if 
certain components of the periodontal flora play a causative role in the disease. If 
a given microorganism performs well during these criteria, then it is highly 
suggestive that the organism is etiologically important. 

Nonspecific and Specific Plaque Hypotheses 

Two major hypotheses have been proposed to explain the role of bacterial plaque in 
the initiation and progression of periodontal diseases: the nonspecific plaque 
hypothesis and the specific plaque hypothesis. The nonspecific plaque hypothesis 
proposes that with plaque accumulation on tooth surfaces and in the gingival 
crevice, it is not specific bacteria but the entire microbial community, through the 
production of virulence factors, that collectively induce inflammation and the 
subsequent destruction of periodontal tissue.62 Despite the increase in proportions of 
gram-negative anaerobic bacteria at periodontally diseased sites, these same 
microorganisms are also present at healthy sites; thus it is not any specific 
microorganism that is responsible for inducing disease, but a general nonspecific 
increase in the amount of plaque. 

Alternatively, the specific plaque hypothesis states that despite the detection of 
several hundred different species of microorganisms in periodontal pockets, less 
than 20 are routinely found in increased proportions at periodontally diseased sites. 
According to this hypothesis, only certain bacteria whose levels increase during the 
development and progression of periodontal disease are causative.63,64 



Although there is support for both hypotheses, probably neither completely explains 
the role bacteria play in all diseased sites at all times. For example, it is conceivable 
that the levels of one or two specific bacteria may be increased at one site, whereas 
at another site no increases in any specific bacterium is detected. The combined 
effect of slight or nondetectable increases or shifts in the proportions of many 
different bacteria may be enough to initiate disease. Furthermore, the host's immune 
defenses and the local pocket environmental niche may modify the composition of 
the microbial community. Thus the multifactorial nature of periodontal disease 
probably contributes to the validity of both hypotheses depending on the individual 
circumstances. 

Irrespective of which theory applies, our understanding of the microbiology of 
periodontal disease is limited by our inability to completely characterize the 
composition of the subgingival flora. It has been estimated that only 50% of the 
subgingival flora has been identified; the remainder cannot even be cultivated.65 
The use of newer molecular techniques, such as examination of well conserved 16S 
ribosomal RNA gene sequences in the oral flora, has led to the recognition of 
previously undetected microorganisms in subgingival plaque.66–74 The role that 
these uncultivable microorganisms may play in the pathogenesis of periodontal 
diseases remains unknown, largely because of our technologic inability to grow 
them. Clearly, as 16S rRNA gene technology is more widely applied to the 
characterization of the oral flora in health and disease, our current view of the 
nature of the disease-producing microflora will change. 

PERIODONTAL MICROFLORA IN HEALTH AND 

DISEASE 

Although some periodontal infections can be caused by bacteria that are not 
ordinarily residents of the oral cavity (i.e., exogenous bacteria),75,76 most forms of 
gingivitis and periodontitis are caused by members of the normal flora (i.e., 
endogenous bacteria).77 Indeed, most of the putative periodontal pathogens are 
frequently found, albeit in low numbers, in the oral flora of patients without 
periodontitis.78–85 

Microorganisms associated with periodontal diseases have been identified through 
cross-sectional and longitudinal studies in which specific bacteria are detected in 
subgingival plaque samples taken from diseased and nondiseased sites. The presence 
or absence of bacteria or their components has been determined using a variety of 
methodologies, including culture, nucleic acid (DNA, RNA) probes, direct and 
indirect immunofluorescence, 16S rRNA gene sequences, and polymerase chain 
reaction. These methods have different thresholds in their ability to detect specific 
bacteria.86 Although the same species that are believed to cause periodontal diseases 
are also often found at healthy sites, it is differences in the quantities and proportions 
of the bacteria that often determine whether the microorganism is considered a 
pathogen. Interestingly, it has been reported that fewer putative pathogens are found 



in healthy sites of people with no periodontal disease than in healthy sites of 
individuals with chronic periodontitis.85 

Some of the characteristics that determine whether a bacterial species is pathogenic 
are presence at diseased sites, increased levels in these sites, and possession of an 
array of virulence factors (Table 4-3). These virulence factors give the bacteria an 
advantage over the host by helping the bacteria adhere to host tissue, avoiding the 
host's immune defense systems, penetrating into host tissue, or by producing 
compounds that are capable of damaging host tissue or inducing host-mediated 
inflammation. The structure and organization of the plaque biofilm itself also imparts 
virulence to the community of pathogenic microorganisms by enabling bacteria to act 
synergistically to provide nutrients to each other, safely remove waste products, and 
provide physical and chemical barriers to avoid the host immune defenses or 
antimicrobial agents (see Chapter 6). 

TABLE 4-3  Virulence Factors of Bacteria Associated 

With Periodontal Infections 

 

The results of microbiologic studies are greatly influenced by the methods used to 
collect and process plaque samples. The two most common methods for obtaining 
subgingival plaque samples for laboratory analysis are using curettes or endodontic 
paper points. There are often major differences in the microbial profiles of plaque 
samples collected by the two methods. One main reason for the disparate results from 
plaque samples collected by curettes versus paper points is that the two methods 
sample different portions of the biofilm. Paper points primarily harvest bacteria from 
loosely adherent portions of the biofilm, whereas curettes collect bacteria from most 
tooth-associated portions. It is important to remember that bacteria are not evenly 



distributed throughout plaque biofilms and the sampling strategy used will affect the 
outcome of microbiologic analysis of the clinical specimen. In addition, the specific 
laboratory procedures used to process the plaque samples and the laboratories 
themselves can also lead to widely varying results.87,88 

Polymicrobial Nature of Periodontal Infections 

An important characteristic of all periodontal infections is that they are associated 
with, and probably caused by, multiple pathogens. In other words they are mixed 
infections. There are no forms of dental plaque-induced periodontal diseases that 
are caused by a single pathogen. Although certain microbial combinations and 
patterns are frequently associated with a given form of periodontal disease, 
considerable variation in the recoverable subgingival flora is usually encountered. 

An additional complicating factor in the microbiology of periodontal infections is 
the extensive genetic and clonal diversity of each putative periodontal 
pathogen.59,89–96 For example, in one study of 33 clinical isolates of P. gingivalis, 29 
had different DNA fingerprints as assessed with restriction endonuclease analysis.89 
Observations such as this suggest that it would be a mistake to assume that two 
patients harboring P. gingivalis are necessarily infected by identical 
microorganisms. Polymerase chain reaction analyses make it possible to detect 
clonal variations in putative periodontal pathogens and it is clear that enormous 
variations exist.89–96 It has preliminarily been shown that certain clonal types of 
putative periodontal pathogens are more important in the etiology of chronic 
periodontitis than other clonal types.95 

Periodontal Health 

At periodontally healthy sites the microbial load is low with only 102 to 103 bacteria 
typically being isolated from plaque samples in a healthy gingival sulcus.59 
Although extensive variation exists across studies, there is general agreement that 
the cultivable bacteria at healthy sites are mostly gram-positive and belong to the 
Streptococcus and Actinomyces genera (Box 4-1).97–99 In health, approximately 75% 
to 80% of the recoverable microflora is gram-positive with most of the remainder 
belonging to gram-negative species of the Veillonella and Fusobacterium genera. It 
is not surprising that these bacteria are associated with healthy sites because they 
are prominent early colonizers of tooth surfaces and gingival crevices. It should be 
pointed out that an average of approximately 40% to 50% of the subgingival flora at 
healthy sites of people with periodontitis100 and periodontitis-free individuals older 
than age 5598 have been reported to be composed of gram-negative bacteria. It 
should also be emphasized that bacteria associated with periodontal diseases are 
often found in the subgingival microflora at healthy sites, although they are 
normally present in small proportions. Finally, the microflora in health is mostly of 
a nonmotile nature.101 



Gingivitis 

As discussed earlier, studies of changes in the cultivable microflora during the 
development of experimental gingivitis in humans indicate that gram-positive 
bacteria dominated at all time periods.31–34 In general, this finding is also true in 
cases of naturally occurring gingivitis in which the disease may have been present 
for months or even years.102 Studies of naturally occurring gingivitis indicate that, 
compared with periodontally healthy sites, the microbial load at diseased sites is 
greater, with approximately 104 to 106 bacteria being typically isolated from 
subgingival plaque samples.59 In addition to the increased microbial load at sites 
with gingivitis, there is a general shift toward increasing proportions of gram-
negative bacteria (Box 4-1). Compared with healthy sites, noticeable increases also 
occur in the numbers of motile bacteria, including cultivable and uncultivable 
treponemes (spirochetes).102,103 It is not possible to name a specific subset of 
bacteria that cause gingivitis because a very diverse group of microorganisms 
appear to be capable of producing gingival irritation. Nevertheless, there are 
significant differences in the subgingival flora of healthy and gingivitis sites, and 
the bacteria believed to be responsible for periodontitis are already present at sites 
with gingivitis.102 

Box 4-1  Prominent Subgingival Bacteria Found in 

Biofilms at Sites Exhibiting Periodontal Health and 

Naturally Occurring Gingivitis 



 

Chronic Periodontitis 

The microflora of sites displaying the clinical features of chronic periodontitis 
exhibit a spectrum of bacterial species similar to that found in naturally occurring 
gingivitis. However, the proportions of the individual bacteria usually vary between 
the two diseases.102,103 Because it is believed that gingivitis precedes all cases of 



chronic periodontitis, the microflora of the latter represents a further maturation of 
subgingival plaque biofilms. In general, sites with chronic periodontitis will be 
populated with greater proportions of gram-negative organisms and motile bacteria 
(e.g., Treponema denticola and other spirochetes) (Box 4-2). Although gram-
positive bacteria represent a substantial proportion of subgingival biofilms in cases 
of chronic periodontitis, certain gram-negative bacteria with pronounced virulence 
properties have been strongly implicated as etiologic agents (e.g., P. gingivalis and 
Tannerella forsythensis [formerly Bacteroides forsythus]).104 An important feature 
of the microbiology of periodontal infections is that the putative pathogens rarely 
constitute a major component of the entire dental plaque biofilm. Indeed, usually 
the suspected pathogen is less than 5% of the recoverable isolates from the entire 
plaque biomass.103 Coaggregating bacteria such as Actinomyces naeslundii, S. 
sanguis, and Fusobacterium nucleatum are among the most numerous bacteria 
isolated from dental plaque irrespective of disease status.103 

Box 4-2  Prominent Subgingival Bacteria Found in 

Biofilms at Sites with Chronic Periodontitis and 

Bacteria in These Biofilms That Have Been 

Etiologically Linked to Chronic Periodontitis 

 



Coaggregation of bacteria or the cell-to-cell adherence of microorganisms is a basic 
characteristic or feature of dental plaque biofilms. Importantly, coaggregation of 
bacteria in plaque biofilms is not a random occurrence.105,106 It has been determined 
that there are at least six specific microbial groups or complexes within subgingival 
plaque. For purposes of discussion they have been given color designations to 
reflect developmental stages of biofilm formation and the association of certain 
bacterial complexes with periodontal infections. Four groups referred to as the blue, 
yellow, green, and purple complexes are composed of early colonizers of the 
subgingival niche (Table 4-4). Late colonizers associated with climax microbial 
communities of mature subgingival biofilms are called the orange and red 
complexes (Table 4-4). The presence of these complexes emphasizes that bacteria 
do not colonize or proliferate in subgingival sites as isolated species. The 
colonization of gingival crevices by microbial complexes gives the bacteria within 
them an ecological advantage over an isolated bacterial species in the process of 
colonization. It is of interest that some bacteria in four of the six complexes contain 
putative periodontal pathogens (Table 4-4). 

TABLE 4-4  Microbial Complexes of Late and Early 

Colonizers in Subgingival Biofilms Reflecting the 

Nonrandom Associations of Bacteria 

Data from Reference 106. 

G+, Gram-positive; G−, Gram-negative; NA, not applicable. 



 

Localized Aggressive Periodontitis 

Localized aggressive periodontitis (LAP) is the diagnostic term used for periodontal 
diseases that are characterized by severe attachment loss over a short period of time, 
occurring mostly around permanent incisors and first molars in young individuals 
(see Chapter 2). Taken as a whole, the microflora of subgingival biofilms from 
patients with LAP is similar to that of patients with chronic periodontitis.103,107–109 



On a percentage basis, the most numerous isolates are several species from the 
genera Eubacterium, A. naeslundii, F. nucleatum, C. rectus, and Veillonella 
parvula. 103,107 In some populations, a strong case can be made for Actinobacillus 
actinomycetemcomitans playing a causative role in LAP, especially in cases in 
which patients harbor highly leukotoxic strains of the organism.77,104,109–113 
However, some populations of patients with LAP do not harbor A. 
actinomycetemcomitans,114 and in still others P. gingivalis may be etiologically 
more important.104,107,111,115 It should be remembered, however, that all dental 
plaque-induced periodontal diseases are mixed infections and none of them is 
caused by a single pathogen. 

Generalized Aggressive Periodontitis 

Generalized aggressive periodontitis is an unusually severe form of periodontal 
disease that affects young individuals. It differs clinically from LAP in several 
ways, but one of the main differences is that periodontitis develops in many more 
teeth than in cases of LAP (see Chapter 2). The subgingival flora in patients with 
generalized aggressive periodontitis resembles that in other forms of periodontitis in 
that the predominant bacteria in subgingival plaque are Eubacterium species, F. 
nucleatum, A. naeslundii, and Lactobacillus uli.103,116 However, this only holds true 
in situations in which a large portion of the subgingival biofilm is collected with a 
curet.103,116 If the plaque is sampled with sterile paper points, as is commonly done, 
the microflora appears to be dominated by a different spectrum of bacteria.117 For 
example, when collected with paper points the predominant subgingival bacteria in 
patients with generalized aggressive periodontitis are P. gingivalis, T. forsythensis 
[B. forsythus], A. actinomycetemcomitans, and Campylobacter species.117 

Refractory Chronic Periodontitis 

Treatment of chronic periodontitis by conventional methods is usually effective. 
However, in a small subset of patients therapy fails to stop progression of disease 
despite excellent patient compliance. Patients who have unexpectedly not 
responded to therapy are referred to as having refractory periodontitis.118 In fact, 
patients who are given this diagnosis represent a very heterogeneous group 
clinically and microbiologically. The microflora taken from progressing sites in 
some of these patients is unusually diverse and may contain enteric rods, 
staphylococci, and Candida.119–123 In other patients, persistently high levels are 
found of one or more of the following bacteria: P. gingivalis, T. forsythensis [B. 
forsythus], S. intermedius, P. intermedia, Peptostreptococcus micros, and Eikenella 
corrodens.124–128 Persistence of Streptococcus constellatus has also been 
reported.129 From a microbiological point of view it is clear that refractory chronic 
periodontitis is not a single entity. 

Chronic periodontitis patients with refractory disease are candidates for microbial 
testing to identify subgingival bacteria that might be responsible for the continuing 



infection. In such cases, one to two paper points are inserted into representative 
therapy-resistant pockets for approximately 20 seconds, withdrawn, and 
immediately placed in reduced transport fluid, and then sent to a licensed clinical 
laboratory for analysis. Cultivable putative pathogens are identified and their 
sensitivity to various antibiotics determined. Clinicians can use the laboratory report 
as a guide for possible adjunctive antimicrobial therapy in treating the patient's 
refractory periodontitis. Cultural analysis and antibiotic sensitivity testing are not 
done in most cases of chronic periodontitis because the disease usually responds to 
conventional mechanical therapy.130 

Necrotizing Ulcerative Gingivitis/Periodontitis 

Necrotizing ulcerative gingivitis/periodontitis is clinically characterized by painful 
and highly destructive ulcerative lesions in which the protective epithelial barrier 
has been destroyed (see Chapter 2). This breach enhances access of the resident 
microflora to the underlying connective tissues. Invasion up to 250 µm into the 
exposed connective tissue by spirochetes has been demonstrated in cases of 
necrotizing ulcerative gingivitis.131,132 The majority of the spirochetes (treponemes) 
associated with necrotizing ulcerative gingivitis are uncultivable, but it is clear that 
they constitute a very large and diverse group.68,70,133,134 A cultural study of 
subgingival plaque from necrotizing ulcerative gingivitis lesions revealed that on 
average more than 50% of the bacteria were gram-negative, with the most 
frequently encountered groups being P. intermedia, Fusobacterium, and 
Selenomonas species.135 In another study, approximately 78% of the cultivated 
species were gram-negative, most of which could not be identified. More than 50% 
of the isolated species were strict anaerobes with P. gingivalis and F. nucleatum 
accounting for 7.8% and 3.4%, respectively.136 

The microbiology of necrotizing ulcerative periodontitis (NUP) has not been 
studied in medically healthy individuals because of difficulties in assembling a 
large enough population. However, the microbial profiles of NUP-like lesions from 
immunosuppressed HIV-infected patients have been preliminarily examined. In one 
group of HIV-positive patients with NUP, analysis of subgingival plaque samples 
using 16S rRNA gene techniques revealed 108 distinct species of bacteria, 65 of 
which were uncultivable, and 26 were novel to NUP. In addition, in the cases of 
NUP-like lesions studied, the classical periodontal pathogens such as T. forsythensis 
and P. gingivalis were not detected.72 

Periodontal Abscesses 

The microflora associated with periodontal abscesses has not been extensively 
studied. However, as might be expected, because periodontal abscesses develop in 
the soft tissue walls of periodontal pockets, the bacteria isolated from abscesses are 
similar to those associated with chronic and aggressive forms of periodontitis. An 
average of approximately 70% of the cultivable flora in exudates from periodontal 



abscesses are gram-negative and about 50% are anaerobic rods.137 Analysis of 
microbial samples collected by placing paper points into pockets with periodontal 
abscesses revealed a high prevalence of the following putative pathogens: F. 
nucleatum (70.8%), P. micros (70.6%), P. intermedia (62.5%), P. gingivalis 
(50.0%), and T. forsythensis (47.1%). At positive sites, proportions of these bacteria 
as a percentage of the total flora were 13.6% P. gingivalis, 9.3% P. micros, 8.5% P. 
intermedia, 3.6% T. forsythensis, and 2.6% F. nucleatum.138 Similar results have 
been found by others.139–141 Enteric bacteria, coagulase-negative staphylococci, and 
Candida albicans have also been detected in patients with development of 
periodontal abscesses after taking antibiotics for medical reasons.120 This latter 
observation suggests that the microflora associated with periodontal abscesses can 
be highly variable. 
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5  Immunoinflammatory Response in Periodontal 

Diseases 

Randal W. Rowland 

HISTORICAL PERSPECTIVE 

During the past two decades, extraordinary advances have been made in 
understanding the etiologic mechanisms and pathogenesis of infectious diseases. As a 
result, the role of the immunoinflammatory response in periodontal diseases has 
become clearer. The tissue destruction found in periodontal disease results, for the 
most part, from the actions of the immune system and related effector mechanisms.1–7 
Microorganisms, especially bacteria in dental plaque, cause periodontal diseases. 
Although these microorganisms produce enzymes and other factors that can directly 
cause degradation of periodontal tissues, the progression and severity of tissue 
destruction are mostly caused by host immune responses to infecting bacteria. This 
concept was not always thought to be the case. The development of this tenet has 
been a dramatic, albeit slow, evolution in the understanding of the pathogenesis of 
periodontal diseases. 

Figure 5-1.   



 



A, The healthy periodontium. The apical termination of the junctional epithelium 
(JE) is at the cementoenamel junction (CEJ). There are very few, if any, 
inflammatory cells in the gingival connective tissue underlying the JE. B, Healthy 
dentogingival junction of a monkey (Macaca mulatta). Original magnification 
approximately × 16. C, Healthy dentogingival junction of a beagle dog. Note the 
absence of inflammatory cells adjacent to the JE. Original magnification 
approximately × 25. D, dentin; E, enamel; GCT, gingival connective tissue; OE, 
oral epithelium. (A, Redrawn from Armitage GC: Biologic basis of periodontal 
maintenance therapy, Berkeley, 1980, Praxis Publishing; B and C, courtesy of Dr. 
G.C. Armitage). 

Historically, the understanding of the pathogenesis of periodontal diseases began with 
histologic evaluations of periodontal clinical presentations. The transition from health 
(Fig. 5-1) to gingivitis was described as the development of an inflammatory state 
exhibiting polymorphonuclear leukocytes (PMNs) in close approximation to the 
dental plaque and sulcular epithelium with lymphocytes in the lamina propria. A 
limited destruction of the collagen fiber network was also noted. Histologic 
evaluation of specimens from experimental gingivitis and chronic periodontitis 
provided considerable insight into the immunopathogenic processes involved in 
periodontal diseases.8,9 Gingivitis lesions were classified as initial, early, or 
established lesions based on their histology. The initial lesion was found to exhibit 
signs of acute inflammation with vascular changes such as vessel dilation, increased 
intercellular spacing, and high numbers of PMNs. The early lesion contained 
increased numbers of lymphocytes, especially thymus-derived lymphocytes known as 
T lymphocytes or T cells. The established lesion contained increased numbers of 
lymphocytic cells derived from the bone marrow known as B lymphocytes or B cells 
and plasma cells that differentiate to produce immunoglobulins, also known as 
antibodies (Fig. 5-2). An increasing degradation of collagen was noted from the initial 
to the early to the established lesion. As the disease progressed to periodontitis, it 
exhibited destruction of the periodontal fiber network and supporting bone with an 
apical migration of the junctional epithelium and a marked inflammatory infiltrate 
(Fig. 5-3). This infiltrate included numerous immune cells, lymphocytes, 
macrophages, and PMNs, with plasma cells predominating.10,11 

Subsequent to these early studies, two developments emerged that complicated this 
model of periodontal pathogenesis. First was a paradigm shift from the assumption 
that all humans were equally susceptible to periodontitis to the awareness of 
individual differences in susceptibility (see Chapters 3 and 4).12 Second, and perhaps 
more important to our understanding of periodontitis, a shift occurred in infectious 
disease pathology in general. It began to emerge that immune mechanisms rather than 
infecting agents played a dominant role in the tissue destruction associated with 
infectious diseases. In part, this was driven by observations that the histologic 
presentations of some autoimmune diseases were similar to the histologic 
presentation of some infectious diseases. It was not long before it was noted that the 
histologic appearance of periodontal diseases also resembled some of these diseases 
with immunologic mechanisms of tissue destruction.13,14 Since these early 



observations, numerous studies have evaluated the involvement of immune 
phenomena in the pathogenesis of periodontal diseases. 

Many of the initial studies investigated the possibilities of tissue damage resulting 
from autoimmune or hypersensitivity types of immune reactions.1,15,16 Such 
immunologic phenomena are commonly known as allergic reactions. There are four 
basic types of hypersensitivity—three are classified as immediate types and one as a 
delayed type of hypersensitivity. The immediate hypersensitivities are antibody-
dependent, whereas the delayed is a cell-mediated-dependent immune response. The 
initial studies of hypersensitivity reactions and their historical relation to the 
pathogenesis of periodontal diseases have been reviewed.1 These studies were before 
the advent of current molecular biology with techniques such as polymerase chain 
reaction or molecular identifiers such as cell surface markers. With our current 
understanding of immune responses it is unlikely that hypersensitivity type reactions 
play an important role in the immunopathogenesis of periodontal diseases. However, 
these studies, along with histologic evaluations, provided the initial foundation for 
our current body of knowledge. Given this historical perspective, let's now look at our 
current understanding of the functions of immune cells and components of the host 
response and their involvement in the immunopathogenesis of periodontal diseases. 

Figure 5-2.   



 



A, Schematic drawing of gingivitis. The apical termination of the junctional 
epithelium (JE) is at the cementoenamel junction (CEJ). The gingival sulcus has 
deepened and much of the JE has been transformed into pocket epithelium (PE). 
The gingival connective tissue (IGCT) near the PE is heavily infiltrated with 
inflammatory cells (i.e., T lymphocytes, some plasma cells and neutrophils). 
Proliferation of the PE into the inflamed CT is a prominent feature. No apical 
migration of the JE or resorption of alveolar bone (AB) has occurred. B, 
Dentogingival junction of a beagle dog with gingivitis. Note the proliferation of 
the PE into the underlying inflamed gingival connective tissue (IGCT). Original 
magnification approximately × 16. C, Inflammatory infiltrate from a human 
gingival biopsy specimen taken from a site with gingivitis. Note the numerous 
neutrophils in the blood vessel (arrows). The inflammatory cells in the 
surrounding area are primarily T lymphocytes with a lesser number of plasma 
cells. Most of the gingival connective tissue has been destroyed and replaced by 
the inflammatory infiltrate. Original magnification approximately × 40. D, dentin; 
E, enamel; OE, oral epithelium; PDL, periodontal ligament. (A, Redrawn from 
Armitage GC: Biologic basis of periodontal maintenance therapy, Berkeley, 1980, 
Praxis Publishing; C, courtesy of Dr. G.C. Armitage). 

FUNCTIONS OF INNATE IMMUNITY AND 

PERIODONTAL DISEASES 

Soluble Factors, Polymorphonuclear Leukocytes, 

Monocytes/Macrophages, Modifying Factors 

Innate immunity provides the body's natural resistance to infection. Innate 
immunity as its name implies is intrinsic and therefore immediate, reacting on 
recognition of foreign or nonself elements. Various factors and cells make up the 
innate immune system. Soluble factors, such as those found circulating in plasma, 
function in the innate immune system.17 They include complement, acute-phase 
proteins, and interferons. These soluble factors have a wide range of activity. 
Basically, complement and acute-phase proteins function intrinsically against 
bacteria and fungi, whereas interferons defend against viral infections.18 
Concentrations of these soluble factors may increase up to 100-fold during 
infections. This increase is associated with inflammation, which is characterized by 
increased blood flow caused by vessel dilation and increased vascular permeability, 
which allows transport of factors and cells between the endothelial cells lining 
blood vessels.17–19 

Complement is an aggregate system composed of serum proteins that function 
primarily to control inflammation. Inflammation is controlled by complement 
through the activation of immune cells, clearance of microorganisms, and an 
enhanced development of immunity. The proteins of complement interact with each 
other in a sequential fashion during a process known as complement activation. 



Activation occurs through two basic processes. There is a specific activation in 
response to antibodies, which is known as the classical pathway. There is also a 
nonspecific activation known as the alternative pathway, which occurs in response 
to microbial infection. Complement activation results in production of various 
peptides that have antibacterial and immunomodulating properties. Three 
antibacterial actions of complement have been well elucidated. First, some of the 
complement system proteins have the intrinsic ability to lyse bacterial cell 
membranes resulting in bacterial death. These components form what has been 
known as membrane attack complexes that bind to cell membranes resulting in 
lysis. Second, some complement system proteins act as chemoattractants for 
phagocytic cells resulting in the migration of phagocytic cells to the site of injury or 
infection. These components also result in dilation of blood vessels and increase 
vascular permeability. Together these properties result in the localization of 
immune cells to the area of infection. Third, complement opsonizes, or coats 
bacteria, thus enhancing the phagocytosis and removal of bacteria by phagocytic 
cells.18,19 

Figure 5-3.   

 

A, Periodontitis. Major features include apical migration of the junctional 
epithelium (JE) onto the root surface, bone loss, and recession of the gingival 



margin. The inflamed gingival connective tissue (IGCT) adjacent to the pocket 
epithelium (PE) is heavily infiltrated with inflammatory cells of which plasma 
cells are a prominent component. B, Human autopsy specimen of the 
dentogingival junction showing the histopathologic features of an infrabony 
lesion caused by chronic periodontitis. The JE has been converted to an 
ulcerated PE that is located on the root surface apical to the crest of the alveolar 
bone (AB). The connective tissue (IGCT) underlying the PE has been replaced 
with a heavy inflammatory infiltrate. Original magnification approximately × 
16. C, Inflammatory infiltrate in chronic periodontitis from a human gingival 
autopsy specimen. The inflammatory infiltrate is richly populated with plasma 
cells; some lymphocytes are also present. Most of the surrounding connective 
tissue has been destroyed and replaced by the inflammatory infiltrate. Original 
magnification approximately × 40. C, Cementum; D, dentin. (A, Redrawn from 
Armitage GC: Biologic basis of periodontal maintenance therapy, Berkeley, 
1980, Praxis Publishing; B and C, courtesy of Dr. G.C. Armitage). 

Given the actions of complement it is not surprising that many have sought to 
define the role of complement in periodontal diseases. Early studies of patients 
exhibiting periodontal diseases found activation of the complement system by 
periodontal bacteria and bacterial degradation of complement components.20–26 
More recent studies have focused on the potential role of complement components 
in specific periodontal diseases, sometimes investigating specific putative 
pathogenic bacteria.27–31 The complement system appears to be down-regulated in 
patients with periodontal diseases. The decrease in complement function results 
from both bacterial and host actions and may increase the susceptibility of the host 
to periodontal disease. 

Acute-phase proteins include: α2-macroglobulin (α2-M), α1-antitrypsin (α1-AT), 
iron-binding proteins transferrin (TF) and lactoferrin (LF), serum amyloid A 
(SAA), ceruloplasmin, α1-acid-glycoprotein (AAG), α1-antichy-motrypsin (ACT), 
and C-reactive protein (CRP).17,18 The highly investigated CRP typifies acute-phase 
proteins. It is named for its ability to bind the C protein of Streptococcus 
pneumoniae. CRP opsonizes bacteria, which facilitates the binding of complement 
and makes the bacteria more easily phagocytized. It has been long known that 
acute-phase proteins are often increased with periodontal diseases. Early studies 
indicated that the increase of CRP may be associated with either periodontal disease 
activity or untreated periodontal disease.32–36 

Increased CRP level has been indicated as a risk factor for atherosclerosis, which 
results in cardiovascular and cerebrovascular disease (i.e., myocardial infarctions 
and stroke).37–39 These findings have led to speculations of a possible relation 
between the immunopathogenesis of periodontal disease and atherosclerotic 
diseases (see Chapter 32).40,41 Recent studies have found a moderate to strong 
association of the acute-phase protein response to periodontal diseases and the 
systemic diseases of atherosclerosis.42–46 



Leukocytes, also known as white blood cells, are distributed throughout the body. 
Some function as the first line of defense against infectious agents. The 
granulocytic phagocytic leukocytes (PMNs, or neutrophils) have the primary 
function to remove infecting agents. Other phagocytic leukocytes such as 
macrophages function to remove agents as well but also have other important 
functions. Neutrophils and macrophages act against bacterial and fungal infections. 

On the basis of observations of diseases with neutrophil defects, a paradigm 
developed in which the neutrophil is considered protective and neutrophil 
abnormalities, for example, in numbers, function, or both, predispose humans to 
severe periodontal diseases. Neutrophil abnormalities associated with the 
pathogenesis of periodontal diseases include neutropenias, chemotaxis disorders, 
reduced intracellular killing, defective degranulation, and defective adherence. 
Systemic diseases that have such neutrophil disorders and express a heightened risk 
for periodontal disease include Down syndrome, Chédiak-Higashi syndrome, 
Papillon-Lefèvre syndrome, Job syndrome, and diabetes47–50 (see Chapter 31). 
Historically, neutrophils and macrophages have been considered the part of the 
innate system of immunity that keeps gingivitis from progressing to periodontitis. 
Neutrophils are the first to arrive to an area of infection. They engulf and kill 
infecting agents. They also contain hydrolytic enzymes (e.g., collagenase and other 
proteinases) that are released into the surrounding area and cause local tissue 
damage. Repair, as with any wound area, begins as resolution of the inflammation 
occurs. Recently, there has been a suggested paradigm shift in the role of the 
neutrophil in the pathogenesis of periodontal disease.51,52 Rather than a protective 
role, it is proposed that neutrophil actions result in local tissue injury and thus have 
a primary role in the immunopathogenesis of at least some forms of periodontal 
disease. The basic paradigm shift is that in some cases, PMNs do not exhibit a 
decrease in function, but rather they become hyperactive and are primed for actions 
that result in tissue break-down.52 The possibility of neutrophil-mediated tissue 
damage in the periodontal lesion, however, is not a new concept.53,54 Further 
understanding of the dual role of neutrophils is an exciting and developing area. 

Monocytes, another phagocytic cell, are thought to also play an important role in 
the immunopathogenesis of periodontal diseases. They are attracted to an area of 
infection and differentiate into macrophages. They appear after neutrophils and 
digest dying neutrophils and phagocytize remaining infecting agents. Some appear 
to be primarily phagocytic (i.e., function to resolve inflammation), whereas some 
function as antigen-processing cells. Antigen-processing cells engulf infecting 
agents (e.g., bacteria or bacterial components), process these particles, and present 
them to lymphocytes. This results in lymphocyte activation and the generation of 
adaptive immunity. Macrophages also have a dual role similar to the neutrophil in 
that once activated not only do they protect the host, they also produce substances 
that are involved in perpetuation of inflammation and result in tissue destruction. 
These substances are known as cytokines, that is, cell proteins (see discussion later 
in this chapter). It is evident that if the initial infection of plaque bacteria is to be 
contained and not progress to periodontitis, macrophages and neutrophils will play 
an important role in the abrogation of the infection. Conversely, it is also apparent 



that if the initial infection is not contained and progresses to periodontitis, 
macrophages and neutrophils do play an important role in the progression of the 
disease. 

Intrinsic protective properties inhibiting initiation and progression of periodontal 
diseases include the nonspecific activity of innate immunity and other inherent 
factors. These other components of important protective mechanisms include the 
mechanical barrier of the epithelium, nonspecific immunoglobulins such as IgA, the 
washing action of gingival crevicular fluid, and the rapid turnover of periodontal 
soft tissues.55 Conversely, there are negative modifying factors that enhance the 
initiation and progression of periodontal diseases. These negative modifiers include 
tobacco smoking, diabetes, subgingival or overhanging restorations, psychological 
stress, and others.56–61 

FUNCTIONS OF ADAPTIVE IMMUNITY IN 

PERIODONTAL DISEASES 

T Lymphocytes, B Lymphocytes/Plasma Cells, and 

Macrophages 

The mechanisms of innate and adaptive immunity are extensive, overlapping, and 
redundant. Their roles in the immunopathogenesis of periodontal diseases have 
been recently reviewed.6,7 If the functions of innate immunity, including the actions 
of neutrophils and macrophages, clear the infection then the gingival infection does 
not progress. If they do not abate the initial infection, an inflammatory infiltrate 
becomes localized to the connective tissue of the affected area. This infiltrate is 
composed mainly of lymphocytes and macrophages, with some neutrophils, and 
reflects an adaptive immune response (see Fig. 5-2). Lymphocytes, macrophages, 
and other immune cells produce cytokines that drive the immune response to clear 
the infection. Cytokines are intercellular signals that function to regulate cellular 
activity, in this case immune function.62 Interleukins are a subgroup of cytokines 
that primarily function as intercellular signaling agents between white blood cells. 
Perhaps the most studied of these substances is interleukin-1 (IL-1). IL-1 was first 
discovered by a periodontist and named osteoclast-activating factor because of its 
properties in bone cell cultures.63 Since that nascent report, IL-1 has been 
established as a primary factor associated with the pathogenesis of periodontal 
diseases.1,2,4–6 IL-1 has been localized in gingival fluid and gingival tissues.64–67 IL-
1 stimulates production of other substances, which result in the destruction of 
periodontal tissues, for example, collagenases and prostaglandin E2.

1,2,68–70 
Macrophages are the major producers of IL-1, and thus were suspected early of 
playing a primary role in the production of IL-1 and periodontal pathogenesis. 
Some studies support this concept;70,71 other studies do not.72,73 How this adaptive 
inflammatory response protects the host from infecting microorganisms is complex. 
The early inflammatory infiltrate is dominated by lymphocytes. These lymphocytes 



are predominately thymus-derived lymphocytes or T cells.74–77 Surface markers or 
antigenic conformations, using surface structures known as cluster determinants 
(CD), help identify immune cells. T cells have two basic subpopulations: CD4 or 
helper T cells, and CD8, which are suppressor/cytotoxic T cells. CD4 T cells are 
further divided into two subsets—Th1 and Th2 —based on function. The Th1 
subset produces cytokines (e.g., IL-2, interferon-γ which result in a cell-mediated 
immune response—that is, a T cell-dominated lesion, while the Th2 subset of CD4 
T cells produces cytokines (e.g., IL-4, -5, and -10) that drive an antibody (humoral) 
immune response, which results in a B cell/plasma cell-dominated lesion. IL-6 
produced by lymphocytes and other cells such as macrophages and epithelial cells 
also plays an important role in the development of a plasma cell-dominated 
infiltrate. Cytokines and molecules associated with immunopathogenic tissue 
destruction are presented in Table 5-1. CD8 T cells down-regulate the immune 
response (suppressor activities) or result in the killing of viral-infected cells and 
cancer cells (cytotoxic activities). Their role in the immunopathogenesis of 
periodontal disease appears to be a dampening effect of the CD4 T cell responses. T 
cells also have sub-sets based on prior exposure to infectious agents. Those that 
have not had prior exposure are termed naïve T cells and are positive for the cell 
surface marker CD45-RA. Those that have had prior exposure are termed memory T 
cells and are positive for CD45-RO. Memory T cells are considered "primed," 
which implies a faster response to an infecting agent on subsequent exposures. 

Studies of lymphocyte function and phenotypic profiles are dependent on correct 
disease classification and identification of disease status, that is, active or quiescent. 
Past studies have used peripheral blood lymphocytes, because they are easily 
accessible through venipuncture. This should not present a problem if these studies 
are performed during periods of disease activity, because there is "communication" 
between the local environment and the periphery during active disease. Current 
studies often use histolocalization techniques or recovery of immune cells from 
periodontal tissues that underwent a biopsy. Phenotypic and functional 
characterization of immune cells associated with forms of periodontal disease have 
resulted in varying findings. These variations may be caused by a misclassification 
of the periodontal disease, or perhaps also confounded by degree of disease activity. 
However, even with these shortcomings assumptions can be made. For example, T 
cells associated with gingivitis in both adults and children are predominately CD4 T 
cells.76,77 Interestingly, CD4 T cells are also predominant in necrotizing ulcerative 
gingivitis.78 The inflammatory infiltrate undergoes a phenotypic change with bone 
marrow-derived lymphocytes or B cells predominating at the expense of T cells 
when gingivitis progresses to a periodontitis (see Fig. 5-3).74,75 In addition, there is 
a decreased CD4/CD8 ratio79–83 and an increase in memory T cells (CD45RO)84–86 
after this conversion to a periodontitis lesion. 

TABLE 5-1  Selected Cytokines and Effector Molecules 

Associated With Periodontal Tissue Destruction 



IFN-γ, Interferon-gamma; IL, interleukin; MMP, matrix metalloproteinase; 
PGE2, prostaglandin E2; PMN, polymorphonuclear leukocyte (neutrophil); Th1, 
helper T cell 1; Th2, helper T cell 2; TNF-α, tumor necrosis factor-α. 

 

B cells mature and differentiate into plasma cells, which ultimately produce 
antibodies. If these antibodies are protective, then the infecting organisms are 
cleared and the infection is abrogated.6,7 If they fail to protect, the inflammation 
continues and there is a concomitant increase in loss of periodontal tissue, that is, an 
advancing lesion of periodontitis. A recent study supports this principle. Antibody 
response to 40 periodontal bacteria was deter-mined for individuals exhibiting 
health, gingivitis, or initial periodontitis. No differences in antibody response to the 
40 bacterial species were found between the groups.87 Reports on the nature of the 
antibody response to periodontal pathogens are diverse.88–95 As with lymphocyte 
function and phenotype studies, the correct classification of periodontal disease and 
identification of disease activity are paramount in the design of antibody response 
studies. Additional complications include the selection of appropriate antigens such 
as bacterial cells, sonicates, or specific bacterial components. Given these 
difficulties, interpretation and application of data from antibody studies may require 
careful attention. 

Early studies comparing disease and nondisease states often turned to statistical 
significance when comparing antibody response. Since the early 1990s, many 
researchers have relied on a predetermined definition of positive antibody response. 
A common definition of positive antibody response is a level at least twice the 
median response of the control group.90–92 This is a prudent development because 
suspected periodontal pathogens are members of the normal oral flora and they may 
generate an immune response without disease. Some pathogens also have cross 
antigenicity with common gut flora. Therefore, it is appropriate to use a threshold 
such as twice the control group's median value to identify a positive antibody 



response. By doing so, the background noise of normal antigenic sensitization is 
eliminated or at least reduced as a confounding factor. 

Despite these difficulties in assessing antibody responses, the following 
generalizations can be made. A strong antibody response to purported periodontal 
pathogens is often noted in periodontal diseases.1,6,7 Antibody titers and disease 
severity commonly express a positive relationship—that is, patients with higher 
titers have severe disease, especially in patients with chronic periodontitis or 
localized aggressive periodontitis.1,6,7 Furthermore, these antibody titers decrease 
after resolution of periodontal disease.90,93,94 However, sometimes the antibody 
response is inadequate either in level (quantitative measure of antibody titer) or 
avidity (qualitative measure of antibody function). For example, generalized 
aggressive periodontitis, which exhibits an extremely severe level of clinical 
disease, is often associated with a low antibody response.27,92,93 In addition, 
necrotizing ulcerative gingivitis, in which the clinical disease is severe but limited 
to the gingiva with little osseous involvement, is also associated with a decreased 
antibody response.95 

An adequate host-antibody response is necessary for disease resolution; therefore, 
antibodies are, for the most part, protective. The limitation of periodontal 
destruction seen in localized aggressive periodontitis may be due in part to the 
strong antibody response.1 

In some cases of chronic periodontitis that have been refractory (i.e., does not 
respond) to therapy, an inadequate antibody response has been reported.89,96 In a 
well controlled study of 32 refractory chronic periodontitis patients, antibody 
responses to 85 subgingival bacterial species were measured. Although there was a 
wide range of responses, the mean levels were generally greater than those found in 
successfully treated or periodontally healthy individuals. In addition, high levels of 
serum antibodies to specific bacteria (e.g., a Microbacterium lacticum-like 
organism, Streptococcus oralis, Streptococcus constellatus, Actinobacillus 
actinomycetemcomitans serotype c, and Haemophilus aphrophilus) increased the 
chances of an individual being refractory to therapy.97 

Taken together it can be argued that specific antibody production results in 
protection for many patients, but in highly susceptible individuals (e.g., those with 
generalized aggressive periodontitis) the antibodies produced fail to offer the 
protection needed for resolution of the infection.7 

Figure 5-4.   



 

A model of periodontal immunopathogenesis. Both innate and adaptive immune 
responses may promote the immunopathogenic progression or result in disease 
abrogation. Which path is followed depends on environmental (e.g., smoking) 
or systemic factors (e.g., genetic bias, presence of certain systemic diseases, 
stress, and others), or both. 

A MODEL FOR THE PROTECTIVE AND DESTRUCTIVE 

MECHANISMS INVOLVED IN IMMUNOPATHOGENESIS 

OF PERIODONTAL DISEASES 

Interplay of Microbial, Genetic, and Environmental 

Factors 



Immunology research over the last decade has provided an explosion of knowledge 
in the way that host response inter-twines with infectious diseases. Yet many 
controversies still exist. Models for the immunopathogenic mechanisms of 
periodontal diseases have been proposed that perhaps reflect the authors' 
preferences.3,6,7 Given the complexity and redundancy of the immune system it may 
not be possible to presently do otherwise. Although neutrophils have usually been 
considered protective, some evidence suggests that they are damaging. A T cell-
dominated lesion is associated with a nonprogressing lesion, and a Th1 response in 
particular is reported to be protective by some. However, this response has been 
considered to be damaging by others. Antibodies are generally considered 
protective, but a plasma cell-dominated lesion is associated with progression of 
pathogenesis. Is it possible to use this information and attempt to construct a logical 
model for the immunopathogenesis of periodontal diseases without bias (Fig. 5-4)? 

The immunopathogenic mechanisms involved in a disease process are both 
intriguing and frustrating. Periodontal diseases are a unique group. For the most 
part, they have a mixed-anaerobic bacterial primary etiology composed of 
indigenous microflora. The immune response to this infection is extremely 
complex. Both protective and damaging, the immune response is modified by 
systemic and local factors such as smoking, genetics, presence of certain systemic 
diseases, and iatrogenic factors. Our understanding of these processes has greatly 
progressed.98 As it continues to evolve, we can expect more opportunities to 
modulate the host response in our therapeutic approaches and thus better control the 
deleterious actions of the immune response while selecting for those responses that 
are protective.99–101 Current modulators of the immune response include low dose 
doxycline (Periostat [Collagenex Pharmaceuticals, Newtown, PA]), antiosteoporotic 
bisphosphonates such as alendronate (Fosamax [Merck Co. Inc, Whitehouse 
Station, NJ]), nonsteroidal antiinflammatory agents, and hormone replacement 
therapy. These agents may one day represent the evolutionary beginnings of host 
modulation therapy. 
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CLINICAL FEATURES 

Dental plaques are complex microbial communities that form on virtually all surfaces 
of the teeth exposed to the bacteria-laden fluids of the mouth. Dental plaques are of 



considerable clinical importance because they are the primary etiologic agents in the 
development of dental caries1,2 and periodontal diseases.3,4 

Supragingival and Subgingival Plaques 

The eruption of teeth into the mouth of an edentulous infant results in the 
appearance of two unique ecosystems of the oral cavity: portions of the teeth 
exposed to the supragingival environment and portions exposed to the subgingival 
environment of the gingival crevice. Supragingival plaque can be defined as the 
community of microorganisms that develops on tooth surfaces coronal to the 
gingival margin. Important ecologic determinants in the supragingival environment 
that have major effects on the development of supragingival plaque are the many 
components of whole saliva and all of the dynamic variables associated with the 
dietary intake of foods and liquids. Subgingival plaque can be defined as the 
community of microorganisms that develops on tooth surfaces apical to the gingival 
margin. Before the development of gingivitis, the dimensions of the subgingival 
ecosystem are quite small because the gingival crevice may only be a few 
millimeters deep. With the onset of gingivitis and its progression to periodontitis, 
there is a considerable growth in size of the subgingival compartment. Important 
ecologic determinants in the subgingival environment that have major effects on the 
development of subgingival plaque are the many components of gingival crevicular 
fluid (GCF; e.g., antibodies, complement, serum proteins, neutrophils) that 
accumulate in the subgingival area as a manifestation of the host's response to the 
presence of bacteria. In both the supragingival and subgingival environments 
interactions and competition among different species of bacteria also have a 
profound effect on the microbial composition of dental plaque. 

Figure 6-1.   

 

Thin supragingival dental plaque of a 32-year-old man who had not brushed his 
teeth for 7 days. A, Unstained plaque is not readily apparent. B, Extent of the 
plaque becomes apparent when stained with a disclosing solution (i.e., 
erythrosine dye [FD & C red no. 3]). 



The clinical appearance of supragingival plaque is highly variable. It can appear as 
a nearly invisible thin film on the tooth surface (Fig. 6-1) to thick mats of material 
that completely obscure the tooth surface and cover the gingival margin (Fig. 6-2). 
Most of the plaque mass is composed of a myriad of microbial clusters surrounded 
by an adherent matrix of polysaccharides and glycoproteins produced by bacteria 
within the plaque (Fig. 6-3 and Fig. 6-4). Dental plaque is not easily dislodged with 
a water spray or vigorous rinsing. In some patients with particularly poor oral 
hygiene, an amorphous material composed of bacteria, food particles, debris from 
desquamated epithelial cells, and neutrophils collects on the surface of 
supragingival plaque. This loosely adherent debris is sometimes called materia alba 
and can usually be washed away by vigorously rinsing or flushing the area with 
water. The underlying dental plaque, however, remains in place. 

Subgingival dental plaque is difficult to visualize in clinical situations because it is 
hidden from view within the gingival crevice or periodontal pocket. However, in 
many cases, it is visible to the unaided eye on extracted teeth. As is the case with 
supragingival plaque, electron microscopic examination of subgingival plaque 
clearly shows that it is composed of highly organized masses of bacteria. Many 
different morphotypes of bacteria are present in subgingival plaque at sites with 
chronic periodontitis. 

Figure 6-2.   

 

Thick supragingival plaque in a 28-year-old man who did not practice oral 
hygiene procedures at all over several years. 

Figure 6-3.   



 

Supragingival plaque on the enamel of a tooth with chronic periodontitis. At this 
site there was a dense, predominantly filamentous bacterial mass adherent to the 
enamel. E, Enamel space. Original magnification × 850. (Modified from 
Listgarten M: Structure of the microbial flora associated with periodontal 
health and disease in man. A light and electron microscopic study, J 
Periodontol 47:1–18, 1976.) 

DENTAL PLAQUES AS BIOFILMS ON THE TEETH 

Biofilms are natural communal aggregations of microorganisms that may form on a 
wide range of surfaces. They can develop at air-liquid interfaces such as plankton on 
the sea surface or on algae scum on a mill pond. There are also many liquid-solid 
surface biofilms such as slimes on rocks in creeks and microbial communities that 
cause fouling of dental unit waterlines. Supragingival and subgingival dental plaques 
are classic examples of liquid-solid surface biofilms.5 Other microbial biofilms of 
medical importance include those that form on mucous membranes, external surfaces 
of the eye, artificial heart valves, contaminated prosthetic joints, arteriovenous shunts, 
endotracheal tubes, dental implants, and indwelling catheters. In addition, biofilms 
are involved in persistent infections of bone (e.g., osteomyelitis), the biliary tract, 
prostate (e.g., bacterial prostatitis), and lungs (e.g., cystic fibrosis pneumonia).6 

Figure 6-4.   



 

Electron micrograph of supragingival plaque showing bacteria and their 
surrounding polysaccharide and glycoprotein matrix. Original magnification 
×13,750. 

Features of Biofilms 

Biofilms have several interesting features that serve to protect and enhance the 
nutritional opportunities for the bacteria that reside within them. Biofilms offer 
protection for resident bacteria by giving them a competitive advantage over free-
floating (planktonic) bacteria (Fig. 6-5). Microorganisms of biofilms produce a 
matrix called the glycocalyx that encloses the microbial community and protects it 
from the potentially harmful effects of the surrounding environment. Many bacteria 
in the sessile state of a biofilm synthesize extracellular polysaccharides that are 
generally composed of neutral sugars, amino acids, and some uronic acids. 
Streptococci make high molecular weight dextrans from glucose and levans from 
fructose.7 Gram-negative bacteria make acetylated polymers of uronic acids called 
alginates that precipitate when exposed to Ca2+ in saliva.8 These slimy coatings 
keep the bacteria banded together and retain them on the surface, so they are not 
flushed away by the turbulent action of surrounding fluids (e.g., saliva in the case of 
supragingival dental plaque biofilms). In addition, the extracellular polysaccharides 
of the glycocalyx are usually of a high molecular weight and are thereby insoluble. 



Consequently, biofilms are difficult to remove. Indeed, their removal can often only 
be achieved by mechanical means (e.g., in the case of dental plaque biofilms by 
using a toothbrush and dental floss). The necessity for mechanical removal also 
applies to many other biofilms of medical importance such as biofilm-contaminated 
artificial joints that often require surgical removal for adequate treatment.9 The 
matrix of biofilms also protects bacteria from the effects of antibiotics and 
antiseptics because these agents cannot easily penetrate the barrier provided by the 
polysaccharide matrix.6,10–12 

Figure 6-5.   

 

Four important features of biofilms are their ability to trap nutrients (A), engage 
in the primary production of their own nutrients (B), form a digestive 
consortium (C), and protect bacteria in the biofilm from antibacterial agents or 
phagocytes (D). (Redrawn from Costerton JW, Cheng K-J, Geesey GG, et al: 
Bacterial biofilms in nature and disease, Annu Rev Microbiol 41:435–464, 
1987.) 

In addition to its function as a protective barrier, the polysaccharide matrix imparts 
structure to biofilm communities. Although some biofilms are more highly 
structured than others, all of them have definite architectural features. For example, 
in all biofilms, microorganisms are not uniformly distributed throughout the 
biofilm. Instead, there are aggregates of microcolonies with different shapes and 
sizes dispersed throughout the biofilm. The arrangement of microcolonies within 
biofilms is partly dependent on the external shear forces from the surrounding 
environment on the entire biofilm.13 



The biofilm may start as a patch on the surface, but as it spreads and develops it can 
take on the form of pillars or mushroom-like columns; thereby channels between 
the pillars improve the circulation of nutrients and discharge of wastes and 
toxins.14,15 In a severely starved biofilm there may be stacks of colonies extending 
up into the fluid bulk resembling dendrites; whereas in a richly fed dental plaque 
(e.g., by a high-sucrose diet), a thick and dense biofilm develops.16 

Microorganisms on the outer surface of biofilms are not as strongly attached or 
embedded in the matrix and are faster growing than those deep within biofilms. 
Surface bacteria are susceptible to detachment by predator phagocytes, abrasion, or 
shear forces of fluid currents. Periodically there may be sloughing of the surface 
cells. This detachment may serve the community by forming swarms that seed new 
surfaces for the start of another colony.17,18 

Biofilms also offer a nutritional advantage to bacteria that reside within them.19 To 
grow and reproduce bacteria must export enzymes to break up nutrients and then 
they need to absorb and assimilate the required sugars and amino acids. 
Microorganisms that are dispersed in a liquid (the planktonic phase) have little 
chance of encountering nutrients in such an environment and their enzymes are 
quite diluted. Conversely, biofilm bacteria have a survival advantage by banding 
together and adhering to a surface, thereby improving their access to nutritional 
materials (see Fig. 6-5). Biofilms of mixed microorganisms also have the symbiotic 
benefit of using the products exported by neighbors. 

A fascinating feature of biofilms is the wide range of physiologic behavior of 
bacteria within them. Biofilms provide a vast array of microniches, and the same 
species of bacteria can behave quite differently depending on their topographic 
position within the microbial community (e.g., on the surface vs. deep within the 
biofilm).14 In addition, bacteria in biofilms communicate with each other through a 
process known as quorum sensing. This process involves the regulation of gene 
expression in response to changes in the number of bacteria in a given area (i.e., cell 
density) within a biofilm. When the cell density of microorganisms reaches a 
certain level, the bacteria release increased amounts of signaling molecules called 
autoinducers that activate gene expression in surrounding bacteria. In general, 
autoinducers used by gram-negative bacteria are acylated homoserine lactones and 
those used by gram-positive bacteria are processed oligopeptides.20 This ability of 
biofilm bacteria to communicate with one another allows them to coordinate their 
gene expression and thereby govern or direct the behavior of the entire microbial 
community. In this context, biofilms appear to act as multicellular units because 
multiple groups of bacteria demonstrate complex coordinated activities. 

Biofilms do not develop as a haphazardly organized community of microorganisms. 
Their growth and development run through stages that start with adherence of 
bacteria followed by a lag phase during which phenotypic shifts occur. 
Subsequently there is a rapid growth phase during which a complex 
exopolysaccharide is produced. Finally the biofilm reaches a steady state or 



equilibrium of growth during which surface shedding and acquisition of new 
bacteria may occur. 

FORMATION OF DENTAL PLAQUE 

Adherence Phase 

The initial event in the formation of both supragingival and subgingival dental 
plaque biofilms is the deposition on the tooth surface of glycoproteins from the oral 
environment. The thin layer of glycoproteins that are adsorbed to tooth surfaces is 
called the acquired pellicle. Its formation prepares or conditions the intraoral 
surface and makes it receptive to colonization by specific bacteria in the oral 
environment. Supragingivally, the principal source of these pellicle-forming 
glycoproteins is saliva. In subgingival locations, the proteins are derived from GCF. 
The composition of the acquired pellicle will differ depending to some extent on the 
physical and chemical characteristics of the surface being coated.21,22 For example, 
chemically different glycoprotein coatings (acquired pellicles) form on surfaces of 
enamel, dentin, cementum, and restorative materials.23–25 The composition of these 
pellicles has a significant effect on the kinds of bacteria that adhere to intraoral 
surfaces and the microbial components of the biofilms.26 

Salivary glands produce several types of proteins and peptides that play important 
roles in the overall ecology of the mouth. Among the many salivary compounds that 
become incorporated into supragingival-acquired pellicles are the following: 
mucins, acidic proline-rich proteins (PRPs), histatins, statherin, and cystatins. 

Salivary mucins are multifunctional molecules that are involved in the formation of 
the acquired pellicle, lubrication of tooth surfaces to reduce wear, and protection of 
oral surfaces from dehydration.27,28 In addition, some mucins play an important role 
in regulating the interaction of bacteria with mucosal and tooth surfaces.27,29–31 
Secretions from human submandibular and sublingual salivary glands contain a 
high molecular weight mucin (>1,000 kD), called MUC5B (formerly MG1), and a 
low molecular weight mucin (150 to 200 kD), called MUC7 (formerly MG2).32 
MUC5B selectively forms heterotropic complexes with many salivary proteins 
(e.g., histatins, statherin, PRPs) and incorporates them into the acquired pellicle.32,33 
Although it has minimal direct interaction with bacteria, it does attract 
Streptococcus sanguis, Streptococcus mitis, and Actinomyces spp.30 MUC7, 
however, has major interactions with bacteria and is believed to play an important 
role in their clearance from the oral cavity.29,30,34–38 It attracts many bacteria 
including S. sanguis, Streptococcus gordonii, Eikenella corrodens, Staphylococcus 
aureus, and Pseudomonas aeruginosa.29,39 MUC7 has a long protein core with 
sugar-containing short side chains of varying lengths. At the terminal ends of the 
sugars there are often sialic acid residues that can bind to receptors on pellicle or on 
epithelial cells. Neuraminidase produced by certain bacteria in saliva may cleave 
off the terminal sialic acid, exposing the next molecule in the side chain, which is 



often galactose.40,41 S. sanguis and S. mitis, some of the first bacteria to colonize 
pellicles, possess adhesins for the sialic acid. Other bacteria such as Actinomyces 
viscosus, Actinomyces naeslundii, Prevotella intermedia, E. corrodens, and 
Fusobacterium spp. have galactosyl adhesins.42 

Proline-rich proteins (PRPs) are a heterogeneous family of salivary proteins that 
contain abundant amounts of proline, glutamic acid/glutamine, and glycine. There 
are three general groups of PRPs: acidic (∼ 16 kD), basic (∼ 6 to 9 kD), and 
glycosylated (∼ 36 kD).43 Basic PRPs are found in saliva, as well as in nasal and 
bronchial secretions. Acidic PRPs are only found in saliva.30,44 Acidic and 
glycosylated PRPs are found in newly formed acquired pellicles.45 Acidic PRPs 
bind calcium and have a particular affinity for hydroxyapatite of the tooth45 and are 
believed to play an important role in the homeostasis of salivary calcium and 
phosphate levels.46 The formation of acquired pellicle is a process involving the 
selective adsorption of many pellicle precursor proteins. Some of these precursor 
proteins are derived from complex interactions of acidic PRPs with other salivary 
components such as statherin and histatins.47 

Statherin is a low molecular weight salivary acidic phosphoprotein found in pellicle 
that is believed to promote bacterial adhesion to tooth surfaces.48,49 It is present in 
human parotid and submandibular saliva and plays a major role in preventing the 
unwanted and potentially harmful precipitation of calcium and phosphate salts in 
ducts of salivary glands.50 At least four statherin variants with slightly different 
molecular weights are present in saliva.51 

Histatins are another group of important salivary components that are incorporated 
into acquired pellicles. The histatin family includes 12 histidine-rich small proteins 
(or peptides) with potent antifungal properties that are primarily produced by 
parotid, and to a lesser extent, by submandibular salivary glands.30,52–56 Some 
histatins appear to be proteolytic breakdown products of other larger members of 
the histatin family.57 Histatin 5 appears to be particularly effective against Candida 
albicans and acts by binding to specific protein receptors on the cell membrane of 
the organism.30,52,53 There are also data suggesting that some histatins exert 
bactericidal effects on certain strains of Streptococcus mutans.58,59 Inhibitory effects 
on the aggregation, adherence, and protease activity of Porphyromonas gingivalis 
have also been reported.60–62 It is of interest that salivary histatins have the ability to 
partially disrupt in vitro biofilms produced by continuous cultures of mixtures of S. 
mutans, S. sanguis, Streptococcus salivarius, A. naeslundii, Veillonella parvula, 
Fusobacterium nucleatum, and P. intermedia.63 

Cystatins are physiologic inhibitors of cysteine proteinases such as cathepsins B, H, 
and L, which are potent tissue-degrading enzymes. The cystatin superfamily is 
divided into three main families. Salivary cystatins belong to "family II" and 
include acid (S and SA), neutral (SN and D), and basic (C) types.30 Cystatin C is in 
most biologic fluids, whereas types S, SA, SN, and D are only found in whole 
saliva, glandular saliva, and tears. The physiologic function of cystatins is not clear; 
however, they may play a role in regulating the activity of cysteine proteinases 



liberated during inflammatory periodontal diseases.64–67 Partial depletion of some 
salivary cystatins has been reported in some periodontally diseased patients.68 
Cystatin SA may play a role in pellicle formation69 and tooth remineralization.70,71 
Although cystatins are constitutive components of saliva, increased levels may be 
induced by certain foods (e.g., capsaicin, an extract of hot peppers)72 and may be 
decreased by taking certain medications (e.g., valproate and phenytoin).73 

In addition to mucins, PRPs, statherin, histatins, and cystatins, there are many other 
components of saliva with potent antimicrobial activities that are often incorporated 
into acquired pellicles. Noteworthy among these are salivary agglutinins,74 α-
amylase,30,69,75 secretory IgA,30,69 lysozyme,30,76 and lactoferrin.29,75 Clearly, 
acquired pellicles are complex and diverse mixtures of many biologically active 
molecules that have a profound influence on the types of bacteria that colonize 
tooth surfaces. 

Pellicle formation starts virtually minutes after a professional scaling and polishing 
of the teeth. Hydroxyapatite surfaces of teeth carry an overall negative charge that 
facilitates their interaction with positively charged glycoproteins present in saliva. 
Although variable, pellicles are usually 1- to 2-µm-thick before they are colonized 
by bacteria. Within an hour or so, the "pioneer" microorganisms become attached to 
the pellicle. These first colonists on teeth are generally gram-positive cocci such as 
S. sanguis and S. gordonii. The many salivary molecules that have been 
incorporated into the pellicle have an affinity for proteinaceous ligands, or adhesins, 
on the surface of S. sanguis and other pioneer colonizers. Adhesins might be found 
on fimbriae, pili, and the "O" antigen portion of the saccharide-like part of the 
endotoxin molecule projecting from cell walls of gram-negative bacteria. Attached 
to the surface of many streptococci are glucosyl transferases, enzymes that take 
glucose portions of sucrose molecules and link them in chains by α(1–6) links 
(dextrans) or α(1–3) links (glucans). The dextran chains may serve as lectins that 
bind to peptides in the acquired pellicle. The sum of all these "cryptic receptors" 
(cryptitopes) results in bacterial adherence to oral surfaces.41 

Lag Phase 

The switch from a planktonic phase to a sessile life is thought to result in a 
phenotypic change in bacteria. There will be a temporary lag in the growth of the 
newly adherent bacteria as they shift their genetic expression. As a result, changes 
in mRNA expression and protein profiles occur. Genes involved in polysaccharide 
synthesis will be promoted, whereas genes involved in flagella production will turn 
off.77,78 The phenotypic changes that occur during the lag phase set the trajectory or 
course for subsequent development of the biofilm. 

Rapid Growth Phase 

Once the adherent bacteria have shifted their genetic expression they enter a rapid 
growth phase and begin secreting large amounts of water-insoluble extracellular 



polysaccharides for the glycocalyx. Gram-negative bacteria participate in the 
process of matrix production by synthesizing alginates that are acetylated polymers 
of uronic acids. Precipitation of these alginates occurs when they react with Ca2+ in 
the surrounding environment. In supragingival plaques the amount of 
exopolysaccharides composed of the dextran, glucan, and levan types are 
influenced by the sucrose intake of the host. These polymers of glucose and 
fructose may reach molecular weights of approximately one million. The 
polysaccharides form a tangled feltlike mesh in which some microorganisms and 
debris may get trapped. However, most biofilm bacteria adhere by specific 
molecular interactions of a ligand-substrate nature to the "forest" of protruding 
molecules. Most of the available information on production of exopolysaccharides 
of the glycocalyx have been studied during conditions simulating the supragingival 
environment. Little is known about the matrices of biofilms in subgingival 
environments. 

Growth of microcolonies within the matrix and coaggregation and coadhesion of 
bacteria increase the thickness of the biofilm.79 Coaggregation and coadhesion of 
oral bacteria are important events in the formation and growth of biofilms. 
Coaggregation occurs when bacteria in a suspension (e.g., saliva) adhere to one 
another to form a clump; coadhesion is when free-floating bacteria attach to other 
bacteria that are already attached to a surface. These associations are not haphazard 
or random because they involve unique and selective molecular interactions that 
lead to horizontal and vertical structural stratifications within the biofilm.23,26 F. 
nucleatum is an excellent "coaggregator" with other bacteria. Indeed, it is a major 
effector organism that facilitates the colonization of other species.80–83 For example, 
all treponemes tested coaggregate with F. nucleatum,82 and it forms important 
associations with P. intermedia and P. gingivalis.80,83 Streptococci are also key 
members of oral biofilms because they express adhesin arrays on their cell surfaces 
that facilitate coaggregation with "early" (e.g., Actinomyces spp.) and "late" 
colonizers (e.g., P. gingivalis, Tannerella forsythensis [formerly Bacteroides 
forsythus], Treponema denticola) of dental plaque.84–88 The most frequently isolated 
dental plaque bacteria are those that are good coaggregators such as F. nucleatum, 
A. naeslundii, and S. sanguis (Table 6-1).89 In addition to the effector roles played 
by streptococci and F. nucleatum, numerous other pathogenic and commensal 
bacteria engage in important associations that affect the microbial composition of 
plaque biofilms.90,91 

During the rapid growth phase there is an increase in cell density within the plaque. 
It is probably during this period of plaque growth when there is a maximum amount 
of communication among bacteria (i.e., quorum sensing). Quorum sensing, which is 
triggered by changes in cell density, allows metabolically active bacteria during 
crowded conditions of the plaque's interior to cooperate with each other in ways 
that promote survival of the biofilm community. 

Steady State 



Deep inside the biofilm there are internal transfers of nutrients, and those absorbed 
from the surface appear to form gradients. Oxygen penetration may be negligible at 
a depth of only 25 to 30 µm.92 Within the interior of biofilms bacterial growth may 
greatly slow or come to a standstill. Static conditions within a biofilm may cause 
bacteria to shrink into forms unresolvable with a light microscope. The close 
quarters of the plaque interior may expedite gene sharing through conjugation, 
plasmid transfer, absorption of DNA from lysed cells, or fusion of mycoplasma-like 
bacteria without cell walls.93 

Findings from transmission electron microscopic studies of mature dental plaques 
are consistent with the view that the interiors of these biofilms exhibit varying 
degrees of metabolic activity.94–96 Indeed, as might be expected, bacteria near the 
surface are morphologically intact, whereas those deep within the plaque mass near 
the tooth surface show signs of death. For example, deep within the interior of old 
dental plaques there are many disrupted bacterial cells and "ghost" cell walls devoid 
of cytoplasm. Near the pellicle, crystals are often observed in the interbacterial 
matrix that may be the first stages of mineralization to form calculus.94,95 In the 
middle portion of mature plaques nearer the surface, there are intact and closely 
packed bacterial cells. Finally, at the surface of plaques where exposure to turbulent 
conditions of the mouth is at its greatest, bacteria form cooperative associations 
such as "corncob" and "bristle-brush" formations.94–96 Presumably, these 
associations promote adherence, and therefore survival, of the participating bacteria 
in the turbulent environment of the oral cavity. 

Biofilms in the Subgingival Environment 

Supragingival dental plaque at the gingival margin can grow into the gingival 
crevice and contribute to the development of a subgingival biofilm. Importantly, 
essentially the entire subgingival niche becomes colonized by bacteria. In a 
periodontal pocket, there is no unoccupied space (Fig. 6-6). The subgingival 
environment is quite different from the supragingival microbial niche in many 
ways. For example, it is bathed in GCF rather than saliva. GCF is an inflammatory 
exudate rich in proteins and other nutrients and its serum glycoproteins play a key 
role in the formation of an acquired pellicle analogous to that of saliva in the 
supragingival environment. After subgingival plaque is removed or disrupted by 
scaling, a complex flora will develop within 2 to 3 days, which is faster than 
supragingival plaque.97 

With the consumption of peptides and amino acids from the GCF, or those from 
degraded epithelial cells and leukocytes, there is a subgingival accumulation of 
toxic substances such as volatile fatty acids (e.g., propionate, butyrate, valerate), 
urea, NH3, volatile sulfur compounds (e.g., H2S, methyl mercaptan), cadaverine, 
and putrescine. The pH increases in GCF where dental plaque has grown, 
increasing from about 6.9 to 8.6. This is associated with putrefaction and production 
of urea and ammonia.98 There is also a significant decrease in the oxidation-
reduction potential (Eh) as the subgingival biofilm ages. In one study, the average 



Eh of a healthy gingival sulcus was approximately +74 millivolts (mV), whereas in 
inflamed periodontal pockets the average Eh was −47 mV.99 Toxic substances at 
subgingival sites tend to select for growth of microorganisms such as spirochetes 
that prefer an environment that has a low Eh and high levels of byproducts from 
necrotic cells. Dental plaque collected from the gingival crevice and homogenized 
has been found to be lethal to mammalian cells in culture,100 or to organ cultures of 
fetal rat calvaria.101 The toxicity of the subgingival environment increases with 
time. 

TABLE 6-1  Most Numerous Species in Subgingival 

Samples Associated with Different Periodontal 

Conditions 

Modified from Moore WEC, Moore LVH: The bacteria of periodontal diseases, 
Periodontol 2000 5:66–77, 1994. 

Coaggregating bacteria such as Actinomyces naeslundii, Streptococcus sanguis, 
and Fusobacterium nucleatum are among the most frequently isolated 
microorganisms in dental plaque. Note their position on the partial list of most 
numerous species, ranked in order of percentage of isolates taken at random, 
from subgingival crevices of subjects with different periodontal health 
conditions. Number in parentheses after each diagnosis is the number of 
isolates studied. Number after each microorganism is percentage of isolates. 



 

Figure 6-6.   



 

Periodontal pocket filled with a subgingival biofilm. There is no unoccupied 
space in a periodontal pocket. Human dentogingival interface obtained at 
autopsy from a patient who had chronic periodontitis. Original magnification 
×20. 

Biofilms Associated With the Crevicular Epithelium 

Subgingival plaque that forms on a tooth has its outer surface in close proximity to 
the soft tissue wall of the gingival crevice or periodontal pocket. This is in sharp 



contrast to supragingival plaque that has its outer surface exposed to the turbulent 
movement of fluids such as saliva and dietary liquids. Some bacteria in close 
contact with the crevicular epithelium have the ability to adhere to these cells. For 
example, S. sanguis has multiple adhesins that allow it to adhere to oral 
epithelium.102 Streptococci also can adhere to several host components found in 
subgingival environments such as fibronectin, fibrinogen, laminin, collagen, actin, 
and immunoglobulins.103 Other bacteria found in the subgingival ecosystem also 
demonstrate the ability to bind to host components. For example, oral treponemes 
bind to fibronectin104 and P. gingivalis binds to red blood cells, macrophages, 
fibrinogen, and fibronectin-coated collagen complexes.105 

Bacterial biofilms that develop on epithelium usually only form monolayers. 
Turnover and desquamation of crevicular epithelium in a normal state of health 
usually keep bacteria out of the tissues. However, some bacteria, such as 
Actinobacillus actinomycetemcomitans and P. gingivalis, once attached to oral 
epithelium can become internalized by fusion and endocytosis.106–109 Having done 
this they are protected from the immune system and antibiotics and have a most 
nutritious environment. Epithelial adherence is also part of the process in diseases 
such as streptococcal sore throat, whooping cough, diphtheria, gonorrhea, and 
shigellosis. 

The spectrum of bacteria associated with the crevicular epithelium is different than 
the one found in dental plaque on the tooth surface. In one study of samples of 
curetted crevicular epithelium, the bacterial isolates included 87% cocci and short 
rods. The top 50% of isolates were Streptococcus constellatus (16.4%), P. 
gingivalis (10.4%), P. intermedia (8.0%), Streptococcus morbillorum (5.0%), 
Peptostreptococcus micros (2.2%), Bacteroides loeschii (2.0%), and Bacteroides 
melaninogenicus (6.2%).110 Notably, these are greater proportions than in dental 
plaques from teeth (see Table 6-1). 

The intercellular spaces of crevicular epithelium are widened in chronically 
inflamed gingiva, and the migration of neutrophils through the crevicular 
epithelium from the connective tissue to the crevice leave temporary channels.111 In 
addition, the crevicular epithelium is frequently ulcerated in cases of gingivitis and 
periodontitis. This gives certain bacteria such as P. gingivalis access to bind to type 
IV collagen in basement membranes, which could facilitate its potential invasion of 
gingival connective tissue.41,112 However, it is likely that normal host defenses are 
able to clear such intruders without further damage. A true invasion of tissues 
should show up as many microcolonies and widespread dissemination. The only 
evidence of true invasion in periodontal diseases occurs in necrotizing ulcerative 
gingivitis where treponemes have been found up to 250 µm within vital connective 
tissue.113,114 

Motile Bacteria in the Subgingival Ecosystem 



Between the subgingival plaque fixed to the pellicle and tooth, and whatever kind 
of biofilm may have adhered to the pocket epithelium, most of the subgingival 
microniche is occupied by a mass of bacteria, neutrophils, and sloughed epithelial 
cells (Fig. 6-7). There is a relation of the percentage of spirochetes in subgingival 
samples to the percentage of total motile microorganisms.115,116 The mean number 
of T. denticola at subgingival sites is significantly associated with increased probing 
depths.117 In a study using polymerase chain reaction techniques with spirochete-
selective primers to detect 16S ribosomal RNA genes, a total of 57 closely related 
but genetically distinct spirochetes were found in 60 plaque samples from 15 
patients. Of the detected treponemes, 10 represented known cultivable and 47 
represented uncultivable spirochetes.118 Importantly, there is a layer of neutrophils 
between the subgingival plaque and the soft tissue wall of the pocket. These 
neutrophils are often called the first line of defense against subgingival bacteria. 

Figure 6-7.   

 



Histologic view of the base of a periodontal pocket at a site with chronic 
periodontitis. On the cementum (C) is a piece of subgingival calculus (CA) that 
is covered with a plaque biofilm (B). Apical to the plaque is a neutrophil-laden 
inflammatory exudate (N). Epithelium (E) is in close contact with the apical 
portion of the calculus. A, Artifactual space due to processing tissue for 
histologic observation. Human autopsy material. Original magnification ×100. 

The subgingival environment is a decidedly hostile location for bacteria. Multiple 
host defenses such as scavenging phagocytes (e.g., neutrophils), antibodies, and 
inducible antibacterial substances such as β-defensins from epithelial cells119,120 are 
mobilized to thwart the microbial threat presented by subgingival bacteria. 
Nevertheless, subgingival bacteria are able to survive, and in some cases flourish, as 
is evidenced by the widespread presence of periodontal diseases in most human 
populations. 

DENTAL CALCULUS 

Until the 1960s, the prevalent thinking in dentistry was that dental calculus ("tartar") 
was the cause of periodontal diseases; that by its roughness it was irritating, and that 
bacteria then had a secondary influence.121 However, a series of classic studies on 
"experimental gingivitis" published from 1965 to 1968 clearly demonstrated the 
causative relation between dental plaque and gingivitis.122–125 In addition, the 
observation that autoclaved human calculus implanted in the peritoneal cavity of 
guinea pigs resulted in suppurative abscesses was attributed to the presence of heat-
stable endotoxin in the calculus.126 Current thinking is that dental plaque is the 
precursor of calculus, which is mineralized plaque. Calculus is invariably covered 
with plaque on its surface.127 

Laboratory studies implicate numerous members of the normal oral flora in 
mineralization of the dental plaque biofilms to form calculus. Some strains of gram-
positive species that will form crystals in vitro when grown in solutions rich in 
calcium and phosphate include the following: S. sanguis, S. salivarius, Bacterionema 
matruchotii, A. naeslundii, A. viscosus, S. aureus, Propionibacterium acnes, and 
Rothia dentocariosa. Some of the gram-negative bacteria that exhibit this ability 
include the following: E. corrodens, Veillonella alcalescens, P. gingivalis, 
Eubacterium saburreum, Haemophilus aphrophilus, and Haemophilus segnis.127 It is 
clear that many members of the dental plaque flora possess the ability to calcify 
during the right conditions. In addition, the observation in germfree rats that 
mineralized deposits can form on teeth indicates that even the acquired pellicle can 
calcify.128,129 

Saliva is the source of the calcium and phosphate necessary for the formation of the 
minerals of supragingival calculus. Animals that have had the major salivary glands 
surgically removed do not form calculus.130 In the case of subgingival calculus, GCF 
supplies the calcium and phosphate required for calcification of the plaque. X-ray 
diffraction studies have revealed that there are four different kinds of calcium 



phosphate crystals in dental calculus: hydroxyapatite [Ca10(PO4)6(OH)2], octacalcium 
phosphate [Ca4H(PO4)3 · 2H2O], magnesium whitlockite [Ca9(PO4)6 X PO7 · (X = 
Mg11 · F11)], and brushite [CaHOP4 · 2H2O].131 The earliest crystals form in the 
interbacterial matrix deep in dental plaque near the pellicle. This area has many 
degenerated bacteria. 

It was once thought that mucin could nucleate the first crystals132; however, 
proteolipids and phospholipids from degenerated bacterial cell walls will nucleate 
apatite133 similar to the mineralization process in bone.134 Calcification of dental 
plaque is believed to occur by two different mechanisms. The epitactic mechanism of 
formation of calculus mineral occurs by nucleation or crystal seeding of the matrix 
provided by dental plaque. In the booster mechanism there is a local saturation shift 
of calcium and phosphate caused by a local increase in pH leading to precipitation of 
mineral.135 Local increases in pH needed for calcification could be caused by 
proteolytic activity of plaque bacteria resulting in the release of urea, ammonia, and 
amines.136 

On the lingual of the lower anterior teeth and on the facial surfaces of upper molars, 
near the openings of submandibular and parotid salivary glands, supragingival 
calculus deposits are usually greater in amount (Fig. 6-8). This is partly because of 
saliva as a source of calcium and phosphate and partly because of the loss of CO2 as 
saliva leaves the ducts causing an upward shift in the local pH. 

Brushite is the dominant calcium phosphate mineral in newly formed supragingival 
calculus.131,137 Clinically, newly formed calculus is a yellowish-white crumbly 
deposit that is easily removed.138 When supragingival calculus ages, the amount of 
brushite declines as the amounts of magnesium whitlockite, octacalcium phosphate, 
and hydroxyapatite increase.131 Subgingival calculus is harder and darker, probably 
because of the continual presence of calcium and phosphate that allows the crystals to 
shift with time to octacalcium phosphate and hydroxyapatite.138 The dark color of 
subgingival calculus is partly caused by iron heme pigments associated with bleeding 
of inflamed gingiva (Fig. 6-9).139 

As calculus ages, the first crystals coalesce into masses of mineralized plaque. In 
histologic sections, the outlines of bacteria and laminations of successive layers can 
be observed.140 Eventually, even the pellicle mineralizes. When this occurs, the 
calculus becomes difficult to remove because the pellicle is in intimate contact with 
all of the minute irregularities of the tooth surface.141 In addition, calculus can be 
even more firmly attached to the roots of teeth when it becomes mechanically locked 
in old resorption bays and cemental separations (Fig. 6-10).142 Sometimes calculus 
forms at sites of arrested root caries where bacteria have penetrated into the 
cementum.143 

Although calculus now has a secondary role in the etiology of periodontal diseases, it 
has to be dealt with clinically. Calculus promotes the retention of dental plaque and 
may increase the rate of plaque formation. Its porosity can serve as a reservoir for 
periodontal pathogens and can retain noxious bacterial components such as 



endotoxin. It has been reported that a junctional epithelium complete with a basal 
lamina and hemidesmosomes can form on calculus; however, that was in one monkey 
that had been experimentally treated by toothbrushing, interdental cleansing, and 
application of an antimicrobial rinse three times a week.144 This finding does not 
mean that calculus is unimportant, but it reaffirms that it is the dental plaque on its 
surface that is most harmful. 

Figure 6-8.   





Very heavy deposits of supragingival calculus near the sites where saliva enters 
the oral cavity through ducts of major salivary glands. Calculus on the facial 
surfaces of lower incisors in a 35-year-old woman with chronic periodontitis (A); 
lingual surface of same teeth (B). Heavy deposits on the facial surfaces of upper 
teeth near the opening of Stensen's duct in a 26-year-old woman with chronic 
periodontitis (C). 

Figure 6-9.   



 



Subgingival calculus is often brown to black partly because of incorporation of 
iron heme pigments found in the subgingival environment. Subgingival calculus 
can occasionally be seen through thin gingival tissue (A). In B, the gingiva has 
been retracted to demonstrate the presence of the dark-colored subgingival 
calculus. 

Figure 6-10.   

 

Subgingival calculus that has formed on a root with a damaged cemental surface. 
Extracted tooth from a patient with chronic periodontitis. B, Plaque biofilm; C, 
cementum; CA, calculus; D, dentin. Original magnification ×95. 

SIGNIFICANCE OF BIOFILMS TO PERIODONTAL 

DISEASES 



Once a biofilm has formed on a tooth, established itself in the gingival sulcus, and 
developed a flora containing periodontal pathogens, there is little that the host 
defenses can do to remove the biofilm except by exfoliating the tooth. Indeed, 
exfoliation of the tooth is frequently the outcome in cases of untreated periodontitis in 
which the immune and inflammatory response to the biofilm bacteria destroys all of 
the periodontal attachment. 

A patient given instructions in oral hygiene and possessed of motivation can remove 
dental plaques by physically rubbing the biofilm-coated surfaces with toothbrushes, 
dental floss, and toothpicks; but it is rare to find someone so skilled and driven who 
can do this perfectly. The concept of a "detergent and self-cleansing diet" by eating 
fibrous foods is largely a myth because their consumption has no observable effect on 
the levels of dental plaque or preventing the development of gingival inflammation.145 

Water irrigators have been developed in an attempt to reduce the harmful effects of 
dental plaque biofilms. However, these devices have only met with limited success 
because dental plaque is resistant to being rinsed away. This resistance is partly 
because of the high molecular weight dextrans, levans, and glucans produced by 
gram-positive bacteria and because of the insoluble alginates made by gram-negative 
microorganisms of plaque. Irrigation of periodontal pockets with water may reduce 
the percentage of spirochetes between the tooth-borne biofilm and the pocket 
epithelium, but not significantly.146 However, irrigation with water has been reported 
to result in small, but statistically significant, reductions in probing depths and 
gingival bleeding.147,148 

Antonie van Leeuwenhoek (1632–1723) was perhaps the first to recognize that 
biofilms are resistant to the effects of disinfectants. He is reported to have observed 
with his crude microscopes that vinegar would halt the motion of "animalcules" he 
had scraped from his teeth and put into a liquid preparation; but when he rinsed his 
mouth with vinegar it had no effect. He concluded that there was no penetration of 
vinegar into material between his teeth, and that only surface animalcules were 
susceptible.149,150 Biofilm resistance to antimicrobials has been attributed to the 
following: (1) barrier properties of the glycocalyx matrix, (2) retention of antibiotic-
degrading enzymes in the matrix, (3) binding of the negatively charged matrix to 
cationic antiseptics or repelling negatively charged agents, and (4) inhibition of 
leukocyte phagocytosis by the indigestible slime. Resistance to antimicrobials might 
also be caused by phenotypic changes in biofilm bacteria such as slow or cessation of 
growth in response to changes in physiologic conditions. Genetic changes might also 
occur in the bacteria that makes them no longer susceptible to certain 
antimicrobials.151,152 

There are several reasons why tests that evaluate the effectiveness of an antimicrobial 
agent against bacteria in a planktonic phase are not applicable to bacteria in a biofilm. 
Traditional laboratory tests of a microorganism's susceptibility to an antimicrobial 
agent use broth suspensions of 105 to 107 microorganisms per milliliter to simulate 
systemic infections of blood, and the result is reported as the minimum inhibitory 
concentration (MIC). In a biofilm such as dental plaque there are up to 1011 bacteria 



per gram wet weight sequestered in the plaque matrix. Laboratory minimum 
inhibitory concentration tests may involve exposure to the antimicrobial over a period 
of several days, whereas contact of a mouthrinse with the biofilm may last only a 
minute or so. In minimum inhibitory concentration tests, the bacteria are surrounded 
on all sides by the test agent, whereas only surface bacteria of dental plaque are 
exposed to the test agent because of the barrier properties of the biofilm matrix. 
Furthermore, vigorous rinsing with an antimicrobial mouthrinse does not reach 
subgingival plaque in periodontal pockets. Studies are needed to determine the 
biofilm-eradicating concentration of an antimicrobial agent.153 

Acquisition of knowledge of the bacteria that cause periodontal diseases is hampered 
by problems associated with microbiologic sampling of plaque biofilms. A common 
method is insertion of two sterile endodontic paper points into the gingival crevice for 
approximately 10 seconds. This method preferentially collects bacteria and the fluids 
surrounding them that are readily absorbed by the paper points. Unfortunately, this 
approach has little hope of obtaining bacteria representative of the biofilm attached to 
the pellicle and those adhering to the pocket epithelium. Such a sample is not 
quantified by weight or volume and therefore it is not possible to make accurate 
estimates of the actual composition of the subgingival flora. Collection of subgingival 
plaque with curets has a better chance of obtaining a more representative sample. 
However, it is difficult to place a curet within a pocket such that it collects a sample 
representative of the entire coronal-to-apical extent of the plaque biofilm. 

Once the sample is in the laboratory for cultural analysis, only about 50% of the flora 
can be grown and identified; the other 50% have such fastidious growth requirements 
that they are uncultivable. In addition, at the time of sampling it is unknown if the 
lesion from which the plaque is taken is actively progressing or is in a quiescent 
stage. Therefore it is likely that studies of the microflora associated with periodontal 
diseases include a mixture of plaque samples collected from nonprogressing and 
progressing sites. Consequently, any conclusions regarding cause-and-effect relations 
between a specific microorganism and periodontal diseases should be viewed with 
caution. Nevertheless, available data strongly suggest that bacteria such as P. 
gingivalis, A. actinomycetemcomitans, and Tannerella Forsythensis (B. forsythus) are 
important periodontal pathogens in susceptible hosts.154 

CONCLUSION 

Dental plaques cause dental caries and most periodontal diseases. Plaque biofilms 
first appear in the mouth at the time of tooth eruption, forming supragingival plaque 
as a community of bacteria coronal to the gingival margin. Subgingival plaques form 
in the gingival crevice apical to the gingival margin. The plaques form, as do most 
liquid-solid surface biofilms, by going through various stages including microbial 
adherence to acquired pellicles followed by a lag phase during which phenotypic 
shifts occur in the bacteria as they switch from planktonic to a sessile environment. 
The microorganisms then undergo a rapid growth phase during which a complex 
exopolysaccharide matrix is produced, microcolonies form, and new members are 



added to the biofilm by coadherence. With time the mature dental plaque biofilm 
establishes a steady state equilibrium with the surrounding environment. Formation 
of biofilms by oral bacteria offers them a nutritional advantage over other 
microorganisms and a certain degree of protection from the microbial clearance 
mechanisms of the oral environment. 

Metabolic activities of the bacteria of subgingival plaque biofilms generate a number 
of toxic substances that are added to by an inflammatory exudate, debris from 
neutrophils, and deteriorated epithelial cells. These events contribute to the formation 
of an anaerobic environment with a low Eh that selects for the growth of certain 
motile and nonmotile bacteria. A number of these microorganisms are able to adhere 
to the surface of the crevicular epithelium as a biofilm and subsequently become 
internalized by endocytosis. The crevicular epithelium and other host cells produce 
proinflammatory cytokines, and the adjacent tissues mount an antibacterial defense 
including mobilization of neutrophils, macrophages, lymphocytes, and plasma cells. 
Chronic inflammation caused by the plaque leads to destruction of the periodontal 
tissues because the body has no means to remove the tooth-borne biofilms. 

Dental plaques cannot be easily washed away by vigorous rinsing or water sprays. 
They also resist disruption by antimicrobial agents that cannot easily penetrate the 
protective polysaccharide matrix barrier characteristic of biofilms. Therefore, removal 
of dental plaque requires mechanical intervention such as toothbrushing and flossing. 
Once plaque becomes mineralized and takes on the form of dental calculus, its 
removal requires professional interventions such as scaling, root planing, and 
polishing. 
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This chapter focuses on local factors that contribute to periodontal diseases but are not 
themselves etiologic factors. These factors tend to accelerate the progression of disease, 
often in a localized area, and sometimes in a dentition minimally affected by 
periodontitis. For the clinician, the most important step is to recognize the presence of a 
contributing factor and to understand its effect on diagnosis, prognosis, and treatment. 
For example, the presence of a contributing factor that is difficult or impossible to 
modify may cause the prognosis of a tooth to be downgraded or may change the 
treatment recommendation from periodontal surgery to extraction. If a contributing 
factor goes unrecognized, then crown and bridge therapy might be unwisely 
recommended for a tooth with a very questionable prognosis. Conversely, the presence 
of a readily modifiable contributing factor may improve the prognosis of the tooth, 
because elimination of the contributing factor would be expected to be associated with 
improved periodontal status. To provide the best possible treatment for patients, it is 
important that all factors affecting the outcome of treatment be recognized and 
appropriately considered in formulating a treatment plan. The contributing factors 
discussed later are not a complete listing, but do encompass those the clinician may 
routinely encounter in a complete examination of the periodontium. 

ANATOMIC CONTRIBUTING FACTORS 

Proximal Contact Relation 

Open interproximal contacts or uneven marginal ridge relations are factors that may 
predispose to food impaction. Food impaction is defined as the forceful wedging of 
food into the interproximal space by occlusal forces.1 It can lead to inflammation, 
bone loss, and attachment loss (Fig. 7-1). Research has shown that not every open 



contact or uneven marginal ridge leads to food impaction.2,3 Interproximal areas 
with wide open contacts that are easily cleansable may be as healthy as those with a 
proper contact relation. Loose contacts, in contrast, are most likely to result in food 
impaction.3 Food impaction can be prevented by establishing proper contact and 
marginal ridge relations when interproximal areas require a restoration. If open 
contacts and uneven marginal ridges are widespread in the mouth, orthodontic 
therapy may be considered. 

In patients affected by periodontal destruction and recession, the interproximal 
embrasure is often open and prone to collect food particles. Pressure from the 
tongue and facial soft tissues direct food into these spaces, resulting in what has 
come to be known as lateral food impaction. Rather than forceful wedging, this is 
often interproximal food collection. Because the food is loosely collected, and not 
impacted, it is easily removed. To prevent increased inflammation and periodontal 
destruction patients should be trained to use interproximal cleaning devices, such as 
brushes, wedges, or toothpicks, that will eliminate food collected during 
mastication. 

Figure 7-1.   

 

Open contact between mandibular molars allowed food impaction. This 
situation may increase the risk for bone loss and attachment loss. (Courtesy of 
Dr. David Adams, University of Louisville, Louisville, Ky.) 

Cervical Enamel Projections and Enamel Pearls 



Cervical enamel projections (CEPs) occur primarily on molars where amelogenesis 
has failed to halt before root formation. They appear as narrow wedge-shaped 
extensions of enamel pointing from the cementoenamel junction (CEJ) toward the 
furcation area.4–11 These projections occur most frequently on mandibular molars, 
approximately 30% of the time, and are found on maxillary molars with about half 
that frequency.4,5,9 They are much more likely to occur on second than on first 
molars and on buccal rather than lingual, mesial, or distal surfaces. CEPs have been 
classified into three grades (Fig. 7-2)4:  

Grade 1: A distinct change in the CEJ pointing toward the furcation. 

Grade 2: The CEP approaches, but does not enter, the furcation. 

Grade 3: The CEP extends into the furcation. 

The clinical significance of CEPs is that they are plaque retentive and can 
predispose to furcation involvement. Research has shown that 90% of isolated 
furcation involvements are associated with CEPs.4 This means that a lone furcation 
involvement in a patient who otherwise has minimal periodontal destruction should 
prompt the clinician to examine for the presence of a CEP. 

Treatment of CEPs is generally directed by the periodontal treatment required for 
the affected tooth. If no bone or attachment loss is associated with a CEP, which is 
often the case for Grade 1 and sometimes Grade 2 CEPs, there is usually no 
treatment required for the CEP. If bone loss and attachment loss are present in the 
furcation with a CEP, the CEP may need to be removed. This is particularly true if 
regenerative periodontal surgery is planned, because new connective tissue 
attachment will not form on enamel. In cases in which the enamel is thin, the CEP 
can be removed with a diamond bur or finishing bur. When the enamel is thicker, 
complete removal with a bur may be attempted, but the clinician must take care not 
to expose the pulp. If the CEP is removed on a vital tooth, the patient should be 
warned of possible thermal sensitivity, especially if the affected root surface will be 
in a supragingival location after therapy. 

Figure 7-2.   

 



A, Grade 2 cervical enamel projection on tooth #30. Enamel projection 
approaches but does not enter the furcation. B, Grade 3 cervical enamel 
projection on tooth #18. Enamel projection extends into the furcation proper and 
is a contributing factor to attachment loss and bone loss in the furcation region. 

Figure 7-3.   

 

A, Small enamel pearl visible at gingival margin on tooth #14. B, Large enamel 
pearl on the lingual aspect of tooth #31. 

Enamel pearls are most common in the furcation region, particularly on third molars 
(Fig. 7-3). They range in size from very small to quite large. When small, they may 
be removed as a part of periodontal therapy. However, larger enamel pearls have 
underlying dentin and even possible pulpal extensions and should be removed 
cautiously. 

Intermediate Bifurcation Ridge 

The intermediate bifurcation ridge is a convex excrescence of cementum that runs 
longitudinally between the mesial and distal roots of a mandibular molar.11–13 It 
may be located at the midpoint between the buccal and lingual surfaces of the area 
of root division or it may be located in a more lateral position. These ridges are 
found more frequently on first molars. The significance of this formation is the 
irregular contours it creates that make plaque and calculus removal more difficult. 
Inadequate plaque and calculus removal can lead to failure of furcation treatment, 
especially regenerative therapy. 

Root Anatomy 

Palatogingival groove 

The palatogingival groove, frequently termed the palatoradicular groove, often 
begins at the cingulum and extends apically for a variable distance (Fig. 7-4 and 



Fig. 7-5).14–16 When the groove extends onto the root, which occurs about 50% of 
the time, pocketing and attachment loss may occur.16 These grooves are found on 
up to 6% of maxillary lateral incisors and up to 3% of central incisors, although 
some have reported a less frequent occurrence.16–18 They are most commonly 
found in the midroot area but may extend to the distal or mesial area. The groove 
may be shallow or may be seen as a deep invagination of the root surface. 
Pocketing of maxillary incisors, especially isolated, deep pocketing, should 
prompt an examination for this plaque-retentive root anomaly. If the 
palatogingival groove is associated with bone loss and attachment loss, the 
clinician may attempt to remove the groove through odontoplasty or to reduce its 
depth to minimize plaque retention. 

Attachment area 

The amount of root available for periodontal attachment has been termed the 
attachment area.19–23 For maxillary first molars, the root trunk contributes 32% of 
the attachment area, whereas the mesial, distal, and palatal roots contribute 25%, 
19%, and 24%, respectively.21 For mandibular first molars, the root trunk 
contributes 31% of the attachment area, whereas the mesial and distal roots 
contribute 37% and 32%, respectively.22 Studies of attachment area point out that 
when the tooth has 50% bone loss there is considerably greater than 50% loss of 
attachment area.19,23 This phenomenon is easily conceptualized if the root is 
thought of as an inverted pyramid. Although this is an exaggerated example, it 
clearly points out that the greatest attachment area is found at the pyramid base, 
analogous to the root trunk, and that the least attachment area is at the pyramid 
apex, which is analogous to the root apex. Thus there is substantially more 
attachment area in the coronal half of the root than in the apical half. These 
numbers are particularly useful when evaluating teeth for root resection 
procedures; however, it must be remembered that these are mean values and 
should only be used as a guideline during clinical evaluation. If a tooth has a 
blunted or shortened root or roots, the attachment area is decreased. This may 
contribute to the presence of mobility when bone loss occurs. A tooth with 5 mm 
of bone loss measured from the CEJ, having a total root length of 10 mm, may 
have greater mobility than a tooth with a root length of 15 mm having a similar 
degree of bone loss. 

Figure 7-4.   



 

Palatogingival groove on tooth #9 associated with bone loss and attachment 
loss. 

Root trunk length 

The root trunk is the portion of the root between the CEJ and the point of root 
division.24–26 It contributes about 30% of the attachment of molar roots, whereas 
the individual roots make up the remaining 70%.26 Teeth with short root trunks 
are more likely to have a furcation involvement when only minimal attachment 
loss has occurred. In this sense, a longer root trunk length is a favorable anatomic 
feature. However, once periodontal destruction has resulted in furcation 
involvement, the presence of a long root trunk may complicate therapy. Teeth 
with long root trunks are not good candidates for root resection because there is a 
reduced amount of attachment area apical to root division. Root resection is also 
more technically difficult on molars with long root trunks. Often root grooves are 
found on the root trunk and occur about 50% to 60% of the time for first molars 
and more than 90% of the time for second molars.26 These grooves favor plaque 
accumulation and can predispose to furcation involvement. 

Interroot separation 

The amount of root separation is usually greater for first molars than for second 
molars.27 Mean buccal and lingual root separation is from 2 to 3 mm, whereas 
mesial and distal roots are separated by 4 to 4.5 mm. Wide separation, seen in 
maxillary mesial and distal furcations, is less responsive to regeneration of 
furcation bone than the smaller dimension associated with buccal or lingual 



furcations. However, there is a clinical impression that minimal root separation 
may lead to more rapid bone loss and may also be more difficult to regenerate. 
Critical dimensions for regeneration based on the amount of interroot separation 
have not been established at this time. 

Figure 7-5.   

 

A, Palatogingival groove #10 associated with bone loss and attachment loss. 
B, Finishing bur used to eliminate groove during surgery. C, Palatogingival 
groove eliminated, with elimination of niche for plaque formation. D, A 4-



month postoperative probing shows only 3 mm probing depth, with significant 
attachment gain. 

Root fusion 

Fused roots occur in about 30% of molars, with more maxillary molars affected 
than mandibular, 35% versus 24% according to one report.28 The third molar is 
affected more than the second molar, whereas the first molar rarely has fused 
roots. The order of frequency of molar fusion by tooth type was maxillary third 
molar (89%), mandibular third molar (52%), maxillary second molar (52%), 
mandibular second molar (45%), maxillary first molars (8%), and mandibular first 
molars (3%). Females exhibit about 5% more fused molars than males. These 
numbers are derived from American patients of European ancestry, and 
percentages may vary among different ethnic groups.28,29 

Figure 7-6.   

 

A, Radiograph of lower left quadrant before cemental tear. B, Radiograph of 
tooth #20 with visible foreign body on distal aspect. C, Flap reflection 
showing degree of destruction #20D. Foreign body was removed and 
submitted for histologic examination. D, Specimen shows dentin and 



overlying layer of cementum, with inserting periodontal ligament fibers. The 
diagnosis was a cemental tear (although dentin was also involved). 

Cemental Tears 

A cemental tear is a piece of detached cementum, often with some dentin, that may 
remain attached to periodontal ligament fibers. The tear can be induced by occlusal 
trauma or other forms of acute trauma, and may appear as a radiopaque fragment in 
the periodontal ligament space. It can lead to rapid periodontal bone loss and 
produce a vertical bony defect (Fig. 7-6). When there is rapid periodontal bone loss 
at an isolated site, a cemental tear should be considered in the differential 
diagnosis.30 Treatment of the cemental tear often involves surgical debridement, 
removal of cementum/dentin fragments, and attempted regenerative therapy. 

Accessory Canals 

Lateral or accessory canals may furnish a communication between the pulp 
chamber or canal and the periodontal ligament (Fig. 7-7).31–33 Pulpal necrosis could 
contribute to the formation of a periodontal defect through an accessory canal (see 
Chapter 30). Or, conversely, a periodontal lesion could lead to pulpal inflammation 
or necrosis. Accessory canals occur in approximately 25% to 50% of molars and 
tend to occur more frequently in first molars than in second molars. Periodontal 
lesions, particularly isolated lesions associated with endodontically involved teeth, 
should be evaluated to determine if an accessory canal is a contributing factor. In 
cases of a nonvital tooth, adequate root canal therapy is required if the tooth is to be 
retained and treated periodontally. 

Figure 7-7.   



 

A, Radiographs of an isolated furcation invasion on tooth #19 in an otherwise 
healthy mouth. Tooth #19 was nonvital. Probing through the sulcus did not 
communicate with the furcation lesion. B, Endodontic treatment was performed, 
and an accessory canal is clearly visible on the distal aspect of the mesial root. 
C, One-year postendodontic therapy follow-up radiograph shows complete 
healing of the furcation defect. No periodontal therapy was indicated or 
provided. (Courtesy of Dr. Stephen J. Clark, University of Louisville, Louisville, 
Ky.) 

Root Proximity 

Some clinicians believe that close approximation of tooth roots, with an 
accompanying thin interproximal septum, leads to an increased risk for periodontal 
destruction (Fig. 7-8).34 The crowns of these teeth, especially anterior teeth, are 
very closely approximated and may have long interproximal contacts, and minimal 
or no embrasure space, which makes plaque removal difficult. Treatments such as 
orthodontics, tooth preparation, or selective extraction have been proposed. Some 
studies have reported that a thin interproximal septum is not more susceptible to 
bone loss, whereas other studies have associated a wide interproximal septum with 



vertical bone loss and thin septa with horizontal bone loss.35–37 Prophylactic 
treatment of root proximity is probably not indicated, but each clinical situation 
should be carefully evaluated and treatment provided when needed to prevent 
additional bone loss. 

Figure 7-8.   

 

Radiograph of root proximity between 27 and 28 associated with horizontal 
bone loss. (Courtesy of Dr. Brenton Lahey, University of Louisville, Louisville, 
Ky.) 

Adjacent Teeth 



There has been concern that retention of a periodontally "hopeless" tooth, or a 
periodontally compromised tooth, may have a detrimental effect on an adjacent 
periodontally healthy tooth. Studies have shown that if the compromised tooth 
receives appropriate periodontal treatment, then attachment levels on the healthy 
tooth will be unaffected.38,39 Conversely, if the compromised tooth remains 
untreated, then attachment levels on the healthy tooth may be adversely affected, 
and extraction may be of benefit.40,41 When both teeth are periodontally 
compromised extraction will have the most pronounced effect on adjacent sites with 
deeper probing depths.41 

Adjacent third molars are of particular concern in patients with periodontitis. 
Frequently, the area between the second and third molar is difficult for the patient, 
and the professional, to adequately clean, making it difficult to arrest bone and 
attachment loss in this inaccessible area. Some believe prophylactic extraction of 
third molars is justified to prevent this and other problems.42,43 Removal of the third 
molar, however, also poses some risk for bone and attachment loss on the distal of 
the second molar, particularly with difficult extractions, or when the distal bone is 
thin.42,43 Studies suggest that this loss may be minimal.44,45 Each case must be 
considered individually and the benefits and risks carefully evaluated. In addition to 
periodontitis, other reasons to recommend third molar extraction include cystic 
changes, root resorption, lack of space, pericoronitis, caries, or anticipated 
irradiation therapy.42,43,46,47 It has been suggested that the best time for extraction of 
third molars is in the late teenage years, before the complete formation of third 
molar roots, which is usually before the occurrence of periodontitis, but at a time 
when osseous healing is optimal.42,43 

RESTORATIVE CONTRIBUTING FACTORS 

Overhanging Restorations 

Dental restorations with overhanging or open margins create plaque-retentive areas 
that can increase gingival inflammation, bone loss, and attachment loss.48–50 In 
general, more attachment loss is associated with large overhangs than with small 
ones.51 Overhangs that extend apically to a position close to the marginal bone are 
more likely to induce bone loss and attachment loss than overhangs that do not 
extend as far apically. Overhanging restorations act to extend the sphere of 
influence of plaque apically. Overhang removal improves gingival conditions and 
helps prevent attachment loss (Fig. 7-9).52 Removal should be accomplished in the 
initial phase of periodontal therapy when possible.52 Overhangs may also be 
removed during surgery or by replacement of the defective restoration. When 
surgery is indicated, the best final restoration may be achieved after completion of 
surgery, when the restorative dentist has the best access and visibility. Overhangs 
may be removed with curettes, sonic or ultrasonic scalers, chisels, diamond or 
finishing burs, or other appropriate instrumentation.53,54 



Overhanging restorative margins have also been reported to qualitatively alter the 
composition of the subgingival microflora.55 In the presence of overhanging 
restorations, the levels of bacteria associated with chronic periodontitis increase 
(e.g., anaerobes and black-pigmented Bacteroides species). Removal of the 
overhanging margin reverses this change and promotes the return of a microflora 
associated with periodontal health.55 

Figure 7-9.   



 

A, Radiograph showing the presence of several overhanging restorations before 
scaling and root planing. Subgingival instrumentation included removal of the 
overhangs. B, Radiograph taken 6 months after overhang removal. 



Margin Location 

The marginal fit of a restoration is the key to its compatibility with the periodontal 
attachment structures. The periodontal attachment, progressing coronally from the 
osseous crest, consists of about 1 mm of gingival connective tissue and about 1 mm 
of junctional epithelium.56 Coronal to the attachment structures is a gingival sulcus 
that is usually 2 to 3 mm in depth. In general, the average value of the biologic 
width (attachment zone for junctional epithelium and connective tissue) is 
approximately 2 mm. In addition, a dimension of 1 to 2 mm must be allowed 
between the base of the sulcus and the crown margin, composing a total dimension 
of at least 3 to 4 mm. If the restoration does not leave room for these normal 
anatomic features, a chronic, unaesthetic, marginal inflammation results. This 
inflammation, often manifesting as a circumferential dull blue or deep red marginal 
halo, may cause persistent bleeding or discomfort. Initially, the inflammatory 
process may produce swelling of the soft tissue, but over time it can lead to 
recession and exposure of the restoration margin. Inflammation caused by violation 
of biologic width can be resolved with periodontal surgery to establish an adequate 
3 to 4 mm distance between the prospective restoration margin and bone, followed 
by replacement of the improperly designed restoration. In the maxillary anterior 
region, this surgery may result in an esthetic compromise because biologic width 
must be reestablished by removal of bone, which will lead to a more apically 
located gingival margin and will produce "longer" teeth. 

All restorative margins located apical to the gingival margin should be within the 
confines of the gingival sulcus and are termed intracrevicular margins.57 The term 
intracrevicular implies knowledge of biologic width, determination of the 
attachment location, then placement of the restoration margin at least 1 mm coronal 
to the attachment. The term subgingival margin implies that the restoration margin 
was merely placed apical to the gingival margin without regard to the attachment 
location, without an attempt to keep the margin within the gingival sulcus, and most 
likely in violation of biologic width. The periodontal attachment is more coronally 
located interproximally than on the facial and lingual surfaces. Thus the tooth 
preparation should conform to the shape of the attachment, which generally runs in 
a line parallel to the CEJ around the circumference of the tooth. A preparation that 
is at the same level circumferentially, particularly on anterior teeth, will most likely 
violate interproximal biologic width. Studies show that compatibility with the 
periodontium is best established by margins located either supragingivally or at the 
level of the gingival margin.58–61 In the maxillary anterior, esthetic considerations 
preclude the use of a supragingival margin, but close attention to the concept of 
biologic width, and use of intracrevicular margins, will promote the best possible 
gingival esthetics and periodontal health. 

Crown Contours 

In general, flat buccal and lingual crown contours that follow the root surface 
contour are more compatible with periodontal health than those that reproduce, or 



accentuate, the cervical bulge.62–67 This bulge tends to accumulate plaque and 
promote gingival inflammation. In the maxillary anterior where facial contours 
cannot be flattened for esthetic reasons the flat contour is preserved within the 
sulcus, whereas normal contours and embrasures are established coronal to the 
gingival margin. This is referred to as establishing a zero-degree emergence angle. 

Interproximally overcontoured restorations that close the embrasure and crowd out 
the papilla make cleaning difficult and lead to gingival inflammation. Establishment 
of a proper, open embrasure and flat or convex interproximal surface is critical to 
gingival and papillary health.63 

Furcation invasion associated with poor crown contours requires a change in 
restoration design to prevent plaque accumulation and further loss of bone and 
attachment in the furcation. During tooth preparation the tooth structure coronal to 
the furcation is grooved.67 This prevents the restoration coronal to the furcation 
from bulging over the furcation entrance area and creating an area that favors 
plaque accumulation. The deep grooves in the furcation area may substantially 
narrow the crown of the tooth and should be wide enough in the mesial-distal 
dimension to ensure a gradual contour that will be easily cleansable. 

Pontic Form 

From a periodontal standpoint, pontics should be esthetic and cleansable.68–71 As 
with full coverage restorations, the contours and embrasures should be properly 
designed. In addition, a pontic should have a ridge-facing (intaglio) surface that is 
convex and easily cleaned. In general, three types of pontics fulfill these 
requirements: (1) ovate, (2) modified ridge-lap, and (3) sanitary. The ridge-lap 
pontic, which straddles the ridge much like a saddle, has a concave ridge-facing 
surface that cannot be cleaned and should not be used (Fig. 7-10). 

The ovate pontic, which is tapered, may lightly contact the ridge in the posterior. In 
the maxillary anterior, for esthetic reasons, the ridge-facing portion is slightly 
embedded in the gingival tissue. As the pontic emerges from the gingival tissue it 
gives the natural appearance of a tooth emerging from the gingival sulcus. This 
pontic is preferred in esthetic areas when a suitable ridge is present. The modified 
ridge-lap pontic is also esthetic and may be used in anterior or posterior sites. The 
sanitary pontic, which does not contact the ridge, has minimal effect on the soft 
tissues, as long as there is adequate opening under the pontic to facilitate cleaning. 
Because its ridge-facing surface is far from the edentulous ridge, it is not used in 
esthetic regions. 

Figure 7-10.   



 

Different pontic designs. A, Sanitary pontic design places the convex ridge-
facing (intaglio) surface of pontic 3mm or more away from the tissue surface; 
B, Ridge-lap pontic has concave intaglio surface straddling the ridge and is 
difficult to clean adequately with floss; C, Modified ridge-lap pontic has 
slightly concave intaglio surface on the facial aspect, but the lingual aspect is 
convex, allowing better access for plaque removal than with the ridge-lap 
pontic; D, Ovate pontic has a completely convex intaglio surface that extends 
into a prepared region of the soft tissue. Dental floss is able to pass in all 
dimensions between the intaglio surface of the pontic and the adjacent tissue 
surface. This pontic design is most often used in esthetic regions of the mouth, 
where patient access for flossing is favorable. 

Restorative Materials 

In general, most restorative materials such as amalgam, composite, glass ionomer, 
gold, and porcelain are compatible with gingival tissues.72–75 Allergy to a restorative 
material can, however, create periodontal problems. Rapid bone loss has been 
associated with nickel allergy.76 Allergy to alloys with high nickel content should 
be considered in the differential diagnosis of unusual bone loss associated with new 
restorations. 

ORTHODONTIC CONTRIBUTING FACTORS 

Crowding, Malalignment, and Malocclusion 

Crowded or malaligned teeth can be more difficult to clean than properly aligned 
teeth. In general, studies show a detrimental effect on the periodontium, although 
some studies have reported no effect.77–82 This conflict in the literature 
demonstrates that the effect is not pronounced or even necessarily detectable. 
Malocclusion, as determined by Angle's Classification, has no significant relation to 
periodontal status.83 Also, there seems to be little relation between vertical overbite 
or horizontal overjet and periodontal status.81,82 



Orthodontic elastics may become embedded in the gingival sulcus or pocket and, if 
undetected, can create periodontal problems ranging from severe bone loss to 
unintended extraction of a tooth.84–87 Although these problems are rare, they need to 
be recognized and the elastic removed at the earliest possible time to minimize the 
severe, often rapid, damage that can occur. 

HABITS AS CONTRIBUTING FACTORS 

Toothbrush and Floss Trauma 

The toothbrush may cause damage to dental soft and hard tissues (Fig. 7-11). A new 
toothbrush, and especially a hard toothbrush, can abrade epithelium and leave 
painful ulcerations on the gingiva.88 Thin marginal gingiva that is abraded away can 
lead to gingival recession and exposure of the root surface.89 The tooth surface, 
usually the root surface, can be abraded away by improper toothbrushing technique, 
especially with a hard toothbrush.89,90 The abrasives in toothpaste may contribute 
significantly to this process.91 The defect usually manifests as v-shaped notches at 
the level of the CEJ. Patients with this problem should be advised to use a soft 
toothbrush, a minimally abrasive toothpaste, and should avoid use of a horizontal, 
back and forth toothbrushing motion. 

Figure 7-11.   



 



A, Gingival trauma caused by overzealous toothbrushing on the lingual aspect 
of the lower premolars. Patient was a 26-year-old woman with generalized 
moderate periodontitis who had been given plaque control instructions by her 
dentist at the previous visit. B, Severe cervical abrasion on the facial root 
surfaces of the upper canine and lateral incisor. The patient was a 54-year-old 
woman who had used a hard toothbrush and vigorously "scrubbed" her teeth for 
more than 30 years. 

Flossing can also cause damage to dental hard and soft tissues (Fig. 7-12). Flossing 
clefts may be produced when floss is forcefully snapped through the contact point 
so that it cuts into the gingiva.92 Also an aggressive up and down cleaning motion 
can produce a similar injury. Sawing of the floss against the tooth using a back and 
forth motion can, over a period of time, cut into the tooth and create a groove.93 
Asking the patient to demonstrate their flossing technique often will reveal exactly 
how the injury was created and, at the same time, allow the clinician to demonstrate 
the technique they should avoid using. 

Figure 7-12.   



 

Flossing cleft on the facial aspect of tooth #11. Floss was directed apically by 
patient, creating a gingival cleft over the mid-root. (Courtesy of Dr. William W. 
Hallmon, Baylor College of Dentistry, Dallas, Tex.) 

Mouth Breathing and Tongue Thrust 

Mouth breathing can dehydrate the gingival tissues and increase susceptibility to 
inflammation.94,95 These patients may or may not have increased levels of dental 
plaque. In some cases gingival enlargement may also occur. Excellent plaque 
control and professional cleaning should be recommended, although these measures 
may not completely resolve the gingival inflammation. 



Tongue thrusting is often associated with an anterior open bite (Fig. 7-13).96 During 
swallowing the tongue is thrust forward against the teeth instead of being placed 
against the palate. When the amount of pressure against the teeth is great it can lead 
to tooth mobility and cause increased spacing of the anterior teeth. This problem is 
difficult to treat but must be recognized in the diagnostic phase as a potentially 
destructive contributing factor. 

Figure 7-13.   

 

Anterior open bite with anterior tongue thrust on swallowing. (Courtesy of Dr. 
Annibal Silveira, University of Louisville, Louisville, Ky.) 

Figure 7-14.   



 

Self-inflicted (factitial) gingival recession on the facial surfaces of the primary 
first and second molars in a 6-year-old boy. The child was upset by the divorce 
of his parents and developed the nervous habit of scratching his gingiva in the 
area with his fingernails. 

Factitial Injuries 

Self-inflicted or factitial injuries can be difficult to diagnose because the 
presentation is often unusual. These injuries are produced in a variety of ways 
including pricking the gingiva with a fingernail, by fingernail biting and embedding 
of fingernail fragments, with knives, and by using toothpicks or other oral hygiene 
devices (Fig. 7-14 and Fig. 7-15).97–100 In most cases, once the mechanism of injury 
is identified, the patient can be instructed to avoid the injurious behavior. If the 
habit or behavior is associated with certain emotional or psychological problems, 
referral for psychiatric evaluation and treatment may be warranted. 

Figure 7-15.   



 



A, Self-inflicted injury to the gingiva and alveolar mucosa on the facial surface 
of a lower cuspid in a 58-year-old man. Initially, the patient injured the site with 
a toothbrush and to "help the area heal" applied 3% H2O2 to the site 4 to 5 times 
a day over a 3-week period. B, The patient was instructed to stop this regimen 
and 1 week later the lesion had begun to resolve 
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8  Clinical Periodontal Examination 

Gary C. Armitage 

An oral examination should not be considered complete unless it includes an 
assessment of the patient's periodontal status. Information collected during a clinical 
periodontal examination is essential for determining the diagnosis and prognosis of a 
patient's dentition and for formulating a treatment plan. A thorough periodontal 
examination includes assessment of potential etiologic factors, the extent of gingival 
inflammation, and the amount of damage to periodontal structures, as well as an 
appraisal of factors that may affect the success of therapeutic intervention. To be 
considered clinically competent, all dentists must master the skills necessary to perform 
a complete periodontal examination. 

ASSESSMENT OF ETIOLOGIC FACTORS 

In the past several decades it has been well established that periodontal diseases are 
mixed infections associated with relatively specific groups of bacteria.1–3 
Consequently, during a periodontal examination it is necessary to assess the patient's 
current level of plaque control and to identify local conditions that might promote the 
colonization of teeth by periodontopathic bacteria. For example, notation should be 
made of dental restorations with overhanging subgingival margins, because they are 
difficult to clean and can enhance the proliferation of certain periodontal pathogens.4 
Similarly, any situation that makes daily plaque removal difficult, such as crowded or 
malaligned teeth, furcation involvements, and poorly contoured restorations, should 
be recorded. 

Even the clinical absence of heavy plaque deposits can be of significance and should 
be noted. For example, in some periodontal infections, such as localized aggressive 
periodontitis, massive periodontal damage and considerable infection can exist with 
only slight amounts of clinically visible plaque. Indeed, a characteristic of some sites 



harboring high percentages of Actinobacillus actinomycetemcomitans, 
Porphyromonas gingivalis, or certain other gram-negative bacteria is not to exhibit 
thick deposits of plaque and calculus. 

RECOGNITION OF GINGIVAL INFLAMMATION 

Recognition of gingival inflammation is a basic skill required to detect infected 
periodontal tissues. When periodontal pathogens colonize subgingival sites in 
sufficient numbers, the host mounts an inflammatory response that can be observed 
clinically. In general, infected sites exhibit one or more of four common signs of 
gingival inflammation: color change, edema (swelling), bleeding on gentle probing, 
and gingival crevicular fluid (GCF) or exudate (Fig. 8-1 and Fig. 8-2). 

Inflamed gingival tissues can exhibit a wide range of color changes. Most of the 
changes, however, are various hues of red. The redness is primarily caused by an 
increased blood supply to the inflamed site. The best way to detect inflammatory 
color change is to compare the color of the gingival margin with the color of the 
adjacent attached gingiva (Fig. 8-3). In other words, one compares the area that is 
nearest the subgingival flora (and thereby inflamed) with the area least likely to be 
inflamed.5 

Figure 8-1.   

 

Clinical signs of inflammation in a 55-year-old woman with chronic periodontitis. 
Gingival swelling and color change are particularly noticeable in interproximal 
areas. Purulent exudate (arrow) can be seen on the distal half of the left central 
incisor. 



Gingival swelling or edema is a common feature of inflamed gingival tissues. 
Edematous gingival enlargement is caused by accumulation of fluids in the inflamed 
gingival connective tissue. The fluid is primarily serum that has emerged from blood 
vessels with increased permeability because of local inflammation. Recognition of 
gingival edema is easy when it is marked. However, it is valuable to recognize this 
sign of inflammation before it becomes strikingly obvious.5 In its earliest stages, 
gingival edema is usually confined to the first few millimeters of the gingival margin 
and involves changes in contour, form, texture, and consistency. Healthy sites 
generally have knife-edged gingival margins, and the surrounding tissues are firm and 
resilient. The gingiva fits snugly against the tooth. Edematous sites, in contrast, 
usually have rounded gingival margins, and the adjacent tissues are somewhat 
enlarged and puffy. The gingiva does not fit tightly against the tooth. Detection of 
small amounts of gingival edema takes practice and requires that the clinician have a 
clear knowledge what healthy gingiva looks like. Fortunately, gingival edema is 
frequently found in association with one or more of the other signs of inflammation, 
thereby making its recognition easier. 

Figure 8-2.   

 

Bleeding on gentle probing in same patient and location as shown in Figure 8-1. 

Figure 8-3.   



 

Gingival color change (redness) of marginal gingiva of a lower left canine. 
Inflammatory change can be detected by comparing the color of the gingival 
margin with that of adjacent attached gingiva. (From Parr RW, Green E, Ratcliff 
PA, et al: Recognizing periodontal disease, San Francisco, 1978, Praxis 
Publishing.) 

In clinical practice, bleeding on gentle probing is a relatively objective sign of 
gingival inflammation. Subjective decisions necessary for the detection of gingival 
redness or edema are not required, because bleeding is either present or absent. 
Inflamed gingival tissues bleed when gently probed in cases in which the epithelial 
lining of an infected pocket has become quite thin or has microulcerations (Fig. 8-4). 
This histologic change in the pocket wall is a frequent occurrence in both gingivitis 
and periodontitis. Gentle manipulation of an intact epithelial lining of a healthy 
gingival sulcus with a blunt instrument, such as a periodontal probe, does not elicit 
bleeding. Bleeding on probing also does not occur at sites when there is a trivial 
amount of inflammation and where microulcerations of the pocket wall have not yet 
developed. Hence bleeding on probing is a simple and rapid way to identify inflamed 
sites. 

In addition to the presence of inflammation, bleeding on probing can also be caused 
by a variety of factors such as multiple or repeated probe insertions at a single site in 
a short period of time.6 This probably occurs because of inadvertent trauma to the 
pocket wall. It is, of course, possible to induce gingival bleeding when too much 
probing force is used during the examination procedure. It has been reported that if an 
insertion force greater than 0.25 N is used, bleeding frequently occurs at healthy sites 
because of trauma to the soft tissue wall of the gingival sulcus.7 In such cases, the 
presence of bleeding on probing would lead to the false conclusion that the gingival 
tissues are inflamed. It should be emphasized that periodontal probing, as a general 



rule, is a painless procedure. Therefore, one indication that too much probing force is 
being used is when patients experience pain during the examination procedure. 
However, a few patients with low pain thresholds may experience pain during 
periodontal probing even when minimal insertion forces are used. 

Figure 8-4.   

 

Photomicrograph of thin, microulcerated epithelial lining of the soft tissue wall of 
an infected pocket. Such sites readily bleed when gently probed. Original 
magnification ×16. 

There are many clinical situations wherein an underlying infection in deep pockets 
can be "hidden" by deceptively healthy looking gingiva. Bleeding on probing can be 
particularly useful in identifying such sites, because it can detect inflammation at the 
base of periodontal pockets that would otherwise be masked from view. For example, 
the marginal gingival tissues in smokers often appear pink and firm, even when 



significant periodontal destruction has occurred. However, probing to the base of the 
pocket may elicit bleeding, indicating the presence of submarginal inflammation. 

In addition to its value as a sign of inflammation, the presence or absence of bleeding 
on probing is associated with the risk for the progression of periodontitis. For 
example, in treated patients on a periodontal maintenance/recall program, the 
continual absence of bleeding on probing is an excellent predictor of periodontal 
stability.8–10 Data also show that at a single examination, the mere presence of 
bleeding from a site is not strongly related to the progression of periodontitis.8–10 
However, on the basis of a meta-analysis, sites that exhibit bleeding on probing visit 
after visit during a maintenance program are approximately at a threefold greater risk 
for progression than sites that only occasionally bleed.11 

The last major sign of gingival inflammation is the presence of GCF that oozes from 
the pocket orifice. The fluid is produced by the inflamed soft tissue wall of the pocket 
and may range from a clear serous liquid to highly viscous pus (i.e., purulent 
exudate). GCF is primarily composed of inflammatory cells (mostly 
polymorphonuclear neutrophilic leukocytes) and serum proteins. In addition, the fluid 
contains bacteria, tissue breakdown products, enzymes, antibodies, complement, and 
a wide variety of inflammatory mediators.11 The amount and rate of fluid production 
at a given site are highly variable and are, in a very general way, related to the 
severity of inflammation. 

Three basic methods can be used for the detection of GCF. The first method involves 
isolating a site, drying it with an air syringe, and inserting a small filter paper strip 
into the crevice or pocket for approximately 60 seconds. The strip is then removed 
from the site and placed in an electronic device (i.e., Periotron [Harco Electronics, 
Winnipeg, MB, Canada]) that indirectly measures the volume of fluid absorbed by the 
strip.12–14 This method is particularly valuable as a research tool, because small 
amounts of gingival fluid can be detected and measured objectively. However, it has 
limited value in clinical practice because the amount of gingival fluid provides no 
diagnostic or prognostic information. It does not distinguish between sites with 
gingivitis or periodontitis and cannot identify progressing lesions. Nevertheless, in the 
future it may be possible to detect, or even predict, important clinical events such as 
the progression of periodontitis. On the basis of preliminary experiments, several 
authors suggest that certain components of GCF may serve as risk markers for the 
progression of periodontitis.11 Indeed, more than 45 different GCF components 
representing tissue breakdown products, host-derived enzymes, and inflammatory 
mediators have been currently examined. Most notably among these components are 
alkaline phosphatase,15 dipeptidyl peptidase,16 certain matrix metalloproteinases,15,17 
glycosaminoglycans,18 and bone-specific pyridinoline cross-links.19 It should be 
emphasized that none of these GCF components has been completely validated as a 
marker for the progression of periodontitis. 

The second way to detect crevicular fluid simply involves isolating and drying a site 
and waiting for visible amounts of fluid to collect at the pocket orifice. This method is 
not particularly useful in clinical situations because sites that produce visible 



quantities of crevicular fluid also usually exhibit one or more of the other signs of 
inflammation. 

In the third method, digital pressure is applied to the gingiva overlying the 
approximate base of the pocket and the clinician's finger is moved coronally. This 
forces visible quantities of the exudate out of the pocket. This is the best way to 
determine if purulent exudate (a form of crevicular fluid) is being produced at a given 
site. 

CLINICAL ASSESSMENT OF DAMAGE TO 

PERIODONTAL STRUCTURES 

Two of the main purposes of a periodontal examination are to systematically record 
(1) probing depths (PDs) and (2) clinical attachment level (CAL) around each tooth. 
Periodontal pockets are pathologically deepened gingival sulci that develop at 
infected sites and are conceptually important because they represent the subgingival 
habitats for periodontopathic bacteria.20 PD is the distance from the gingival margin 
to the base of the probeable crevice. CAL is the distance from the cementoenamel 
junction (CEJ) to the base of the probeable crevice. When the CEJ is not detectable or 
is missing because of the presence of a dental restoration, the CAL cannot be 
measured. In such cases, another fixed landmark such as the margin of a restoration 
or an incisal/occlusal edge of a tooth can be used to obtain a measurement called the 
relative attachment level. This is the distance from a fixed landmark, other than the 
CEJ, to the base of the probeable crevice. Attachment loss readings, such as the CAL 
or relative attachment level, are important because they are the best assessment of 
how much damage has occurred to the periodontal apparatus. 

Because a pocket can develop at any point around a tooth, its entire circumference 
must be probed. Probing involves "stepping" a calibrated periodontal probe around 
the tooth and recording the deepest point at each of six tooth surfaces: distofacial, 
facial, mesiofacial, distolingual, lingual, and mesiolingual (Fig. 8-5). As a general 
rule, a probe reading that falls between two calibrated marks on the probe should be 
rounded upward to the next highest millimeter. Thus if the probe penetrates far 
enough to cover the 3 mm mark, it should be recorded as 4 mm.5 

Periodontal probing should be done gently. Ordinarily, patients should not experience 
discomfort from the procedure. As the probe is inserted into the pocket and moved 
apically along the root surface, a piece of subgingival calculus may be encountered. 
In such cases, the probe is gently teased past the calculus and moved apically until 
"soft" resistance from the tissues at the base of the probeable pocket is encountered. 
With a little practice, most examiners can readily determine when the soft tissue at 
the base of the lesion is reached. 

Figure 8-5.   



 

Periodontal probing involves "stepping" a calibrated probe around the tooth. 

At most locations an attempt should be made to probe parallel to the long axis of the 
tooth. Exaggerated probe angulations can lead to spuriously high PD readings. A 
notable exception to this rule is when probing interproximal areas where it is 
necessary to angle the probe slightly so that the site directly under the contact point 
can be reached. Care should be taken to probe the area under the contact from both 
lingual and facial aspects, because deep pockets frequently develop in this location 
(Fig. 8-6). 

Measurement and recording of PDs and CAL readings should be recorded at regular 
periods during the care of patients. Most practitioners record PD and CAL 
measurements at the following stages: (1) the baseline or first visit, (2) approximately 
1 month after completion of initial antiinfective therapy (i.e., oral hygiene instructions 
and scaling and root planing), (3) some time after the healing phase if periodontal 
surgery has been necessary, and (4) at various intervals during the life of the 
periodontal maintenance program. The specific reasons PD and CAL measurements 
are taken periodically during the care of patients are summarized in Table 8-1. Many 
of these reasons are related to how effective treatment has been in reducing the 
habitat of infecting periodontal pathogens (i.e., reduction in depth of periodontal 
pockets). 



Figure 8-6.   

 

Area under contact point should be probed from both facial and lingual aspects, 
because deep pockets frequently develop in this location. 

TABLE 8-1  Reasons Probing Depth and Clinical 

Attachment Level Measurements Are Recorded 

During the Various Stages of Periodontal Therapy 

CAL, Clinical attachment level; PD, probing depth. 



 

Some practitioners do not record CAL readings at the initial examination but wait 
until the patient is ready to enter the maintenance phase of therapy. The two main 
reasons behind this approach are that many changes occur in CAL readings as a result 
of therapy and that the readings are easier to obtain once plaque and calculus have 
been removed and the inflammation has been controlled. Other practitioners prefer to 
record CAL readings at the initial examination because it gives them site-by-site 
baseline assessments of the amount of damage before treatment. Comparison of the 
baseline CAL measurements with those recorded after treatment provide an 
assessment of how effective treatment has been in resolving the amount of 
periodontal damage. 

CAL measurements taken at two different times are the best way to determine if 
progression of periodontitis has occurred.21 Collection of these readings can be 
difficult and time-consuming because it requires that one locate the CEJ as the 
landmark from which measurements are taken. This can be particularly difficult if 
there has been minimal gingival recession and the gingival margin is located coronal 
to the CEJ. In such cases, the position of the CEJ must be estimated by feeling for it 
with the probe tip. If there has been enough recession, the gingival margin will be 
located somewhere on the root and the CEJ will be in full view, thereby making CAL 
measurements easier to obtain. The time and trouble required to collect CAL 
measurements are worth the effort, because these readings serve as a baseline for 
future comparisons during the maintenance phase of therapy. Using only PD 
measurements to determine periodontal status may result in misdiagnosis. The 
gingival margin, from which the PD is measured, is subject to change in position. For 
example, gingival inflammation and swelling can "enlarge" the marginal tissues, 
resulting in a gingival margin position coronal to its usual noninflamed position. 
Conversely, recession may move the gingival margin position apical to the CEJ (Fig. 
8-7). Hence a measurement using a fixed reference point (the CEJ) is desirable for 
monitoring patients over long periods. 



The gingival margin position may be recorded as a positive number when the 
marginal gingiva is apical to the CEJ (recession), or as a negative number if the 
gingival margin is coronal to the CEJ. Once the PD is determined, the clinical 
attachment level is calculated as the PD plus the gingival margin-to-CEJ 
measurement. For example, if a site has 2 mm of recession and a PD of 5 mm, the 
CAL is 7 mm (2 mm + 5 mm). Conversely, if the gingival margin is located 2 mm 
coronal to the CEJ, and a 5-mm PD is present, the CAL is 3 mm (− 2 mm + 5 mm). In 
some cases, the gingival margin will be located at the CEJ, in which case the PD and 
CAL are the same. 

Figure 8-7.   



 

Probing depth and clinical attachment level. A, Gingival margin is at 
cementoenamel junction (CEJ). B, Gingival margin is coronal to the CEJ 
(gingival swelling). C, Gingival margin is apical to the CEJ (gingival recession). 



FACTORS THAT MAY AFFECT SUCCESS OF 

THERAPEUTIC INTERVENTION 

Reliability and Reproducibility of Periodontal Probing 

Without question, properly used periodontal probes currently are the best way to 
measure PDs and CAL during clinical examinations. However, periodontal probing 
has several drawbacks when it is used to monitor periodontal status longitudinally. 
From one visit to the next, it is difficult to duplicate precisely the insertion force 
and to reproduce the site and angulation of probe insertion. Because of these 
technical problems, when consecutive readings of PD are taken at a given site, it is 
generally expected that the PD measurements may vary by up to 1 mm as a function 
of the limited sensitivity of this system of measurement.11,22 

In addition, it has been established that the extent of probe penetration is influenced 
by the inflammatory status of the tissues.11,23–26 In most instances when healthy 
tissues are examined, the probe tip stops coronal to the apical termination of the 
junctional epithelium (Fig. 8-8), whereas at inflamed sites the probe tip frequently 
passes apical to this point (Fig. 8-9). The depth of probe penetration partially 
depends on the extent to which the gingival connective tissue has been lysed or 
infiltrated by inflammatory cells. In other words, intact connective tissue underlying 
the crevicular epithelium is an important factor resisting probe penetration. 

This has important implications regarding how measurements taken with 
periodontal probes are interpreted. Because probes rarely stop at the exact location 
of the most apical cells of the junctional epithelium, probing measurements are 
clearly not precise assessments of the actual level of the connective tissue 
attachment. Probing overestimates connective tissue attachment loss at inflamed 
sites and underestimates it at noninflamed sites. Consequently, gains in clinical 
attachment as a result of treatment are not necessarily because of the formation of a 
new connective tissue attachment,25 rather, changes in CAL after treatment may be 
because of reduced tissue penetration of the probe as inflammation is reduced. 
Despite these problems, properly used periodontal probes provide critically 
important information regarding the periodontal status of patients. Measurements 
obtained with periodontal probes are the best way to assess damage caused by 
periodontal infections and are essential for longitudinally monitoring the response 
to treatment. 

In an attempt to overcome some of the technical problems associated with 
conventional manual periodontal probes, numerous electronic periodontal probes 
have been developed that permit probe insertion with a controlled force.11 The 
controlled-force probe that has received the most widespread use is the Florida 
Probe (Florida Probe Co., Gainesville, FL). This computer-linked device has an in 
vitro resolution of 0.1 mm and is capable of recording PDs and relative attachment 
levels.27–33 A modified version of the Florida Probe has been developed that can 



automatically detect the CEJ, and therefore is theoretically capable of making CAL 
measurements easier to obtain.34 Comparative reproducibility data from multiple 
studies do not show any major differences between conventional and various types 
of controlled-force probes.35–42 Clinical measurements obtained with conventional 
manual probes are consistently greater than those obtained with controlled-force 
probes.36–39,43–45 One of the possible reasons for this is the reduced tactile sensitivity 
associated with the use of controlled-force probes. This is especially true in patients 
with untreated periodontitis for whom the presence of subgingival calculus can 
interfere with probe insertion. With conventional probes it is generally easier for the 
operator to manipulate the probe tip past subgingival calculus deposits. A definite 
advantage of computer-linked probes is that they can automatically record probe 
readings. Some systems even allow voiceactivated data entry.46 The usefulness of 
controlled-force probes in day-to-day clinical practice has not yet been 
demonstrated.11 One possible reason for the lack of widespread acceptance of 
controlled-force electronic probes by practitioners might be increased patient 
discomfort when the devices are used, particularly around the anterior teeth. During 
probing with conventional manual probes, the operator can rapidly decrease the 
insertion force if the patient shows any early signs of discomfort. With controlled-
force probes, this patient-dentist feedback is not possible because the probe is 
inserted into the pocket in one motion and with a fixed or predetermined force. 

Figure 8-8.   

 

Photomicrographs of clinically healthy facial gingiva of a lower incisor from a 
beagle dog. A, Site without periodontal probe. B, Adjacent site with probe. End 



of transparent plastic probe (P) is located coronal to the apical termination of 
junctional epithelium (arrows). ES, Enamel space; GM, gingival margin. 
Original magnification ×30. (From Armitage GC, Svanberg GK, Löe H: 
Microscopic evaluation of clinical measurements of connective tissue 
attachment levels, J Clin Periodontol 4:173–190, 1977. ©1977 Munksgaard 
International Publishers, Ltd., Copenhagen, Denmark.) 

Assessment of Furcation Involvement 

When periodontal infections occur around multirooted teeth, destruction of the soft 
tissue and bone in the furcation area is frequently observed. Infection in these areas 
presents a considerable therapeutic problem, because furcations are difficult for 
both the patient and the therapist to clean. The type of treatment for furcation 
involvement is highly dependent on the extent to which the periodontal infection 
has destroyed tissues in the area. Therefore, for treatment planning purposes, it is 
important during a periodontal examination to assess the extent of furcation 
involvement. One of the best ways to detect furcation openings is with a curved 
instrument such as an explorer or a furcation probe (Fig. 8-10). A simple and useful 
classification system for assessing the severity of furcation involvements is as 
follows:47 

Class I: Beginning involvement. The tissue destruction should not extend 
more than 2 mm (or not more than one third of the tooth width) into the furcation. 

Class II: Cul-de-sac involvement. The tissue destruction extends deeper 
than 2 mm (or more than one third of the tooth width) into the furcation but does 
not completely pass from one furcation opening (e.g., facial) to the next (e.g, 
lingual). 

Class III: Through-and-through involvement. The tissue destruction extends 
throughout the entire length of the furcation, so that an instrument can be passed 
between the roots and emerge on the other side of the tooth. 

Figure 8-9.   



 

Photomicrographs of facial gingiva of a lower premolar in a beagle dog with 
periodontitis. A, Site without periodontal probe. Note extensive inflamed 
connective tissue (ICT) and epithelial proliferation. B, Adjacent site with probe. 
Transparent plastic probe (P) has gone past the apical termination of junctional 
epithelium (arrows). Probe tip is in contact with connective tissue near the 
alveolar crest. (×75). (From Armitage GC, Svanberg GK, Löe H: Microscopic 
evaluation of clinical measurements of connective tissue attachment levels, J 
Clin Periodontol 4:173–190, 1977. ©1977 Munksgaard International 
Publishers, Ltd., Copenhagen, Denmark.) 

Potential Mucogingival Problems 

During a periodontal examination, notation is usually made of sites that have a 
narrow zone of attached gingiva. The boundary between keratinized attached 
gingiva and nonkeratinized alveolar mucosa is readily visible in most patients; it is 
called the mucogingival junction (Fig. 8-11). In general, sites with less than 1 or 2 
mm of keratinized gingiva are usually noted and charted because some patients 
have difficulty in comfortably cleaning these areas. A toothbrush can usually be 
passed over keratinized gingiva without discomfort, whereas brushing of 
nonkeratinized alveolar mucosa can be painful. As a result, some patients avoid 
cleaning sites with little or no keratinized gingiva and plaque-induced disease 
develops. It should be emphasized, however, that many patients with a "narrow" 
zone of keratinized or attached gingiva can maintain these areas quite well and 
require no therapeutic intervention other than routine professionally administered 



cleaning.48 In any event, it is advisable to record sites with potential mucogingival 
problems for treatment planning and monitoring purposes. 

Assessment of Tooth Mobility 

Because one of the major causes of increased tooth mobility is the loss of alveolar 
support secondary to periodontal infections, it is important that abnormal tooth 
mobility be recorded as part of a complete periodontal examination. Although 
longitudinal assessment of CAL is a superior method of determining the 
progression of periodontitis, increasing tooth mobility over time suggests that some 
deterioration may be occurring. In addition, tooth hypermobility may have some 
prognostic significance.49 A simple classification system for recording tooth 
mobility is as follows:  

Class I: The tooth can be moved less than 1 mm in a buccolingual or 
mesiodistal direction. 

Class II: The tooth can be moved 1 mm or more in a buccolingual or 
mesiodistal direction but does not exhibit abnormal mobility in an occlusoapical 
direction. 

Class III: The tooth can be moved 1 mm or more in both buccolingual or 
mesiodistal and occlusoapical directions. 

Notably, increased tooth mobility may have a variety of causes unrelated to 
periodontal infections. For example, hypermobility is commonly observed when 
teeth are under extremely heavy functional loads, for a time after orthodontic 
movement, and when teeth have extensive periapical disease (i.e., endodontic 
lesions). 

Figure 8-10.   



 

A and B, Examples of probing instruments. Straight periodontal probe with 1-
mm markings (UNC 15 probe [Hu-Friedy Manufacturing Co., Chicago, IL]) is 
used for determining probing depth and clinical attachment levels. Curved probe 
with 3-mm markings is used for determining furcation classification. 

Figure 8-11.   



 

Gingival recession on a lower left central incisor extending well past the 
mucogingival junction into alveolar mucosa in a 42-year-old man. Note the 
heavy deposits of plaque and calculus on the root surface. The patient avoided 
cleaning the site because the alveolar mucosa was tender when brushed. 

It is important to remember that all teeth are mobile to some extent because they are 
separated from bone by the periodontal ligament. However, with practice it is 
relatively easy to determine abnormal tooth mobility. To test for tooth mobility, the 
clinician may place a finger on the lingual surface and gently push on the facial 
surface with the handle of an instrument such as a probe or mouth mirror. Usually, 
using an adjacent nonmoving tooth as a reference point, one can feel and see 
movement (Fig. 8-12). Some clinicians prefer to test for tooth mobility by using the 
handles of two instruments and alternating the gentle pushing action between the 
facial and lingual surfaces of the tooth (Fig. 8-13). In this case, detection of 
abnormal mobility relies on visual assessment of tooth displacement facially and 
lingually. The mesiodistal mobility is difficult to assess in teeth with interproximal 
contacts. However, mesiodistal mobility should be examined whenever possible, 
such as terminal teeth and teeth adjacent to an edentulous area or diastema. 

Basics of Periodontal Charting 

A periodontal chart should be uncomplicated, easy to read, and contain all of the 
basic information required for determining the patient's periodontal diagnosis, 
prognosis, and treatment plan. In addition, it should provide a permanent record that 
can be used to evaluate longitudinally the response to therapy. 

Before therapy, essential information to be recorded on a periodontal chart should 
include PD and clinical attachment level readings for six sites around each tooth, 
the amount of gingival recession on a site-by-site basis, furcation involvement, 
mobility, potential mucogingival problems, malalignment or crowding of teeth, 



defective restorations, and any other observations that may influence decisions 
relating to the diagnosis, prognosis, and treatment plan. An overall appraisal of the 
severity of inflammation, level of plaque control, and amount of supragingival and 
subgingival calculus is desirable. Conceptually, the periodontal chart represents a 
database from which the extent of damage can be assessed and probable etiologic 
factors can be identified. 

On completion of periodontal therapy, before placing the patient on a 
maintenance/recall program, the periodontal examination should be repeated. The 
primary purposes of this examination are the following: (1) to determine how 
successful the treatment was in controlling the etiologic factors and arresting the 
disease, and (2) to provide a basis for future comparisons as the patient proceeds 
through the maintenance program. It is important that CAL readings be taken 
during this and subsequent examinations because such measurements are the most 
reliable way to determine if progression of disease is occurring over time. 

Figure 8-12.   

 

Method for testing tooth mobility using a rigid instrument and a finger. 

Figure 8-13.   



 

Handles of two instruments used to check tooth mobility. 
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9  Radiography for the Periodontal Examination 

Dale A. Miles 

Mark V. Thomas 

Although they are only two-dimensional representations of three-dimensional 
structures, radiographic images of the hard periodontal tissues are an essential, useful, 
and indispensable diagnostic adjunct to the clinical periodontal examination. The 
clinical and the radiographic examinations complement each other, and both should be 
used for an accurate assessment of the patient's periodontal status. Without the 
radiographic images, the clinician could not effectively evaluate alveolar crestal bone 
architecture. Other estimates of crown-to-root ratio, possible vertical defects, and the 
amount of horizontal bone loss also would be impossible. 

Using digital imaging techniques and electronic image processing, the clinician can 
even "quantify" bone loss or gain by using digital image subtraction techniques. This 
chapter discusses the need for radiographic images, the desirable image characteristics 
for optimum hard tissue assessment, the techniques available, digital imaging 
techniques, and possible future trends for periodontal radiographic imaging. 

IMAGE REQUIREMENTS 



Unlike imaging for dental caries, which demands high-contrast images, the 
periodontal image demands different image characteristics. For one thing, the image 
should have a longer scale of contrast—that is, to be able to show many more shades 
of gray than the caries image. Subtle bone changes at the alveolar crest, 
demonstration of calculus deposits, and the extent of horizontal bone loss are 
sometimes lost in a high-contrast image. Vertical-, rather than horizontal-oriented, 
bitewings often are preferred and demand different image detector placement. Figure 
9-1 shows the difference between a cavity-detecting radio-graphic image and one 
used for periodontal assessment. Figure 9-2 shows two scales of contrast, one with 
few grays and one with many. 

Unfortunately, most x-ray generators currently sold have fixed kV (kilovoltage) 
settings (usually 70 kV) that preferentially produce high-contrast images for caries 
detection. Fortunately, the newer image receptors, such as storage phosphor plates 
and solid-state detectors (CCD or CMOS), discussed later in this chapter may help the 
clinician to compensate for this shortcoming. Figure 9-3 shows before and after views 
of a digital image subjected to electronic image processing to enhance periodontally 
induced disease changes. 

In the periodontal assessment, there is a critical need for ideal image geometry to 
reflect the most accurate horizontal bone levels. Properly positioned bitewing and 
periapical radiographs for this task require a paralleling technique using appropriate 
positioning devices. The paralleling technique further requires the image receptor to 
be positioned away from the teeth, especially in the maxillary arch, so that the arch 
curvature and shape does not orient the film or image receptor improperly. Figure 9-4 
shows what happens when a maxillary image receptor is placed too close to the teeth. 
These errors, called "foreshortening" and "elongation," can lead to distortion of the 
true bone levels. This is much more common in the "bisecting-angle" technique than 
with the paralleling technique. 

Figure 9-1.   





A, High-contrast x-ray image used for detecting interproximal carious lesions. B, 
X-ray film with a longer gray scale contrast for detecting early bone loss at the 
alveolar crest. 

Figure 9-2.   

 

A long scale of contrast (top) reveals many shades of gray. A short scale of 
contrast (bottom) reveals only blacks and whites. 

The accurate assessment of "bone height" is essential to successful periodontal 
disease management. Unfortunately, there are many technical errors attributable to 
radiographic image acquisition that can affect the appearance of the bony structures, 
and thus the clinician's assessment. "Radiographic bone height" may be different from 
"actual bone height" because of vertical angulation errors present in poorly positioned 
films. Radiography is only "shadow casting," and the operator can cast the "shadow" 
of the bone higher on the radiographic image than is truly present. This is especially 
true of periapical as opposed to bitewing images. Exposure geometry is extremely 
important and, if not compensated for, can lead to serious errors in radiographic 
interpretation and, consequently, diagnosis. Ritchey and Orban1 studied the effect of 
varying exposure geometry on the radiographic appearance of bony defects in dried 
specimens. Radiographic images at various vertical angulations provided radically 
different views of the defects. By varying vertical angulation from a baseline of 0 
degrees (right angle to the long axis of the tooth) to ±25 degrees, for example, 
significant furcal radiolucencies could be made to appear larger or to disappear 
entirely. 

Figure 9-3.   



 

A, This image shows what appears to be significant bone loss in the furcation area 
of the first molar. However, when subjected to image processing (B), there is 
more bone apparent in the region as shown by the reverse contrast tool and gray 
scale information filling most of the "defect." 

SELECTION CRITERIA 

Although it should not be controversial, the use of radiographic selection criteria for 
prescribing medically necessary radiographs has engendered some debate in the 
dental professional community. Simply put, no radiograph should be exposed on a 
patient without performing a thorough, clinical examination first to deter mine 
how many images and what types of images are needed for a particular patient. 
Thus, it is the clinical examination that determines the number, type, and location of 
radiographs to be taken. The radiographs are "selected" on the basis of needs dictated 
by the clinical examination. 

The complete periodontal examination will most often require both bitewing 
radiographs and selected periapical radiographs of the remaining teeth. In many 
cases, the patient will have a full dentition, therefore the periapical "coverage" might 
require as many as 18 to 20 images, conventional (film-based) or perhaps digital (Fig. 
9-5). Although intraoral films are generally preferred over panoramic surveys, some 
investigators have reported close correlation between clinical examination results and 
bone levels on panoramic films.2 Indeed, some investigators suggest that panoramic 
surveys of high quality may be satisfactory if supplemented with intraoral films in 
selected areas.3,4 

Figure 9-4.   



 

If the receptor (film) is placed too close to the teeth, the tooth length will be too 
short (foreshortening) if the central x-ray beam comes in too steeply, as depicted 
by the arrow marked a, or too long (elongation) if the central x-ray beam comes in 
too shallow, as depicted by the arrow marked b. The receptor (film) needs to be 
placed farther away from the teeth, against the vertical portion of the film holder. 

Figure 9-5.   

 



The full-mouth radiographic series includes both periapical and bitewing 
radiographs. The teeth and periodontal structures are visible in their entirety. 

In addition to periapical radiographs, properly positioned and exposed bitewing 
radiographs (horizontal or vertical) are considered mandatory in the periodontal 
"hard-tissue" assessment for most patients, because of the characteristics outlined 
below:  

1. The alveolar crest height is as accurately depicted as possible. 

2. The relation of the cementoenamel junction (CEJ) to the alveolar crest can 
be accurately determined. 

3. The presence of vertical bony defects can be demonstrated more precisely 
than with periapical images. 

4. Early crestal bone loss in the posterior dentition can be found more readily 
than with periapical images. 

Using an appropriate combination of bitewing and periapical radiographs, the 
clinician can create a complete and accurate picture of the bony changes related to 
periodontitis for patient treatment planning and disease management. Using 
individualized selection criteria, judicious prescription for and careful exposure of the 
necessary images is made only after a thorough clinical examination and review of 
the patient history. 

RADIOGRAPHIC IMAGE TYPES AND TECHNIQUES 

There are three basic intraoral radiographic techniques to consider for assessment of 
the bone status in patients with clinical features of periodontitis. This discussion is 
limited to features of the images created using these techniques, rather than the 
techniques themselves. (Refer to contemporary textbooks on oral and maxillofacial 
radiology for explanation of the actual positioning techniques.) The standard 
techniques for radiographic assessment of the patient with suspected periodontal bone 
loss are:  

1. Horizontal bitewing 

2. Vertical bitewing 

3. Periapical 

Horizontal Bitewing Technique 

Bitewing radiographs are probably the most important images for establishing the 
true radiographic picture of the alveolar bone height in most patients with 



periodontal disease. With the teeth in a close approximation of their normal 
occlusion, the angulation used (positive 7 to 10 degrees) is favorable to projecting 
the image of both the maxillary and mandibular posterior teeth in their most parallel 
orientation. Well positioned, well exposed, horizontal bitewings will give excellent 
image geometry and will result in the most accurate diagnostic images of the teeth 
and crestal bone (Fig. 9-6). Horizontal bitewings are usually ordered when the 
patient has suspected "mild to moderate" horizontal bone loss, as determined by the 
clinical examination. 

If properly positioned, the clinician should expect to see:  

1. Superimposition of the buccal and lingual/palatal cusps 

2. A sharp or well-defined alveolar crestal margin 

3. No horizontal "overlap" between adjacent teeth (i.e., "open" interproximal 
spaces without overlap in the contact areas) 

Figure 9-6.   

 

Horizontal bitewing radiograph of left posterior sextants. Note that the bony 
crest is visible in both arches, but it is close to the edge of the film between the 
mandibular premolars. The root trunks of the molar teeth are not entirely 
visible. 

Vertical Bitewing Technique 



Vertical bitewings are useful if the patient has demonstrated deep probing depths on 
clinical examination and the clinician expects the patient to have moderate to severe 
horizontal bone loss. Some clinicians prefer vertical bitewings over horizontal 
bitewings for the majority of patients with any signs of alveolar bone loss. 

The operator should be cautioned about two potential problems during image 
acquisition. The first is that the image receptor (film) oriented vertically will 
impinge more readily on the palatal curvature because of the increased height of the 
receptor (film). This is especially true if the patient has a relatively shallow palatal 
vault. This impingement may lead to image distortion. The second is that vertical 
orientation reduces the image information in an anterior-posterior dimension 
because the receptor is narrower in the horizontal direction in this orientation. Thus, 
there may be an additional vertical image required for complete coverage of the 
structures being examined. Figure 9-7 shows examples of vertical bitewing 
radiographs. 

Periapical Technique 

Periapical radiographs make excellent supplemental images for periodontal bone 
level determination and are essential for assessing the crown-to-root ratio, root 
morphology, periodontal ligament spaces, and periapical status. The two types of 
images discussed, bitewing and periapical, are complementary and both image sets 
most likely will be necessary for patients with periodontal problems. However, 
applying selection criteria principles, periapical images are not mandatory on every 
patient. The patient with simple gingivitis and no evidence of attachment loss may 
not require periapical images. If the bitewing images are properly exposed and 
assessed, they will indicate the need for prescribing additional periapical 
radiographs in many cases. That being said, bitewing images are unable to provide 
information that may be critical to diagnosis and treatment planning, such as the 
position of important anatomic structures (e.g., mandibular nerve, floor of the 
maxillary sinus) and the presence or absence of periapical lesions. If such 
information is needed, the selection criteria would dictate that the clinician order the 
appropriate periapical radiographs. 

Figure 9-7.   



 

Vertical bitewing radiographs of the right (A) and left (B) posterior regions. 
Note that a greater amount of alveolar bone is visible compared with the 
horizontal bitewing shown in Figure 9-6. The root trunks of the molar teeth are 
visible in their entirety. However, because the film is oriented vertically, there is 
less visibility anteroposteriorly. Thus, an additional vertical bitewing would be 
needed on each side to see all the posterior teeth. 

RADIOGRAPHIC INTERPRETATION AS APPLIED TO THE 

PERIODONTAL PATIENT 

Use and Limitations 

It is not possible to render a definitive periodontal diagnosis by means of a 
radiograph.5 For example, consider the patient with advanced periodontitis who has 
had a good clinical response to adequate and appropriate therapy. The patient may 
well have minimal probing depths, but the radiographic bone levels will likely 
remain largely unchanged after treatment. It will be impossible to determine 
whether that individual requires further treatment by examining posttreatment 
radiographs alone. Conversely, serial radiographs taken at baseline (pretreatment) 
and at subsequent appointments may reveal ongoing bone loss and, therefore, will 
be indispensable, but only in the context of supplementing the findings from the 
clinical examination. 



Another obvious example is the endodontically involved mandibular molar that 
reveals radiolucency in the furcation region. Probing may reveal no increase in 
probing depth or clinical attachment loss—that is, there has been no apical 
migration of the epithelial attachment and the sulcus is not continuous with the 
furcation area. This is strictly an endodontic problem unless and until the sulcus 
becomes continuous with the furcation (see Chapter 30). Nevertheless, the 
radiographic image may mimic the appearance of significant furcation involvement 
caused by periodontal destruction. 

The caveat needs to be borne in mind then that the radiographic appearance may be 
deceptive in that (1) bone loss may be more advanced than indicated by the 
radiograph, (2) a radiograph taken at one point in time says nothing about disease 
activity or progress, but only represents a history of tissue destruction, and (3) 
radiographs cannot be used as a surrogate measure of probing depth (or any aspect 
of the clinical examination). Despite these limitations, however, radiographs are 
absolutely necessary in the proper diagnosis and treatment of periodontitis. There is 
much information that can be obtained only from radiographs5,6: root length and 
morphology, root trunk dimensions, crown-to-root ratio, an approximate idea of 
bone destruction, coronal extent of the interdental septum, some sense of the bony 
topography, and anatomic structures that may be of interest when planning therapy 
(e.g., mental foramen, mandibular canal, maxillary sinus, nasal cavity). Similarly, 
there are a number of parameters that cannot be assessed using conventional 
radiography5,6: periodontal probing depth or attachment levels, morphology of bony 
defects (although this may be suggested), soft-to-hard tissue relation, tooth 
mobility, and bony topography on the buccal and lingual surfaces of the teeth.7 

Interdental Septum and Crestal Lamina Dura 

One of the areas of chief interest in the periodontal examination is the interdental 
septum. The interdental septum, or septal bone, is located between the roots of 
adjacent teeth. It is therefore more clearly visualized than bone that is located on the 
buccal or lingual aspect of the tooth (the latter being partially obscured by the 
superimposed image of the root). The shape of the interdental septum is a function 
of the morphology of the contiguous teeth. Teeth that are quite convex on the 
approximating surfaces (i.e., "cup-shaped") will give rise to a wider interdental 
space in the mesiodistal dimension. This will result in flatter, broader septa of larger 
mesiodistal width. Teeth that present with a flatter, less convex interproximal 
profile will tend to produce narrower interdental spaces. This results in formation of 
a "septal peak" and is most commonly seen in the anterior regions. Loss of this 
architecture results in "blunting" or loss of septal height and may indicate early 
periodontitis (although evidence of clinical attachment loss will precede 
radiographically evident bone loss). Figure 9-8 shows early and more advanced 
blunting of the septal crests. 

Figure 9-8.   



 

A, Early loss of the septal peak between the mandibular incisors. B, More 
advanced loss of the septal peak. As bone loss occurs, the clinician can see that 
the distance between the alveolar crest and the cementoenamel junction 
increases. 

The normal shape of the crowns of the posterior teeth gives rise to a relatively flat 
alveolar crest and this, in turn, results in a rather flat interdental image on the 
bitewing radiograph. The thin, radiopaque line at the top of the crest, which is 
continuous with the lamina dura adjacent to the periodontal ligament (PDL), is 
known as the crestal lamina dura (Fig. 9-9). It has been suggested that loss of the 
crestal lamina dura may correspond to periodontal disease activity. However, 
failure to visualize the crestal lamina dura with conventional imaging may occur in 
a high percentage of interproximal sites, and thus may be regarded as within normal 
limits.8 Greenstein and co-workers9 report that the crestal lamina dura is not 
significantly related to any of a number of clinical periodontal parameters. While 
the absence of the crestal lamina is not indicative of current or impending disease 
activity, there is evidence to suggest that the presence of a crestal lamina dura may 
be associated with clinical stability.8 Increased density of the crestal lamina dura 
has been reported after successful periodontal therapy.10 Normally, the alveolar 
crest meets the lamina dura at a right angle. However, when teeth are tipped, the 
appearance of the crestal lamina may mimic a vertical bone defect. Because of the 
improper vertical angulation or orientation of the tipped tooth, the CEJ is 
positioned inferiorly relative to the adjacent tooth. This creates the impression 
of a vertical bony defect when in reality there is no bony defect. A similar "CEJ 



discrepancy" can occur as a simple anatomic variation from normal. Some people 
have a mesial tilt to the posterior teeth that can result in the appearance of vertical 
defects adjacent to the mesial surfaces of multiple teeth. Figure 9-9 provides for an 
explanation of this phenomenon. Ritchey and Orban11 report that lines drawn 
between the adjacent CEJs should parallel the crestal lamina dura, and this simple 
test will readily distinguish true vertical defects from "pseudo-defects" caused by 
tooth angulation. 

Figure 9-9.   



 

The crestal lamina dura is apparent between the premolar and molars in these 
radiographs. In each radiograph, if a line is drawn from the cementoenamel 
junction (CEJ) of one tooth to the CEJ of the adjacent tooth, and that line 
parallels the alveolar crest, then there is no true vertical bone defect. The 
"apparent" vertical defect is really caused by tooth angulation/inclination. If a 
measurement is made from the CEJ to the crest of bone at each tooth surface, 
the measurement is approximately 1.5 to 2.0 mm, indicating that the crestal 



bone is at a normal height. This patient therefore has no bone loss and no 
vertical bony defects. 

Radiographic Evidence of Bone Loss 

A number of investigators, using dried jaw specimens, have determined that 
significant amounts of bone must be removed before bone loss is visible on 
conventional radiographs. Ortman and co-workers12 used dried specimens with 
artificially created bone defects and report that radiographic examination tends to 
underestimate the artificial bone loss when 30% or less of the bone was removed. 
Bender and Seltzer13 found that mandibular lesions created with a bur were not 
visible until some cortical bone was removed. Ramadan and Mitchell14 determined 
that significant amounts of bone removal in their dried specimens did not 
consistently produce changes in the radiographic images. 

In clinical studies on actual patients, most investigators have found that 
radiographic images tend to underestimate bone loss as compared with clinical 
measurements.15–20 The amount by which this loss is underestimated has been 
variously reported as 1.2,21 1.3,18 and 2.3 mm.17 This is important for the clinician 
to keep in mind, because the radiographic examination is likely to give a "best case 
scenario." Treatment plans, therefore, should account for the potential to find more 
significant bone loss during surgical therapy. In one recent study, radiographic 
images significantly underestimated bone levels when compared with direct 
measurements made during surgery.22 Some workers also have reported that this 
tendency is more pronounced in untreated than treated sites.18 Lastly, it has been 
shown that clinical changes (i.e., clinical attachment loss) precede radiographic 
changes.23 

One of the primary problems in radiographic examination is the lack of consistency 
among serial radiographs taken under normal clinical conditions.24 Relatively small 
changes in film positioning can result in large changes in bone appearance. Lesions 
can appear or disappear. Generally, changes in bone height have been determined 
by comparing the distance from the CEJ to the alveolar crest at two different time 
points (e.g., before and after some type of treatment). If a certain amount of loss is 
detected, then the label of "bone loss" can be affixed. Given the variations in 
consistency, various thresholds of bone loss have been described, ranging from 
greater than 1 mm to greater than 3 mm.25,26 

The lack of consistency is not to suggest that the radiograph is useless or ineffective 
in the diagnosis of periodontal disease. Although clinical attachment loss is often 
more advanced than would be indicated by the radiograph, the latter is often a good 
approximation of the former. Prichard6 suggests that the radiograph should be a 
"critic" of the clinical examination, and further cautions that if there is a pronounced 
lack of congruity between what is seen radiographically and the results of the 
clinical examination, then a reason must be sought so that these conflicting data can 
be reconciled. An example might be a patient with good home care and a history of 



previous periodontal therapy. Periodontal probing reveals minimal probing depths 
with little recession. The radiographs, however, reveal significant horizontal bone 
loss. The most obvious reason for this seeming anomaly is the presence of a long 
junctional epithelial attachment subsequent to the previous periodontal intervention. 
In this case, repair took place and health was restored, but complete regeneration of 
the attachment apparatus, including the alveolar bone, did not occur. The opposite 
condition may also be observed. For example, a patient presents for routine 
examination and a 10-mm pocket is detected on the distolingual aspect of the 
mandibular right second molar; however, there is no radiographic evidence of a 
bone defect at this site. Again, there is a simple explanation: the dense (i.e., 
radiopaque) buccal and lingual cortical plates in this molar region are superimposed 
on the defect image, thereby preventing it from being seen on the radiograph. In the 
event of such inconsistency between clinical and radiographic examinations, 
however, it is prudent to reexamine the site (or sites) clinically to ensure that 
pathology has not been overlooked. 

Patterns of Bone Loss and Defect Morphology 

A distinction often is made between "horizontal" bone loss and "vertical" bone loss. 
Horizontal bone loss is the symmetric loss of bone on both the mesial and distal 
surfaces of contiguous teeth such that the bony architecture appears to be rather flat. 
This is in contrast to vertical bone defects, which have a funnel-shaped appearance 
and plunge apically on one tooth surface, whereas there is little or no bone loss on 
the contiguous tooth surface (Fig. 9-10). 

One variant of this pattern is the so-called hemiseptal defect in which significant 
bone loss has occurred on the proximal surface of one tooth, to the extent that both 
buccal and lingual cortical plates have been destroyed, but the bone level on the 
adjacent tooth surface is at a relatively normal level (or at least has not experienced 
the same degree of loss).6 Thus, roughly one half of the interdental septum is lost, 
giving rise to the term hemiseptal. These defects (also known as "one-wall" defects 
because they have only one bony wall facing the involved tooth surface) are among 
the most challenging to treat. (See Chapter 23.) 

Figure 9-10.   



 

Periapical radiograph of lower left posterior sextant showing multiple vertical 
defects. The most prominent is on the distal aspect of tooth #21. Note the more 
coronal position of the bony crest on the mesial of tooth #20 compared with the 
distal of #21. This radiograph also demonstrates radiographic suggestion of 
calculus on the mesial of tooth #18, mesial of #19, and distal of #21. A 
radiolucent area suggestive of bone loss also is noted in the furcation of tooth 
#19. 

The most common type of periodontal osseous defect is the two-walled interdental 
crater, which is located between adjacent posterior teeth. (See Chapter 23.) The 
walls referred to represent the buccal and lingual bony walls. The presence of 
buccal and lingual bony walls, with their cortical bone intact, often prevents these 
defects from being clearly visualized by conventional radiography. The three-
walled defect is the type of bony defect most amenable to regeneration. Like the 
two-walled crater, this defect may be difficult to visualize on the radiograph, 
because the buccal and lingual walls remain intact and obscure the radiographic 
image of the defect. 

When the clinician examines a radiographic series of the entire mouth, some 
patterns of bone loss are strongly suggestive of certain disease entities. Recognition 
of patterns of bone loss is valuable in establishing a diagnosis and formulating a 
treatment plan. For example, in determining whether a diagnosis of generalized or 
localized disease will be made, the radiographs may be of significant value. This is 
particularly true of localized aggressive periodontitis (previously referred to as 
"localized juvenile periodontitis")27 (see Chapter 2). This clinical entity is 
essentially defined by involvement of some or all of the first molars and incisors, 
with little involvement of other teeth. 



Periodontal Ligament Space 

The periodontal ligament space often can be discerned on routine radiographs as a 
thin radiolucent line interposed between the root and the radiopaque line that 
outlines the root. This radiopaque line (which is not consistently visible in all 
projections) is the image of the cribriform plate or alveolar bone proper. This 
radiographic image is known as the lamina dura, which is continuous with the 
crestal lamina dura (discussed earlier), which is the radiopaque line at the most 
superior aspect of the interdental septum (see Fig. 9-9). The width of the PDL has 
been considered important in the diagnosis of various conditions, including occlusal 
trauma (see Chapter 29). However, the PDL width varies with varying tube/film 
geometry and exposure conditions and with root morphology.28 Thus, it has not 
been demonstrated that PDL width can be measured consistently and reliably with 
conventional radiographs. Nonetheless, various authorities have suggested that a 
widened PDL space is suggestive of occlusal trauma.29 Specifically, occlusal 
trauma may be manifested as a widening of the PDL space or may present as a 
funneling of the coronal aspect of the PDL space. Widening of the periodontal 
ligament space also is seen in vertical root fractures,30,31 in progressive systemic 
sclerosis (scleroderma),32–34 and occasionally as a manifestation of periapical 
pathology. 

Furcation Defects 

Loss of bone in the furcation areas of molar teeth may occur as a result of 
periodontitis, endodontic infection, root perforation during dental procedures, or 
occlusal trauma. These changes are most readily seen in the mandibular molar 
region. Because most mandibular molars have only two roots, one mesial and one 
distal, any loss of bone where the roots meet the crown is normally detected easily 
(see Fig. 9-10 and Fig. 9-11). There is a radiolucent appearance in the furcation, and 
the clinician often can follow the bone level from the interproximal areas to the 
furcation. 

Because most maxillary molars have three roots, early change in their furcation 
areas are more difficult to assess. Bone loss in the facial furcation may occasionally 
be detected on radiographs, but the superimposition of the palatal root makes such 
detection difficult. Defects occurring between the mesiobuccal and palatal roots and 
between the distobuccal and palatal roots often are easier to detect radiographically. 
Lesions involving these mesial and distal furcations often are manifested by the 
presence of furcation "arrows"35 (Fig. 9-12). Approximately 30% to 55% of grade 2 
or 3 furcation involvements have a furcation arrow present on the radiograph. Thus, 
although the furcation arrow is a useful tool to complement the clinical 
examination, it should not be relied on as a lone diagnostic tool to detect mesial and 
distal maxillary molar furcation defects, because many furcations with bone loss do 
not demonstrate a furcation arrow. Conversely, the presence of the furcation arrow 
had a high degree of specificity (relatively few false-positives)—that is, furcation 
areas without bone loss rarely showed a furcation arrow on the radiograph. 



Figure 9-11.   

 

Radiograph demonstrates distinct radiolucency in the furcation region of the 
mandibular first molar, suggestive of furcal bone loss. Note also the appearance 
of heavy calculus deposits. The roots of the first molar are relatively divergent, 
whereas the roots of the second molar are in close proximity. 

Tests with a high specificity often are clinically useful.36 In such a test, the results 
are almost always negative (e.g., no furcation arrow present on the radiograph) 
when the condition being assessed (e.g., furcation involvement) is absent. If a 
furcation arrow is present on the radiograph, there is a high likelihood that a 
furcation involvement is present. This is of particular interest in the case of the 
mesial and distal maxillary molar furcations, which are difficult to evaluate 
clinically because of their interproximal location. Therefore, it is suggested that the 
clinician compare the radiographic appearance of the maxillary molars with the 
clinical findings. If furcation arrows are present, but the examination reveals no 
furcation involvement, it may be prudent to reevaluate those sites clinically. 

Root Morphology 

The radiograph is the only method, short of direct observation, of visualizing the 
morphology of the roots. There are a number of radiographic parameters that may 
be of clinical significance, including the length of the root trunk, root length, root 
divergence/convergence, root resorption, and root shape. The most fundamental 
dimension of interest is the length of the root, both in absolute terms and relative to 
the apicocoronal dimension of the crown. The ratio between the two is the so-called 
crown-to-root ratio. Radiographs also can reveal root resorption, either idiopathic or 



as a result of orthodontic tooth movement. Root resorption deprives the tooth of 
support just as periodontitis does. Clinically significant root resorption may 
jeopardize the prognosis of affected teeth. This is particularly true when resorption 
occurs in a setting of previous attachment loss. For this reason, it is suggested that 
adult orthodontic patients receive a pretreatment radiographic series and periodic 
films throughout treatment to detect such changes. 

Figure 9-12.   

 

Loss of bone in the mesial and distal furcations of maxillary molars may present 
as a "furcation arrow" (A) such as that seen in this vertical bitewing radiograph. 
B, The arrow is simply a triangular region shaped like an arrowhead, with its tip 
pointing directly into the furcation opening on the mesial aspect of the maxillary 
first molar. These radiographs also suggest loss of bone in the mandibular first 
molar furcation. 

The root trunk is of particular interest in periodontal disease and treatment. The root 
trunk is the dimension from the CEJ to the furcal entrance. Teeth with short root 
trunks may have earlier furcation invasion and may be less amenable to osseous 
resective surgery and crown lengthening (because these techniques may result in 
iatrogenic furcation defects) (see Chapter 23). Conversely, teeth with unusually 
long root trunks (i.e., those with a taurodont appearance) may be difficult or 
impossible to treat once the furcation is invaded, because of its apical position. 

Roots of multirooted teeth often diverge or become more separated as they course 
apically (see Fig. 9-11). Sometimes, however, they will converge or come closer 
together. This is more common for second molars than for first molars. This root 



convergence may complicate furcation therapy, because access is limited. Root 
resection is made more complicated by convergence. Extremely divergent roots 
may present difficulties in extraction, often requiring resection before extraction of 
the tooth. 

Radiographic examination may reveal other root anomalies such as gemination or 
fusion,37 root dilacerations, and additional roots that would not generally be present 
on certain teeth, such as a third root on mandibular molars or double-rooted 
mandibular premolars. Such root anatomy may impact periodontal therapy and 
should be noted during the examination and diagnostic phases of periodontal 
treatment. 

Calculus 

Clinically significant calculus deposits often are seen on routine radiographic 
examination (see Fig. 9-11 and Fig. 9-13). However, the radiograph is not a 
sensitive indicator of calculus. Buchanan and co-workers38 report that radiographic 
evaluation of calculus did not correlate well with its presence. Although the false-
positive rate was only 7.5%, the sensitivity (i.e., the proportion of sites with 
calculus that also have radiographic evidence of calculus) was poor at 44%. These 
authors conclude that conventional radiography is not a very discriminating method 
of calculus detection.38 When any radiographic subgingival calculus is observed, it 
is usually indicative of very heavy deposits. The clinician should not interpret the 
absence of radiographic calculus as indicative of an absence of calculus clinically, 
because most subgingival calculus deposits will not be present radiographically. 

Figure 9-13.   



 

A, Small "spurs" of calculus at the cementoenamel junction of each of the 
mandibular posterior teeth are revealed. B, Demonstration of much heavier 
calculus deposits surrounding the circumference of the maxillary molar. 



DIGITAL IMAGING AND PERIODONTAL BONE LOSS 

Many clinicians are adopting digital x-ray systems to replace conventional film-based 
images. It is likely that this conversion to digital systems will continue in the future, 
as it has in medicine. Every image acquired digitally in medicine is changed or 
processed to extract features about the disease process under consideration. In fact, 
manufacturers of these medical systems often produce software algorithms for 
particular diseases—for example, a computer program is required to optimize the 
image for breast calcifications or lung nodules. These two imaging programs would 
require very different processing software because breast calcifications are small and 
scattered, whereas lung nodules are larger and more diffuse. The breast calcification 
detection would require a program with far greater contrast resolution than the lung 
lesion. 

Because periodontal bone change can be subtle, digital subtraction radiography 
(DSR) techniques (software algorithms) have been developed. Unfortunately, their 
use is not commonplace so their cost remains high. But they represent one of the few 
areas in all of dentistry where dentists can quantify disease change, even at very early 
stages.39 

In the DSR technique, a second image is taken at some point after the initial image. 
The images are then compared after normalization and image alignment. The 
elements that remained unchanged are "subtracted" from the two images and the 
remaining image information is displayed. Using pseudocolorization techniques, only 
the areas that changed are visible to the dentist.40 Positive and negative changes will 
be shown and these areas of change measured to calculate the percent differences. 
Figure 9-14 shows a typical subtraction image. An early technical challenge in DSR 
was the requirement that the consecutive images be closely aligned for an accurate 
comparison to be made. This was accomplished using custom stents and other devices 
that made the technique less practical for clinical use. Recent technologic 
enhancements have enabled compensation for imprecision in placement, thereby 
allowing for the accurate "superimposition" of the images, which is required for 
DSR.39 This has made DSR much easier, and it is widely used in periodontal 
research. However, the technique is still not commonly used by clinicians. 

Continued advances in this field will undoubtedly result in DSR protocols and 
instrumentation that are less technique-sensitive, while providing robust diagnostic 
data.41 One promise of this technology is the ability to detect very early changes in 
bone level.42 This would enable early interventions that may be both more cost-
effective and less invasive than treatment performed at a later date, when the 
periodontal destruction is more advanced. Another application is the evaluation of 
regenerative therapies such as guided tissue regeneration and bone grafting. Early 
results have been encouraging, but more work is needed in this field.43,44 Jeffcoat and 
Reddy45 also have demonstrated that DSR can be useful in evaluating periimplant 
bone changes. 

Figure 9-14.   





Digital subtraction radiographic (DSR) technique used to assess the effects of 
periodontal therapy in area of teeth #27 to #29. The radiograph on the left (A) is 
subjected to color enhancement (right) to show areas with increased bone density 
in red and areas of decreased bone density in green. DSR measures changes in 
bone density over time. B, The unenhanced DSR image shows areas of increased 
bone density as dark areas in the interdental bony crest region between teeth #27 
and #28, and #28 and #29. Subtle changes in bone density are more difficult to 
see without color enhancement algorithms. C, Other enhancement techniques can 
be formulated to show areas of significant change (e.g., hash-marked area at bony 
crest between teeth #28 and #29 showed most intense gain in bone density; 
whereas the dotted region extending further apically between teeth #28 and #29 
showed less intense change, with mixed gain/loss in bone density). (Adapted from 
Newman M, Takei H, Carranza F: Carranza's clinical periodontology, ed 9, 
Philadelphia, 2002, WB Saunders.) 

PRESURGICAL PLANNING 

Radiographs are indispensable as presurgical planning aids. Before surgical 
intervention, it is necessary to know the location of vital structures that may be in 
proximity to the surgical site. This is true in periodontal surgical procedures and even 
more applicable in the surgical placement of dental implants (see Chapter 26). Many 
implant protocols call for a certain minimal space (e.g., 2 mm) between the apical 
extent of the osteotomy site and any vital structure, such as the mandibular canal. 
Such an allowance is necessary, because the implant drills usually have beveled 
points that extend beyond the depth of the actual implant insertion. Because this type 
of surgery often involves placing implants in relatively close proximity to such 
structures, it is necessary to know the vertical and horizontal magnification of the 
radiographic image. For example, the panoramic radiographic image often is used in 
planning implant surgery. These images have a certain clinically significant degree of 
magnification and this must be compensated for to avoid surgical misadventure. Most 
implant manufacturers supply clear plastic templates with images of their implants at 
various magnification levels to aid in the treatment planning process. 

In addition to knowledge about the location of structures such as the maxillary sinus 
and mandibular canal, certain imaging techniques provide information regarding bone 
density. Computed tomography (CT) produces images made up of individual units 
known as voxels. The density of the image is measured in Hounsfield units, named for 
the inventor of CT: Sir Godfrey Hounsfield. Water has a Hounsfield value of 0 and is 
the standard for comparison. It is possible to relate the density of the CT image in 
Hounsfield units to the density of the bone.46 This information is valuable in assessing 
the suitability of a site for dental implant placement and also may have implications 
for decisions concerning the timing of implant loading and decisions regarding what 
type of implant surface would be preferred for a given site. Although it is beyond the 
scope of this chapter to consider these techniques in detail, a diagnostic wax up and 
stent are usually required, with some sort of radiopaque marker to indicate the 
proposed site of the planned implant fixture.47 (See Chapter 26.) Cross-sectional 



images often are valuable during the diagnostic phase of implant therapy, and CT is 
one technique many clinicians prefer, especially when multiple implants are to be 
placed. Linear and spiral tomography also are available for cross-sectional imaging, 
and they often are preferred when only one or a few implants are to be placed. 
Although tomography is not always required in implant treatment planning, it is a 
great aid in situations in which conventional radiographic images do not provide 
sufficient information. 

CONCLUSION 

The radiograph and clinical periodontal examination complement one another. 
Neither is sufficient by itself, but together they can provide a sound foundation for 
diagnosis and treatment planning. Despite certain limitations, the conventional dental 
radiograph is an indispensable adjunct in diagnosis and treatment planning. While 
acknowledging the value of diagnostic imaging, it is wise to remember its limitations 
and to take these into account during the treatment planning process. It is likely that 
continued improvements in imaging technology will improve the clinical use of 
radiographic imaging and permit earlier and more accurate visualization of relatively 
small changes in bone topography.48,49 
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10  The Electronic Patient Record 

Paul R. Rhodes 

The field of periodontology is rapidly evolving. Information management is becoming 
an area of "critical mass" for many dental practices, including those actively involved in 
periodontal therapy. The ability to accurately gather, analyze, and share dental data has 
become a key to the success of the practice. This chapter deals with the components 
and functionality of a computer-based oral health record and the significant 
enhancements it offers over traditional paper-based records. 

The Electronic Patient Record (EPR) for dentistry is seen by many to be a component 
of the overall EPR for all of healthcare.1–8 As research during the last decade has shown 
how periodontal health and disease can affect other systemic conditions, it is essential 
that this component relation exists between the dental record and the medical record 
(Fig. 10-1). Such a component model for the EPR was introduced in 1991 by the 
Institute of Medicine and was further elucidated for dentistry by Abbey.1 The EPR can 
be much more than a substitute for the traditional paper-based patient record. The EPR 
can take the clinical practice of health care into a new paradigm.9–12 

The traditional paper-based clinical record is static documentation of the history of 
observations and events related to a patient while under dental care. In addition to 



written notes, it commonly contains film-based radiographs and photographs (prints or 
transparencies) documenting oral conditions or treatments. It is an inanimate, 
unresponsive document. Its value is dependent on the extent and accuracy of the 
information it contains, its legibility (when hand-written), and the reader's ability to 
interpret various symbols, codes, or acronyms used by the writer. Moreover, its value is 
based on the knowledge of the reader in relation to his or her ability to interpret the 
information contained in this record and ability to draw appropriate conclusions from it 
(i.e., diagnoses, treatment needed, relative outcome of treatment performed). The 
record itself cannot perform any function on the data it contains. In the digital 
information age, a paper- and film-based record is described as being "static or dead." 

Figure 10-1.   

 

The object model for the Electronic Patient Record (EPR) in which the periodontal 
record is a section inside of the Oral Health Record, which in turn is a section in the 
overall Electronic Patient Health Record. 

On the other hand, an electronic clinical record can be dynamic. It not only is a 
repository of information, but it also has the potential for providing vital functionality 
in the areas of chronic care patient management, decision support, and outcomes 
evaluation. If one were to give the EPR a personality, it could be described as an expert 
colleague, a patient educator, a risk manager, a patient project coordinator, and with the 
proper ancillary image capturing tools, a clinical intraoral and radiographic imaging 
manager. Depending on how the software has been designed, it could do the following:  

• Standardize clinical data 

• Speed up the entry of information 



• Encourage the entry of more comprehensive information 

• Result in greater legibility of information 

• Provide easier and faster access to information 

• Facilitate the sharing of information 

• Allow for greater security and privacy of information 

• Display information in several ways, including both graphical and textual 

• Enhance the capture and use of clinical images 

• Provide new ways to analyze information 

• Incorporate forms of artificial intelligence to enhance the accuracy of diagnosis, 
assessment of treatment outcomes, and management of chronic care 

STANDARDIZATION OF TERMINOLOGY USED IN 

PERIODONTAL RECORDS 

The use of paper-based periodontal records traditionally has been associated with a 
lack of standardization of the data parameters collected and the terminology and 
abbreviations used in clinical record-keeping. A review of commercially available 
paper periodontal charts reveals that some offer specific fields for pocket 
measurement; a few offer specific fields for other parameters of examination data 
such as gingival recession, gingival width, furcation classifications, tooth mobility, 
bleeding or suppuration points, and attachment level or attachment loss. Few include 
terms for various signs or symptoms that are commonly observed during examination. 
Most narrative note entry is done by the generation of handwritten text with the 
terminology being at the writer's discretion. 

Electronic clinical records have been used in various areas of medical and nursing 
care and are undergoing rapid development and implementation.12 A significant 
factor in the development of EPRs is the use of standardized terminology. 
Standardization in medical terminology has been developed much more than in 
dentistry. In the mid-19th century, English physicians started the development of a 
standardized terminology and code set to document causes of death. This code set, 
known as the I.C.D. system, has undergone 10 updates since it was first published 
more than a century ago. Its content has been expanded to include not just disease 
names but also clinical conditions (findings, signs, symptoms). The periodontal 
terminology in the most recent I.C.D. does not include the currently accepted 
diagnostic terminology developed by the American Academy of Periodontology and 
is limited in the number of terms representative of the various clinical findings that 
can be observed during periodontal examination. 



Approximately 40 years ago, the College of American Pathology started organizing a 
similar set of codes and nomenclature, first used by pathologists and then expanded 
into other areas of medicine. This code set has been organized into a digital database 
format that makes its use more valuable both in terms of rapid and more accurate data 
collection, but even more important in relation to data analysis. Because of its 
expansion, organization, and digital format, this coding system, known as SNOMED 
or the Standardized NOmenclature for MEDicine, is coming into greater acceptance 
as a nomenclature system for medicine. 

Although terminology in dentistry has been partially defined in various textbooks, up 
until recently there has been no accepted comprehensive nomenclature system for 
dentistry. Standardization of nomenclature in dentistry has focused only on the 
development of codes, terms, and definitions for treatment procedures. The official 
resource for this in the United States is the American Dental Association's "Current 
Procedural Terminology." Several dental specialty academies, including the 
American Academy of Periodontology, have developed standardized glossaries of 
terminology that in addition to nomenclature for treatment procedures also include 
terminology for conditions and diagnoses. These glossaries have been used by the 
American Dental Association to develop a more comprehensive nomenclature system 
for dentistry. This dental nomenclature set, known as SNODENT, has been 
incorporated into the SNOMED system. 

Terms included in SNOMED and SNODENT consist of diagnostic terms and terms 
describing symptoms, clinical signs and findings, radiographic observations and 
related test findings—this group of terms is known as conditions. A diagnostic term is 
defined as a "family name" for a specific unique set of conditions (i.e., "children"). 
For example, pocket depth, not associated with loss of alveolar bone but seen in 
conjunction with signs of inflammation and a variety of changes to the periodontal 
soft tissues and the presence of bacterial plaque, would be a family of conditions that 
would suggest a diagnosis of Plaque-Related Gingivitis. 

The use of standardized terminology in a clinical record enhances the understanding 
of what has transpired during the course of a patient's care. In addition, its use is 
essential to the analysis of global information for the purpose of assessing the 
outcomes of care and what constitutes quality care. That information can lead to 
better diagnostic decisions and treatment planning. Furthermore, it can provide a 
basis for designing into the digital record forms of artificial intelligence to further 
assist the dental care provider in making more accurate diagnostic decisions. 

Therefore, periodontal clinical charting software that includes specific fields for the 
documentation of a greater variety of examination parameters and that includes a rich 
glossary of standardized terms can be a significant enhancement to periodontal 
records not found in the paper-based chart. 

SPEED UP ENTRY OF INFORMATION 



Neither handwriting nor typing are rapid ways of creating textual information when 
compared with computer-based mechanisms such as the use of the mouse, light pen, 
touch screen technology, or voice recognition for data entry. Properly designed 
software can provide for data entry as fast as the user can speak or think. Specialized 
devices such as electronic periodontal probes can also facilitate the entry of some 
quantifiable parameters of periodontal examination data. The rapid capture of clinical 
images and their incorporation into the digital record make obsolete the classic paper 
chart of tooth outlines for drawing icons representative of existing dental care or 
conditions. The time needed to draw on a paper-based tooth graphic the missing teeth, 
the types and outlines of various restorations present in the mouth, the malpositioning 
of teeth (tipped teeth, extruded teeth, teeth in buccoversion or linguoversion), the 
presence of diastemata, and other such data could be much greater than that required 
for an assistant to take digital images of the occlusal, facial, and lingual views of the 
maxilla and mandible. The accuracy of these images obviously would be much 
greater than any hand drawn representations on a paper-based tooth graphic. 

ENCOURAGE ENTRY OF MORE COMPREHENSIVE 

INFORMATION 

Generally, clinical dental charts are lacking in adequate detail to support the treatment 
suggested, as well as detail about the treatment that has been provided. Dental records 
often do not include a diagnosis; they are commonly limited to documentation of 
problems (conditions) and treatments. Frequently, proper peer review or legal action 
for the purposes of resolving patient complaints is hampered by the lack of critical 
information in the patient's record. This can result in unnecessary settlements because 
there is not enough information to support either the dentist's actions or the lack of 
compliance by the patient. Time is a critical factor in day-to-day practice. Therefore, 
clinical software designed to speed up the entry of data and narrative notes could 
encourage the inclusion of greater detail in the clinical periodontal patient record.13 

GREATER LEGIBILITY OF INFORMATION 

Obviously, text viewed on a display screen is far more legible than much of the 
handwritten documentation that has been common in the paper-based dental chart. 
Handwriting done in a hurried manner or the use of acronyms that are not commonly 
accepted can be difficult for others to interpret. For example, in the team approach to 
management of the partially edentulous patient with periodontal disease and altered 
occlusion, there are often multiple providers. In addition to the primary care dentist 
and hygienist, specialists in periodontics, orthodontics, and prosthodontics also could 
become part of the patient's team of therapists. In this team approach to patient 
management, legibility of records and detailed content of clinical information are 
most important. 



EASIER AND FASTER ACCESS TO CLINICAL 

INFORMATION 

With networked computers and comprehensive digital information software 
throughout a clinical care facility, there is no need to move around a manila folder. In 
the author's survey of more than 30 practices, it has been estimated that in the 
average, full-time, solo dental practice, the staff spends an average of more than 1000 
hours per year pulling and filing paper charts and searching for lost charts. With all 
administrative and clinical information accessible to view on the display screen at any 
workstation on the network, there is no need to pull or file charts. With clinical 
information stored in databases the ability to search these databases can result in 
faster access to specific topics or items of interest. Properly designed clinical software 
will use the power of information compiled in a well designed database to facilitate 
searching and analysis of specific items of information. This allows practitioners to 
do things with clinical information that they have not been able to do with the 
traditional paper-based chart, because of the time (and cost) that would be involved. 

EASIER AND FASTER SHARING OF CLINICAL 

INFORMATION IN THE TEAM APPROACH TO CARE 

With modems or broadband access to telecommunications systems, clinical data can 
be shared with others in distant facilities for the purpose of consultation or for the 
purpose of team development and coordination of a complex multidisciplinary 
treatment plan.14,15 Properly designed systems will maintain the privacy of this patient 
information by not allowing persons without login IDs and passwords to access the 
practice's network, as well as by encryption of data that is being accessed or shared 
through telecommunications channels.16,17 This protection of privacy of healthcare 
records has been legislated in the United States and in several other countries. 

PROVIDE NEW WAYS OF ANALYZING CLINICAL 

INFORMATION 

The paper-based chart has always been a static, historical document. Only the viewer 
can cognitively manipulate or analyze the content of the clinical record. The 
computer-based clinical record can be a vital participant in the process of clinical 
decision making and clinical outcomes analysis. By taking textual or numeric 
information and rearranging it or converting it to a graphic display, the viewer can 
more easily interpret the data. Expert systems can be developed so that the software 
can suggest pathways toward a diagnosis or use rule-based decision support systems 
to assist the practitioner in making the most accurate diagnosis.18 

Some paper-based clinical records for endodontic and periodontal examination 
already store and display information in the form of a grid. The spreadsheet is a 



computer graphic format that facilitates the viewing of multiple parameters of data by 
specific site. For example, all of the parameters may be listed in horizontal rows and 
the tooth sites appear in vertical columns, allowing the examiner to view all of the 
parameters of data for a specific tooth or site in one column. Multiple examination 
data sets can be graphically displayed to analyze site- and parameter-specific changes 
over time. Many of the decisions made in managing chronic care are made on the 
basis of changes to parameters over time. Furthermore, software can be designed to 
participate in the decision-making process by the incorporation of expert systems 
such as rule-based decision support or neural networking. Software using these types 
of expert systems has already started to develop in other areas of health care. 

The digital radiographic image is an excellent example of applying computer tools to 
view an image in a way that cannot be done in film-based radiography. The ability to 
reassign gray scale values to pixels in a digital radiographic image—similar to how 
we adjust brightness and contrast on our television—can allow the human eye to 
recognize subtle changes that may be missed in the static film image. The dentist 
diagnosing radiographs is commonly viewing tissues with four different levels of 
density: enamel, dentin, cortical bone and cancellous bone. A single film exposed at 
one dose of radiation cannot provide optimal conditions for all of these various 
densities, whereas the reassignment of gray scale values in a digitized image can 
provide that enhancement, thus improving the recognition of anomalies or pathologic 
changes by the examiner. 

PROVIDE NEW WAYS OF NETWORKED DIAGNOSIS OF 

MULTIDISCIPLINARY PROBLEMS 

Traditionally, when the primary care practice has referred a patient for specialty care, 
such care has been diagnosed and treated by a specialist, with little or no input from 
others, and when therapy has succeeded in resolving a specific subset of the patient's 
conditions, the patient is then returned to the primary care practice for continuation of 
care or referral to the next specialist. This segmented approach to care might be 
adequate for a patient with simple problems, but in patients with multiple problems of 
periodontal disease, partial edentulism, malocclusion, and dental esthetics, newer 
strategies call for the team of treating dentists to codiagnose and codevelop a 
comprehensive treatment plan. This network model for team diagnosis and planning 
relies on the integration of data from all team members before development of a 
comprehensive plan of care. Key to the success of this team approach to both 
diagnosis and treatment is the need to have continuous communication among all 
members of the treatment team. As implant restorative services increase, a need for 
such dynamic communication becomes quite apparent because it is common for the 
patient to be treated in phases, going back and forth between the surgeon and the 
restorative dentist. Through use of modern telecommunications channels, the EPR 
can greatly increase the effectiveness of such an approach to care (Fig. 10-2). 

Figure 10-2.   



 

The Electronic Patient Record (EPR) can enhance data gathering, organization, 
processing, and communications. 

OUTCOMES ANALYSIS OF CLINICAL DATA 

Storing clinical information in the form of a database, using standardized terms and 
collecting more detailed information, can be of significant value by providing an 
economic method of performing outcomes analysis. Various fields of medicine have 
used clinical outcomes analysis to answer the questions of which treatment modality 
is best for the health and well being of the patient, as well as the most cost effective. 
Studies using such clinical databases have examined numerous clinical, economic, 
and patient-centered outcomes of various therapeutic approaches to managing 
systemic diseases. Similar clinical outcomes analysis data for oral health can easily be 
gathered using computer-based dental records. Such analyses add to the evidence 
base for various dental treatment approaches. 

The organization of clinical information in a database is important to facilitating 
analysis of clinical outcomes. In its simplest form, clinical outcomes should ask the 
question: did the treatment provided resolve or improve the clinical conditions that 
the patient had before treatment? The obvious subdivisions of information that can be 
generated from this question would be "Conditions" and "Treatments." In addition, 



one can interject a commonly used term: Diagnoses. This term as a noun, not a verb, 
is a family name given to a specific set of conditions (family members). 

Conditions 

Conditions are inclusive of chief complaints; signs; symptoms; clinical, 
radiographic, and laboratory test findings; or observations. This family of terms is 
also commonly referred to as subjective and objective clinical findings. 

Diagnoses 

Diagnoses are terms applied to a specific set of conditions observed and 
documented during the examination of the patient. A diagnostic term is only valid if 
it relates to a unique set of conditions. At least one condition must exist in a set of 
conditions that makes it unique from other condition sets to support a unique 
diagnostic term. Furthermore, a diagnostic term should suggest a specific list of 
potential treatments that could be applied to resolve this set of conditions. 

Figure 10-3.   

 

Periodontal examination and diagnosis enhanced by the application of rule-
based filters to a patient's Conditions list and Diagnosis. 

Treatment Procedures 



Treatment procedures are already well defined, because most dental fees are 
procedure based. The selection of procedures to treat a patient's conditions can be 
facilitated by the act of making a diagnosis first. 

In 1993, the Informatics Committee of the American Academy of Periodontology 
identified 210 Conditions relevant to periodontics, 34 Diagnoses, and 144 
Treatment Procedures. The committee then went on to take each diagnostic term 
and identify which of the 210 conditions might be associated with a specific 
diagnostic term. It then identified which of the 144 treatments might be considered 
in treating a patient with each specific diagnosis. This information provides the 
basis for focusing the decision process, which can be built into EPR software (Fig. 
10-3). The scheme shown in Figure 10-3 is a simplified example of rule-based 
decision support. This can be programmed into software to assist the examining 
dentist in more accurately diagnosing and treatment planning a patient's conditions 
set. 

About 90% of dental practices in the United States use computer-based digital 
information management for accounting and billing. The capture or conversion of 
radiographic images along with the digitization of intraoral color images captured 
with digital or analog video cameras also has shown significant adoption in the last 
decade. It is natural that the final conversion from paper (and film) to digital 
information management in dentistry will be digital systems for the digital entry 
and management of examination data, treatment narratives, and progress notes. 

DIGITAL IMAGING AS PART OF THE ELECTRONIC 

PATIENT RECORD 

Digital radiography was first introduced to dentistry in 1989. Currently, there are at 
least 16 manufacturers of digital dental radiographic systems worldwide. A survey in 
2002 suggested that 14% of dental practices have converted to using digital 
radiography. Digital systems have been shown to produce radiographic images of 
diagnostic quality, with reduced radiation to the patient and with greater dynamic 
range (margin of error in exposure settings). Digital imaging has unique advantages 
over film-based imaging. Dental imaging usually involves looking at hard tissues of a 
considerable range of density: enamel, dentin, cortical bone, and cancellous bone. 
Being static, a film-based image cannot optimally disclose all information on such a 
wide range of densities. As mentioned earlier, software can be used to enhance the 
examiner's ability to visualize details in digital images by brightening or darkening 
the image, by increasing or decreasing contrast, by zooming or enlarging the image, 
and by applying "smoothing" routines to sharpen the image, to mention a few. Filling 
a 15" or 17" monitor with one periapical image affords a dramatic increase in the 
examiner's ability to see detail that might otherwise be overlooked in a traditional 
dental film-sized image. 

Digital radiography can be divided into two major sectors: direct and indirect. 
Indirect digital radiography involves the initial capture of a radiographic image on 



film, which, after chemical processing, is converted to a digital image through the use 
of a flatbed scanner fitted with a transparency adaptor. This does not eliminate the 
need for a darkroom and the use of processing chemicals, and it includes a secondary 
processing task—converting the analog film-based image to a digital computer-based 
image. Although this is a complex process, it does afford the ability to use software to 
enhance the image once it is digitized. 

Direct "wired" digital radiography involves the initial capture of an image by a solid-
state silicon chip—either a wired Charged Couple Device (CCD) or Complimentary 
Metal Oxide Semiconductor (CMOS). Both of these technologies were invented in 
the late 1960s and have been used for image capture in video cameras and more 
recently in digital cameras. CCD semiconductors produce diagnostic quality 
radiographic images. Currently, there does not appear to be any compelling reason to 
suggest that CMOS is better than CCD technology for dental radiography. Both of 
these systems produce an image on the screen within a few seconds and totally 
eliminate "processing" and the associated work and costs associated with darkrooms 
and processing chemicals. The cassettes that house the semiconductor sensors and 
their related components (microcontroller, random access memory chip) are relatively 
bulky, the overall size of the cassette being much larger than the area of the image 
captured by the semiconductor. The large size of the cassette (related to the area of 
image capture) and its thickness present challenges to its intraoral placement for 
proper image capture and alignment with the x-ray generator tube. The cassettes are 
attached through a cable to an adjacent computer with a special video capture board 
(frame grabber board). Because of these design features, they require different 
holders for stabilizing the imaging cassette during x-ray exposure. 

Direct "wireless" digital radiography involves the initial capture of an image by 
Photostimulable Phosphor (PSP) technology. These thin plates closely resemble 
conventional dental x-ray film in overall size and thickness and therefore do not 
require the mastering of new techniques, as called for with intraoral placement of the 
bulkier cabled sensors. Therefore, they are more easily adaptable to the process of 
producing periapical and vertical bitewing images in a classic standard full-mouth 
series of radiographs. They consist of a thin plate coated on one side with 
"phosphors" that when excited by x-radiation undergo changes that are stored on the 
plate (temporarily). After removal from the mouth, each plate must be placed into a 
special scanner where they are made to fluoresce by a laser. The resultant image is 
captured in digital form by a computer attached to this scanner. This digital 
processing of the phosphor plate usually takes 1 to 5 minutes depending on the 
number and size of imaging plates being processed. After each use, the stored 
imaging information on a used plate can be "erased" allowing for the imaging plate to 
be used again. These plates are durable, but care must be taken in their handling to 
minimize scratching of the phosphor layer, which may affect subsequent images. 

Digital radiographic imaging has been most widely used in relation to endodontic 
diagnosis and treatment. Similarly, the easy capture and ability to rapidly view 
periapical radiographs can be of strategic use during creation of an osteotomy site for 
endosseous implant placement, similar to how the endodontist or general dentist will 



use radiographs during canal preparation and obturation. The use of intraoperative 
digital radiography during the surgical placement of dental implants can markedly 
improve the proper fixture placement. 

In addition to the above intraoral imaging devices, there are digital panoramic 
systems available from at least a half dozen manufacturers worldwide. Coupled with 
newer panoramic x-ray machines that incorporate systems to improve head 
positioning and mechanisms for reducing distortion, magnification, and 
superimposition of the spinal image over orofacial structures, these systems can 
produce imaging useful in the recognition and analysis of periodontal- and implant-
related conditions and temporomandibular joint disorders. Although the "gold 
standard" for periodontal radiologic diagnosis in the past has been the full-mouth 
series of periapical and bitewing radiographs, it has been suggested that a modern 
digital panoramic coupled with a digital vertical bitewing series may be a reasonable 
alternative in many patients. 

CLINICAL IMAGES (PHOTOGRAPHY) 

In the past, light-sensitive oral imaging predominantly has been based on the use of 
35 mm single lens reflex (SLR) film-based cameras modified for oral 
macrophotography. The past decade has seen the emergence of the intraoral video 
"cameras on a wand." It has been estimated that approximately 30% of dental 
practices have implemented use of this means of intraoral color imaging, mostly for 
patient education. Oral imaging can be more than a patient education tool. It can be a 
strategic part of the EPR and can assist in documenting the patient's presenting 
problems or conditions, how they were treated, and what the outcome of care has 
produced. With an increasing emphasis on consideration of esthetic changes to the 
periodontium, this form of oral imaging is key to proper diagnosis and evaluation of 
treatment outcomes. The quality of digital cameras has increased significantly. Digital 
cameras in the range of 3 to 6 megapixels, modified for oral macrophotography, are 
capable of producing images greater in quality than most intraoral video "cameras on 
a wand" and nearly equal to the granularity of processed transparency film. Many of 
these cameras are light in weight and small enough to be used with one-handed 
operation, making photographic image capture during dental treatment more 
attractive and convenient. These cameras capture images on a "card" that is easily 
removed from the camera and placed into a "reader" attached to a computer that the 
computer "sees" as another "hard disk" displaying the image files. The images also 
may be directly downloaded to a computer hard drive. These images can be copied 
and pasted into the patient's EPR or enhanced and stored in image management 
software. They can be sent to other treating dentists as part of examination or 
treatment reports, thus facilitating information sharing during the team approach to 
care. They also can be shared with the patient, thus enhancing their understanding, 
appreciation, and involvement in their own care. They also enhance the detail of 
information, which can provide a better basis for risk management. 



LEGALITY OF THE ELECTRONIC PATIENT RECORD 

Legislation exists throughout the United States and several other countries validating 
the use of electronic healthcare records. Legal precedent validating the use of 
electronic healthcare records in professional liability court actions in the United 
States dates back to the early 1990s. 

A significant factor limiting the defense of a dentist in allegations of professional 
liability is the lack of information in the patient's chart. The standardization, 
legibility, and ease of data entry can make a significant difference in the volume and 
detail of information contained in the patient's electronic dental record. The ease with 
which electronic records can be copied and stored in escrow accounts provides a 
method of defense against the allegation that the defendant/dentist may have 
tampered with the patient's record and added information after the commencement of 
legal action. The escrowed copies, not being accessible by the defendant, can be used 
to disprove this allegation. 

One of the high priority legal responsibilities of dental care practices is to maintain 
patient records in a secure environment. Paper-based records are vulnerable to fire, 
earthquake, and other forms of natural disaster, as well as water damage, a not 
uncommon property loss incident in dental offices. The periodic copying of EPRs is 
recommended, with their off-site storage in an escrowing service, bank vault, or 
similar secure environment. This type of record copying is not practical with paper-
based records because of the time, space, and cost factors involved. With current 
digital technologies for backup, several thousand patient records can be backed up in 
a few minutes on media with a cost of only a few dollars or less. 

Legislation is in place in the United States, Canada, and some European countries 
calling for the protection of privacy for information contained in patients' healthcare 
records. Patient charts in hospitals and other healthcare facilities must be kept in 
secure rooms or locked file cabinets. Charts cannot be left out on desks or counters 
when not currently being used by clinical staff. Although this level of security is not 
currently mandated in the dental care environment, it is possible that it will be 
required in the near future. If patient records exist only on the computer network in a 
dental practice, their security becomes much easier.17,18 When clinical staff are not 
using the computer or are away from their desk, they would log off of the computer, 
thus blocking unauthorized access to the computer network. If the practice network is 
connected to the "outside" by modem or broadband telecommunications, secure 
"firewalls" can be installed to protect against unauthorized access to the practice's 
databases. 

In conclusion, security and privacy of patient clinical information when using digital 
information systems can be much greater than in traditional paper-based information 
management. 



THE IMPACT OF TELECOMMUNICATIONS ON DENTAL 

PRACTICE MODELS 

As dental technologies become more complex, there is the potential for more dental 
care delivery to involve a team approach.14 Patients with advanced periodontal 
problems frequently have associated problems of partial edentulism, malocclusion, or 
pulpal pathology, which can be most effectively treated by a team of various dental 
specialists working with the primary care dentist and hygienist. To successfully carry 
out such complex treatment calls for effective communication and coordination 
between the team members. The "paper chase" and "telephone tag" are common 
frustrations or impediments to effective communication in the traditional paper-based 
information world. The sharing of information facilitated by various digital options 
can increase the effectiveness of communications between care providers and the 
patient. 

There is an emerging trend for dental practices to develop websites on the Internet to 
supply information on dental health, to provide a means of making appointments with 
the practice, to fill out forms online, to access preoperative and postoperative 
instructions for specific dental procedures, and to receive answers to common 
questions frequently asked by patients. This web-based dental practice information 
provides more effective patient communication and reduces the paperwork burden 
that office staff experience.19 

Secure electronic mail (e-mail) can be used to share information between team care 
providers.20 This must incorporate encryption when patient data are being shared to 
protect the privacy of patient information. 

A virtual private network can be set up for practices with multiple office locations, all 
being served by a common "server" computer accessible from any of the practice's 
locations, thus eliminating the need to transport charts from one location to another. 
A virtual private network could be set up between a group of individual practices 
incorporating multiple generalists and a variety of dental specialists in a "Virtual 
Dental Group." This group could share certain common administrative functions, thus 
making use of an "economy-of-scale" approach to reducing administrative costs, 
whereas in other ways maintaining much of the autonomy commensurate with 
traditional solo practice. Such a network could provide a secure method of easily 
sharing patient information when participating in the team approach to care. It is 
feasible to think that the EPR software in such a group practice would allow each 
participating care provider access to enter and to use data for patients being treated by 
the various dentists. This model of practice would allow a group of dentists to form a 
business alliance, which could offer significant advantages to both patients and care 
providers. 

Currently, more than 90% of periodontal practices use computer-based information 
management for practice administration, and 10% to 20% of practices use it for 
clinical information management. To start a practice today using only paper-based 



information management would be like starting a practice in 1970 without having a 
telephone, typewriter, air turbine handpiece, or x-ray machine. The EPR is an 
emerging phenomenon that offers great promise to the practice of dentistry, and 
periodontal health records are a key component of the EPR. 
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11  Formulating a Periodontal Diagnosis and Prognosis 

Mark V. Thomas 

Brian L. Mealey 

DIAGNOSIS: THE RATIONALE 

Diagnosis is derived from the Greek gnosis ("to know") and dia ("through"). In 
clinical practice, diagnosis usually consists of the act of classification—that is, 
assigning a name to a given patient's illness. Early in the practice of medicine, 
physicians were more or less limited to naming the diseases of their patients and 
offering crude estimates of the likely course of the disease (i.e., the prognosis). 
Therapeutic interventions were limited, and those that were available were often 
unreliable and dangerous. However, the very act of identifying a condition probably 
afforded the patient some comfort. 

CLINICAL UTILITY 

To have clinical use, the act of formulating a diagnosis should tell something about 
the likely course of the disease and help guide selection of treatment modalities. If all 
periodontal conditions had the same prognosis and required the same treatment, there 
would be no reason for diagnosis beyond simply establishing the presence of 
periodontal disease. However, this has not proven to be the case. Periodontal diseases 
are the result of complex interactions between the host and the periodontal 
microflora. This interaction gives rise to a variety of clinical entities. The clinical 
expression of the disease seen is a function of the differential susceptibility of the host 
combined with the composition of the microflora. Although there are many 
similarities among the various forms of periodontal diseases, there are also significant 
differences that must be taken into account when formulating diagnoses and treatment 
plans. 

The goal of periodontal diagnosis, therefore, is to classify periodontal diseases in 
some biologically meaningful way that will aid in the selection of the most optimal 
therapeutic modality and will help to develop a realistic prognosis. These therapeutic 



options are the subject of the remainder of this book. In this chapter, we consider the 
formulation of a diagnosis and prognosis and how they are used in clinical care. 

RESEARCH UTILITY 

Diagnostic classification is also an important component of periodontal research. It is 
necessary to classify periodontal diseases on the basis of objective criteria into valid 
and distinct categories so that patterns of disease within populations can be assessed 
and various treatments evaluated. Among other applications, this permits public 
health organizations and dental educators to make manpower projections that can be 
used to determine dental school class size and other factors. Accurate diagnosis is 
needed so that similar cases may be grouped together when evaluating new 
interventions and studying the pathogenesis or natural history of periodontal disease. 
The heterogeneity of periodontal diseases and the difficulty of developing a 
classification scheme based on etiology have complicated clinical epidemiology and 
interventional research efforts. 

The type of disease assessment used by epidemiologists and other investigators often 
differs somewhat from that used in clinical practice. The epidemiologist often uses 
diagnostic indexes that assign scores to patients based on their overall periodontal 
condition. An index is usually based on an abbreviated assessment known as a 
screening examination. An example of such an index is the Community Periodontal 
Index of Treatment Needs, or CPITN. Such examinations permit screening relatively 
large numbers of individuals quickly, often in less than ideal settings (e.g., school 
gymnasiums). The resultant score is correlated, to a greater or lesser extent, to 
conventional diagnostic categories. Occasionally, such indexes are adapted for 
limited use in clinical practice. The CPITN, for example, is used by some clinicians 
as the Periodontal Screening and Recording (PSR) examination (see Chapter 18), 
although its original purpose was to provide a means of assessing periodontal 
manpower needs.1 Generally, such indexes tend to underestimate the extent and 
severity of disease and are generally not used in the assessment of individual patients 
in clinical practice. 

ADMINISTRATIVE UTILITY 

Diagnosis also has administrative use, although this is secondary to the reasons stated 
earlier. In the United States and many other developed nations, many patients' dental 
needs are covered by third parties such as dental insurance carriers or government 
entities. Before claims are paid, third party payers will commonly wish to see the 
diagnosis and, possibly, supporting information such as probing charts and 
radiographs. This information permits the insurance carrier to assess the 
appropriateness of care (at least according to the guidelines used by the third party). 
Another important form of administrative use is for communication between 
clinicians (e.g., a referring general dentist and a specialist periodontist). For example, 



it is important for both parties to mean the same thing when they use the term 
gingivitis or periodontal abscess. 

DIAGNOSIS: THE BIOLOGICAL BASIS 

Disease Classification 

The first step in the systematic study of natural phenomena is classification. 
Classification schemes are man-made constructs that facilitate the study of such 
phenomena. One of the early efforts at scientific classification was Linnaeus' plan 
to categorize plant and animal life. Linnaean taxonomy organized organisms in a 
systematic manner on the basis of readily observable characteristics. Rational 
taxonomy accelerated progress in biology. Similarly, early efforts to catalogue 
human disease were similarly instrumental in enhancing early medical research. 

When we name something, we give it a certain reality. We call this process 
reification, which means that we make an abstract concept (a group of different 
cases of a similar condition) tangible or real. When we speak of gingivitis, for 
example, this brings to mind an image of an individual with bleeding and inflamed 
gingival tissues. However, gingivitis does not occur as an abstract entity. Gingivitis 
always occurs in a specific individual patient at a specific point in time. Thus, the 
disease, gingivitis, is superimposed on an individual, with a unique set of oral 
hygiene habits, host response, and bacterial flora. In a real sense then, each case of 
gingivitis is unique. Gingivitis, for example, predictably develops within 21 days if 
hygiene is withheld. This was demonstrated in the 1960s in a series of now classic 
experiments.2 Later work confirmed these early findings, but found a rather large 
degree of individual variation in the extent and severity of the gingivitis that 
developed.3 This underscores that individual cases of gingivitis (or any medical or 
dental condition) may vary somewhat from the textbook example, because of 
inherent biological variability of the host or flora. This concept of individual 
variation is important in understanding human disease. 

In some cases, our current level of understanding allows us to distinguish between 
similar conditions with differing etiologic factors. For example, in an individual 
infected with HIV, the commensal yeast, Candida albicans, may cause an 
erythematous lesion that resembles regular gingivitis (linear gingival erythema, or 
LGE).4 LGE may be (and often is) superimposed on preexisting gingivitis. 
However, LGE is more difficult to treat than normal, "garden variety" gingivitis, 
and thus it is useful to distinguish between the two. 

In other cases, our current level of understanding does not allow us to make such 
distinctions. For example, consider the case of a 22-year-old college student that 
presents for routine treatment at the university dental clinic. She has relatively good 
brushing habits, but flosses only occasionally. Examination reveals mild 
interproximal bleeding on probing. The diagnosis is plaque-induced gingivitis. 
Contrast this with the case of another 22-year-old student with similar oral hygiene 



habits. In the second case, however, the bleeding is profuse even with the slightest 
provocation. We will classify both diseases as gingivitis, although we have no good 
method of distinguishing the latter, more florid case from the first, milder case 
(unless there is some recognized modifying factor such as pregnancy). Sometimes 
we may identify systemic conditions such as pregnancy or diabetes that may 
account, in part, for the clinical presentation. However, in most cases, we cannot 
ascribe the differences in clinical presentation to any specific component of the 
flora or host response. 

Thus, a distinction must be made between the abstract concept of a disease entity 
(e.g., gingivitis) and the actual condition as it applies to a specific patient. There are 
two schools of thought with regard to disease classification. Ontologists (ontology 
being the branch of metaphysics that deals with the nature of being) emphasize the 
disease as an abstract category. They would tend to emphasize the similarities 
among all cases of gingivitis. Conversely, the physiological approach emphasizes 
the individual's illness, with all of the ramifications this implies. In other words, the 
physiologic approach would tend to describe a given patient's gingival 
inflammation, but in the particular context of that individual patient's general 
health, home care status, cultural beliefs and expectations (e.g., avoidance of the 
dentist except when oral pain occurs), and economic state (e.g., she is a single 
mother with three small children and cannot easily afford dental care). In simpler 
terms, ontologists prefer to consider the general concept of a disease, whereas 
physiologists prefer to consider the particular case of illness in a specific patient. 

Biology and Diagnosis 

Knowing the names of the schools of thought of biology and diagnosis is not 
important in clinical practice. What is important is to understand that both points of 
view have some validity and clinical use. They are simply different perspectives 
and are not mutually exclusive. If we are to study diseases in some systematic 
fashion, we must be able to organize diseases into logical categories on the basis of 
objective criteria (consistent with the ontologic view). Conversely, we must not lose 
sight of the idea that each disease occurs in an individual, and treatment must be 
tailored to the individual's circumstances (the physiologic perspective). This is 
particularly true during reevaluation of response to therapy. If the response to 
adequate and appropriate therapy* is suboptimal, then it may be necessary to revise 
the diagnosis. For this reason, the primary diagnosis is sometimes referred to as the 
presumptive diagnosis. Response to therapy will be determined by the choice of 
therapy and how well it was delivered. Therapy is usually directed toward reduction 
or elimination of an etiologic agent (e.g., periodontal pathogens) or, occasionally, 
neutralizing the effects of the agent by strengthening or modifying the host (e.g., 
fluoride, smoking cessation). 

To be useful, a classification scheme should possess both clinical utility and 
biological plausibility. Clinical utility implies that a particular diagnosis will dictate 
or suggest possible treatment options and the likely course of the disease. Clinical 



utility of diagnosis can be seen as a natural consequence of a scheme based on 
causality. A nondental example is the patient with an ulcer that proves to be primary 
syphilis. Such a diagnosis will dictate the choice of antibiotic and will trigger 
certain public health surveillance protocols. Not all ulcers will have similar 
treatment and public health implications; indeed, most will not. However, the cause, 
consequences, and communicability of syphilis dictate the treatment plan. In 
addition to the implications for treatment of the individual patient, a rational 
classification scheme aids the epidemiologist who desires to learn more about the 
risk factors that predispose to a disease and to the clinical researcher who wishes to 
test the effectiveness of various therapeutic interventions. 

A biologically plausible classification scheme should permit the clinician to 
distinguish between conditions that may have similar clinical presentations but 
different etiologies. This would be of particular interest if the two target disorders 
required different treatment strategies. Such a scheme presupposes the existence of 
a robust understanding of the pathogenesis and etiology of the target disorders, as 
well as the existence of tests that can differentiate between them. In the case of 
many bacterial diseases, such as syphilis, meningitis, and tuberculosis, such tests 
exist. In the case of periodontitis, such tests could conceivably be based on a 
combination of etiologic agents (e.g., microbial assays) and host factors (e.g., 
genetic predisposition to disease). 

Currently, however, most periodontal diagnosis is done by mechanically measuring 
the historical record of disease that has already occurred in the form of attachment 
loss. Although a consideration of diagnostic methods is beyond the scope of this 
chapter, it is obvious that the historical record of past disease activity, although 
important, does not indicate whether the disease is actively progressing (unless two 
measurements are taken at different points in time and compared). 

* Use of the term adequate and appropriate therapy is applied in a very 
specific sense in this chapter. This phrase implies that the response to treatment is 
meaningful only if the intervention chosen is appropriate to the disease state and 
that it is competently performed. Obviously, coronal polishing with a rubber cup, 
no matter how well done, is unlikely to have a significant impact on severe 
periodontitis. Similarly, scaling and root planing, if done by a first-year dental 
student with inadequate instruments and very little time allotted, is likely to be 
less effective than the same treatment provided by an experienced operator with 
adequate resources. For comparisons of the treatment response to be meaningful, 
the treatment provided must meet the accepted standard of care. 

Evaluating Diagnostic Tests 

Uncertainty is inherent in the formulation of a diagnosis and in the interpretation of 
all diagnostic tests, regardless of sophistication. In a sense, every time a patient sees 
a dentist or physician, a miniature scientific experiment is conducted. The 
scientist/clinician performs various tests and examinations and, after examining the 
data, places a diagnostic label on the patient (or the patient's illness). This is 



analogous to formulating a scientific hypothesis concerning the nature of the illness. 
The diagnosis may or may not be correct, just as a scientific hypothesis may or may 
not be correct. Just as the scientist performs experiments to determine the validity 
of the hypothesis, the clinician performs therapeutic interventions, the response to 
which will confirm or refute the initial diagnosis. 

Diagnosis, like scientific hypothesis, involves some uncertainty. For any given 
diagnostic test under a specific set of circumstances, there will be a certain 
probability that the results will be accurate or valid. Thus, there is always a chance 
that the test will identify someone as having the target disorder that does not really 
have the disorder; this is known as a false-positive result. There is also a chance that 
a patient who does have the disorder will be incorrectly identified as being disease-
free; this is known as a false-negative result. 

We can calculate the probability that a diseased individual will have a positive test; 
this is known as sensitivity. A test with high sensitivity will have few false negative 
results—that is, it will identify most of those who truly have the target disorder. 
Unfortunately, tests that are very sensitive often have a high rate of false-positive 
results. The probability that an individual without disease will actually test negative 
is known as specificity. A test with high specificity will have a very low rate of 
false-positive results. Almost all of those who test positive will actually have the 
disease. However, tests with high specificity will often fail to identify some 
individuals with the disease. Instead, they will be falsely labeled as healthy; these 
are known as false-negative results. Sensitivity and specificity often have a 
reciprocal relation. Tests with high sensitivity often have low specificity and vice 
versa. A test with high specificity would result in few false-negative results; it is 
highly specific for those who actually have the disease. Table 11-1 shows a device 
known as a "2 × 2 contingency table" or matrix that is commonly used to aid in 
evaluating diagnostic tests (and in other forms of epidemiologic research). 

In Table 11-1, the sensitivity of a given test may be calculated as a/a + c—that is, 
the denominator is the number of patients who truly have the disease (a + c), 
whereas the numerator is the number of patients with disease who also had a 
positive test result (a). Stated simply, the sensitivity is the likelihood that a patient 
with disease will have a positive test result. Conversely, the specificity of a given 
test may be calculated as d/b + d—that is, the denominator is the number of patients 
who do not have the disease (b + d), whereas the numerator is the number of 
patients without disease who also had a negative test result (d). Stated simply, the 
specificity is the likelihood that an individual without disease will have a negative 
test result. 

TABLE 11-1  Sensitivity, Specificity, Positive 

Predictive Value, and Negative Predictive Value of 

Diagnostic Tests 



 

An extreme dental example may help illustrate these concepts. Assume that we are 
conducting a study and wish to recruit individuals with periodontitis. We decide to 
include only those individuals with circumferential probing depth in excess of 8 
mm, combined with suppuration, on at least five teeth. This would be a highly 
specific test for periodontitis; it is likely that all individuals with those clinical 
findings would truly have periodontitis. However, the sensitivity would be very low. 
Of the entire universe of individuals with periodontitis, few would present with 
findings as extreme as those listed above. Therefore, there would be many false-
negative results—that is, many individuals with periodontitis would be falsely 
diagnosed as without disease. Many individuals with less severe forms of the 
disease would be misdiagnosed. 

The tradeoff between specificity and sensitivity can be seen clearly in the 
assessment of disease activity. Periodontal disease activity is usually measured in 
terms of attachment loss. The difficulty is in deciding what level of observed 
attachment loss will be accepted as actually representing true attachment loss—that 
is, at what threshold value will you state that "disease activity has occurred." It 
might seem logical to pick a low value, such as 1 mm. The only problem with this 
approach is that probing error, inflammation, and a host of other factors make 
probing errors of 1 mm common. This presents a conundrum to research 
investigators and clinicians alike in assessing disease activity. If the threshold is set 
too low (at 1 mm, for example), many sites will be included that have not truly lost 
attachment. The test will have high sensitivity in that it will pick up most cases of 
true attachment loss, but it will not be very specific because it will include some 
sites that did not actually lose attachment. As the threshold is increased to 2 or 3 
mm, the number of false-positive results will decrease—that is, increasing the 
accepted threshold for attachment loss will increase the specificity, but will 
decrease the sensitivity. 

A related concept is predictive value. Predictive value is actually of more use to the 
clinician. Positive predictive value (PPV; often referred to as predictive value 
positive or predictive value +) is the probability that an individual who tests 
positive actually has the disease. As might be expected, negative predictive value is 
the probability that an individual who tests negative does not have the disease. In 
Table 11-1, the PPV would be calculated as a/a + b—that is, the denominator is the 
total number of patients who have a positive test result (a + b), whereas the 
numerator is the number of patients with a positive test who also truly have the 



disease (a). Stated simply, the PPV is the likelihood that a patient with a positive 
test actually does have the disease. Conversely, the negative predictive value would 
be calculated as d/(c + d)—that is, the denominator is the total number of patients 
with a negative test (c + d), whereas the numerator is the number of patients with a 
negative test who are truly without disease (d). The negative predictive value of a 
test is the likelihood that a person with a negative test is actually without disease. A 
somewhat related concept is the likelihood ratio. This is the ratio between the 
likelihood of a positive test if one has the target disorder divided by the likelihood 
of a positive test if one does not have the disorder. The concept is actually 
somewhat more complex in that one often specifies the pretest probability of a 
target disorder. (The likelihood ratio concept is discussed at length in most 
evidence-based medicine texts.5,6) 

DIAGNOSIS: THE PROCESS 

Data Collection 

Although the examination process is discussed in detail elsewhere in this book (see 
Chapter 8), it is worthwhile to touch on a few points. Accurate data collection must 
precede diagnosis. The quality of the diagnosis cannot exceed the quality of the data 
on which the diagnosis is based. Inaccurate or incomplete probing information, 
failure to record mobility, or poorly exposed radiographs will compromise the 
diagnostic process and result in suboptimal care. Some studies have demonstrated 
that adequate information on periodontal status is often missing from charts in 
general dental offices. McFall and colleagues7 report finding a periodontal 
diagnosis in only 16.3% of approximately 2500 charts audited. Heins and 
colleagues8 report that 62% of general dental offices in Florida performed a 
complete periodontal probing for new patients. It can be inferred that the 
periodontal diagnosis was missing or inaccurate for approximately 40% of the new 
patients, because complete probing is required to make such a diagnosis. 

Data collection is facilitated by a systematic approach to the patient. Organization 
and structured examination protocols help to ensure that no aspect of the patient's 
status is overlooked. Various structured examination forms or computer programs 
may help to ensure that the data collection process is complete by encouraging the 
recording assistant to prompt the examiner for information. The medium for 
recording examination findings may be a physical entity, such as paper, or may be 
computerized (see Chapter 10). Software programs are readily available in which 
the assistant enters the information directly into a database. This aids in subsequent 
data analysis or tracking trends, computing percentage of bleeding sites, and other 
tasks. Regardless of the medium used to record the data, it must be easy to compare 
probing depths and attachment levels over time because changes or trends in 
attachment level are often as or more important than the absolute values. On 
completion of the examination, it is helpful to have a form that outlines all of the 
information collected during the examination. 



A distinction is made between a comprehensive periodontal examination and a 
limited or focused examination in which only a specific problem is addressed. It 
may be permissible to perform a limited examination in certain circumstances (e.g., 
an acute condition). However, in those cases, the patient should receive a 
comprehensive examination and assessment as soon as it is practical after resolution 
of the acute problem. 

Presumptive Diagnosis 

In diagnosing health and disease states, the clinician never knows that the diagnosis 
is correct with 100% certainty. The goal is to limit uncertainty, Nevertheless, much 
of medicine and dentistry consists of making decisions with only incomplete 
information. This is even more relevant for chronic diseases such as diabetes, 
atherosclerosis, and periodontitis. Chronic diseases are often multifactorial—that is, 
the result of many factors, both endogenous (e.g., genetic factors) or exogenous 
(e.g., periodontal pathogens). It is often impossible to know all the factors 
contributing to the patient's condition. Thus, it is likely that some contributing or 
modifying factors are omitted when formulating diagnoses. Indeed, it is likely that 
when examining a group of patients diagnosed with aggressive periodontitis, we 
may, in reality, be looking at several different diseases that we are not able to 
differentiate at this point in our understanding.9 

Because the diagnostic process is not infallible, the clinician must be prepared to 
change the diagnosis based on the response to therapy. Thus, if a patient presents 
with a condition that normally responds predictably to treatment (e.g., plaque-
induced gingivitis), but the patient does not respond to adequate and appropriate 
therapy, then the original diagnosis may have been incorrect or incomplete. As 
noted earlier, this is the reason that some may consider the initial or pretreatment 
diagnosis as the presumptive diagnosis, which is subject to change based on 
response to treatment. 

For example, certain patients infected with HIV have a form of gingival 
inflammation that may resemble plaque-induced gingivitis, but the patient does not 
respond well to conventional therapy (LGE). Gingivitis usually responds quickly to 
treatment, and a suboptimal response to adequate and appropriate therapy can 
suggest that there may be systemic factors at work, or that the patient's home care 
may be inadequate (the latter being far more common than the former). 

The real point, however, is that our diagnoses are, of necessity, presumptive and 
subject to change. We must reassess the patient after initial therapy and at each 
maintenance appointment. Assessment, or diagnosis, is an ongoing process because 
the patient's periodontal and systemic conditions are not static but dynamic and 
subject to change. For this reason, assessment must be an integral part of each 
maintenance visit and sufficient time must be allowed for it. 

Disease Activity and Diagnosis 



Central to the concept of evidence-based dentistry is the predication of diagnostic 
tests on solid, scientifically valid evidence. The field of periodontology has been 
hampered by the concept of disease activity as it relates to diagnosis. In the context 
of periodontology, disease activity is defined as the loss of clinical attachment 
caused by periodontitis. There are no currently available, practical methods to tell 
whether a site or patient is about to lose attachment, although there is knowledge of 
some risk factors that increase the likelihood that such loss will occur. Instead, we 
must rely on the historical record of attachment loss that has already occurred: 
clinical or radiographic evidence of attachment loss. This is somewhat analogous to 
a burglar alarm that is activated after the thieves have made their getaway. 

The reasons for this lack of knowledge are manifold. It is partly the result of the 
complexity of the disease process and partly a result of what epidemiologists call 
misclassification. Misclassification has been defined as the erroneous classification 
of an individual, a value, or an attribute into a category other than that to which it 
should be assigned. It is likely that what we call "periodontitis" is really a group of 
diseases with similar clinical manifestations, but differing somewhat in etiology. 

This incomplete knowledge of etiologic agents may or may not make a difference in 
determining therapeutic outcomes. Assume that there are two individuals with 
generalized chronic periodontitis of moderate severity. Then further assume that 
one case is primarily caused by the presence of bacteria A, B, and C, whereas the 
other patient's disease is largely caused by a complex consisting of bacteria B, D, 
and E. Scaling and root planing is performed on both patients and both respond well 
to treatment. In these cases, it made no difference that somewhat different bacteria 
were responsible for the observed disease. Mechanical disruption of the biofilm was 
sufficient, in both cases, to arrest the disease. This is largely true of periodontal 
infections caused by different bacteria. It is known that periodontal diseases 
respond well to currently used periodontal interventions. This has been the 
consistent finding from outcomes studies over many years. We can thus infer that 
periodontal infections of somewhat differing etiology usually respond well to 
therapy, despite differences in the actual flora responsible for the disease. Usually is 
the key word in this statement, however. 

Some subsets of patients do not respond well to normal periodontal therapy. This is 
more likely to be the case when there is an unidentified or unchangeable systemic 
component. Such cases were previously placed in a diagnostic category known as 
refractory periodontitis. Fortunately, this is a rare phenomenon, and the disease 
category "refractory periodontitis" is no longer in the accepted classification system 
because multiple disease categories may demonstrate less than favorable results 
after treatment (see Chapter 2). Again, note that failure to use appropriate therapy or 
perform it well also may cause the treatment to fail. Such a failure merely reflects 
an inappropriate choice of therapy or performance failure, which must be 
distinguished from the rare phenomenon of true refractory disease. Similarly, the 
failure to treat a case until most teeth are without bony support will greatly alter the 
prognosis. Pretreatment disease severity plays a significant role in determining 
response to therapy. 



DIAGNOSIS OF PERIODONTAL HEALTH STATUS 

Health 

The most elementary distinction to be made during periodontal diagnosis is the 
differentiation between health, gingivitis, and periodontitis; however, this is not 
quite as clearcut as it might seem. Periodontal health may be defined as a state in 
which the tissues are free from inflammation. Therefore, an 18-year-old individual 
with no probing depths greater than 3 mm, no bleeding on probing, no recession, no 
mobility, and no color changes would be considered to be in a state of periodontal 
health. No active treatment is required. The patient will receive only primary 
preventive care. 

What about the case of a 60-year-old individual with no probing depths greater than 
3 mm, no bleeding on probing, no color changes, minimal mobility, but significant 
recession? This patient has a history of periodontal disease, for which she was 
treated surgically, with subsequent recession. Despite the recession, which we 
assume to be nonprogressive, this patient is also in a state of health. However, she 
has demonstrated susceptibility to periodontal disease and, for that reason, merits a 
more aggressive maintenance regimen and will require ongoing assessment of 
periodontal status. 

How do we apply these concepts of health in the care of our patients? The clinician 
must tailor the maintenance interval to the patient's current clinical status and 
history of disease (see Chapter 15). Therefore, an individual with no history of 
periodontal disease or caries might be seen every 6 months or even yearly, if home 
care was acceptable. Conversely, an individual with a history of significant 
periodontal attachment loss that has been successfully treated and maintained is 
likely to be maintained at 3- or 4-month intervals, with careful monitoring of 
periodontal status at these visits. 

Gingivitis 

Gingivitis is simply an inflammatory process confined to the gingival tissues. It is 
most often caused by a relatively nonspecific accumulation of plaque and is usually 
reversible. The most common form of gingivitis is plaque-induced gingivitis and it 
is easily treated. Studies have demonstrated conclusively that establishing good 
home care, in the absence of plaque-retentive areas such as calculus and 
overhanging restorations, is sufficient to establish gingival health.2 Gingivitis 
develops within a short period (e.g., 10 to 20 days) when normal plaque control is 
suspended. This consequence appears to be universal, although there is some 
individual variation.3 There are other forms of gingivitis, such as those seen in 
various systemic conditions. These variants generally do not respond as well to 
standard treatment regimens (these regimens are discussed in detail in other sections 
of this text). 



The essential components of therapy for gingivitis include instruction in home care, 
correction of plaque-retentive areas such as calculus and overhanging restorations, 
and reevaluation. The reevaluation, although often omitted in cases of gingivitis, is 
identical to that performed after treatment of periodontitis. An examination is 
performed to assess the commonly measured parameters of periodontal status, such 
as probing depth, bleeding on probing, and changes in color and consistency. If 
health is attained, the patient is placed on a regular maintenance interval. If not, a 
cause for the suboptimal response is sought. 

It was formerly believed that untreated gingivitis would inevitably result in 
periodontitis, but this is not accurate. Although it is likely that all periodontitis 
begins as gingivitis, not all cases of gingivitis lead to periodontitis, even in the 
absence of personal plaque control or professional treatment. This was 
demonstrated in longitudinal studies of Sri Lankan tea workers who lacked access 
to professional dental care or oral hygiene aids.10 During the study, the majority 
(89%) of workers experienced periodontitis as manifested by interproximal 
attachment loss and tooth loss. However, 11% did not progress beyond gingivitis 
despite a total lack of hygiene and dental care. This is an example of the concept of 
differential susceptibility, which has significant impact on prognosis and risk 
assessment. 

A special case is the patient with gingivitis who has had a significant history of 
successfully treated periodontitis. We refer to this as gingivitis in a setting of a 
reduced periodontium. This individual has a demonstrated susceptibility to 
periodontitis and should be presumed to be at increased risk for further attachment 
loss. The general plan would be the same as discussed earlier for gingivitis, but this 
individual would normally be seen at more frequent intervals (e.g., 3 or 4 months) 
for maintenance visits. Further deterioration in attachment levels would lead to a 
diagnosis of periodontitis and would result in a return to active treatment. 

There is another special case of gingivitis that merits discussion. This is sometimes 
seen when the biologic width is encroached on during crown preparation (see 
Chapters 21, 23, and 27)—that is, the crown margins are carried too far apically so 
that the margin ends in or near the supraalveolar connective tissue. This often 
occurs in the maxillary anterior region, because the restoration margin is often 
prepared evenly around the tooth, rather than following the rise and fall of the 
cementoenamel junction in the interproximal space. The inflamed tissue in those 
instances may be confined to the interdental papilla. This normally results in the 
formation of a periodontal pocket, but sometimes only gingivitis is noted at the site. 
The tissue appears red and edematous and bleeds profusely on probing. Probing 
these areas is often quite painful, which is uncharacteristic of gingivitis. Plaque 
control alone or in combination with professional cleaning is unlikely to resolve 
these areas of gingivitis. Instead, resolution of the biologic width problem is 
required through surgical and restorative treatment. 

Periodontitis 



In some cases, inflammation may not remain confined to the gingiva, but may 
involve the attachment apparatus: cementum, periodontal ligament, alveolar bone, 
and related tissues. There are a group of diseases that begin as gingivitis, but 
progress to destroy the bone and connective tissues that support the tooth. They are 
collectively known as periodontitis. The sine qua non of periodontitis is 
inflammation combined with loss of attachment. In periodontitis, the connective 
tissue attachment is destroyed and the junctional epithelium proliferates apically 
down the root. This results in clinically detectable loss of attachment. If no 
recession occurs and the gingival margin remains in its original position, then the 
sulcus deepens. The pathologically deepened sulcus is referred to as a periodontal 
pocket. As noted previously, this period during which connective tissue attachment 
is lost is referred to as disease activity. Notably, if the gingival tissue recedes apace 
with the bone loss, then recession occurs and this may result in a clinical situation 
in which there is attachment loss, but no significant increase in pocket depth. (See 
Chapters 1 and 8 and below for a more detailed discussion.) 

Periodontitis is, of course, caused by an interaction between bacteria and the host 
defenses. Most diseases of microbial origin are classified with regard to the 
causative agent. We, therefore, distinguish trichomoniasis (caused by the parasitic 
protozoan Trichomonas vaginalis) from another sexually transmitted disease, 
gonorrhea (caused by the gram-negative bacterium Neisseria gonorrhea). Although 
both may have similar clinical presentations, there are diagnostic tests that allow the 
clinician to make the diagnosis with certainty. This is important because the 
therapeutic regimens are quite different. 

It would seem logical to similarly classify periodontal diseases according to 
etiology. Such a classification scheme could serve as a guide to selecting an 
appropriate therapeutic modality. Attempts have been made to correlate the wide 
array of host and microbial factors that produce the clinical expression of disease, 
but this goal has proven elusive. In practice, treatment decisions are rarely based on 
the identification of periodontal pathogens. Indeed, the use of microbial assays to 
identify the periodontal pathogens present in a given case is only infrequently 
performed. 

This may seem odd, given that most periodontal diseases are caused by the 
interaction of bacteria with the host. However, it has been demonstrated that 
patients with similar clinical presentations may have quite different bacterial flora; 
conversely, patients with similar subgingival flora may have quite different clinical 
presentations. It is often said that bacteria are necessary but not sufficient to cause 
periodontitis—that is, periodontal pathogens must be present, but their presence 
does not imply that the occurrence of periodontitis is inevitable (see Chapters 3 and 
4). The implication is that host factors or other risk factors are of equal, if not 
greater, importance. A clear example of this may be found in the Erie County study, 
an epidemiologic investigation of the association of various risk factors with 
periodontitis.11,12 These investigators found smoking to be a more important risk 
factor than the presence of certain periodontal pathogens. 



Chronic diseases, such as diabetes, cardiovascular disease, and periodontitis, are 
multifactorial, involving a complex interplay between host and environmental 
factors. There are undoubtedly genetic components to the host response, some of 
which have been identified and most of which have not (see Chapter 3). The 
complex interaction of these variables has made it difficult to catalogue periodontal 
diseases on the basis of bacterial etiology and other factors. The application of 
sophisticated analytic tools such as cluster analysis has shed some light on these 
relations, but more work is clearly needed before such information will have 
clinical use.13–15 The science of epidemiology has played a critical role in the 
identification of risk factors, but such studies are expensive and time-consuming 
and must involve sufficient numbers of subjects. However, additional research will 
be necessary if causality is to be established and the relative importance of various 
risk factors further clarified. The ability to distinguish between disease states having 
similar clinical presentation but differing etiologies may become more important if 
the association between periodontal infection and certain systemic diseases is 
confirmed (see Chapter 32). 

Classification of Periodontal Diseases and Conditions 

The current classification system of the American Academy of Periodontology was 
the result of an international conference of experts held in 1999. Broadly viewed, 
the current scheme organizes periodontal diseases into the following groups (which 
are covered in detail in Chapter 2):  

• Gingival diseases 

• Chronic periodontitis 

• Aggressive periodontitis 

• Necrotizing periodontal diseases 

• Abscesses of the periodontium 

• Periodontitis associated with endodontic lesions 

• Developmental or acquired deformities and conditions 

Classification systems other than that promulgated by the American Academy of 
Periodontology exist, such as the International Classification of Diseases (ICD) 
published by the World Health Organization. The latest iteration is the ICD-10. 
There is a specialty version available, known as the ICD-DA, which applies to 
dentistry and stomatology.16 These schemes are important internationally and from 
a public health perspective, but are rarely (if ever) used in clinical practice in the 
United States. 



The goal of periodontal disease classification is a biologically based scheme that 
possesses clinical utility and is able to provide clinically useful distinctions between 
diseases that have similar clinical presentations. Such a scheme will aid in the 
treatment of patients and will facilitate research into the epidemiology, causes, and 
treatment of periodontal disease. Disease classification should not be viewed as 
static, but rather a dynamic work in progress, subject to change. As our 
understanding of the disease process changes, further changes in classification can 
be anticipated. 

Conceptual Basis of Disease Classification 

Periodontal diseases could conceivably be classified on the basis of clinical 
presentation, etiology, or genetic predisposition.9 A syndromic classification groups 
diseases on the basis of symptoms and signs—that is, by the clinical presentation. It 
is fair to say that most of the American Academy of Periodontology classification 
system is based on syndromic criteria. Classification by etiology or predisposition 
would seem to be more biologically meaningful and possibly more relevant to 
therapeutic decision making. This is particularly true of diseases of microbial 
origin, such as periodontitis. Unfortunately, it is not currently possible to construct 
such a scheme, because of gaps in our knowledge of the disease processes. 

Specific Components of a Periodontal Diagnosis: 

Disease Type, Extent, and Severity 

A periodontal diagnosis consists of three components: disease type, extent, and 
severity. The disease type will generally be based on the classification system 
recommended by the American Academy of Periodontology (see earlier and in 
Chapter 2). 

The primary distinction is between chronic and aggressive forms of periodontitis. 
The presumptive diagnosis of aggressive periodontitis is made on the basis of 
several features, including the relative lack of local factors sufficient to explain the 
extent and severity of the disease observed. Other criteria seen in aggressive 
periodontitis include: patients are otherwise clinically healthy, rapid attachment 
loss, familial aggregation, the occasional presence of certain pathogens, the 
occasional presence of a hyperresponsive macrophage phenotype, and other host 
defense abnormalities. Note that the some of these features suggest the possibility 
of a genetic component. 

The clinical presentation of aggressive forms of the disease is in contrast to chronic 
periodontitis for which the clinical presentation is consistent with the local factors 
present. In other words, in chronic periodontitis, plaque and calculus are usually 
visibly present and the tissue is often inflamed, although this may be masked by 
smoking. Previously, age was considered important in distinguishing aggressive 
periodontitis from chronic periodontitis; indeed, aggressive forms were collectively 



referred to as early-onset periodontitis. In the latest classification this distinction has 
been removed, although it is clinically useful to bear in mind that generalized 
disease of significant severity is uncommonly seen in young patients. Aggressive 
forms of the disease have a somewhat less predictable response to therapy and may 
require closer follow up after active therapy. 

Extent of disease distinguishes between localized and generalized disease patterns 
(see Chapter 2). In general, the disease is considered to be localized if less than 30% 
of sites are affected, whereas generalized disease affects more than 30% of sites. 
This is often a useful distinction. In cases where only an isolated defect is seen, this 
may hold clues as to the cause of the problem. Consider, for example, a patient in 
previously good dental health who has an 8-mm pocket on the facial aspect of a 
maxillary premolar. The tooth has a large cast restoration, post-and-core, and has 
been treated endodontically. There is no other evidence of periodontal disease 
present. The localized nature of this problem strongly suggests a nonperiodontal 
etiology, such as a vertical root fracture or root perforation (Fig. 11-1). Consider the 
same situation, but this time the patient has numerous generalized probing depths of 
this magnitude. In the latter case, it likely that the patient has periodontitis, whereas 
in the former case, it is likely that there is a specific nonperiodontal etiology. The 
treatment plan for these two individuals will differ radically, and more diagnostic 
information may well be required in the first case, including the possible need for 
exploratory surgery. 

Thus, the distinction between localized and generalized disease speaks generally to 
an important concept in diagnosis: Are there sufficient factors present to explain the 
disease extent and severity? If the disease is quite localized, then there may be some 
strong local factor such as a fractured root, overhanging restoration, or violation of 
biologic width that may explain the local disease. Periodontitis is often said to be a 
site-specific disease, in that one site on a tooth may be affected whereas another is 
not. Despite this assertion, there is evidence that susceptibility to periodontitis 
occurs on a subject level—that is, the entire mouth is at risk in susceptible 
individuals. Given the importance of the host response, this makes perfect sense. A 
similar host response is likely to be operant in all areas of the mouth. This offers 
one rationale why full-mouth bleeding scores and mean probing depths may be 
more predictive of breakdown somewhere in the mouth than single-site scores are 
predictive for the future attachment loss in an individual site (see Prognosis: The 
Rationale and Biological Basis). Therefore, when very local destruction is seen, 
particularly in a setting of generalized periodontal health, local causes should be 
sought. 

Figure 11-1.   



 

Root perforation created during post preparation. Patient had localized 
periodontitis isolated to this single tooth. 

The severity of periodontitis is often categorized as being slight or early, moderate, 
or advanced.17 Slight periodontitis exists when a site has a clinical attachment level 
of 1 to 2 mm. When a clinical attachment level of 3 to 4 mm is present, the disease 
as categorized as moderate, whereas severe disease exists with attachment levels of 
5 mm or more. 

The Relationship between Treated Disease, Probing 

Depth, Attachment Level, Recession, and Diagnosis 

The relation between probing depth, recession, and attachment loss often proves 
confusing to student dentists and may warrant a brief discussion, because it is 
central to the concept of periodontal diagnosis. If there has been no recession, and 
there is no gingival enlargement or significant gingival edema (i.e., no 
pseudopockets), and there has been no previous periodontal treatment performed, 
then diagnosis is relatively straightforward. 

Given the situation described above, we may then conclude that a state of 
periodontal health exists if there are no pockets greater than 3 mm and no signs of 
inflammation such as changes in color or consistency, swelling, or bleeding on 
gentle probing. If, however, there are no pockets greater than 3 mm, but there is 
inflammation present in the form of bleeding or color changes, then the patient may 
be diagnosed with plaque-induced gingivitis, particularly if plaque is observed at 
the gingival margin. If there are pockets measuring greater than 3 mm, 



accompanied by signs of inflammation and clinical attachment loss, then 
periodontitis can be reliably diagnosed. 

Now let us add some of the qualifiers listed above and see what happens. Recession 
commonly occurs on the labial of anterior teeth and premolars, but can occur on 
other surfaces. Because the root surface is normally the site of the insertion of 
Sharpey's fibers of the periodontal ligament, the presence of recession always 
implies de facto evidence of attachment loss. However, recession is not always the 
result of periodontitis, but is often the result of mechanical trauma such as 
overzealous brushing, particularly in the setting of thin labial tissue. With that in 
mind, consider some cases that may clearly demonstrate these concepts. 

Case 1: The patient is a 19-year-old student who seeks routine care in the 
clinic of the College of Dentistry. On examination, you note 2 mm of recession on 
the labial aspect of teeth #6 and #11. There is more than 3 mm of attached gingiva 
remaining in the area. The patient is unsure how long the recession has been 
present, but her orthodontist had remarked on it several years ago. There are no 
probing depths measuring greater than 3 mm, and there is no evidence of 
inflammation. What is the diagnosis? Clearly, the patient has attachment loss. The 
recession is indicative of that. But her tissue appears healthy, with no bleeding, 
good home care, and minimal probing depth. What is the diagnosis? What 
treatment is needed? 

Analysis: This patient appears to be relatively stable from a periodontal 
standpoint. The recession is probably because of thin tissue overlying the 
prominent canines and is more likely caused by mechanical trauma from brushing 
than by inflammatory periodontal disease. Nevertheless, it should be documented 
and followed, because treatment of progressive recession is often warranted. The 
patient should, of course, be instructed in atraumatic home care techniques so as 
not to exacerbate the condition. The primary point, however, is that this individual 
is probably not at risk for periodontitis, barring the occurrence of an additional 
risk factor such as smoking. 

Case 2: The patient is a 42-year-old man assigned to you at the beginning 
of your fourth year in dental school. He has been a patient at the school for many 
years, during which time he has been treated for periodontitis. Examination 
reveals good home care, minimal bleeding on probing, probing depths measuring 
1 to 4 mm, and generalized gingival recession, especially in the posterior sextants. 
The recession ranges from 2 to 4 mm. Review of his past periodontal charting 
reveals little or no change in either his recession or his probing depths over the 
last few years. Review of radiographs taken at various intervals also suggest 
clinical stability. He is an ex-smoker; his medical history is otherwise 
noncontributory. What is your diagnosis? What treatment will you recommend? 

Analysis: The recession is obviously a result of his previous periodontal disease, 
his therapy, or a combination of both. The probing depths are unchanged, bearing 
in mind that 1 mm changes are within the range of measurement error, 



particularly with multiple operators conducting the examination, as would be the 
case in a dental school setting. This patient is probably stable, although he has 
demonstrated susceptibility to periodontal disease and, therefore, must be 
followed closely for signs of recurrence. 

Case 3: The patient discussed earlier (Case 2) is placed under your care 
and does well. He is seen on a 3-month maintenance regimen. At his most recent 
maintenance appointment, you note that he exhibits relatively widespread 
bleeding (65% of sites), although probing depth remains essentially unchanged. 
What is your diagnosis? What treatment will you recommend? 

Analysis: The increased bleeding certainly is indicative of inflammation. Does 
this mean that the patient has periodontitis (inflammation plus loss of 
attachment)? Or does he have gingivitis superimposed on a preexisting 
periodontitis that is no longer active? This is admittedly confusing to the student 
dentist, but this is the sort of situation often encountered in practice. On one hand, 
probing depth is essentially unchanged; on the other hand, inflammation is 
certainly present. The diagnosis, according to the current classification system, 
would be gingivitis in the setting of a reduced periodontium. In other words, the 
classification takes into account the previous attachment loss, but still classifies 
the problem as one of gingival inflammation. This seems reasonable, because a 
number of studies indicate that attachment loss is infrequent in patients receiving 
maintenance therapy. 

Case 4: The patient in Cases 2 and 3 returns yet again for a maintenance 
visit. This time, the findings are as before, with the added problem that 9 of the 
120 sites in his mouth show increased probing depth, with increases ranging from 
1 to 2 mm. Recession is unchanged. What is your diagnosis now? What treatment 
options might you consider? 

Analysis: This situation is much different than Cases 2 and 3. This seems to be 
true attachment loss in the presence of inflammation—recession is unchanged but 
probing depths have increased. We should assume that the patient has entered a 
period of disease activity, on the basis of relatively clearcut evidence. Are there 
any possible mitigating circumstances that would lead us to a false conclusion in 
this regard? One possibility that should always suggest itself is measurement 
error. Although this may be reduced somewhat if only one operator is performing 
all examinations, it is nevertheless possible. However, the finding of increased 
probing depth at several sites, combined with inflammation, certainly suggests 
disease activity. As noted earlier, there is no current gold standard for predicting 
disease activity other than the historical record of attachment loss that has already 
occurred. The increased attachment loss strongly suggests that professional 
intervention is warranted. 

Overview of the Treatment Planning Process 



After arriving at a diagnosis, the clinician must use this information to formulate a 
treatment plan and prognosis. More than one prognosis may be projected, on the 
basis of therapeutic options, including the baseline option of "no treatment." The 
manner in which the diagnosis and prognosis inform the treatment planning process 
is considered later in this chapter, following a discussion of prognosis. 

PROGNOSIS: THE RATIONALE AND BIOLOGICAL BASIS 

Formulating a prognosis is the art of clinical forecasting. The prognosis is a forecast 
of the probable course and final outcome of a disease. It is the basis on which the 
clinician makes recommendations and is a key factor in aiding the patient in choosing 
a course of treatment. It would be preferable to rely exclusively on an evidence-based 
model for all of our decision making, including establishing a prognosis. There are, 
however, gaps in our knowledge that preclude this. Periodontal prognosis, therefore, 
remains somewhat subjective because of our incomplete understanding of disease 
processes. Despite these limitations, there is much that is known about periodontal 
disease progression. This knowledge, incomplete though it is, should inform our 
treatment planning processes. 

Prognosis and Causality 

Prognosis rests on the related concepts of causality and risk. These topics are 
discussed in detail in Chapter 3, but will be reviewed briefly in this chapter in the 
context of determining a prognosis. Establishing causality and assessing risk lie 
within the realm of clinical epidemiology and use the scientific and statistical tools 
of that field.18 The establishment of causality involves identification of the agents 
that are responsible for causing a target disorder. Some years ago, the 
epidemiologist Sir Austin Bradford Hill enumerated several criteria that help 
establish causality19 including the following:  

• Strength of the association: The stronger the relationship, the greater the 
likelihood that the relationship is causal. The relationship between smoking and 
periodontal disease is quite strong, thus suggesting true causality. 

• Dose-response relationship: This strongly suggests causality, but does not 
conclusively demonstrate it because of the potential effect of confounders (see 
later). Again, many studies have reported a dose-response effect with regard to 
severity of periodontal disease and amount of tobacco consumption. 

• Temporality: The cause must precede the effect. Some types of 
epidemiologic studies (e.g., cross-sectional) are unable to demonstrate this, by 
virtue of their design. Temporality is best demonstrated in a longitudinal (cohort) 
study. 

• Consistency: If several studies show essentially the same results, this 
strengthens the case for causality. Again, smoking is a useful example because 



almost all studies have reported a positive association between smoking and 
periodontitis. 

Causality is usually suggested initially by cross-sectional epidemiologic studies and 
confirmed by prospective cohort studies and by interventional studies in which the 
presumptive etiologic agent is eliminated or neutralized. Such interventional studies 
are known as clinical trials. A number of such trials have compared treatment 
outcomes after various modalities of periodontal therapy. A hierarchy of evidence 
can be established, with the highest level being the randomized controlled trial in 
which individuals are randomly assigned to one of two or more treatment 
modalities. If the study is well designed and has a large enough number of subjects, 
good information regarding treatment efficacy and, by extension, etiologic factors 
will be gained. Other sources of evidence include case-control studies, case series 
from private practice settings, and single case reports. 

Uncontrolled observations, such as case series and anecdotal case reports, although 
of some value, lack the validity necessary to inform clinical judgments in practice. 
The details regarding the characteristics, strengths, and weaknesses of the various 
types of epidemiologic studies may be found in a standard textbook of 
epidemiology.20,21 Finding the best evidence and basing treatment decisions on such 
evidence is the goal of evidence-based healthcare.6 The best evidence often consists 
of results derived from a number of randomized clinical trials. Such a synopsis of 
results is called a systematic review or metaanalysis (which has somewhat more 
specific statistical implications). All healthcare disciplines are moving toward 
evidence-based systems in which treatment decisions are based on valid outcomes 
research. Ideally, such an approach will improve outcomes and allow for more 
rational decision making. 

Risk assessment consists of weighing the relative strengths of all risk factors 
present in an effort to quantitate the risk for development of a disorder. The term 
exposure is often used in epidemiology to refer to contact with or proximity to an 
etiologic agent. For example, smoking is an exposure associated with increased risk 
for development of lung cancer. 

A number of factors are associated with increased risk for periodontitis, the most 
obvious of which are bacteria. It is well established that bacteria are necessary, but 
not sufficient, to cause periodontitis. According to the currently accepted model of 
periodontal disease, the presence of bacteria is required to initiate and sustain the 
disease process. Presumably, if a person was born into a germ-free environment and 
isolated from all organisms indefinitely, there would be no chance of periodontitis 
developing. This concept has been validated by studies of germ-free or so-called 
gnotobiotic animals. 

Despite this, the presence of bacteria, even those strongly implicated in the 
pathogenesis of periodontitis, is not sufficient to cause periodontitis in all 
individuals who harbor them. For example, it is well established that some 
individuals carry periodontal pathogens such as Porphyromonas gingivalis in the 



subgingival microflora, yet do not exhibit significant disease activity (i.e., 
attachment loss). What is the explanation for this? Periodontitis is a chronic disease. 
Chronic diseases such as diabetes and atherosclerosis are often multifactorial, 
having both precipitating etiologic agents such as bacteria and predisposing factors 
that increase the likelihood or risk of the target disease developing. It has been 
stated that a "chronic disease can be defined as a disease that has a prolonged 
course, that does not resolve spontaneously, and for which a complete cure is rarely 
achieved."22 Although the question as to whether periodontitis may be cured or only 
controlled may not be resolved, the multifactorial nature of periodontal 
pathogenesis seems beyond dispute.23 Although bacteria are the precipitating cause 
of periodontitis, there are many predisposing causes that contribute to the disease 
process. These risk factors increase the likelihood that periodontitis will develop in 
an individual. This is analogous to the situation seen in other chronic diseases. For 
example, lung cancer does not develop in all smokers, but smoking greatly 
increases the probability that it will. 

The Relationship between Prognosis and Risk 

Predisposing factors may be called effect modifiers, modifying factors, or risk 
factors. The Dictionary of Epidemiology defines risk factor as "an aspect of 
personal behavior or lifestyle, an environmental exposure, or an inborn or inherited 
characteristic, that, on the basis of epidemiologic evidence, is known to be 
associated with health-related conditions considered important to prevent."24 This 
term is often used imprecisely, sometimes referring to an actual etiologic agent such 
as periodontal pathogens, and at other times used to describe factors that contribute 
to susceptibility, such as smoking or diabetes. The most common usage in the 
dental literature implies that the risk factor is directly involved in the pathogenesis, 
although the International Epidemiological Association makes no such distinction, 
as noted in the definition above.24 

The terms risk indicator or risk marker imply that the factor, although associated 
with increased risk for disease development, is not necessarily causal in the strictest 
sense. Such factors merely predispose an individual to disease, thereby increasing 
the risk for development of the disorder and may therefore be thought of as 
predisposing factors. Other factors may be associated with increased risk, but only 
because they are associated with yet another factor that increases risk. This may 
sometimes be the case with race and susceptibility to various diseases, including 
periodontitis. In the case of some ethnic groups, it may not be race per se that 
causes increased risk, but the fact that a greater percentage of some races are 
economically disadvantaged. The economic disparities may be the actual cause of 
the increased susceptibility. It is a key epidemiologic concept that association does 
not necessarily imply causality. 

The presence of a risk factor increases the probability of disease development and 
may present a possible target for therapeutic or preventive interventions. Some risk 
factors and indicators are modifiable in that they may be eliminated or otherwise 



neutralized to reduce the risk for development of the disorder. For example, 
smoking cessation may improve the periodontal prognosis of a young woman with 
early periodontitis. Some factors are intrinsic, such as genetic predisposition, and 
may not be amenable to modification. This concept has clinical use, because an 
individual with an intrinsic, nonmodifiable risk factor will remain at increased risk 
even after successful treatment. It is likely that such an individual will require more 
intensive surveillance and maintenance therapy to prevent disease recurrence. 

When all these various risk factors and indicators are considered together, it is 
theoretically possible to assess the degree of risk for periodontitis developing in a 
given individual or group. This process is known as risk assessment and its relation 
to prognosis should be evident. Unfortunately, not all risk factors and indicators for 
periodontitis are known, and those that are known are difficult to quantitate. The 
role of smoking, one of the most important risk factors, was virtually ignored for 
most of the last century. It was only during the 1990s that its true significance 
became apparent. Many members of the subgingival microflora have not been 
identified or cultivated. We are only beginning to unlock the secrets of the human 
genome, which will undoubtedly shed additional light on genetic predisposition. It 
is this incomplete state of our science that led Prichard to state more than 30 years 
ago that prognosis "is an art based on a science."25 The statement is still true, 
although our knowledge has increased substantially since that time. The goal of 
periodontal research is to reduce the amount of art required by increasing the 
amount of scientifically valid, clinically relevant information that is available. This 
process is the foundation of evidence-based medicine and is directly related to 
concepts of causality and risk. 

Establishing causality is central to modern biomedical science, because it involves 
the identification of the agents responsible for disease. This, in turn, suggests 
possible preventive and therapeutic interventions. Causality is also related to 
prognosis in a most direct way. Treatment of many diseases involves removal of the 
true offending or causal agent (or at least reducing its impact). To the extent that 
this can be done, the treatment will be effective and the prognosis good. To the 
extent that the actual agent is not identified or cannot be reduced or eliminated, 
suboptimal outcomes may be expected and the prognosis will, in those cases, be 
less favorable. 

Occasionally, it is questioned whether pretreatment risk and posttreatment 
prognosis represent the same phenomenon. Are the same factors responsible for 
disease recurrence as for initiating the disease in the first place? In other words, are 
the factors that first triggered the disease likely to cause or contribute to a treatment 
failure (and, therefore, a poor prognosis)? It seems plausible that the risk factors or 
etiologic agents that initiated and sustained the disease process in the first instance 
would similarly act to cause a recurrence after treatment, assuming that they have 
not been eliminated or neutralized by treatment. However, there have been reports 
suggesting that the factors that initiate disease are not necessarily the same as those 
that cause disease progression.26 In any event, the clinical value of determining 



causality lies in the ability to suggest specific preventive or therapeutic 
interventions that may be used to reduce or eliminate the causal agents. 

Lung cancer is a useful example. The pioneering work of Doll and Hill27,28 
established smoking as the primary cause of lung cancer. These findings, in turn, 
suggested that smoking cessation might be effective in reducing the incidence of 
lung cancer. It also suggested that patients who were treated successfully for this 
disease would be at increased risk if they did not quit smoking, compared with 
those who successfully quit. It is biologically plausible that most risk factors would, 
if present after treatment, continue to predispose the recurrence of disease. A 
corollary is that risk factors that cannot be modified, such as genetic predisposition, 
would continue to constitute a risk even after treatment and that the subset of 
patients possessing such a risk factor would merit more careful observation. This 
point is examined later in this chapter as part of the discussion of genetic 
predisposition to periodontitis. 

Outcomes 

Another critical factor relating to prognosis is that of outcomes. Outcomes are "all 
the possible results that may stem from exposure to a causal factor, or from 
preventive or therapeutic interventions; all identified changes in health status 
arising as a consequence of the handling of a health problem."24 In a research study, 
outcomes that are measured or observed are known as variables. The independent 
variable is said to exert an influence or cause variation in the dependent or response 
variable. If lung cancer is being studied, the incidence of lung cancer may be the 
dependent variable and smoking the independent variable. 

Continuing the lung cancer example, one outcome of interest might be disease 
recurrence. A question that would have to be answered is: How do we define 
disease recurrence? Would a suspicious spot on a chest radiograph be sufficient? Or 
would we require a more meaningful outcome, such as death from lung cancer? The 
outcome chosen is important. There are different types of outcomes. A distinction is 
often made between true and surrogate outcomes.29 A true end-point or outcome 
would "reflect unequivocal evidence of tangible benefit to the patient."29 In 
periodontology, a true outcome would be loss of a tooth, because this has real 
consequences for the patient. A surrogate outcome would be attachment loss, 
which, if untreated, is assumed to eventually result in the loss of the tooth. A patient 
does not usually know if attachment loss has progressed, and probably does not 
care. Patients care about outcomes that are meaningful to them, such as tooth loss or 
esthetic compromise. 

It is important that surrogate outcomes can be related in some meaningful way to 
real outcomes. It may seem intuitively obvious that an increase in attachment loss 
may lead to tooth loss. Certainly, if the attachment loss continued indefinitely, tooth 
loss would be the ultimate result. But there is an alternative scenario. Imagine that 
attachment loss progressed to a point short of the apex and then ceased entirely. 



This may be unlikely, but it is possible. In such a case, attachment loss would not be 
related positively to tooth mortality. Longitudinal studies are required to relate 
surrogate outcomes to real outcomes. Because most studies of periodontal outcomes 
use attachment loss as the outcome of interest, it is important that attachment loss 
be related to the "real world" outcome of tooth mortality. Such validation recently 
has been demonstrated. Hujoel and colleagues,29 using data from a large cohort of 
565 Norwegian men, found that attachment loss of moderate severity was 
associated with increased risk for tooth loss. For example, sites that experienced 3 
mm or more attachment loss had a 270% increase in tooth mortality.30 In the 
following section, factors used to predict attachment loss and, by extension, tooth 
loss are examined. This act of prediction is a key component of establishing a 
prognosis. 

CLINICAL APPLICATIONS 

Levels of Prognosis: Tooth and Arch 

Prognoses may be formulated at different levels. For example, we may speak of the 
prognosis of an individual tooth, an arch, or the entire dentition. These are 
somewhat arbitrary categories. For example, if there are only two teeth remaining in 
an arch, the prognoses of these two teeth will, of necessity, determine the prognosis 
of the entire arch. Therefore, the number of remaining teeth, although not 
considered a classical risk factor, often plays a practical role in limiting treatment 
options. The prognosis of individual teeth is often a function of how much 
attachment loss has been sustained, local factors such as furcation lesions, and 
systemic factors such as smoking. It also will be affected by the restorative 
treatment plan. For example, a high degree of predictability may be required if a 
tooth is to be used as an abutment for a multiunit fixed partial denture. 

In complex cases, one arch may be significantly worse than the other. This may be 
termed the limiting arch because it may exert a disproportionate influence on the 
treatment plan. The classical example of the limiting arch concept, at least in the 
preimplant era, was the hopeless mandibular arch opposed by a relatively full 
complement of salvageable maxillary teeth. Many clinicians believed that a 
mandibular denture opposed by upper natural teeth would result in rapid loss of 
alveolar bone in the mandibular arch, the so-called combination syndrome. It was 
common in such cases to advise removal of the maxillary teeth and the mandibular. 
This has changed somewhat, because of the predictability of implant-borne 
restorations. Indeed, the impact of implants on the treatment planning process has 
been profound (see Chapter 26). 

Another useful distinction is that between long- and short-term prognoses. Although 
somewhat arbitrary, short-term usually refers to a period of 5 years or less, whereas 
long-term usually refers to a period longer than 5 years. Generally, accuracy 
diminishes with increasing timeframe of the forecast. Prognoses are often most 



meaningful when comparing various forms of treatment. Patient and clinician may 
both be interested in a differential prognosis depending on which of two therapies is 
chosen. Interventions may differ significantly in terms of cost, morbidity, and 
esthetic outcomes. In such cases, the differential prognosis would be an important 
consideration in the decision-making process. 

Levels of Prognosis: Systemic or Global Prognosis 

At first glance, it might seem logical to assume that the prognosis for the entire 
dentition might be equivalent to the sums of the prognoses of the individual teeth. 
However, this is not the case. There is evidence that the clinical picture presented 
by the entire mouth is a more important overall predictor than information related to 
an individual site. This may best be demonstrated by example. In a widely cited 
article, Lang and colleagues31,32 report that bleeding on probing was not a good 
predictor of attachment loss. Assuming that these results have external validity—
that is, can be generalized to the entire "universe" of periodontal patients—it could 
be assumed that bleeding on probing is not extremely important. In other words, 
bleeding on probing is not a particularly good predictor of attachment loss at the 
site level. 

A different picture emerges, however, if the whole-mouth bleeding score is 
examined—that is, if mean values from each patient are examined at the patient or 
subject level. As explained below, there is some evidence that although the presence 
of bleeding is not a good predictor of impending attachment loss at the site level, 
the whole-mouth mean bleeding score may be somewhat meaningful on the subject 
level. When the bleeding score of the entire mouth is increased, some investigators 
have reported that it is more likely that attachment will be lost somewhere in the 
mouth, although not necessarily at an individual bleeding site.33 Similar 
observations have been made regarding pocket depths persisting after treatment.34–

36 This is consistent with a disease that is heavily influenced by the host defenses, 
particularly because these would be presumed to be more or less constant at all 
sites. Individual risk factors are examined later along with their contributions to 
periodontal disease progression. 

IMPACT OF INDIVIDUAL RISK FACTORS ON 

PERIODONTAL PROGNOSIS 

Systemic Risk Factors 

Smoking 

Smoking is a major risk factor for development of periodontitis, as well as 
modifying treatment response (see Chapter 34). This relation was clarified during 
the 1990s. Before then, the role of smoking was not understood. Currently, 



smoking is considered a major risk factor for periodontitis. It was recently 
reported, for example, that heavy smokers were almost three times more likely to 
lose teeth after periodontal therapy than nonsmokers.37 The same investigators 
reported that the combined effects of smoking and a genetic risk factor were so 
strong that, when present, none of the traditional risk factors added to the risk 
assessment. Smoking is presumed to act at the subject level, although there is also 
some evidence of a local effect. It has been reported, for example, that smoking 
increases attachment loss in the maxillary lingual and mandibular anterior 
regions.38 McGuire and Nunn,39–42 in a study of periodontal patients in a private 
practice, assigned initial prognoses to teeth and observed patients over time to 
determine which factors were good risk predictors; tooth loss was the outcome of 
interest, rather than surrogate variables. They reported that smoking decreased the 
likelihood of an improved prognosis after treatment by 60% compared with 
nonsmokers. 

Genetic predisposition 

Twin studies and other evidence support the concept that heredity plays a large 
role in periodontal susceptibility, accounting for perhaps as much as 50% of the 
risk for chronic periodontitis43 (see Chapter 3). This relation persisted, even after 
correcting for confounding variables such as smoking. The exact nature of this 
relation had remained somewhat elusive until recently. In 1997, Kornman and 
colleagues44 described a genetic polymorphism at the genes that code for the 
production of the proinflammatory cytokine interleukin-1 (IL-1), which was 
associated with increased risk for periodontal attachment loss. The presence of 
this genotype results in the individual's macrophages producing more of the 
proinflammatory cytokine IL-1 when stimulated by agents such as 
lipopolysaccharide from gram-negative bacteria. This polymorphism is found in 
approximately 30% of the white population, but in much lower percentages in 
other racial groups. Such racial differences may help to explain some of the 
differences in risk for periodontal diseases among populations and may play a role 
in establishing a prognosis for patients from various racial groups. This is not to 
say that a prognosis should be assigned on the basis of a racial category. Rather, 
the chance that the IL-1 genotype might play a role in disease pathogenesis and 
might be a factor in establishing a prognosis is greater in a population of white 
patients in which the prevalence of the genotype is around 30% than it is in a 
Chinese-American population in which the prevalence of the genotype is less than 
3%.45 

McGuire and Nunn37,40 found that individuals possessing this IL-1 gene 
polymorphism are about 2.7 times more likely to lose teeth than those without the 
genotype. The risk is increased by 7.7-fold in genotype-positive individuals who 
are also long-time heavy smokers. The genotype is acting as an effect modifier of 
the smoking, and the nature of the interaction is multiplicative rather than 
additive—that is, the observed effect is greater than the sums of the two factors 
acting independently. Therefore, the clinician might rationally assign a less 



favorable overall prognosis for a patient who was both a heavy smoker and had 
the IL-1 genotype than for a patient who neither smoked nor had the genotype. 
Notably, there are no longitudinal studies demonstrating an increased incidence of 
attachment over time in people with the IL-1 genotype, compared with those 
without the genotype. This example is used simply to demonstrate how genetic 
risk factors might play a role in determining the prognosis. 

The IL-1 genotype and other potential genetic risk markers act at the subject level. 
Although it is true that nothing can be done to alter the individual's genetic 
makeup, other than through gene therapy, it is possible that certain compensatory 
therapies (e.g., ranging from host modulation to more frequent maintenance 
intervals) may be used to offset genetic risk factors at the mechanistic level. These 
approaches require more research before any such conclusions can be made. 

Age 

Age is a risk factor for periodontitis in the sense that virtually all studies have 
found that older age groups show greater periodontal destruction than younger 
age cohorts. This is true regarding prevalence, extent, and severity.11,12 The extent 
and severity of periodontal attachment loss increase with age, because of the 
cumulative effect of a lifetime of bacterial-host interactions. The destruction seen 
at any point in time is the sum of all preceding episodes of attachment loss. All 
other factors being equal, the older individual is at increased risk for development 
of periodontal disease and, if present, is at risk for greater extent and severity. 
This is intuitively obvious. There is an additional explanation for the increased 
prevalence of periodontitis in older age cohorts: the increased presence of plaque-
retentive restorations.46 

That older individuals are more likely to have experienced periodontal destruction 
in the past is of minimal relevance to establishing a prognosis for the future. 
Rather, the clinician is mainly concerned with whether age itself increases the risk 
for progressive periodontal destruction over time. If so, then a less favorable 
prognosis might be given to a 70-year-old patient than would be given to a 40-
year-old patient with a similar level of destruction. Most studies have shown no 
increased risk for progressive disease on the basis of age,46 although one study in 
Japanese subjects did show more disease progression in older individuals.47 

Age is often cited as a factor in determining posttreatment prognosis for reasons 
that are the inverse of those listed above. This is best shown by example. Imagine 
two nonsmoking individuals with identical clinical findings of moderate to 
advanced chronic periodontitis, with similar extent and severity of probing depth, 
attachment loss, and mobility, but different ages. One patient is 35 years old and 
the other is 65 years old. It is often stated that the prognosis is better for the older 
of the two subjects. The rationale for this is that it took the older individual longer 
to reach the current state of health or disease, which implies a relatively greater 
degree of resistance. In addition, the younger individual will be required to 



maintain his or her dentition for many more years than the older individual. 
Although the short-term prognosis may be similar, the long-term prognosis may 
be deemed better for the older person. There seems to be little experimental 
evidence to support this claim, although it is biologically plausible. An additional 
question worth asking is whether age modifies the response to therapy. It is 
conceivable, for example, that certain regenerative procedures may not work as 
well in older individuals. However, there is little evidence that older people 
respond either less favorably or more favorably to most modalities of therapy. 
Definitive answers to this question must await additional research. 

Race 

Racial differences in periodontal disease prevalence seem to be largely because of 
socioeconomic factors. However, race and ethnicity do play a role in disease 
susceptibility in certain chronic diseases. This is exemplified by the propensity of 
the Pima Indians to develop type 2 diabetes. There are distinct racial differences 
in the host immunoinflammatory response to periodontal pathogens that may 
provide some explanation for the greater prevalence of this disease in these 
populations. However, current evidence does not provide a basis for assigning 
prognostic categories simply on the basis of race. Definitive answers will have to 
await studies that involve diverse populations. 

Sex 

Male individuals tend to have more periodontal disease than female individuals, 
and the disease tends to be more severe when it does occur. Although men, as a 
group, use dental services less than women and tend to have poorer home care, 
the increase in periodontal disease persists after correcting for these factors.12,48 It 
has been speculated that this may be because of hormonal influences, and the 
bone-sparing effect of estrogen has been cited as an example.48 As with race, not 
enough is known about the influence of sex on progression of periodontal diseases 
or response to periodontal therapy to alter prognostication significantly on the 
basis of sex. 

Systemic diseases and conditions 

Periodontal tissues are influenced by the systemic state of the host. Not 
surprisingly, a number of systemic influences are associated with increased risk 
for development of periodontitis (see Chapter 31). Among these are the common 
diseases diabetes mellitus and osteoporosis. Poorly controlled diabetes, in 
particular, is a significant risk factor for increased prevalence, extent, and severity 
of periodontal attachment loss.49 Any condition that causes a suppression of the 
host defenses also can predispose to periodontal disease, including HIV/AIDS, 
neutrophil defects, and similar conditions. Psychosocial factors such as stress also 
have been implicated as risk factors. Nutritional factors have been somewhat 



neglected, but recent evidence suggests that low intake of certain nutrients such as 
calcium and vitamin C also may confer some risk. Systemic conditions should 
definitely be considered in formulating a periodontal prognosis. For example, the 
clinician might assign a less favorable overall prognosis to a patient with poorly 
controlled diabetes and high financial stress levels than to a systemically healthy 
patient with a similar degree of periodontal destruction, especially if the clinician 
and patient cannot effect changes in diabetic control or stress levels. 

Local Risk Factors 

Gingival inflammation 

Gingival inflammation is one of the most common periodontal findings. The 
presence of inflammation is most often defined by the clinical finding of bleeding 
on gentle probing, but gingival redness or erythema occasionally has been used. 
These are rather nonspecific indicators of gingival inflammation that may 
represent simple, reversible gingivitis, or may be associated with destructive 
periodontitis. A number of studies have attempted to find an association between 
gingival inflammation and attachment loss, at either the site or subject level. 
However, one important factor complicates the interpretation of these data. 
Smoking is a risk factor for periodontitis. Oddly enough, smoking also has a 
suppressive effect on gingival bleeding, probably mediated through an effect on 
the microvasculature. Smoking is thus a third variable that has an effect on the 
target disorder (periodontitis or attachment loss) and on the clinical finding of 
gingival bleeding. A factor that is related in this fashion both to the exposure and 
the outcome of interest is known as a confounder or confounding variable. The 
effect of this confounder would most likely be to make bleeding on probing a less 
reliable predictor of attachment loss (i.e., weaken the association) in a patient who 
smokes. 

Site level analyses. 

Most investigators have found little correlation between bleeding on probing at 
a given site and subsequent attachment loss at that site. Bleeding on probing has 
been shown to be of low PPV and limited specificity.31,32 Thus, the use of 
bleeding on probing at a site as a prognostic variable and a predictor of future 
disease would result in a high number of false-positive results; many sites that 
did bleed on probing would not demonstrate progressive destruction. 
Conversely, the absence of bleeding on probing has been shown to be an 
excellent predictor of clinical stability.32 About 98% of clinically stable sites did 
not bleed when probed. Thus, when assigning a prognosis for a given tooth, the 
absence of bleeding on probing over several appointments could indicate an 
improved prognosis compared with a tooth with similar levels of periodontal 
destruction that bled repeatedly on probing. 



Subject level analysis. 

Does the general gingival bleeding status throughout the mouth help the 
clinician assign a prognosis? If the host response is really an important factor in 
determining susceptibility to periodontal disease, then it is plausible that 
average bleeding scores that reflect the inflammatory state throughout the 
mouth may be of value. The evidence is mixed in this regard. Some 
investigators have reported modest associations between full-mouth bleeding 
scores and risk for attachment loss. Joss and colleagues33 report that more than 
60% of sites losing at least 2 mm of attachment were found in a subset of 
patients with bleeding scores of 30% or greater. Other investigators, however, 
have found no relation between whole-mouth average bleeding scores and 
future periodontal disease progression.36 The general level of bleeding on 
probing may provide the clinician with input on the overall prognosis for the 
patient because it would be considered an overall assessment of gingival 
inflammation, but prognosis for individual sites or teeth is likely more related to 
bleeding or lack of bleeding at those specific sites or teeth. 

Suppuration 

Suppuration is considered by some clinicians to be a particularly "bad omen." 
However, there is little evidence that this is true.36,50–52 Most studies fail to 
demonstrate an increased risk for progressive destruction at sites having 
suppuration.36 Suppuration should be considered in a way similar to bleeding on 
probing; namely, if widely present throughout the mouth, it should be considered 
in the overall prognosis as a general indicator of the overall level of periodontal 
inflammation. 

Compliance with maintenance recommendations 

Patients who have been treated for periodontitis require regular maintenance to 
prevent disease recurrence (see Chapter 15). Although the interval must be 
tailored to the individual patient, such visits are normally scheduled at 3- or 4-
month intervals. This requires an ongoing commitment on the part of the patient. 
The degree to which a patient follows such therapeutic recommendations is 
known as compliance. Compliance is a major issue in periodontal therapy, as it is 
in the treatment of all chronic diseases, and compliance must be considered in 
formulating a prognosis. A number of studies have shown that good compliance is 
associated with better periodontal outcomes, including less tooth loss. In 
formulating a prognosis, the clinician examines the patient's history of compliance 
with dental visits and recommended care. Those with a poor history of 
compliance may be given a less favorable initial prognosis than those who are 
have been compliant. The clinician also must consider the potential for 
improvement in compliance. For many patients, the dentist does not have a 
treatment history. In these cases, many clinicians assume that the patient will 



comply with maintenance when assigning an initial prognosis, and then adjust that 
prognosis accordingly as treatment progresses, on the basis of the demonstrated 
patient compliance. 

Plaque and calculus 

Bacteria are necessary for the development of periodontitis and gingivitis. Plaque 
is unquestionably related to the development of gingivitis in a very direct manner. 
The same cannot be said of periodontitis. Numerous studies demonstrate that 
meticulous plaque removal will normally prevent the development of periodontal 
disease, but several longitudinal studies describe a more tenuous relation between 
plaque levels and periodontal attachment loss. Generally, most studies have 
shown either no or weak correlation with plaque and future attachment loss at the 
site level.51,52 (See Chapter 13 for a complete discussion of this relation.) 

Persistent deep pockets 

It is plausible to presume that increased pocket depth persisting after therapy 
would be a risk factor for future attachment loss. Deep pockets are more apt to 
harbor periodontal pathogens and are harder for the patient and therapist to 
maintain.53 Deeper pockets are generally associated with an increased percentage 
of histologically inflamed tissue,54 and this is validated by the related finding that 
deeper pockets are more likely to exhibit bleeding on probing.53 It is conceivable 
that such pockets might serve as a reservoir for periodontal pathogens, which 
could put the deep site at risk (site level effect) or serve to reinfect other sites 
(subject level effect). It has been shown that the source of bacteria that repopulate 
sites after treatment is generally derived from the patient's own flora.55 Surgical 
pocket reduction can lead to a profound shift in the subgingival microbiota toward 
that associated with health, which may be a key to maintaining periodontal 
stability.56 The importance of persistent deep pockets as possible bacterial 
reservoirs is indirectly suggested by evidence that persistent deep pockets have an 
adverse effect on regenerative outcomes.57 This knowledge may result in the 
dentist assigning a less favorable posttreatment prognosis in a patient with 
persistent deep pockets who has had regenerative surgical therapy than for a 
patient with shallow probing depths after treatment. 

There is also direct evidence from longitudinal studies suggesting that the 
percentage of deep sites may be a more important indicator of risk at the subject 
rather than site level.34–36 In a study of 271 Japanese subjects, greater mean 
probing depths and prior attachment loss were strong predictors of future 
attachment loss during a 12-month period.47 Most of the rationale for multiple 
deep pockets as a subject level risk factor has been based on the assumption that 
such sites could act as bacterial reservoirs and serve to reinfect other sites. 
However, it is also conceivable that patients with a number of persistent deep 
probing sites are simply more susceptible to disease because of an aberrant host 



defense mechanism. The presence of numerous deep pockets after therapy may 
likewise indicate a patient whose response to therapy has been less favorable and 
who may be at greater risk for future periodontal destruction. Such a patient might 
be assigned a less favorable prognosis. 

Amount of remaining attachment 

The amount of attachment remaining is of prognostic significance for one obvious 
reason. If a tooth has little remaining attachment, then a relatively small amount 
of continued attachment loss may cause the loss of the tooth. If a large amount of 
attachment remains, then much more disease activity would be required to cause 
the loss of the tooth. Therefore, in general, a tooth or a dentition with severe 
attachment loss will have a less favorable prognosis than one with minimal 
attachment loss. 

Mobility and related factors 

The relation between tooth mobility and prognosis is controversial because 
conflicting evidence exists. In a 10-year longitudinal study, mobility at baseline 
was associated with increased bone loss over time.58 In a series of long-term 
studies, Fleszar and colleagues59 showed better healing responses after 
periodontal treatment in firm rather than mobile teeth. Mobility also has been 
associated with less favorable results after regenerative surgical therapy60 and 
with increased risk for tooth loss during maintenance.42 Not all investigators have 
confirmed an association between mobility and periodontal disease progression or 
unfavorable responses to treatment. For example, Rosling and coworkers61 found 
that mobility had no effect on treatment outcomes. 

Miscellaneous factors 

A number of anatomic factors may predispose to attachment loss (see Chapter 7). 
These include plaque-retentive features such as furcation lesions, grooves, root 
fractures, areas of cemental hypoplasia, cervical enamel projections, and others. 
Restorative factors such as overhanging restorations and violations of biologic 
width also may predispose to periodontal destruction. In formulating a prognosis, 
the dentist must consider both the impact of these factors on existing disease and 
the dentist's ability to eliminate those factors as part of the treatment plan. The 
ability to minimize or eliminate such factors directly affects the prognosis. For 
example, if a tooth has an overhang that can be eliminated, the prognosis is likely 
very favorable. Conversely, if a tooth has a root fracture, which cannot be 
eliminated, the prognosis is likely to be poor or hopeless. 

Multirooted teeth with existing furcation involvements generally have a less 
favorable prognosis than teeth with intact furcations. This is because furcation 
regions are difficult to access for personal or professional debridement. Numerous 



long-term studies show that furcation-involved molars are lost more commonly 
than single-rooted teeth or multirooted teeth without furcation involvement.62–64 
Likewise, multirooted teeth with short root trunks that predispose to furcation 
involvement after minimal attachment loss often have a less favorable prognosis 
than singlerooted teeth or multirooted teeth with long root trunks. 

APPLICATION OF DIAGNOSIS AND PROGNOSIS TO 

PERIODONTAL DECISION ANALYSIS 

It is readily apparent that formulating a prognosis is far from an exact science. The 
series of articles by McGuire and McGuire and Nunn clearly illuminate the 
shortcomings of our current knowledge in this area.39–42 These investigators describe 
the results of a long-term study of 100 treated periodontal patients followed for 15 
years in a private practice environment. All subjects received similar treatment by the 
same periodontist. They were initially diagnosed with chronic, generalized moderate 
to advanced adult periodontitis. Teeth were assigned to one of five prognosis groups. 
Assignment of prognosis was done immediately after active therapy and at 5- and 8-
years after active therapy using the prognostic categories found in Box 11-1. Teeth 
assigned a good prognosis initially tended to remain good for the duration of the 
study. If the teeth were assigned to any other category, however, the predictive value 
was poor. Clearly, many of the commonly used clinical parameters proved ineffective 
in predicting the outcome for teeth other than those with a good prognosis. Although 
teeth with a poor prognosis were lost at a greater rate than those with a good 
prognosis, extreme variation was noted in survival times. At 5 or 8 years, prognoses 
for posterior teeth were no better than a coin toss. Prognoses for single-rooted teeth 
tended to be more accurate. The authors found that certain clinical parameters had 
somewhat more validity: probing depth, mobility, furcation involvement, percentage 
of bone loss, parafunctional habit without an occlusal guard, and smoking. The 
authors concluded that the current method of assigning prognosis does not take into 
account the concept of differential susceptibility. 

To at least partially account for susceptibility, McQuire and Nunn tested the IL-1 
genotype as well as "heavy smoking" as effect modifiers. Of the patients in the study, 
38% were positive for the genotype, but this subset of patients accounted for almost 
60% of the tooth loss. Patients positive for the genotype were 2.7 times more likely to 
lose teeth after therapy. Heavy smoking (defined as ≥20 pack-years) was another 
significant risk factor for tooth loss, increasing the risk by 2.9 times. The combination 
of heavy smoking and IL-1 genotype resulted in a 7.7-fold increased risk for tooth 
loss. 

The implications of McGuire and Nunn's work are significant. At the very least, they 
underscore the importance of smoking cessation as part of every treatment plan and 
quantitate the risk in terms of a real variable—tooth loss. The study also reveals some 
reasonably predictive risk factors in nonsmoking individuals: furcation lesions, 
mobility, probing depth, percentage of bone loss, and poor crown/root ratio. When 
determining the prognosis for a nonsmoking patient, these factors assume greater 



importance. In a smoker, the effect of smoking overshadows the other factors, a fact 
that should be considered during the treatment planning process. 

Box 11-1  Prognostic Categories 

Good prognosis: Teeth with a good prognosis have one or both of the following 
characteristics: adequate remaining periodontal support and ease of maintenance. 

Fair prognosis: Teeth with a fair prognosis have one or both of the following 
characteristics: attachment loss to the point that the tooth cannot be considered to 
have a good prognosis and presence of a Class I furcation lesion (with the caveat 
that the furcation is believed to be maintainable). 

Poor prognosis: Teeth with a poor prognosis exhibit one or both of the following 
characteristics: moderate attachment loss with Class I or Class II furcation lesions 
(that can presumably be maintained, but with difficulty). 

Questionable prognosis: Teeth with a questionable prognosis exhibit one or more 
of the following characteristics: severe attachment loss resulting in a poor crown-
to-root ratio; poor root form; root proximity; Class II or III furcation lesions (not 
amenable to maintenance); and mobility of 2+ or greater. 

Hopeless prognosis: Inadequate attachment to maintain the tooth in health, 
comfort, and function. In such cases, extraction is recommended. 

From McGuire MK: Prognosis versus actual outcome: a long-term survey of 100 
treated periodontal patients under maintenance care, J Periodontol 62:51–58, 
1991. 

A SUGGESTED DIAGNOSTIC PROTOCOL 

• The first step in formulating a diagnosis and prognosis is accurate and complete 
data collection. This necessitates a comprehensive examination. If an acute 
condition is present (e.g., necrotizing ulcerative gingivitis, periodontal abscess), that 
problem should be addressed before proceeding to the comprehensive examination 
and treatment plan. 

• Data collection is followed by assignment of a presumptive diagnosis, using the 
American Academy of Periodontology classification system (see Chapter 2). The 
components of the diagnosis are disease type, extent, and severity, as noted earlier. 

• Next, prognoses for individual teeth should be assigned, using criteria shown in 
Box 11-2 (but remembering that some of these criteria may be imperfect). 

• After assignment of individual prognoses, questionable or hopeless teeth can be 
deleted from the arch diagrams. This sometimes suggests possible prosthetic 
schemes. A prognosis can then be assigned to each arch. 



• After tooth and arch prognoses have been assigned, a global or full-mouth 
assessment should be performed and a whole-dentition prognosis given. Depending 
on the clinical circumstances, this may also affect the individual tooth prognoses. 
This is particularly true in the case of a strong risk factor, such as smoking (Box 11-
3). 

• The treatment plan in most cases of periodontitis will begin with initial 
nonsurgical therapy (Box 11-4). In most cases, it is desirable to defer final decisions 
regarding surgical intervention and tooth extraction until the reevaluation. This is 
particularly true when removal of a tooth will necessitate a provisional restoration. 
There are many circumstances, however, in which badly involved teeth are removed 
at the time of scaling and root planing. 

Box 11-2  Prognostic Factors: Tooth Level 

Mobility 

Amount of remaining attachment 

Probing depth 

Bone loss 

Presence/absence/severity of furcation lesions 

Crown-to-root ratio 

Endodontic status 

Caries 

Box 11-3  Prognostic Factors: Subject (Patient) Level 

Age 

Smoking 

Diabetes (degree of control important) or other systemic diseases 

Overall degree of bone loss, attachment loss 

Number of residual deep pockets after therapy 

Percentage or number of bleeding sites after therapy 

Genetic predisposition 

Compliance with home care 

Compliance with maintenance 



Number and position of remaining teeth 

Patient desires 

Economic factors 

Box 11-4  Normal Sequence of Periodontal Therapy 

1. Systemic phase (evaluation of overall patient health, consultation as 
indicated) 

2. Initial therapy (antiinfective therapy)  

a. Emergency treatment 

b. Extraction of hopeless teeth 

c. Restorative and endodontic therapy 

d. Oral hygiene assessment and instruction 

e. Debridement (scaling/root planing) 

f. Adjunctive treatment (e.g., occlusal therapy, antibiotic therapy, host 
modulation, minor tooth movement, provisional splinting, as indicated) 

3. Reevaluation 

4. Surgical therapy (if indicated) 

5. Postsurgical reevaluation and assessment of revised prognosis 

6. Definitive restorative therapy, including orthodontic tooth movement, if 
indicated 

7. Maintenance therapy 

• A formal reevaluation of treatment response should usually occur 6 to 8 weeks 
after nonsurgical debridement. At that time, tissues should be assessed for signs of 
inflammation and for changes in probing depth and clinical attachment. Although 
some additional improvement may occur over a period of several months, most of 
the improvement is seen within 2 months after therapy. At the time of the 
reevaluation, the original presumptive diagnosis is subject to validation or revision. 
In particular, if the disease fails to respond to adequate and appropriate therapy, 
then the diagnosis may need to be changed. If the response is consistent with 
pretreatment expectations, the original diagnosis will be confirmed. Likewise, 
response to initial therapy, or lack of response, may alter the prognosis. 



• If the response is generally good, then the patient may be placed on maintenance 
(i.e., appointed for regularly scheduled assessment and debridement appointments). 

• If the response is generally good, but some problem areas remain, then additional 
therapy will be recommended. This may take the form of enhanced nonsurgical 
therapy such as the addition of local delivery antimicrobial agents to mechanical 
debridement, or surgery. 

• If the response is generally poor, then a cause should be sought. This may be as 
simple as poor home care, although systemic factors should be considered. 

• After active therapy, whether that be entirely nonsurgical or a combination of 
nonsurgical and surgical treatment, a posttreatment reevaluation should be 
performed. The exact timing of this reevaluation depends on the nature of the 
periodontal therapy provided. Many clinicians wait longer to reevaluate the patient 
if regenerative surgical therapy was used than if a nonregenerative approach was 
used. At the time of this posttreatment reevaluation, the clinician should again 
determine the prognosis for the patient at the tooth, arch, and dentition levels. The 
findings at this posttreatment reevaluation, and the prognoses rendered, will serve 
as the new baseline for the patient as he or she moves into the maintenance phase. 

CLINICAL APPLICATIONS 

Below are some clinical examples that illustrate the application of the concepts 
discussed in this chapter. 

Case 1: The patient is a 58-year-old woman who reported for initial examination in 
the 1980s. She was referred for evaluation of her remaining lower teeth (Fig. 11-2). 
She was having a good deal of difficulty with them, because they were quite loose 
and her partial denture no longer fit well. She consulted a dentist who had suggested 
removal of the remaining teeth and replacement with an implant-borne prosthesis. 
Although the patient was interested in this, she was unable to afford the combined 
fees of the surgeon and prosthodontist. She had been told that her jaw was resorbed 
too severely to allow her to wear a conventional denture. She was wearing a 
maxillary complete denture, which she tolerated well. The patient was very concerned 
with and attentive to her appearance. The medical history was noncontributory, 
except for a history of smoking. The patient had been a relatively heavy smoker, but 
quit several years earlier. Examination revealed evidence of widespread periodontal 
destruction on the remaining teeth. Probing depth ranged from 1 to 9 mm, with most 
interproximal sites probing greater than 6 mm. Most teeth exhibited mobility of grade 
2. Tooth #30 was not mobile, but did have a Class III furcation lesion. Recession was 
generalized and severe. The supragingival hygiene was surprisingly good, but there 
were heavy deposits of subgingival calculus present. Other examination findings were 
unremarkable. 

Analysis: The diagnosis given at the time (in the late 1980s) was generalized severe 
adult periodontitis (equivalent classification today would be generalized severe 



chronic periodontitis). Most teeth had a highly questionable initial prognosis, simply 
because of the limited amount of remaining attachment. The mandibular arch likewise 
had a questionable prognosis. The one nonmobile tooth (#30) had a Class III furcation 
lesion. Because there were so few remaining teeth, treatment options were limited. 
Implants were rejected by the patient because of financial constraints. There were 
several positive factors, however. The patient had quit smoking, although the full 
impact of this was not generally appreciated at that time. With the exception of her 
teeth, this patient was well groomed and seemed motivated to save or delay the loss 
of her teeth. She was prepared to spend time and money toward this end, if the total 
outlay were within her budget. The overall prognosis for the lower arch seemed 
hopeless, given the few remaining teeth and their relative lack of attachment and 
mobility. This was related to the patient, who was adamant about retaining the 
mandibular teeth for as long as possible. She realized that these teeth would 
eventually be lost, but felt that delaying their loss would be an acceptable use of her 
resources. 

Figure 11-2.   



 

Radiographs of mandibular anterior teeth in patient with severe periodontitis. Top 
radiographs show condition at initial examination. Bottom radiographs show 
condition 20 years later, after successful periodontal treatment and maintenance. 
Teeth have been splinted with fixed intracoronal splint. 

Given the patient's wishes and the lack of other acceptable alternatives (because she 
had absolutely ruled out the use of implants), the following treatment plan was 
proposed and accepted. The patient agreed to have the teeth splinted using an 
intracoronal splint consisting of heavy orthodontic wire bonded in a slot cut into the 
enamel. Splinting would consist of two segments (teeth #21 to #27 and #29 to #30). 
After splinting, scaling and root planning were to be performed, together with oral 
hygiene instruction and assessment. No teeth were to be extracted. 

If there was a reasonably good response to mechanical debridement noted at the time 
of reevaluation, a "swing-lock" partial denture was to be fabricated (Fig. 11-3 and 
Fig. 11-4). Although this prosthetic design is rarely used today, it does have some 



advantages, including the ability to add teeth (if lost), the ability to engage significant 
undercuts without expensive cast restorations, and relatively low cost (in comparison 
with other alternatives). The patient was warned that the treatment plan would, at 
best, allow her to retain her teeth for a few years. She agreed to the treatment plan as 
presented. Active treatment was completed uneventfully. Her posttreatment prognosis 
was still questionable because of the severity of attachment loss, although the 
decreased mobility from splinting and her excellent oral hygiene were positive 
factors. She was originally seen at 2-month intervals for maintenance, which was 
eventually lengthened to 4-month intervals. Her hygiene remained exemplary and 
consisted of three components: manual brushing, an interproximal brush, and a 
wooden toothpick in a plastic holder. Almost 20 years after therapy, the patient 
continued to do well (Fig. 11-2). She lost no teeth and received only nonsurgical 
therapy. Probing depths ranged from 1 to 4 mm and there was minimal bleeding on 
probing. The furcation lesion was still patent, but had not progressed. Tissue health is 
good, as can be noted in postoperative photographs (Fig. 11-5 and Fig. 11-6). 

Figure 11-3.   

 

Mandibular swing-lock removable partial denture fabricated to stabilize 
remaining teeth and replace missing teeth. 

Posttreatment analysis: In retrospect, this case confirms several concepts regarding 
prognosis. The first is the observation that any prognosis other than good has 
relatively little predictive value. The individual teeth and the mandibular arch as a 
whole were given a questionable prognosis at the initiation of treatment and again at 



the posttreatment reevaluation; yet, these teeth were still present more than 20 years 
later. The second concept is the importance of smoking as a risk factor. Although it is 
impossible to know with certainty, it is likely that smoking cessation played a role in 
the exceptional treatment response. Mobility, as a risk factor, was neutralized by 
means of splinting. This case is a reminder that some patients with severe bone loss, 
attachment loss, and tooth mobility can be treated successfully with a combination of 
splinting and periodontal therapy.65 Although the role of hygiene is less 
straightforward, this patient's exceptional home care likely contributed to the response 
seen, as did her compliance with maintenance recommendations. Lastly, all the teeth, 
except for #30, were single-rooted. Single-rooted teeth usually have a better 
prognosis than do teeth with furcation lesions.62–64 With regard to tooth #30, however, 
a number of studies suggest that teeth with furcation lesions can sometimes be 
maintained for long periods with relatively simple interventions.66,67 

Figure 11-4.   

 

Mandibular swing-lock removable partial denture in place opposing a maxillary 
complete denture. 

Figure 11-5.   



 

Excellent soft tissue health around teeth #29 and #30 twenty years after active 
therapy. Tooth #30 still had Class III furcation invasion, but bone and attachment 
levels were stable. 

Case 2: At the time of referral, the patient was 33 years old. She had received 
periodontal treatment during her 20s, which consisted of four quadrants of surgery. 
She was being seen at regular intervals for maintenance, but continued to lose bone 
and clinical attachment and sought a second opinion after the loss of her maxillary 
incisors. The medical history was significant for a smoking history of 15 pack-years. 
Probing depths ranged from 2 to 10 mm. Significant mobility was noted; tooth #3 
depressible. Home care was good. There was minimal bleeding on probing. The 
diagnosis at the initial examination in 1990 was generalized rapidly progressive 
periodontitis of advanced severity (using the current classification system, the 
diagnosis would be generalized severe aggressive periodontitis), modified by 
smoking and occlusal trauma. Representative pretreatment radiographs are shown in 
Figures 11-7 through 11-9. The initial prognosis for the entire dentition was poor, as 
was the prognosis for maxillary and mandibular arches individually. The initial 
prognosis for the individual teeth shown in Figures 11-7 through 11-9 were as 
follows: hopeless: #3; questionable: #2, #12, #14, and #15; poor: #13, #23 to #27; 
fair: #4 to #6, #11, #22, and #27. 

Figure 11-6.   



 

Excellent soft tissue health in stable mandibular anterior region. 

Treatment recommendations included initial therapy followed by a reevaluation and 
smoking cessation. The patient quit smoking and underwent scaling and root planing 
of all teeth, combined with systemic antibiotic therapy. Tooth #3 was extracted. She 
had a positive treatment response, and a second phase of treatment was 
recommended. Because a number of teeth had a questionable prognosis, it was 
decided to have the teeth prepared for a heat-cured, long-lasting provisional fixed 
partial denture for the maxillary arch. This could be removed at the time of surgery to 
allow better access to defects. It was also felt that this would be less traumatic to the 
tissues after surgery than would a temporary acrylic resin removable partial denture. 
Provisionalization was completed and surgery was subsequently performed in all 
areas, using a modified Widman approach combined, in some areas, with osseous 
autografts. The patient tolerated the procedures well and had a good response in terms 
of probing depth reduction and clinical attachment gain. She was placed on 2-month 
maintenance. At the posttreatment reevaluation, the positive response resulted in an 
improved prognosis. The entire dentition was given a fair prognosis, as were the 
individual arches. Individual teeth seen in Figures 11-10 through 11-13 were given 
the following prognoses: poor: #15; fair: #2, #5, #14, #24; good: #4, #6, #11 to #13, 
#22, #23, and #25 to #27. 

Figure 11-7.   



 

Radiograph of maxillary right posterior sextant showing severe bone loss at 
baseline examination in patient with severe generalized aggressive periodontitis. 

Figure 11-8.   

 

Radiograph of maxillary left posterior sextant showing severe bone loss at 
baseline examination in patient with severe generalized aggressive periodontitis. 

Figure 11-9.   



 

Radiograph of mandibular anterior sextant showing severe bone loss at baseline 
examination in patient with severe generalized aggressive periodontitis. 

After she demonstrated several months of clinical stability, the definitive prosthesis 
was fabricated. Telescoping copings were placed on most of the remaining maxillary 
teeth (Fig. 11-14). An impression was taken and a restoration was fabricated that 
incorporated features of both fixed and removable prostheses (Fig. 11-15). The 
copings were milled precisely so that the restoration was held in place by friction 
only—it was not cemented and was removed nightly using a crown puller. 

Figure 11-10.   



 

Posttreatment radiograph of teeth #2 to #4 in patient originally diagnosed with 
severe generalized aggressive periodontitis. Excellent response to therapy resulted 
in improved posttreatment prognosis. 

Figure 11-11.   

 

Posttreatment radiograph of teeth #4 to #6. 

Figure 11-12.   



 

Posttreatment radiograph of teeth #13 to #15. Tooth #15 still has poor prognosis. 

Posttreatment analysis: This patient exhibited a high degree of susceptibility to 
periodontal disease, as shown by both the severity of tissue destruction at an early age 
and her failure to respond to therapy during her 20s. Smoking may have played a 
large role, because it has been shown to cause suboptimal treatment outcomes. This 
patient quit smoking during initial therapy, and thereby improved her prognosis. 
Although it is not known to what extent her bruxism may have contributed to her 
disease, she wore a series of occlusal guards since completion of therapy. Her 
hygiene and compliance with maintenance was excellent. Tissue health was excellent 
and attachment levels and probing depths remained stable for more than 10 years. 
Radiographic appearance was also suggestive of clinical stability (Figs. 11-10 
through 11-13). As with the preceding case, Case 2 seems to exemplify many of the 
points made by McGuire and Nunn.39–42 Both cases underscore the effectiveness of 
adequate and appropriate therapy, as well as the general inaccuracy of initial 
prognostic categorization. In this latter case, the initial prognosis would have 
suggested the eventual loss of the remaining teeth. However, the patient responded 
very well to therapy. The posttreatment prognosis was much more accurate in 
predicting her eventual outcome. This is usually expected because the clinician has 
had a chance to evaluate the patient's response to periodontal therapy in the short-
term, and that response may provide a clue as to the long-term response and stability. 

Figure 11-13.   



 

Posttreatment radiograph of mandibular anterior teeth. Note improvement in bone 
levels. 

Figure 11-14.   



 

Occlusal view of cast copings that retain the maxillary partial denture. Teeth 
remained stable over the 10-year period after active therapy. 

Figure 11-15.   

 

Maxillary restoration in place. 

THE FUTURE 

It is likely that additional risk factors for periodontal diseases will be identified. In 
particular, additional genetic markers are likely to be identified that confer risk for 
periodontal disease. One of the major challenges will be the analysis and application 
of this information in the formulation of a diagnosis, prognosis, and treatment plan 
for the individual patient.68 The use of computerized analytical instruments may help 
in this regard. Persson and colleagues69 have developed a computerized risk 



assessment tool for periodontal patients called the Periodontal Risk Calculator, or 
PRC. These investigators report that the "risk scores determined using the PRC are 
accurate and valid predictors of future periodontal deterioration, as measured by 
actual alveolar bone loss and tooth loss over a period of 15 years." Such tools may 
provide improved prognostic abilities in the future. Similarly, evaluation of products 
in gingival crevicular fluid may one day provide more accurate assessments of the 
risk for disease initiation and progression (see Chapters 3 and 5). 

Clearly, more work needs to be done in the area of periodontal diagnosis and risk 
assessment. The clinical and research communities both require reliable, practical, 
and reproducible methods that will allow the assessment of disease activity. Current 
diagnostic and classification schemes provide a good deal of guidance in the 
treatment of periodontal conditions. Despite the heterogeneity of conditions, a large 
number of outcomes studies suggest that periodontal treatment, based on these 
imperfect classification schemes, is effective. As we learn more about the nature and 
causes of these complex diseases, however, we will be able to target certain high-risk 
individuals and sites with greater sophistication and precision. 
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12  Acute Periodontal Conditions 

David G. Kerns 

Acute periodontal conditions encompass a number of different pathologic lesions that 
may affect the periodontium. These pathoses often present diagnostic problems for the 
clinician. Most acute lesions have a rapid onset and are accompanied by pain. Acute 
lesions often include periodontal abscesses, gingival abscesses, periapical abscesses, 
pericoronitis, necrotizing ulcerative gingivitis, and necrotizing ulcerative periodontitis. 
Rees1 reported that patients with other acute oral conditions such as herpetic 
gingivostomatitis, aphthous stomatitis, and desquamative lesions may also present for 
treatment. 

When an abscess is confined to the marginal gingiva, it is often termed a gingival 
abscess.2,3 Gingival abscesses usually occur in a previously disease-free site and are 
confined to the marginal gingiva or interdental papilla (Fig. 12-1 and Fig. 12-2). The 
lesion is localized, painful, and rapidly expanding, usually manifesting as an acute 
inflammatory response to a foreign body (toothbrush bristle or piece of food) forced 
into the gingival tissue. Initially, it will appear as a red swollen area with a smooth, 
shiny surface. Within the first 24 to 48 hours, the site is usually fluctuant and pointed 
and will express seropurulent exudate through a surface orifice. If left untreated, it will 
usually rupture spontaneously. Histologically, the gingival abscess appears as a 
purulent lesion in connective tissue surrounded by diffuse infiltration of 
polymorphonuclear leukocytes, edema, and vascular enlargement. 

Periodontal abscesses have been recognized as a distinct clinical entity since the latter 
part of the 19th century. The International Conference on Research in the Biology of 
Periodontal Disease in 1977 defined a periodontal abscess as "an acute, destructive 



process in the periodontium resulting in localized collections of pus communicating 
with the oral cavity through the gingival sulcus or other periodontal sites and not 
arising from the tooth pulp."4 Although reference is often made to a chronic form,5 
chronic periodontal abscesses may be indistinguishable from lesions of chronic 
periodontitis, even when a sinus tract is present. 

Figure 12-1.   

 

Gingival abscess on facial of mandibular central incisor demonstrating pus. 

Figure 12-2.   



 

Same gingival abscess with a probe inserted into the draining abscess and exiting 
the gingival sulcus on the distal facial of the mandibular incisor. 

Despite their long historical recognition, periodontal abscesses often present a 
challenge in terms of diagnosis, etiology, treatment, and prognosis. An accurate 
diagnosis and effective treatment must be given immediately. The dentist must 
therefore have established an effective treatment program based on recognition of the 
clinical symptoms, an accurate differential diagnosis, and an understanding of the 
etiologic factors. 

CLINICAL FEATURES 

The periodontal abscess is often associated with a preexisting periodontal pocket. 
Some acute periodontal abscesses are found with impaction of foreign objects—
frequently seeds, corn kernels, or nut husks lodged in the gingival sulcus or pocket. 
As long as the pocket communicates with the oral cavity, infectious material within 
the pocket can drain. If the orifice of the pocket becomes occluded by impaction of a 
foreign object or by healing, purulent material within the pocket cannot drain. The 
infectious material then accumulates within the occluded pocket, resulting in many of 
the clinical symptoms discussed here. 

The most common symptom is pain. The patient is often oblivious to most of the 
accompanying symptoms until pain becomes evident. Gingival, or mucosal swelling, 
or both, are usually seen in the site of pain. Swelling may vary from a small 
enlargement of the gingival unit to a diffuse swelling involving the gingiva, alveolar 
mucosa, and oral mucosa and may extend to the face and neck. The affected tissues 
will be red to reddish blue. The swelling and associated changes are usually adjacent 



to the tooth affected (Fig. 12-3). Occasionally the affected tooth may be one or two 
teeth distant from the swelling and color changes. The tooth or teeth affected by a 
periodontal abscess are usually tender on chewing and sensitive to percussion. 
Frequently the tooth is mobile and may even extrude from the alveolar socket and feel 
"high" to the occlusion. Occasionally the abscess may already be draining through 
one or more sinus tracts into the oral cavity. Purulent exudate can often be noted in 
the periodontal pocket around the affected tooth. Regional lymphadenopathy and 
occasionally slight increase of body temperature may accompany periodontal 
abscesses. 

Dental radiographs are helpful in confirming the diagnosis. They frequently reveal a 
radiolucent area along the lateral aspect of the tooth involved. It is possible, however, 
if the abscess is located on the facial or lingual surfaces of the tooth that the 
radiograph will not reveal its presence. 

Figure 12-3.   

 

Periodontal abscess on the palatal aspect of a maxillary right first molar with a 
periodontal probe in place demonstrating deep probing depth, with gingival 
enlargement and discoloration. 

ETIOLOGY 

A periodontal abscess is a bacterial infection involving the periodontal tissues. Both 
environmental and microbiologic factors play an important role in the development, 
progression, and treatment of the infection. 



Environmental Factors 

In most cases, the periodontal abscess occurs in a preexisting periodontal pocket. 
The pocket is therefore a major factor in the etiology of the abscess. In both 
spontaneous remission and remission through partial treatment, healing occurs 
primarily at the coronal aspect of the pocket. The epithelial tissues can reattach to 
the root of the tooth, whereas bacteria and debris remain in the apical aspect of the 
pocket. With the coronal portion of the pocket occluded, drainage is impaired and 
an abscess may result (Fig. 12-4). The deeper, narrower, or more tortuous the 
pocket, the more likely the abscess is to occur after partial healing. 

Figure 12-4.   

 

Periodontal abscess on mandibular left first molar. The tooth tests vital and has 
a 12-mm probing depth. 

Other local factors may set the stage for abscess formation. When foreign material 
such as a popcorn husk, impacted food, or even a toothbrush bristle is forced into 
the gingival tissue or occludes the pocket orifice, bacteria can proliferate, leading to 
an abscess. If this foreign material remains in the pocket, a bacterial infection may 
occur, and a gingival or periodontal abscess can result. A periodontal abscess can 
also occur with improper use of oral irrigating devices that introduce bacteria into 
the tissues or subsequent to a scaling session when a piece of calculus becomes 
dislodged and remains in the pocket. 

Microbiologic Factors 



About forty-five years ago, Ludwig6 studied the microbiota of suppurative 
periodontal abscesses. He considered the abscess to be a mixed infection including 
such microorganisms as Streptococcus viridans, Staphylococcus albus, 
nonhemolytic streptococci, Neisseria, diphtheroids, and Escherichia coli. As late as 
1977,7–9 S. viridans was still considered the predominant microorganism; these 
studies used aerobic culturing techniques. 

These findings are not surprising considering the technology at that time. Sampling 
most often included healthy and diseased sites, as well as supragingival and 
subgingival microorganisms. These pooled samples often obscured differences. 
Laboratory technology was unable to cultivate oxygen-sensitive microorganisms, 
thereby leaving the impression that the primary etiologic agents were aerobic 
microorganisms. 10 

Studies using continuous anaerobic culture techniques have shown anaerobes to be 
important in periodontal abscesses. For example, Newman and Sims 10 found the 
microflora of periodontal abscesses to be predominantly gram-negative (66.2%) and 
anaerobic (65.2%), in contrast to the gram-positive (71.0%) and facultative (78.3%) 
microflora in healthy sites. They reported that the microorganisms most commonly 
found in periodontal abscesses were Bacteroides melaninogenicus subspecies, 
Fusobacterium species, "vibrio-corroders," Capnocytophaga species, Peptococcus 
species, and Peptostreptococcus species. van Winkelhoff and colleagues11 found 
Bacteroides gingivalis (known today as Porphyromonas gingivalis) and 
Bacteroides intermedius (known today as Prevotella intermedia) in all of the 
periodontal abscesses they cultured. DeWitt and coworkers 12 noted the presence of 
bacteria and fungi in the connective tissue wall of 100% of the periodontal 
abscesses they studied. Hence bacterial invasion of ulcerated and necrotic tissues 
observed was by predominantly gram-negative bacteria. The presence of fungi 
resembling Candida species in these periodontal abscesses was also observed. 
Candida albicans has also been found in abscesses of lung, heart, kidney, brain, and 
other organ systems. Because Candida is often a secondary invader in areas of 
preexisting infection, these organisms may play a role in the progression of the 
abscess. 

Slots and Listgarten 13 have focused attention on Actinobacillus 
actinomycetemcomitans, Porphyromonas gingivalis, and Prevotella intermedia as 
prominent periodontal pathogens. Spirochetes have also been reported to be present 
in significant numbers in periodontal abscesses when using darkfield microscopy. 14 
Fusobacterium nucleatum, Campylobacter rectus, and Capnocytophaga species 
have also been reported in the literature to be found in periodontal abscesses. 15–17 
More recently, Hafström and associates 18 reported that P. gingivalis and P. 
intermedia were involved in 90% of the periodontal abscesses in their study. Using 
enzyme-linked immunosorbent assay methodology, the IgG antibody levels in 
patient sera against antigens of homologous bacterial strains remained constant for 
the 6-month duration of the study. The disappearance of P. gingivalis from abscess 
sites after therapy seems to implicate this microorganism with periodontal abscess 
formation. Herrera and colleagues 19 report that 62% of the abscesses in their study 



occurred in patients who had not received periodontal treatment. Molars accounted 
for 69% of the abscesses seen in 29 patients, and 90% of the patients in their study 
reported pain. They also report high prevalence rates of F. nucleatum, 
Peptostreptococcus micros, P. gingivalis, P. intermedia, and Bacteroides forsythus 
(known today as Tannerella forsythensis). Overall, studies indicate that the 
microorganisms found in periodontal abscesses are similar to those found in chronic 
periodontitis sites with deep probing depths. 

DIFFERENTIAL DIAGNOSIS 

Periodontal abscesses usually occur as a result of a preexisting periodontitis. 20,21 
Gray and colleagues22 reported in a retrospective study that periodontal abscesses 
were the third most frequent cause of an emergent dental visit (up to 14%). They also 
reported that 13.5% of patients undergoing periodontal therapy had periodontal 
abscesses, and 59.7% of patients diagnosed yet not treated for periodontal disease had 
periodontal abscesses. These authors found that teeth most frequently involved with 
abscess formation were maxillary second molars, which accounted for 17% of 
periodontal abscesses. 

Signs and symptoms of a periodontal abscess, such as pain, swelling, color changes, 
mobility, extrusion, purulence, sinus tract formation, lymphadenopathy, fever, and 
radiolucency, are not always present, and they are not unique to this lesion. Drainage 
of pus may occur during probing or spontaneously. Periodontal abscesses do not 
always drain on the same surface of the tooth as that where the etiologic agent 
resides. Because other dental infections and conditions share some of these 
symptoms, it is mandatory to make a differential diagnosis so that correct treatment 
procedures may be used. 

Periapical Abscess 

Periapical abscess is the most perplexing abscess because it shares many of the 
symptoms of a periodontal abscess. Radiographically, a radiolucency often appears 
at the apex of the offending tooth. However, in an early periapical abscess, there 
may be no radiographic changes evident. 

A lack of pulpal vitality and the presence of deep carious lesions, deep restorations, 
and crowns are helpful when a periapical abscess is suspected, but they are not 
specific to this disorder. Although a periapical abscess is always associated with a 
nonvital tooth, a periodontal abscess may also occur on a nonvital tooth. Pain on 
palpation of the soft tissue at the apex of the tooth can be evidence of periapical 
infection. (The periodontal abscess usually occurs in a preexisting pocket.) Probing 
will often identify a communication between the gingival margin and the abscess 
area. 

Pain itself may be the most helpful symptom in differentiating between a periapical 
and a periodontal abscess. In a periapical abscess, the pain is sharp, intermittent, 



severe, and diffuse. The patient may not be able to locate the offending tooth. In 
contrast, in a periodontal abscess, the pain is dull, constant, and less severe but 
localized. The patient can easily identify the affected tooth. Pain on percussion is 
very severe in a periapical abscess. Although a periodontal abscess exhibits pain 
after percussion, it is less severe. This severe reaction to percussion is considered by 
many experienced clinicians to be pathognomonic of pulpal infection. 

Acute Pulpitis 

Acute pulpitis lacks most of the symptoms of a periodontal abscess except pain. 
The pain is diffuse, like that of a periapical abscess, and may affect the entire side 
of the face. It is common for the patient to have pain in the opposite arch. The pain 
can be affected by thermal changes. Teeth that exhibit only acute pulpitis do not 
have associated soft tissue swelling or purulent drainage because the pulp is vital. 

Incomplete Tooth Fracture 

A cracked tooth often poses a diagnostic dilemma for the dentist. The patient has 
very real symptoms, but clinically the fracture is often difficult to detect. 
Endodontically treated teeth are especially prone to vertical fractures. The most 
common symptoms are pain or sensitivity on biting and sensitivity to cold. Heat 
seldom causes discomfort. Pressure on individual cusps may elicit the pain. Having 
the patient bite on a rubber wheel or rubber anesthetic stopper can help localize the 
problem. Although occlusal adjustment will temporarily eliminate the pain, the 
tooth is better treated with a restoration providing cuspal protection. If the fracture 
extends into the root, there is often colonization by microorganisms through the 
fracture line into the periodontal ligament, resulting in a persistent periodontal 
abscess or a deep, narrow, draining periodontal pocket along the fracture line. 

Pericoronitis 

This is a local accumulation of exudate within the overlying gingival flap 
surrounding the crown of a partially erupted tooth. The gingival tissue appears red 
and swollen. The infection may spread posteriorly into the oropharyngeal area and 
medially to the base of the tongue. Regional lymph nodes may be involved. Patients 
often relate the symptom of dysphagia (difficulty swallowing). Some patients may 
even experience fever, leukocytosis, malaise, and dehydration. The mandibular 
third molars are most frequently involved. 

Periodontal Cyst 

The radiographic appearance of a periodontal cyst is a well defined oval 
radiolucency on the lateral surface of the root. It has a predilection for the 
mandibular canine and premolar region but can also occur at other locations. If 



periodontitis extends apically to a preexisting periodontal cyst, the cyst may 
become infected and clinically indistinguishable from a lateral periodontal abscess. 

Osteomyelitis 

Osteomyelitis is a serious infection of the bone and bone marrow that tends to 
spread. It has a rapid onset, with pain being the only symptom, and is initially 
without radiographic evidence. Rapid diffuse bone destruction may occur within a 
few days, extending a significant distance from the original site of infection. The 
radiographic picture then may show an indistinct trabeculation and disappearance of 
the lamina dura. As this infection increases, lymphadenopathy, fever, and malaise 
are common symptoms. 

Manifestation of Systemic Diseases 

Any time that the host defense mechanism of a patient is significantly decreased, 
such as chronic lymphocytic leukemia (Fig. 12-5, A), an existing periodontitis can 
develop into one or several periodontal abscesses. Systemic disease should be 
suspected in any patient with multiple abscesses or with repeated recurrences of 
periodontal abscesses. Diabetes mellitus is the most common systemic disease that 
presents with periodontal abscesses (Fig. 12-5, B). Patients with diabetes mellitus 
often have decreased host resistance caused by impaired cellular immunity, 
decreased leukocyte chemotaxis, or phagocytosis (see Chapter 31). These patients 
often have vascular changes and altered collagen metabolism that may affect their 
ability to manage periodontal abscess formation.23 

Figure 12-5.   

 

A, A 44-year-old white man with chronic lymphocytic leukemia, demonstrating 
diffuse gingival involvement. B, A 38-year-old black man with multiple 
periodontal abscesses (mandibular left second premolar, mandibular left canine, 
and mandibular right canine). The patient had undiagnosed diabetes. 



Systemic Antibiotic Therapy 

Systemic antibiotic therapy has been suggested in some studies as a possible trigger 
mechanism for multiple periodontal abscess formation in some patients.24,25 These 
studies indicate that systemic administration of antibiotics for nonoral infections in 
patients with untreated periodontal disease may lead to superinfection with 
opportunistic organisms resulting in periodontal abscess formation. 

TREATMENT 

Periodontal abscesses most often present as a painful emergency. The patient should 
be treated immediately to relieve pain and resolve the infection, which left untreated 
may spread and lead to severe, irreversible periodontal attachment loss. After a 
thorough clinical examination, the symptoms are assessed and a differential diagnosis 
is reviewed to eliminate unlikely diagnoses. Pulp vitality testing is critical. Additional 
observations, radiographs, and clinical tests will hopefully narrow the choices to a 
single diagnosis. Familiarity with all aspects of a periodontal abscess enables the 
dentist to make the diagnosis rather rapidly. It should be noted that in most clinics 
treating a broad range of dental patients, about 85% of toothaches are pulpal in origin 
and about 15% are because of periodontal abscesses. This percentage will vary 
markedly, however, according to the nature of the population served. 

Treatment of the periodontal abscess should include drainage through an incision or 
through the gingival crevice or pocket orifice, as well as the use of antimicrobial 
agents when appropriate. 

Repair Potential 

Although a periodontal abscess usually results in considerable bone loss during its 
acute phase, in turn, this lesion has an excellent potential for repair after adequate 
treatment. The dentist should, therefore, consider treatment of the acutely affected 
tooth, even though there seems to be little remaining periodontal support, because 
remarkable regeneration of lost periodontal attachment may occur. The location and 
shape of the osseous destruction, as well as its degree of activity, appear to affect 
the prognosis of the periodontal abscess. Nabers and coworkers26 noted that acute 
abscesses repaired more completely than similar chronic lesions. They also 
concluded that narrow infrabony lesions had a better repair potential than wide 
lesions without bony walls. 

Earlier methods of treatment27 recommended that the abscess be incised and drained 
to reduce the acute phase and that the chronic phase be corrected by periodontal 
flaps and osseous correction. In view of the improved repair potential of an acute 
abscess, it would seem more logical now to definitively treat during the acute phase. 
The selection of treatment methods should always consider this repair potential. 



Closed Approach 

Incision and drainage are often best obtained through the pocket orifice. Although 
drainage may be accomplished by directly incising into the surface of the fluctuant 
abscess, root planing is still required. After adequate local anesthesia, the pocket is 
opened with a sharp curette to the depth of the abscess. Immediate drainage and 
hemorrhage are often obtained. The root surface is then thoroughly root planed to 
remove plaque and calculus deposits. During this root planing the occluded pocket 
is further opened and drainage is enhanced. Thorough irrigation with sterile saline, 
0.1% povidone-iodine or 3% hydrogen peroxide, may aid in debridement and 
elimination of bacteria. In the absence of systemic symptoms, antibiotic therapy is 
seldom necessary. If, however, the patient has lymphadenopathy, fever, or malaise, 
systemic antibiotics should be considered. 

Open-Flap Approach 

The dentist should attempt to maximize the repair potential of the periodontal 
abscess by definitively treating the abscess during the acute phase. This requires 
that in addition to establishing drainage, the diseased root surface must be free of all 
deposits. In some instances, full access to the diseased root may be best obtained 
with a full-thickness mucoperiosteal flap on both the facial and the lingual surfaces 
with sufficient reflection to completely visualize the infected root surface. The 
initial internal beveled incision can be made intrasulcularly or close to the gingival 
margin to preserve as much keratinized gingiva as possible. This incision should be 
continued laterally to allow for flap displacement for adequate visualization and 
access. If necessary for access, vertical incisions can be made over intact alveolar 
bone at the line angles of the adjacent uninvolved teeth. 

The attached gingival tissue can be reflected with a blunt tissue elevator. The 
reflection should be adequate to thoroughly visualize the entire infected root 
surface. With the aid of good light (the use of fiber optics is ideal) and sharp 
curettes, all visible bacterial deposits, both hard and soft, must be planed from the 
root surface that has been exposed to a preexisting periodontal pocket. The exposed 
bone can also be carefully débrided to remove soft tissue from the osseous defect. 
Thorough irrigation is absolutely required. 

After root planing, the flaps are replaced and sutured. The patient should rinse with 
a plaque inhibitor such as chlorhexidine twice a day for at least 1 week. 

Use of Antibiotics 

The goal of the open-flap approach is to maximize healing and to gain new 
attachment or regeneration of the periodontal tissues to the previously diseased root 
surface. If systemic signs or symptoms are present or antibiotics are considered 



necessary for other reasons, it is desirable to give the patient a systemic antibiotic 
that is appropriate to treat the acute infection. 

On the basis of early aerobic microbiologic studies, penicillin became the systemic 
therapy of choice. However, Goldberg28 cultured periapical and periodontal 
infections and found that 26% of those infecting bacteria were resistant to 
penicillin. He also noted a high number of gram-negative rods that were resistant to 
the antibiotics tested. 

The best method to determine the appropriate antibiotic is to obtain a sample of the 
pus or abscess fluid, culture, and test for sensitivity. Because the causative 
microorganisms are usually anaerobic, anaerobic culturing should be requested in 
addition to aerobic culturing. While waiting for the result of culture and sensitivity 
testing, it is prudent to begin antibiotic therapy, selecting a systemic antibiotic that 
usually satisfies treatment goals. Penicillins are frequently used as the drug of 
choice. A common regimen, for example, is 500 mg Penicillin VK every 6 hours for 
7 days. Tetracycline hydrochloride is a relatively safe, broad-spectrum antibiotic 
that concentrates in the gingival crevicular fluid at a level two to four times that in 
serum.29 Tetracycline usually reaches those microorganisms thought to cause the 
abscess, as well as those thought to cause periodontitis.30 Many clinicians still 
prescribe a treatment program of 250 mg tetracycline four times a day for 10 days. 
Others prefer doxycycline because it can be given in a 100-mg dose only once or 
twice a day. Other common antibiotic regimens reported in the literature for 
treatment of periodontal abscesses include: 500 mg azithromycin as a single dose 
on the first day, then 250 mg once daily for 3 days); 500/125 mg 
amoxicillin/clavulanate, once every 8 hours for 8 days; 500 mg metronidazole every 
8 hours for 10 days; or, 150 to 300 mg clindamycin three times a day for 7 days. 19 
Once the results of the culture and sensitivity testing are known, the appropriate 
antibiotic can be selected and prescribed, if the bacteria are not sensitive to the 
original drug chosen by the clinician. Because most periodontal abscesses respond 
well to mechanical debridement (closed or open) without adjunctive antibiotics, the 
role of systemic antibiotics in the treatment of periodontal abscesses remains 
controversial. 

COMPLICATIONS AND POSTOPERATIVE CARE 

Occasionally a periodontal abscess will spread to involve other facial tissues, 
resulting in a cellulitis. Cellulitis may result in serious systemic symptoms, endanger 
the airway, or threaten a cavernous sinus infection. In these severe and generalized 
cases, an aggressive treatment regimen with penicillin is preferred until the results of 
culture and sensitivity testing are obtained. 

Postoperative care is important for the successful treatment of a periodontal abscess. 
The patient should be seen within 1 to 2 days of initial treatment and again at weekly 
intervals if necessary to evaluate resolution of the abscess. The area should be 
thoroughly débrided and all calculus, plaque, and stain should be removed. Because 



periodontal abscesses most often occur in patients with periodontitis, a full 
examination of the patient for evidence of periodontal disease is appropriate l or 2 
weeks after the abscess has healed. If periodontitis is diagnosed, then a treatment plan 
should be formulated to allow for definitive treatment of the abscess area if necessary. 

Some clinicians have suggested recurrent periodontal abscess as a just cause for 
deeming a tooth hopeless. 31 It has also been reported as the main reason for 
extraction in patients undergoing the maintenance phase of therapy.32 McLeod and 
colleagues 21 report in a retrospective study that 45% of teeth that experienced a 
periodontal abscess during maintenance were extracted. 

NECROTIZING PERIODONTAL DISEASES 

Necrotizing ulcerative gingivitis (NUG) is an acute gingival disease that often recurs 
and may affect the deeper periodontal structures. MacCarthy and Claffey33 termed 
these cases necrotizing ulcerative periodontitis (NUP) when teeth experienced loss of 
attachment. Williams and coworkers34 stated that further progression of the disease 
past the mucogingival junction is termed necrotizing stomatitis. Novak35 
recommended that NUG and NUP be classified together under the category 
necrotizing periodontal diseases on the basis of clinical characteristics. In the past the 
disease has been known by names such as cheilokake, Vincent's infection, trench 
mouth, ulcerative stomatitis of soldiers, ulceromembranous gingivitis, and acute 
necrotizing ulcerative gingivitis (ANUG). More severe forms have been termed 
cancrum oris36 or noma.37 

NUG is an inflammatory disease that ulcerates and necroses the papillae and gingival 
margins. The papillae become necrotic and ulcerated and give a characteristic 
punched-out or eroded appearance. This appearance is readily detectable. A yellowish 
or gray-white film of sloughing tissue termed pseudomembrane covers the papillae. 
The film consists of fibrin, necrotic tissue, leukocytes, erythrocytes, and bacteria. 
Removing the film causes bleeding and exposure of ulcerated tissue. Under the 
pseudomembrane is an area of intense erythema. 

The lesions are often painful and cause patients to seek dental treatment. Pain is the 
hallmark of NUG and NUP. The early lesions are seen interproximally. These 
patients often have a pronounced fetid odor. The classic presentation is that of pain, 
interproximal necrosis, and bleeding. 

Histologically, lesions of NUG appear as four distinct zones.38 Beginning at the 
tooth/root surface and progressing into the gingival tissues, the first layer is the 
bacterial zone, which is composed of many bacteria and spirochetes. The next layer is 
the band of polymorphonuclear neutrophils. The third layer is the zone of tissue 
necrosis, which is dominated by spirochetes. At the deepest level of the lesion (250 
µm), the zone of spirochete infiltration is observed, demonstrating the spirochete's 
ability to penetrate deep into gingival tissues. More recent studies found that rods 
constitute approximately 43% of the bacterial samples in NUG patients, followed by 



29% cocci, and 28% spirochetes.39 Eight different forms of spirochetes have been 
associated with NUG, as has the periodontal pathogen P. intermedia.40 

Several factors have been identified in the literature that seem to play a role in the 
onset of the disease. These include poor oral hygiene and existing gingivitis, stress, 
and smoking. 41–43 Bacterial plaque, poor oral hygiene and preexisting gingivitis have 
all been held as common risk factors for NUG.44 Barnes and colleagues45 report that 
87% of the patients with NUG had poor oral hygiene compared with 40% of control 
subjects. 

Decreased host resistance is a common factor found in patients with NUG. 
Malnutrition has frequently been reported in the dental literature to be associated with 
NUG and noma.36,46 (See Chapter 31.) Malnutrition and dehydration depress 
leukocyte function in any disease and further contribute to debilitation. T-lymphocyte 
helper/suppressor ratios are reported to be inverted in patients with NUG.47 

Researchers have linked emotional stress as a contributing factor in NUG.42,43,46 
Formicola48 reported that patients with a dominant personality trait had a positive 
correlation with NUG, whereas there is a negative correlation between NUG and the 
personality trait of abasement. Dominant personalities are not able to maintain 
personal control of situations such as examination periods in college or basic training 
and wartime situations in the military. This may account for an even greater stress 
level in such individuals. Adrenocortical steroid activity is increased during periods 
of stress. The urinary output of 17-hydroxycorticosteroids in patients with NUG may 
be elevated.42 Increased levels of 17-hydroxycorticosteroids occur during episodes of 
NUG, followed by a decrease when NUG is no longer active.49 

Smoking has been reported as a predisposing factor to NUG/NUP for many years. A 
high prevalence of heavy smokers is often found in studies of NUG populations. 41 
Studies have also documented a role of smoking in chronic periodontitis and altered 
periodontal wound healing. 50,51 The relation between tobacco habits and NUG/NUP 
appears to be complex. Studies have yet to show conclusive evidence that smoking 
adversely affects the periodontium by altering the bacterial flora. However, smoking 
has been shown to depress T-cell and polymorphonuclear leukocyte functions. 

Lymphocyte and polymorphonuclear leukocyte function in patients with NUG 
demonstrate significant reduction in chemotaxis and phagocytosis.52 Up to 91% of 
patients with NUG may have a neutrophil chemotactic defect.53 Systemic diseases, 
which impair immunity, predispose patients to NUG and NUP. This is why patients 
with HIV or leukemia often exhibit necrotizing periodontal diseases (see Chapter 31). 

Incidence/Prevalence 

Barnes and colleagues45 report that NUG and NUP are diseases primarily found in 
young adult populations. Most studies report the mean age of patients with NUG to 
be in their early 20s. However, necrotizing periodontal diseases may be found at 
any age in the presence of systemic disease, malnutrition, or blood disorders. The 



incidence and prevalence rates of necrotizing periodontal diseases are 0.01% in the 
general population.54 Among college-age students, the incidence rate is 
approximately 3%. 41 Among military service members, the rate of incidence ranges 
from 0.19% to 2%.43,45,46 Enwonwu47 report an incidence rate of 15% in an 
underprivileged African population. A previous history of necrotizing periodontal 
disease increases the risk for recurrent episodes, with incidence rates ranging from 
16% to 33%.55,56 

Therapy 

Pain is usually the symptom that causes most patients with necrotizing periodontal 
disease to seek dental treatment. Some patients report severe pain, whereas others 
report less discomfort in the areas of necrosis. Unless there is evidence of systemic 
involvement, most NUG and NUP cases can be successfully treated with 
debridement through scaling and root planing (Fig. 12-6, A and B). Patients often 
experience discomfort with instrumentation and many patients with NUG and NUP 
will require topical or local anesthesia. Both ultrasonic and hand instrumentation 
have been used to treat necrotizing diseases. Ultrasonic instrumentation will aid in 
visual inspection and lavage of the areas of necrosis. The aim of therapy is to 
eliminate suspected microorganisms and to prevent the ongoing tissue necrosis 
from spreading laterally and apically. Toothbrushing the treated areas will be 
uncomfortable for most patients. Toothbrushing should be limited to removal of 
surface debris using a very soft brush. Therefore, patients may be instructed to use 
chemotherapeutics such as hydrogen peroxide (3%) with equal parts of warm water 
every 2 to 3 hours or twice daily rinses of chlorhexidine. These mouthrinses do not 
penetrate subgingivally, so their effects are limited to the marginal tissues.57,58 
Patients should be informed to avoid tobacco and alcohol products. They should 
also limit their physical activities for the next few days and make sure they have 
adequate intake of nutritional food and fluids. Clinical improvement is rapidly seen 
in patients that receive mechanical debridement. 

Figure 12-6.   



 

A, Initial view of the anterior gingival tissues in a 22-year-old white female 
smoker with necrotizing ulcerative gingivitis. B, Palatal view of the same 
patient. C, Facial view of the same patient, 2 days after initial scaling and 
cessation of smoking. D, Palatal view of the same patient, 2 days after initial 
scaling and cessation of smoking. 

The patient should be instructed to return in 1 to 2 days for follow-up (Fig. 12-6, C 
and D). The gingival margins will often be red, but without a pseudomembrane 
covering. The patient may be gently débrided again and given the same oral 
hygiene instructions as at the initial visit. A subsequent visit should be scheduled 
and the patient should receive a scaling and further treatment if needed. Most 
patients will feel much better after the first 4 to 6 days. Patients with systemic 
involvement have been prescribed any of the following: metronidazole, penicillin, 
or tetracycline. Topical antibiotics have proved to be of little value in treatment of 
NUG and NUP (Fig. 12-7). 

After healing of the acute lesions, some areas may still need to be treated because of 
residual soft tissue crater formations, which are plaque retentive. These sites often 
require surgical correction. As with any surgery, the patient's individual medical 
and dental history should be reviewed and evaluated to see if the patient is a 
surgical candidate. 

Figure 12-7.   



 

A 32-year-old black patient diagnosed with HIV. Appearance at initial dental 
examination after referral from physician. Clinical diagnosis of necrotizing 
ulcerative periodontitis. 

HERPETIC GINGIVOSTOMATITIS 

Herpes simplex (HSV) is a herpes virus infection that is classically divided into two 
types: type 1 and type 2 (see Chapter 31). Type 1 (HSV-1) typically develops above 
the waist and is found in or around the oral cavity. Type 2 (HSV-2) generally is found 
in genital areas. By the time an individual reaches middle age, about 70% will have 
been infected with HSV-1, but the majority of infections are subclinical in nature 
(90%). Herpes infections are transmitted by physical contact and typically arise in 
early childhood, but occasionally are seen in adults. 

Patients with the primary clinical infection present with a distinct intraoral ulcerative 
pattern. Primary herpetic gingivostomatitis is the most common viral infection that 
affects gingival tissue. The incubation period of the virus is 10 to 14 days. The classic 
initial presentation is that of fever and lymphadenopathy, followed within a couple of 
days by diffuse involvement of the gingival tissues and oral mucosa (Fig. 12-8, A and 
B). The gingiva will demonstrate intense gingivitis and pain. The free gingival 
margins on the facial and lingual surfaces will often display ulcerations. This is in 
contrast to NUG, which primarily affects interdental regions. Fragile vesicles soon 
develop on any intraoral mucosal surface and then rapidly ulcerate. The ulcers tend to 
be a few millimeters in diameter, but frequently coalesce. From time to time, the 
lesions may resemble aphthous stomatitis, but fever and presence of ulcerations on 
bound mucosa (gingiva) help rule out that diagnosis. 

Figure 12-8.   



 

A, A 51-year-old white man with primary herpetic gingivostomatitis. B, Palatal 
view of same patient. 

After the primary infection, HSV-1 or -2 is often found residing quiescently in the 
trigeminal ganglion in a latent form. Various stimuli are implicated in reactivation 
including trauma, illness, emotional stress, and ultraviolet radiation.59,60 Recurrent 
lesions typically occur on or near the vermillion border of the lips (herpes labialis), 
but recurrent oral lesions are found only in bound down gingival or palatal tissues. 

Primary herpetic gingivostomatitis often mimics severe gingivitis, NUG, erythema 
multiforme, and vesiculobullous disease. Antiviral treatment with acyclovir or similar 
agents, if initiated within the first 3 days of onset, may shorten the duration of 
symptoms. Other medications prescribed for treatment of herpes infections include 
famciclovir and valacyclovir. Famciclovir may decrease the prevalence of latent 
infection with HSV-1. 

Herpes Zoster 

Reactivation of a primary infection such as varicella or chickenpox normally affects 
ganglia in the thoracic region. Occasionally it affects branches of the trigeminal 
ganglion and causes intraoral and facial herpes zoster (see Chapter 31). Oral lesions 
typically appear on the palatal tissue and are unilateral. They appear as numerous 
small vesicles or ulcerations and have an intense erythematous halo. 61 The lesions 
are painful but heal in a few days. Palliative treatment includes a soft diet, adequate 
hydration, rest, and gentle oral hygiene aided by chlorhexidine rinses. Systemic 
antiviral therapy is generally indicated to reduce the clinical severity of the 
infection and to prevent postherpetic neuralgia. 

PERICORONITIS 

Pericoronitis or operculitis is an inflammation of gingival tissue around the crown of 
a tooth. Pericoronitis is often a painful condition that drives a patient to seek dental 
treatment. The patient relates a clinical picture of a foul taste and soreness on opening 



the jaws. The overlying tissue (operculum) is often very red, swollen, and exquisitely 
tender (Fig. 12-9). The patient relates pain that radiates to the ear and throat areas. 
The cheek may be swollen in severe cases and regional lymphadenopathy is not 
uncommon. The patient may also present with fever, malaise, dehydration, and 
leukocytosis. Pericoronitis is most often associated with an incompletely erupted 
mandibular third molar in an early adult patient. It can also occur on any tooth during 
the course of tooth eruption. The treatment of pericoronitis depends on the systemic 
conditions, inflammation severity, and whether the tooth is retained. If the operculum 
is symptom-free, the patient should be scheduled for a surgical procedure to remove 
the excess tissue as a preventive measure, if the tooth is to be retained. The affected 
tooth may be extracted, if indicated. 

If the operculum is symptomatic, the area should first be irrigated with warm water to 
remove debris and any drainage. The underside of the flap/operculum can be swabbed 
with an antiseptic such as chlorhexidine. Antibiotics are often prescribed, particularly 
if any systemic involvement is suspected. If the operculum is fluctuant and swollen, 
an incision and drainage may be required. The patient should be followed closely if 
an incision and drainage is performed. The infection may spread posteriorly into the 
oropharyngeal spaces and medially under the base of the tongue, making swallowing 
difficult and causing respiratory embarrassment. Peritonsillar abscess, cellulitis, and 
Ludwig's angina are infrequent, but serious potential sequelae of an acute episode of 
pericoronitis. 

Once the acute situation has abated, a decision must be made whether to retain the 
offending tooth. If further eruption into good occlusal function is likely, the tooth 
may be retained. If not, the tooth should be removed. 

Figure 12-9.   

 



Pericoronitis in a 25-year-old white man. (Courtesy of Dr. Tom Stanford, Baylor 
College of Medicine, Dallas, TX.) 

APHTHOUS STOMATITIS 

Aphthous ulcerations are recurring lesions of the oral cavity and are classified into 
three categories: minor, major, and herpetiform. About 80% of the cases are the 
minor form. Minor aphthae are almost exclusively found on nonkeratinized movable 
mucosa and demonstrate a fibrinopurulent membrane surrounded by a red halo. Most 
lesions are less than 1 cm in diameter, are painful, and heal without scarring the 
tissue. Many patients have one to five lesions when an episode arises. The lesions 
heal in 10 to 14 days. The recurring episodes are extremely variable. 

The etiology of minor aphthae is unknown, but it seems to be linked to both the 
humoral and cell-mediated immune systems. Heredity, stress, local trauma, vitamin 
deficiencies, and food allergies have been suspected. L-form streptococci, 
reactivation of varicella zoster virus, and cytomegalovirus have all been suspected as 
trigger mechanisms. Patients with increased keratinization of the oral mucosa such as 
found in smokers seem to have a lower incidence of aphthae outbreaks. 

Topical steroid elixirs and gels appear to be the most effective treatment of the 
lesions. Chlorhexidine rinses have been used with varying degrees of success. 
Chlorhexidine seems to be most useful when used early in the course of the lesion. 

Major aphthae are recurrent ulcerations and appear similar to minor aphthae, except 
that they tend to be much larger and take longer to heal. About 10% of all aphthous 
ulcers are major aphthae. Patients typically have 1 to 10 lesions that vary in size from 
one to several centimeters in diameter (Fig. 12-10). These lesions may take up to 6 
weeks to heal. Therefore, many patients with major aphthae are rarely without a 
lesion because of rapid recurrence and long healing periods. Topical corticosteroids 
are often not effective treatments of these lesions. Greater potency steroids 
administered intralesionally or systemically are often required to treat major aphthous 
ulcers. Thalidomide is sometimes used in severe cases of major aphthae despite its 
potential teratogenic effects. 

Figure 12-10.   



 

Major aphthae in 27-year-old white female soldier who received orders sending 
her into a war zone 3 days before oral examination. 

Herpetiform aphthous ulcers account for about 10% of aphthous stomatitis cases. The 
ulcers are similar in appearance to minor aphthae, but they tend to be smaller and 
occur in greater numbers. The lesions are typically less than 2 mm in size. Patients 
may have 10 to 100 lesions present in the oral cavity at any given time. These lesions 
tend to be extremely painful and often cluster or coalesce. Any mucosal surface may 
be involved. The cause is unknown. As with all aphthous ulcerations, other conditions 
need to be evaluated in a differential diagnosis such as: Crohn's disease, Behçet's 
disease, blood dyscrasia, and nutritional deficiencies. Topical steroid elixirs and gels 
are the treatment of choice for their palliative effect and temporary remission. There 
is no permanent cure. 

MUCOCUTANEOUS DISORDERS 

Any mucocutaneous disorder may present as an acute gingival condition and should 
be considered in a differential diagnosis. These diseases may also involve other 
intraoral areas or extraoral sites such as the genitalia, skin, or internal organs. A 
detailed discussion of these lesions is beyond the scope of this chapter; however, they 
are discussed in detail in Chapter 35. Some disorders that may elicit gingival lesions 
include the following: lichen planus, mucous membrane pemphigoid, pemphigus, 
lupus erythematosus, or psoriasis. 
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13  Oral Physiotherapy 

Mark V. Thomas 

Home care, oral hygiene, oral physiotherapy, personal oral hygiene, and personal 
plaque control are all terms that have been used to describe those methods used by the 
patient to remove plaque. A distinction is made between personal oral hygiene 
(performed by the patient) and professional debridement (performed by the dentist or 
hygienist). This chapter deals with various aspects of personal oral hygiene. The 
biologic rationale for plaque control is examined, followed by a review of devices and 
techniques currently in use. The chapter concludes with a consideration of 
sociobehavioral factors, adverse effects of hygiene procedures, and future directions for 
research. There are a number of recent reviews that deal with plaque control. The 
interested reader is directed to these for additional information.1–4 

Periodontal disease is largely preventable. Like many chronic diseases, behavioral or 
lifestyle choices play a significant role in the pathogenesis of periodontitis. Of course, 
there are many risk factors involved in periodontal disease expression: the subgingival 
flora, genetic predisposition, stress, and systemic disease. Some of these risk factors, 
such as genetic predisposition, cannot be modified. Others, such as oral hygiene 
practices, are amenable to change. As shown later in this chapter, the relation between 
oral hygiene and periodontal disease is more complex than might be thought. Adequate 
home care remains, however, one of the foundations of periodontal health and therapy. 

BIOLOGIC RATIONALE FOR PERSONAL PLAQUE 

CONTROL 

Plaque control is only one of many variables that determine an individual's 
periodontal status. However, it is one of the risk factors most amenable to change. 
The term plaque is rather nonspecific. Plaque may be supragingival or subgingival 
and may be adherent or nonadherent to tooth or tissue.3 In addition, the microbial 
composition of plaque varies from person to person and from site to site within the 



same mouth. Oral hygiene, as used in this chapter, refers largely to efforts to remove 
the supragingival plaque. 

Supragingival plaque is the etiologic agent of gingivitis. In a series of classic 
experiments conducted in the 1960s, oral hygiene was suspended in a group of dental 
students.5,6 All of the subjects rapidly formed supragingival plaque, and gingivitis 
developed within 2 to 3 weeks. When oral hygiene was resumed, the condition was 
reversed and health was reestablished. This confirmed supragingival plaque as the 
etiologic agent of gingivitis. Subsequent work has validated these findings, although 
some workers have reported significant individual variation in the extent to which 
gingivitis developed.7 

The flora responsible for gingivitis is relatively nonspecific. As the plaque matures 
and becomes thicker, the composition of the flora shifts from gram-positive 
facultative organisms to an increasingly gram-negative anaerobic flora. This shift is 
aided by a slight swelling of the gingival margin that renders the subgingival 
environment more anaerobic and more hospitable to obligate anaerobes. The 
subsequent inflammation results in a protein-rich exudate that is required by many of 
these asaccharolytic organisms as carbon and energy sources.8 

There is evidence that accumulation of supragingival plaque may affect the 
composition of the subgingival microbiota, particularly in pockets probing less than 6 
mm.9–11 Plaque forms more quickly in sites of gingival inflammation.12–14 This may 
be because the inflammatory exudate seen in gingivitis is more conducive to 
supporting the growth of fastidious periodontal pathogens, given its protein-rich 
nature. Acceptable plaque control has been shown to cause a reduction in histologic 
inflammation, even in the absence of subgingival debridement.15 However, these 
effects may be minimal in deeper pockets. 

What are the implications of supragingival plaque in the development and 
progression of periodontitis? Although not all cases of gingivitis progress to 
periodontitis, gingivitis is normally a necessary intermediate step in the development 
of periodontitis. In a classic longitudinal study of Sri Lankan tea workers who had no 
dental care and poor oral hygiene, periodontitis occurred in 89% of subjects with 
chronic gingivitis.16 Because gingivitis can be prevented or reversed by a combination 
of personal and professional care, it seems logical to infer that periodontitis may be 
similarly prevented by adherence to a regimen of personal oral hygiene and routine 
professional care. 

Despite the plausibility of this assertion, the exact relation between supragingival 
plaque and periodontitis has proven to be somewhat more complex. On one hand, 
research has demonstrated that good plaque control is effective in preventing 
periodontal disease and halting its progress when combined with professional 
therapy.17 However, epidemiologic studies have not always found such a clearcut 
relation between plaque levels and periodontal status, and some have found that 
supragingival plaque is not a significant risk factor for periodontitis.18,19 



A number of studies have examined the effect of inadequate plaque control on 
therapeutic outcomes and found that periodontal therapy is relatively ineffective in 
the absence of adequate home care.20–22 In fact, studies of various periodontal surgical 
techniques have generally shown that the most important determinant of improvement 
in periodontal status is not the type of surgical technique used, but the level of patient 
plaque control and the willingness of patients to comply with a periodontal 
maintenance regimen.23,24 Plaque control is particularly important immediately after 
periodontal surgical therapy. Better outcomes have been reported when patients 
demonstrate excellent plaque control in the 6 months after surgery compared with 
patients whose plaque control is poor during this period.25 The quality of plaque 
removal may be a major factor in determining disease recurrence in patients treated 
for periodontitis.26 Patients with poor plaque control tend to lose attachment, whereas 
those with effective home care are generally stable, with proper maintenance. In one 
study of patients who had received surgical treatment for severe periodontitis but no 
structured recall system, the responsibility for oral cleanliness was left with the 
patients.27 At 4 years after surgery, patients with poor plaque control had worse 
outcomes than patients with better hygiene. 

Conversely, it should also be noted that plaque control without professional therapy is 
of limited effectiveness in treating periodontal disease.4,28,29 For example, Cercek and 
colleagues28 conducted a three-phase study that examined the relative effects of oral 
hygiene and subgingival debridement on periodontal status in a group of patients with 
generalized chronic periodontitis. During the first and second phases, patients used 
only personal plaque control measures (i.e., toothbrush, floss, and interdental 
cleaners). During the third phase, the patients also received professional subgingival 
debridement in addition to their home care regimen. Most of the clinical improvement 
that occurred was seen only after the professional subgingival debridement. 

The relation between oral hygiene practices and disease progression reflects a 
complex interplay between exogenous risk factors and host defenses. The 
identification of risk factors is currently the focus of major research initiatives (see 
Chapter 3). Determining risk factors will eventually allow the clinician to target those 
individuals at greatest risk, allowing for more effective use of resources and avoiding 
overtreatment or undertreatment. It is likely that some of the above contradictions can 
be explained by the differential susceptibility of individuals. A medical example of 
differential susceptibility is tuberculosis. It is estimated that active tuberculosis will 
eventually develop in approximately 10% of those infected with Mycobacterium 
tuberculosis.30 Whether active disease develops depends largely on host factors. 

The concept of differential susceptibility is also true of periodontitis, as shown by the 
findings of Loe and colleagues16 in their study of Sri Lankan tea workers. The study 
population had little or no access to dental care and oral hygiene was universally 
poor. As might be expected, many of the subjects lost teeth because of the ravages of 
periodontal disease. However, 11% exhibited no disease progression beyond 
gingivitis, even in the complete absence of personal or professional plaque control. 
Thus, although supragingival plaque is an important, modifiable risk factor for 
periodontitis, it is clearly not the only risk factor. 



Clinical Application 

How can we apply this information to clinical practice? It is likely that some 
individuals are more susceptible than others to periodontal attachment loss. In some 
cases, we can identify individuals who are at increased risk for attachment loss, on 
the basis of our current state of knowledge—for example, the patient who smokes 
or who has poorly controlled diabetes mellitus. In the absence of good predictors 
for periodontal disease, however, it would seem prudent to stress the importance of 
proper plaque control and proceed on the assumption that home care is an important 
determinant of periodontal health for many patients. The preponderance of the 
evidence would suggest that satisfactory treatment outcomes are most likely when 
professional debridement is accompanied by regular plaque removal by the patient. 

Proper oral hygiene may seem a mundane and unexciting topic in a specialty that 
has embraced implantology, regenerative therapy, and molecular biology. 
Pedestrian it may be, but it is often one of the most important determinants of 
treatment success or failure. 

HOME CARE TECHNIQUES 

The goal of oral hygiene is the physical and chemical disruption of the biofilm on a 
frequent basis. A variety of devices and techniques have been used in this pursuit, 
from the simple toothbrush and home irrigation systems to sophisticated 
electromechanical devices. 

Toothbrushing 

Evidence exists that the ancient Chinese used toothbrushes as early as the fifteenth 
century AD. Toothbrushing is probably the most fundamental and common oral 
hygiene practice. There are several questions that are reasonable to ask regarding 
brushing:  

• Are there any significant differences between various brush designs? 

• Do electromechanical brushes (EMBs) offer any advantages? 

• How often should the toothbrush be replaced? 

• What method of brushing is superior? 

• What is the effect of brushing frequency on gingival inflammation? 

• What are the shortcomings of studies in this area and what are desirable 
directions for future research? 



Manual toothbrushes 

Over the years, manufacturers have offered a bewildering array of toothbrushes, 
some well designed, others less so. For the most part, studies that have compared 
manual brushes have found relatively little difference among designs.31–33 It has 
often been asserted that a brush should have bristles with rounded tips that are soft 
enough to prevent damage to the teeth and gingiva, but beyond these general 
statements there has been little scientific evidence to differentiate the various 
types of manual brushes. 

More recently, manufacturers have been innovative in developing unique brush 
designs (Fig. 13-1 and Fig. 13-2). These innovations have largely involved 
variations in handle shape and orientation of the bristles. Some of these designs 
have been shown to be more effective than older toothbrush designs in short-term 
studies,34–36 whereas others have not confirmed an enhanced effectiveness.36,37 
Currently, it is safe to assume that the differences among manual brushes are 
likely to be insignificant compared with the parameters of time spent brushing, 
frequency of use, and operator dexterity. However, it is quite possible that a given 
patient may have better results with one particular toothbrush. This underscores 
an important point in the practical application of this information to patient care: 
the oral hygiene regimen should be tailored to the individual. Efforts to adopt a 
"one size fits all" approach are not likely to be successful. 

Figure 13-1.   

 

A wide variety of toothbrushes are available, with numerous different bristle 
designs. (Courtesy Dr. David Hardison and Ms. Amy Simmons.) 

Figure 13-2.   



 

Toothbrush handles are as variable as head designs. (Courtesy Dr. David 
Hardison and Ms. Amy Simmons.) 

The entire field of toothbrush design has been so active that it is difficult to 
attempt more than a general survey of design features. Brushes generally differ 
with regard to head size, bristle characteristics, and handle design (see Fig. 13-1 
and Fig. 13-2). Older brushes had natural bristles of porcine origin. Most modern 
brushes use nylon bristles, which are of solid monofilament construction. The 
desired diameter of the bristles is often stated to be around 0.007 inch, a 
dimension promoted many years ago by Bass, a physician and former dean of the 
Tulane College of Medicine who developed an interest in oral hygiene. A 
comparison of two brushes with 0.007- and 0.008-inch diameter bristles found 
similar effectiveness between brushes.38 There is some evidence that rounded 
bristles are less damaging than those with cut ends.39 Similarly, hard or stiff 
bristles are more damaging than softer bristles.40 

What is the useful life of an average toothbrush? Several studies have examined 
this question, but the results are somewhat contradictory. A short-term study in 
dental students found that replacement of the brushes every 2 weeks improved 
plaque removal, although this had no effect on gingival inflammation.41 These 
results were consistent with other investigators' findings that new brushes 
performed better than old, matted brushes.42 These investigators suggested that 
brushes be discarded at the first signs of matting. Contrary to these findings, 
others have reported that 3-month-old brushes performed as well as new brushes, 
and that toothbrush wear was unrelated to plaque removal efficiency.43 

As with so many other facets of oral hygiene, we lack the necessary information 
to make evidence-based recommendations regarding the useful life of 



toothbrushes. Furthermore, it is likely that different brushes, being of different 
designs and made from various materials, would exhibit differences in longevity, 
so that results from a study of brand A toothbrushes could not readily be 
extrapolated to brands B and C. It is unlikely that relatively new brushes will be 
worse than older brushes, so perhaps a 3-month replacement schedule is a 
reasonable recommendation. Some commercially available brushes have bristles 
that change color after a certain amount of use, which serves as a reminder to the 
patient that it is time to replace the brush. 

Manual brushing techniques 

Over the years, many toothbrushing techniques have been advocated. The actual 
technique used is not as important as the result. If a patient can do a good job 
removing plaque without damage to the teeth and gingival tissues, then there is no 
reason to suggest a change. If, however, a patient needs improvement in plaque 
control, the technique should be reassessed. The oral hygiene regimen must be 
tailored to the individual patient's circumstances. Special patients such as young 
children, the elderly, and patients with neuromuscular conditions may benefit 
from specialized techniques or devices such as electric brushes or large-handled 
manual brushes. In extreme cases, caregivers may have to assist with or actually 
perform basic oral hygiene measures. 

Toothbrushing techniques can be grouped by the type of stroke used. Some of the 
more common methods described below include:  

• Bass and horizontal scrub techniques (Fig. 13-3 and Fig. 13-4) 

• Charters technique (Fig. 13-5) 

• Roll technique (Fig. 13-6) 

The Bass method emphasizes sulcular brushing and, for this reason, has long been 
popular among periodontists.44 In this method, the bristles are angled toward the 
gingival margin at a 45-degree angle and gently introduced into the sulcus (see 
Fig. 13-3). The brush is then moved in a short vibratory stroke (see Fig. 13-4). 
This penetration of the bristle into the sulcus has the goal of disrupting 
subgingival plaque, and studies have shown a sulcular penetration of 
approximately 1 mm using this technique.45 Presumably, this would be the limit 
of direct plaque disruption by the brush. Using a horizontal scrub motion may be 
viewed as a modification of the Bass technique. The bristles are positioned in a 
similar 45-degree relation to the sulcus, but the brush is moved back and forth in a 
scrubbing motion rather than in short, circular vibratory strokes. 

Figure 13-3.   



 

The Bass brushing technique. The bristles are angled into the sulcus at a 45-
degree angle. (Courtesy Dr. David Hardison and Ms. Amy Simmons.) 

Figure 13-4.   

 



The Bass brushing technique. The bristles are moved in a short vibratory 
stroke that has a circular pattern. (Courtesy Dr. David Hardison and Ms. Amy 
Simmons.) 

In the Charters technique, the bristles are perpendicular to the long axis of the 
teeth46 (see Fig. 13-5). The bristles are then gently forced into the interproximal 
embrasures, which causes some deflection of the bristles toward the occlusal 
surfaces of the teeth. The side of the bristles eventually rests on the surface of the 
gingiva, unlike the Bass method in which the bristle tip enters the sulcus. The 
Charters method was supposedly good for gingival massage and was alleged to be 
indicated in cases of advanced periodontitis when the interdental embrasures are 
relatively open. It can be argued, however, that one of the various interdental 
brushes might be more effective in this application. The Charters method also has 
been recommended for use in the postsurgical healing phase, to prevent damage 
to the immature attachment apparatus. 

Figure 13-5.   

 

The Charters brushing method. The bristles are held perpendicular to the long 
axis of the teeth and are forced into the interproximal spaces. The bristles of 
the brush deflect toward the occlusal surface (opposite to the Bass method in 
which bristles are directed into the sulcus). (Courtesy Dr. David Hardison and 
Ms. Amy Simmons.) 

Figure 13-6.   



 

The modified Stillman or "roll" technique. The bristles are angled into the 
sulcus at a 45-degree angle and overlap onto the facial gingiva. The head of 
the brush is then "rolled" so that the bristles move occlusally. (Courtesy Dr. 
David Hardison and Ms. Amy Simmons.) 

In the roll technique, the bristles are placed against the teeth as in the Bass 
method, but instead of vibrating the bristles, the head is rotated so that the bristles 
eventually are pointed toward the occlusal surfaces, in a sort of "rolling" motion. 
The modified Stillman technique is similar to the roll technique, except that the 
bristle ends are placed both into the sulcus and onto the marginal gingiva before 
the rolling motion is started47 (see Fig. 13-6). This brushing stroke is sometimes 
suggested for use after periodontal plastic surgery to treat gingival recession. The 
rolling motion is used to "guide" the healing tissues coronally. 

In the horizontal "scrub-brush" technique, the brush is moved in a back-and-forth 
motion, suggestive of a scrub brush. This is a commonly used technique by 
patients because it gives a sense of vigorous cleansing. Unfortunately, this 
technique may result in effective plaque removal from the most convex regions of 
the tooth, but may be ineffective in removing plaque from the line angles and 
interproximal surfaces. It is sometimes suggested that the horizontal scrub 
technique, especially when combined with a hard-bristled brush, may result in 
gingival trauma leading to recession, although convincing evidence is lacking. 

In general, three concepts must be stressed regardless of the technique used. First, 
adequate time must be set aside for brushing. For most patients, it is best to time 
their brushing sessions. Various EMBs incorporate a timer, which may be useful 
in this regard. Second, brushing must be systematic so as not to miss any surfaces. 
Most patients find it better to brush in the same sequence each time because this 



ensures that all areas will be adequately covered. Third, no method of manual 
brushing is sufficient to remove interdental plaque; therefore, the use of one or 
another of the various interdental aids is required. An important aspect of all oral 
hygiene methods is habit. For most patients, it may be desirable that these 
techniques are done at the same time and in the same manner each day. 
Unfortunately, with the busy, stressful lives of many, this may be difficult. 

In the 1970s, a number of studies compared the various methods of brushing, with 
most reporting no significant difference in plaque removal. This is probably the 
primary reason that this area is currently a low research priority, with relatively 
few recent studies appearing in the literature. Because the available evidence does 
not permit clear distinctions between methods on the basis of efficacy, it would 
seem reasonable to begin with a standard technique such as the Bass method for 
most patients. If an individual patient is unable to do a good job with the 
recommended method, then other techniques may be suggested. It is not so much 
the method that is important, however, as it is the thoroughness with which it is 
done. This therapeutic equivalence may not extend to powered brushes, however. 
There is convincing evidence that some EMBs may offer real, if modest, 
advantages over manual brushing. 

Electromechanical toothbrushes 

The first electric brushes became commercially available in the 1960s. These 
early designs were not particularly effective and resembled conventional manual 
toothbrushes both in appearance and movement of the brush head. The current 
generation of electric brushes may be marked by the appearance of the RotaDent 
and Interplak (Rotadent: Professional Dental Technologies; Batesville, AR; 
Interplak: Conair; Stamford, CT) in the 1980s. These new brushes are more 
reliable and sophisticated than their predecessors and have become popular 
among dentists and patients. In this review, the term electromechanical brush 
(EMB) refers to those brushes that use a powered brush head. This term may be 
preferable to electric brush in that it more clearly describes the common design 
feature of these brushes, namely a mechanical device powered by electricity. 

What sorts of caveats apply to research in this area? There are several difficulties 
inherent in comparing brushes. One is the novelty effect. Study subjects may be 
impressed with the novelty or technology of an EMB and may initially use it more 
diligently than the manual brush. Unfortunately, however, this enthusiasm may be 
short-lived. Therefore, it is recommended that such studies be conducted for a 
sufficiently long period (i.e., 6 months) to allow for the novelty to "wear off." 
Second is the "Hawthorne effect," which occurs when research subjects behave 
differently because they realize that they are being observed. Thus, the very act of 
studying the subjects alters their behavior. Long-term studies are less likely to be 
influenced by this effect. Studies involving EMBs should compare the powered 
brush to a positive control such as a manual brush. Examiners should be blinded 
so they are unaware of what device the subject is using. Lastly, EMBs differ 



greatly in design. Therefore, proof of efficacy of one brush cannot be extrapolated 
to other EMBs. 

How effective are EMBs? Effectiveness in this regard may be related to either 
plaque removal or reduction of gingival inflammation. One would assume that 
these are positively related, but this is not always the case (see later). Many 
studies have shown a similar effectiveness between manual brushes and EMBs, 
whereas others have shown EMBs to be superior. The cost of EMBs is clearly 
higher than manual brushes; therefore, the cost effectiveness of EMBs must be 
considered for each individual patient. One area in which most EMBs appear to 
be superior to manual brushes is in the amount of time required to remove plaque. 
A number of studies suggest that many EMBs remove plaque at a faster rate than 
do manual brushes. Perhaps more important than the speed of plaque removal, 
several EMBs are equipped with timers that provide a standard time for brushing. 
For example, some EMBs have a timer that begins when the brush is activated 
and runs for 2 minutes, at which point the timer produces an audible sound letting 
the patient know the 2-minute period has expired. Because most patients brush for 
only a short time at each session, this feature can be quite helpful. A recent study 
compared one such EMB with manual brushing: 66% of EMB users brushed for 2 
minutes versus only 17% of those using a manual brush.48 Several studies have 
reported that EMBs were more effective than manual brushes in removing 
stain.32,49,50 

Of equal or greater importance, research has shown that various EMBs are often 
more effective in removal of interproximal plaque than manual brushes.51 Thus, 
EMBs may offer a clear advantage for patients who do not floss regularly. In a 
systematic review of studies comparing EMBs and manual brushes, the reviewers 
concluded that an oscillating electric brush offered modest improvements in 
reducing plaque and gingivitis.52,53 

With regard to individual brands of EMBs, the following brushes have been 
shown to be superior to manual brushing, at least in some studies: the Rotadent 
(round head, rotary action), Interplak (counter-rotational tufts on rectangular 
brush head), Braun Oral-B (several variations; all have round head that oscillates 
[Braun GmbH; Kronberg, Germany]), and Sonicare (high-frequency "vibrating" 
bristles on conventional-appearing brush head [Philips Oral Healthcare Inc.; 
Snoqualmie, WA]). 

In conclusion, the new generation of EMBs appears to be more effective in plaque 
removal than manual brushing. This is particularly true in interproximal areas. 
Most studies have shown that EMBs remove plaque more rapidly than manual 
brushes. Despite this improved efficacy, it appears that EMBs are unlikely to 
cause clinically significant tooth abrasion or recession when used in the proper 
manner. Careful professional instruction is required if the individual is to receive 
the full benefit of the brush. Because the novelty factor is sometimes responsible 
for short-term improvements in home care that may not be sustained in the long 
term, the clinician must constantly reemphasize the need for consistent oral 



hygiene. EMBs are not necessary for all patients, because many patients perform 
adequate oral hygiene with a manual brush in combination with floss or 
interdental cleaning aids. These devices are worth considering mainly for those 
patients who need extra help with plaque control. 

Interdental Cleaning Aids 

The interdental embrasure offers a protected sanctuary for plaque to accumulate 
undisturbed. Manual toothbrushing does not generally have much of an effect on 
interdental plaque and gingivitis. In a study of 119 adults, Graves and colleagues54 
found that brushing reduced gingival bleeding by 35%, whereas the combination of 
brushing and floss reduced bleeding by 67%. Most patients do not floss daily as 
recommended, and those who do not floss have more plaque and calculus 
accumulation than those who do.55 Therefore, it is necessary to augment 
toothbrushing with special interdental cleaning aids. The choice of aids depends 
largely on the size and shape of the interdental embrasure and the degree to which 
soft tissue fills the space. 

Dental floss 

The most common interdental cleaning aid is dental floss. Dental floss is available 
in a variety of different sizes and configurations. Originally, the choice was 
limited to waxed and unwaxed floss. The purpose of the wax was ostensibly to 
make flossing between tight contacts easier. Waxed and unwaxed floss are 
equally effective in removing plaque.56 Floss made with expanded 
polytetrafluoroethylene (ePTFE), which also improves access in tight contacts, 
has been shown to be equivalent to unwaxed floss as well.57 Waerhaug58 reported 
that floss was effective at removal of subgingival interproximal plaque up to a 
depth of 2 mm. Superfloss (Oral B Laboratories, the Gillette Company; Boston, 
MA) is a type of floss consisting of a terminal segment of stiff plastic that is used 
for inserting it beneath fixed partial dentures and through tight embrasures. The 
remainder is composed of a foamlike material that has more bulk than regular 
floss. Superfloss is generally more useful under bridges and in areas with more 
open embrasures. Floss threaders are often required to permit introduction of floss 
under fixed prostheses and orthodontic appliances. Studies have shown little or no 
difference among various types of floss.56,57,59 For some patients the use of "floss 
aids" may allow easier management of the floss. These are used as an option to 
wrapping of the floss around the fingers. Although these devices do not appear to 
improve effectiveness of plaque removal, some patients may prefer them to using 
their fingers.60 

A piece of floss about 12 to 15 inches in length should be wrapped around the 
fingers. Some patients may benefit from tying the ends of a length of floss to form 
a circle, which may be grasped more easily. The floss is generally wrapped 
around the middle finger of each hand so that the index fingers can be used to 



guide the floss (Fig. 13-7). The floss is introduced into an interproximal space by 
gently moving it buccolingually in a "sawing" motion. The floss should not be 
allowed to snap through the contact, because this may damage the papilla. Once 
introduced into the embrasure, the floss should be pressed firmly against the 
proximal surface of one of the contiguous teeth in a C-configuration and then 
moved along the tooth in an apicocoronal direction (see Fig. 13-7). The patient 
should be encouraged to develop a routine that he or she can use each time 
flossing is performed. Beginning with the same interproximal space each time, 
and progressing through all subsequent interproximal spaces in a standard order 
may help to ensure that all surfaces are contacted with floss on each occasion. 

Figure 13-7.   

 

The floss is guided into each interproximal space and then curved in a C-
shape around each tooth surface. The floss is moved in multiple apicocoronal 
strokes to remove tooth-adherent plaque. (Courtesy Dr. David Hardison and 
Ms. Amy Simmons.) 

If the floss becomes shredded, or if it is difficult to introduce through the contact, 
there may be a defective restoration, calculus, or some other problem. The cause 
of shredding should be determined and corrected. Conversely, flossing may also 
reveal a loose or open contact, which may require restoration. It is important to 
explain clearly to the patient that the purpose of flossing is not to remove food 
debris, but to contact the interproximal surface of each tooth with multiple up and 
down flossing strokes so that plaque can be removed thoroughly. 



In the case of fixed partial dentures, floss cannot be passed through the interdental 
contact, because this is closed. Instead, a device known as a floss threader (Fig. 
13-8) should be used to thread the floss under the bridge. The end of the floss 
threader is passed under the pontic or fixed partial denture connector from the 
facial aspect (Fig. 13-9). The floss is passed through the "eye" of the floss 
threader. The end of the threader is grasped with the fingers and the remainder of 
the floss threader is pulled through to the lingual while the opposite hand grasps 
the two ends of the floss from the facial aspect (Fig. 13-10). Releasing one end of 
the floss and holding the other, the threader is pulled the rest of the way through 
to the lingual, carrying the free end of the floss along with it. In this fashion, one 
end of the floss is grasped from the facial aspect, and the free end is then grasped 
from the lingual (Fig. 13-11). The floss can then be used to clean the intaglio 
surface (tissue side) of the pontic and the interproximal tooth surfaces facing the 
edentulous space using the C-shaped fashion and apicocoronal motion described 
earlier (Fig. 13-12). 

Figure 13-8.   

 

The floss threader has an "eye" loop at one end, into which the dental floss is 
passed. (Courtesy Dr. David Hardison and Ms. Amy Simmons.) 

Figure 13-9.   



 

The end of the floss threader is passed into the embrasure space between the 
retainer and the pontic. (Courtesy Dr. David Hardison and Ms. Amy 
Simmons.) 

Figure 13-10.   



 

The floss is inserted through the "eye" loop and the threader is passed through 
to the lingual. (Courtesy Dr. David Hardison and Ms. Amy Simmons.) 

Figure 13-11.   

 

The floss is grasped on the facial and lingual and is passed along the intaglio 
surface of the pontic. (Courtesy Dr. David Hardison and Ms. Amy Simmons.) 

Figure 13-12.   



 

The floss is moved apicocoronally along the interproximal surfaces of the 
abutment teeth. (Courtesy Dr. David Hardison and Ms. Amy Simmons.) 

Figure 13-13.   

 

Superfloss (Oral B Laboratories, the Gillette Company; Boston, MA) has 
three portions: a rigid end, a spongy tufted region, and a region similar to 
dental floss. (Courtesy Dr. David Hardison and Ms. Amy Simmons.) 

Figure 13-14.   



 

The rigid end of the Superfloss is passed into the embrasure space between the 
retainer and the pontic. (Courtesy Dr. David Hardison and Ms. Amy 
Simmons.) 

An alternative to the floss threader is Superfloss, a type of floss that incorporates 
a rigid plastic portion that can be introduced under fixed bridges (Fig. 13-13). 
Distal to the rigid plastic portion is a spongy region that is ideal for plaque 
removal. The terminal portion of Superfloss is similar to standard dental floss. 
Superfloss is generally easier to use than floss threaders. The rigid portion is 
passed into the embrasure space between the retainer and the pontic and pulled 
through to the lingual aspect (Fig. 13-14). The spongy region is then used in an 
apicocoronal stroke along the interproximal surfaces of the abutment teeth and 
along the intaglio surface of the pontic (Fig. 13-15). 

Floss holders 

A number of devices are commercially available to assist patients who have 
difficulty flossing. These are primarily plastic handles that hold the floss in such a 
way as to serve as "substitute fingers" (Fig. 13-16 and Fig. 13-17). Some patients 
benefit from these devices, especially those who have difficulty with manual 
dexterity, but they can be difficult to use initially. The floss is gently "sawed" 
through the interdental contact in the manner shown earlier, and once past the 
contact, the floss is held against each interproximal surface and moved 
apicocoronally. One problem with some of these devices is the difficulty in 
keeping the floss taut enough to allow the floss to pass easily through the contact. 
The floss must continually be advanced and tightened. 



Automated interdental cleaners 

There is at least one automated interdental cleaning device on the market: the 
Braun Interclean (Braun GmbH; Kronberg, Germany). This device removes 
interproximal plaque by means of rotating monofilaments. Several short-term 
studies have reported that the device is as effective as finger flossing.61–63 

Figure 13-15.   

 

The Superfloss is then curved into a C-shape and moved apicocoronally along 
the interproximal surfaces of the abutment teeth. It is also used to clean the 
intaglio surface of the pontic. (Courtesy Dr. David Hardison and Ms. Amy 
Simmons.) 

Figure 13-16.   



 

Floss holders have a rigid handle with a "yoke" at the end, over which dental 
floss is stretched. The patient holds the handle and passes the floss into each 
interproximal space. (Courtesy Dr. David Hardison and Ms. Amy Simmons.) 

Figure 13-17.   

 



The floss is worked gently past the contact point. The handle can then be 
moved mesially and distally to bring the floss into contact with the 
interproximal tooth surfaces. (Courtesy Dr. David Hardison and Ms. Amy 
Simmons.) 

Toothpicks and woodsticks 

The toothpicks and woodsticks group of interproximal aids includes conventional 
round or flat toothpicks, in addition to triangular toothpicks designed for 
interdental cleaning, such as the Stim-U-Dent (Johnson & Johnson; New 
Brunswick, NJ) (Fig. 13-18). It has been suggested that these aids are better for 
situations in which there is a slightly receded interdental papilla. One study 
demonstrated the superiority of Stim-U-Dents to brushing alone, but there was no 
comparison to dental floss.64 Wolffe65 found no difference in efficacy of plaque 
removal when comparing a triangular woodstick, dental floss, and a single-tufted 
brush in a group of patients with open interdental embrasures. Some studies have 
found a round toothpick to be inferior to either a triangular toothpick or dental 
floss.66 The triangular woodstick is an effective aid, but it is somewhat difficult to 
use in the posterior regions because the triangular cross-sectional design must 
pass into the embrasure space at a specific angle. A variation on the toothpick 
theme is a plastic handle designed to hold a round toothpick that has been broken 
off. This device is commercially available as the Perio-Aid (Marquis Dental 
Manufacturing; Aurora, CO) and is similar to floss in its effectiveness28 (Fig. 13-
19 and Fig. 13-20). 

Figure 13-18.   

 



A wooden interdental cleaner with a triangular cross section. (Courtesy Dr. 
David Hardison and Ms. Amy Simmons.) 

Figure 13-19.   

 

A Perio-Aid (Marquis Dental Manufacturing; Aurora, CO) consists of a 
holder for a round toothpick. (Courtesy Dr. David Hardison and Ms. Amy 
Simmons.) 

Figure 13-20.   

 



The end of the toothpick can be passed along the gingival margin and into the 
interproximal spaces. (Courtesy Dr. David Hardison and Ms. Amy Simmons.) 

Interdental brushes 

A variety of interdental brushes are commercially available (Fig. 13-21 and Fig. 
13-22). Most of these consist of two components: a handle and a small, 
replaceable brush head. The brush heads are conical or cylindrical in shape. These 
brushes are best used in open embrasures with low papillary height where the 
brush can fit easily in the available space without causing trauma to the papilla. 
Some of the heads have a metal wire "backbone" that can prove uncomfortable for 
those individuals with root sensitivity, whereas other heads have a plasticcoated 
"backbone" that may reduce sensitivity. The angle of the handle permits use in 
posterior areas, although patients require careful instruction in the use of these 
devices. A number of studies have demonstrated that the interdental brush is 
superior to floss and triangular woodsticks in cases where the embrasure is open 
enough to permit their use.67–69 Therefore, these devices are probably the 
instrument of choice for cleaning open embrasures. 

Figure 13-21.   

 

Interdental brushes come in a variety of sizes and shapes. (Courtesy Dr. David 
Hardison and Ms. Amy Simmons.) 

Figure 13-22.   



 

As the interdental brush is passed buccolingually into and out of the 
interdental space, the bristles clean the tooth surfaces. (Courtesy Dr. David 
Hardison and Ms. Amy Simmons.) 

FREQUENCY OF PLAQUE REMOVAL 

There is a lack of clarity regarding the appropriate frequency of plaque removal for 
the prevention of gingivitis. Some studies show that plaque removal every 48 hours is 
effective at preventing gingivitis.70,71 However, these studies used dental students and 
faculty as subjects, a population likely to be more adept and thorough with plaque 
removal. Thus, the results may not be readily transferable to other patient groups—
that is, such studies may lack external validity. Once gingival inflammation is 
established, there is some evidence that plaque may form more rapidly at inflamed 
than uninflamed sites.12–14 Therefore, results on brushing frequency might be quite 
different for a group of patients with disease as opposed to a group with good 
gingival health at baseline. It is unlikely that the average patient removes 
supragingival plaque completely when performing oral hygiene. To suggest that 
doing so only once every other day will be sufficient to prevent gingival 
inflammation is unlikely to lead to success. Lacking the type of rigorous evidence that 
would permit an unequivocal answer to this question, it would seem that the usual 
recommendation to brush twice daily and use interdental cleaning aids at least once 
daily is reasonable. It is likely that the thoroughness and duration of the oral hygiene 
session, rather than the frequency, are the critical factors. 



CHEMICAL PLAQUE CONTROL 

A variety of topical antiseptic agents are commercially available as mouthrinses to aid 
in plaque control. The most common generally are part of one of the following 
categories: bisbiguanides, essential oils, metallic ions, quaternary ammonium 
compounds, sanguinarine, and triclosan. Some of these agents also have been used in 
oral irrigating devices. These topically applied antigingivitis agents are reviewed in 
Chapter 16. 

In addition to agents that prevent plaque accumulation and gingivitis, chemical agents 
are available to inhibit formation of supragingival calculus. Supragingival calculus 
represents mineralized dental plaque, and the surface of the calculus is covered with a 
layer of unmineralized plaque. Supragingival calculus is composed of several 
calcium-containing minerals, including brushite, octacalcium phosphate, 
hydroxyapatite, and whitlockite. The predominant mineral in the superficial layer is 
octacalcium phosphate, whereas hydroxyapatite predominates in the deeper layers. 
The exact mechanism by which calculus forms has not been elucidated, but it seems 
to involve intracellular calcification of degenerating bacteria within the plaque mass. 
Chemical anticalculus agents aim to reduce calculus formation by adhesion to 
developing calculus crystals, thereby inhibiting further crystal growth. 
Pyrophosphates and zinc-containing compounds have been shown to have 
anticalculus effects. Newer agents, such as hexametaphosphate, are also the subject of 
clinical investigation.72 Toothpastes containing 2% zinc chloride have been shown to 
significantly reduce calculus formation, but the taste is unacceptable.73 Lower 
concentrations of zinc salts are more palatable, but are not as effective. Dentifrices 
containing triclosan and a copolymer can reduce supragingival calculus by up to 36% 
compared with a fluoride-containing control paste.74 

HOME IRRIGATION IN THE TREATMENT OF 

PERIODONTAL DISEASE 

Irrigation has been a source of controversy within the specialty of periodontology. 
This stems in part from conflicting reports in the literature and their interpretation. A 
wide variety of agents have been used, along with various methods of introducing 
them. The latter have ranged from commercially available pulsating water jets, such 
as the Waterpik (Waterpik Technologies, Inc.; Newport Beach, CA), to simple 
irrigating syringes equipped with blunt or side-port cannulas. Irrigation often has been 
compared as a monotherapy to standard therapies, when irrigation is, in reality, an 
adjunct designed to complement or enhance other home care methods.75 The 
following discussion is limited to patient-performed irrigation as a component of a 
home care regimen, as opposed to professional irrigation performed at the time of 
debridement. 

Supragingival Irrigation and Gingivitis 



Supragingival irrigation has been used as a strategy to disrupt supragingival plaque, 
the etiologic agent of plaque-induced gingivitis. It has been reported that a pulsating 
stream of water is better than a continuous flow.76 The continuous stream is alleged 
to compress the tissues and prevent the "drainage" of sulcular contents, whereas the 
pulsating jet compresses the tissue only intermittently, allowing for flushing of the 
dislodged bacteria during the decompression phase. The clinical effects seen are 
presumably caused by disruption of the biofilm, flushing of inflammatory 
mediators, or both. 

Early studies suggest few or no additional advantages when irrigation is added to a 
standard home care regimen, but more recent research has shown some benefits. 
The benefits are generally greater when an antiseptic agent is used as an irrigant, 
rather than water. In one study, supragingival irrigation resulted in a 50% decrease 
in gingivitis even when professional debridement was not performed.77 In many 
studies of irrigation, greater decreases are seen in gingivitis than in plaque 
scores.78,79 The reasons for this paradox have not been explained. 

Subgingival Irrigation and Periodontitis 

In the treatment or prevention of gingivitis, it is sufficient to disrupt the 
supragingival plaque. In the treatment of periodontitis, however, it seems plausible 
that the agent must penetrate subgingivally. This would likely be true whether the 
effect was mediated by a chemotherapeutic action or simply the physical disruption 
of the biofilm caused by the irrigant jet. Most investigators report that supragingival 
irrigation is not able to penetrate more than 3 mm subgingivally.80 This is not a 
universal finding, however. For example, significant reductions in bacteria at a 
depth of 5 to 6 mm apical to the gingival margin have been seen when an irrigating 
device (Waterpik) was held perpendicular to the tooth.81 These authors attributed 
this to deflection of the water into the pocket after striking the tooth, and suggested 
that this "hydrokinetic" action was responsible for disrupting the plaque. 

Tips have been developed for oral irrigators that are designed to be directed into the 
periodontal pocket. Using such a tip (Pik Pocket: Waterpik Technologies, Inc.; 
Newport Beach, CA), irrigating solution can be delivered to a depth of 90% of 
pockets 6 mm or less.82 Penetration is reduced to about two thirds of the depth in 
pockets 7 mm or greater. Some investigators report that a cannula (or blunt-ended 
needle) gives greater pocket penetration than a standard supragingival tip.78 
Although important, the degree of penetration is somewhat difficult to assess 
experimentally because of a variety of methodologic problems. This makes 
interpretation of the penetration studies difficult. Of more immediate importance to 
clinicians is the effect of irrigation on various clinical parameters. 

A number of agents have been used as subgingival irrigants in the treatment of 
periodontitis, including stannous fluoride, tetracycline, and various antiseptic 
mouthrinses. Some of these have proven to have increased efficacy over water, 
whereas others have not. Since none of these agents has substantivity in a 



periodontal pocket because of the constant flow of crevicular fluid, their use has 
been questioned. In addition, use of an antiseptic as an irrigant increases the cost to 
the patient, when compared with water. 

There is some evidence that home irrigation may be capable of reducing 
inflammatory mediators. Several studies have demonstrated that subgingival 
irrigation with water in patients with chronic periodontitis improved periodontal 
status and reduced crevicular fluid inflammatory mediators such as interleukin-1, 
reactive oxygen species, and prostaglandin E2 better than scaling and root planing 
alone83 or oral hygiene alone.84 

Irrigation and Dental Implants 

Few studies have examined the potential benefits of irrigation around dental 
implants. Felo and colleagues85 compared maintenance of periimplant mucosal 
health using either a regimen of subgingival irrigation with 0.06% chlorhexidine or 
rinsing with 0.12% chlorhexidine and found that irrigation resulted in less 
periimplant mucosal inflammation. More research is needed in this area before 
evidence-based clinical recommendations can be made. 

Clinical Application 

The best candidates for home irrigation may be those patients who do not do well 
with other hygiene aids, particularly because of local factors such as orthodontic 
appliances86 or intermaxillary fixation.87 Burch and colleagues88 reported that the 
use of an oral irrigator significantly reduced gingival inflammation and plaque in a 
group of 47 adult orthodontic patients. Other potential applications include patients 
in whom surgery is indicated but cannot be performed because of medical, 
behavioral, or financial constraints. If home irrigation is recommended after 
surgery, it should be deferred for at least 1 month.76 In the case of regenerative 
surgery, it is likely that delaying resumption of irrigation for about 6 months would 
seem prudent, but there is no experimental evidence on which to base such 
recommendations. Although the topic is discussed later in this chapter (see Adverse 
Effects of Hygiene Measures), there is evidence that irrigation may cause 
bacteremias and is, therefore, not recommended in patients for whom this would 
constitute a risk (e.g., those at increased risk for endocarditis). 

AGENTS FOR HYPERSENSITIVITY AND ROOT CARIES 

Root Caries 

Root caries is a significant complication of periodontal disease. A study of 
employed adults reported the prevalence of decayed or filled root surfaces to be 
71% in the 75- to 79-year-old cohort and 54% in the 60- to 64-year-old age group.89 



Clearly, caries is a significant public health problem. The lesions of root caries are 
often in areas that are difficult to restore and maintain. If nonrestorable, these 
lesions can cause tooth loss even if the periodontal disease process has been 
successfully arrested. 

Root caries, like coronal caries, requires a triad of factors: a susceptible host, 
fermentable carbohydrates, and suitable microflora. Despite some similarities, 
however, the process of root caries differs from coronal caries. Dentin and 
cementum are demineralized more easily than enamel; the pH required for 
dissolution is 6.0 to 6.5, which is less acidic than that required for coronal caries.90 
Major risk factors for root caries include suboptimal fluoride exposure, recently 
exposed root surfaces, xerostomia, cariogenic microflora (e.g., lactobacilli and 
mutans streptococci), frequent consumption of fermentable carbohydrates, and poor 
plaque control.91 The presence of more than one of these factors may greatly 
increase the risk for development of root caries lesions. Using this information, it 
may be possible to identify patients at increased risk for root caries and then target 
them accordingly. 

Significant root exposure may occur immediately after some types of periodontal 
surgery. Because of root debridement during surgery, it is also possible that there 
will be a relatively low concentration of fluoride on the exposed root surface. These 
factors, particularly if combined with medication- or age-related xerostomia, may 
predispose the patient to significant root caries and may warrant institution of a 
formal caries reduction protocol. 

Root caries can be arrested by meticulous home care and frequent application of 
fluoride.92–94 The oral hygiene component is critical—with poor home care, fluoride 
is likely to be ineffective.95 Supporting these findings is the observation that buccal 
root caries, being more accessible for plaque removal, are more likely to be 
converted into inactive lesions than distal caries, which are much more difficult to 
clean.96 Dietary analysis and reduction of fermentable carbohydrates is of 
significant value. During the treatment planning process, a history of root caries 
may cause the therapist to modify the treatment plan. Surgical procedures that cause 
exposure of root surfaces may be avoided or deferred. It also may be prudent to 
recommend fluoride treatment of newly exposed root surfaces after a suitable 
period of postsurgical healing. 

Dentinal Hypersensitivity 

Dentinal hypersensitivity refers to the phenomenon in which exposed root surfaces 
are sensitive to tactile, thermal, or chemical/osmotic stimuli. This condition is more 
frequently seen on buccal surfaces, in patients with a high level of hygiene. It may 
be caused by toothbrush abrasion and recession caused by traumatic brushing, 
resective periodontal surgery, and repeated professional instrumentation. A number 
of theories have been advanced to explain the phenomenon of dentinal 
hypersensitivity, but none has been universally accepted. The most widely held is 



the hydrodynamic theory, which states that sensitivity is a result of fluid movement 
within the dentinal tubules.97 A number of agents have been used, primarily in 
toothpastes, to reduce sensitivity. Many of these are thought to act by occluding the 
open orifices of the dentinal tubules. Agents that have been used include strontium 
chloride, potassium nitrate, potassium citrate, formaldehyde, and various fluoride 
preparations. Although some patients undoubtedly derive great benefit from 
desensitizing agents, there is contradictory evidence for their efficacy. A 
comprehensive systematic review concluded there was no strong evidence 
supporting the efficacy of these products.98 More research is clearly needed on this 
condition and its treatment. 

ORAL HYGIENE INSTRUCTION AND HEALTH 

PROMOTION 

Oral hygiene instruction is an example of a more general concept known as health 
promotion. Health promotion collectively refers to those activities that are carried out 
for the express purpose of improving the health of a group, but the concept may be 
applied to the efforts of an individual practice. Health promotion draws on clinical 
and biologic disciplines, as well as social sciences such as psychology, sociology, and 
economics. 

A number of investigators have studied various methods of oral hygiene instruction, 
including personal one-on-one instruction and other self-instructional approaches. 
Most investigators have found self-instructional methods using booklets and video 
presentations to be similarly effective as personal instruction.99–101 With regard to the 
amount of time spent on home care instruction, Soderholm and colleagues found that 
a two-visit program was as effective as a five-visit program in the short-term and that 
30-minute appointments were no more effective than 15-minute appointments.102 

Regardless of the method used, a formal plaque reduction protocol should be part of 
all dental practices. It may be necessary to tailor the protocol to the particular 
practice. An orthodontic practice will face different challenges than a periodontal or 
general practice. It is important that such a program be evidence-based and there 
should be a mechanism to ensure that the program is functioning as intended. The 
program should include different approaches that will be able to accommodate a wide 
range of patient behaviors, from the compliant patient who willingly follows 
instructions to the patient with erratic compliance. 

COMPLIANCE AND PATIENT MOTIVATION 

Compliance has been defined as the degree to which a patient follows a regimen 
prescribed by a healthcare practitioner. It is closely related to the concept of 
adherence, which can be defined as the degree to which a patient continues an agreed-
on course of therapy. Obviously, this concept has application in all branches of 
medicine and dentistry. The term agreed-on implies the formation of a therapeutic 



alliance between the patient and practitioner. Such an alliance is implicit in all forms 
of healthcare practice, but is particularly important in the treatment of chronic 
diseases that are often the result of lifestyle choices. Ideally, this alliance would be 
formed before disease is present, with the goal of preventing disease occurrence. This 
primary prevention model is one that dentistry has long emphasized with great 
success. There are, however, other levels of prevention that are used when disease has 
already occurred. 

Levels of Prevention 

The public health literature identifies three levels of prevention: primary, 
secondary, and tertiary.103 Primary prevention includes health promotion and health 
protection strategies. Health promotion can be defined as the "process of enabling 
people to increase control over and improve their health."104 This would include 
activities such as health education, maintenance of a healthy lifestyle, and health 
screening. Health protection, however, centers on things such as immunizations, 
personal hygiene, and proper nutritional intake. Secondary prevention has as its 
goal diagnosis and treatment of disease at an early stage—for example, the 
treatment of gingivitis or early periodontitis. Tertiary prevention focuses on limiting 
disability and promoting rehabilitation. A dental example of tertiary prevention 
would be extensive periodontal and implant surgery to correct the ravages of tooth 
loss and periodontal disease. 

Applying these constructs to dentistry, instruction and feedback concerning oral 
hygiene in the absence of dental disease can be viewed as an example of primary 
prevention. But oral hygiene is important in all phases of dentistry; therefore, 
plaque control measures are also part of secondary prevention in an individual with 
early disease such as gingivitis, or as part of tertiary prevention in an individual 
who has received oral rehabilitation (e.g., regenerative therapy in advanced 
periodontitis). 

The Special Challenge of Chronic Disease 

Obviously, it is easier and more cost-effective to prevent chronic disease (primary 
prevention) than it is to treat the ravages of disease after they have occurred 
(tertiary prevention). These concepts were irrelevant until several decades ago. In 
the first decade of the twentieth century, the leading causes of death in the United 
States were infectious diseases such as tuberculosis, influenza, and pneumonia. By 
the end of the century, the leading causes of death were chronic diseases related to 
lifestyle and behavioral factors, such as heart disease, stroke, and cancer. 

It is important to appreciate that most dental disease is preventable by easily 
practiced home care procedures and simple interventions. That there remains much 
untreated, but preventable, dental disease in the United States, even among those 
who have received instruction in proper oral hygiene procedures, underscores the 
primacy of sociobehavioral factors in dental disease. The emerging field of health 



psychology has as its goal to identify and study those psychological factors that 
influence health and health-related behaviors. 

A biopsychosocial model of illness is developing as contrasted with the earlier 
biomedical model. The biomedical model is a mechanistic construct that focuses on 
disease mechanisms at the molecular, cellular, or organ level, whereas the 
biopsychosocial model considers the patient as an individual, including 
psychological, social, behavioral, and biologic factors. Given the complexity of 
these psychosocial factors, it is not surprising that studying them is difficult. In the 
area of periodontal disease, the importance of biopsychosocial risk factors cannot 
be overemphasized. In a recent review of periodontal risk factors, many were 
related to patient behaviors or psychological state (e.g., coping behaviors and 
stressful life events, oral hygiene practices, and smoking).105 The difficulty in 
quantifying many of these factors has hampered efforts to relate their presence to 
disease. 

A number of models have been proposed to facilitate understanding of these 
behavioral factors. The ultimate goal is, of course, the application of 
sociobehavioral research in the service of improving the dental health of the 
individual and population. Although none of these models has proven entirely 
satisfactory, it is important to become familiar with their basic tenets. Early theories 
were behavior-centered learning theories such as operant conditioning, in which 
desired behavior is rewarded (behavior modification). An application of this model 
is provided by Iwata and Becksfort,106 who found that reducing fees if patients 
improved their hygiene reinforced the desired hygiene behavior for up to 6 months. 

The social/cognitive models are more complex and include the health belief model. 
The health belief model represents a theoretical foundation for health education and 
promotion. The health belief model is based on the theory that an individual's 
beliefs about health practices will influence health-related behavior, including 
compliance with recommendations. The model can be used to plan health education 
activities and as a predictor of health-related behaviors. For example, to the extent 
that patients do not perceive dental disease to be either likely or of immediate 
importance, they are less likely to engage in oral health-related behaviors, such as 
flossing and regular maintenance visits. Many periodontal academicians have 
advocated an approach in which the patient is educated about the periodontal 
disease process and its consequences. These strategies are based on the health belief 
model in that the goal is to change the beliefs to achieve compliance with 
recommended treatment regimens. 

Although this logical transfer of information concerning the health benefits of 
proper oral hygiene may be quite effective in many patients, it is likely to be 
ineffective in others to whom the prospect of periodontal disease may seem remote 
and nonthreatening. For example, it has been suggested that the demonstration of a 
patient's subgingival flora by phase contrast microscopy may be effective in 
improving home care by increasing the level of awareness of the bacterial flora. 
Although this seems logical and has been suggested as a motivational strategy, 



patients who viewed their own flora microscopically have been shown to have 
plaque and gingivitis scores similar to patients who did not.107 

Other strategies may involve an appeal based on social factors, as opposed to 
appeals based on disease or health. The appearance and health of the face and 
mouth are important components of physical beauty and contribute to self-esteem 
and self-image. As such, oral cleanliness has important social and sexual 
implications, and these may be more powerful motivators to patients than appeals to 
physical health, particularly if the health risks seem remote and unlikely. There is 
also evidence that toothbrushing patterns are part of a broader array of lifestyle 
choices and behaviors.108 Whatever strategies are employed, it is important that 
patients understand the importance of oral cleanliness and health in maintaining 
systemic well being. (See Chapter 32.) 

There is a good deal of information concerning compliance in the dental literature. 
Unfortunately, much of it is of a negative nature. Compliance with treatment 
recommendations is generally poor, particularly in chronic diseases in which the 
threat is not immediate or life threatening.109–112 Even when survival is at stake, 
many patients find compliance difficult, as seen by the number of individuals who 
continue to smoke despite knowledge of the health consequences. Compliance with 
oral hygiene recommendations is generally poor, particularly with regard to 
interdental cleaning aids. Compliance with flossing is particularly bad. Patients 
often find flossing difficult. Unfortunately, periodontal disease affects interproximal 
sites disproportionately, and it is these sites that often exhibit significant amounts of 
plaque. The most optimistic studies report that rates of compliance with 
toothbrushing regimens are less than 50%; other studies show it to be an even 
smaller rate. In studies focusing on the use of interproximal cleaning aids, 
compliance is poorer still. 

In one study of compliance with recommended maintenance, Wilson and 
colleagues112 were able to decrease noncompliance by 50% in a private periodontal 
practice by implementing several changes. In a somewhat modified form, these 
changes are listed below, along with specific suggestions as to how they might be 
applied in an oral hygiene protocol:  

• Simplify the protocol (few oral hygiene devices) 

• Accommodate the patient's preferences (tailor the regimen to the patient; 
if someone has repeatedly refused to floss, perhaps recommend interdental 
woodsticks) 

• Send reminders (cards sent to patients to remind them of oral hygiene 
commitments; signs that can be placed in the bathroom to serve as a gentle 
reminder to floss, and so on) 

• Keep records of compliance (chart plaque and bleeding and give patient a 
written copy of the current score, the target score, and the score at last visit) 



• Provide positive reinforcement (praise progress; start with "small wins" 
and try for incremental improvement) 

• Identify potential noncompliers and modify treatment as needed (avoiding 
surgery in patients with poor plaque control) 

In summary, the sociobehavioral determinants of oral hygiene behaviors are 
obviously complex and incompletely understood. It is unlikely that simplistic, 
onedimensional models will prove useful. Instead, more complex models are being 
developed that take into account the various factors that influence patient behavior. 
Such a model is the new century model of oral health promotion suggested by 
Inglehart and Tedesco.113 They recommend a comprehensive approach that 
considers patient's feelings and affect, cognitive factors such as dental health 
beliefs, past or current health-related behavior, and the patient's current life 
situation. Inglehart and Tedesco113 have advanced a more comprehensive 
perspective than previous models. Their new century model is certainly more 
consistent with the biopsychosocial model. This approach may have significant 
implications for patient care, health promotion, and dental education. 

Currently, the application of these sociobehavioral concepts to the actual practice of 
dentistry is difficult. Translational studies are needed to test the clinical application 
of these models within the context of the everyday practice of dentistry. What is 
clear, however, is the need for a therapeutic alliance between patient and therapist, 
with shared responsibility for the outcome. 

ASSESSMENT OF HOME CARE 

Assessment of the effectiveness of patient plaque control is an ongoing process, 
beginning at the initial evaluation and continuing throughout therapy, including 
maintenance. Home care can be assessed using a variety of methods. First, the teeth 
can simply be inspected visually for the presence or absence of plaque. This is the 
least effective method, because plaque may be difficult to see. Second, plaque can be 
made visible through the use of a disclosing solution. Disclosing solution is available 
in either liquid or tablet form. The liquid can be applied to the teeth using a cotton-
tipped applicator or the patient may rinse with the material for a few seconds and then 
expectorate. The tablets are chewed and dissolved in saliva, which is then swished in 
the mouth and expectorated. The liquid may offer some advantages in that the 
operator can ensure that all surfaces are adequately covered. The red disclosing 
agents have one disadvantage: the solution may temporarily stain the lips and gingiva. 
Lip balm or petroleum jelly may minimize staining of the lips, which some patients 
find objectionable. Contact with clothing should be avoided, because the stain is 
difficult to remove. 

Regardless of how the plaque is visualized, some provision must be made for 
measuring the amount of plaque present. Various indexes have been developed for 
this purpose. Such indexes can serve two purposes: (1) for use in monitoring a 



patient's progress (e.g., for assessing whether home care is sufficient to permit 
surgical intervention), or (2) as a patient motivation tool. In general, a simple plaque 
index is preferable. One widely used index is the O'Leary plaque index.114 Disclosing 
solution is used, and the percentage of sites with visible plaque is calculated. A useful 
(if somewhat arbitrary) target may be no more than 20% of surfaces with visible 
plaque. A modification of the O'Leary plaque index is preferred by some clinicians, in 
which the percentage of surfaces with plaque is subtracted from 100. This gives the 
percentage of plaque-free surfaces. Some patients prefer trying to achieve a score of 
100% with this modified O'Leary plaque index, rather than trying to achieve a score 
of 0% with the original index. 

Strategies for Improving Home Care Performance 

The first step in addressing insufficient home care is to determine the cause of the 
problem. There are, essentially, three possibilities:  

1. The patient knows what to do, but is unable to perform (lacks dexterity) 

2. The patient does not know what to do (lacks knowledge) 

3. The patient knows what to do, is able to do it, but simply doesn't comply 
with the regimen (lacks motivation) 

To define the problem, it is necessary to observe the patient in the performance of 
the recommended procedures. This can best be done in a room with a wall-mounted 
mirror, similar to that found in a home bathroom. It is difficult for some patients to 
perform hygiene procedures while seated in a dental chair, with a mirror in one 
hand and the brush in the other. This observational step, often omitted, is essential. 
Without observation, there is no way to structure an intervention that will be 
effective. 

Case 1: On observation, this patient is seen to lack the ability to use the 
brush effectively. She does not position the brush correctly. She is primarily using 
floss to remove food from between the teeth instead of using it in a manner that 
will remove plaque. For whatever reason, the patient does not understand what 
she must do to remove plaque. Reinstruction is indicated. If continued efforts at 
instruction and feedback are ineffective, an alternative might be considered, such 
as another brushing technique or an EMB. 

Case 2: This patient has rather poor home care, which has persisted after 
instruction in proper technique. On observation, she is enthusiastic, but her efforts 
seem clumsy and ineffective. This appears to be because of a lack of dexterity, 
which is probably a consequence of her long-standing and severe rheumatoid 
arthritis. It will probably be best to find an alternative method (e.g., an EMB) that 
will enhance her efforts. It may also be necessary to see her more frequently for 
maintenance. 



Case 3: This patient understands the recommended procedures well. This is 
not surprising, for he has received the instructions numerous times. On 
observation, there is no doubt that he has the requisite dexterity. Indeed, he claims 
to be performing the procedures twice daily at home, but this is belied by his high 
plaque and bleeding sores. What seems to be missing is the motivation or self-
discipline necessary to maintain a satisfactory level of hygiene. The key is to 
focus on the problem: the presence of unacceptable amounts of plaque and the 
associated biologic response to the plaque, such as bleeding on probing. The 
therapist who is willing to work with such patients will sometimes be rewarded. 
Given the high level of noncompliance documented in the research literature, it is 
unrealistic to dismiss patients who do not meet our hygiene targets. If continued 
efforts at reinforcement fail, there are ways in which the patient can still be 
helped, as seen later in this chapter. 

Although it is necessary to give all patients honest feedback on their plaque control 
efforts, it is also important to reward positive performance and not to harbor 
unrealistic expectations. If the therapeutic alliance is to endure for many years, it 
must be built on trust and mutual respect. It is necessary that candid feedback be 
tempered by positive reinforcement, so that the patient will not dread each 
maintenance visit. Striking a balance here can be challenging. In some cases, 
despite the best efforts of the therapist, the patient is simply not going to achieve the 
levels of home care desired. In such cases, it is necessary to use compensatory 
strategies (while still trying to motivate the patient). 

COMPENSATING FOR POOR ORAL HYGIENE 

We have seen that compliance is a significant issue in periodontal therapy. Given the 
literature on compliance, it is a certainty that the clinician will see patients who do not 
follow instructions regarding home care. Perhaps more accurately, clinicians will 
have many patients who follow instructions incompletely. Probably the most common 
example is the patient who does not floss, despite receiving instructions and multiple 
admonitions to do so. Does this lack of compliance doom these patients to treatment 
failure? Not necessarily. There are several strategies that might partially compensate 
for poor oral hygiene. 

The novelty of a new device such as an EMB will often result in improvement, at 
least in the short term. The EMB also has the advantage of better interproximal 
plaque removal. This is important because the interproximal region is the area most 
frequently neglected by patients. A similar strategy may be to suggest an alternative 
interdental aid. Some patients who have difficulty with floss (and many do) will 
readily accept other interdental aids, such as Stim-U-Dents. The conscientious use of 
such an aid might result in an acceptable level of plaque removal. 

Oral hygiene may be less important in determining outcomes than adherence to 
professional maintenance.115 This may be because of the primacy of subgingival 
debridement vis-à-vis supragingival home care. One intervention, then, would be an 



increase in the frequency of maintenance visits. Another strategy might be to use 
various adjunctive aids that may provide incremental benefits, such as antimicrobial 
mouthrinses. It must be borne in mind that these strategies also require compliance, 
however. 

Many patients who smoke also have less than ideal home care, and smoking in and of 
itself is a major risk factor for periodontitis. The clinician should strongly and 
positively encourage the noncompliant patient to quit smoking. If the risk factor of 
smoking is removed, this can result in a nonsmoking, noncompliant patient, which is 
preferable and probably easier to maintain. Smoking cessation should, of course, be 
part of every periodontal treatment plan for patients who use tobacco (see Chapter 
34). 

Another strategy for dealing with noncompliance may be to modify the treatment 
plan. It may be wise to delay or avoid surgery in a patient with poor home care. Such 
patients may be better managed by nonsurgical means including initial therapy 
followed by frequent maintenance. This type of patient also may benefit from 
adjunctive topical antigingivitis agents such as rinses. 

In the final analysis, we cannot entirely compensate for lack of proper home care on 
the part of the patient. Nevertheless, there are strategies that may help to limit or 
circumvent the effects of noncompliance. 

ADVERSE EFFECTS OF ORAL HYGIENE AIDS 

No therapeutic intervention is without adverse effects, including oral hygiene 
practices. Tooth abrasion and gingival recession are both alleged to be caused by 
traumatic brushing. It is difficult to study this phenomenon because of several 
confounding variables. 

Tooth Abrasion 

Evidence implicating the toothbrush in cases of abrasion comes primarily from in 
vitro studies, case reports, and cross-sectional studies. Some studies have implicated 
a horizontal scrubbing stroke as a more important risk factor for tooth abrasion than 
bristle stiffness. Other studies have indicated that abrasive toothpastes are the 
primary cause of tooth abrasion (see Chapter 21). There is some evidence that 
EMBs may be less likely to cause abrasion, possibly because less force is applied to 
these brushes.116,117 

Gingival Recession 

Gingival recession is the result of an interaction between precipitating factors, such 
as trauma to the gingival tissues, and predisposing factors, such as a thin tissue 
complex. Gingival recession, particularly that occurring on the buccal surface, is 



often presumed to be the result of toothbrush trauma. It seems logical to assume that 
the thin gingival biotype might be more easily traumatized (see Chapter 21). There 
is evidence suggesting that thin tissue is more prone to recession.118,119 In addition 
to thin marginal soft tissues, buccal recession also has been associated with the 
presence of a narrow zone of attached gingiva and labioverted or prominent 
roots.120 Teeth that have been moved orthodontically may, in some circumstances, 
be more susceptible to recession, particularly if they have been moved through the 
labial cortical bone. 

The method of brushing has been implicated in gingival recession, as have stiff 
bristles, frequency of brushing, abrasive toothpaste, and cut (rather than rounded) 
bristle ends. It is well established that gingival trauma, such as ulcers, can be caused 
by improper brushing. Repeated trauma can eventually lead to recession. It is useful 
to consider, however, that gingival recession also can be the result of destructive 
periodontal disease. In their study of Sri Lankan tea workers and Norwegian 
academicians, Loe and colleagues121 suggested that recession was seen at both ends 
of the hygiene spectrum—when hygiene was aggressive and when it was 
insufficient. 

The clinical application of this information would involve identifying patients at 
risk and planning interventions such as alternative brushing techniques. Highrisk 
patients would include those with evidence of toothbrush trauma, labially 
positioned teeth, thin alveolar housing, and minimal width and thickness of gingiva. 
Such patients may be at risk for development of recession defects, particularly if 
these factors are combined with planned orthodontic treatment that may cause labial 
displacement of teeth. In such cases, it would seem worthwhile to inform the patient 
of the risk and modify the hygiene regimen to minimize trauma. In particular, a 
very soft brush or an EMB would seem indicated. 

Gingival clefts are sometimes caused by overzealous or improper flossing (see 
Chapter 7). Other interdental aids, such as triangular woodsticks and toothpicks also 
can cause damage if used incorrectly or overzealously. The patient must be taught 
to use these devices in an atraumatic fashion. It is best for the clinician to observe 
patients in the dental office as they use these devices to ensure that they have 
learned the proper technique. 

Possible Adverse Effects of Home Irrigation 

A number of investigators have examined the effect of pulsating water jet devices 
on gingiva and mucosa and most have concluded there is little risk for tissue 
damage when such devices are used according to manufacturer's instructions.76 In 
one investigation, the use of an irrigator at 60 psi in untreated periodontal pockets 
created no more tissue damage than was found in the "no irrigation" control 
group.81 There is some question as to whether irrigation causes bacteremias. Some 
investigators have reported no bacteremia after irrigation, whereas others have 
reported that this does occur. Because this could have implications for individuals at 



risk for endocarditis, some authorities have recommended that the devices not be 
used by individuals at risk.122 

Oral Hygiene after Regenerative Procedures 

Thorough plaque removal may enhance the results of regenerative surgical therapy 
and may help provide stability to the gains in clinical attachment achieved.123,124 In 
the immediate postoperative period, plaque control is accomplished by means of 
chemotherapeutic agents such as chlorhexidine gluconate rinses, and mechanical 
plaque removal is generally avoided. Some tissue maturation should occur before 
resumption of normal oral hygiene. Critical to the regenerative outcome is wound 
stability and the preservation of the delicate fibrin linkage that forms on the root 
surface. The presence of this fibrin clot may prevent the downgrowth of the 
epithelium, thereby permitting regeneration of the attachment apparatus. (See 
Chapter 25.) Overzealous plaque removal, whether professional or personal, may be 
deleterious to the healing process and should be avoided. Unfortunately, there is a 
lack of controlled studies on which to base clinical decisions. It is often 
recommended that professional subgingival debridement and probing be avoided 
for 6 months after regenerative surgery, but little is said about the resumption of 
oral hygiene measures.125 This is clearly an area that requires additional research. 

DIRECTIONS FOR FURTHER RESEARCH 

The relation between supragingival plaque, the subgingival microbiota, and 
periodontitis needs to be clarified. It is likely that the somewhat contradictory 
research findings can be explained by the concept of differential susceptibility 
between patients. In the coming years, risk assessment techniques may be developed 
that will find application in clinical practice. Such tools will enable the clinician to 
assign patients to differential risk categories, with implications for treatment planning 
and prognosis. High-risk individuals can be targeted for more intensive interventions, 
whereas low-risk individuals will receive less intense therapy. 

Plaque control and frequent maintenance will be much more critical in the susceptible 
patient than in the individual who is relatively resistant to periodontitis. Strategies 
that allow the clinician to identify sites and individuals at risk for attachment loss 
would permit targeted therapy and avoidance of overtreatment or undertreatment. 

It is also likely that the dental care industry will continue to produce different designs 
of both manual brushes and EMBs to maintain or to achieve a market share 
advantage. It is unlikely that sufficient funding will be available to permit the 
academic research community to conduct the sort of long-term studies that would 
allow evidence-based distinctions to be made among the different designs. Because 
the evidence suggests at least a rough equivalence of brushes and techniques, it would 
seem that a more fruitful area for academic research would be the development of 
practical and effective health promotion strategies to help patients become more 
compliant. It is also possible that future emphasis may be directed toward simplified 



home care regimens that are practical and easily implemented. For the foreseeable 
future, it is likely that plaque control will continue to be an important aspect of 
therapy and an important determinant of success. 
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14  Nonsurgical Therapy 

Jacqueline M. Plemons 

Becky DeSpain Eden 

The goal of periodontal therapy is to eliminate disease and restore the periodontium to a 
state of health, which includes comfort, function, and esthetics that can be maintained 
adequately by both the patient and dental professional. Nonsurgical therapy aims to 
control the bacterial challenge characteristic of gingivitis and periodontitis while 
addressing local risk factors and minimizing the potential impact of systemic factors. 
Alteration or elimination of putative periodontal pathogens and resolution of 
inflammation are paramount objectives of nonsurgical therapy, creating an environment 
conducive to periodontal health and decreasing the likelihood of disease progression. 
The term nonsurgical therapy includes the use of oral hygiene self-care, periodontal 
instrumentation, and chemotherapeutic agents to prevent, arrest, or eliminate 
periodontal disease. This chapter deals primarily with periodontal instrumentation and 
its role in nonsurgical therapy. 

RATIONALE AND EVIDENCE 

Instrumentation performed as a part of nonsurgical therapy is aimed directly at 
changing the prevalence of certain periodontal pathogens or reducing the levels of 
these microorganisms. Whether by direct removal of pathogenic organisms and their 
byproducts or removal of contributing factors such as calculus and overhanging 
restorations, the goal is to decrease the quantity of organisms below a critical mass 
and alter the composition of the remaining bacterial flora to one associated with 
health. Thus equilibrium between the remaining bacterial plaque and host response 
can be reached, resulting in a clinical state of periodontal health. 

Scaling and root planing and subgingival debridement have long been established as 
effective treatment modalities in the management of periodontal disease. Subgingival 
instrumentation results in a significant reduction of gram-negative anaerobic 



organisms and encourages repopulation with gram-positive cocci and rods associated 
with health. Levels of spirochetes, motile microbes, and specific periodontal 
pathogens such as Porphyromonas gingivalis, Prevotella intermedia, and 
Actinobacillus actinomycetemcomitans, as well as Bacteroides species, are 
significantly reduced after scaling and root planing.1–5 Reduction in inflammatory 
cytokines that are responsible for tissue damage observed in gingivitis and 
periodontitis occurs subsequent to shifts in microbial composition.6 These microbial 
changes are most likely transient in nature, and periodic scaling and root planing must 
be performed to sustain positive results.7,8 

Changes in the microflora after scaling and root planing are accompanied by 
concomitant changes in clinical measurements of periodontal health. Decreased 
bleeding on probing that may approach 45% in areas with initial probing depths of 
4.0 to 6.5 mm is evidence that inflammation is reduced.9 Changes in probing depth 
and attachment levels after scaling and root planing vary depending on initial 
measurements and generally reflect the combination of a gain in clinical attachment 
and resolution of edema or shrinkage (recession). Areas of initial probing depth of 1 
to 3 mm experience a mean probing depth reduction of 0.03 mm and loss of 
attachment of 0.34 mm, whereas areas of 4 to 6 mm initial probing depth demonstrate 
a 1.29 mm mean reduction in probing depth and 0.55 mm mean gain in attachment. 
Similar measurements for areas of initial probing depth of 7 mm or greater include 
2.16 mm mean reduction in probing depth and 1.19 mm mean gain in attachment.10 

CHALLENGES AND LIMITATIONS 

Scaling and root planing are demanding clinical procedures that require time and 
skill. Complete removal of plaque and calculus from root surfaces, especially within 
deep pockets, is unrealistic and rarely attained. In pockets with initial probing depth 
of 5 mm or greater, clinicians have been shown to inadequately débride roots 65% of 
the time.11 Taken together, studies evaluating residual calculus after periodontal 
instrumentation with or without surgical access exhibit 11% to 85% residual 
calculus.12–16 Areas most prone to demonstrating residual deposits after scaling and 
root planing are furcations, line angles, the cementoenamel junction, and root 
concavities. Despite these significant clinical challenges, thorough instrumentation 
remains paramount to the success of periodontal therapy. 

Although the production of a smooth, glassy root surface is often used as an end-point 
during periodontal instrumentation, its absolute necessity for successful therapy is 
unclear.17–19 Complete removal of cementum in an attempt to eliminate endotoxin 
adherent to the root surface is unnecessary and may result in hypersensitivity.20–22 

Scaling and root planing significantly reduce the level of periodontal pathogens. 
However, sustained eradication of certain organisms has proven to be a challenge. 
The ability of organisms such as Actinobacillus actinomycetemcomitans to invade the 
soft tissues of the periodontium has been associated with the potential for 



recolonization and a poorer clinical response, especially in patients with aggressive 
periodontitis.23,24 

Several studies have compared the effectiveness of different treatment modalities 
used in the management of patients with periodontitis.25–29 Although many studies 
report no significant differences in clinical results between nonsurgical and surgical 
therapy, care must be taken in the evaluation of these studies. Differences in research 
design, including method of instrumentation (time spent and skill of the clinician) and 
evaluation of data (lack of sufficient statistical power in the analysis of deep pockets), 
complicate clinical application.30 Access required for regenerative periodontal 
therapy is achieved only with the use of a surgical approach. Nonetheless, nonsurgical 
therapy remains a definitive therapeutic approach to the management of patients with 
mild to moderate chronic periodontitis and as an initial phase of treatment for patients 
expected to require surgical intervention.31,32 

TREATMENT PLANNING AND SEQUENCE 

Treatment planning during nonsurgical periodontal therapy begins with the 
development of an oral hygiene self-care program designed specifically to meet the 
needs of each individual patient. This plan may include various oral hygiene aids to 
assist in supragingival plaque removal (see Chapter 13), as well as counseling 
regarding disease risk factors such as smoking. Episodes of periodontal debridement 
are planned to eliminate or disrupt bacterial plaque and byproducts such as endotoxin 
and to remove calculus from the coronal surfaces, roots, and within periodontal 
pockets. Periodontal instrumentation is often planned to occur in multiple 
appointments concentrating on affected sites in one or two quadrants at a single visit. 
For patients with severe inflammation and gross deposits, full-mouth debridement 
may be planned to establish initial healing, followed by more definitive periodontal 
instrumentation. Recent information suggests that multiple episodes of full-mouth 
debridement or disinfection performed within a close time period (24 hours) may 
reduce potential reservoirs of cross-infection and may result in a favorable clinical 
response.33–36 Most patients will require local anesthesia to allow thorough 
instrumentation of deeper or more inflamed sites. Plaque control is reassessed during 
episodes of periodontal debridement and local risk factors such as overhanging 
restorations are eliminated. 

EVALUATION OF RESULTS 

The end-point of nonsurgical therapy is a return to periodontal health. Healing after 
periodontal debridement usually is assessed during a reevaluation appointment 
scheduled 4 to 6 weeks after treatment. Periodontal charting is performed, as well as 
an evaluation of oral self-care effectiveness. The benefits expected after periodontal 
debridement include reduction of clinical inflammation (erythema, edema, and 
bleeding on probing), microbial shifts to a less pathogenic bacterial flora, reduction of 
probing depth, and gain of clinical attachment. Healing after scaling and root planing 



results in the formation of a long junctional epithelium that is consistent with 
periodontal health in the presence of good oral self-care. Factors that may reduce the 
effectiveness of periodontal debridement and alter the healing response include 
anatomic factors such as root concavities and furcations, presence of deep pockets, 
inadequate personal plaque control, presence of systemic risk factors, and variability 
in the clinician's skill. Patients who demonstrate clinical stability at the reevaluation 
appointment are placed on a program of supportive periodontal care, whereas patients 
with areas that demonstrate residual inflammation may require alternative therapeutic 
intervention, including the use of pharmacotherapeutics, additional debridement, or 
periodontal surgery.37 

MANUAL INSTRUMENTATION 

Because the success of nonsurgical periodontal therapy largely depends on the 
technical skill of the clinician providing treatment, complete knowledge and 
understanding of periodontal instruments, their design and maintenance, and 
technique principles for their use are necessary. 

Instrument Design 

The architectural principles of form and function also apply to dental instruments. 
The clinician's comprehension of instrument design facilitates effective and 
efficient nonsurgical therapy. Familiarity with instrument design is the foundation 
for maintenance and sharpening of instruments and provides the clinician with a 
basis on which to evaluate new instruments and to make sensible instrument 
purchases. 

Figure 14-1 depicts the three parts of a dental instrument: the handle, shank, and 
working end. The handle makes up the bulk of the instrument. Therefore, 
instrument weight is the most important consideration of the handle. Metal 
instruments typically have hollow handles to reduce weight, which in turn decreases 
the pressure needed to control the instrument and increases tactile sensitivity. The 
instrument handles displayed in Figure 14-2 vary in size from 5 to 10 mm. Those 
larger than a standard pencil size were once considered too heavy, until lighter 
weight handles made of composite material became available. These larger, 
lightweight instruments have increased in popularity because they contribute to 
efficiency of the clinician. Knurling—the texture, ribbing, or scoring applied in a 
myriad of patterns to handles—prevents slipping and improves control of the 
instrument. 

Figure 14-1.   



 

Parts of an instrument. The handle is the largest part of an instrument. A, The 
shank joins the handle to (B) the working end. C, Terminal shank is the last part 
of the shank closest to the working end. 

The shank connects the working end of the instrument to the handle. The last 
section of the shank adjacent to the working end is known as the terminal shank, an 
important designation used in principles of instrumentation. Two characteristics of 
the shank, length and curvature, determine access to a particular area of the mouth. 
The overall length of the shank, the distance from the handle to the working end, is 
uniform among instruments, as seen in Figure 14-3. A length of 30 to 40 mm is 
ideal, providing appropriate leverage for most dental procedures. The distance from 
the first bend in the shank to the working end is the functional length (Fig. 14-4), 
which varies between instruments. A longer functional shank is needed when access 
to the treatment area is limited—that is, select an instrument with a long functional 
shaft for a longer clinical crown, deeper periodontal pockets, or posterior tooth 
surfaces. 

Instrument shanks can be classified as straight, curved, or contraangled, as shown 
in Figure 14-5. The functional shank of a straight instrument lies in the same plane 
as the long axis of the handle. These instruments are used in areas of the mouth 
where access is unrestricted, such as anterior teeth. A curved or angled instrument 
has a bend in the functional shank that deviates from the handle axis in one 
direction only. Curved instruments are more versatile—that is, more adaptable to 
both posterior and anterior teeth. A contraangled instrument has two bends in the 
functional shank in opposite directions. These instruments are specifically designed 
for surfaces with limited access, including distal surfaces of posterior teeth and deep 
periodontal pockets. 

Figure 14-2.   



 

Instrument handles. Handle designs vary widely with sizes ranging from 5 to 
10 mm in diameter. A, Handles made of lightweight composite. B, Inset for 
comfort. Remaining handles are metal. Note the knurling or texturing added to 
improve the grasp and control of the instrument. 

Figure 14-3.   

 

Instrument shank length. The overall shank length of an instrument is the 
distance from (A) the junction of the handle and shank to (B) the working end. 



Figure 14-4.   

 

Functional shank length. The functional length of an instrument shank is the 
distance from (A) the first bend in the shank nearest the handle to (B) the 
working end. 

The design of the shank also influences the function of an instrument. The diameter 
of the shank, compared in Figure 14-6, determines the strength of the instrument. A 
thicker shank is stronger, and hence necessary for removal of heavy calculus 
deposits. A manufacturer may add metal to the shank to increase the strength of an 
instrument, labeling this feature with a "P" (prophylaxis) or "R" (rigid) in the 
instrument name. Conversely, the flexibility of the shank is a product of length and 
diameter. Flexing of the shank relieves force applied to the instrument during 
scaling and root planing, the advantage of which is protecting the root surface from 
damage. Instruments with thin or flexible shanks are preferable for root planing. 

Figure 14-5.   



 

Instrument shank design. Three instrument shank designs are available: (A) 
straight, (B) curved, and (C) contraangled. 

Figure 14-6.   



 

Diameter of the instrument shank. A, Curette with a thicker shank used for 
calculus removal. B, Curette with a thinner shank, more suitable for removing 
light deposits and root planing. 

Periodontal instruments are available with paired working ends that are mirror 
images to adapt to opposing tooth surfaces, double-ended with two dissimilar 
working ends, or single-ended with only one working end on a handle. Because 
they improve economy of motion and are less expensive, double-ended and paired 
instruments are more desirable. Balance, a critical feature of an instrument, is 
defined as the working end of the instrument centered with the long axis of the 
handle and shank (a balanced instrument is shown in Fig. 14-7). An instrument that 
does not have balance feels awkward and harder to control during use. 



The working end, called the blade on some instruments, is the functioning part of 
the instrument. An exact nomenclature describes specific regions of the working 
end (Fig. 14-8 and Fig. 14-9). The last third of the working end is the tip, whereas 
the termination of the working end is the toe. The heel is the first portion of the 
working end, closest to the shank. The face of the instrument is the surface between 
the two cutting edges. Opposite of the face is the back of the instrument. The region 
of the working end between the face and back is the lateral surface. The cutting 
edge of an instrument is the line formed by the convergence of the face and the 
lateral surface. The angle produced by the intersection of the face and lateral 
surface is the internal angle. The internal angle is uniform among scaling 
instruments, ranging from 70 to 80 degrees. 

The shape and contour of the working end is unique for each instrument type. The 
instruments used in nonsurgical periodontal therapy include periodontal probes, 
explorers, sickle scalers, curettes, and periodontal files. 

Figure 14-7.   

 

Balance. A balanced instrument has the working end centered over the long 
axis of the handle. 

Figure 14-8.   



 

Design characteristics of the sickle scaler. A, Triangular cross section of the 
sickle scaler. B, Tip, last third of the working end. C, Toe, which is pointed. D, 
Face. E, Cutting edge. F, Back. G, Lateral surface. H, Heel. Internal angle, 70 to 
80 degrees. 

The periodontal probe is used during patient assessment to examine and evaluate 
the periodontium. It has a long, thin, rod-shaped end distinguished by millimeter 
markings that are used to measure periodontal structures. In cross section, a probe 
can be either round or flat, with a blunt toe. The length and angles of the probe vary 
widely, as do the measurements marked on the probe (Fig. 14-10). Some are color-
coded to enhance visibility of the measurements. The periodontal probe is used to 
measure the depth of the sulcus or pocket, to identify bleeding areas of the sulcular 
epithelium, to locate the mucogingival junction, and to measure keratinized gingiva 
or oral lesions. 



An explorer has a thin, flexible, wirelike working end that is circular in cross 
section and tapers to a sharp point; examples of the wide variety of explorers 
available are shown in Figure 14-11. The explorer is used during patient assessment 
to detect lesions of tooth structure, to evaluate the topography of a tooth surface, to 
determine the need for deposit removal, to locate subgingival calculus, and to 
evaluate treatment. 

Figure 14-9.   

 

Design characteristics of the curette. A, Semicircular cross section of the 
curette. B, Tip, last third of the working end. C, Toe, which is rounded. D, Face. 
E, Cutting edge. F, Back. G, Lateral surface. H, Heel. 

Figure 14-10.   



 

Periodontal probes. The probe is available in a variety of shapes, lengths, 
angles, and measurements. A, Goldman-Fox; (B) Williams; (C) Michigan O; (D) 
#10; (E) #2 12; (F) #4; (G) #10; (H) #NT2 probes. Note the color coding on 
probes D through H, which enhances visibility of markings. 

The sickle scaler is designed for removing supragingival calculus. Sickle scalers are 
triangular in cross section—that is, they have two straight cutting edges and a 
pointed toe (see Fig. 14-8). Note that the back of a sickle is a line, which is often 
fairly sharp, and can damage soft tissue if the instrument is used subgingivally. The 
notable feature of a sickle scaler is the strength furnished by the design. This 
characteristic is a distinct disadvantage when scaling root surfaces (vs. enamel 
surfaces) which may be easily scored or gouged by an instrument. Figure 14-12 
shows the two types of sickle scalers, curved and straight, as well as sickle scalers 
designed for use in the anterior and posterior regions of the mouth, with a straight 
shank and a curved shank, respectively. 

Figure 14-11.   



 

Explorers. An explorer is available to suit the preferences of any clinician or to 
adapt to any tooth surface topography. (A) #17; (B) #6; (C) #3A; (D) Classic #2; 
(E) #3ML; (F) #2; (G) #3 "pig-tail"; (H) #3CH "Cow horn"; (I) ODU 11/12 
explorers. 

The curette is designed for subgingival instrumentation but is the most versatile 
periodontal instrument. It also can be used for supragingival calculus and stain 
removal, fine scaling, root planing, and tissue curettage. Figure 14-9 depicts the 
unique characteristics of the curette, which is semicircular in cross section. This 
shape creates a curved back that is compatible with the soft tissue during 
subgingival instrumentation. A curette has two parallel cutting edges that converge 
in a rounded toe; the two curette types are compared in Figure 14-13. The universal 
curette, so named because a paired instrument adapts to all four tooth surfaces, has 
two straight cutting edges and a face angled at 90 degrees to the terminal shank; 
Figure 14-14 displays examples of universal curettes. 

Figure 14-12.   



 

Sickle scalers. The sickle scaler may have a straight blade as (A) #31/32T and 
(B) J3, or a curved blade as (C) #204, (D) #204S, (E) H6/H7, and (F) U15. The 
sickles with straight shanks (B, E, F) are used in the anterior regions, whereas 
those with curved shanks (A, C, D) are designed for the posterior. 

The face of an area-specific curette is offset or tilted at a 60- to 70-degree angle to 
the terminal shank, which further enhances biologic compatibility and makes the 
instrument easier to use subgingivally. The working end of an area-specific curette 
curves in two planes, the only instrument with a curved cutting edge that facilitates 
adaptation to curved tooth surfaces. Only one cutting edge of this instrument is 
usable, therefore each working end adapts to just one of the four tooth surfaces. The 
cutting edge used in instrumentation is the lower edge (i.e., the longer outer curved 
edge to the left; see Fig. 14-9). The inside edge is not used and is machined off by 
the manufacturer. Figure 14-15 shows a series of area-specific curettes originally 
designed before 1940 by Dr. Clayton Gracey. Each one of the Gracey curettes is 
intended for a specific region of the dentition, although many can be applied 
correctly in multiple areas, decreasing the number of instruments needed per 
patient. 

Figure 14-13.   



 

Comparison of a universal curette to an area-specific curette. A, Terminal 
shank. B, Toe. C, Heel. D, Tip. E, Cutting edge. 1, The angle formed by the 
terminal shank and the face of a universal curette is 90 degrees. 2, The angle 
formed by the terminal shank and the face of an area-specific curette is 60 to 70 
degrees. 

Figure 14-14.   

 



Universal curettes. These universal curettes are double-ended and can be used 
throughout the dentition. A, 4R/4L; (B) McCall 13/14S; (C) Columbia 13/14; 
(D) Younger-Good 7/8 curettes. 

The challenges of subgingival instrumentation are numerous. Clinicians continually 
search for better ways and enhanced instruments to improve outcomes. Many have 
designed new instruments or modified existing ones. Standard instruments carry the 
name of the designer or their institution, such as Gracey or Columbia curettes. 
Figure 14-16 demonstrates recent modifications of an area-specific curette for 
specific situations. The usual Gracey 1/2 is shown along with one that has 3 mm 
added to the terminal shank for deep periodontal pockets and another with a 
working end shortened by half, which is designed for narrow pockets. 

The file (Fig. 14-17) is a specialized instrument used for crushing and removing 
calculus deposits located in deep, narrow periodontal pockets where instruments 
with longer or wider working ends do not reach. A file has multiple parallel cutting 
edges, generally three to five, arranged on a working end that is continuous with the 
terminal shank. The working end is a small oval or rectangular base on which the 
cutting edges are mounted. Multiple working ends with different angles are needed 
to adapt to the four tooth surfaces. The file can easily damage a root surface 
because of its heavy design, and the clinician should use one judiciously. Improved 
design of ultrasonic scaling inserts has reduced the use of files to a few unusual 
circumstances. 

Figure 14-15.   

 

Gracey curettes. This series of Gracey curettes includes (A) 17/18; (B) 13/14; 
(C) 11/12; (D) 7/8; (E) 5/6; (F) 3/4; (G) 1/2. 



Figure 14-16.   

 

Modifications of an instrument. Each of the three instruments is a Gracey 1/2. 
B, Conventional design. A, The working end is shortened by half the regular 
length, whereas the working end (C) has been lengthened for supragingival 
calculus removal. 

Figure 14-17.   

 



Design characteristics of the periodontal file. A, Terminal shank. B, Working 
end. C, Cutting edges. D, Toe. E, Heel. F, Back. 

The mouth mirror has multiple uses in dental procedures, including indirect vision, 
reflection of light to improve visibility, and retraction of the lips, cheeks, and 
tongue. It also may be used for transillumination, directing light through a structure 
to enhance inspection, which is especially helpful for identifying calculus deposits 
on proximal surfaces of anterior teeth. 

The clinician holds the mirror in the nondominant hand, opposite the working 
instruments. The mirror hand is stabilized on the patient's dentition with a finger 
rest to avoid resting the mirror on the gingival or other soft tissue. Contact with the 
teeth when inserting or removing the mirror from the mouth can be prevented by 
turning the mirror until it is parallel with the occlusal plane. When retracting the 
lips and cheeks, avoid placing pressure on the labial commissures by pulling the 
cheeks away from the dentition, rather than back toward the posterior teeth. 
Fogging of the mirror can be avoided by warming it to body temperature by placing 
it against the buccal mucosa. 

PATIENT AND CLINICIAN POSITIONING 

Periodontal procedures often require extended treatment time. Comfortable positions 
that both the patient and clinician can maintain with minimal physical stress and a 
modest degree of relaxation facilitate successful outcomes of periodontal care. 

The clinician must develop the habit of using an operating position that yields 
immediate comfort, reduced fatigue, and long-term musculoskeletal health.38 Figure 
14-18 presents the desirable seated position for the clinician. The operator's stool is 
adjusted to knee height so that when seated, the clinician's feet are flat on the floor 
with the thighs approximately parallel to the floor. During treatment, body weight is 
supported on the stool and the clinician places the feet at least shoulder width apart to 
maintain balance. The back and neck are straight. The dental chair is adjusted so that 
the patient's head is at the level of the clinician's elbow, which allows the clinician to 
keep the shoulders in a natural, relaxed position, helping to prevent work-related neck 
and shoulder pain.39,40 In addition, the clinician should keep the head erect over the 
spine and maintain an operating distance of at least 14 inches from the patient's face. 

The patient is placed in a reclining or supine position during dental care. The back of 
the dental chair is reclined to an angle of no more than 10 degrees to the floor. The 
legs and feet of the patient are raised to about the same level as the head. During 
treatment, the clinician directs the patient to turn the head either toward or away from 
the clinician to center the treatment area in the dental light beam. More importantly, 
this position protects the patient's airway during dental procedures. The patient's head 
position is adjusted slightly upward or downward for the arch treated. For 
instrumentation of maxillary teeth the patient is asked to raise or tilt the chin up so 
that the occlusal plane is nearly perpendicular to the floor. For mandibular teeth, 



either the patient's head is tilted down toward the chest or the back of the chair is 
raised slightly so that the occlusal plane is almost parallel with the floor. The 
direction of the dental light is different for each arch. Initially, the light beam is 
directed on the patient's neck area and then the lamp is rotated slowly up to the oral 
cavity—a 45-degree angle to the floor to illuminate the maxillary arch and a 90-
degree angle to the floor to illuminate the mandibular arch. 

Figure 14-18.   

 

The clinician's position. The height of the operator's stool is adjusted so that the 
thighs are parallel to the floor, with the feet flat on the floor and apart about a 
shoulder's width. The back and neck are straight with the head erect. 



The dentition is divided into sextants to organize and to manage assessment, 
treatment, and evaluation procedures efficiently. Each sextant has a facial and lingual 
aspect, which are mirror images. A specific clinician position, patient head 
orientation, and precise instrumentation apply to each of the twelve regions. The 
clinician's position relative to the patient is described by the positions on a clock face 
(Fig. 14-19). Figures 14-20 through 14-23 provide a map and the details for 
positioning for each treatment area. 

PRINCIPLES OF INSTRUMENTATION 

A set of general principles widely recognized in the profession guide the use of 
instruments in nonsurgical periodontal therapy. The novice clinician follows these 
principles closely until clinical experience provides the judgment and confidence to 
modify them for personal preferences or special circumstances, or to achieve a 
particular outcome. 

Figure 14-19.   



 

Clinician positioning relative to the patient. The clinician's position around the 
patient during treatment, denoted like time on the face of a clock face. The 
patient's chin is at 6 o'clock. The right-handed clinician sits between 9 and 12 
o'clock. The left-handed clinician sits on the opposite side, from 12 to 3 o'clock. 

Figure 14-20.   



 

Positioning for sextants 1 and 3. For the facial surfaces in sextant 1 and the 
lingual surfaces in sextant 3 (in green), the patient's head is turned away from the 
clinician with the head tilted upward. A, The clinician is in the region from 9 to 12 
o'clock. For lingual surfaces in sextant 1 and the facial surfaces in sextant 3 (in 
blue), the patient's head is turned toward the clinician with the chin tilted upward. 
B, The clinician is in the 10 to 12 o'clock region. 

Figure 14-21.   



 

Positioning for sextant 2. Dividing facial and lingual surfaces at the midline, 
green portions are toward the clinician and blue portions are away from the 
clinician during treatment. For surfaces toward the clinician, the patient's head is 
turned away with the chin tilted upward. A, The clinician is in the region from 9 
and 11 o'clock. For surfaces away from the clinician, the patient's head is turned 
toward the clinician and the chin tilted upward. B, The clinician is in the 11 to 12 
o'clock region. 

Figure 14-22.   



 

Positioning for sextants 4 and 6. For the facial surfaces in sextant 4 and the 
lingual surfaces in sextant 6 (in blue), the patient's head is turned toward the 
clinician with the chin tilted down. A, The clinician is seated in the 9 to 11 o'clock 
region. For lingual surfaces in sextant 4 and the facial surfaces in sextant 6 (in 
green), the patient's head is turned away from the clinician with the chin tilted 
upward. B, The clinician is seated in the 9 to 10 o'clock region. 

The modified pen grasp (Fig. 14-24) is used to hold instruments during most 
nonsurgical dental procedures. This grasp allows maximum control of the instrument, 
creates the range of motion for instrumentation, enhances tactile sensitivity, and 
decreases clinician fatigue. 

Figure 14-23.   



 

Positioning for sextant 5. Dividing facial and lingual surfaces at the midline, 
green portions are toward the clinician and blue portions are away from the 
clinician during treatment. For surfaces away from the clinician, the patient's head 
is turned toward the clinician with the chin tilted down. A, The clinician is in the 
region between 11 and 12 o'clock. For surfaces toward the clinician, the patient's 
head is turned away with the chin tilted down. B, The clinician is in the region 
from 10 to 12 o'clock. 

To execute the modified pen grasp, place the index finger (or forefinger) and thumb 
opposite of each other near the junction of the handle and shank. The index finger and 
thumb hold the instrument, allowing the clinician to maneuver it around the tooth 
during instrumentation. Place the middle finger on the shank to stabilize the 
instrument. The middle finger receives tactile stimuli from the working end during 
instrumentation. The pads of the fingers should touch the instrument because this 
region has the most nerve receptors. The third or ring finger supports the hand during 
procedures. Although the fourth finger serves no function in the grasp, all four fingers 
touch so that the hand functions as a unit during instrumentation. The instrument 
handle rests in the region between the second joint of the forefinger and the "V" 
formed by the thumb and index finger. Finally, the fingers stay curved and relaxed to 
expand the range of motion, increase tactile sensitivity, and prevent clinician fatigue. 

Figure 14-24.   



 

Modified pen grasp. A, Thumb and (B) index finger on the handle close to the 
junction with the shank. C, Pad of middle finger rests on the shank. D, Ring finger 
and fourth finger touching, curved, and relaxed. The handle will rest in the region 
from E to F. 

A scaling instrument operates as a lever, with the third finger (the ring finger) serving 
as a fulcrum and as a stabilizing point for the hand. A fulcrum is the point on which 
the lever pivots. In periodontal instrumentation, the fulcrum allows the instrument to 
function. The work of the instrument is cleaving or prying deposits from the tooth 
surface. Furthermore, the fulcrum provides stability and control of the instrument to 
prevent injury or trauma to the surrounding tissues and to assure the patient of the 
clinician's steadiness. 

The ideal location for the fulcrum is on the dentition, which is an intraoral fulcrum. 
The third finger (ring finger) during periodontal instrumentation serves as both a rest 
for the hand and a fulcrum for the instrument. A clinician attains the greatest stability 
by placing the fulcrum close to the working area, generally on the same arch and in 
the same quadrant. A fulcrum established on an occlusal or incisal surface or in the 
embrasure gives better control than one placed on a flat tooth surface, which can be 
slippery. Avoid placing a fulcrum on mobile or prosthetic teeth because little security 
is provided and the pressure may cause discomfort to the patient. The instrumentation 
hand position for maxillary teeth that allows the clinician to pivot on the fulcrum is 
sometimes described as "palm up," with the palm of the hand facing the occlusal 
plane. In contrast, turn the hand "palm down" to instrument mandibular teeth. 

An extraoral fulcrum may be necessary or desirable in some situations—for example, 
missing or mobile teeth, temporomandibular joint disorder, or a patient's limited 
ability to open. To apply an extraoral fulcrum as shown in Figure 14-25, use either 



the palm or back of the hand rather than a single point to reduce the pressure on the 
patient's soft tissue. When using an extraoral fulcrum, the clinician should concentrate 
on moving the hand as a unit. 

A substitute fulcrum is another option when encountering difficulty with an intraoral 
fulcrum. As shown in Figure 14-26, the index finger of the nonoperating hand is 
placed either in the vestibule near the treatment area or on the occlusal surfaces of 
adjacent teeth. The fulcrum is then established on that finger, rather than on the 
dentition. Leverage is usually better with a substitute fulcrum compared with an 
extraoral fulcrum because the distance from the pivot to the working end is shorter. 

Figure 14-25.   

 

Extraoral fulcrum. A, An extraoral fulcrum for areas of the dentition on the side 
toward the clinician with the back of the hand against the face. B, An extraoral 
fulcrum for areas of the mouth on the side away from the clinician, with the palm 
cupping the chin. 

Figure 14-26.   

 

Substitute fulcrum. A, A finger of the nonoperating hand (A) placed on the 
occlusal surfaces of the teeth in the region to serve as a stable area on which the 



fulcrum finger (B) can rest. B, A finger of the nonoperating hand (A) placed in the 
vestibule to serve as a stable area on which the fulcrum finger (B) can rest. 

Once the clinician masters the concepts of the modified pen grasp and the fulcrum, 
the remaining principles of instrumentation pertain to applying the working end of the 
instrument to the individual tooth surface. To begin with, the correct end of the 
instrument must be identified. Figure 14-27 illustrates that the clinician recognizes the 
correct end by holding the instrument with the toe pointed into the interproximal and 
looking for parallelism of the terminal shank and the proximal surface. When the 
wrong end is chosen, the terminal shank will be perpendicular to the proximal 
surface. 

Adaptation refers to the relation of the working end to the tooth surface. The primary 
goal of adaptation is to keep the instrument tip in continuous contact with the surface 
during each successive instrument stroke. To accomplish this, the tip must be adapted 
to the varying contours of each surface, as well as to periodontal structures, by rolling 
the handle between the index finger and thumb. The instrument tip must be in 
continual contact with the tooth surface around the circumference of the tooth. Each 
stroke overlaps the previous one to ensure complete coverage of the surface. If the 
instrument is not adequately rolled around the line angle, the tip projects away from 
the root surface and into the gingival tissue, causing trauma. An improperly adapted 
tip may cause the clinician to miss deposits on the root surface, especially in any root 
depressions or grooves. 

Figure 14-27.   

 

Identifying the correct working end of the instrument. A, With the toe of the 
instrument directed into the interproximal space, the terminal portion of the shank 
is parallel to the long axis of the tooth. B, If using the wrong end of the 
instrument, the terminal shank is perpendicular to the long axis of the tooth, even 
though the toe is directed toward the interproximal space. 

Knowledge of dental anatomy, particularly root anatomy, is essential to proper 
instrument adaptation. Longitudinal depressions are common on proximal root 
surfaces. The furcations of multirooted teeth and the depressions leading from the 



cementoenamel junction to the furca are among the most difficult areas to instrument. 
Figure 14-28, which shows a curette adapted to a proximal root surface of a premolar, 
demonstrates the challenge posed in these procedures. When the tip is not visible 
during subgingival instrumentation, the clinician uses the position of the terminal 
shank as a visual cue to judge the working end. 

Angulation describes the relation of the face of the instrument tip and the tooth 
surface (see Fig. 14-28). Moving the instrument toward or away from the tooth 
surface by pivoting on the fulcrum modifies angulation. Proper angulation of an 
instrument during the stroke, also called working angulation, is greater than 45 
degrees and less than 90 degrees. The ideal angle for scaling is approximately 88 
degrees. For root planing strokes, angulation ranges from 80 to 45 degrees, gradually 
reduced as the surface becomes smoother. When the face is parallel to the tooth 
surface, angulation is 0 degree or closed. Closed angulation is acceptable for 
exploratory strokes used to locate calculus deposits with an instrument; it is also 
appropriate for initial insertion of the instrument into the periodontal pocket. 
However, using angulation of less than 40 degrees to remove deposits is futile at best 
and may result in producing a burnished deposit that is quite difficult to remove. 
Angulation is described as open when the face is 90 degrees or greater to the tooth 
surface. Open angulation can gouge the root surface and places the opposite 
(nonworking) cutting edge against the pocket wall where it can traumatize tissue. 
Figure 14-29 compares the variations in angulation of the working end. 

Figure 14-28.   

 

Curette adapted to root surface. A, Furcations and depressions of multirooted 
teeth are some of the most difficult areas to instrument. B, Angulation, the relation 
of the face of the blade to the tooth surface, in this case, is approximately 60 
degrees. 



The clinician also must rely on the position of the terminal shank to judge proper 
angulation because the face cannot be seen during scaling and root planing 
procedures. The visual cue of the terminal shank for angulation is the degree of 
parallelism with the tooth surface. Figure 14-30 compares the possible relations 
between the terminal shank and the tooth surface, and the angulation each represents. 

Activation is the motion of the hand pivoting on the fulcrum that produces an 
instrument stroke. The clinician activates an instrument with wrist-arm motions that 
roll from the fulcrum finger (Fig. 14-31). Rotary wrist motion involves rotating the 
forearm to turn the instrument on the fulcrum in much the same way as one turns a 
doorknob. Wrist flexion is movement of the hand at the wrist as done in waving or 
painting with a brush. Fingers alone are not used to activate the instrument stroke 
because finger movements use smaller, less powerful muscles, produce a limited 
range of motion, and do not engage the fulcrum. 

Figure 14-29.   

 

Angulation. The angle of the face of the instrument to the tooth surface is either 
(A) closed, nearing 0 degree; (B) open, greater than 90 degrees; or (C) working, 
more than 45 degrees but less than 90 degrees. 

Figure 14-30.   



 

Terminal shank position as a visual cue to angulation. When the face of the 
instrument is not visible (subgingival), the terminal shank position with the tooth 
surface is used to determine angulation. A, Terminal shank is parallel to mesial 
surface, indicating correct angulation. B, Terminal shank is not parallel, indicating 
angulation of more than 90 degrees. 

The pressure exerted against the fulcrum is a critical component of activation. If too 
little pressure is used, leverage is compromised. Use of heavy pressure results in 
patient discomfort and clinician fatigue. The clinician generally applies moderate 
pressure on the fulcrum during activation, adjusting it as needed according to the 
treatment. 

Figure 14-31.   



 

Activation of an instrument. A, Hand and instrument position at the beginning 
of a stroke and (B) as the stroke is completed. The instrument is activated with 
wrist-forearm rotation pivoting on the (C) fulcrum. Note that the position of 
fingers in the grasp does not change because no finger motion is used. 

The stroke is the single movement in one direction of an instrument that carries out 
the function of the instrument. During the stroke, force is transmitted to the working 
end from pivoting on the fulcrum, which is referred to as lateral pressure. The 
clinician modifies lateral pressure according to the procedure. Short, forceful strokes 
are used to cleave a ledge or larger deposit of calculus. Removal of softer calculus or 
stain requires less force and slightly longer strokes. Root planing strokes use 
significantly less lateral pressure to minimize the amount of root structure removed. 
Instrument strokes are defined and described in several other ways. 

Instrument strokes classified by task or function are exploratory, scaling and root 
planing. An exploratory stroke is movement of an instrument for detection of deposits 
or identification of structures. This examining or feeling stroke uses a light grasp and 
light lateral pressure so that vibrations and other tactile stimuli are transmitted from 
the working end to the fingers. Scaling is the removal of plaque, calculus, and stain 
from crown and root surfaces of teeth.41 A scaling stroke uses a firm grasp and 
moderate to moderately heavy lateral pressure, depending on the extent of calculus. 
Root planing is removal of plaque, residual calculus, and contaminated surface root 
structure until the tooth surface is compatible with gingival health. Root planing 
strokes use decreasing lateral pressure and increasing stroke length as the surface 
becomes smoother. 



The direction of instrument stroke is designated by relation to the long axis of the 
tooth. Figure 14-32 shows vertical, oblique, horizontal, and circumferential strokes. 
Horizontal strokes are directed toward tissue and are reserved for procedures using 
light pressure or maximum control of the instrument. Scaling, which involves greater 
lateral pressure, usually uses vertical and oblique strokes. Instrument strokes also may 
be described as pull, push, and walking. A pull stroke moves the instrument coronally 
away from the gingiva. Push strokes, which move the instrument apically toward the 
gingiva, are rarely used in periodontal procedures because of the risk for soft tissue 
injury. A walking stroke (also diagramed in Fig. 14-32) moves the instrument in both 
directions with little distance between each stroke. Typically, a clinician uses a 
walking stroke with the periodontal probe and the explorer. 

Figure 14-32.   

 

Direction of instrument strokes. A, Walking stroke used for detection of 
calculus. Tip moves apically and coronally with slight spacing between strokes. B, 
Oblique stroke. C, Horizontal stroke, perpendicular to the long axis of the tooth. 
When the stroke is longer and continues around the line angles, it is a 
circumferential stroke. D, Vertical stroke, parallel to the long axis of the tooth. 

Figure 14-33.   



 

Terminal shank position as a visual cue to orientation of the tip. A, When the 
terminal shank is parallel to the long axis of the tooth, the tip is directed apically. 
In this position, the tip will encounter the calculus deposit (C) as it moves toward 
the midline of the proximal surface. B, When the terminal shank is not parallel to 
the long axis of the tooth, the tip is improperly oriented. Note that the calculus 
deposit (C) likely will be missed with the instrument stroke. 

Each stroke during instrumentation should overlap the previous one to ensure that no 
portion of the tooth surface is missed. Moreover, effective instrument strokes must 
cover the tooth surface completely from the junctional epithelium to the gingival 
margin. For this reason, insertion is another important element of adaptation. The 
goal of insertion is to ensure that the instrument tip reaches the most apical portion of 
the sulcus or periodontal pocket. To reach the base of the pocket, the toe of the 
instrument is inserted first and then lightly pushed toward the bottom of the pocket 
until contact with soft tissue. Proper insertion is often described as "leading with the 
tip" because of this process. Another way to describe insertion is by orientation of the 
tip in relation to the apex of the tooth. Correct tip position is designated as apically 
directed—that is, the instrument tip is angled slightly toward the base of the pocket. 
Incorrect tip direction allows the back of the instrument to touch the junctional 
epithelium first, with the instrument tip pointed up and away from the base of the 
pocket, which transmits the same sensation of reaching a tissue barrier to the grasp 
fingers. With the working end under the free gingiva, the clinician must rely on visual 
cues from the terminal shank to determine the orientation of the tip (Fig. 14-33). The 
terminal shank is parallel with the long axis of the tooth when the instrument tip is 
accurately positioned. Figure 14-33 also demonstrates the importance of tip position 
in detection and removal of calculus. Proper tip direction is critical for complete 
deposit removal. 

THE PROCESS OF NONSURGICAL PERIODONTAL 

THERAPY 

The clinician is prepared to undertake initial periodontal therapy with an 
understanding of the principles for use of periodontal instruments. Following is one 



strategy for implementing instrumentation. Determine the region of the dentition that 
is to be treated and position the patient appropriately. Review the condition of the 
periodontium in the selected region using the patient's dental chart and the 
periodontal probe. If conditions indicate, start with subgingival debridement 
procedures using either powered or manual instruments. Once debridement is 
completed, the clinician undertakes more definitive treatment of each tooth, surface 
by surface. To begin, use an exploratory stroke with either an explorer or a curette to 
locate remaining calculus. When a deposit is discovered, place the tip of an area-
specific or universal curette on the outermost edge, tighten the grasp, establish the 
cutting edge at an 88-degree angle to the surface, apply appropriate pressure to the 
fulcrum and activate a scaling stroke to dislodge the deposit. Continue successive 
overlapping strokes along the remainder of the deposit until no obvious calculus is 
detectable on this surface. At this point, residual calculus, altered cementum, and 
attached plaque should be removed from the entire surface with an area-specific 
curette using root planing strokes, reduced angulation, and less lateral pressure. The 
clinician must be thorough during this phase of instrumentation but also cautious not 
to over instrument. Go to the next surface, repeating the process until the entire tooth 
has been treated. Evaluate the surface initially for smoothness with an explorer. 
Irrigate the pocket thoroughly and compress the tissue for 15 to 30 seconds to stop 
bleeding. Finally, assess the immediate tissue response, identifying continued 
bleeding, remaining epithelial tissue tags, and change in color. The ultimate 
evaluation of successful treatment occurs after a 4- to 6-week period to allow 
inflammation to resolve and healing to occur. 

During instrumentation, the clinician maintains a mental image of the expected 
contours of the tooth surface, interprets tactile sensations transmitted through the 
instrument, and uses visual cues from the terminal instrument shank while moving the 
instrument around the circumference of the tooth inside the periodontal pocket. The 
process actually is as difficult as the description makes it sound. Development of the 
skills to accomplish effective scaling and root planing requires time, diligence, 
persistence, patience, and concentration. 

POWERED MECHANICAL INSTRUMENTATION 

Powered scalers have been available for use as a part of nonsurgical periodontal 
therapy for many years. Initially advocated for the removal of gross supragingival 
calculus, powered scalers appealed to clinicians because of the speed of deposit 
removal and reduced clinician fatigue. Several reports indicate that the use of 
powered scalers for subgingival instrumentation produces similar results as hand 
instrumentation with regard to deposit removal and healing.42–47 A distinct advantage 
associated with the use of powered instrumentation is the reduced time needed to 
produce equivalent clinical results.44–49 Tip penetration approaches the apical portion 
of periodontal pockets with powered instrumentation50 and may be improved with the 
use of small-diameter, extended shank tips.51,52 In areas with anatomic challenges, 
such as Class II and III furcations, ultrasonic instrumentation may be superior to hand 
instrumentation.53 



Sonic and Ultrasonic Scalers 

Powered instruments used for periodontal debridement can be classified into two 
groups on the basis of their operating frequencies: sonic and ultrasonic. Sonic 
scalers operate at a relatively low frequency of 3000 to 8000 cycles per second and 
are driven by compressed air from the dental unit. A rotor system is activated to 
vibrate the tip that is within the audible range for patients. The stroke pattern of 
sonic scalers is elliptical to orbital, and all surfaces of the tip may be adapted to root 
surfaces. Ultrasonic scalers can be further categorized into magnetostrictive and 
piezoelectric, on the basis of the mechanism used to convert the electrical current 
used for energy to activate the tips. Magnetostrictive ultrasonics operate inaudibly 
and transfer electrical energy to metal stacks made of nickel-iron alloy or to a 
ferrous rod (Fig. 14-34). Electrical energy applied to the magnetostrictive insert 
changes its shape resulting in vibrations. The tip vibrates in an elliptical to orbital 
motion at 18,000 to 42,000 kHz (cycles per second). As a result, all surfaces of the 
tip may be useful in debridement. Piezoelectric scalers (Fig. 14-35) also are 
inaudible, operating within a range of 24,000 to 45,000 kHz. This type of powered 
scaler uses electrical energy to activate crystals within the handpiece to vibrate the 
tip. In contrast to the magnetostrictive scalers, the motion of the tip is linear in 
nature resulting in activation of mainly the lateral surfaces of the tip. 

Ultrasonic scalers may be tuned manually or automatically. Both types have 
controls to adjust power and water, whereas the manually tuned units require 
adjustments for fluctuations in frequency. The power setting determines the length 
of the stroke and is generally kept to a low or medium setting for patient comfort. 
The water flow is essential to dissipate the heat produced by the vibration of the tip. 
Although most disruption and removal of subgingival deposits is accomplished 
through the vibration of the oscillating tip, the water spray produced by the use of 
sonic and ultrasonic instruments also plays an important role in debridement. The 
water creates a lavage effect, as well as acoustical streaming, acoustic turbulence, 
and cavitation.54 Cavitation results from the implosion of bubbles created as water 
passes through the handpiece producing shock waves that may alter or kill bacteria. 
Acoustic turbulence and acoustical streaming occur when water exits the tip 
creating an agitating effect or unidirectional flow that is deleterious to periodontal 
pathogens. 

Figure 14-34.   



 

Magnetostrictive ultrasonic handpiece. A, The handpiece, which is hollow, 
attaches to the unit by way of water tubing and detaches for sterilization. B, The 
tip is carried on a removable insert. C, The metal stack to which energy is 
transmitted to move the tip. 

Figure 14-35.   



 

Piezoelectric ultrasonic scaler. A, Handpiece detached from the unit. B, 
Wrench for attaching and removing tips from the handpiece. The handpiece 
detaches from the water tubing for sterilization. The tip attaches directly to the 
handpiece. 

Sonic and Ultrasonic Tips 

Various tips are available for use with sonic and ultrasonics scalers. Sonic scalers 
have a limited selection of tips attached to the handpiece with a special instrument. 
Tips for sonic scalers possess straight shanks with relatively large diameters and are 
provided in a sickle-shaped, universal, or an extended-length periodontal tip (Fig. 
14-36). Ultrasonic scalers offer a wider variety of tips ranging from a large-
diameter, straight universal tip (Fig. 14-37) for supragingival calculus removal to a 
thin, smaller diameter straight, right, or left tip for subgingival instrumentation (Fig. 
14-38). Tips for magnetostrictive ultrasonic scalers have internal or external water 
delivery, whereas all piezoelectric ultrasonic scaler tips have internal water 
delivery. Ultrasonic tips vary in size and shape for a variety of uses and tooth 
surfaces. Tips will shorten in length because of wear and should be examined 
periodically for replacement. In addition, the metal stacks in magnetostrictive 
ultrasonic tips should closely approximate each other without separation or 
splaying. 

Figure 14-36.   



 

Tips for the sonic scaler. Tips have straight shanks with a somewhat wide 
diameter. A, Broad-tipped universal designed for removing supragingival 
calculus and stain from facial and lingual surfaces. B, Sickle-shaped tip 
designed for deposit removal on proximal surfaces. C, Extended-length 
periodontal tip designed with a narrow tip for subgingival scaling. 

Figure 14-37.   



 

Inserts for ultrasonic scaler. A, Straight universal tip designed for 
supragingival deposit removal. B, Straight tip designed for subgingival deposit 
removal, with longer, thinner tip. 

Figure 14-38.   



 

Paired inserts for ultrasonic scaler. Right and left tips are mirror images, 
designed for subgingival deposit removal on proximal surfaces. 

Technique 

The clinician position remains identical for powered mechanical instrumentation as 
described previously for manual instrumentation. The handpiece is held in a pen or 
modified pen grasp with light pressure allowing for optimal vibration of the tip. An 
intraoral or extraoral fulcrum is critical for control during instrumentation. Proper 
insertion requires the tip to be placed parallel to the root surface being instrumented 
to prevent damage to the root surface or adjacent soft tissue (Fig. 14-39). If the tip 
is angled in toward the root surface, the root will be gouged. If the tip is angled out 
toward the pocket or sulcus lining, soft tissue damage will occur. Continuous 
movement in an overall coronal-apical direction is accomplished with overlapping 
strokes that may be vertical, oblique, or horizontal. When using right and left tips 
with offset angulations, care must be taken to ensure correct insert selection. For 
instrumentation of interproximal areas, the tip should be placed parallel with the 
root surface being instrumented as previously described (Fig. 14-40). For 
instrumentation of facial or lingual surfaces, the tip should be inserted so that the 
convex working surface of the tip is in contact with the root. Inappropriate 
positioning with the concave surface against the root may result in gouging or 
damage to the root surface. Constant movement with an appropriately adapted tip 
with minimal lateral pressure produces optimal results with little or no damage. 

Figure 14-39.   



 

Adapting the ultrasonic tip. The tip of the insert, shown here on an anterior 
facial surface, is parallel with the tooth surface during instrumentation for 
access and to protect the tooth and gingival tissue. 

Figure 14-40.   

 

Adaptation of paired inserts. Tips of paired inserts adapt to contralateral tooth 
surfaces. Note that the tips are parallel to the proximal surfaces. 



Contraindications 

Contraindications to powered instrumentation include both dental and medical 
concerns. Dental concerns are site specific and include instrumentation in areas of 
demineralization that may result in extensive removal of tooth structure and 
subsequent hypersensitivity. In addition, it is possible that the use of powered 
instrumentation may adversely affect the marginal integrity of certain restorations. 
Powered instrumentation is contraindicated in patients with dental implants, except 
with the use of special tips designed to prevent damage to the implant surface (Fig. 
14-41). Medical contraindications include patients with cardiac pacemakers, 
especially those placed before the mid-1980s that are subject to electromagnetic 
interference from ultrasonic devices. Patients with significant respiratory problems 
may be intolerant to aerosol production during powered instrumentation despite the 
use of high volume evacuation. Patients with infectious diseases that may be 
transmitted through aerosol production are also poor candidates for powered 
debridement. 

Figure 14-41.   



 

Ultrasonic tips for implants. Tips that are specially designed to protect the 
implant surface from the pitting and scratching that a conventional tip produces. 

POLISHING 

Traditionally, polishing of exposed tooth surfaces with a soft rubber cup and abrasive 
follows scaling and root planing. The primary objective of polishing is the removal of 
extrinsic stain and supragingival plaque. The rationale for this procedure includes 
improving the appearance of the dentition, demonstrating a standard of oral 
cleanliness for the patient to attain on a daily basis, and motivating the patient to 
improve plaque control, as well as the belief that the outcome of a quality periodontal 
service should be a plaque-free mouth. However, the therapeutic benefit of polishing 
is uncertain, because plaque re-forms within 24 hours. 



A number of side effects associated with polishing have been documented. Because 
polishing involves the use of an abrasive, a microscopic amount of tooth structure is 
lost during the process.55 For this reason, polishing may not be appropriate for the 
patient at risk for caries because the outer tooth surface is protected by exposure to 
fluoride. Such a loss of tooth structure also may be significant as it accumulates over 
a lifetime from repeated polishing. Abrasion of the tooth surface occurs at a much 
faster rate when it involves carious or demineralized enamel or root structure, which 
is about half as calcified as enamel.56,57 Therefore, routine polishing is 
contraindicated on decalcified enamel and exposed root surfaces. 

After polishing, tooth surfaces actually may be rougher because the abrasives used in 
prophylaxis pastes are harder than those in dentifrices used daily by the patient. 
Indeed, scratches made during polishing are visible with magnification. Absence of 
plaque and stain then should preclude polishing. Likewise, many restorative materials 
may be easily damaged by abrasives and should not be polished. 

The abrasive particles in prophylaxis pastes can enter gingival tissue without an intact 
epithelial barrier, a frequent result of periodontal instrumentation. Delayed healing or 
a foreign body reaction may result. For this reason, polishing is often delayed after 
nonsurgical periodontal procedures until gingival healing has occurred. 

Finally, aerosol and splatter formed during polishing procedures pose a challenge to 
infection control. The clinician should consider this when planning treatment for a 
patient with compromised health or for a patient at high risk for infectious disease. 

Use of appropriate methods neutralizes some of the disadvantages of polishing. 
Operating the slow-speed handpiece at less than 20,000 revolutions per minute 
decreases abrasion. Lower speed also prohibits excessive heat caused by friction that 
can damage the pulp. To decrease heat production and the rate of abrasion, apply only 
slight intermittent pressure during polishing, just enough to flare the rubber cup to 
adapt to the tooth surface. Fine particle size in abrasives or polishing paste removes 
the least amount of tooth structure. Use caution to keep the rotating cup away from 
the gingival margin where it can abrade and burn the tissue. 

Selective polishing is a treatment approach that prevents such complications and side 
effects. Using this philosophy, polishing is reserved for only those teeth with obvious 
stain remaining after scaling and is limited to intact enamel surfaces. In other words, 
polishing is not automatically implemented but is provided for those patients with a 
specific need. If necessary, stain can be removed with manual instruments and plaque 
can be removed with toothbrushing. 

Figure 14-42 demonstrates application of the rubber cup to the tooth surface. After 
distributing a small amount of prophylaxis paste over the tooth surfaces in a working 
area, the rotating rubber cup is moved away from the gingiva and across the tooth 
surface in a systematic way. Irrigate completed areas periodically to rinse away the 
polishing preparation and keep the field clear. After the procedure, use dental floss to 
remove any remaining abrasive particles from between the teeth. 



An automated polishing method, sometimes called air-powder polishing or jet 
polishing, has been available for the past three decades. This method uses finely 
powdered sodium bicarbonate as the abrasive, which is delivered under pressure 
through the narrow nozzle of a specialized handpiece surrounded by a mist of warm 
water. The resulting slurry is propelled against the tooth surface to remove plaque and 
extrinsic stain by mechanical abrasion. The advantage is a remarkably thorough 
process of deposit removal accomplished in minimal time, although no long-term 
effect on oral health status has been shown.58,59 The abrasive is quite fine and, despite 
the pressure of application, results in minimal loss of enamel when used according to 
the manufacturer's directions. However, significant loss of root structure may occur 
even with careful use. For patients with gingival recession who elect stain removal for 
esthetic reasons, air-powder polishing removes less tooth structure than manual 
instruments.60 

Figure 14-42.   

 

Rubber cup polishing. A, The apical (gingival) edge of the rubber cup flared to 
reach the cervical area without traumatizing the marginal gingiva. B, The 
movement of the rubber cup is away from the gingiva. 

The disadvantages of air-powder polishing include the creation of a significant 
aerosol, epithelial abrasion when applied too close to the gingival margin, a salty 
taste, and a mild stinging sensation in other areas of the mouth caused by the 
deflected spray. Air-powder polishing is contraindicated for patients on a sodium-
restricted diet, for patients with respiratory illness, for patients who wear contact 
lenses, on composite restorations, around the margins of cast restorations, and on 
demineralized enamel.61–63 



Using proper technique with this polishing method minimizes side effects and 
prevents patient injury. The handpiece is held with a modified pen grasp but a 
fulcrum is not essential because no pressure is required during a stroke. The tip is 
positioned 4 to 5 mm away from the tooth surface and is kept in constant motion 
using circular, brushlike strokes directed at the middle third of the anatomic crown. 
The spray is directed at an 80-degree angle to facial and lingual surfaces of posterior 
teeth and at a 60-degree angle for anterior teeth (Fig. 14-43). A 90-degree angle is 
used only on occlusal surfaces. 

Figure 14-43.   

 

Technique of air-abrasive polishing. The tip of the polishing device is held 4 to 
5 mm from the tooth and moved continuously. The spray is directed (A) at a 90-
degree angle to occlusal surfaces, (B) 60 degrees to facial and lingual surfaces of 
anterior teeth, and (C) 80 degrees to facial and lingual surfaces of posterior teeth. 

Polishing has limited benefit for periodontal health and potential adverse 
consequences. The clinician should explain the effects of this practice to the patient 
and discuss its use instead of reflexively proceeding. Promoting oral self-care may be 
a better investment of the clinician's time and effort. 

INSTRUMENT SHARPENING 

Sharp periodontal instruments are fundamental to successful nonsurgical 
procedures.64,65 A clinician may precisely detect calculus on tooth surfaces and 
perfectly apply principles of instrumentation but will fail to thoroughly remove the 
deposit if the instrument is dull. Sharp instruments remove calculus more completely 



with fewer strokes, create smoother root surfaces, improve tactile sensitivity, require 
less lateral pressure, increase control of strokes, and reduce clinician fatigue. 

The cutting edge of a periodontal instrument is formed by the intersection of the face 
and the lateral surface of the working end. This intersection of two planes is a line, 
which by definition has no width. This knifelike edge dulls or flattens to a rounded 
surface during scaling and root planing. Consequently, sharpening of instruments is 
an integral component of nonsurgical periodontal therapy, necessary both before and 
during patient treatment. 

The goal of instrument sharpening is to recreate a sharp edge while maintaining the 
original shape of the instrument. Sharpening is accomplished by the removal of metal 
along the lateral surface with a sharpening stone to restore the cutting edge to a sharp 
line. The primary objective is to maintain the 60- to 70-degree internal angle of the 
blade (see Fig. 14-8 and Fig. 14-9). 

A number of sharpening devices have been developed, but the simplest, most 
efficient, and cost-effective method for manual scaling instruments remains manual 
sharpening with a stone. The armamentarium for this procedure (Fig. 14-44) includes 
a flat stone, a cylindrical or conical stone, a lubricant for the stone, sterile gauze to 
clean debris from the working end after sharpening, magnification to observe the 
cutting edge, a plastic test stick to evaluate sharpness, and a source of adequate 
lighting, usually the dental lamp. 

Instrument sharpness can be evaluated in one of two ways. The first method is to 
inspect the working end with the aid of magnification and bright illumination. A 
sharp instrument reflects light along the cutting edge. Light does not reflect from a 
dull cutting edge because the surface is a flat plane. The other method is to test the 
cutting edge using working angulation against an acrylic or plastic rod. A sharp 
instrument sticks or catches when using light pressure. 

Several types of stones are available for dental instrument sharpening—for example, 
natural mineral stones, such as the hard Arkansas stone, and manufactured stones like 
the ruby or ceramic stone (Fig. 14-45). Natural stones must be lubricated with oil 
before sharpening to prevent metal particles from embedding the surface. Artificial 
stones are made of hard substances containing abrasive particles, which include 
aluminum oxide, silicon dioxide, diamond, or carborundum. These stones are 
lubricated with water to reduce frictional heat that may alter the instrument's metal. 
Sharpening stones are available in different grades of abrasiveness. Fine stones are 
preferred because less metal is removed from the instrument during sharpening. 
Medium grit stones are used only to recontour instruments. 

Figure 14-44.   



 

Armamentarium for instrument sharpening. A, Sterile instruments. B, Flat 
sharpening stone. C, Conical sharpening stone. D, Plastic sharpening test stick. E, 
Magnification. Also needed, an appropriate lubricant for the stone, a wipe for the 
instrument, and a bright, direct source of light. 

Figure 14-45.   

 

Sharpening stones. A, Ceramic; (B) synthetic aluminum oxide; (C) Arkansas 
hard; (D) carborundum stone; (E) Arkansas wedge shaped; (F) India oil stone 



(medium grit); (G) ceramic cylindrical; (H) Arkansas conical; (I) India oil stone 
(fine grit) sharpening stones. 

Two approaches are possible for manual sharpening, the moving stone-stationary 
instrument method or the moving instrument-stationary stone method. The basic 
principles of sharpening are the same regardless of the method used. Both the 
instrument and the sharpening stone must be stabilized to maintain precise angles and 
the shape of the working end during the process. Figure 14-46 shows the palm grasp 
used to control the instrument and the firm grasp of the stone needed to move it 
evenly along the instrument. To attain even greater stability during sharpening, the 
clinician should rest the forearms against a fixed surface such as a cabinet or brace 
elbows against the body to steady the arms. 

Figure 14-47 and Figure 14-48 illustrate the application of the sharpening stone to the 
blade of a sickle scaler and a universal curette. The face of the blade is held so that it 
is parallel with the floor. Then the stone is aligned with the lateral surface to create a 
supplementary angle of 100 to 110 degrees to the internal angle. This angle is easily 
established by finding first a 90-degree angle and then rotating the stone 10 to 20 
degrees. This concept is illustrated in the diagrams with the aid of an imaginary clock 
face. Twelve o'clock is located on the terminal shank, which is perpendicular to the 
face, and the stone is angled to either 11 or 1 o'clock, depending on which edge is 
being sharpened. 

Figure 14-46.   



 

Maintaining stability during sharpening. To maintain control during 
sharpening, (A) the instrument is held with the palm grasp. B, The stone is held 
firmly at both ends so that it does not move unevenly during sharpening strokes. 

Figure 14-47.   



 

Sharpening technique for the sickle scaler. The angle (A) formed by the face of 
the blade with the surface of the sharpening stone is 100 to 110 degrees. This 
angle maintains the internal angle of the blade (B), which is 70 to 80 degrees. A 
and B are supplementary angles, totaling 180 degrees. Both cutting edges must be 
sharpened on the sickle scaler. 

Figure 14-48.   

 

Sharpening technique for the curette. The angle (A) formed by the face of the 
blade with the surface of the sharpening stone is 100 to 110 degrees. This angle 



maintains the internal angle of the blade (B), which is 70 to 80 degrees. A and B 
are supplementary angles, totaling 180 degrees. Both cutting edges must be 
sharpened on the universal curette. The tip of the instrument should remain 
rounded. 

The stone is moved up and down with short strokes and light pressure to reduce the 
lateral surface until a knifelike edge is reproduced. Formation of a wire edge, defined 
as tiny bits of metal projecting from the cutting edge, is prevented by ending with a 
downward stroke of the stone. If a wire edge is detected after sharpening, it is 
removed with a cylindrical or conical stone (Fig. 14-49). The stone is placed in full 
contact with the face and both cutting edges. Using light pressure, the stone is rotated 
toward the heel while being moved toward the toe of the instrument. One or two such 
strokes are sufficient to abrade the wire edge. 

Figure 14-49.   



 

Removing wire edges. Remove wire edges that sometimes form along the cutting 
edge during sharpening with a cylindrical or conical stone. The entire face and 
both cutting edges must contact the stone to preserve the contour of the blade. The 
stone is rotated toward the terminal shank while moving along the length of the 
blade. 

Begin sharpening by placing the stone near the heel of the working end and move it 
toward the toe. Because the blade curves or tapers toward the toe, the stone can 
engage only a segment of the cutting edge at a time (see Fig. 14-47 and Fig. 14-48). 
Figure 14-50 depicts the many positions of the sharpening stone as it is adapted 
uniformly along the full length of the cutting edge to preserve the contour of the 
cutting edge. For the sickle scaler, this means maintaining the pointed toe as shown in 
Figure 14-47. Retaining the rounded toe of the curette is somewhat more challenging. 
Note that sharpening strokes shown in Figure 14-50 extend completely around the toe 



to the opposite edge. In addition, the toe of a curette has a 45-degree bevel that must 
be conserved. Figure 14-50 shows both the bevel of the curette toe and the 135-
degree angle of the stone necessary to maintain both the toe and the bevel. The area-
specific curette has only one cutting edge to sharpen, but the extremely curved cutting 
edge presents difficulty (Fig. 14-50). Many narrow strokes of the straight stone are 
needed to retain the shape of the cutting edge. 

Figure 14-50.   

 

Sharpening the area-specific curette. Only the single cutting edge of an area-
specific curette is sharpened, as shown on the left. Sharpening strokes begin (A) at 
the heel and continue along the curved cutting edge around (B) the toe. To 
maintain (C) the 45-degree bevel of the toe of the curette, the angle of the face to 
the stone is adjusted to 135 degrees. 

Abrading the face of the instrument with a round stone could achieve a sharp edge, 
but this method weakens the instrument and can result in a broken tip instrument 
when scaling pressure is applied. Figure 14-51 illustrates how removing metal from 
the face of a sickle scaler or a curette reduces the dimension of the blade in the same 
direction as force is applied during instrumentation. The drawing also shows the 
effects of improper sharpening. When the stone is applied to the face at an angle less 
than 100 degrees, the internal angle created is increased. The effect is similar to using 
a dull instrument. Deposit removal is more difficult and the natural reaction of the 
clinician is to increase lateral pressure. Calculus is more likely to be burnished than 
dislodged by the instrument. When the stone is applied to the lateral surface of the 
blade at an angle greater than 110 degrees, the internal angle is reduced to less than 
60 degrees. This more acute angle may penetrate the root surface, producing a 
rougher surface. Furthermore, this angle dulls easily during instrumentation, 
shortening the lifespan of the instrument. 



Figure 14-51.   

 

Outcomes of sharpening. The effect of repeated sharpening of the face of (A) the 
sickle scaler and (B) a curette. Metal removed weakens the instrument. C, 
Instrument sharpened with the stone at a 90-degree angle to the face, increasing 
the internal angle so that proper angulation is difficult to achieve and complete 
calculus removal will be difficult. D, Instrument sharpened with an angle of 
greater than 110 degrees, creating an acute internal angle that may scratch or 
gouge the tooth surface and will dull rapidly during use. 

Sharpening is the primary cause of instrument wear; therefore, any scaling instrument 
has limited usefulness. With each sharpening, the width of the working end is 
reduced. As the blade narrows, strength of the instrument decreases and breaking the 
tip is more likely. Some clinicians use multiples of the same curette, selecting a 
different working end width depending on the task. For example, newer curettes may 
be used for initial deposit removal and narrower curettes may be used for root 
planing. Before patient treatment, the condition of the instruments should be assessed 
to determine if the instrument is suitable for the amount, tenacity, and location of the 
deposit to be removed. 

Sharpening skills, like instrumentation skills, develop with practice. Both are 
essential to quality initial periodontal therapy. 
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15  Periodontal and Dental Implant Maintenance 



John W. Rapley 

PERIODONTAL MAINTENANCE 

The goal of periodontal maintenance therapy is to prevent or minimize the 
reoccurrence and progression of periodontal disease in periodontally treated patients. 
Other goals include the prevention or reduction in tooth loss and the diagnosis and 
treatment of other disease conditions found in the oral cavity.1 The maintenance 
phase has long been described as the cornerstone of successful periodontal therapy. 

Success of Periodontal Therapy 

The effectiveness of periodontal treatment either with or without maintenance is 
seen in a comparison of three studies done by the same investigators on patients 
with similar levels of periodontal disease (Table 15-1). In the first study of 
untreated disease, the adjusted average of tooth loss per patient was 0.36 per year in 
a group of patients who were evaluated but did not receive any periodontal 
treatment.2 The second group of patients that were periodontally treated but not 
maintained experienced a tooth loss rate of 0.22 teeth per year.3 The third group of 
patients were periodontally treated and also maintained, with the result of 0.11 tooth 
loss per year for each patient.4 Comparing these three studies illustrates that 
periodontal therapy is successful, and the addition of an adequate maintenance 
program enhances treatment success.2–5 

TABLE 15-1  Success of Periodontal Therapy 

 

TABLE 15-2  Success of Periodontal Treatment and 

Maintenance 

DH, Downhill group (patients lost between 4 and 9 teeth); EDH, extreme 
downhill group (patients lost between 10 and 23 teeth); WM, well maintained 
group (patients lost between 0 and 3 teeth). 



 

Success of Periodontal Maintenance 

Several long-term retrospective maintenance studies have classified a patient's 
response to therapy according to the number of teeth lost during the study period. In 
all of these studies, patients received regular periodontal maintenance appointments 
and therapy; however, the response to therapy varied among patients. In the three 
studies referenced in Table 15-2,6–8 patients were placed into the well maintained 
group if they lost up to 3 teeth, and it should be noted that the majority of patients 
(62% to 83%) were in this category. The second group of patients (12.5% to 28%) 
lost between 4 and 9 teeth and was referred to as the downhill group. The final 
group (4% to 10%) lost between 10 and 23 teeth per patient and was referred to as 
the extreme downhill group. This last group was unresponsive to therapy and 
continued to experience progressive periodontal disease until a large number of 
their teeth were extracted; this group also can be categorized as refractory patients. 
It can be noted that the majority of teeth lost in these studies were lost by a 
relatively small total number of patients. The overall tooth loss in the studies ranged 
from 8% to 13.5%; however, the loss of furcated teeth was a substantially greater 
percentage of 31% to 57%. These and other studies illustrate the increased risk and 
problems in maintaining furcated teeth because of the initial disease severity, 
problems in furcation treatment, and difficulty of maintenance procedures in these 
teeth.6–10 

Maintenance therapy with good plaque control has been shown to be a key factor in 
treatment success regardless of the surgical modality. Two key studies evaluated 
five different surgical techniques that were completed by the same group of 
clinicians on two patient groups with similar levels of disease. One group received 
frequent maintenance and demonstrated adequate plaque control, whereas the other 
group received no maintenance and had inadequate plaque control over the 2 years 
of the investigations. The maintenance group had excellent gingival health with 
minimal probing depths, whereas the group that did not receive maintenance had 
continued progression of periodontitis. These studies demonstrated that all surgical 
treatment modalities were successful in the presence of excellent plaque control and 
maintenance, and all were unsuccessful in the absence of maintenance and adequate 
plaque control.11,12 Other maintenance studies done by different clinicians have 



shown that maintenance is a key factor in the success of a variety of periodontal 
therapy techniques.13–22 

Maintenance Interval 

Various methods of determining maintenance intervals have been investigated.23 
The 3-month interval is the most frequently used, but can be shortened or 
lengthened based on an individual patient's clinical parameters and needs.24 The 3-
month rationale is based on the time required for bacterial repopulation of the 
subgingival environment after mechanical debridement25 and multiple studies that 
have shown clinical success with this interval. As previously noted, a continued 
level of good individual oral hygiene is critical to maintain periodontal health.26–30 
However, other studies have shown that patients with recurrent gingivitis who are 
compliant with their 3-month maintenance appointments maintained their 
attachment level regardless of the severity of the recurrent gingivitis.31,32 A regular 
schedule of periodontal maintenance thus appears critical to sustaining health. 

Maintenance Compliance 

Patient compliance with maintenance programs is an ongoing problem in dental 
practices, and various strategies for improvement have been investigated. In an 8-
year retrospective analysis of 961 patients, one private periodontal practice reported 
that only 16% of patients completely complied with their recommended 
maintenance schedule. In this same study, 49% of the patients were erratic 
compliers, whereas 34% never reported for any maintenance therapy. In a follow-up 
study done in the same practice, efforts were made to increase the compliance rate 
by telephone and mailing reminders, and by attempting to accommodate patients' 
schedules in setting up their dental appointments. These efforts doubled the size of 
the complete compliance group from 16% to 32%, whereas the erratic compliers 
group stayed basically the same.33,34 The authors of these studies reported on the 
tooth loss in a subset of the compliant and the erratic groups and noted that all tooth 
loss had occurred in the erratic group.35 Other studies have shown slightly different 
but still consistently poor rates for compliance with periodontal maintenance.36–40 
Reasons for noncompliance have been varied and include fear, cost of therapy,41 
type of treatment received,42 lack of patient motivation, and smoking,40 with no 
single reason being identified. Many studies have noted that if patients are going to 
discontinue their maintenance, they generally stop reporting for treatment within the 
first year after active therapy.38–40 

Maintenance Procedures 

The patient's maintenance appointment43 in many aspects mirrors the diagnosis 
appointment in that the clinical parameters of health and disease are monitored 
(Box 15-1):  



1. An update of the medical and dental health history is completed with 
special interest given to any oral manifestation of a systemic disease.44 For 
example, uncontrolled or undiagnosed diabetes mellitus may present with 
multiple periodontal abscesses, and these patients may have experienced a 
significant amount of periodontal destruction from this systemic disorder. Patients 
with immunosuppression (such as patients undergoing chemotherapy or patients 
with HIV/AIDS) may have significant changes in their periodontal status that may 
mirror their immune competency and necessitate alterations in their maintenance 
interval or procedures. Severe progression of disease in a short time should 
warrant thorough investigation by the therapist and possible referral to a physician 
for evaluation of any systemic condition. If the patient is a smoker, then smoking 
cessation programs should be recommended and emphasized again because of the 
deleterious effects of smoking on the periodontium. 

2. An extraoral and intraoral examination is completed to monitor any oral 
conditions that may have been present and unresolved during therapy, and to 
detect any abnormalities that may have arisen since the last maintenance visit. 

Box 15-1  Procedures Performed During 

Periodontal Maintenance 

 

Modified from Schallhorn R, Snider L: Periodontal maintenance therapy, J Am 
Dent Assoc 103: 227–231, 1981). 

3. A periodontal examination includes an evaluation of the probing depths, 
bleeding on probing, mobility, the health of the gingival tissues, amount of 



additional recession, furcation involvement, mobility, and incidence of 
suppuration. Determining the percentage of sites with bleeding on probing can be 
helpful, and repeated site-specific bleeding on probing may indicate an individual 
area of periodontal breakdown.45–47 An increase in the total percentage of 
bleeding sites may indicate the need for a shortened maintenance interval and 
therapeutic intervention.46 The presence of suppuration is also a significant 
clinical parameter and the area should be evaluated for treatment.48,49 Any desired 
microbial monitoring can be accomplished at this stage of the appointment.50 The 
therapist is continually reevaluating the success of the periodontal therapy and 
determining future maintenance procedures with the assessment of these clinical 
parameters. 

4. Periodic vertical bitewing radiographs are taken to monitor for any 
radiographic bone loss or caries; these radiographs are compared with previous 
radiographs. During maintenance therapy, a full mouth series of radiographs may 
be beneficial approximately every 5 years to be able to accomplish a complete 
radiographic evaluation. If general periodontal deterioration is noted from the 
clinical parameters, then radiographs can be ordered at any appointment. 
Conversely, if the patient maintains excellent periodontal stability, a full-mouth 
series of radiographs may not be needed every 5 years. 

5. A plaque assessment using disclosing solution can indicate areas that the 
patient consistently misses in their daily hygiene regimen and may indicate a 
needed change in patient hygiene techniques or instrumentation. Patients 
frequently need reinforcement of instruction and motivation to continue diligent 
oral hygiene.51 An overall increase in gingival inflammation with a generalized 
increase in the bleeding index may indicate continual poor patient oral hygiene 
efficiency. A significant increase in the bleeding index with an acceptable plaque 
index at the maintenance appointment may indicate the patient performed 
adequate oral hygiene for only the few days immediately before the appointment. 

6. Debridement procedures including scaling, root planing, and polishing 
vary depending on the clinical parameters and any presence of deteriorating sites. 
If significant deposits of subgingival calculus are detected, this may indicate a 
need for nonsurgical retreatment of selected areas. If multiple sites are found to 
need additional scaling and root planing, the patient may need to be reappointed 
for additional treatment because the actual time for debridement during a 
maintenance visit is limited (see Box 15-1). In some instances, a locally delivered 
antimicrobial agent may be indicated (see Chapter 16).52 Topical fluoride 
treatment for caries prevention is often indicated. Caries and restoration 
assessments are accomplished at every appointment because exposed root 
surfaces resulting from periodontal disease can be at risk for root caries.51,53 

7. Retreatment of selected areas. 

Retreatment During Maintenance 



During the maintenance visit, areas of periodontal breakdown may be indicated by 
increasing probing depths, increased attachment loss, an increase in bleeding on 
probing, radiographic bone loss, or progressing mobility.54,55 Treatment schema 
vary depending on the findings as follows:  

1. If the cause of the generalized breakdown is poor patient plaque control, 
then surgical therapy should be delayed until nonsurgical therapy is 
reaccomplished and an adequate plaque control level is maintained by the patient. 

2. Retreatment of a single failing site will generally include scaling and root 
planing, with or without local drug delivery (see Chapter 16). If the area has not 
responded by the next maintenance appointment, localized surgical therapy may 
be necessary.56,57 

3. If health of multiple adjacent sites is not improving, surgical therapy in the 
area often is indicated. 

4. If there is a generalized loss of attachment detected, a thorough analysis 
for any possible systemic disease should be accomplished. At this retreatment, 
systemic antibiotics may be considered as an adjunct to the scaling and root 
planing of the affected areas (see Chapter 17), with reevaluation for any possible 
surgical intervention. 

5. If increasing mobility is detected, a thorough occlusal evaluation should 
be completed to determine if any occlusal adjustment is necessary. 

Periodontal Maintenance: A Rationale for Therapy 

The following conclusions can be made concerning periodontal maintenance:  

1. The goals of periodontal and maintenance therapies are identical: a 
healthy, comfortable, esthetic, and functional dentition with stable probing depths. 

2. Studies have demonstrated that periodontal therapy is successful for most 
patients over extended periods. 

3. Long-term maintenance studies have shown the importance and success of 
maintenance therapy. 

4. The maintenance interval is normally 3 months but is individualized for 
each patient. 

5. Compliance by patients with maintenance schedules is erratic. Efforts 
should be made by the clinician to emphasize the importance of maintenance and 
to facilitate appointment scheduling for the patient. 



6. The maintenance appointment consists of data collection and the 
reevaluation of all clinical parameters. 

7. Retreatment is needed at times and is considered a part of the maintenance 
phase of periodontal therapy. 

DENTAL IMPLANT MAINTENANCE 

Periimplant Tissues 

The periodontal attachment consists of a junctional epithelium mediated by 
hemidesmosomes with insertion of connective tissue fibers into the cementum (see 
Chapter 1). Similarly, the attachment of the periimplant tissues is by a junctional 
epithelium mediated through a basal lamina and hemidesmosomes58 (see Chapter 
26). This attachment has been consistently demonstrated with various implant 
materials and in different animal models.59–62 However, in contrast to the 
periodontal attachment, there is not a connective tissue fiber insertion to the implant 
surface. Instead, there is a connective tissue "cuff" that in is close approximation to 
the epithelial attachment that surrounds the implant.63,64 It has been noted that there 
may be a similar and consistent "biologic width" associated with implants, one with 
a less variable connective tissue cuff than the junctional epithelial attachment 
component.65 The periimplant tissue connective tissue fibers begin at the bone level 
and run parallel with the abutment surface. The percentage of both parallel and 
perpendicular collagen fibers varies depending on the tissue type, with keratinized 
tissue having more perpendicular fibers. There are also vascular differences 
between the periodontal and periimplant tissues, and a significant difference is the 
presence of fewer blood vessels in the periimplant mucosa.66 

These differences of a lack of connective tissue fiber insertion and decreased 
vascular supply may lead to a greater susceptibility to plaque-induced 
inflammation. This has been demonstrated in animal models using ligatures for 
plaque accumulation, resulting in a more pronounced periimplant lesion with 
increased bone loss, progression of the lesion into the bone marrow, and increased 
inflammatory infiltrate.67,68 The increased susceptibility to plaque-induced 
inflammation appears to be similar regardless of the type, coating, or design of the 
implant.69 

Implant Microbiology 

The microflora of a healthy implant site and a periodontally healthy site are 
comparable. Both microfloras consist predominantly of gram-positive, aerobic, 
nonmotile bacteria with a high percentage of cocci and few spirochetes.70–72 In 
addition, the microflora of a periimplantitis site is similar to the microflora of a 
periodontally diseased site.73,74 There is a shift to gram-negative, anaerobic, and 
motile bacteria,75,76 with the detection of pathogens such as Prevotella intermedia 



and Porphyromonas gingivalis77,78 (see Chapter 4). Similarly, increased plaque 
accumulation leads to subsequent inflammation79 resulting in increased periimplant 
probing depths, similar to the process occurring around teeth.73 Similar rates of 
plaque formation and succession have been found for both implants and teeth.80,81 
The phenomenon of reinfection has been described around implants in the partially 
edentulous individual, with bacteria being seeded from the subgingival environment 
around teeth to the periimplant sulcus or pocket.78,82–84 This reinfection has been 
demonstrated as early as 14 to 28 days after a second-stage surgical implant 
procedure, when the abutment is connected to the implant.85 Thus the periodontal 
status of an individual can profoundly influence the periimplant health.86 

Clinical Parameters Assessed During Maintenance 

Implant probing 

The method of periimplant probing may be affected by the type of implant 
restoration. When a titanium surface, such as an abutment surface, is present 
within the periimplant sulcus, probing should be performed using a plastic probe 
to prevent surface alterations. Alterations of the surface could lead to pitting 
corrosion in the chloridecontaining body fluids, but repassivation by an oxide 
layer prevents corrosion.87 Conversely, if a gold or other metal restoration, or a 
porcelain restoration is placed to the fixture level, resulting in the presence of no 
titanium within the periimplant sulcus, use of a metal probe is appropriate. A 
metal probe is no more likely to damage such an implant-retained restoration as it 
would be to damage a similar restoration on a tooth. 

The type and thickness of the tissue that surrounds the implant affects periimplant 
probing depths. A keratinized periimplant tissue margin is usually associated with 
shallow depths, whereas alveolar mucosa is generally associated with deeper 
probing depths.87 There has been some debate on the value of periimplant probing 
depth measurements, because some individuals feel that without a connective 
tissue fiber insertion into the implant surface the probe may penetrate the 
inflamed epithelial attachment into the subadjacent connective tissue.88 Other 
authors have found probing to be a reliable indicator for attachment loss around 
implants when the periimplant tissue is relatively healthy gingiva89,90 and have 
concluded that a change in periimplant probing depth can be a valid assessment of 
tissue health status.88,91,92 It is also recommended that probing should include the 
measurement of attachment levels relative to a fixed reference point on the 
abutment or prosthesis.93 Accurate periimplant probing may be difficult in some 
implant designs because of the presence of exposed implant threads, which may 
stop the probe and prevent accurate probe tip placement. The design of the 
restoration may also hinder probe placement. If the restoration emerges off of the 
implant at the level of the fixture table and takes on the shape of a tooth, the 
crown contours may prevent probe placement along a path parallel with the 
implant axis. For example, a 7-mm-wide restoration emerging off of a 4-mm 



implant platform will have a very convex emergence profile, preventing 
placement of a probe in the sulcus directly along the side of the implant. These 
variables may result in improper assessment of relative attachment levels. 

Bleeding on probing is used as a clinical parameter in the dentate individual, but 
controversy exists as to its importance in the periimplant tissue. Investigators have 
found that some tissue without histologic signs of inflammation clinically 
demonstrated bleeding on probing. This may represent a traumatic wounding of 
the tissue and may not be a valid sign of true inflammatory tissue changes.73 
However, other investigators have shown a positive correlation between 
periimplant bleeding on probing and histologic signs of inflammation.92 
Periimplant probing was recommended to monitor implant health in both the 1978 
and 1988 National Institutes of Health (NIH) Implant Consensus Development 
statements.94,95 

Implant radiology 

Radiographic interpretation of periimplant bone levels has been shown to be a 
valuable measure of implant health.89,90,94,96,97 The inability to assess accurate 
probing depths because of some implant designs and possible subtle changes in 
implant mobility increases the value of the radiograph as a diagnostic tool. The 
panoramic radiograph with poor resolution capabilities cannot detect minor or 
subtle changes in the periimplant hard tissues but can be used as a screening 
radiograph.98 Subsequent periapical radiographs may be required to assess 
individual areas of bone loss.96 Normal bone density surrounding implants have 
been described as having horizontal perifixtural trabeculations related to the 
implant surface and radiating from the implant surface.97 Stereoscopic 
radiographs of two additional exposures taken at 6 and 12 degrees in horizontal 
angulation may aid in the radiographic confirmation of osseous defects.99 The 
NIH Consensus Development Conference94 produced guidelines for radiographic 
evaluation of various types of implants, but it did not indicate what findings 
indicated a possible onset of implant failure. 

Exposure time is determined so that the internal mechanical structure of the 
fixture is visible.97 Paralleling film holders are often used,100 but may be 
impractical, depending on implant and restoration design and the patient's 
anatomy. Disposable grid overlays may be used to correct magnification errors in 
measurements.101 Accurate intraoral radiographs may be difficult to obtain 
because of anatomic limitations. For example, in a severely resorbed mandible 
with a resulting shallow vestibule, the correct apical film placement for a 
diagnostic radiograph is difficult.100 In addition, a parallel image-film relation in 
an individual with a significantly resorbed maxilla is also often difficult or 
impossible to obtain. 

Radiographs are recommended to be taken at the time of fixture placement, 
abutment insertion, and prosthesis insertion. Follow-up radiographs are generally 



taken 6 months after insertion of the restoration, and then annually thereafter. If 
no complications are detected radiographically or clinically, then the interval 
could be lengthened to 2 years.102 In the future, digital subtraction may be a 
sensitive noninvasive method of assessing subtle density changes in the 
periimplant tissue.103–105 

Tissue health 

Several studies have investigated the difference in clinical parameters found with 
different tissue types in the implant collar region. In some studies, a keratinized 
tissue collar resulted in less attachment loss and less recession than a 
nonkeratinized tissue collar,106–109 whereas other studies found minimal 
differences among tissue types.107–114 The connective tissue cuff may also be 
affected by the mobility of the periimplant tissue. The overall conclusion is that 
the presence of a specific type of periimplant tissue may not be as critical as the 
oral hygiene proficiency. Thus the periimplant tissue should be examined just as 
the periodontal tissue for changes in color, contour, and consistency, and 
appropriate treatment should be initiated if disease activity is detected. 

Crevicular fluid 

The periimplant crevicular fluid is similar to the periodontal crevicular fluid115 
and can be monitored for disease activity.116,117 Enzymes that have been 
investigated include aryl-sulfatase, aspartate aminotransferase, beta-
glucuronidase, elastase, myeloperoxidase, and neutral protease. There are no 
conclusive data to support routine crevicular fluid analysis as a diagnostic tool for 
periimplant disease. 

Mobility and occlusion 

Implant mobility is difficult to assess and is not a normal finding. However, 
because mobility may indicate implant failure, it is important that it is evaluated 
by the clinician. A screw-retained prosthesis may need to be removed to assess 
individual implant mobility. When implants are splinted through a restoration, 
determination of mobility for any one implant usually requires removal of the 
restoration. Commercial products are available to assess mobility and the changes 
in mobility during maintenance.118,119 The occlusion should also be evaluated at 
every maintenance appointment and any loose or fractured screws or other signs 
of occlusal disharmonies should be identified and corrected, because occlusal 
overload may cause rapid and substantial periimplant bone loss.120 

Maintenance Procedures Performed by the Patient 



The oral hygiene devices or techniques that are effective in a dentate patient's home 
care regimen are also effective in the implant patient's home care. The principal aid 
is the soft bristled toothbrush, which may include both manual and 
electromechanical toothbrushes (see Chapter 13). Patients may find smaller 
diameter toothbrush heads to be beneficial in areas of difficult access. When single 
tooth implants are present, they can generally be cleaned just like teeth—with a 
toothbrush and dental floss. Conversely, when restorations are attached to multiple 
implants in a splinted fashion, or when hybrid-type prostheses are present, oral 
hygiene can become much more difficult for the patient (Figs 15-1 through 15-4). 

Interproximal plaque can be removed using floss, yarn, nylon "floss" products, or 
other products that can be manipulated under or around prostheses or abutments for 
adequate access (see Fig. 15-1 and Fig. 15-2, and Chapter 13). The interdental brush 
with a plastic-coated wire hub is effective to access most interproximal areas and 
may prove to be the most efficient for interproximal plaque removal especially in 
areas of difficult access (see Fig. 15-3). Gauze strips can be easily used to clean 
under posterior cantilever areas using a "shoeshine" technique (see Fig. 15-4). 
These home care aids have been consistently found not to alter the implant 
abutment surface and can be safe and effective for daily use.121–124 A smooth 
implant surface will form less plaque than a rough surface on a comparable 
implant.125 Regular use of antimicrobial mouthrinses can decrease supragingival 
plaque formation and may provide a significant long-term benefit.126,127 

Figure 15-1.   

 

Use of yarn to remove interproximal plaque from an implant abutment. In a 
patient with a hybrid prosthesis, the prosthesis is attached to multiple dental 
implants through transmucosal titanium abutments. Another excellent device for 



this purpose is Superfloss (see Chapter 13). Use of metal instruments on such 
abutments may cause damage to the titanium surface. 

Figure 15-2.   

 

Use of "plastic floss" to remove plaque from an implant abutment. 

Figure 15-3.   

 



Use of an interdental brush to remove interproximal plaque from an implant 
abutment. 

Figure 15-4.   

 

Use of gauze pads to remove plaque from the posterior cantilever areas of a 
implant prosthesis. 

Therapist Instrumentation 

The recommended instrumentation for implant debridement includes plastic, nylon, 
or special alloy instruments that will not alter the implant surface121,122,124 (Fig. 15-
5). These instruments come in a variety of designs and materials, and although they 
may not cause surface alterations, they may not have the same efficiency for easy 
and complete calculus removal compared with metal instruments used for teeth. A 
rubber cup with or without flour of pumice may remove surface alterations and 
improve the surface (Fig. 15-6). The air-powder abrasive system has been shown to 
have minimal effect if any on the implant surface, and thus may be a valuable aid in 
plaque and stain removal if used correctly.128,129 However, excessive and prolonged 
exposure times can cause surface alterations that may be significant130 (Fig. 15-7). 
The instruments that have shown to be detrimental to the implant surface causing 
significant and profound alterations include metal scalers or curettes, ultrasonic 
scalers using metal tips of various designs, and sonic scalers with metal 
tips121,122,131–133 (Fig. 15-8). Sonic or ultrasonic scalers that use a plastic cap over the 
metal tip have been shown to be both safe and effective134,135 (Fig. 15-9). 

If the implant-retained restoration is made of gold or another nontitanium metal or 
of porcelain, a guideline for debridement can be followed that is similar to probing. 



That is, gentle use of metal instruments in a manner similar to that used for 
periodontal maintenance on teeth with similar restorations is appropriate. Clinicians 
must be aware of the type of restoration present and the presence or absence of 
titanium surfaces in the periimplant sulcus. 

Figure 15-5.   

 

Use of a plastic scaler to remove calculus from an implant prosthesis. This 
scaler design is only appropriate when the abutment is exposed coronal to the 
gingival margin. It could not be used effectively for subgingival debridement. 

Figure 15-6.   



 

Scanning electron photomicrograph after use of rubber cup with flour of pumice 
at slow speed for 5 minutes (original magnification × 655). Instrumented area is 
at the bottom, where surface appears to have decreased roughness. 

Figure 15-7.   

 

Scanning electron photomicrograph after use of an air-powder abrasive for 5 
minutes (original magnification × 170). Instrumented area is at the bottom. 

Figure 15-8.   



 

Scanning electron photomicrograph after use of an ultrasonic for 30 seconds 
(original magnification × 85). Instrumented area is at the left and is clearly 
roughened compared with the machined surface to the right. 

Figure 15-9.   

 

Use of a sonic scaler with a plastic sleeve on the tip for removal of plaque and 
calculus from an implant abutment and prosthesis. The plastic sleeve protects 
the titanium abutment surface. 



Implant Maintenance: A Rationale for Therapy 

The keys to maintaining periimplant health are:  

1. Proper and regular evaluation of implant health using clinical and 
radiographic techniques 

2. Assessment of occlusal forces and occlusal stability over time 

3. Proper plaque control by the patient using whatever mechanical aids each 
individual patient requires; this depends on the type of implant and the type of 
implant restoration present 

4. Thorough removal of bacterial plaque and calculus using techniques that 
do not damage the implant, the abutment, or the restoration. 
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16  Locally Acting Oral Chemotherapeutic Agents 

Margaret Hill 

Regan L. Moore 

ROLE OF CHEMOTHERAPEUTIC AGENTS AS ADJUNCTS 

TO PERIODONTAL THERAPY 

The concept of using chemicals to treat conditions in the mouth has been a widely 
accepted part of dental practice for hundreds of years. The father of modern dentistry, 
Pierre Fauchard, advocated both mechanical and chemical treatment of the diseased 
periodontium.1 Periodontal diseases are infections that elicit an immune response 
resulting in the loss of the supporting structures of the teeth.2 The primary goal of 
treating these inflammatory diseases—gingivitis and periodontitis—is the removal of 
supragingival and subgingival bacteria.3 

Supragingival plaque is accessible to the patient and can be effectively disrupted or 
removed during tooth brushing and use of interproximal cleaning devices. When 
combined with regular professional care, mechanical plaque removal has been shown 
to be effective in preventing or reversing the signs and symptoms of gingivitis 
including erythema, edema, and bleeding on probing.4 However, when patients are 
unable to adequately perform plaque removal by ordinary mechanical means, the use 
of chemotherapeutic agents as an adjunct to mechanical therapy may be warranted.5 



Treatment of periodontitis is aimed at the pathogenic gram-negative anaerobic 
organisms living subgingivally in a complex organized bacterial microcosm called 
biofilm (see Chapter 6). The bacteria living in this biofilm work together in ways that 
result in destruction of tissues subgingivally. They produce proteolytic enzymes and 
toxins, and stimulate the immune response resulting in destruction of the periodontal 
supporting tissues.6 Mechanical disruption of this subgingival biofilm is the goal of 
scaling and root planing and is usually very effective in treating periodontitis.7 
However, scaling and root planing does not always remove all the subgingival 
microorganisms,8 and additional treatment may be needed to achieve complete 
resolution of the periodontal infection. Local delivery of antimicrobial agents directly 
into the subgingival environment offers an adjunctive treatment option, especially in 
patients who are not good candidates for more complex and invasive treatment such 
as resective or regenerative surgery. Chemotherapeutic agents can be delivered 
topically to the exposed surfaces of teeth and gingiva through dentifrices, gels, 
mouthrinses, and supragingival irrigants. Most of these systems are designed for 
home use for the treatment of gingivitis, whereas others aimed at treating 
periodontitis require professional application. This chapter focuses on those topically 
applied chemotherapeutic agents that are active against plaque and gingivitis, as well 
as site-specific local drug delivery systems that are placed subgingivally by a dental 
professional for the treatment of periodontitis. 

TOPICALLY APPLIED ANTIGINGIVITIS AGENTS 

Oral antimicrobial agents have been used in a variety of formulations with varying 
success over the years in the treatment of gingivitis (Table 16-1). They are generally 
effective in reducing plaque and gingivitis but have little effect on periodontitis, 
unless they are delivered subgingivally. The ideal antimicrobial is one that can be 
delivered to the diseased area in an effective form and remains for a sufficient amount 
of time to accomplish the desired results without the development of resistant 
bacterial strains or damage to oral tissues. In addition, these products should be cost-
effective and pleasant to use.9 Other desirable characteristics of chemotherapeutic 
agents include low toxicity, high potency, good permeability, intrinsic efficacy, and 
substantivity.10 The American Dental Association grants the Seal of Acceptance for 
treatment of gingivitis to products that reduce plaque and demonstrate effective 
reduction of gingival inflammation over a period of at least 6 months without adverse 
side effects. 

Baking Soda, Salt, and Hydrogen Peroxide 

Baking soda, salt, and hydrogen peroxide were touted as a treatment for periodontal 
diseases when used as part of Keyes's technique. Scaling and root planing were 
combined with a system of home care using a paste of baking soda, salt, and 
hydrogen peroxide as a dentifrice and irrigation with a saturated salt solution. 
Microbiologic monitoring was also performed, and tetracycline hydrochloride, a 
broad-spectrum antibiotic, was administered orally when phase-contrast microscopy 



evaluation of the subgingival plaque revealed increased levels of spirochetes and 
other motile bacteria.11 Studies comparing Keyes's technique to conventional 
treatment showed no statistically significant differences in clinical effectiveness; 
hence the technique is not recommended by most practitioners today.12 

Chlorhexidine 

Chlorhexidine gluconate has been widely investigated as a topically applied 
antibacterial agent and has worldwide acceptance as an effective antiplaque and 
antigingivitis agent. Chlorhexidine is considered the "gold standard" to which all 
other topical antimicrobial mouthrinses are compared.13 It is a cationic bisbiguanide 
that acts by rupturing cell membranes. Chlorhexidine exhibits the quality of 
substantivity, which is the ability of an agent to adhere to soft and hard tissues and 
then be released over time, allowing antimicrobial activity to continue over 6 hours 
or more. It has been found to be safe and effective when used as a mouthrinse, but 
undesirable side effects of staining, calculus formation, and taste alteration make 
chlorhexidine less useful for long-term topical treatment.14 

Chlorhexidine mouthrinse is available as a 0.12% solution in the United States and 
as a 0.2% solution outside of the United States. Studies have shown there are no 
significant differences in the antimicrobial effects or the clinical efficacy when 
comparisons are made between these two concentrations.15 Studies of the 0.12% 
chlorhexidine formulation show 50% to 55% reductions in plaque and reductions in 
gingivitis up to 45%.16,17 Chlorhexidine is used as a 15-ml rinse for 30 seconds 
twice daily. Patients should be advised to allow at least 30 minutes to lapse between 
use of a dentifrice and rinsing with chlorhexidine. Interactions of chlorhexidine 
with sodium lauryl sulfate and fluoride contained in the dentifrice may reduce its 
effectiveness.18 Wound healing is enhanced when chlorhexidine rinses are used 
before extractions19 and after scaling and root planing or periodontal surgery.20 It is 
also beneficial as a prerinse in reducing the salivary bacterial load by approximately 
90%, thus minimizing the aerosol contamination associated with many dental 
procedures.21 

TABLE 16-1  Comparison of Topically Applied 

Antigingivitis Agents 



 

Essential Oils 

Chemotherapeutic agents containing essential oils have been used for oral care for 
many years; Listerine (Pfizer; New York, NY) is the oldest of these products and 
contains thymol, eucalyptol, menthol, and methylsalicylate. The mechanism of 
action of essential oils appears to be by cell wall disruption and inhibition of 
bacterial enzymes.22 Studies using essential oil mouthrinses have evaluated their 
effectiveness before intraoral procedures that produce aerosols. Use of a 
preprocedural rinse resulted in a 94.1% reduction in bacteria collected from 
aerosols produced by ultrasonic scalers.23 Studies of Listerine as an antiseptic oral 
rinse have shown plaque reduction and gingivitis reduction up to 34% when used 
twice per day after brushing.24,25 The vehicle for the oral rinse contains 21.6% to 
26.9% alcohol depending on the formulation, and may impart a burning sensation, 
especially in patients with tissue sensitivity to alcohol. Caution should also be used 
with patients who are recovering from alcohol dependency and recommendations 
for use of oral products containing alcohol should be avoided. 

Povidone Iodine 

Povidone iodine is classified as an iodophor, created by adding polyvinyl-
pyrrolidone to elemental iodine. It is a water-soluble antimicrobial and is effective 
against many types of microorganisms, including bacteria, viruses, and fungi.26 
Povidone iodine has been used for many years as a presurgical scrub for skin 
disinfection. Use of a dilute povidone iodine solution has been studied as a 
preprocedural rinse and was found to decrease streptococci in saliva when used in a 
5% solution applied for 30 seconds; bacterial levels did not rebound after 90 
minutes.27 It has been studied as a mouthrinse and as an irrigant in various dilutions, 
and the results have found povidone iodine to be comparable with other 
chemotherapeutic agents.28 When used in combination with hydrogen peroxide as a 
mouthrinse, a significant reduction in papillary bleeding scores was observed.29 



When topically applied in conjunction with basic nonsurgical therapy and 
maintenance of patients with advanced periodontitis, the positive outcome of 
mechanical therapy was improved by the use of povidone iodine over a 13-year 
period.30 There is some concern about chronic, daily use of povidone iodine 
because there is a possibility of development of iodine toxicity with prolonged 
use.31 Patient sensitivity to iodine should be assessed before use, and patients with 
known allergies to povidone iodine or shellfish, thyroid dysfunction, or women who 
are pregnant or lactating should be excluded from use.32 Povidone iodine can 
temporarily stain teeth and soft tissues, but the tooth staining can be removed 
through prophylaxis. 

Quaternary Ammonium Compounds 

The most common formulations of quaternary ammonium compounds are 
cetylpyridinium chloride used alone (Cepacol: Combe; White Plains, NY) or in 
combination with domiphen bromide (Scope: Procter and Gamble; Cincinnati, OH). 
They are cationic surface active agents that act by rupturing cell walls. This group 
of compounds binds to oral tissues, but releases rapidly, limiting substantivity, and 
ultimately effectiveness.33 A 6-month study using cetylpyridinium chloride showed 
a 14% reduction in plaque and a 24% reduction in gingivitis.34 

Sanguinarine 

Sanguinarine is an herbal alkaloid extract from the plant Sanguinaria canadensis or 
bloodroot. It has been studied in both dentifrice and mouthrinse formulations, and it 
is often augmented with zinc chloride. The most effective combination seems to use 
both the dentifrice and the mouthrinse in combination. Six-month studies showed 
plaque reductions of 17% to 42% and gingivitis reduction of 18% to 57%.35–37 In 
other studies using the dentifrice only, differences between control and 
experimental groups were not significant.38,39 

Sodium Hypochlorite 

Sodium hypochlorite (bleach) has been used as an endodontic irrigant for years and 
was one of the first locally delivered antimicrobials used in treatment of 
periodontitis, when a concentrated solution of sodium hypochlorite, called 
antiformin, was used to irrigate subgingivally.40 It is an effective agent against 
bacteria, viruses, and fungi, and has the advantages of ease of access and low cost. 
Odor, need for fresh solutions, some corrosive effects on metals, and bleaching if 
spilled on surfaces are disadvantages to use.41 It has been studied as a subgingival 
irrigant alone and with citric acid,42,43 and in a study on extracted teeth, it was found 
to decrease endotoxin adherence more than water.44 Sodium hypochlorite is rarely 
used in periodontics today. 



Stannous Fluoride 

Stannous fluoride has been used as an anticaries agent for years, and received the 
first American Dental Association Seal of Acceptance in 1960 for the prevention of 
tooth decay in dentifrice. Studies have shown that stannous fluoride also exhibits 
effects on plaque and gingivitis, probably related to the presence of the tin ion.45 
Six-month studies of stannous fluoride dentifrices showed significant reductions in 
gingivitis but were not accompanied by a decrease in plaque scores.46,47 Stannous 
fluoride has also been studied as a professionally applied subgingival irrigant48,49 
and has shown limited benefits. Stannous fluoride is also available in a gel 
formulation. 

Triclosan 

Triclosan has been used as a topical antimicrobial agent in many types of products, 
including soaps and antiperspirants. It is a bisphenol with broad-spectrum 
antimicrobial activity and has been incorporated into several different types of oral 
products.50 Triclosan has been combined with zinc citrate for additional antiplaque 
and anticalculus effects, added to a copolymer of polyvinylmethyl and maleic acid 
to increase substantivity and provide some anticalculus properties, and combined 
with pyrophosphates to add anticalculus benefits.14 Triclosan with copolymer has 
been studied in a dentifrice formulation and showed a 20% reduction in gingivitis 
and a 25% reduction in plaque formation.51 

LOCAL DRUG DELIVERY SYSTEMS 

Local or controlled delivery systems represent a variety of products that combine 
agents with vectors or devices that can be placed directly into the periodontally 
diseased pocket. "Controlled" implies that the carrier material releases the active 
ingredient over time at a constant concentration. These controlled release drug 
delivery devices are capable of releasing high concentrations of antibiotics into the 
pocket for up to 14 days at fractions of the total dose required for systemic 
administration.52 The basic premise is that concentrated amounts of active 
medications can be delivered to the precise site of the disease process with minimal 
systemic uptake of the medication. Compared with systemically delivered drugs, the 
side effects and drug interactions are mostly nonexistent with locally delivered 
sustained released antimicrobial agents. 

Indications and Contraindications for Locally 

Delivered Drugs 

If preventive care combined with conventional professional treatment is sufficient 
to control periodontal disease progression, then no further treatment is needed, 
except for maintenance care at an appropriate interval. When localized diseased 



sites do not respond to initial oral hygiene and scaling and root planing treatments, 
or when localized diseased sites are present in an otherwise stable maintenance 
patient, local drug delivery systems may be indicated. Local drug delivery systems 
are useful as adjuncts to conventional mechanical therapy because they offer other 
options for patients who exhibit need for additional treatment but for some reason 
may not be candidates for more invasive therapy, such as resective or regenerative 
surgical procedures. Locally delivered drugs are not intended for use in place of 
mechanical therapy, or as therapy for aggressive forms of periodontitis that may 
require systemic antibiotics to eradicate the disease. Other treatment alternatives 
may be indicated instead of locally delivered drugs if multiple sites are 
nonresponsive. Use of local delivery devices in patients who are allergic to any 
component of the system is contraindicated, as is their use in the pregnant or 
lactating patient.53 

Clinical Significance 

Interpretation of results from clinical studies of controlled delivery systems has 
been debated, and statistical versus clinical significance has been an issue that has 
gained more attention as the number of controlled clinical trials testing these 
products has increased.54 As emphasis has been placed on using an evidence-based 
approach to improve clinical treatment decisions, there is more demand to provide 
both types of information as results are reported.55 Statistical significance is defined 
as the probability that the results of the study are not merely because of chance. 
Clinical significance is a highly subjective issue and may vary from clinician to 
clinician. Although each clinical treatment situation is unique and requires careful 
consideration of options, there are some guidelines that have been recommended to 
aid in the interpretation of results when considering treatment options.54 A 
suggested level of change to denote clinical significance is improvement of 2 mm or 
more in probing depth or in clinical attachment levels.54 All of the local delivery 
agents that are currently available for use in the United States have exhibited 
improvement of 2 mm or more in probing depth or attachment levels at 
approximately 30% to 40% of sites treated in multicenter randomized controlled 
clinical trials (Table 16-2). However, mean changes in probing pocket depths and 
gains in clinical attachment for all treated sites are modest and range from 0.95 to 
1.90 mm depending on the agent and the particular clinical trial. It is difficult to 
predict which patients will have a good response to local drug delivery; however, 
the drugs listed in Table 16-2 have been shown to significantly reduce probing 
pocket depths and bleeding on probing when used in conjunction with scaling and 
root planing. In some reports, these agents have been used as a monotherapy. Some 
studies report other adjunctive effects including gains in clinical attachment. Few 
studies report any adverse effects from using these locally delivered drugs. 

Delivery Devices 



The first attempts at controlled subgingival delivery used tetracycline in a hollow 
cellulose fiber. Other early devices that were used for subgingival delivery include 
dialysis tubing, gels, acrylic strips, and ethylcellulose strips. The first product that 
gained U.S. Food and Drug Administration approval is an ethyl vinyl acetate fiber 
containing 25% tetracycline hydrochloride.56 Other devices that are currently in use 
include a biodegradable film of hydrolyzed gelatin, a liquid biodegradable polymer 
system that hardens on subgingival placement, and a bioabsorbable 
microencapsulated microsphere, in addition to other systems available in countries 
outside the United States. 

A number of agents and systems have been tested, but products that have gained 
acceptance by the U.S. Food and Drug Administration are tetracycline fibers 
(Actisite:Alza Corp.; Palo Alto, CA), chlorhexidine chip (PerioChip: Dexcel 
Pharma; Edison, NJ), doxycycline gel (Atridox: Atrix Laboratories; Fort Collins, 
CO), and minocycline microspheres (Arestin: Orapharma; Warminster, PA). 
Several other products are available in other countries including metronidazole gel 
(Elyzol: Dumex; Copenhagen, Denmark), minocycline gel (Dentomycin: Lederlee 
Dental Division; Gosport, Hampshire, U.K.), and minocycline ointment (Periocline; 
Japan). All products have been tested in conjunction with scaling and root planing 
in 9- to 12-month multicenter clinical trials. In all cases, the locally delivered drugs 
shown in Table 16-2 were applied at least 2 to 3 times to pockets that were 5 mm or 
greater in depth, and that bled on probing during the 9-month trials. The cost-
effectiveness of using the chlorhexidine chip has been evaluated in moderate to 
advanced periodontitis cases. Results of this study suggest that treatment with 
chlorhexidine chips may be a slightly more expensive alternative to surgical 
therapy.57 

Subgingivally Applied Agents 

Tetracycline fibers 

Tetracycline fibers (Actisite) consist of a woven tube made of the polymer 
ethylene vinyl acetate saturated with 25% tetracycline hydrochloride. They are 
marketed as a 23-cm length of 0.5 mm diameter fiber and contain 12.7 mg 
tetracycline hydrochloride. The flexible fiber is placed in an overlapping pattern 
into the periodontal pocket until it fills the pocket 1 mm apical to the gingival 
margin (Fig. 16-1, A and B). A serrated cord packing instrument is helpful in fiber 
placement. The gingival margin is then sealed with isocyanoacrylate. The 
placement of the cord does not in itself require anesthesia, but thorough root 
debridement is always required before placement of the fiber. Postoperative 
instructions require the patient to not brush or floss the specific area, and the 
patient is asked to rinse twice daily with chlorhexidine for 2 weeks with the fiber 
in place and 1 week after removal.58 



TABLE 16-2  Comparison of Local Drug Delivery in 

Studies Treating More Than 100 Subjects 

SRP, Scaling and root planing. 

 

Tetracycline fibers release bactericidal concentrations of tetracycline (>1300 
µg/ml) steadily up to 10 days.59 Multiple studies compare the fiber in many 
treatment configurations to scaling and root planing alone, to placebo fiber, to no 
treatment, to fiber plus scaling and root planing, as active treatment, and as 
maintenance treatment.60–63 In general these studies showed improvement in all 
treatment groups, with reductions in probing depths, bleeding on probing, 
periodontal pathogens, and gains in clinical attachment levels. Tetracycline fibers 
are rarely used today. 

Chlorhexidine chip 

The chlorhexidine chip (PerioChip) incorporates 2.5 mg chlorhexidine gluconate 
into a biodegradable film of hydrolyzed gelatin. It is 0.35 mm in thickness and 4 × 



5 mm in height/width (Fig. 16-2, A). The chip is self-retentive on contact with 
moisture, therefore no adhesives or dressings are needed. The chip has only been 
tested in conjunction with scaling and root planing and is placed immediately 
after the completion of scaling and root planing. The PerioChip has been 
reformulated to enable storage at room temperature, and the handling 
characteristics have improved, eliminating the tendency of the chip to stick to 
instruments and tissues during placement. Using cotton forceps to grasp the chip, 
it is inserted into the pocket (Fig. 16-2, B). Keeping the chip and the surrounding 
tissues dry is also helpful, but not as critical as it was with the previous 
formulation. The dimensions of the chip prevent placement into small, tortuous 
pockets, so placement into pockets of less than 5 mm may be difficult and is not 
recommended. Some subjects have reported a slightly uncomfortable burning 
sensation with chip placement. Since the chip biodegrades, no postoperative 
appointment for removal is necessary. The patient is instructed not to brush or 
floss the area for 7 days and twice daily chlorhexidine rinses may be 
recommended for 2 weeks after placement.58 

Figure 16-1.   

 

A, Actisite fiber is placed into a 7-mm pocket on the mesial surface of tooth 
#11. B, The fiber is overlapped until it the pocket is filled within 1 mm of the 
gingival margin. 

Figure 16-2.   



 

A, The PerioChip is a biodegradable film of hydrolyzed gelatin 0.35 mm in 
thickness and 4 × 5 mm, containing 2.5 mg chlorhexidine gluconate. B, The 
PerioChip is inserted into a 6-mm pocket on the mesial surface of tooth #19. 

Chlorhexidine is released from the chip in a peak concentration (2007 µg/ml) at 2 
hours after placement and progressively decreases over 9 days (mean = 57 
µg/ml).64 Investigations comparing the chlorhexidine chip combined with scaling 
and root planing to scaling and root planing alone found that the combined 
therapy resulted in a statistically significant improvement in probing depths and 
attachment levels over scaling alone.65–67 

Doxycycline gel 

Doxycycline gel (Atridox) is a liquid biodegradable polymer that hardens after a 
few minutes following exposure to the fluid in the periodontal pocket. Bioassays 
have detected levels in gingival fluid of approximately 250 µg/ml doxycycline 
hyclate at the end of 7 days in the pocket.68 Atridox comes in two syringes that 
are coupled together before use and mixed by moving the contents of the syringes 
back and forth for 100 cycles (Fig. 16-3, A). The delivery syringe is attached to a 
23-gauge blunt cannula and the material is injected into the periodontal pocket 
(Fig. 16-3, B and C). This product is also available premixed in a single syringe. 
Any overflow material is gently packed in the pocket with a cord packing 
instrument or the back of a curet. Periodontal dressing or adhesive may aid 
retention but are not necessary if the patient can avoid brushing, flossing, or 
eating in the treated area for a minimum of 7 days. Because the material is 
biodegradable, no additional appointments for removal are required and the 
patient is instructed to remove any residual material with their tooth brush and 
dental floss at the end of 1 week.58 Two large, multicenter trials showed sites 
treated with the doxycycline polymer alone compared with scaling and root 
planing alone were equivalent.69 Another study compared the effectiveness of 
doxycycline gel with scaling and root planing to doxycycline gel with full-mouth 
ultrasonic debridement. Both techniques showed gains in clinical attachment 
levels and decreases in probing depths.70 Although the doxycycline gel was 
studied and approved as a monotherapy by the U.S. Food and Drug 



Administration, it is normally used as an adjunctive therapy at the time of scaling 
and root planing or maintenance procedures.53 Use of the doxycycline gel alone 
would not result in removal of any calculus present on the root surface. 

Figure 16-3.   

 

A, Atridox in two syringes that are coupled together for mixing. Atridox also 
comes in a single syringe, premixed formulation. B, After mixing, the delivery 
syringe is attached to a blunt cannula. C, Atridox is placed into a 7-mm pocket 
on the mesial surface of tooth #30. 

Minocycline microspheres 

Minocycline microspheres (Arestin) consist of the antibiotic minocycline 
hydrochloride microencapsulated in a bioabsorbable polymer of polyglycolide-co-
dl lactide. This system is designed for use as an adjunctive treatment with scaling 
and root planing. The microspheres are dispensed subgingivally using a 
disposable plastic cartridge (containing 1 mg of minocycline on a stainless steel 
handle (Fig. 16-4, A) by inserting the tip to the base of the periodontal pocket and 
applying the material while withdrawing the tip (Fig. 16-4, B). The material is 
bioadhesive on contact with moisture and does not require additional adhesives or 
periodontal dressings to hold it in place subgingivally. The patient should be 



instructed to avoid brushing for 12 hours, with no interproximal cleaning for 10 
days. No additional appointments are needed for removal of the material because 
it is bioabsorbable. The minocycline microspheres maintain therapeutic drug 
concentrations for 14 days. A 9-month study comparing scaling and root planing 
alone, scaling and root planing plus minocycline microspheres, and scaling and 
root planing plus the carrier microspheres without minocycline showed a greater 
therapeutic effect of the scaling and root planing plus minocycline microspheres 
compared with the other treatment modalities.71 

Figure 16-4.   

 

A, Arestin is applied using an autoclavable stainless steel handle with 
disposable plastic cartridges containing one dose per cartridge (1 mg 
minocycline). B, Arestin is placed into a 6-mm pocket on the mesial surface 
of tooth #5. 

Metronidazole gel 

Metronidazole gel contains 25% metronidazole in a glyceryl mono-oleate and 
sesame oil base and is applied to the pocket using a syringe with a blunt cannula. 
This agent is not currently available in the United States. It is easy to place but 
may require multiple applications to achieve desirable results. Studies using 
metronidazole gel as a monotherapy show similar results compared with scaling 
and root planing.72,73 When metronidazole gel was used in studies with two other 
adjunctive treatments to scaling and root planing and compared with scaling and 
root planing alone, all treatments improved over 6 months with no significant 
differences among treatment groups.74,75 

Minocycline ointment and gel 

Minocycline ointment contains 2% minocycline hydrochloride and is applied 
using a syringe with blunt cannula. This agent is not currently available in the 
United States. A 2% minocycline gel has also been used in several studies. In a 
multicenter study of patients with moderate to severe periodontitis, results of 



treatment with minocycline ointment combined with scaling and root planing was 
found to be statistically significant when compared with treatment with a vehicle 
control with scaling and root planing.76,77 When subgingivally applied 
minocycline gel was used as one of three adjunctive treatments to scaling and root 
planing compared with scaling and root planing alone, all treatments showed 
improvement with no significant differences among groups.74,75 

CONCLUSION 

Use of locally acting chemotherapeutic agents can be a valuable adjunct to 
conventional mechanical therapeutic modalities. Topically applied agents such as 
dentifrices and mouthrinses are useful in controlling gingivitis in patients who cannot 
perform adequate home care with mechanical oral hygiene. Agents such as triclosan 
are now a component part of commercially available dentifrices and are in 
widespread use. In patients with periodontitis, locally delivered drugs placed 
subgingivally are particularly valuable in treatment of patients who have localized 
sites of 5 mm or more that bleed on probing and that are not responsive to primary 
therapy, including oral hygiene and scaling and root planing. Locally delivered drugs 
can have limited positive effects in deeper pockets for patients who are not good 
candidates for periodontal surgery. Subgingivally applied local drug delivery systems 
in conjunction with scaling and root planing may also be a viable treatment option for 
maintenance patients who develop localized areas of recurrent periodontitis. Although 
research seems to indicate that clinical parameters such as decrease in pocket depth 
and attachment level gain are minimal after the adjunctive use of locally delivered 
drugs compared with the changes that are seen with scaling and root planing alone, 
the value of these adjunctive therapies must be clinically evaluated on an individual 
basis. Individual sites may demonstrate larger or smaller changes, which are not 
readily evident when clinical calculations are based on full-mouth treatment. A recent 
comprehensive meta-analysis demonstrated a statistically significant improvement in 
probing depth reduction (minocycline microspheres) and clinical attachment gain 
(chlorhexidine chip and doxycycline gel) when these products were used as adjuncts 
to scaling and root planing.78 Further studies are needed to continue testing the 
available devices to define conditions for optimal use. Other drugs and delivery 
systems may be found that will provide alternative options for treating periodontal 
diseases in all types of patients, including the increasingly complex medically 
compromised individuals who present unique challenges in all phases of care. 
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17  Systemic Chemotherapeutic Agents 

Denis F. Kinane 

The term periodontitis covers a range of disease manifestations ranging from extensive 
and severe periodontitis affecting prepubertal children and young adults (aggressive 
periodontitis) to the more common form of periodontitis affecting older adults (chronic 
periodontitis). (See Chapter 2.) The variety of periodontitis disorders is relevant in that 
a different therapeutic approach must be considered for each condition. 

In the general category of systemic chemotherapeutic agents, antimicrobials constitute 
the majority of agents. However, host response modifiers such as antiinflammatory 
drugs (e.g., nonsteroidal antiinflammatory drugs [NSAIDs]) also should be considered, 
along with protease inhibitors such as chemically modified tetracyclines (e.g., low dose 
doxycycline preparations [Periostat: CollaGenex Pharmaceuticals Inc.; Newtown, PA]) 



that have been administered systemically for the treatment of periodontitis. It is also 
important to define some of the terms used for periodontal therapies. In particular, the 
term antiinfective therapy needs to be considered, because this is clearly a term that 
includes both the mechanical debridement and the chemotherapeutic management of 
patients. Although mechanical root cleaning, or mechanical debridement, has been 
undertaken for hundreds of years in the treatment of periodontitis,1 the use of 
chemotherapeutic agents is a recent initiative. 

The biofilm nature of dental plaque is another important consideration in the discussion 
of chemotherapeutic agents (see Chapter 6). In the 1990s we witnessed an exponential 
increase in the field of biofilms and began to fully appreciate the significance of this 
phenomenon. Biofilms are microbial masses, which develop into complex structures 
that possess nutrient channels and unique environmental conditions, promoting the 
growth and interactions of markedly different bacterial species as a sole community. 
These living masses of microorganisms are extremely resistant to attack by antiseptics 
or antimicrobial agents. It is estimated that at least 500 times the concentration of an 
antimicrobial is needed to kill the bacteria within a biofilm, and thus the antimicrobial 
dosages and antiinfective strategies developed for bacteria in planktonic phases are not 
effective for the biofilm microbiota.2,3 

Periodontal disease has presented a significant problem for human populations 
throughout history; for example, it has been reported to have afflicted the Egyptian 
civilization. In terms of therapy, periodontal treatment has been featured in medicine 
and surgical textbooks for more than 1000 years. The Moor, Abu-al-Qasim, in his 
treatise on surgery "Al-Tasrif," discussed "scraping of the teeth" in his chapter on 
dentistry.1 Long before its microbial, mineral, and biochemical complexity was 
appreciated, the chapter by Abu-al-Qasim discussed calculus and indeed the benefits of 
its removal using scraping instruments. The difficulties of root planing were also 
apparent as he stated that these instruments were to be used on more than one occasion 
if necessary, until no calculus remains, and the "dirty colour of the teeth disappears."1 

Even today, the mechanical removal of dental plaque and calculus from tooth root 
surfaces is considered the standard treatment for chronic periodontitis. Despite 
advances in medical sciences that would be inconceivable to those early dentists, 
treatment of periodontal diseases has changed very little, in principle, over the years. A 
large body of evidence now exists to demonstrate the efficacy of nonsurgical 
periodontal therapy (as reviewed by Cobb),4 and despite debate relating to the merits of 
manual versus ultrasonic instrumentation or the degree of root surface 
smoothness/hardness to be achieved, scaling and root planing (SRP) remains the "gold 
standard" treatment for periodontitis against which other treatments are compared. 
Indeed, the standards of periodontal care and associated treatment philosophies are 
relatively homogeneous as evidenced by the consensus agreements reached at various 
European and World Workshops in Periodontology. Moreover, the clinical 
improvements that can be expected to occur after SRP are remarkably consistent across 
studies. 



Thus it is currently accepted that antiinfective therapy, including mechanical and 
chemotherapeutic approaches, is the cornerstone of periodontal treatment.5 Therefore, 
the scope of this chapter is to discuss the antimicrobial and antiinflammatory agents, 
protease inhibitors, and related drugs recently introduced to supplement the 
conventional periodontal therapy. It is worth mentioning that conventional periodontal 
therapy includes both surgical and nonsurgical techniques, the thorough examination 
and diagnosis of the condition, the initial and corrective therapies, and the maintenance 
of the patient. A salient feature of this chapter is the appreciation that any antimicrobial 
or chemotherapeutic application will be adjunctive to some form of mechanical 
debridement, and this relates to the fact that we are treating a biofilm-related infection 
that requires mechanical disruption.6,7 

It is clear from the previous discussion that two main forms of chemotherapeutic agents 
are being considered: (1) the antimicrobials that will directly reduce the microbial 
burden; and (2) the antiinflammatory agents or protease inhibitors that will reduce the 
level of inflammation. With respect to antimicrobials, one must consider initially why 
these might be necessary. Clearly, the literature indicates that subgingival root planing, 
in many cases, is unable to eradicate all periodontal pathogens.8,9 Explanations for this 
include the unfavorable anatomy of the root surface or the dimensions of the 
periodontal pockets making surgical and nonsurgical therapy difficult. Plaque and 
calculus could be difficult to remove in their entirety, in many cases continuing to exert 
an influence after mechanical instrumentation has been completed. Adriaens and 
colleagues10 have also discussed that microbes may enter dentinal tubules, thus evading 
removal and the host response. It has been suggested that microbes are capable of 
invading the periodontal tissues.11 One additional complication is the possibility of 
intraoral translocation of bacteria from one site to another that might allow periodontal 
pathogens to recolonize areas from which they have been removed.12 

Thus although periodontal treatment through the ages has focused on reduction of 
bacterial infection by mechanical removal of infectious agents (i.e., SRP), recent 
clinical research has suggested that adjunctive antimicrobial or host modulators can 
help in the treatment of periodontal diseases. Adjunctive therapies including systemic 
antimicrobials and host response modulators can be combined with traditional 
periodontal therapies to reduce the bacterial burden (e.g., SRP), and also with risk 
factor modification therapies (e.g., smoking cessation) to constitute a comprehensive 
treatment strategy for periodontitis. 

SYSTEMIC ANTIBIOTICS 

As discussed previously, systemic antibiotics or antimicrobials should always be used 
as an adjunct to mechanical debridement, rather than as a stand-alone treatment 
(monotherapy), because the clinician is treating a biofilm-related infection. The 
antibiotics used in periodontics will be considered in some detail. In addition, whether 
antibiotic sensitivity testing is desirable during periodontal therapy needs to be 
considered. It could be particularly useful in cases in which specific organisms are not 
being eliminated by the antimicrobial used. However, sensitivity testing is 



infrequently used in periodontics because the organisms involved are relatively 
similar gram-negative anaerobic bacilli and spirochetes to a large extent.13,14 An 
antimicrobial that is effective against Porphyromonas gingivalis is also usually 
effective against Actinobacillus actinomycetemcomitans and vice versa (as reviewed 
by Slots and Ting15). In addition, disrupting one crucial microorganism within a 
complex microflora could be effective in removing, disrupting, or killing the others. 
Systemic antimicrobial usage, as with any pharmacologic intervention, has 
disadvantages related to drug interactions, adverse effects, and allergies, and 
particularly for antibiotics, creation of resistant strains, and disruption of commensal 
flora. 

Antibiotics are defined as naturally occurring or synthetic organic substances that can, 
in low concentrations, kill selective microorganisms. Systemic antibiotics are 
considered to enter the periodontal tissues and the periodontal pocket through 
transudation from the bloodstream. The antibiotics within the periodontal connective 
tissue then cross the crevicular and junctional epithelia into the crevicular region 
around the tooth, and thus find a way into the gingival crevicular fluid, which is 
associated with subgingival plaque. As repeatedly stated, the antimicrobial 
concentration in the gingival crevicular fluid will be inadequate without the 
mechanical disruption of the microbial biofilm adherent to the tooth, that is, 
subgingival plaque and calculus. In addition to its effect within the periodontal 
crevice or pocket, systemic antibiotic therapy might also suppress periodontal 
pathogens in other parts of the mouth including the tongue and mucosal surfaces. This 
additional effect on the oral environment is considered beneficial because it may 
delay subgingival recolonization of pathogens. 16 

The systemic administration of antibiotics includes the negative feature of disrupting 
commensal or "helpful" organisms in the oral environment and other parts of the 
body, potentially altering the host-commensal microbiota balance. A particularly 
good example is the disruption of microorganisms within the gastrointestinal tract by 
many antibiotics, which can lead to diarrhea and related problems. Tetracycline is 
notable in its effects in this area, but all other antimicrobials are capable of disrupting 
the gastrointestinal microflora to varying extents. In the past, antibiotics have been 
chosen more on the basis of traditional usage rather than on specific indication 
provided by either antibiotic sensitivity and isolation of specific pathogens, or 
randomized controlled trials indicating the efficacy of particular antibiotics in 
particular areas. In addition, the effect of the route of administration and the duration 
of use of the antibiotics have not been specifically investigated for periodontal 
therapy. An ideal situation would be that the subgingival flora involved in periodontal 
lesions would be sampled, the range of microorganisms involved detected, and their 
resistance to the antimicrobial evaluated before providing systemic antibiotics. As in 
many branches of dentistry and medicine, this is rarely done given not only the 
immediate need for antimicrobials in acute situations, but also the expense of doing 
microbiologic analysis and subsequent antibiotic sensitivity testing. Even if culture 
and sensitivity were performed for the microbiota from the periodontal pockets, its 
relevance is still somewhat unclear. The relative importance of organisms other than 
the periodontopathogens P. gingivalis, Prevotella intermedia, A. 



actinomycetemcomitans, Tannerella forsythensis (Bacteroides forsythus), 
Fusobacterium nucleatum, and Treponema denticola has not yet been clarified. 
Clinical and microbiologic research continues to identify more organisms that may 
contribute to the pathogenesis of periodontal diseases, but casts doubt on the 
pathogenic capabilities of some species. However, it should be reiterated that 
periodontal diseases are predominantly gram-negative anaerobic infections involving 
gram-negative anaerobic bacilli and spirochetes. It is thus likely that antimicrobials 
that can deal effectively with gram-negative anaerobic organisms will be of benefit in 
the treatment of periodontal disease. 

As can be seen from Table 17-1, the common periodontal antibiotics have significant 
serum levels after single dosage and maintain this serum level for, in many cases, 
several hours to almost a day. Adverse effects typically include: (1) those related to 
the disruption of the gastrointestinal flora such as diarrhea, (2) dermatologic effects 
related to hypersensitivity as with penicillin rashes, or (3) the photosensitivity caused 
by tetracycline, which is known to adversely affect the skin's ability to cope with 
sunlight. Metronidazole has significant effects on liver cytochromes as does its 
chemically similar drug, Antabuse, which is prescribed to alcoholics to make them 
feel ill if they use alcohol. Metronidazole is commonly reported to cause nausea and 
vomiting, and these side effects may be related to its similar liver effects to Antabuse. 

It is important to consider the adverse reactions to drugs in relation to the age of 
patients and other specific systemic conditions. As a general rule it is always wise to 
avoid any drug therapy, particularly systemic therapy, during pregnancy. Recently, 
however, the topic has become more complex after studies reporting the potential 
effect of periodontitis in pregnant women and on their risk for having preterm babies 
with low birth weight.17 (See Chapter 32.) Given these data and the emerging data18 
that indicate periodontal therapy is effective in reducing the incidence of preterm low 
birth weight, some clinicians consider using antibiotics in conjunction with 
mechanical therapy. Metronidazole, however, should not be used without prior 
consultation with the patient's physician, because it has the potential to be teratogenic. 
Penicillins, however, may be safe. Tetracyclines such as doxycycline are 
contraindicated because they can discolor teeth during the calcification process before 
birth (Table 17-2). Consultation with the patient's obstetrician should be considered 
before prescribing any antibiotics. 

TABLE 17-1  Pharmacologic Properties of Typical 

Periodontal Antibiotics 

Adapted from Slots J, Ting M: Systemic antibiotics in the treatment of periodontal 
disease, Periodontol 2000 28:106–176, 2002. 



 

TABLE 17-2  Administration, Side Effects, and 

Contraindications 

 

In children it is crucial to consider the weight and the development of the child, 
adjusting the dosage of antibiotics accordingly to avoid excessive concentrations in 
serum. Similar to pregnancy, tetracyclines are contraindicated in children because of 
their deposition on calcifying enamel, causing tooth discoloration. Furthermore, it has 
been suggested that tetracyclines can cause depressed skeletal growth. 

Care should also be taken with the elderly patient because their altered liver function 
and other metabolic processes may change the pharmacokinetics of antibiotics and 
create difficulty in predicting adverse effects. The risks for hypersensitivity reactions 
might also be increased in the elderly. Penicillin, which can produce allergies or in 
rare cases anaphylaxis, is a good example. Clearly, the older the patient the larger the 
possibility of a previous exposure to penicillin, thus the frequency and risk for 
anaphylaxis are increased. Other drugs used in periodontal therapy include 
clindamycin and erythromycin. Their most common adverse effects are the disruption 
of the gastrointestinal flora, causing diarrhea, and episodes of ulcerative colitis 
sometimes associated with clindamycin. Erythromycin is now rarely used. 

If the clinician elects to use a systemic antibiotic as an adjunct to mechanical 
debridement, key considerations for choosing a particular drug include: (1) route of 
administration, (2) frequency of administration, (3) dosage to be given, (4) degree of 
absorption from the gastrointestinal tract, (5) degree and duration of drug 
concentration in the serum and at the site of infection, and (6) metabolism and 
excretion of the drug.19 



Antibiotic Drug Interactions 

In general, any drug that is carried in the systemic circulation can displace other 
drugs from the carrier plasma proteins. For example, the combination of 
barbiturates and hydantoins can reduce the plasma proteins available for carrying 
drugs such as metronidazole and tetracycline. Care should be taken in patients 
taking digoxin and warfarin, because metronidazole and erythromycin can increase 
the warfarin anticoagulant effect, and tetracyclines can increase the serum levels of 
digoxin. Metronidazole, as stated earlier, has effects on the liver and interacts with 
liver cytochromes similar to disulfiram (Antabuse), which is given to alcoholics to 
reduce enjoyment of alcohol. Any drug that affects the permeability and free ions 
available in the gastrointestinal tract, such as antidiarrheal agents or antacids, can 
decrease the absorption of drugs such as clindamycin and tetracycline. The list of 
antibiotic-drug interactions is enormous and is constantly updated. The practitioner 
is advised to keep up to date with the current information with respect to these 
interactions through electronic drug databases, because they may have significant 
clinical implications. 

Clinical Effects of Systemic Antibiotic Therapies 

Only a brief summary is attempted in this chapter, but Slots and Ting15 provide an 
excellent review on the efficacy of antibiotics in a clinical setting during 
periodontal therapy. The advantages and disadvantages of specific antimicrobials in 
relation to clinical therapy are discussed in the following sections. 

Recommendations for the Use of Antibiotics in 

Periodontal Therapy 

Antibiotics can be administered for therapeutic, prophylactic, or preemptive 
purposes. Therapeutic antibiotic regimens are those used to treat established clinical 
infections such as chronic or aggressive periodontitis. Prophylactic therapy in 
periodontitis would involve giving antimicrobial agents to the entire population of 
individuals susceptible to periodontitis, which is approximately 30%. (See Chapter 
3.) Clearly, this approach is not advisable because of the high risk-to-benefit ratio 
involved. The cost-effectiveness of such a prophylactic regimen also would not be 
considered useful. Therefore, selection criteria should be applied when considering 
prophylactic antibiotic use in periodontal therapy. In this respect, the prevention of 
infective endocarditis is a crucial consideration for the dental practitioner. The use 
of antibiotics during periodontal therapy could aid in the prevention of problematic 
bacteremias in patients susceptible to infective endocarditis. Moreover, it is 
increasingly appreciated that periodontally generated bacteremias may be one of the 
mechanisms in the putative association between oral and systemic diseases. (See 
Chapter 32.) How this association may affect the use of antimicrobial and antibiotic 
therapy during the treatment of periodontal diseases remains to be seen. 



Selection of antibiotics for periodontal therapy is largely empirical but can, in 
certain situations, be based on laboratory microbiologic testing. Empirical antibiotic 
therapy is commonly used when treating acute necrotizing ulcerative gingivitis, 
which is characteristically associated with gram-negative anaerobic bacilli and 
treponemes forming pathogenic fusospirochetal complexes. Metronidazole is very 
effective in this therapy and is currently the regimen of choice. 

In treating less acute forms of periodontitis, antibiotic sensitivity and resistance 
testing on microorganisms within the periodontal lesions may be performed initially 
before prescribing antibiotics. In many cases, microbiologic testing is unavailable. 
In these situations, the current view is that combinations of antimicrobials may have 
positive clinical effects. A recommendation has been made by Slots and Ting,15 
among others, that 250 to 500 mg metronidazole and amoxicillin could be given 
three times a day for 8 days and would be appropriate in at least 70% of the 
advanced periodontitis cases. 

Another valuable combination of antimicrobials in periodontal therapy is 
metronidazole and ciprofloxacin, 500 mg of each drug given twice daily for 8 
days.15 This combination is effective against some enteric gram-negative rods not 
affected by the metronidazole-amoxicillin regimen. Combination antibiotic therapy 
can also be used for the treatment of localized forms of aggressive periodontitis. 
The antibiotics recommended for this condition were often tetracycline-based given 
the understanding that A. actinomycetemcomitans was not eradicated by drugs other 
than tetracyclines. Van Winkelhoff and colleagues,20 however, suggest that 
metronidazole plus amoxicillin can be effectively used for the eradication of A. 
actinomycetemcomitans. 

Single agent antimicrobial therapy in current periodontics includes metronidazole 
(500 mg three times daily for 8 days), clindamycin (300 mg three times daily for 8 
days), doxycycline (100 mg once daily for 7 to 14 days), and ciprofloxacin (500 mg 
twice daily for 8 days). However, the use of antibiotic combinations as adjuncts to 
nonsurgical and surgical therapy is also common. 

Clinical Protocol for Periodontal Antimicrobial 

Therapy 

It is interesting to consider the use of antimicrobials in the initial course of 
periodontal therapy. Antibiotics are commonly administered for a period between 5 
and 14 days, depending on the regimen used. In contrast, routine nonsurgical 
periodontal therapy is normally composed of between two and four appointments at 
one or two weekly intervals, whereby mechanical debridement of each quadrant or 
half-mouth is performed. (See Chapter 14.) It is considered ideal to have antibiotics 
within the serum and available to the periodontal tissues both during therapy and 
healing. Thus it would probably be most effective to provide the antimicrobials 
during and after the periodontal therapy. This would entail either continuing 
antimicrobial therapy for a period greater than 7 to 14 days or attempting to do the 



majority of the initial mechanical debridement within an 7- to 14-day period. 
Quirynen and others21 suggest a protocol of nonsurgical periodontal treatment in 
appointments spaced 24 hours apart for initial therapy, combined with extensive 
antimicrobial mouthwash usage. In addition, they have provided full-mouth 
periodontal therapy within 24 hours without using chlorhexidine, a protocol that 
had similar efficacy in terms of clinical improvement.21 Other researchers suggest 
that full-mouth root planing over 24 hours and quadrant root planing (done over 4 
weeks) have similar clinical efficacy.22 There may be cases in which the clinician 
would elect to do full-mouth root planing in a single appointment or over two 
appointments just a day or two apart, so that the majority of periodontal 
intervention could be achieved early within the 7 to 14 days of antibiotic therapy. 
Evidence for use of adjunctive antibiotics in combination with nonsurgical or 
surgical therapy does not clearly delineate the superiority of any one regimen over 
another. 

Use of adjunctive antimicrobial therapy during maintenance care is limited to acute 
abscesses arising from sites that exhibit recurrence of periodontal disease. As in all 
cases, the lesions should be treated locally before the adjunctive antimicrobial 
therapy being used. 

Antibiotic Characteristics 

Penicillin 

Penicillin (benzyl penicillin, penicillin G) is a beta lactam bactericidal compound 
that acts through inhibition of bacterial cell wall synthesis. Without an adequate 
cell wall the microorganisms are physiologically incapable of survival. Penicillin 
has a marked effect on prokaryotic cells with a limited effect on eukaryotic cells, 
and it is one of the least toxic of all antibiotics. The problem with penicillins, 
however, is the high rate of hypersensitivity to the drug. It has been shown that 
15% of adults have allergic potential to penicillins. Moreover, with its widespread 
usage, many organisms have developed resistance to penicillin through the 
production of beta-lactamases, which destroy the beta-lactam ring of penicillin, 
rendering it inactive. 

Augmentin is a proprietary combination of the penicillin derivative amoxicillin 
and clavulanic acid. Clavulanic acid is an inhibitor of beta-lactamase and thus 
overcomes the bacterial resistance to amoxicillin. Thus amoxicillin-clavulanic 
acid combinations are promising in the antibiotic augmentation of mechanical 
periodontal therapy. However, the combination of amoxicillin-clavulanic acid is 
significantly more expensive than other penicillins. 

Tetracyclines 



Tetracyclines traditionally have been the most commonly used antibiotics in 
periodontitis. Tetracyclines are bacteriostatic broad-spectrum agents that inhibit 
protein synthesis by blocking the translation of mRNA. They also have the 
potential to inhibit protein synthesis in eukaryotic cells but to an extremely small 
extent in comparison to the effect on prokaryotes. The most common tetracycline 
used in periodontics is doxycycline, followed by minocycline, both semisynthetic 
types of tetracyclines. Doxycycline and minocycline have the advantage of being 
completely absorbed through the intestine, and thus are less inhibitory to the 
indigenous gastrointestinal flora. Their chemical composition entails that they are 
less readily deposited in calcified tissue, which has long been the problem with 
tetracyclines. Past literature supports tetracycline use in juvenile periodontitis or, 
as it is now termed, localized aggressive periodontitis. There are also reports that 
tetracyclines are more concentrated in gingival crevicular fluid than in serum, 
providing greater concentrations of the drug at the local site of periodontal 
infection. Probably the most significant feature of tetracyclines, however, is that 
they have the ability to inhibit tissue collagenases and other matrix 
metalloproteinases. Golub and colleagues23 suggest that this collagenase 
inhibitory activity is probably an aid in the periodontal healing processes after 
therapy. An increase in resistance to the general tetracyclines constitutes the 
major problem of these antibiotics, because they have been extensively used over 
the years and included in the preparation of many foodstuffs and veterinary 
products, which are administered routinely to animals to improve the meat yield. 
Doxycycline, however, is currently less problematic with respect to evidence of 
resistance within the microbiota. 

Clindamycin and Erythromycin 

Clindamycin is a derivative of lincomycin, whose mode of action is the blocking 
of protein production by binding to the 50S bacterial ribosome subunit, inhibiting 
RNA translation into protein. Clindamycin has been shown to be effective against 
a wide range of bacteria that may be involved in periodontitis, and it is a suitable 
choice for individuals allergic to penicillin. 

Erythromycin is a macrolide antibiotic that inhibits protein synthesis in both 
gram-positive and gram-negative bacteria. It also binds to the 50S ribosome site 
and is commonly used as a substitute for penicillin, being preferred because of its 
reduced risk for causing hypersensitivity reactions. Unfortunately, many strains of 
A. actinomycetemcomitans, Eikenella corrodens, Bacteroides, and Fusobacterium 
are highly resistant to this antibiotic. Therefore its use as an adjunct in the control 
of periodontal microorganisms is not recommended. 

Metronidazole 

Metronidazole is a nitroimidazole specifically active against anaerobic organisms, 
particularly spirochetes. Metronidazole is highly effective in the treatment of 



acute necrotizing ulcerative gingivitis because this disease is closely linked to 
spirochetal infection. It has also been used extensively in the treatment of chronic 
periodontitis for which it is particularly suited given its high activity against 
gram-negative anaerobic organisms and spirochetes, with a very low incidence of 
resistance. Resistance to metronidazole is evident, however, in facultative 
microorganisms. A general rule for considering metronidazole efficacy is that the 
more anaerobic the organisms are, the more effective this antibiotic will be. A 
recent report has shown, for example, that isolates of A. actinomycetemcomitans 
(a microaerophilic organism, rather than an anaerobe) recovered from individuals 
with gingivitis and periodontitis were resistant to metronidazole, but susceptible 
to fluoro-quinolones (ciprofloxacin and moxifloxacin), ampicillin/sulbactam and 
doxycycline.24 Table 17-3 shows the minimal inhibitory concentrations of the 
strains of A. actinomycetemcomitans tested to these antibiotics. Metronidazole has 
been typically combined by clinicians with amoxicillin or penicillin to increase its 
spectrum, a combination that has been shown to provide highly effective results. 

TABLE 17-3  Range of MIC, MIC50, and MIC90 of 45 

Strains of Actinobacillus actinomycetemcomitans 

to 5 Antibiotics 

MIC, Minimal inhibitory concentrations; MIC50, MIC inhibiting 50% of 
strains; MIC90, MIC inhibiting 90% of strains. 

Adapted from Muller HP, Holderreith S, Burkhardt U, et al: In vitro 
antimicrobial susceptibility of oral strains of Actinobacillus 
actinomycetemcomitans to seven antibiotics, J Clin Periodontol 29:736–742, 
2002. 

 



HOST MODULATORS 

Protease Inhibitors 

Subantimicrobial dose doxycycline (SDD; 20 mg doxycycline twice daily over 6 to 
9 months) has been proposed as an adjunctive treatment for periodontitis.25 A 
recognized feature of doxycycline is its ability to down-regulate the activity of 
matrix metalloproteinases, which are active in tissue breakdown during 
periodontitis. Our current understanding of periodontal pathogenesis suggests that 
matrix metalloproteinases play a major role in inflammation, tissue remodeling, and 
the destruction of collagen and bone within the periodontium, leading to clinical 
signs of periodontitis such as attachment loss, bone loss, and tooth mobility. There 
are now multicenter clinical studies to support the hypothesis that down-regulation 
of matrix metalloproteinases by SDD confers measurable benefits to patients with 
periodontitis. 

Caton and colleagues26 reported on a 190-patient, placebo-controlled trial in which 
all patients received SRP; half of these subjects also received adjunctive SDD (20 
mg doxycycline twice daily). Patients were examined every 3 months over a 9-
month period, and for those receiving SDD an improvement in attachment gain of 
18% was noted (in patients with 4 to 6 mm pockets at baseline). The differences for 
SDD over SRP alone were greater in pockets of 7 mm or more, for attachment gain 
(33%) and pocket depth reduction (40%). Thus the literature suggests that SDD, 
when prescribed as an adjunct to SRP, results in statistically significant gains in 
attachment levels and reduction in probing depth when compared with SRP alone. 
Although the adjunctive use of SDD in addition to mechanical therapy may provide 
statistically significant improvement in attachment gain when compared with 
mechanical therapy alone, many have questioned the clinical significance of the 
differences, which average less than 0.5 mm.25 One concern that arises with any 
antimicrobial usage is the emergence of resistant microbial strains, but research 
implies that SDD is not antibacterial at this dosage (20 mg), and it does not lead to 
the development of resistant strains or the acquisition of multiantibiotic resistance.27 
The drug is well tolerated by the body, and in clinical trials it is noted that the 
incidence of unwanted effects is similar to that of the placebo. Walker and 
coworkers28 concluded that SDD and placebo did not produce effects on vaginal or 
intestinal flora over 9 months of usage. SDD is designed to be given over many 
months and may, therefore, suffer from compliance problems similar to other long-
term medications used to treat chronic systemic conditions. 

Nonsteroidal Antiinflammatory Drugs 

Nonsteroidal antiinflammatories are drugs generally used in dentistry for the 
treatment of pain. However, as these drugs inhibit antiinflammatory processes 
related to the cyclooxygenase pathway, such as prostaglandin, thromboxane, and 
prostacyclin production, they also have the potential to be beneficial as adjuncts in 



periodontal therapy. It is recognized that prostaglandin E2 and other arachidonic 
acid metabolites are important proinflammatory mediators in bone resorption and 
the various manifestations of periodontal disease. 

NSAIDs are certainly of use after surgical periodontal procedures in the reduction 
of postoperative pain and inflammation. Ibuprofen, for example, has been shown to 
successfully inhibit prostaglandin E2 production in the periodontal tissues after 
surgery, contributing to the healing process.29 Ibuprofen as an adjunct for SRP, 
however, has not been demonstrated to be effective. Ng and Bissada,30 for example, 
showed that ibuprofen (800 mg/d) administered as an adjunctive treatment to SRP 
did not improve the results on probing depth and clinical attachment levels when 
compared with SRP alone. Other drugs such as meclofenamate sodium (Meclomen) 
have been shown to produce positive results in patients with aggressive 
periodontitis. The use of systemically administered acetylsalicylic acid (aspirin; 500 
mg daily for 6 weeks after mechanical debridement) has also been reported to be an 
effective adjunct in periodontal therapy.31 

An important factor that must influence the decision on whether to use NSAIDs on 
a long-term basis is the gastrointestinal complications that may arise. Some cases 
may result in considerable ulceration of the gastric mucosa. Newer NSAIDs that 
selectively inhibit cyclooxygenase (cox-2 inhibitors) are much better tolerated by 
the gastric mucosa and may one day prove beneficial in modulating the host 
response in periodontitis. 

CONCLUSION 

A comprehensive periodontal treatment strategy should aim not only at the reduction 
of the bacterial burden by mechanical root debridement, but should also consider 
adjunctive antimicrobial therapy as part of the antiinfective strategy for certain patient 
populations. Clearly, mechanical therapy alone provides an excellent clinical 
response in most patients with chronic periodontitis. For these patients, adjunctive 
systemic agents are not generally indicated. In other patients, especially those with 
aggressive forms of periodontitis and those who do not respond to mechanical therapy 
alone, adjunctive agents may be indicated and should be considered as a viable 
therapeutic intervention.32 In addition, host-response modulation using protease and 
inflammatory inhibitors may in the future become widely accepted as an adjunct to 
periodontal therapy. Furthermore, periodontal risk factor modification such as 
smoking cessation and simpler measures such as oral hygiene advice and motivation 
will continue to be crucial in the comprehensive treatment of periodontitis. 
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DENTAL HYGIENE PROCESS OF CARE 

Assessment, diagnosis, planning, implementation, and evaluation comprise the dental 
hygiene process of care. Mueller-Joseph and Petersen1 describe the dental hygiene 
process of care as a cyclic continuum that could also branch into alternative 
treatments on the basis of the patient's response to therapy. In periodontics, the dental 
hygienist plays a pivotal role in the assessment and diagnosis of periodontal status, 
planning of care, implementation of a care plan, and ongoing evaluation of the care 
plan. 

This chapter presents an overview of the dental hygienist's role in periodontal therapy 
in light of the dental hygiene process of care. Assessment of disease, dental hygiene 
diagnosis, treatment planning dental hygiene and periodontal care, implementation of 
the care plan, and evaluation of periodontal therapy are addressed related to the 
primary functions of the dental hygienist in periodontal care. 

ETIOLOGY 

Intuitively, understanding the etiologic factors of periodontal diseases seems critical 
to devising an effective therapy for each patient. Over the years, major efforts to 
better understand etiologic factors have yielded some progress. 

Through the mid-1970s, the nonspecific plaque hypothesis held sway. The basis of 
this theory was periodontal practitioners' historic observation that therapies that 
limited plaque and calculus accumulation seemed to be more effective compared with 
other approaches. In the late 1970s and 1980s, it became clearer that certain patterns 
of bacterial colonization tended to appear in patients and at sites where destruction of 
the periodontium had occurred. Therefore, the amount of plaque was probably not as 
important as the quality of plaque (the specific plaque hypothesis). 

Unfortunately, as researchers focused on specific bacteria, it was discovered that deep 
periodontal pockets might contain hundreds of different species. Further evidence 
suggested that each person's immunologic response to bacterial attack is not the same 
and that this response may even vary in the same patient over time. Despite these 
complications, painstaking research in recent years has implicated a number of 
bacterial species in the progression of periodontal destruction in humans. 
Unfortunately, the presence of these putative pathogens does not always mean that 
subsequent destruction will occur at a given site, and their absence does not guarantee 
that subsequent destruction will not occur (see Chapter 4). 

Where does this knowledge gap in etiologic factors leave us in terms of therapy? 
Despite the obsolescence of the nonspecific plaque hypothesis, the interim goals of 
periodontal therapy in the adult patient—that is, therapeutic measures designed to 
assure improved and more frequent plaque removal by both patient and therapist—



have not changed significantly since the 1970s and earlier. What has changed is 
increased recognition that a number of patients may be nonresponsive or only 
partially responsive to a traditional approach to therapy. Such patients may need to 
participate in more extensive and sometimes expensive etiologic assessments with 
subsequent treatment geared toward the results of those tests. Reassessments and 
retreatments may have to be repeated during these patients' lifetimes. Notably, 
therapies that may seem to be effective at one time in a patient's life may not work at 
another time because the patient may have a different periodontal disease or his or her 
immunoinflammatory response may have changed. 

The state-of-the-art approach to therapeutics outlined in the preceding paragraph can 
place quality periodontal therapy at odds with some business management aspects of 
dental practice, because a logical end-point exists for most dental endeavors. Most 
restorative materials last for many years. Quality endodontic therapy is usually 
successful throughout a patient's lifetime. This is seldom true for thoughtfully 
conducted periodontal therapy (short of edentulism or death). 

In periodontics, such an across-the-board expectation is not realistic. It may be 
difficult for both practitioner and patient alike to accept the inherent unpredictability 
of state-of-the art approaches to periodontal diseases. Yet, absent such understanding, 
many patients and therapists are destined for disappointment because of unrealistic 
expectations. Indeed, one essay suggested that the mere use of the term "periodontal 
disease" tends to mislead practitioners, dental vendors, and patients.2 The author 
proposed that the term "periodontal syndrome" is more accurate and less misleading 
in terms of the need to interpret and fit new developments in periodontics into 
responsible treatment plans for the periodontal diseases. He maintained that precise 
terminology is key to the development and growth of an accurate dentistrywide 
mindset about periodontal maladies and their solutions. Although the term 
"periodontal syndrome" has not gained wide acceptance, the universal use of the term 
"periodontal diseases" (plural) or "periodontitis" is more accurate than the singular 
term "periodontal disease." 

The preservation and restoration of a healthy, aesthetic, and functional dentition and 
oral cavity are the primary goals of all dental therapeutic endeavors. Periodontics can 
play a part in each portion of this spectrum, but the early stages of the periodontal 
diseases are easy for both patient and therapist to overlook. Periodontal diseases are 
typically characterized by asymptomatic clinical signs such as bleeding on probing 
and loss of clinical attachment. That patients often are unaware of any problems can 
complicate explanations regarding therapy. Occasionally, the first problems may be 
discovered as a result of patient complaints about tooth looseness or sensitivity. In 
either set of circumstances, patients must be educated to understand that unchecked 
periodontal diseases may eventually lead to tooth loss and that, in occasional cases, 
tooth loss may occur despite state-of-the-art therapy. Furthermore, unchecked 
periodontal diseases may contribute to systemic health problems (Fig. 18-1; see also 
Chapter 31). Together with therapeutic roles, the dental hygienist acts as an educator 
and patient advocate in periodontal care. These roles are critical to ensuring health 
and treating disease at an early stage. 



Figure 18-1.   

 

A, Severe periodontitis in a 70-year-old woman with a history of coronary artery 
disease. B, Histologic section of a coronary artery with a significant 
arteriosclerotic plaque. The specimen was secured at the time of autopsy. 



As was reviewed previously, destruction of the periodontal attachment apparatus may 
be caused by specific bacteria or the interaction of a number of different bacterial 
species. The patient (or host) must be susceptible for this tissue breakdown to occur. 
Repeated comprehensive clinical assessments are critical for successful treatment in 
all patients with periodontitis. Therefore, traditional assessment methods should be 
part of all periodic examinations. The intervals between periodontal maintenance 
examinations should be customized for each patient. The data gleaned at each of these 
examinations should always be part of a written record. In terms of cost versus 
benefit, additional etiologic assessments are probably best suited for sites that remain 
problematic despite quality professional care and self-care. 

ASSESSMENT OF DISEASE 

Screening Examinations 

Assessment is the initial step in the dental hygiene process of care. Two methods of 
assessment can be used when evaluating the periodontal condition. The first method 
is a screening technique to determine if a more comprehensive evaluation (the 
second method) is needed. Various types of screening examination techniques have 
been used. Screening examinations are used as a means of triage—separating those 
patients who require more detailed periodontal examination from those patients 
who do not. One example of such a screening tool that many dental practices in the 
United States have used is the Periodontal Screening and Recording (PSR).* 

Periodontal Screening and Recording 

As the name suggests, PSR is a screening tool for assessing periodontal 
conditions. It provides early detection of disease, thus promoting early (and 
hopefully more successful) treatment. A similar system has been used in Europe 
for a number of years. The Community Periodontal Index of Treatment Needs 
(CPITN), sponsored by the World Health Organization and the Federation 
Dentaire Internationale, was developed in the early 1980s. The CPITN has been 
used extensively to help clinicians decide if further diagnostic information is 
required about an individual patient. PSR is an adaptation of the CPITN. PSR 
simplifies record-keeping and satisfies dental-legal requirements by providing a 
straightforward method for documenting repeated evaluations. PSR also is a 
useful tool for educating patients about periodontal diseases and may help 
motivate them to energetically pursue proper home care procedures. 

When should a periodontal screening examination 

be performed? 

Periodontal screening should be performed at every oral examination. Although 
periodontal screening is designed primarily for use with patients 18 years of age 



and older, valuable information may be obtained about some younger patients. It 
is important to remember that periodontal screening does not replace a complete 
periodontal examination, but it does indicate to the professional when a partial- or 
full-mouth comprehensive examination is needed. Patients undergoing 
periodontal maintenance after active periodontal treatment will require periodic 
comprehensive periodontal examinations. Although screening examinations such 
as the PSR may be more appropriately used in a general dental office, 
periodontists and their hygienists may also use such examinations where 
appropriate. Such use will increase familiarity with the screening system and 
enhance communication with general practitioners when discussing patient 
treatment options. 

Routine use of periodontal screening examinations allows the general practitioner 
to use his or her clinical expertise to determine the best treatment methods for a 
patient. This might involve referral to a periodontist or treatment by the generalist. 
Periodontal screening gives the examining dentist the option to confer with the 
periodontist at any time, thus promoting the partnership concept of patient 
treatment. Where state law allows, the dentist might delegate screening duties to a 
dental hygienist, thereby involving the hygienist as a cotherapist. 

Because the PSR has been used widely in the past and currently remains in use in 
many dental practices, it is helpful to describe it in detail. Periodontal screening 
involves two concepts that differ from the traditional comprehensive periodontal 
examination. First, the mouth is divided into sextants. For each sextant (with one 
or more teeth or implants), only the highest score is recorded. An "X" is 
recorded when a sextant is edentulous. Second, the use of a special probe is 
recommended. The probe has a spherical end to limit penetration into the tissues. 
A color-coded area extends from 3.5 to 5.5 mm on the shank of the probe. A 
traditional periodontal probe also can be used, but the color-coded design 
facilitates documentation. 

During screening, the tip of the probe is inserted in the gingival crevice around 
each tooth or implant. The probe is inserted gently until resistance is felt, and the 
depth of insertion is read according to how much of the colored band remains 
visible. Notably, pocket depths are not being measured, and only the colored band 
on the probe is monitored. The total extent of the crevice should be explored by 
"walking" the probe around each tooth or implant. 

A standard coding system has been designed that reflects the amount of the 
colored band remaining visible (Box 18-1). Codes range from 0 through 4, and 
the highest number for each sextant is recorded on the patient's chart. 

According to PSR literature, the therapeutic management of patients, on the basis 
of their sextant scores, is determined by the examining dentist. The practitioner 
must decide if an individual patient is best treated by the general dentist or should 
be referred to a periodontist. Management for Codes 0 through 2 may be 
relatively simple and routine such as prophylaxis, or scaling in the presence of 



gingival inflammation, and improved self-care. The correction of defective 
margins and overhangs may greatly improve the gingival condition. Codes 3 and 
4 will likely require more aggressive treatment. Any possible risks, as well as 
probable outcome, should be discussed with the patient together with treatment 
recommendations. All communication should be well documented in the patient's 
chart, with the signatures of both doctor and patient. 

PSR is a straightforward, initial step toward periodontal disease detection. The 
American Dental Association and the American Academy of Periodontology 
recommend the use of PSR to improve the likelihood of early detection of 
periodontal maladies. Routine use of PSR provides benefits to both patients and 
clinicians. For the patient, periodontal screening can become an important link in 
the process of educating them about the necessity of preventive periodontal care, 
or effective methods of treatment, or both. For the clinician, PSR is convenient 
and quick. The widespread use of periodontal screening may facilitate early 
detection and treatment of periodontal diseases, thereby helping more patients 
retain their teeth for their lifetimes. It may also help protect practitioners 
medicolegally. 
* Periodontal Screening and Recording (PSR) is a registered trademark and 
service mark of the American Dental Association. 

Comprehensive Periodontal Assessment 

A comprehensive periodontal assessment entails more detailed examination. This 
section is organized into traditional methods, which should be performed on all 
periodontal patients at each evaluation, and additional, more specific (and 
expensive) methods, which might best be used for patients who show limited 
responses to meticulous plaque control (both supragingival and subgingival) 
performed by the therapist and patient working as a team. 

Traditional assessment methods 

Traditional methods of comprehensive periodontal examination include 
measurements of pocket depth and clinical attachment level, bleeding on probing, 
suppuration, radiographs, mobility, and occlusal abnormalities (see Chapter 8). 
The following sections provide brief descriptions of each method. 

Box 18-1  Screening Codes 

Code 0 For a Code 0 score, the colored area of the probe remains 
completely visible at the deepest site of the sextant (i.e., no probing depth 
greater than 3.5 mm). This indicates that no probing depths in that sextant are 
greater than 3.5 mm in depth. No bleeding on probing is detected, and 
calculus or defective margins are not present. 



Code 1 With a Code 1 score, the colored area of the probe also is 
completely visible at the deepest site in the sextant. However, some bleeding 
occurs during gentle probing. As with Code 0, no defective margins or 
calculus are present. 

Code 2 A Code 2 score also is indicated when the colored area of the 
probe is completely visible in the deepest site of the sextant. The difference 
between Code 2 and Code 1, however, is that a Code 2 is recorded when 
supragingival or subgingival calculus, or defective margins, or both are 
detected. Code 2 is not related to gingival bleeding. 

Code 3 For Code 3, the colored area of the probe remains only partly 
visible. This indicates that the deepest probing depth of that sextant is between 
3.5 and 5.5 mm. A comprehensive periodontal examination and charting of 
the affected sextant is needed to determine a proper treatment plan. If two or 
more sextants are scored as Code 3, a comprehensive full-mouth examination 
and charting is required. 

Code 4 Code 4 is recorded when the colored area of the probe completely 
disappears, indicating a probing depth greater than 5.5 mm. As soon as a Code 
4 is discovered for any tooth in a sextant, that sextant is scored accordingly 
and the next sextant is examined. A Code 4 in any sextant necessitates a full-
mouth periodontal examination and charting. 

Code * Code * is used to indicate clinical abnormalities. These could 
include furcation invasion, tooth mobility, mucogingival problems, or gingival 
recession of 3.5 mm or greater. Specific notation of the abnormality should be 
made in the patient's record. If Code * exists in the presence of Code 3 or 4, a 
comprehensive full-mouth periodontal examination and charting is necessary. 

Probing depth. 

This is a linear measurement made from the most coronal extent of the gingival 
margin to the base of the sulcus and is usually recorded at six sites (i.e., mid-
facial, mesial-facial, mesial-lingual, mid-lingual, distolingual, and distofacial) 
around the perimeter of each tooth. Gentle probing using a periodontal probe is 
recommended. The most commonly used brands of periodontal probes are 
round and are 0.4 mm in diameter at their tips. Inflamed gingiva permits a 
periodontal probe to penetrate through the epithelial attachment into connective 
tissue. Therefore, probing of inflamed gingiva will almost always overstate the 
"true" pocket depth by at least 1 mm. This can be misleading and can suggest to 
inexperienced professionals that minimal therapeutic interventions (e.g., a single 
prophylaxis and improved self-care) are successfully arresting the progression 
of periodontal destruction. The reality may be quite different. Therefore, the 
most useful baseline probing depths (and attachment loss measurements) are 
those made after initial control of inflammation and during reevaluation 



appointments at sites where supragingival plaque is reasonably well controlled 
by daily self-care. It also is important to remember that the six sites chosen for 
recording of sulcus depths are specified only so that the therapist can generate a 
written record of examination results. Correct probing is actually conducted all 
the way around each tooth, not just at the six aforementioned sites. Therefore, 
the six recorded depths are to some extent extrapolations of data obtained from 
sites such as mid-mesial or mid-distal aspects, where destruction of the 
periodontium is most likely to occur, but where it is usually difficult to obtain 
accurate probing depths in a consistent manner. Because of the high 
measurement variability at interproximal sites, it is generally accepted that an 
increase of 2 or more mm of attachment loss over time indicates that a true loss 
of periodontal support apparatus ("disease activity") has occurred in the interval 
between measurements. Conversely, at mid-facial or midlingual sites, a smaller 
change may be suggestive of disease activity. 

Clinical attachment level. 

The clinical attachment level measurement is taken from a fixed reference point 
(usually the cementoenamel junction) to the base of the sulcus. The probing 
depth plus the amount of recession equals the amount of attachment loss. The 
"gold standard" for measurement of past periodontal disease activity is loss of 
clinical attachment level.3 Prospective studies have shown that clinical 
attachment level measurements are the most valid method of assessing 
treatment outcomes.4 Accurate baseline measurements are the foundation for 
effective longitudinal monitoring of attachment loss. 

Bleeding on probing. 

Bleeding on gentle probing is an easily obtained clinical sign of inflammation. 
Some authors have suggested that bleeding on probing may "predict" sites at 
greater risk for subsequent periodontal breakdown; however, only 30% of sites 
with repeated bleeding on probing at sequential examinations have attachment 
loss.5,6 Therefore, bleeding on probing should be used more as a sign directed 
toward resolution of inflammation, rather than as a predictor of future events. 

Furcation involvement. 

The area of root separation on multirooted teeth (furcation or furca) can 
experience interradicular bone loss, which creates a niche for plaque biofilm. 
Because these areas are difficult to access by the patient and clinician, they can 
contribute to further breakdown. 

Suppuration. 



Suppuration is sometimes observed accompanying severe inflammation at sites 
with advanced periodontal destruction and deep probing depths. Its predictive 
value for subsequent disease activity is low, and in patients who are otherwise 
healthy, it probably has no more meaning than does bleeding on probing at the 
same site6—that is, suppuration is a clinical indicator of existing inflammation. 

Radiographs. 

Radiographs may depict past periodontal destruction, but they are poor 
predictors of further breakdown.7 It has been shown that attachment loss 
typically precedes bone loss on radiographs by months. However, radiographs 
provide an important view of changes that have occurred (see Chapter 9). 
Vertical bitewings generally provide better visualization of bone loss than 
horizontal bitewings. Subtraction radiography (involving computerized 
comparisons of geometrically registered radiographs made at different times) is 
a highly sensitive indicator of subtle changes in bone, which may be related to 
destruction or repair.8 

Mobility. 

Healthy teeth will move a few hundredths of a millimeter in response to normal 
loading. Greater movement may be caused by either excess loading (termed 
"primary mobility"), normal loading accompanying diminished periodontal 
support (termed "secondary mobility"), or both. Either type of mobility may be 
an important consideration in a tooth's prognosis. Retrospective, private, 
practice-based studies suggest that high degrees of mobility may facilitate 
increased periodontal destruction and retard the healing of a treated periodontal 
lesion.9,10 Occlusal adjustments, splinting, or both may be indicated in some 
cases of tooth mobility (see Chapter 29). 

Additional assessment methods 

Additional assessment methods include microbiologic, immunologic, genetic, and 
gingival crevicular fluid (GCF) assays. In addition, other means may be necessary 
to assess the presence or location of subgingival plaque and calculus. 

Microbiologic methods. 

Because periodontal diseases are bacterial infections, microbiologic methods of 
assessment may help to determine possible etiologic agents and methods of 
treatment. Although these methods are not used routinely because of cost 
considerations and limited knowledge about the therapeutic ramifications of 
their results, they could be useful in determining appropriate antibiotic therapy, 
in monitoring response to treatment in children and refractory adult periodontal 



patients, or both. These methods include microscopy, DNA probes, and 
culturing. 

Microscopy. 

Darkfield and phase-contrast microscopy are probably of minimal value in 
disease assessment because many of the suspected periodontal pathogens are 
nonmotile and difficult to identify. Microscopy may have some value as a 
motivational tool for individual patients. 

DNA probes. 

DNA probes test for specific organisms that may be present in the gingival 
sulcus. A sterile paper point is inserted into the sulcus to collect the material 
to be analyzed. The material is sent to a reference laboratory for analysis. 
DNA probes currently analyze for a limited number of pathogens and do not 
determine the antibiotic sensitivity of a specific bacterium. 

Culturing. 

Culturing is technique sensitive and costly, but it can be used to detect specific 
organisms and may be used to help determine their antibiotic sensitivities 
(Fig. 18-2). Bacterial samples are obtained in the dental office and sent to a 
reference laboratory for analysis. Organisms are grown in culture media 
conducive to their survival. Culturing is performed at several laboratories 
affiliated with major universities. 

Genetic assays. 

One genetic test for susceptibility to periodontitis currently exists. It tests for 
polymorphisms in the interleukin-1 (IL-1) gene cluster (Fig. 18-3; see also 
Chapter 3). Approximately 30% of white individuals are positive for a 
polymorphism of the IL-1 gene cluster.11 In some populations, the presence of 
this polymorphism is low. Only 2.3% of individuals with Chinese ancestry are 
genotype-positive.12 Therefore, the test is of little value as a susceptibility test in 
certain patient populations. Indeed, its usefulness in white individuals is 
questionable in light of relatively high false-positive and false-negative 
results.13 

Figure 18-2.   



 

The oral microbiology testing analysis report identifies the percentage of the 
specific organisms present, the percent inhibition of the three most common 
antibiotics, and an analysis of the sample results. 

Figure 18-3.   

An example of a genetic test for susceptibility to periodontal disease. 



 

Gingival crevicular fluid assays. 

GCF has been the focus of biochemical assessments for disease activity. The 
flow rate and composition of GCF have been related to periodontal status. 

Flow rate. 

A reduction in GCF flow has been noted after resolution of gingivitis. 
However, GCF measurements are not an improvement from probing and 
visual assessment for gingivitis. The value of GCF rates in deep pockets is 
currently unclear. 

Enzymes (collagenase and elastase). 



Collagenase and elastase enzymes have been shown to increase with 
increasing disease activity, but the clinical value of these tests remains unclear 
because of cost factors and because monitoring on a less than daily basis may 
not be therapeutically meaningful. 

Other enzymes. 

Enzymes such as aspartate aminotransferase, lactate dehydrogenase, and β-
glucuronidase are indicators of neutrophil degranulation or cell death. GCF 
levels of these enzymes have been correlated with evidence of tissue 
destruction, attachment loss, bone loss, and loss of teeth, but their clinical 
value remains unclear for the same reasons as stated earlier. 

Recent technologic advances aid in the detection of plaque and calculus on 
subgingival surfaces. The DVD2 Perioscopy System (DentalView, Inc., 
Irvine, Calif.) is a periodontal endoscope that projects root surface images 
onto a computer monitor. Images are magnified 24 to 48 times, thus 
improving visualization. The DetecTar Probe (Ultradent, Salt Lake City, 
Utah) emits a low infra-red light that identifies calculus in the presence of 
blood, saliva, or suppuration. When calculus is detected, a light at the juncture 
of the probe and handle lights up and the unit emits a sound. The probe is the 
same diameter as a conventional periodontal probe, with graduated markings 
to measure pocket depth. 

DENTAL HYGIENE DIAGNOSIS 

After performing a periodontal assessment, the next step is to formulate a dental 
hygiene diagnosis using current diagnostic parameters14 (see Chapter 2). To keep a 
proper perspective of these various states of disease, a definition and clarification of 
health, gingivitis, and periodontitis are detailed in this section15 (Table 18-1). 

Health is the condition of a patient in which there is function without evidence of 
disease or abnormality. When discussing the periodontal structures, health could 
include the following:  

1. Sites that are disease-free with no attachment loss or recession 

2. Sites that have been successfully treated for periodontal destruction and 
have attachment loss and recession from previous episodes of disease activity 

The probing depth of a healthy sulcus can range from 1 to 4 mm.16 Bleeding on 
probing and suppuration are absent. A patient in a state of health requires no 
periodontal treatment, but is periodically monitored to ensure the healthy state is 
maintained. 



Gingivitis is inflammation of the gingiva, clinically characterized by changes in color, 
gingival form, position, surface appearance, and presence of bleeding and/or exudate. 

Periodontitis is an inflammation of the supporting tissues of the teeth, usually a 
progressively destructive change leading to loss of bone and periodontal ligament in 
which inflammation from the gingiva extends into the adjacent bone and ligament. 

Case Types 

Although patients can be classified by the terms health, gingivitis, and periodontitis, 
case types are used to describe the stage of destruction or disease progression. 
These case types have been developed by the American Academy of 
Periodontology and are used to more fully communicate the condition of the 
patient, especially for insurance purposes.17 Types I through IV, as described by the 
American Academy of Periodontology, are detailed in the following sections. 

Case type I:  Gingival disease. 

Gingivitis presents no clinical attachment loss. Bone loss is not evident when 
radiographs of the periodontal structures are viewed. 

Case type II:  Early periodontitis. 

Gingival inflammation progresses into the deeper periodontal structures and 
alveolar bone crest, with slight bone loss. There also usually is a slight loss of 
connective tissue attachment and alveolar bone (Fig. 18-4). 

Case type III:  Moderate periodontitis. 

This is a more advanced stage of periodontitis than type II, with increased 
destruction of the periodontal structures and noticeable loss of bone support, 
possibly accompanied by an increase in tooth mobility. There may be furcation 
involvement in multirooted teeth. 

TABLE 18-1  Periodontal Conditions 

From Annals of periodontology, Vol 4, No 1: 1999 International Workshop 
for a Classification of Periodontal Diseases and Conditions, Chicago, 1999, 
American Academy of Periodontology. BOP, bleeding on probing; HIV, 
human immunodeficiency virus; NUG, necrotizing ulcerative gingivitis; NUP, 
necrotizing ulcerative periodontitis. 



 

Figure 18-4.   



 

Type II early periodontitis in a 50-year-old man. 

Case type IV:  Advanced periodontitis. 

Periodontitis progresses further in type IV, with major loss of alveolar bone 
support usually accompanied by increased tooth mobility. Furcation involvement 
in multirooted teeth is likely (Fig. 18-5). 

Formulating the Diagnosis 

The dental hygiene diagnosis is defined as "a formal statement of the dental 
hygienist's decision regarding the actual or potential problems of a patient that 
are amenable to treatment through the dental hygiene process of care."18 It is 
important to recognize that "the purpose of the dental hygiene diagnosis is to keep 
the planning of care focused on problems or conditions that are amenable to dental 
hygiene interventions."1 It is not a paraphrasing of a dental diagnosis, and includes 
only actions that can be rendered by a dental hygienist to improve a condition. 
Therefore, it should not interfere with state practice acts regarding the legal aspects 
of professional dental hygiene care. 

Figure 18-5.   



 

Type IV advanced periodontitis in a 55-year-old woman. 

The dental hygiene diagnostic statements related to periodontal conditions may 
include the following:  

• "Generalized gingival infection related to high levels of plaque biofilm." 
(This condition could be improved with periodontal debridement performed by a 
dental hygienist.) 

• "Potential for periodontal breakdown related to plaque biofilm and 
calculus accumulation on distal aspects of third molars." (This condition could be 
improved with periodontal debridement performed by a dental hygienist; see Fig. 
18-6.) 

• "Chronic periodontitis related to smoking." (This condition could be 
improved through tobacco cessation counseling performed by the dental 
hygienist.) 

• "Root surface decay related to improper oral hygiene." (This condition 
could be improved through oral hygiene instructions performed by the dental 
hygienist.) 

• "Nonplaque-induced gingival disease (allergic reaction) related to the use 
of sodium laurel sulfate-containing dentifrice." (This condition could be improved 
through use of alternative dentifrices recommended by the dental hygienist.) 

• "Plaque-induced gingival disease (pregnancy-associated gingivitis) related 
to accumulation of plaque biofilm and hormonal changes." (This condition could 



be improved with specific oral hygiene instructions performed by the dental 
hygienist.) 

Figure 18-6.   

 

A, Plaque biofilm and calculus accumulation on a tooth surface. The gingival 
tissue has been retracted from the teeth. Note the inflamed tissue lining the 
pocket. B, The periapical x-ray reveals a significant accumulation of calculus 
associated with vertical bone loss on the mesial and distal root surfaces. 

Considered in concert with the dental diagnosis performed by the dentist, the dental 
hygiene diagnosis allows the dental hygienist to focus on the specific needs of the 
patient. The dental and dental hygiene diagnoses complement each other and 
promote optimum care (Table 18-1). 

TREATMENT: PLANNING DENTAL HYGIENE AND 

PERIODONTAL CARE 

The outcome of the assessment and diagnosis procedures will determine the treatment 
guidelines needed for each patient. It is important to keep in mind that each patient is 
an individual with a malady that may be largely unique. This suggests that each 
individual may respond uniquely to the therapy provided. Previously, "periodontal 
disease" was used as an all-inclusive term to describe periodontal attachment loss. All 
patients with "periodontal disease" tended to be treated similarly, regardless of 
susceptibility factors (medically compromised vs. uncompromised), self-care factors 
(motivated vs. unmotivated), and age factors (early age onset vs. older age onset). 
This type of treatment frustrated many practitioners and patients. A simplistic 
"cookbook" approach to treating periodontitis is not possible. Therefore, the results of 
continued reassessment of responses to therapy should be used to plan and adjust 
continuing care. Nevertheless, certain general guidelines are useful for managing 
periodontal patients in the general practice. The PSR coding can be used to suggest 
directions for treatment. 



This section develops guidelines for treating typical chronic periodontitis patients 
after the scoring used in the PSR examination described earlier in this chapter. These 
are suggested courses of therapy and do not cover all possible situations faced by 
practitioners. The ultimate decision and responsibility for how to treat a given patient 
rests with the doctor-hygienist team. 

Periodontal Screening and Recording Code 0: Health 

Using the PSR probe, the colored area of the probe remains completely visible in 
the deepest crevice in the sextant. Using a traditional probe, pocket depths measure 
less than 3.5 mm. No calculus or defective margins are detected. Gingival tissues 
are healthy with no bleeding after gentle probing. 

First appointment: 45 minutes to 1 hour  

• Initial (new patients) or periodic examination (patients of record)—both 
consist of a medical and dental history update (including blood pressure 
monitoring), head and neck examination, and oral cancer screening 

• Complete radiograph series, including vertical bitewings (new patients) or 
radiographs, as needed (patients of record) 

• Adult prophylaxis 

• Oral hygiene instruction 

• Suitable maintenance interval established (3, 6, or more than 6 months) 

The healthy patient is probably "dentally aware" and will likely be open to 
discussing new advancements and techniques in dentistry. This patient will likely 
recognize and respond favorably to enhancements in dental therapeutics. The oral 
hygiene instruction time might be used to discuss new oral hygiene products and 
their applications. Although further periodontal treatment is unnecessary at this 
time, the professional must not exhibit a complacent attitude. The patient must 
realize that future examinations may reveal disease even though his or her current 
status is healthy. 

Periodontal Screening and Recording Code 1: 

Gingivitis (American Academy of Periodontology 

Case Type I) 

Using the PSR probe, the colored area of the probe remains completely visible in 
the deepest sulcus in the sextant. Using a traditional probe, pocket depths measure 
less than 3.5 mm. No calculus or defective margins are detected. There is bleeding 
after gentle probing. 



First appointment: 1 hour  

• Initial (new patients) or periodic examination (patients of record)—both 
consist of a medical and dental history update (including blood pressure 
monitoring), head and neck examination, and oral cancer screening 

• Complete radiograph series, including vertical bitewings (new patients) or 
indicated radiographs (patients of record) 

• Chart sites that bleed on gentle probing 

• Stain for plaque and relate stained areas to bleeding sites as part of oral 
hygiene instruction 

• Periodontal scaling 

• Nutritional counseling for the control of dental disease 

Second appointment: 45 minutes (scheduled 7 to 10 days after first appointment)  

• Monitor blood pressure 

• Chart sites that bleed on gentle probing 

• Stain for plaque and relate stained areas to bleeding sites as part of oral 
hygiene instruction 

• Adult prophylaxis or periodontal scaling, if indicated 

• Nutritional counseling for the control of dental disease, if needed 

• Suitable maintenance interval established (3 to 6 months) or a third 
appointment is scheduled for 7 to 10 days later 

This patient must be made aware of the problem areas in his or her mouth. Bleeding 
is a sign of inflammation. All bleeding points should be noted and pointed out to the 
patient and recorded in the chart. Areas of plaque accumulation also should be 
entered. Usually these areas will coincide with sites having gingivitis. This relation 
should be pointed out to the patient. If the patient is made to understand that the 
disease process is in an early stage and proper professional and self-care will 
probably reverse the disease, treatment is much more likely to succeed. Involve the 
patient as a "cotherapist." 

Periodontal Screening and Recording Code 2: 

Gingivitis (American Academy of Periodontology 

Case Type I) 



Using the PSR probe, the colored area of the probe remains completely visible in 
the deepest probing depth of the sextant. Using a traditional probe, pocket depths 
measure less than 3.5 mm. Supragingival or subgingival calculus, or defective 
margins, or both are detected. 

First appointment: 1 hour  

• Same as PSR Code 1 

Second appointment: 45 minutes (scheduled for 7 to 10 days after first 
appointment)  

• Same as PSR Code 1 

The PSR Code 2 patient presents with the same conditions as PSR Code 1; 
however, there are physical irritants present (calculus, defective restorative margins, 
or both) contributing to the gingival inflammation. Patient involvement with 
therapy is the key to successful treatment, as discussed with the Code 1 patient. In 
addition, the removal of all physical irritants is essential. Sites with plaque should 
be recorded in the record. Sites that bleed on probing also should be recorded. 

Periodontal Screening and Recording Code 3: Early or 

Moderate Periodontitis (American Academy of 

Periodontology Case Type II or III) 

When using the PSR probe, the colored area of the probe remains partly visible in 
the deepest probing depth in the sextant (Fig. 18-7). Using a traditional probe, 
pocket depths measure between 3.3 and 5.5 mm. 

First appointment: 1 hour  

• Initial (new patients) or periodic examination (patients of record)—both 
consist of a medical and dental history update (including blood pressure 
monitoring), head and neck examination, and oral cancer screening 

• Comprehensive periodontal examination in affected area; sites that bleed 
on probing also should be recorded 

• Complete radiograph series, including vertical bitewings (new patients) or 
indicated radiographs (patients of record) 

• Stain for plaque and relate stained areas to bleeding sites as part of oral 
hygiene instruction 

• Periodontal scaling and root planing, per quadrant 



• Nutritional counseling for the control of dental disease 

• Application of desensitizing medicaments, if needed 

Second, third, and fourth appointments: 45 to 60 minutes (scheduled for 7 to 10 
days after previous appointment)  

• Monitor blood pressure 

• Chart sites that bleed on gentle probing 

• Stain for plaque and relate stained areas to bleeding sites as part of oral 
hygiene instruction 

• Periodontal scaling and root planing, per quadrant 

• Application of subgingival medicaments, if indicated 

• Nutritional counseling for the control of dental disease 

• Application of desensitizing medicaments, if needed 

Fifth appointment: 30 to 45 minutes (scheduled 4 to 6 weeks after final 
scaling/root planning appointment)  

• Monitor blood pressure 

• Comprehensive periodontal examination in affected areas; record sites that 
bleed on probing 

• Chart sites that bleed on gentle probing 

• Stain for plaque and relate stained areas to any bleeding sites as part of 
oral hygiene instruction 

• Periodontal maintenance procedures (scaling and root planing, polishing) 

• Application of subgingival medicaments, if indicated 

• Nutritional counseling for the control of dental disease 

• Application of desensitizing medicaments, if needed 

• At this time the patient may be put on a suitable recall/reevaluation 
interval 2 to 4 months later if disease appears arrested (i.e., no bleeding on 
probing from deep pockets at sites which patient is maintaining plaque free) and 
there is no other reason to refer to specialist 



Maintenance appointments: repeat plan for fifth appointment described earlier. If 
deeper pockets are still bleeding on probing, it is probably best to refer this patient 
for possible surgical therapy. 

Depending on depth of pockets and extent of bone loss, the PSR Code 3 patient has 
either early or moderate periodontitis. If Code 3 is detected in only one sextant, a 
comprehensive periodontal examination including probing depths, mobility, 
gingival recession, mucogingival problems, and furcation involvements should be 
performed in that sextant. Bacteriologic studies for determination of putative 
pathogens may be indicated at sites that are kept plaque free by the patient but are 
still bleeding on gentle probing. If a Code 3 is detected in two or more sextants, the 
comprehensive periodontal examination is indicated for the entire mouth. In this 
situation, the suggested guidelines for PSR Code 4 may be more appropriate (see 
later). It is always wise to make note in the record of the sites where the patient's 
home care fails to remove plaque. It also is important to always record which sites 
bleed when probed. 

Figure 18-7.   

 

A, PSR code 3—early to moderate periodontitis. It is possible to see the dark 
areas of calculus under the gingival tissue. B, Open-flap root planing and 
scaling were done in order to gain access and thoroughly remove the calculus 
and plaque on the root surface. C, 6 months after root planing and scaling, the 



patient is maintaining good oral hygiene techniques and the tissue has remained 
healthy. No other procedures are necessary. The patient is placed into a 
maintenance recall system. 

Periodontal Screening and Recording Code 4: 

Advanced Periodontitis (American Academy of 

Periodontology Case Type IV) 

Using a traditional probe, pocket depths measure greater than 5.5 mm (Fig. 18-8). 

First appointment: 1 hour  

• Initial (new patients) or periodic examination (patients of record)—both 
consist of a medical and dental history update (including blood pressure 
monitoring), head and neck examination, and oral cancer screening 

• Comprehensive periodontal examination of entire mouth; sites that bleed 
on probing also should be recorded 

• Complete radiograph series, including vertical bitewings (new patients) or 
indicated radiographs (patients of record) 

• Stain for plaque and relate stained areas to bleeding sites as part of oral 
hygiene instruction 

• Nutritional counseling for the control of dental disease 

• Application of desensitizing medicaments, if needed 

Second appointment: 45 to 60 minutes (scheduled for as soon as possible after 
initial visit)  

• Monitor blood pressure 

• Chart sites that bleed on gentle probing 

• Stain for plaque and relate stained areas to bleeding sites as part of oral 
hygiene instruction 

• Periodontal scaling and root planing, per quadrant 

• Nutritional counseling for the control of dental disease 

• Application of desensitizing medicaments, if needed 

Third, fourth, and fifth appointments: 45 to 60 minutes (scheduled for every 7 to 
10 days)  



• Monitor blood pressure 

• Chart sites that bleed on gentle probing 

• Stain for plaque and relate stained areas to bleeding sites as part of oral 
hygiene instruction 

• Periodontal scaling and root planing, per quadrant 

• Application of subgingival medicaments, if indicated 

• Nutritional counseling for the control of dental disease 

• Application of desensitizing medicaments, if needed 

Sixth appointment: 45 minutes (scheduled 4 to 6 weeks after final scaling and root 
planing appointment)  

• Monitor blood pressure 

• Comprehensive periodontal examination of entire mouth; record sites that 
bleed on probing 

• Stain for plaque and relate stained areas to bleeding sites as part of oral 
hygiene instruction 

• Periodontal maintenance treatment (scaling and root planing, polishing) 

• Application of subgingival medicaments, if indicated 

• Nutritional counseling for the control of dental disease 

• Application of desensitizing medicaments, if needed 

• Referral to a specialist if any problems persist—this is likely in these 
patients 

• At this time, patient may be put on a suitable recall/reevaluation interval 2 
to 4 months later if disease appears arrested (i.e., no bleeding on probing from 
deep pockets at sites that patient is maintaining plaque-free) and there is no 
other reason to refer to specialist (persistent inflamed pockets, continued 
attainment loss, and others) 

Figure 18-8.   



 

PSR code 4: Using a periodontal probe, the pocket depth measures 8 mm on the 
distal aspect of the maxillary right 2nd bicuspid. 

Continuous monitoring of self-care and bleeding on probing is essential in PSR 
Code 3 and 4 patients. Because of the severity of the condition of the PSR Code 4 
patient, more aggressive and more complex treatment often will be necessary. It is 
important to keep meticulous records so that changes—either beneficial or 
deleterious—can be noted and addressed promptly. The need to repeatedly stain for 
plaque cannot be stressed enough—that is, if the patient cannot keep supragingival 
areas plaque-free at sites that bleed on probing, it complicates decisions about 
whether the underlying pathology is caused by destructive dynamics deep in the 
pocket or a mere superficial response to the continuous presence of supragingival 
plaque. 

Conversely, if a patient keeps a site plaque-free (supragingivally) and it continues to 
exhibit bleeding on probing, it is a reasonable conclusion that an infective process 
continues deep in the pocket at that site. This clinical presentation suggests more 
aggressive therapy is probably needed because additional destruction may occur if 
the infective process is not stopped. Frequently, such sites also will exhibit deep 
probing depths. Surgical procedures, systemic antimicrobial therapeutic approaches, 
or both become the next level of intervention. Periodontal surgical procedures are 
typically designed to produce an anatomy that permits better self-care and 
professional care at affected sites. Even if these procedures are fully successful at 
achieving the desired changes in anatomy, a need for maintenance therapy will 
likely exist for the balance of the patient's life. 

PSR Code 4 patients often will be referred to a periodontist. Nevertheless, initial 
therapy, including a comprehensive full-mouth periodontal examination, often can 



be performed in the general dentist's office. Other procedures, as outlined earlier, 
can benefit the entire patient-generalist-periodontist team by better preparing the 
patient for treatment options that may be presented. If surgery becomes the 
recommended course of treatment, the chances for success are greater at sites that 
the patient has been trained and motivated to keep plaque-free at home. The general 
dentist's team can prepare the patient with thorough oral hygiene instructions geared 
to point out and mitigate (on a site-by-site and repeated basis) sites that continue to 
bleed on probing. The generalist, periodontist, and involved hygienists should 
appear to the patient as a team specially organized to provide each patient the best 
treatment possible. 

Periodontal Screening and Recording Code *: Clinical 

Abnormalities 

Code * is used with Codes 0 through 4 when a clinical irregularity is observed, 
including the following:  

• Furcation invasion 

• Tooth mobility 

• Mucogingival problems 

• Recession extending to the colored area of the probe (3.5 mm or greater) 

In cases of Codes 0, 1, and 2, the irregularity is specifically described on the 
patient's record and the appropriate treatment is administered for that abnormality 
or the patient is referred to a practitioner who can perform the appropriate therapy. 
With a Code 3 patient, a comprehensive periodontal examination of the asterisked 
sextant is necessary. A Code 4 patient should undergo a full-mouth comprehensive 
periodontal examination. 

Full-Mouth Disinfection Therapy 

Full-mouth disinfection therapy consists of four quadrants of root planing 
completed within 24 hours, with adjunctive chlorhexidine therapies to include 
rinsing, subgingival irrigation, and tongue brushing. The rationale for full-mouth 
disinfection therapy is to reduce bacterial niches in the oral cavity at the time of 
debridement to reduce the possibility of reinfection and enable better healing. In 
concept, full-mouth disinfection therapy could reduce the number of appointments 
and enable more efficient use of appointment time. However, the small sample size 
of studies that promote full-mouth disinfection therapy, together with 
noncorroborating data, indicate that further research is needed.19 The practical 
implementation of full-mouth disinfection therapy may be difficult for many dental 



offices, because patients may have to be scheduled for more than one appointment 
in a 24-hour period. 

Referral to a Specialist 

The decision to refer to a periodontist is an important one and should be based on a 
number of considerations. The best interest of the patient always should be the first 
priority. Whenever satisfactory results are not obtained, the patient should be 
encouraged to seek treatment by a specialist. Most patients in the general dental 
practice will present with case type I (gingivitis), case type II (early periodontitis), 
or case type III (moderate periodontitis). A smaller number will be considered case 
type IV (severe periodontitis). The dental professional must determine, on a case-
by-case basis, whether his or her ability and knowledge are sufficient to properly 
provide the needed care. If the general dentist or hygienist has the skill to deliver 
the required standard of care (the same standard as required of the specialist), any 
periodontal disease may be treated. Otherwise, a referral must be made for the well-
being of the patient and for medicolegal reasons. According to the American Dental 
Association's "General Guidelines for Referring Dental Patients to Specialists and 
Other Settings of Care,"20 referral for specialty care is indicated for the following 
circumstances:  

• Treatment is beyond the limits of the primary care dentist's skills or 
knowledge 

• There is a need for consultation or expert opinion 

• The referral increases the overall quality of care for the patient 

Good communication between the referring dentist and the specialist is of utmost 
importance for successful treatment. Dentists initiating the referral should provide 
the following information to the specialist20:  

• The name and address of the patient 

• The appointment time and date 

• The reason for referral 

• Medical and dental information, such as medical consultations and 
specific problems, previous contributory dental history, models, and radiographs 

• Projected treatment needs beyond the referral 

• The urgency of the situation 

• Any information already provided to the patient 



The following steps can facilitate communication from the specialist to the primary 
care dentist:  

• An initial report indicating the preliminary diagnosis by the specialist and 
anticipated treatment 

• A progress report if treatment is extended over a considerable period 

• A final report that includes information that might alter future courses of 
therapy; maintenance suggestions plus any other treatment recommendations 

• The provision of copies or duplicates of appropriate preoperative or 
postoperative radiographs 

• The return of any original radiographs or forms provided by the referring 
dentist 

Both practitioners must determine who will be responsible for periodontal 
maintenance once the so-called active stage of treatment is completed. It is 
important for everyone (clinicians and patients) to understand that periodontal 
diseases usually require meticulous re-care (including periodontal maintenance and 
even other definitive periodontal procedures at times) for either the rest of the 
patient's life or until involved teeth are extracted. It may be advantageous to 
alternate routine maintenance appointments between the general dentist and the 
periodontist. This returns the patient to the referring dentist's practice while keeping 
the periodontist involved with the long-term periodontal maintenance care. 

Immediately refer to the periodontist any patients exhibiting signs of aggressive 
periodontitis or periodontitis associated with systemic disease. These types of 
periodontitis have been associated with rapid destruction of the periodontium. 
Unresponsive cases and patients showing signs of periimplantitis also require the 
intervention of a specialist. Teenagers and children with periodontal diseases (other 
than reversible forms of gingivitis) also should be referred. 

IMPLEMENTATION OF PROFESSIONAL CARE 

It should be clear from the previous sections that periodontal diseases vary from 
patient to patient and even in a single patient from site to site or time to time. This 
variability contributes to the complexity of treatment. Assessment, diagnosis, and 
planning guidelines have been established; therefore, a description of the next step in 
the dental hygiene process of care—implementation—is in order. This section 
focuses first on professionally administered dental hygiene therapies followed by a 
review of recommended self-care techniques. Both mechanical and antimicrobial 
therapies are discussed. 

Professionally Administered Therapies (Mechanical) 



Mechanical therapies include those types of treatment administered by manual 
implementation, such as scaling and root planing and periodontal surgery (see 
Chapter 14). Thorough scaling and root planing remains a critical component of 
therapeutic strategies designed to arrest disease progression. Scaling is defined as 
the removal of plaque, calculus, and stain from the crown and root surfaces, 
whereas root planing specifies the removal of cementum or surface dentin that is 
rough and/or impregnated with calculus, toxins, or microorganisms.21 As any 
therapist can attest, thorough root planing is one of the most difficult procedures in 
dentistry. The primary goal of scaling and root planing is to remove pathogenic 
microflora and toxins while rendering the root surface more hospitable to new 
attachment, resulting in gain of clinical attachment level. Previously, the objective 
of root planing was extensive removal of cementum. It was believed that bacterial 
endotoxins penetrated the root surface, thus making it necessary to remove as much 
of the affected cementum as possible. It has since been determined that achieving a 
glossy smooth surface is unnecessary.22 Endotoxin does not penetrate root surfaces 
as deeply as previously thought, and excessive removal of cementum is thought to 
promote dentinal hypersensitivity. 

TABLE 18-2  Scaling and Root Planing Instruments 

 

Types of scaling and root planing instruments 

Instruments for scaling and root planing procedures are either hand-activated or 
power-driven. Hand-activated instruments are available in various designs to 
effectively reach and treat all areas of the tooth (see Chapter 14) (Table 18-2). 

Curettes have the most applications of all the hand-activated instruments. In 
addition, some curettes are designed to treat specific areas of certain teeth. 
Curettes have been introduced with longer shanks and smaller working ends to 
permit improved access to deeper pockets and areas such as furcations. Power-
driven instruments, once used primarily as adjuncts to hand-activated instruments, 
now have a more expanded role. Large-diameter tips are effective in removing 
gross deposits of calculus and stain, whereas modified, slim inserts are used in 
deeper periodontal pockets. With power-driven instruments, patient comfort is 
enhanced and operator fatigue is reduced, because the use of heavy pressured 
strokes is unnecessary. Some research shows that power-driven instruments are 



superior to hand-activated instruments in debridement of Class 1 and 2 
furcations.23,24 Furthermore, advances in ultrasonic tips enable clinicians to use 
them in circumstances where they were once considered detrimental (e.g., 
specially designed implant tips). Most dental professionals agree that a 
combination of both hand-activated and power-driven instruments is best for the 
majority of circumstances. 

Power-driven instruments are often termed "ultrasonics." In reality, they may be 
sonic, ultrasonic, or piezoelectric instruments. Sonic scalers are air-driven. The 
frequency at which the tip vibrates is less than other types of power-driven 
scalers; hence, they may be less comfortable to the patient. Ultrasonic scalers are 
the most widely used type of power-driven instruments. These operate by 
magnetorestrictive power. (See Chapter 14 for a detailed review of 
instrumentation for scaling and root planing.) 

Surgical versus nonsurgical therapy 

As with scaling and root planing, periodontal surgery will likely always have a 
place in the treatment of periodontitis. Although some studies have concluded that 
scaling and root planing can be as effective as surgical procedures,25 several 
factors should be considered when determining surgical versus nonsurgical 
treatment for a patient:  

1. The goal of therapy. Some goals (e.g., periodontal regeneration) can only 
be attained using a surgical approach. 

2. The skill of the professional and her or his ability to successfully treat a 
patient non-surgically 

3. The depth of the pockets being treated 

4. Anatomical difficulties associated with the area being treated 

5. The patient's medical history 

6. The patient's response to treatment that has already been provided 

In the early 1980s it was suggested that the critical determinant in periodontal 
therapy is not the technique (surgical or nonsurgical) that is used for the 
elimination of the subgingival infection, but the quality of the debridement of the 
root surface.26 This holds true today. Although deep probing depths are not the 
only criteria for surgery, the success rate in debriding root surfaces is greatly 
diminished in pockets with probing depths greater than 5 mm. If the infection 
persists after nonsurgical care, then surgery may be necessary. 



Professionally Administered Therapies 

(Antimicrobial) 

Antimicrobial therapy consists of treatments to control the microorganisms that 
cause disease activity. This therapy can be administered systemically by prescribing 
antibiotics or locally through controlled-release devices and subgingival irrigation, 
or both. Although mechanical methods are used primarily to eliminate plaque 
biofilm and calculus that predispose to disease progression, the use of 
antimicrobials as adjuncts to help eliminate specific pathogens may be indicated in 
some cases. 

Rationale for antimicrobial therapy 

The basic etiologic agent in periodontitis is bacteria. Elimination and suppression 
of pathogenic organisms will likely halt disease progression. Mechanical therapies 
are the foundation of all treatment regimens. However, there are some limitations 
to mechanical procedures. Although bacteria do not deeply penetrate root 
surfaces, studies have shown that certain bacteria may invade the gingival 
tissues.27 This is significant because a bacterial niche for reinfection of the pocket 
may remain after scaling and root planing and surgical procedures. It also has 
been proposed that reinfection can occur from other pocket areas in the mouth. In 
addition, removal of all subgingival calculus and plaque is usually impossible. 
The anatomic structures of the root surface present physical barriers (furcations, 
concavities, and others) that make total debridement unattainable, either through 
"closed" or "open" instrumentation.28 The following factors limit the effectiveness 
of scaling and root planing:  

1. Anatomy of roots 

2. Depth of pockets 

3. Position of teeth 

4. Inadequate instruments for diagnosis 

5. Inadequate instruments for treatment 

6. Area of mouth being treated 

7. Size of mouth 

8. Elasticity of cheeks 

9. Range of opening 

10. Dexterity of operator 



Additional studies have investigated the limitations of scaling and root planing 
procedures with hand-activated and power-driven instruments.24 As dental 
professionals, we hope to provide the best possible therapy for our patients. It is 
clear that mechanical treatments alone may not be sufficient to control periodontal 
infections, even when surgical access is obtained. Therefore, the adjunctive use of 
antimicrobials may help supplement the scaling and root planing and surgical 
procedures administered. 

Systemic antimicrobial therapy: Antibiotics 

Systemic antibiotics may be used to treat aggressive forms of periodontitis or 
those that don't respond to therapy. Other types of periodontal diseases, however, 
are best treated using basic mechanical procedures and localized delivery of 
antimicrobials. Systemic antibiotics do not seem to provide long-term 
improvement for patients with chronic periodontitis.29 Possible advantages and 
disadvantages of systemic antibiotics are listed in Table 18-3. (See Chapter 17 for 
a detailed discussion of systemic antibiotic therapies.) 

TABLE 18-3  Systemic Antibiotics: Possible 

Advantages and Disadvantages 

 

Local antimicrobial therapy: Controlled-release 

devices and subgingival irrigation 

"Controlled-release" refers to delivering active chemicals to a specified target at a 
rate and duration designed to accomplish the intended effect. Advantages to using 
controlled-release delivery are:  

1. High concentration of drugs delivered directly to the site of infection 

2. Constant rate of delivery 

3. Frequency of application is low 

4. Success is not patient dependent 



Antimicrobials used in controlled release vehicles include chlorhexidine, 
tetracycline, doxycycline, minocycline, and others (see Chapter 16). 
Biodegradable materials dissolve over a specific period together with the drug. As 
with other types of antimicrobial therapy, controlled-release systems do not 
replace existing treatment methods but may be used as adjuncts. They might be 
incorporated into the scaling and root planing phase of treatment. Controlled-
release antimicrobials may also be useful in treatment of nonresponding sites, 
failing implants, and periodontal abscesses. Ideally, the medications should have 
sufficient concentrations to obtain the desired results (controlling infection, 
reducing probing depths, and reducing bleeding) without deleterious side effects. 

Professional subgingival irrigation is the in-office lavage provided by the dental 
professional, delivering a medicament directly to the site of infection. Although 
rinsing will introduce agents into the oral cavity, medicament delivery through 
irrigation therapy affords targeted delivery of antimicrobials. Rinsing can be an 
effective method of supragingival bacterial control, but is not effective 
subgingivally. Professional irrigation therapy uses specialized systems with 
cannula tips that can readily reach the base of the pocket. The earliest devices 
used for in-office subgingival irrigation therapy were hand syringes and modified 
home irrigation units. Hand syringes are simple to use, but they are not ideal 
irrigation devices because of the inability to control the amount of pressure at 
which the solution is injected into the pocket. It has been shown that syringes will 
deliver agents at pressures up to 500 mm Hg.30 This amount of pressure could 
cause harm to the tissues and possibly promote abscesses. A safe level would be 
approximately 60 mm Hg (around 20 psi). Syringes deliver medicaments in a 
steady stream. An investigation comparing pulsating jet irrigators to hand 
syringes demonstrated that irrigation of periodontal pockets was more effective 
with a pulsating jet device than with a syringe.31 Currently, hand-held syringes, 
powered irrigation devices, and/or ultrasonic scaling units can be used for 
professional in-office irrigation. A single episode of in-office irrigation has 
limited or no beneficial effects.32 Repeated irrigations over time may be beneficial 
for some patients.33 

Professional subgingival irrigation is a safe procedure. Although subgingival 
irrigation has been shown not to induce bacteremia any more than brushing and 
flossing,34 the patient's physician should always be consulted when a high-risk 
situation is suspected (e.g., patient at risk for bacterial endocarditis). Some of the 
more common agents used for subgingival irrigation, their level of activity, and 
possible side effects are listed in Table 18-4. 

Although no agent has American Dental Association (ADA) approval as an 
irrigant, some are approved for reduction of plaque and gingivitis when used as a 
rinse (chlorhexidine and essential oils products). Other agents that have been used 
for subgingival irrigation are povidone iodine, metronidazole, cetylpyridinium 
chloride, chloramine-t, and chlorine dioxide. Currently, there is no "perfect" 
irrigant. All agents have adverse effects; however, these effects are usually more 
apparent when rinsing as opposed to irrigating with the product. 



It is important to realize that professional subgingival irrigation, together with 
other types of antimicrobial therapy, is an adjunct to the mechanical procedures 
necessary to treat a specific patient. The organized structure of plaque biofilm 
requires mechanical disruption to achieve a positive outcome. There is little 
evidence that adjunctive professional subgingival irrigation provides significant 
benefit over mechanical therapy alone. 

TABLE 18-4  Subgingival Irrigants 

 

IMPLEMENTATION OF SELF-CARE (PATIENT-APPLIED 

THERAPY) 

Patient-applied therapies are composed of mechanical and antimicrobial approaches. 
Mechanical methods include toothbrushing, flossing and other interdental cleaning 
aids, and irrigation. Antimicrobials can be delivered through toothbrushes, rinses, and 
irrigation devices. (See Chapter 13 for a detailed review of patient-applied oral 
physiotherapy approaches.) 

Mechanical Approaches 

Toothbrushing 

Toothbrushing is the most widely used method of home plaque removal. It has 
been repeatedly demonstrated to reduce plaque on the buccal and lingual surfaces 
of the teeth. To a limited extent, toothbrushing also can reach the interproximal 
surfaces. Brushing is considered a supragingival method of plaque control, 
because the bristles of a toothbrush will reach only a maximum of 1 to 2 mm 
subgingivally. Brushes are available in both manual and powered forms. Studies 
have shown powered brushes to be quite efficacious. A systematic review of the 
literature comparing manual to power toothbrushing concluded that "powered 
toothbrushing is at least as effective as manual brushing and there is no evidence 



that it will cause any more injuries to the gums than manual brushing".35 The 
toothbrushing method recommended to a patient depends on his or her individual 
periodontal status and ability. Unless a technique is easy to perform for the 
patient, it will not be used and therefore has no value in controlling plaque. 

Floss 

Dental floss is the most widely recommended interdental cleaning aid. It is most 
effective when used regularly and properly by patients with minimal pocket 
depths and where interdental spaces are filled with interdental papillae. Floss or 
tape, waxed or unwaxed types demonstrate equal effectiveness in cleaning 
proximal surfaces.36 For patients with open gingival embrasures and those who 
have difficulty using correct flossing technique, another method of interproximal 
cleaning may be indicated. 

Interdental Cleaning Aids 

Other cleaning aids that could substitute for floss in various situations are 
toothpicks, interdental stimulators (wooden, plastic and rubber-tipped), and 
interdental brushes in various shapes and sizes. Cotton yarn, strips of gauze, and 
pipe cleaners also have been used for interdental cleaning. All of these methods 
are best used in areas with large interproximal spaces, open embrasures, exposed 
furcations, or around pontics in a fixed partial denture. They also may be of 
benefit with patients who lack the manual dexterity to floss properly. 

Irrigation 

Irrigation, both supragingival and subgingival, can be considered a mechanical 
method of plaque removal when water is used as an irrigant. It has been suggested 
that the flushing action alone, without the use of various medicaments, has an 
effect on plaque bacteria. An early study in 1973 assessed the impact of pulsating 
water on plaque bacteria.37 It was demonstrated that although plaque is not 
entirely removed by jet-pulsed irrigation, the bacteria contained in the plaque are 
adversely affected. Bacterial cell walls remained intact, but the cell contents were 
evacuated or damaged. The properties of plaque as a biofilm reinforce this 
concept. Irrigation with water can be an adjunctive aid for individuals who have 
poor oral hygiene or gingivitis. It may also be of benefit to patients who have 
orthodontic bands, crown and bridge work, and implants. In addition, irrigation 
may enhance the oral hygiene of patients who have difficulty flossing or using 
other interdental aids. Small, portable irrigation systems are available to enhance 
patient concordance. 

Antimicrobial Approaches 



Patients can apply antimicrobials through delivery vehicles such as toothbrushes, 
rinses, and irrigation. Because antimicrobial therapy can be an important aspect of 
periodontal treatment, it is important that the agent reach the site of the bacterial 
infection. Toothbrushing and rinsing do not significantly penetrate subgingivally. 
Irrigation, particularly with specially designed subgingival tips, can effectively 
deliver therapeutic solutions deeper into periodontal pockets.38 

Toothbrushes, Floss, and Interdental Aids 

Brushes are commonly used to deliver dentifrices containing various 
chemotherapeutic agents such as triclosan and fluorides. A manual brush reaches, 
on average, less than 1 mm subgingivally.39 One powered toothbrush, Sonicare 
(Philips Oral Healthcare, Snoqualmie, Wash.), has demonstrated fluid dynamic 
action 3 mm beyond the bristle tips in vitro (Fig. 18-9).40 Similarly, floss and 
other interdental aids can be used as delivery vehicles for antimicrobial agents. 
For example, a patient can be instructed to floss before expectorating a fluoride 
product, or an interdental brush can be dipped into an antimicrobial and then 
inserted interproximally. 

Figure 18-9.   

 

Sonicare electric toothbrush. (Courtesy Philips Oral Healthcare, Snoqualmie, 
Wash.) 

Mouthrinses 



Rinsing is simple and quick for the patient to perform. However, like 
toothbrushing, rinsing does not allow an agent to reach the base of deep 
periodontal pockets. Some mouthrinses have been accepted by the ADA for use in 
the treatment of gingivitis (chlorhexidine and essential oils products). The over-
the-counter antiseptic mouthrinse, Listerine (Pfizer, Inc., Morris Plains, NJ.) has 
been demonstrated to be as effective as flossing in the reduction of inflammation 
at interproximal sites.41,42 Currently, no mouthrinses are approved by the ADA for 
treating periodontitis. 

Irrigation 

Various antimicrobials have been investigated in powered oral irrigation studies. 
The beneficial properties of chlorhexidine, essential oils, and stannous fluoride 
have been enhanced when delivered daily through jet-pulsed irrigation by the 
patient.38 When a specially-designed subgingival tip is used, solutions can be 
delivered to the depth of the pocket. In addition, it appears that irrigation therapy 
presents no particular safety hazard to systemically healthy patients. If irrigation 
therapy is to be used with patients who require antibiotic premedication (e.g., 
patient at risk for bacterial endocarditis), it is recommended that the patient's 
physician be consulted. Because patient-applied irrigation can be performed often, 
it can play an important role in the treatment of gingivitis and the maintenance of 
periodontal patients. Irrigation therapy with antimicrobials is one way the doctor-
hygienist team can enlist the patient as a cotherapist in treating periodontal 
problems. 

EVALUATION OF PERIODONTAL THERAPY 

Ongoing evaluation is an integral part of periodontal therapy. Evaluation involves 
feedback on the efficacy of professional treatment and patient self-care and is 
typically performed during periodontal maintenance. In a sense, the response to 
periodontal therapy is an important diagnostic tool. Evaluation of professional 
treatment indicates if additional interventions or referral is necessary. Adjustments in 
patient self-care regimens may also be warranted. 

Successful periodontal therapy is dependent on patient participation in treatment. If 
the patient does not cooperate in performing necessary oral hygiene procedures, all 
professionally administered therapies most likely will fail. The patient must be 
enlisted as a "cotherapist" and must be made aware of the importance of his or her 
participation. 

Gaining patient cooperation is sometimes difficult. Each patient has specific interests 
or "hot buttons" that will motivate him or her to respond to home care 
recommendations. Many patients will respond to more than one of these concerns, 
which could include the following:  

1. The longing to achieve aesthetic success 



2. The hope of preventing further monetary loss 

3. The desire to prevent future pain 

4. The need to please the dental professional 

5. The will to accomplish a goal 

The most effective motivating techniques involve the patient as an equal partner in 
providing treatment. The patient should never be made to feel inferior. He or she 
should feel like a responsible participant, recognizing the limited role the dental 
professional plays in ensuring long-term success and health. Some patients may 
respond favorably to negativity (e.g., "You will lose all your teeth if you don't …") 
for a short-term period; however, positive reinforcement usually provides better long-
term success. The dental professional should outline for the patient in a realistic 
manner the problem the patient faces, how to best treat the problem, and the chances 
for success. 

The motivational process requires that the clinician and patient work together toward 
a common goal. Traditionally, clinicians have used the term compliance to describe 
patient cooperation with appropriate treatment recommendations. In reality, 
compliance is defined as "a yielding, as to a request, wish, desire, demand or 
proposal; a disposition to yield to others."43 This definition connotes obedience or 
submission on the patient's part, not cooperation. The term concordance is frequently 
used in the medical literature when discussing medication use by patients. 
Concordance implies an open and honest discussion between clinician and patient and 
requires that they both reach a mutual understanding on the nature of an illness and its 
appropriate treatment.44 Concordance suggests that the clinician and patient find areas 
of health belief that are shared and build on them, rather than the clinician imposing 
her or his views on the patient (i.e., compliance). Such an approach is appropriate 
when evaluating periodontal care. It demands a team effort—that is, ongoing 
communication and guidance (not demands) from the clinician, together with 
cooperation by the patient. Concordance gives the patient ownership of the 
periodontal condition and allows him or her to remain a part of the decision-making 
process.45 

The patient should always be viewed as an individual. Each patient may respond 
uniquely to the therapy provided, including self-care procedures. No one method for 
plaque removal is ideal for all patients during all phases of treatment. In addition, it 
may even be necessary to modify plaque control methods according to various sites 
present in the same patient. The dental professional must determine the best 
techniques and devices for each patient. Adequate instruction and frequent 
monitoring are essential. The frustration the clinician experiences when a particular 
method is unsuccessful is probably also felt by the patient. Fruitful self-care often is 
the result of continuous reevaluation and adaptation, coupled with constant assistance 
and encouragement. Instructions and techniques should be kept as simple as possible. 
The number of techniques recommended to the patient at one time should be 



reasonable. The dental professional often forgets how "second nature" these routines 
may be for her or him, whereas the patient may be learning them for the first time. 
The average patient will need several appointments for instructions in plaque 
removal, and additional techniques will add to this time. The clinician must listen to 
the patient's problems in using certain methods, adapt the methods to the patient's 
abilities, and provide guidance at each evaluation. 
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19  Conscious Sedation 

Leonard S. Tibbetts 

The goal of conscious sedation is to render the informed and perceptive patient free of 
anxiety, fear, and apprehension, while being pleasantly relaxed. The objectives of this 



chapter are to present a review of the various methods of conscious sedation in a logical 
manner. It is also intended to make dental therapists aware of the current standards of 
care for the use of in-office enteral, inhalation, or parenteral conscious sedation in the 
delivery of care, but it is not all-inclusive. 

There have been tremendous scientific and clinical advances in the field and scope of 
periodontics and in the treatment of periodontal diseases over the last half century. As a 
result of the electronic information explosion that has occurred simultaneously with 
scientific and clinical progress in periodontics, many computer savvy patients have a 
heightened awareness of periodontal diseases and the potential consequences of 
untreated diseases on general health, as well as dental health. Despite the advances in 
patients' awareness of periodontal diseases and the dental therapists' knowledge base 
and ability to address and treat the problems resulting from these diseases, much of 
dentistry remains handicapped in its ability to render or refer such treatment because of 
the anxiety and fear of pain that patients associate with the delivery of periodontal 
treatment. In a national health survey, 73% of the respondents indicated that negative 
dental experiences had changed their attitude about dental care.1 Pain ranked high as a 
cause and effect of the change in attitude about not seeking treatment. Fear of pain and 
pain perception were confirmed as a major barrier to patients seeking dental care in 
other studies.2–6 Nearly 80% of the population experience some dental anxiety, with 
10% to 15% being highly anxious.7 Females are inclined to demonstrate greater levels 
of dental anxiety but similar levels of fear when compared with males. 

Minimal to moderate conscious sedation, using either enteral, inhalation, or parenteral 
conscious sedation, or a combination of these techniques before the delivery of 
periodontal care, is the ideal way for dentists to control patient anxiety associated with 
in-office periodontal treatment procedures.8–10 Treatment of periodontal diseases in a 
relaxed and stress free environment, however, requires an energized dental practitioner 
who is willing to use sedation techniques and who feels comfortable doing it.11 Such 
individuals must have the educational background of courses, instructions, and 
experiences deemed necessary to safely and effectively sedate patients. Use of these 
procedures, with minimal risk to patients, requires that such practitioners have a deep 
rooted responsibility to be knowledgeable and proficient in taking proper medical and 
dental histories, to perform thorough dental and physical examinations, and to properly 
document this information in the patients' records. These practitioners must also be 
profoundly knowledgeable in drug pharmacology, sedation techniques, airway 
management, and emergency procedures. Currently, 47 states require specific rules and 
regulations for the in-office use of conscious sedation.12 The overall safety and 
predictability of conscious sedation to effectively control anxiety when administered by 
thoroughly trained individuals is well documented.9,10 

The definitions, educational guidelines, and policies presented in this chapter are 
consistent with the American Dental Association Policy Statement: The Use of 
Conscious Sedation, Deep Sedation and General Anesthesia in Dentistry,13 the 
American Dental Association (ADA) documents Guidelines for the Use of Conscious 
Sedation, Deep Sedation and General Anesthesia for Dentists14 and Guidelines for 
Teaching the Comprehensive Control of Anxiety and Pain in Dentistry,15 and the Joint 



Commission on Accreditation of Healthcare Organizations' Revisions to Anesthesia 
Care Standards, Comprehensive Accreditation Manual for Ambulatory Care,16 which 
went into effect January 1, 2001. The information is also consistent with the American 
Academy of Periodontology Guidelines: In-Office Use of Conscious Sedation in 
Periodontics.17 This chapter focuses on conscious sedation for the adult patient. 

TERMINOLOGY 

Although a variety of terms have been used in the dental literature to describe various 
methods of anxiety and pain control, the following definitions are universally used 
throughout all dentistry disciplines14,17:  

Analgesia: The diminution or elimination of pain in the conscious patient. 

Local anesthesia: The elimination of sensations, especially pain, in one part of the 
body by the topical application or regional injection of a drug. 

Anxiolysis (minimal sedation): A drug-induced, relaxed state of consciousness, 
during which patients respond to verbal commands. Although cognitive function 
and coordination may be impaired, ventilatory and cardiovascular functions are 
unaffected. 

Moderate sedation/anesthesia (conscious sedation): A pharmacologic-induced 
minimally depressed level of consciousness (Stage I of the classic four stages of 
general anesthesia) during which patients respond purposefully to verbal 
commands, either alone or accompanied by light tactile stimulation. No 
interventions are required to maintain a patent airway, and spontaneous ventilation 
is adequate. Cardiovascular function is usually maintained. In accordance with this 
definition, the drugs and/or techniques used should carry a margin of safety wide 
enough to render unintended loss of consciousness unlikely. Furthermore, patients 
whose only response is reflex withdrawal from repeated painful stimuli would not 
be considered to be in a state of conscious sedation. 

Combined inhalation-enteral conscious sedation (combined conscious 
sedation): Nitrous oxide/oxygen (N2O/O2) when used in combination with 
appropriate sedation agents may produce anxiolysis (the resolution of restlessness 
and apprehension achieved through pharmacologic management), conscious 
sedation, or deep sedation/general anesthesia. Because of the possibility that the 
combination of N2O/O2 and enteral sedation agents may result in mild to moderate 
conscious sedation, deep sedation, or general anesthesia, it is important for 
appropriate sedative agents and dosages to be administered when using combined 
inhalation-enteral sedation to achieve anxiolysis. The enteral route typically 
exhibits an approximate 30-minute latent period after bolus administration of the 
drug. Therefore, it is impossible to titrate a patient to a level of sedation that 
predictably achieves anxiolysis. The dose of an enteral drug should be selected to 
provide light sedation and then titrated to a level of anxiolysis with the addition of 
N2O/O2 sedation. 



Deep sedation/anesthesia: A drug-induced state of depressed consciousness during 
which patients cannot be easily aroused but respond purposefully after repeated or 
painful stimulation. Patients may require assistance in maintaining a patent airway, 
and spontaneous ventilatory function may be inadequate. Cardiovascular function is 
usually maintained. 

Anesthesia: Consists of general anesthesia and spinal or major regional anesthesia; 
it does not include local anesthesia. General anesthesia is a drug-induced loss of 
consciousness during which patients can not be aroused, even by painful 
stimulation. The ability to independently maintain ventilatory function is often 
impaired. Patients often require assistance in maintaining a patent airway, and 
positive ventilation may be required because of depressed spontaneous ventilation 
or drug-induced depression of neuromuscular function. Cardiovascular function 
may be impaired. 

Patient Physical Status 

The American Society of Anesthesiologists (ASA) patient classification system is 
universally accepted as a basis to identify the physical status of candidates for both 
conscious sedation and general anesthesia. All patients must be dealt with on an 
individual basis. Patients who are classified as ASA I or II are usually candidates 
for conscious sedation, whereas patients who are ASA III require special 
considerations. Patients who are ASA IV are not candidates for in-office conscious 
sedation. The ASA classifications are listed in Box 19-1. 

Box 19-1  American Society of Anesthesiologists 

Patient Physical Status Classification 

ASA I: Normal healthy patient 

ASA II: Patient with mild systemic disease 

ASA III: Patient with severe systemic disease that limits activity 

ASA IV: Patient with an incapacitating disease that is a constant threat to life 

ASA V: Moribund patient who is not expected to survive 24 hours with or 
without the operation 

ASA VI: Patients who is declared brain-dead whose organs are being removed 
for donor purposes 

E: Emergency operation of any variety used to modify one of the above 
classifications (i.e., ASA III-E). 

ROUTES OF ADMINISTRATION 



It is important that the dentist and office personnel address and be adequately trained 
in prompt and effective management of sedation complications for all of the sedation 
administration techniques that are used within an office, as well as have the proper 
emergency equipment immediately available in the event of a complication. The 
following sections define terms commonly used to describe the administration routes 
of drugs and agents used to achieve the various levels of conscious sedation and 
general anesthesia. General statements regarding the use of the various drug 
administration routes in achieving conscious sedation in periodontics are included. 

Inhalation 

Inhalation is a technique of administration in which a gaseous or volatile agent is 
introduced into the pulmonary tree, and the primary effect is caused by absorption 
through the pulmonary bed. 

Inhalation sedation, with N2O/O2 used as the sedation/anxiolytic agent, is the most 
commonly used sedation method in dentistry. Jastak18 states that approximately 
50% of dentists practicing in the United States use N2O/O2 to achieve light 
conscious sedation as a supplement to a local anesthetic. N2O has a rapid onset of 
action and rate of elimination and clearance.19,20 These properties make N2O/O2 
ideal for titration and recovery for light sedation. Titration of N2O/O2 requires that 
no set percentage of N2O be used. An appointment using N2O/O2 sedation should 
begin and end with the administration of 100% O2. Titration should start with the 
administration of 20% N2O for a full minute, followed by a 10% increase of N2O 
per minute until a suitable, ideal level of sedation is reached for each patient. At the 
completion of the appointment, 100% oxygen should be breathed for at least 5 
minutes. Malamed21 has pointed out that 40% N2O will produce adequate sedation 
for most patients receiving it, but also that many patients become uncomfortable, 
oversedated, and dislike inhalation sedation with 40% N2O. Approximately 15% of 
patients receiving N2O will find it ineffective. 

For successful inhalation sedation with N2O/O2, it is essential for the dental 
therapist to psychologically prepare the patient for the experience. The patient 
should be told, briefly, concisely, and in layman's terms, what to expect in terms of 
physical subjective symptoms. They should also understand that they will not be 
"put to sleep," but will be relaxed and calm, with an altered sense of awareness. The 
properly sedated patient will be fully aware of their surroundings under the 
influence of N2O. Before rendering periodontal care under the influence of N2O 
inhalation sedation, appropriate preoperative positive suggestions of what the 
patient will experience will frequently aid the mildly apprehensive patient in 
overcoming anxiety and an uncooperative attitude about their periodontal care.22 
Ease of use, general patient acceptance, relative safety, and minimal training 
requirements contribute to its popularity. For several years, N2O/O2 inhalation 
systems purchased in the United States for use in dentistry have had a fail-safe 
system that will not allow the delivery of less than 25% oxygen to patients. Systems 
that are capable of delivering less than 25% oxygen to patients must be equipped 



with an inline oxygen analyzer for patient safety. Although N2O can be used as a 
general anesthetic agent, it is effective for conscious sedation in many mildly 
apprehensive patients. The percentage of N2O, as delivered by modern dental N2O 
inhalation equipment, is not a potent enough agent for patients with moderate to 
extreme anxiety. The delivery of greater N2O percentages, however, crosses from 
light sedation to deep sedation/general anesthesia and presents a high risk potential 
for therapists not trained to administer deep sedation/general anesthesia. 

Enteral 

Enteral is any technique of administration in which the agent is absorbed through 
the oral mucosa or gastrointestinal tract (i.e., oral, rectal, sublingual). 

Oral administration of both over-the-counter and prescribed medicines is the most 
commonly used route of drug administration in the world. Oral sedation has several 
advantages that make it attractive to many practitioners,23 including that it is:  

1. Convenient 

2. Economical 

3. Universally accepted by patients 

4. Requires no equipment 

5. Until recently, it required no special licensure to use. 

As a means of managing preoperative stress and stress occurring during periodontal 
procedures for mildly apprehensive patients, the oral administration of sedative 
drugs can be used quite effectively. 

There are, however, several disadvantages with oral sedation. The primary problem 
for the therapist is the lack of control over drug action for the following reasons:  

1. Reliance on patient compliance 

2. A relatively long period of latency from ingestion to effectiveness of the 
medication (30 to 45 minutes) 

3. Long duration of clinical effect (3 to 4 hours) 

4. Inability to titrate the effect of the medication 

5. Inability to either easily increase or decrease the level of sedation 

6. Erratic and/or incomplete drug absorption by the gastrointestinal tract. 



The results of oral sedation are often highly variable clinical effects, ranging from 
minimal or no effectiveness to oversedation. Dosages for oral sedation are 
empirical: they are generally determined for each patient by body mass, weight, and 
age.7 A review of the literature regarding the advantages, disadvantages, and 
reliability of enteral conscious sedation leads to the conclusion that, with the 
exception of patients with mild apprehension, there are other sedative drug 
administration techniques that are more predictably effective and reliable in 
producing the desired clinical results.11,24,25 

Rectal sedation is not psychologically acceptable for use in dentistry, with the 
exception of use in children, and is therefore not often used in periodontal 
treatment. Currently, the sublingual administration of sedative drugs has little 
application in periodontics, and if used must be limited to drugs that have a 
relatively neutral pH, so as not to cause tissue damage by irritation when they are 
administered. Sublingual sedative drugs are available, but they are primarily used in 
the field of pediatric dentistry, although Halcion (Upjohn Co.; Kalamazoo, MI) has 
been recommended for sublingual administration in adults by some authors. 

Parenteral 

Parenteral is a technique of administration in which the drug bypasses the 
gastrointestinal tract and is absorbed directly into the cardiovascular system (i.e., 
intramuscular [IM], intravenous [IV], submucosal, subcutaneous, or intraocular). 

Of the parenteral administration techniques of conscious sedation, only IV and IM 
administrations are routinely used in periodontics. The parenteral administration of 
drugs has a decided advantage over oral administration, because parenteral 
techniques allow direct entry into the general circulation, rather than having to first 
pass through the bowel and liver circulation. Drugs administered by IV route have 
the advantage of more reliable absorption, rapid onset of action (30 seconds to 8 
minutes for IV administration and 15 to 20 minutes for IM administration), and 
faster maximum drug effect. 

IM administration of sedation drugs also has as its objective, rapid, maximum 
attainment of entry into the circulation, with minimal to no complications. IM 
sedation, however, has several undesirable features, the most significant being the 
inability to titrate the drug dosage and to rapidly reverse drug action. As in oral 
sedation, drug dosage is empirical. The physical status and weight of the patient and 
the experience of the doctor and the staff play an important role in the dosage 
determination of the sedative agents. With an educated guess regarding the amount 
of medication that should be administered, three possible results can occur: an ideal 
level of sedation, an inadequate or light level of sedation, or oversedation or deep 
sedation. The duration of action, depending on the drug and the amount 
administered, can be prolonged. 

Figure 19-1.   



 

Proper anatomic intramuscular injection sites. A, Mid-deltoid area. A rectangle 
whose upper boundary is formed by the outward extension of the spine of the 
scapula, the inferior border opposite the armpit, and laterally approximately 1/3 
to 2/3 of the way around the upper arm. B, Ventrogluteal area. The injection is 



made between the index finger and the middle finger below the iliac crest (X). 
The index finger is placed on the superior anterior iliac spine, with the middle 
finger spread as far apart from the index finger as possible, with the hand 
pressed onto the hip over the greater trochanter. C, Superior outer quadrant of 
the gluteal area (A and A'), taking care to assure no transgressions into the 
medial quadrants (B), where the sacral plexus and sciatic nerve are located. D, 
Vastus lateralis area—the anterior and lateral area of the thigh from 
approximately 4 inches above the knee, to the same dimension below the greater 
trochanter of the femur. (From Malamed SF: Sedation: a guide to patient 
management, ed 4, St. Louis, 2003, Mosby.) 

The greatest patient objection to IM sedation is that an injection is needed, with 
possible pain or complications of injury from the injection, including hematomas, 
nerve damage, intravascular injections, tissue irritation, and infection. Proper 
selection of the injection site is important (Fig. 19-1), with the mid-deltoid area 
being the most convenient for use in periodontics. The other three locations—the 
vastus lateralis, the superior outer quadrant of the gluteal area, or the ventrogluteal 
area—all require some degree of disrobing. If the desired sedation effects are not 
obtained with the initial injection, or the procedure is prolonged, additional 
injections may be necessary. 

IV administration of sedative drugs is the route of choice in conscious sedation for 
several reasons, including the following:  

1. Drug administration by the IV route has the most rapid onset of action of 
all of the sedation techniques. The circulation time for a drug administered in the 
arm to cross the blood-brain barrier is approximately 10 to 18 seconds.26 

2. By carefully choosing the sedation medications to be administered 
intravenously, and by knowing their properties, pharmacology, and particularly 
their rapid onset of action, the drugs can be titrated to obtain a minimally 
depressed level of consciousness, with a partial to total amnesia that meets the 
needs of both the patient and the therapist for successful, anxiety free treatment. 

3. The duration of action of intravenously administered drugs is longer than 
that following inhalation sedation, but generally shorter than oral, rectal, or IM 
routes. 

4. With the maintenance of a patent vein for a continuous IV infusion 
technique for sedation, additional medication can be given during long procedures 
without an additional needle stick. 

5. Should a medical emergency arise during a continuous IV infusion 
procedure, emergency drugs can be readily administered. 

6. Patient motor activity and the gag reflex are usually diminished 
significantly with the drugs used in IV sedation. 



There are also disadvantages associated with the use of IV sedation, including the 
following:  

1. The necessity of a venipuncture, although the skillfully executed 
venipuncture tends to be generally well accepted by most patients. 

2. Difficulty in finding a suitable vein for the venipuncture can be a problem 
in obese patients and also in small patients, but proficiency in venipuncture is a 
learned skill that comes with experience. IV sedation requires cooperation from 
the patient for the venipuncture; therefore, young apprehensive patients can be a 
management problem. 

3. The possibility of complications at the site of the venipuncture, including 
phlebitis, hematomas, intraarterial injection of drugs, and other complications. 

Transdermal/Transmucosal 

Transdermal/transmucosal is a technique of administration in which the drug is 
administered by patch or iontophoresis (the introduction of a chosen medicament 
into the tissues by means of an electrical current). 

There are currently no sedation techniques using iontophoresis. The use of 
transmucosal sedation, by spraying water-soluble medications in the nose, has 
limited general usage, but the technique is used with some tranquilizing 
medications in pediatric dentistry. 

Indications and Advantages 

The most frequently stated indication for conscious sedation is the treatment of the 
apprehensive dental patient. There is a level of awareness in some patients where 
periodontal procedures can be performed comfortably with no medication other 
than regional anesthetic. Other patients are essentially unmanageable with just 
regional anesthetic. The literature points out that levels of awareness8 may range 
from one suitable for dentistry without the administration of medication to patients 
who are unmanageable in a conscious state. The interim levels of awareness are the 
mildly apprehensive patient, the moderately apprehensive patient, and the severely 
apprehensive patient. The anticipated level of apprehension that a patient will have 
when they arrive at the dental office for planned periodontal procedures, based on 
evaluations made at the initial examination and treatment planning appointments, 
determines which patients should be consciously sedated, and the type and route of 
conscious sedation that will produce a level of awareness at which periodontal 
procedures will be tolerated. Inhalation sedation with N2O, the weakest agent 
known for sedation, may satisfactorily manage patients who are mildly 
apprehensive. Nonetheless, for some mildly apprehensive patients, a combination of 
enteral-inhalation sedation may offer more effective sedation. Combination enteral- 
inhalation sedation, however, potentially carries more risks for complications than 



N2O alone. For the management of the moderately apprehensive patient, the use of 
more potent medication(s) with conscious IV sedation is the most effective 
technique to alleviate the patient's apprehension to the desired level of awareness. 

Another commonly cited indication for conscious sedation is to reduce or eliminate 
the stress that most patients associate with the performance of invasive, tedious, and 
time-consuming periodontal procedures. Few periodontal surgical procedures are of 
less than 1 hour in duration, and many are 3 to 4 hours in duration. Patients prefer to 
have treatment accomplished in a timely manner in as few appointments as 
possible. They tend to prefer relatively short, atraumatic procedures. Because 
patients experience an altered sense of awareness with conscious IV sedation, it 
results in the length of the appointment being perceived as much shorter than it 
actually is. The partial to total amnesia resulting from the use of some sedative 
agents also results in patients having relatively pleasant appointment experiences. 

With the appropriate conscious sedation technique, the initially uncooperative and 
apprehensive patient can be rendered calm, less stressed, and cooperative. The 
application of the proper level of drug-induced conscious sedation results in a 
reduced level of stress-related, endogenous epinephrine production. Some mentally 
challenged patients can also be managed by conscious sedation rather than general 
anesthetic. Conscious sedation likewise tends to dull the psychogenic component of 
the gag reflex in severe gaggers, often making it possible to work on the posterior 
aspects of both the maxillary palatal region and the mandibular lingual areas. 

Patients who present with compromised medical health (ASA Class II and III 
patients), in which psychogenic stress is of concern, are further indicated for 
conscious sedation. With the reduction of psychogenic stress through sedation, 
stress-induced hypertension is often reduced and controlled, resulting in the 
patients' vital signs being more stable. Considering that many periodontal patients 
are 40 years or older, such a reduction of apprehension and stress may prove to be a 
valuable aid in the prevention of sequelae in undiagnosed cardiovascular patients.27 

The effective use of conscious sedation ultimately results in safe, conscious patients 
with intact protective reflexes and the ability to maintain their airway. This results 
in less stress for the operating dentist and dental assistant, by creating a more 
cooperative patient, in whom periodontal procedures can be completed during more 
ideal circumstances, with greater treatment effectiveness and time efficiency. 

PSYCHOSOMATIC CONTROL OF APPREHENSION 

In many dental practices, the psychosomatic approach to the elimination of anxiety 
and pain is ignored and neglected. Psychosomatic control of apprehension 
(iatrosedation) is what can be accomplished without the use of drugs, or as a 
supplement to drug therapy, when a patient's trust and confidence are gained. 
Monheim28 states, "By no other means, can so much be gained with so little effect on 
the patient." For psychosomatic control of apprehension to be effective, care must be 



taken with the patient to put them in the proper frame of mind, starting with how the 
patient is greeted on their initial contact with the office. It continues with all of their 
subsequent experiences before seeing the dentist, as well as how their treatment 
concerns are handled. Presenting a warm, caring, personal, and professional 
approach, with sincerity and honest competence, is an important factor to the patient. 
Patients should be well informed of office policies, of treatment to be rendered, and 
what to expect for each appointment in general terms. This may markedly reduce 
their fears. 

Psychologically, no one likes surprises for appointments that they are already 
concerned about. Appointment times should be prompt true times, to avoid keeping 
an apprehensive patient waiting, and thereby adding to their apprehensive feeling. In 
a fearful, apprehensive mental state, a patient's pain threshold is decreased. When 
nervous and apprehensive, there is a tendency to mentally magnify unpleasant 
experiences. This often results in the patient's response being out of proportion to the 
initial painful stimulus. It is therefore extremely important to make a sincere, 
compelling effort to help the patient have a positive attitude about the setting of their 
appointment, the therapist, and the anticipated treatment to be rendered during the 
appointment. Exhibiting a sincere concern for the patient's welfare while under your 
care tends to help alleviate fear and apprehension. This is particularly helpful in the 
management of children.29 

Furthermore, it is important to spare the patient the trauma of any unpleasant sights 
and sounds, including such things as dental syringes, surgical instruments, soiled 
gauzes, handpiece sounds, and negative nonverbal communication. The literature 
reports alleviating anxiety on a long-term basis with behavioral techniques including 
some of those described earlier.30 Friedman31 went into much greater detail, and 
coined the term iatrosedation, which he defined as the act of making a person calm 
through the doctor's behavior, attitude, and communication stance. 

PHARMACOLOGY OF RECOMMENDED DRUGS 

Because conscious sedation techniques used in periodontics include oral (enteral) 
sedation, IM and IV (parenteral sedation) sedation, N2O/O2 (inhalation sedation) 
sedation and combined inhalation/oral (enteral) sedation, the dentist must first choose 
the technique(s) that has the greatest application for the successful treatment of 
patients in the environment in which they work, and must be educationally and 
professionally competent in those techniques. 

The use of a wide array of drugs for the various types of conscious sedation is 
contraindicated, because each drug in the conscious sedation armamentarium should 
be included only if the practitioner has a detailed working knowledge of the 
medication and is intimately familiar with the pharmacologic actions, indications, 
contraindications, precautions, and drug interactions. Keeping the number of 
medications in one's armamentarium to a minimum, therefore, is logical and practical 
from the standpoint of patient safety. The major categories of drugs needed for 



sedation can be placed into four groups: (1) antianxiety and sedatives-hypnotic drugs, 
(2) narcotics and narcotic-like analgesics, (3) benzodiazepine antagonist, and (4) 
narcotic antagonists. 

The following discussion is an overview of these drug classes. It is not intended to be 
a comprehensive review of these drugs. The clinician must have a thorough working 
knowledge of each drug that is chosen for administration. This requires study of 
available information from a variety of reference sources. 

Antianxiety and Sedatives-Hypnotics 

The categories and subcategories of antianxiety and sedative-hypnotics drugs 
described in the following sections have been used broadly in conscious sedation 
for periodontal patients. 

Benzodiazepines 

Benzodiazepines are among the most popular classes of drugs in use today for the 
safe treatment of anxiety states.23 Benzodiazepines have extensive clinical 
applications in medicine and dentistry for anesthesia and sedation procedures, as 
muscle relaxants, and for sleep disorders. Benzodiazepines potentiate the action of 
gamma-aminobutyrate (GABA), an inhibitory neurotransmitter, resulting in 
increased neuronal inhibition and central nervous system (CNS) depression, 
especially in the limbic system and reticular formation.32–34 Although all 
benzodiazepines are relatively effective, their courses of action are variable 
among patients. They are contraindicated when a patient has hypersensitivity to 
other benzodiazepines, psychosis, acute narrow-angle glaucoma, pregnancy, 
shock, acute alcohol intoxication, existing CNS depression, and uncontrolled 
pain. 

Drugs that can affect benzodiazepines include cimetidine, oral contraceptives, 
disulfiram, fluoxetine, isoniazid, ketoconazole, metoprolol, valproic acid, alcohol, 
barbiturates, narcotics, antacids, probenecid, ranitidine, rifampin, scopolamine, 
and theophyllines. Digoxin, levodopa, neuromuscular blocking agents, and 
phenytoin may be affected by the benzodiazepines. 

There is positive evidence of risks (U.S. Food and Drug Administration 
Pregnancy Category D) to the fetus when used during pregnancy. Investigational 
or postmarketing data shows risk to the fetus. Use of benzodiazepines during 
pregnancy is generally not indicated because of these risks. 

When benzodiazepines are administered orally, there are significant differences in 
their absorption rates. Oxazepam is one of the most slowly absorbed, whereas 
diazepam and flurazepam are among the most rapidly absorbed. The absorption 
rates of the benzodiazepines with the IM route are often poor and erratic. Most 
benzodiazepines are not soluble in water, and therefore are not readily available 



for IV use. Diazepam and midazolam are the two most commonly used agents for 
IV conscious sedation. Anterograde amnesia is strongly identified with this drug 
class, but it varies with the route of administration and the specific medication. 

The benzodiazepines that are administered orally are listed first in Table 19-1, 
followed by those with multiple routes of administration in Table 19-2. 

Barbiturates 

The short-acting barbiturates are the best-suited barbiturates for use in 
periodontics. Barbiturates were the first drugs used for effective management of 
anxiety.23,27 They were more widely prescribed before the development of 
benzodiazepines. Pentobarbital sodium (Nembutal: Abbot Laboratories; North 
Chicago, IL) and secobarbital sodium (Seconal: Eli Lilly Co.; Indianapolis, IN) 
are well suited for use in oral sedation for periodontal therapy, because they have 
an onset of action in 20 to 25 minutes and last for 3 to 4 hours, which corresponds 
to the time needed for many periodontal treatment procedures. They also have a 
long half-life (20 to 28 hours for Seconal and 21 to 42 hours for Nembutal), 
during which the patient may experience hangover and irritability. Barbiturates 
are contraindicated in uncontrolled pain. Currently, barbiturates are primarily 
used when a patient has a history of a reaction to the benzodiazepines, because 
they are not as effective or as specific as benzodiazepines in their pharmacologic 
actions. Barbiturates are CNS depressants. At therapeutic dosages, they reduce 
both anxiety and mental acuity, and they produce a state of drowsiness (hypnosis). 
At greater dosage levels, barbiturates depress the medulla, causing dosage-related 
respiratory depression. Uncontrolled respiratory depression can result in 
progression to cardiovascular depression, coma, and even death. 

Barbiturates do not have the ability to obtund pain in therapeutic dosages for 
conscious sedation and can cause patients to become hyperexcitable to pain or 
painful stimuli. Adverse effects of sedative dosages of barbiturates have been 
reported and include paradoxical excitement, antianalgesic effects, nausea, 
vomiting, hiccoughing, and excessive postoperative drowsiness.21–24 
Pharmacologically, there is a lower therapeutic margin of safety for barbiturates 
than for benzodiazepines. The use of barbiturates has declined with the advent of 
more pharmacologically effective antianxiety agents. Barbiturates have many 
disadvantages, beginning with dose-related respiratory depression, addiction 
potential, lack of reversal agent, drug interactions, and a lower margin of safety 
than benzodiazepines. In the past, barbiturates have been drugs highly associated 
with suicide attempts. Barbiturates are contraindicated in patients with known 
hypersensitivity; uncontrolled pain; respiratory disease when obstruction or 
dyspnea is present; a personal or family history of intermittent, latent, or manifest 
porphyria; and in patients with severe hepatic dysfunction. They are 
contraindicated for use during pregnancy or during lactation as a potential risk to 
the fetus or infant. The potential benefits must outweigh the potential risks to use 
barbiturates during these circumstances. Barbiturates potentiate all types of CNS 



depressant medications. Table 19-3 lists the barbiturates most commonly used in 
conscious sedation in dentistry. 

Antihistamines 

Two drugs—promethazine (Phenergan) and hydroxyzine (Atarax, Vistaril: Pfizer; 
New York, NY)—under the classification of antihistamines23 continue to be used 
in dentistry primarily for sedation before dental procedures. Orally, these 
medications are given for relief of symptoms of perennial and seasonal allergies 
and as an adjunctive therapy to anaphylactic reactions. Promethazine, a 
phenothiazine derivative, continues to be used in dentistry by the oral, IM, and IV 
routes of administration for preoperative and postoperative sedation, as an adjunct 
to analgesics for control of postoperative pain, and for relief of apprehension. 
Promethazine competitively antagonizes histamine at H1 receptor sites, producing 
sedation, relief of apprehension, and antiemetic effects. Promethazine is often 
given in combination with a narcotic, which it potentiates, thereby reducing the 
narcotic dosage by 25% to 50%.32–34 

The diphenylmethane compound, hydroxyzine, is minimally effective as an 
antianxiety drug. The oral and IM administration of hydroxyzine do have 
sedative, antihistaminic, antispasmodic, and antiemetic actions. It will also reduce 
the narcotic requirement in preoperative and postoperative sedation. Therapy with 
hydroxyzine was studied in 76 apprehensive and fearful pediatric dental 
patients,35 and when 50 mg was administered 1 hour before scheduled 
appointments, behavioral difficulties were significantly reduced. Table 19-4 lists 
the antihistamine names, routes of administration, times of onset, and durations of 
action. 

In oral sedation, a large number of the medications listed earlier have been used in 
the past. Currently, benzodiazepines are the most widely used sedative drugs in 
both oral and parenteral conscious sedation, because they combine anxiolysis with 
varying degrees of amnesia and sedation.36 They also have the major advantage of 
having specific reversal agents available. The use of barbiturates or antihistamines 
for adult conscious sedation is generally not indicated. A limited number of oral 
benzodiazepine medications, such as triazolam, diazepam, clorazepam, estazolam, 
oxazepam, or temazepam are suggested for consideration as one or two oral 
sedation medications to be included in the clinician's armamentarium. 

Methohexital (Brevital) and propofol (Diprivan) are not included in the list of 
medications above, because they are not considered conscious sedation agents.37 
The use of chloral hydrate as a sedative-hypnotic, either orally or rectally, is also 
strongly discouraged by the ADA Consultants on Anesthesia and Anesthetic 
Agents. Chloral hydrate has a significant record of complications as a sedative-
hypnotic. 

TABLE 19-1  Orally Administered Benzodiazepines 



 

TABLE 19-2  Multiroute-Administration 

Benzodiazepines 
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Benzodiazepine antagonist: flumazenil (Romazicon) 

Indications for the use of flumazenil are to reverse the pharmacologic effects of 
benzodiazepines used in anesthesia and sedation and to manage benzodiazepine 
overdose. Flumazenil,38 an imidazobenzodiazepine derivative, is a benzodiazepine 
receptor antagonist that competitively inhibits the activity at the benzodiazepine 
recognition site on the GABA/benzodiazepine receptor/chloride ionophore 
complex. Flumazenil does not reverse the effects of opioids and does not 
antagonize the CNS effects of drugs affecting GABA-ergic neurons by means 
other than the benzodiazepine receptor, including alcohol, barbiturates, and 
general anesthetics.34 



For the reversal of the effects of benzodiazepineinduced conscious sedation, 0.2 
mg flumazenil is administered intravenously over 15 seconds. If the desired level 
of consciousness is not obtained, the 0.2-mg dosage may be repeated at 1-minute 
intervals up to four additional times for a maximum dose of 1 mg. Most patients 
respond to a dosage of 0.6 to 1 mg of medication. In the event of resedation, 
repeated doses may be given at 0.2 mg/min up to 1 mg every 20 minutes. No 
more than 3 mg should be given in any 1 hour. 

For a suspected benzodiazepine overdose, 0.2 mg flumazenil is administered over 
30 seconds initially, followed by 0.5 mg over 30 seconds. This is repeated at 1-
minute intervals until the patient responds. The maximum cumulative total adult 
dosage of flumazenil for a suspected overdose of benzodiazepines is 5 mg. 

The onset of benzodiazepine reversal is usually at 1 to 2 minutes after the 
administration is completed, with 80% response reached within 3 minutes. The 
peak effect occurs within 6 to 10 minutes, with the duration and degree of reversal 
related to the plasma concentration of the sedating benzodiazepine, as well as the 
dose of flumazenil given. Resedation is possible if either a large single or 
cumulative dose of benzodiazepine has been given in the course of a long 
procedure. In four trials studying the use of flumazenil in 970 patients, the 
incidence rate of resedation was 3% to 9% during the 3-hour postsedation 
recovery period. A total of 78% of the benzodiazepine sedated patients receiving 
flumazenil responded by becoming completely alert. When flumazenil is used to 
reverse benzodiazepine overdose, one potential complication is the onset of 
seizures. This is uncommon if the doses of benzodiazepine were near the normal 
ranges used for conscious sedation. 

Analgesics 

There are six drugs used as analgesics in parenteral conscious sedation in 
periodontics. They fall into two categories: narcotic agonists (opioids) and 
narcotic agonists/antagonists analgesics. 

Narcotic agonists (opioids) are potent analgesics and excellent drugs for the 
relief of moderate to severe pain, as well as sedatives. Their primary side effects 
are dosedependent respiratory depression, histamine release (especially with 
morphine, causing hypotension and bronchoconstriction), urinary retention, 
nausea, vomiting, and constipation. 

The most commonly used narcotic agonists are morphine and meperidine 
(Demerol). Fentanyl (Sublimaze) falls into the category of analgesics for deep 
sedation/general anesthesia. Meperidine is the least potent, with morphine being 
approximately 10 times more potent than meperidine, and fentanyl being 100 
times more potent than morphine. 

General contraindications to narcotic agonists include hypersensitivity or 
intolerance to the drug; acute bronchial asthma; upper airway obstruction; 



concomitant use with monoamine oxidase inhibitors or within 14 days of such 
treatment; and when increased cranial pressure or head injuries are present. 
Narcotics should be used with caution in patients with chronic obstructive 
pulmonary disease or with any degree of respiratory depression. Elderly or 
debilitated patients, or those known to be sensitive to CNS depressants, often 
require decreased doses of narcotics. Table 19-5 lists the narcotic agonists. 

Narcotic agonists/antagonists analgesics have two types: those that are 
antagonists at the mu receptor and are agonists at other receptors (i.e., 
pentazocine), and those partial agonists that have limited agonist activity at the 
mu receptor (i.e., buprenorphine). The narcotic agonist/antagonist analgesics are 
potent analgesic agents with a lower potential for abuse than pure opioid agonists. 
The agonist actions of these drugs are the same as those of the prototypical 
narcotic, morphine, whereas the antagonist actions include prevention of narcotic 
effects if administered in unison or before the narcotic. There is reversal of the 
narcotic effect when administered after the narcotic, whereas in patients who are 
physically dependant on opioids, the antagonist action results in almost immediate 
withdrawal symptoms. Table 19-6 lists the narcotic agonists/antagonists. 

TABLE 19-5  Narcotic Agonists 

 

Narcotic antagonists 



Narcotic antagonists are a class of drugs used to reverse narcotic-induced 
respiratory depression, sedation, and hypotension. Competitive inhibition at 
specific opioid receptor sites is the mechanism of action. 

Naloxone (Narcan) is a pure opioid antagonist that is a synthetic congener of 
oxymorphone with no agonist properties.32,34 It reverses or prevents the effects of 
opioids including respiratory depression, sedation, and hypotension. It can also 
reverse the psychotomimetic and dysphoric effects of agonist/antagonists such as 
pentaxocaine. It does not produce respiratory depression, psychotomimetic 
effects, or papillary constriction, and in the absence of opioids or agonistic effects 
of other opioid antagonists, it exhibits essentially no pharmacologic activity. 

Precautions: Abrupt reversal of opioids may result in nausea, vomiting, sweating, 
tachycardia, or tremors. Use with caution in patients with known opioid 
dependency. The duration of action of some opioids may outlast that of naloxone, 
therefore the patient should be kept under prolonged surveillance. 

Nalmefene (Revex) is a newer opioid antagonist structurally similar to naloxone 
(a 6-methylene analogue of naltrexone), which can completely or partially reverse 
opioid drug effects, including respiratory depression, induced by either natural or 
synthetic opioids. It can be administered intravenously, intramuscularly, or 
subcutaneously. When administered intravenously, nalmefene should be titrated 
to reverse the undesired effects of opioids. Nalmefene has no opioid agonist 
activity; it produces no respiratory depression, psychotomimetic effects, or 
pupillary constriction. When administered in the absence of opioid agonists, no 
pharmacologic activity has been observed.32,34 

Precautions: Less than 3% of patients experienced adverse reactions, including 
nausea, vomiting, tachycardia, hypertension, postoperative pain, fever, and 
dizziness. 

Table 19-7 lists the administration information of the two narcotic antagonists. 

DETERMINATION OF THE EFFECTS OF DRUG 

ADMINISTRATION 

The effects of drug administration are highly dependent on the concentration of the 
drug in the blood and in the brain tissue. The differences in enteral and parenteral 
conscious sedation techniques are associated with variations in the absorption, the 
first pass effect, distribution, metabolism, and excretion of drugs. 

Absorption is the process by which a drug enters the circulation. IV drug 
administration is the most rapid and direct, because the drug is put into immediate 
contact with the tissues and cells. Circulation time is the elapsing time between the 
injection of the medication into the blood and maximum distribution of the drug 
throughout the body. For most medications, circulation time is about 10 to 18 seconds 



using the IV route.26 With oral drug administration, most drugs are absorbed by the 
small intestine. 

It is important to remember the intent and contributions of the drug(s) used for 
conscious sedation. All anesthesia has two essential elements: sedation/hypnosis and 
analgesia. Because hypnosis is generally associated with sleep and general anesthesia, 
it is undesirable when the objective is conscious sedation. Because the drugs 
commonly used to achieve conscious sedation produce a dose-dependent CNS 
depression, conscious sedation lies on a continuum from minimal sedation (a relaxed, 
awakened state) to deep sedation/general anesthesia. Medical anesthesiologists feel 
that because of the rapidity with which a patient can move from conscious sedation to 
general anesthesia, and the variations in individual patient responses to the same dose 
of a sedative or analgesic drug, careful monitoring of the patient's vital signs is an 
essential property of clinical management.36 The sedative component medication used 
should allow careful titration. The analgesic component, when used, is generally a 
narcotic administered to enhance sedation and anesthesia in relatively low fixed 
dosages, because the onset of action is too slow for it to be titratable. Both the 
sedative and the analgesic should be reversible, with minimal respiratory depression, 
and with a duration of action that match the time needed for the surgical procedure. 

The blood level of the drug is dependent on the rate of addition to and removal from 
the bloodstream. 

TABLE 19-6  Narcotic Agonists-Antagonists 
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AMERICAN DENTAL ASSOCIATION EDUCATIONAL 

REQUIREMENTS AND TECHNIQUES FOR SEDATION 

Through a cooperative effort, representatives from all of the areas of dentistry that use 
sedation met in 1999 and 2000 under sponsorship of the ADA. National educational 
requirements and guidelines for each level of sedation and anesthesia described 
earlier were established and agreed on. Because training in conscious sedation is 
contained in the definition of postdoctoral specialty training in periodontics, this 
chapter includes the educational requirements and guidelines for the methods of 
sedation commonly used by board-eligible periodontists.15 

Enteral or Combined Inhalation-Enteral Conscious 

Sedation 



To administer enteral, or combined inhalation-enteral conscious sedation, or both, it 
is necessary that the periodontist or practitioner satisfy one of the following ADA 
criteria:  

1. Completed training to the level of competency in enteral and/or combined 
inhalation-enteral conscious sedation consistent with that prescribed in Part I or 
Part III of the ADA Guidelines for Teaching Comprehensive Control of Pain and 
Anxiety in Dentistry. 

2. Completed an ADA-accredited periodontal postdoctoral training program 
that affords the comprehensive and appropriate training necessary to administer 
and manage enteral, or combined conscious sedation, or both. 

The following guidelines apply to the administration of enteral, or combined 
conscious sedation, or both, in the periodontal office:  

1. The administration of enteral, or combined conscious sedation, or both, by 
another duly qualified dentist or physician requires the operating dentist and 
his/her clinical staff to maintain current expertise in Basic Life Support (BLS). 

2. When a certified registered nurse anesthetist is permitted to function under 
the supervision of a dentist, administration of enteral, or combined conscious 
sedation, or both, by a certified registered nurse anesthetist requires the operating 
dentist to have completed training in enteral, or combined conscious sedation, or 
both, consistent with the requirements described in Part I or Part III of the ADA 
Guidelines for Teaching Comprehensive Control of Pain and Anxiety in Dentistry 
at the time dental training or postdoctoral training was commenced. 

3. A dentist administering enteral, or combined conscious sedation, or both, 
as well as his/her clinical staff, must maintain current expertise in BLS. 

Parenteral Conscious Sedation 

To administer parenteral conscious sedation, it is necessary for the dentist to satisfy 
either one of the following ADA criteria:  

1. The completion of a comprehensive training program in parenteral 
conscious sedation, which satisfies the requirements described in Part I or Part III 
of the ADA Guidelines for Teaching Comprehensive Control of Pain and Anxiety 
in Dentistry at the time dental training or postdoctoral training was commenced. 

2. Completion of an ADA-accredited periodontal postdoctoral training 
program that has the comprehensive and appropriate training necessary to meet 
the ADA requirements to administer and manage parenteral conscious sedation. 

The following guidelines apply to the administration of in-office parenteral 
conscious sedation:  



1. The administration of parenteral conscious sedation by another duly 
qualified dentist or physician requires the operating dentist and his/her clinical 
staff to maintain current expertise in BLS. Many states also require the 
periodontist to have current completion of a course dealing with either Advanced 
Training in Dental Emergencies or Advance Cardiac Life Support (or its 
appropriate equivalent). 

2. When a certified registered nurse anesthetist is permitted to function under 
the supervision of a dentist, the operating dentist must have completed training in 
parenteral conscious sedation consistent with the standards described in Part I or 
Part III of the ADA Guidelines for Teaching the Comprehensive Control of 
Anxiety and Pain in Dentistry. 

INTRAVENOUS ROUTE OF ADMINISTRATION VERSUS 

OTHER ROUTES OF ADMINISTRATION 

As previously stated, the administration of inhalation, enteral, or parenteral drugs can 
result in a range of effects extending from conscious sedation to general anesthesia. 
The result obtained with the drug(s) is dependent on the drug dosage and rate of 
administration. When properly used, the safest, most predictable, rapid, direct way to 
administer drugs for conscious sedation is the IV route. Drugs in aqueous solution can 
be injected directly into the bloodstream, circumventing absorption problems 
encountered with other techniques of conscious sedation. IV administration also 
avoids use of arbitrary standard dosages, slow onset times, and the less predictable 
results of oral and IM sedation. With IV conscious sedation, the effects of the 
sedative drugs are titratable because of a short circulation time and rapid onset of 
action. Maximum drug effect for the sedatives commonly used in periodontics is 
usually achieved in 1 to 5 minutes, thus the pharmacologic action may be accurately 
titrated in incremental dosages to achieve individually tailored results for each 
patient. The full effects of Nembutal are realized in approximately 30 seconds, 
whereas Valium takes about 1 minute, and midazolam takes approximately 2 minutes. 
These sedatives and others that rapidly pass through the blood-brain barrier are 
titratable, whereas analgesics are generally less titratable because of their slower 
onset of action times. Patient response to an intravenously administered sedative 
allows a more accurate appraisal of the analgesic dosage, because the two classes of 
drugs generally exhibit an equal tolerance. By titrating the sedative drug and 
administering an equal tolerance of narcotic, the "dosage guessing" dangers that are 
seen with the administration of standard dosages for oral and IM sedation based on 
patient size and weight are avoidable. 

PRESEDATION PREPARATION APPOINTMENT 

Medical and Physical Evaluation and Documentation 



The standard of care in most states requires dentists to evaluate and document a 
patient's physical, medical, and emotional status before any periodontal care. 
Initially, patients fill out health questionnaires, followed by dialogue history with 
the dentist to assess the forms, to gather pertinent health history information, to 
determine baseline vital signs, and to do a limited physical examination. This 
should include an assessment of potential IV sites, skin integrity, and color. By 
doing so, the doctor will be better able to ascertain the physical and psychological 
status of the patient and to establish an ASA risk factor classification for the patient. 
When indicated, a medical consultation can be initiated to further clarify the 
patient's medical and physical well being. Once the patient's medical and physical 
status is determined, and indicated medical consultations are completed, appropriate 
periodontal therapy can be planned and modified as necessary. The goals of the 
medical, physical, and psychological examination and consultations are to 
determine whether the potential risks that are present can be alleviated with 
psychomatic control of apprehension, or if some means of chemical anxiety 
reduction is indicated to help the patient tolerate the stresses involved in therapy. It 
is also important to determine if additional monitoring is necessary. Stress control 
begins at the time of the patient's initial contact with the office. 

Written presedation instructions should be given to each patient at the presedation 
appointment. In the current time of electronic patient records, it is easy to give the 
patient a personalized, written preoperative instruction sheet regarding sedation and 
preoperative care (Fig. 19-2). Such information is discussed with the patient to 
assure that it is understood and noted in the patient records. Ensuring that the 
patient is well informed and knowledgeable about the sedation and planned 
therapeutic procedure can enhance doctor-patient rapport and patient confidence. 
Preoperative instructions given immediately before a procedure are generally poorly 
comprehended and remembered. Postsedation instructions and discussions should 
also be given to the patient at the time the procedure is planned, rather than waiting 
until the day of therapy. This will assure that proper planning and treatment can be 
rendered. 

The patient is informed that their surgery will be performed using a combination of 
conscious sedation and local anesthetic. They are told to take their usual prescribed 
medications, unless otherwise instructed, as well as those that have been prescribed 
in preparation for their surgery. The patient is advised to inform the doctor of any 
medications they are taking, even over-the-counter drugs, and not to take any 
medications without the doctor's knowledge and approval. The patient is told not to 
have anything to eat for at least 6 to 8 hours before their appointment, with the 
exception of clear liquids, excluding coffee or tea. They are further instructed to 
refrain from the consumption of any alcoholic beverages within 24 hours of 
surgery. 

The patient is asked to arrive promptly for their appointment, because late arrivals 
add to the patient's stress level and may necessitate rescheduling of the 
appointment. Early arrival often allows the staff to help the patient relax before 
starting the surgery. For IV sedation, the patient is instructed to wear loose 



comfortable clothing that can easily be drawn up above the elbow to facilitate the 
venipuncture. No heavy make-up or false eyelashes should be worn, and at least 
two fingers on each hand should be devoid of fingernail polish or false fingernails 
to facilitate proper vital sign monitoring. The patient is asked to refrain from 
wearing contact lenses the day of their appointment to avoid losing valuable time 
removing and storing the lenses during their scheduled appointment time. 

A written preoperative instruction form and prescriptions for medications, should be 
dispensed to the patient or their guardian in advance. This will allow the 
information to be reviewed at their leisure. It is emphasized that a responsible adult 
must accompany the patient to drive the patient home and provide supervision for 
the remainder of the day. They are made aware that they will not be able to safely 
or prudently:  

1. Operate machinery or drive a car 

2. Undertake financial or business matters 

3. Drink alcoholic beverages the day of the sedation. 

The patient is given telephone numbers to record, file, and call in the event of an 
emergency. 

Written Informed Consent 

Dental regulating boards require, and patients are entitled to, appropriate written 
informed consent forms detailing the benefits of the various conscious sedation 
procedures, the drugs to be used, and the general actions of the drugs, the risks, and 
alternatives to conscious sedation. Such sedation and surgical treatment procedure 
forms given to patients or their guardians in advance enable the patient, parent, 
guardian, or other responsible adult of a minor, to have a basis of knowledge on 
which they can make an informed decision and give their permission for the 
procedure. An informed consent must be obtained on each patient in accordance 
with individual state laws, specifically stating the risks related to the sedation 
procedure. To be legally valid, the consent form must be signed before the 
procedure by the patient; the parent, the guardian, or the responsible adult in the 
case of a minor; the doctor; and a witness. Figure 19-3 is an example of an 
electronic IV conscious sedation advised consent form. 

Figure 19-2.   



 

Personalized, written preoperative instructions sheet for sedation and 
preoperative care. (From TiME for Dentistry, Oakland, 2002, DecisionBase, 
Inc.) 

DAY OF SEDATION APPOINTMENT 

Preoperative Preparation 

Before patient arrival, all equipment used in conjunction with the sedation 
procedure must be evaluated for proper operation, including a determination of the 
presence of an adequate oxygen supply. Sedation supplies are prepared, labeled, 
checked, and appropriately placed for minimal patient awareness. 

On arrival of the patient for the appointment, the front desk must confirm the return 
of the signed consent forms and place them in the patient chart. Office personnel 
must ensure that a responsible adult is present to take the patient home at the 



completion of the procedure. Any new or unanswered questions regarding the 
sedation or the surgical procedures should be answered. 

Before the start of any sedative procedure, the patient is asked to visit the restroom 
to take care of any physical needs. For the patient's comfort, and because the patient 
is not legally responsible for decisions made under the influence of sedation, it is 
important to review the treatment plan again immediately before the surgery, with 
the patient understanding what to expect in terms of vital signs monitoring and 
treatment procedure. The dentist should review what the patient can expect with the 
procedure and possible surgical complications secondary to the procedure. The 
discussion should be noted in the patient's records before sedation. 

Figure 19-3.   



 

Electronically prepared conscious intravenous sedation advised consent form. 
(From TiME for Dentistry, Oakland, 2002, DecisionBase, Inc.) 

Postoperative Instructions 



Written postoperative instructions regarding conscious sedation should be included 
as part of the preoperative instruction sheet. Before being released to a responsible 
adult, the patient must have stable vital signs, be capable of appropriate responses to 
questions, be easily aroused when lightly sleeping, demonstrate intact protective 
reflexes, and be capable of sitting upright unassisted. They must have a responsible 
adult to accompany them to their postoperative recovery quarters and to offer 
assistance to the patient as needed. Written postoperative instructions specific to the 
surgical procedure should also be provided. Specific instructions regarding 
postoperative discomfort, swelling, bleeding, diet, and medications should be given. 
Oral hygiene instructions and guidance should also be included. 

Medical and Physical Evaluation the Day of the 

Procedure 

The patient's medical history should be reviewed at the time the surgical procedure 
is scheduled and must be reviewed and updated on the day of the procedure. Any 
changes since the last appointment should be recorded. Questions should include:  

1. Is there any change in your overall health? 

2. Have you seen or talked to your physician since your last appointment? 

3. Have you started taking any over-the-counter or prescription medications 
since your last appointment? 

A positive response to any of these questions must be pursued to ascertain potential 
risks and contraindications for the procedure. Current vital signs are obtained, 
including blood pressure, heart rate, and oxygen saturation. An electrocardiographic 
tracing may be recorded, if desired. The results are compared with the baseline vital 
signs that were obtained at a less stressful time. 

Treatment Room Preparation 

To assist in presenting a relaxed environment for the patient and to gain patient 
confidence, it is important that the treatment room present a pleasant, efficient 
atmosphere that is conducive to the sedation and operative process. The monitors 
are used to divert the patient's attention, as they have been previously introduced to 
them. The remainder of the room should be well organized, with all of the 
necessary surgical instruments, equipment, and syringes conveniently arranged for 
ease of use, but either covered or out of the viewing range of the patient. All 
syringes should be loaded and ready for use. There should be a minimum of 
distractions, sounds, and excessive movements that may add to the stress level of 
the patient. 



On entering the treatment room, the patient is seated in the dental chair, taking care 
to ensure that the patient is seated properly for full support of the spine, neck, and 
head as the chair is lowered to a semireclining position to start the sedation. 

Vital Signs Monitoring 

Anesthesia providers should closely follow the vital signs monitoring standards 
established by the ADA14,17 and several other specialty organizations, such as the 
American Academy of Periodontology. A trained professional provider is required 
to continually monitor the patient's heart rate, blood pressure, tissue oxygenation, 
and ventilation by direct clinical observation. For patients with significant 
cardiovascular disease (ASA III), continuous electrocardiographic monitoring must 
also be accomplished. 

Continuous patient contact is the best method of monitoring the patient's physical 
status. Ongoing verbal contact with the patient should be maintained. The patient's 
color can be visually monitored by continually observing the mucosa and nail bed. 
Circulation (heart rate and blood pressure) can be monitored manually on a 
timeorientated basis, but it is common to rely on automatic electronic monitors. The 
oxygen saturation values require the use of pulse oximetry. Respiratory depression 
and hypoxemia are the primary clinical events of a sequential chain, which if left 
untreated will result in morbidity and mortality linked to conscious sedation. Pulse 
oximetry is the single most valuable monitor that is used in conscious sedation. The 
inexperienced clinician, without the use of proper monitoring, has a tendency to 
interpret patient movement associated with hypoxemia as an indication for 
additional drug administration, which will further complicate the situation. Early 
recognition of respiratory depression and hypoxemia followed by quickly initiating 
appropriate treatment is paramount to avoiding significant morbidity and mortality 
with conscious sedation. Auscultation provides some certainty of ventilation 
adequacy and the presence of a patent airway when used in combination with pulse 
oximetry. Part of prudent monitoring also involves regular observation of the head 
position to assure a patent airway. A sedated patient should never be left 
unobserved by trained personnel. 

INTRAVENOUS CONSCIOUS SEDATION 

Selection of Venipuncture Site 

The technique of venipuncture is not difficult to master, but certain precautions 
should be taken for a venipuncture to be as painless and safe as possible. The 
superficial veins of the hand and arm are ideal for venipuncture in IV conscious 
sedation. There are three common areas to evaluate for a venipuncture (Fig. 19-4):  

1. The veins in the forearm (accessory cephalic and median antebrachial 
veins) 



2. The veins in the dorsal aspect of the hand (metacarpal and dorsal venous 
network) 

3. The veins in the antecubital fossa (median basilic and median cephalic). 

Figure 19-4.   



 



Three common areas to evaluate for a venipuncture site. A, The dorsal forearm 
veins (accessory cephalic and median antebrachial veins). B, Veins of the dorsal 
aspect of the hand and wrist (metacarpal and dorsal venous network). C, 
Median basilic and median cephalic veins of the antecubital fossa. 

There is a tendency to persistently choose to use the veins in the antecubital fossa 
for a venipuncture because they are usually large in diameter, thick walled, straight, 
relatively immobile because of good support by connective tissue, and often easily 
accessible. Everett and Allen,39 however, believe that superficial veins on the dorsal 
aspect of the hand or distal aspect of the forearm have less frequent arterial 
variations than the antecubital fossa. The order of site selection many practitioners 
choose for a complication free venipuncture is, therefore, the forearm, the dorsal 
aspect of the hand, and then the antecubital fossa. A venipuncture site may not be 
visible until after tourniquet placement for vein engorgement. When possible, 
superficial vessels should be chosen for the venipuncture, but one must realize that 
small, thinwalled veins are often poorly supported by connective tissue, roll or 
collapse easily, and may be fragile and leak blood around the needle penetration. 
Small veins may not tolerate irritating sedative drugs well, resulting in a greater 
incidence of phlebitis and thrombophlebitis. Precautions need to be considered, 
however, when the veins are not superficial, making a venipuncture more 
challenging. Blind probing with the needle should be avoided when veins are not 
readily visible. It is important to be extremely aware of the normal anatomic 
positions of blood vessels and nerves of the three common venipuncture areas, and 
to choose a site where there is the least chance of an accidental arterial penetration. 
Deeper positioned veins in the median aspect of the antecubital fossa can lie 
directly over the brachial artery and median nerve. Aberrant superficially positioned 
arteries may also be frequently found in the area. Before tourniquet application and 
a venipuncture attempt, the selected area needs to be palpated for a pulse, to guard 
against an intraarterial puncture (see Complications section later in chapter). 

Because the current standard of care is for maintenance of a continuous infusion of 
fluid during conscious sedation, a stable vein should be chosen and maintained for 
the duration of the periodontal procedure. A successful venipuncture in the 
antecubital fossa, when using a butterfly needle, requires the arm to be immobilized 
to prevent extravasations during the time that the needle is within the vein. This is a 
disadvantage, because immobilization can become very uncomfortable during a 
long conscious sedation procedure. An advantage of a venipuncture in either the 
dorsal aspect of the hand or the forearm is that they do not require immobilization 
to maintain a continuous infusion of fluid during an entire surgical procedure. Use 
of a flexible catheter for a venipuncture in the antecubital area also eliminates the 
need for arm immobilization. 

Components for Continuous Infusion Intravenous 

Sedation 



Historically drugs have been administered both directly and indirectly for conscious 
IV sedation. The direct method titrated medications by injecting directly into a vein 
without the benefit of a continuous infusion of one of the standard IV solutions. 
After the desired effects were obtained, the needle was removed from the vein. The 
indirect method, however, uses a continuous standard IV fluid infusion into a vein 
during the entire procedure. Medications are administered into a patent vein with 
the IV fluid serving as a vehicle. The indirect technique results in decreased venous 
drug irritation and allows for drug reinforcement during long procedures. The 
indirect technique is the current standard of care for the administration of drugs for 
conscious sedation. 

For periodontal procedures, the components of an indirect infusion technique 
include a plastic bag container of IV fluid, an administration set consisting of 
plastic tubing with an adjustable flow rate, and either a butterfly needle and tubing 
with a connector or an over-the-needle catheter and tubing with a connector. Plastic 
containers of 500 ml lactated Ringer's solution, lactated Ringer's solution with 5% 
dextrose, 5% dextrose in water, or normal saline may be used. The dextrose in some 
solutions may be valuable to the fasting preoperative patient, who will have low 
caloric intake after surgery. 

The components of the infusion setup should be connected together carefully and 
aseptically. The administration tubing is cleared of air, before the patient enters the 
room, by opening the drip control and allowing the fluid to run into a waste 
receptacle. 

With the restricted size of most dental operatories, the IV fluid should be suspended 
at least 2 to 3 feet above the venipuncture site from a ceiling mount that ideally is 
not visible to the patient. This will reduce anxiety associated with observation of the 
infusion flow. A ceiling mount prevents the inconvenience of rolling floor stands or 
cumbersome pole mounted stands. The position of the mount must be coordinated 
with other equipment in surgical operatories, so as not to interfere with overhead 
tract lights, a surgical microscope, or instrument delivery systems. 

A prepared tray setup is recommended for all infusion components, the tourniquet, 
the prepared sedation drug dilutions, sterile alcohol prep-pads, tape and bandages, 
medications for sedation and systemic complications, and empty syringes (Fig. 19-
5). 

Figure 19-5.   



 

Prepared conscious sedation tray set-up with all of the infusion components, the 
tourniquet, the prepared drug dilutions, sterile alcohol prep pads, tape and 
bandages, medications for sedation complications, and empty syringes. 

Tourniquet Application 

Before tourniquet application, the patient is placed in a semisupine position. This 
position makes it more difficult for the patient to watch the venipuncture procedure 
and is an ideal position to minimize the risk for syncope. A Penrose style drain or a 
1-inch flat rubber strap is recommended as a tourniquet, or a blood pressure cuff 
can be used as a tourniquet after blood pressure determination. The tourniquet is 
applied a short distance proximal to the desired venipuncture site. Applying the 
tourniquet too tightly will obliterate arterial blood flow distal to the tourniquet 
placement, with subsequent prevention of venous engorgement. Adequate pressure 
must be applied with the tourniquet to block venous blood flow, causing venous 
engorgement, which facilitates easy venipuncture. Application of the tourniquet 
should be with the tails of the tourniquet medially toward the body midline, or away 
from the venipuncture site to facilitate tourniquet removal and prevent 
contamination of the venipuncture site (Fig. 19-6). 

Figure 19-6.   



 

Proper tourniquet application, with tails of tourniquet positioned away from the 
venipuncture site. 

Venous Engorgement, Palpation for a Pulse, and Site 

Preparation 

If veins are not prominent in the forearm or dorsal aspect of the hand when the 
tourniquet is placed a few inches proximal to the desired venipuncture site, placing 
the arm down by the side of the patient may assist in visualizing them (Fig. 19-7). 
Application of a warm, moist towel to the desired area may be of value in difficult 
cases. Light tapping of the site may also assist in better visualization of the veins, as 
will vigorous site preparation with a radiating circular scrubbing technique of the 
skin with a 70% isopropyl alcohol sponge. The alcohol scrub should extend 
outward in a circular fashion from the center of the venipuncture site for 
approximately 60 seconds. 

Once a venipuncture site is selected, it must be palpated to ascertain that there is no 
arterial pulse (Fig. 19-8). Then the site is mechanically and chemically cleaned with 
isopropyl alcohol.37 

Figure 19-7.   



 

Lowering the arm to assist in visualization of veins distal to the tourniquet 
placement. 

Penetration of a Vein, Tourniquet Release, and Start 

of Infusion 

For a right-handed therapist, the patient's right arm with the engorged veins is 
grasped with the therapist's left hand just distal to the venipuncture site. The left 
thumb is used to extend the skin over the venipuncture site distally to immobilize 
the vein and facilitate its penetration with either a butterfly needle or an over-the-
needle indwelling catheter (Fig. 19-9). With the bevel of the butterfly needle facing 
up, the winged taps are grasped between the thumb and index finger. A direct 
approach from the top of the engorged vein is the preferred method, with the needle 
held at a 30-degree angle to the skin surface. The skin and underlying connective 
tissue are penetrated to reach to, but not penetrate, the vessel. The angle of the 
needle is then changed to almost parallel to the skin surface, and the superficial wall 
of the vein is slowly penetrated, avoiding penetration of the inferior venous wall. 
The needle is inserted approximately two thirds of its length for stability. The 
syringe attached to the butterfly needle is then aspirated to verify that the needle is 
in a patent vein by drawing blood into the butterfly tubing. For experienced 
phlebotomists, the butterfly set alone may be used for the venipuncture, with the 
blood flushing into the tubing indicating a successful venipuncture. If the butterfly 
needle has been attached to the administration set, the fluid container can be 
lowered beneath the level of the venipuncture to visualize the back flow of blood 
into the tubing that occurs with a successful venipuncture. 



Figure 19-8.   

 

Palpating for an arterial pulse at the selected venipuncture site before 
venipuncture. 

Figure 19-9.   



 

Immobilization of vein to facilitate the venipuncture by distal extension of the 
skin with the left thumb. 

Use of an indwelling catheter is somewhat more difficult for the novice to place.36 
With the tourniquet in place, the catheter-over-needle device is inserted into the 
vein with the bevel facing up. Once in the vein, blood will "flash back" into the 
catheter hub. At this point, the catheter is advanced into the vein as the needle is 
withdrawn. The major advantage of the indwelling catheter is that there is less 
likelihood of fluid infiltration than with a butterfly or scalp vein setup, and the arm 
does not have to be immobilized. Indwelling catheters are slightly more expensive 
to use. For some patients, subcutaneous administration of a small amount of 
lidocaine before the venipuncture is helpful to minimize discomfort associated with 
insertion of the butterfly needle or catheter. 

Once the butterfly needle or catheter is in place, the tourniquet is released from the 
arm by pulling on that portion of the tourniquet tail that was tucked under. The tail 
is pulled away from the venipuncture site proximally to release it, to prevent 
displacement of the needle or catheter, and to prevent injection site contamination. 
On release of the tourniquet and connection of the air-free tubing of the 
administration set to the scalp needle or catheter, the flow regulator on the fluid 
administration set is opened to clear blood from the scalp needle or catheter, and to 
verify a free flow of fluid into the vein. The administration of IV fluid should not be 
started with the tourniquet in place. 

The scalp needle or catheter is then fixed into place by placing two strips of tape 
parallel to the needle or catheter over the wings of the venipuncture device. A third 



strip of tape is then placed perpendicular to the wings to form an H-shaped 
configuration to minimize movement of the needle or catheter, which can be 
irritating. Alternatively, a variety of tapes are available that are specifically 
designed to secure the venipuncture site. These tapes usually cover the entire 
venipuncture site and are clear, allowing visualization of the site. Tubing of the 
butterfly or scalp needle is often looped and fixed to the arm with tape to secure the 
administration set (Fig. 19-10). Such fixation prevents tension on the infusion site 
and the administration set. With the completion of the administration fixation, the 
infusion is ready for the administration of sedation drugs. 

Figure 19-10.   

 

Securing the looped tubing of the venipuncture administration device to the arm 
with tape for venipuncture security. 

Preparation of Drugs 

A separate, labeled syringe is prepared for each drug that is used in the procedure. 
The label should delineate the name of the drug it contains and the milligram (mg) 
dosage present in each milliliter (ml) loaded in the syringe. Single-dose drug 
ampoules are suggested as a convenience and safety factor, rather than drawing 
medications out of multidose vials, because it simplifies record keeping for state 
and federal drug agencies. Because many of the drugs are colorless, it is important 
to use specific colored labels for each specific drug or to consistently use different, 
but specific, sized syringes for each drug to avoid accidental administration of a 
medication. 

The concentration of medication per milliliter necessitates that the drug drawn into 
the administration syringe be diluted so that drug given and the dosage is more 
convenient to calculate. When a drug (e.g., morphine) comes in a 10-mg/ml 
ampoule, the drug is aspirated into a color-coordinated 5-ml syringe. It is then 



diluted with sterile saline or IV fluid to the full 5-ml volume, giving a dilution of 2 
mg morphine/ml or 1.0 mg morphine/0.5 ml fluid. By diluting the medication 
concentrations from 10 mg/ml to 1 mg/0.5 ml, more accurate drug dosages can be 
administered. 

Selection of and Administration of a Drug or 

Combination of Drugs 

IV conscious sedation in the dental office can be managed effectively by using one 
or more drugs in the following three classes:  

1. Benzodiazepines (e.g., midazolam, diazepam) 

2. Barbiturates (e.g., pentobarbital) 

3. Narcotic analgesics (e.g., morphine, meperidine) 

Drugs with a long history of use in conscious sedation are emphasized, although 
others may be used. Currently, the most common pharmacologic method of 
controlling anxiety with IV sedation is through the use of one of the 
benzodiazepines, often in combination with a narcotic analgesic.23 Benzodiazepines 
are also commonly used as a sole sedative agent. The benzodiazepines are used to 
reduce apprehension and fear while providing an amnesia effect. The narcotics 
provide euphoria and analgesia. In the event of contraindications to the use of 
benzodiazepines, pentobarbital can be used in combination with meperidine or 
morphine. 

The basic principles and guidelines advocated in managing drugs for conscious IV 
sedation are well established. They were published by Jorgensen,38 using 
pentobarbital and meperidine, and over the years have been modified to include 
additional medications with the same principles. The drug administration sequence 
is to:  

1. Titrate the benzodiazepine (or the sedative pentobarbital) to establish a 
baseline. 

2. Administer a fixed proportionate dose of the narcotic (morphine or 
meperidine) relative to the amount of the benzodiazepine or sedative used to 
achieve the baseline. 

The rapid pharmacologic effect of midazolam, diazepam, or pentobarbital allows 
titration of the drugs in incremental doses to achieve the desired level of sedation, 
which was referred to as the "baseline" by Jorgensen. The patient experiencing a 
blurring of vision, symptoms of dizziness, drowsiness, difficulty in enunciating 
clearly, and an increased blinking of the eyelids can recognize this state of light 
sedation or mild cortical depression. This recognition is achieved by both close 



visual observation and by continuing oral communication between the therapist and 
the patient. 

The narcotics, morphine and meperidine, have onset of action in 8 to 10 minutes 
and 2 to 4 minutes, respectively. Morphine can cause respiratory depression 
symptoms within 2 minutes, whereas meperidine takes approximately 3 minutes. 
The durations of action of the two drugs are approximately 30 to 45 minutes for 
meperidine, and 1.5 to 2 hours for morphine. Because narcotics require relatively 
long times for onset of action and full pharmacologic effect, they cannot be titrated 
easily. However, narcotics exhibit equal tolerances relative to diazepam, 
midazolam, or pentobarbital. Therefore, a predetermined dose of narcotic 
proportionate to the amount of diazepam, midazolam, or pentobarbital can be given 
slowly, once baseline sedation has been achieved with the benzodiazepine (or 
barbiturate). The proportionate dosage range is given in Table 19-8. 

The sedatives-narcotics described earlier offer the therapist six combination 
possibilities for use: (1) midazolam and morphine, (2) midazolam and meperidine, 
(3) diazepam and morphine, (4) diazepam and meperidine, (5) pentobarbital and 
morphine, or (6) pentobarbital and meperidine. 

Regardless of the drug or combination of drugs that are chosen for administration, 
the IV infusion set is opened fully for the drug titration. This allows maximum 
dilution of the drug as it infuses into the bloodstream, minimizing venous wall 
irritation complications, such as pain and phlebitis. A minimal amount of the 
sedative medication is initially administered as a test dose, observing the patient for 
1 or 2 minutes for any unusual systemic or local reactions that may occur. 

TABLE 19-8  IV Sedation Approximate Equivalent 

Narcotic Dose Relative to Sedative "Baseline" Dose 

 

The most obvious local complication is pain at the injection site, indicating fluid 
seepage into the tissue spaces. Pain in the wrist, hand, or fingers distal to an 



antecubital fossa or forearm venipuncture site could indicate an intraarterial 
injection. The sedation medication injection that elicited the pain should be stopped 
immediately. When an intraarterial injection is suspected, it is important to maintain 
the venipuncture setup in place, opened fully, to facilitate treatment of the problem. 
Ten to 20 ml of either 0.5% procaine or lidocaine (with no epinephrine) should be 
injected into the maintained venipuncture administration cuff, and the patient 
should be transported to an emergency room for treatment. Anesthesiologists or 
vascular surgeons are the preferred physicians to direct treatment of this 
complication. Treatment is to increase the vascular supply to the affected area, by 
relieving the probable arterial spasm, or thrombosis, or both, and to assess the 
resulting injury for further treatment. 

Although each patient must be managed individually, the following guidelines are 
offered for administration of sedative agents. For sedation in healthy patients using 
midazolam, 0.5 mg is administered every 60 seconds until the baseline is reached, 
on the basis of visual observations and conversation with the patient, the signs 
previously mentioned, and the vital signs. If diazepam is used, 1 mg is administered 
every 30 seconds until the baseline is reached, whereas with pentobarbital, 10 mg is 
administered every 30 seconds until the desired baseline level is reached. 

There are several conditions that can be elicited from the presurgical health 
evaluation that may indicate a need for a slower drug injection rate or a possible 
reduced total drug dosage. These conditions may result in unpredictable responses 
to the medications. In some cases, there may be no increase in the depth of sedation, 
but there may be an increased time of recovery. Patients younger than 6 years and 
patients older than 60 years should be closely observed. Patients with 
cardiovascular disease; impaired respiratory, hepatic, or renal system; endocrine 
deficiencies; glaucoma; those taking CNS depressants; those with prostatic 
hypertrophy; and the physically debilitated should also be carefully managed. Such 
patients can be consciously sedated, but drugs are administered in a more gradual 
manner, and often in lower doses, to allow a full assessment of the patient's vital 
signs and physiologic response. 

Reinforcement of Sedation 

For periodontal procedures in excess of 90 minutes, or for the extremely 
apprehensive patient, additional sedation medication during the procedure may be 
required to maintain consistent, stable vital sign responses. Patients taking 
prescribed medications for systemic health problems may be intentionally 
undersedated initially to fully assess their response to the sedation medications. 
Observation of an unsatisfactory level of conscious sedation, judged by patient 
psychological and physiologic responses to treatment, is the determining factor of 
when additional medication is required. Both sedative and analgesic drugs can be 
administered, but although the desired result is euphoria and analgesia, the actual 
result is a drowsy patient. When the drugs are reinforced, no more than one half of 
the initial doses are recommended.27 



Completion of Sedation Procedure 

At the completion of the surgical procedure, the patient's stability and alertness is 
assessed and recorded on the anesthesia record. A stable, healthy patient may be 
given a single IV dose of a potent nonsteroidal antiinflammatory drug (NSAID), 
such as ketorolac tromethamine (Syntex Laboratories; Palo Alto, CA), through the 
wide opened infusion set for the short-term management of moderate to severe 
postoperative discomfort. The use of a single IV dose of ketorolac at the completion 
of surgery, followed by the use of enteral NSAIDs after surgery, generally results in 
the patient having minimal postoperative discomfort. Ketorolac is contraindicated 
in patients with a history of gastrointestinal bleeding, in patients with renal 
impairment, and in patients with a high risk for bleeding. 

On completion of the surgical procedure and the administration of the postoperative 
IV medications, vital signs are again checked and recorded before, during, and after 
the patient is brought to an upright position in slow stages. Patients who have 
received narcotics and who have been in a semireclined position for an extended 
time are likely to experience secondary effects, such as postural hypotension, when 
they are placed in an upright position quickly. Elderly patients are particularly 
vulnerable to postural hypotension. By slowly altering the patient's postural 
position, pooling of blood in the peripheral vasculature can be minimized. On 
returning the patient to an upright position and seeing that the vital signs remain 
stable, the fluid flow is turned off, which discontinues the infusion. The tape 
holding the butterfly needle or the IV catheter and plastic tubing is carefully 
removed, and the venipuncture device is deliberately removed. Firm pressure with 
sterile cotton gauze is applied to the venipuncture site for several minutes to prevent 
formation of a hematoma. A bandage strip is then placed over the puncture site. 

The responsible adult who is accompanying the patient home is then brought in. 
The procedure that was performed, the postoperative expectations and limitations, 
and the postoperative instructions are reviewed with both the patient and the 
accompanying adult. They are informed that the patient may experience light-
headedness with rapid movement. The patient is instructed to slowly turn in the 
dental chair and extend their legs down to the floor from their elevated, supported 
position for 30 seconds, after which the patient may slowly stand up, in place, with 
assistance. If light-headedness is experienced they are cautioned to sit. After 
standing in place for 30 seconds with no side effects, the dental assistant 
accompanies the patient out of the office and to the mode of transportation provided 
by the responsible adult. The time of patient dismissal, their physical status and 
alertness, and to whom they were dismissed is documented. The patient and the 
responsible adult are also asked to immediately call either the office or the 
emergency number if any problems develop after leaving the office. The parents or 
guardians of young children should observe the child continuously on returning 
home and should call immediately if any problems occur. 

Complications 



Most complications of conscious IV sedation are relatively benign and easily 
managed, but there are some very significant complications that can result in 
morbidity and mortality.21 The discussion herein concerns potential problems that 
may occur with the use of conscious IV sedation in the practice of periodontics. The 
complications are broadly grouped in the following sections. 

Relatively benign and rapidly correctable 

venipuncture problems 

The most common benign problem, after a successful venipuncture, is for the 
fluid infusion to be very slow or blocked. The problem may result from any of the 
following: displacement of the bevel of the infusion needle against the wall of the 
vein or against a valve when being taped into place; partial or total blockage by 
extending the needle too far into the vein; and blockage resulting from movement 
of the limb by the patient. Either of the latter can result in the needle perforating 
the wall of the vein with subsequent IV fluid infiltration into the tissue. Careful 
investigation of such problems can usually result in their correction. Use of a 
catheter instead of a rigid needle reduces the risk for venous wall perforation. 

To check for the lumen of the needle being displaced against the vessel wall, the 
tape used to fix the needle into place is carefully removed to allow a slight 
elevation of the needle. If elevating the needle improves the flow rate, a folded 2 
× 2 gauze square is carefully placed under the wings of the butterfly needle before 
retaping it into place. Care is taken not to alter the inclination of the scalp needle 
into the vein. When a catheter has been used, gently pulling distally on the hub 
may withdraw the catheter away from the vessel wall and improve the flow rate. 

If a small, colorless swelling begins to occur in the area of the venipuncture, it 
usually indicates that the needle has perforated the wall of the vein and the IV 
fluid is flowing into the interstitial tissue. Such an occurrence is called a fluid 
infiltration. To correct the problem the IV flow rate regulator is closed, firm 
pressure is applied to the infiltrated area with sterile gauze, and the needle is 
removed. To prevent a hematoma, steadfast pressure is applied to the area for 5 to 
6 minutes. 

If a tourniquet is inadvertently left in place after a venipuncture, the infusion fluid 
will not drip into the vein and blood may rise in the IV tubing. Removing the 
tourniquet solves the problem. 

On noting there is no fluid flow into the vein, the IV infusion bag can be lowered 
to or slightly beneath the heart level. Blood flow into the tubing indicates a 
successful venipuncture. Raising the height of the IV bag and getting a fluid flow 
indicates that the bag was not hung with sufficient elevation to allow fluid 
infusion. Such a problem may indicate that the dental chair and patient are in an 
upright position, or that the chair is positioned high enough to affect the infusion 
rate. 



Venospasm 

When a vein contracts or appears to collapse or disappear, with a burning 
sensation, in response to stimulation from a needle in close approximation to, or 
penetrating the vein, it is a protective reflex called a venospasm.40–42 Needle 
removal is sometimes unnecessary.21 By applying moist heat and withdrawing the 
needle 1 to 2 mm, the vein may dilate. Such dilatation offers an additional 
opportunity for a venipuncture with a needle that has already punctured the skin. 

Phlebitis and thrombophlebitis 

Most venous complications of IV sedation are injury or trauma to the vein 
produced by the needle or drugs administered during the procedure. If the 
venipuncture site appeared normal during the procedure and at the completion of 
the procedure and patient release, but approximately 2 days later the venipuncture 
site becomes sore, puffy, and erythematous, often with an elevated temperature, 
there is a local venous inflammation called phlebitis.43,44 It can also include a 
spreading inflammation of the vein and precedes thrombus formation called 
thrombophlebitis.43,44 Thrombophlebitis usually has a 24- to 48-hour delayed 
onset, but can develop up to a week after the procedure. The edema, tenderness, 
and inflammation seen with thrombophlebitis are usually associated with 
traumatic or chemical irritation of the vein. There is a greater incidence of 
thrombophlebitis with smaller veins in the hand and forearm than the larger 
vessels of the antecubital fossa.45,46 Trauma is usually associated with either the 
execution of the venipuncture or with improper needle fixation. Chemical 
irritation is related to the pH of the IV drugs, which can be significantly acidic or 
basic. The propylene glycol and alcohol solvents in both diazepam and 
pentobarbital are examples of agents that may irritate small veins with IV 
administration. 

Patients with signs or symptoms of phlebitis or thrombophlebitis must return to 
the office for an evaluation and documentation of the problem in the patient's 
chart. The treatment of both phlebitis and thrombophlebitis includes elevation of 
the limb as much as possible, prescribing aspirin or NSAIDs three to four times 
per day, moist heat applications to the affected area for 15 to 20 minutes several 
times per day, and restricted activity of the limb. The postoperative condition 
needs to be evaluated for improvement after a few days. If improvement is not 
noted, a physician should be consulted. 

Hematoma 

A hematoma occurs when blood extravasates into the interstitial space around a 
blood vessel, leading to localized swelling and discoloration. With normal venous 
elasticity, a seal with no leakage forms around the needle or catheter as it slides 
into the vein during venipuncture. Hematomas tend to occur either immediately, 



with the venipuncture attempt, or at the time of the needle removal. The 
immediate occurrence is generally caused by damage to the vein or loss of vessel 
elasticity, particularly in the elderly. A hematoma formation after needle removal 
is usually caused by either inadequate pressure application to the site or adequate 
pressure application, but for an inadequate time. Pressure to the site is needed for 
5 to 6 minutes. Time is the most definitive treatment for resolution of the swelling 
and discoloration of a hematoma. 

Air embolism 

Small air bubbles moving down the IV tubing are a bigger psychological problem 
than a physiologic one. Venous blood will readily absorb infrequent small air 
bubbles. They can be eliminated from the medication syringes and from the 
administration tubing before the patient is escorted into the treatment room. The 
smaller the patient, the more significant air emboli can become; however, 
Malamed21 states that a 110-pound adult can tolerate 50 ml of air. 

Drug administration complications 

Extravascular drug administration. 

It is important to recognize that the administration of drugs such as midazolam, 
diazepam, or pentobarbital into the tissues surrounding a vein generally results 
in a painful, burning sensation at the tip of the needle, delayed absorption of the 
drug, and consequent tissue damage. To avoid problems, a small test dose (0.1 
to 0.2 ml) of medication is initially administered into the IV administration set. 
If the patient complains of a relatively intense, burning sensation localized to 
the venipuncture site, it is usually a result of the tip of the needle exiting the 
vein and drug extravasation occurring, causing some swelling. Treatment of a 
small amount of drug extravasation involves the removal of the needle and 
application of pressure for 5 to 6 minutes to stop the bleeding and to disperse 
the fluid into the surrounding tissue. The skin overlying the swollen tissue may 
become either ischemic, because of the irritation and resulting blood vessel 
constriction, or inflamed and erythematous. Extravasation of a larger amount of 
any of the previously mentioned irritating sedation drugs may require the 
infiltration of 10 ml 1% procaine or lidocaine in a fan-shaped pattern about the 
affected site for the local anesthetic properties, to counterbalance the alkaline 
pH of the sedation drug, as a vasodilator, and as a diluent. In conscious IV 
sedation, in which the sedative drug(s) are properly titrated, there is minimal 
probability of a large amount of drug extravasation. 

Intraarterial drug administration. 



The best treatment for intraarterial drug administration is prevention! Arteries 
exhibit a palpable pulse before tourniquet placement. The anticipated 
venipuncture site should therefore be palpated for a pulse before the tourniquet 
is placed. On tourniquet application and vessel engorgement, the placement of 
the needle in proximity to an artery results in a burning sensation and forceful 
arteriospasm. An arterial puncture results in intense pain and a burning 
sensation that radiates from the venipuncture site distally to the hand and 
fingers. Bright red blood flows into the IV tubing, and tourniquet removal does 
not result in the blood leaving the IV tubing. With every heart contraction, there 
is a pulsating fluid flow in the IV tubing. If no medication was injected into the 
administration set, removal of the needle, followed by a firm, timed pressure 
application to the puncture site for 10 to 12 minutes will solve the problem.47 

Injection of one of the sedative agents into an artery, however, will cause major 
problems from chemical endarteritis resulting in ischemia and thrombosis.48 
Formation of precipitate crystals, resulting from the pH change of the drug in 
the arterial blood, can result in further occlusion of the vessels distal to the 
injection site. If not quickly and adequately treated to restore the blood supply 
to the area, such changes can result in areas of localized gangrene and may lead 
to amputation of fingers or even total loss of the limb. 

Appraisal of the degree of circulation damage can be done by comparing the 
color and temperature of the affected limb with the unaffected arm, and by 
parallel evaluations of the radial pulse of both arms. The presence of a regular, 
but weak pulse is indicative of some blood flow to the hand and fingers, but no 
pulse indicates an acute problem. 

Treatment of such an occurrence is:  

1. To leave the intraarterial needle in place to help in the management of the 
site. 

2. To administer 2 to 10 ml 1% procaine into the artery to act as a 
vasodilator, to decrease the pain, to dilute the sedation medication, and to 
counterbalance the basic pH of sedation medication. 

3. To notify and transport the patient to an emergency room for consultation 
by an anesthesiologist or a vascular surgeon. 

The treating dentist should accompany the patient to the emergency room to 
advise the consulting physician of the treatment rendered and the drug(s) 
involved. Careful documentation of the treatment occurrences is of the utmost 
importance. 

Generalized drug-related complications 



There are a number of generalized drug-related complications that can be seen 
with conscious IV sedation. The incidence of nausea and vomiting with this 
modality is low, but can occur as a result of stress, narcotic administration, 
hypoxia, and swallowing blood. Oxygen administration often will stem the nausea 
sensation, but with the use of either midazolam or diazepam in conscious IV 
sedation, which are antiemetic agents, nausea and vomiting are not significant 
problems for periodontal procedures. This is another advantage of administering 
benzodiazepines before narcotic agents: the antiemetic effects of benzodiazepines 
help prevent nausea often associated with narcotic administration. 

The incidence of a localized histamine-related reaction with the use of morphine 
or meperidine is relatively high. This localized reaction is characterized by itching 
of the skin at the injection site, and it is associated with the histamine release 
associated with morphine or meperidine traveling through the vein toward the 
heart. Clinically, this histamine release results in redness of the tissue about the 
vein, which will resolve in 5 to 6 minutes, once administration of the narcotic 
agent is stopped and the IV line is opened to increase fluid flow rate. 

Allergies to adhesive tape, used to fix venipuncture needles and administration 
sets into place, will result in blotchy, erythematous, itchy areas where the tape is 
placed. With this occurrence, treatment consists of the IV administration of an 
antihistamine (either 50 mg diphenhydramine or 10 mg chlorpheniramine). The 
use of hypoallergenic tape in patients known to be sensitive to adhesives is 
recommended. 

Careful questioning of the patient regarding their prior responses and allergies to 
drugs and medications, tape, and latex is the first line of defense in the prevention 
of allergies. Prevention or early recognition and management of allergic reactions 
is also the primary reason for the administration of a small test dose of 
approximately 0.1 to 0.2 ml sedative and analgesic drugs before further 
administration. Anaphylaxis usually occurs within 1 to 30 minutes after drug 
administration.32,49 On the occurrence of an anaphylactic reaction,21,32 active 
treatment must be immediate, as the skin, the respiratory system, and 
cardiovascular system become involved quickly. On observance of the skin 
reaction, placement of a tourniquet about the upper arm may slow the general 
systemic reaction. If the reaction is limited to the limb, antihistamine 
administration is recommended, but a generalized systemic reaction requires the 
IV administration of 0.3 to 0.5 mg of 1:1000 dilution of epinephrine, with 
subsequent administration of antihistamines, administration of oxygen, and 
airway maintenance. The administration of a corticosteroid will help to prevent a 
reoccurrence of the reaction. Once stable, the patient should be transported to his 
or her physician, with a detailed record of the incident, for a thorough evaluation. 

Most drugs used in conscious IV sedation are respiratory depressants. Unobserved 
or undetected respiratory depression leads to respiratory arrest, cardiac 
arrhythmias, and ultimately cardiac arrest. Most drug-induced respiratory 
depression is dose related. One of the major advantages of conscious IV sedation 



is that the chances of respiratory depression are minimized by titrating the 
sedative medication to the proper level, followed by the slow administration of an 
equipotent narcotic analgesic. With the prudent observation of ventilatory rate, 
conversation with the patient, and pulse oximetry to monitor the oxygen 
saturation level, respiratory depression is easily detected and correctable. With a 
relaxed sedated patient, the chin position can drop, allowing the tongue to fall into 
the hypopharynx, causing airway obstruction. If observed, this simple airway 
obstruction is easily corrected by a simple head tilt and chin lift to open the 
airway. 

In the healthy, alert patient, the respiratory rate is from 12 to 18 breaths per 
minute, with an oxygen saturation of more than 90%. Benzodiazepines, 
barbiturates, and narcotics are the drugs used in conscious sedation that are most 
likely to cause respiratory depression. Barbiturateinduced respiratory depression 
is characterized by shallow, rapid respiratory attempts, whereas benzodiazepine- 
and narcotic-induced respiratory depression results in a decreased rate of 
breathing, to as low as 5 to 6 breaths per minute. There is no antagonist available 
to reverse barbiturate-induced respiratory depression. This is the main reason 
barbiturates are rarely used today. On recognizing the problem, barbiturate-
induced respiratory depression is treatable only by BLS. This includes 
maintenance of the airway and assisting or controlling the patient's breathing 
using a positive pressure oxygen device until the effects subside and the patient 
can breathe for himself or herself. 

Respiratory depression secondary to benzodiazepine administration can be treated 
with the administration of flumazenil, as described previously. Respiratory 
depression after the use of a single narcotic, or in combination with a 
benzodiazepine, can be treated with the administration of a narcotic antagonist. 
Naloxone or nalmefene are both narcotic antagonists that reverse the effects of 
opioids, including respiratory depression, sedation, and hypotension. Naloxone 
should be administered slowly, at a rate of 0.1 mg/min, closely observing for 
increased respiration. Reversal of respiratory depression usually requires less than 
0.4 mg naloxone. Respiratory depression should be reversed with as little 
naloxone or nalmefene as possible, so as to not reverse the analgesic qualities of 
the opioid and lead to the onset of the acute surgical pain. Slowly titrating the 
naloxone reduces the possibility of this action. Because naloxone has a relatively 
short duration of action (30 minutes), the patient must be observed for possible 
reoccurrence of respiratory depression. Nalmefene has a duration of action similar 
to that of the opioids. 

INTRAMUSCULAR CONSCIOUS SEDATION 

IM sedation for periodontal procedures is only recommended for use when IV routes 
are not available for drug administration. The IM route of deep muscular drug 
administration is important to prevent tissue reactions, but can be done when the 
patient cooperation required for the IV route of drug administration is not available. It 



is also indicated when submucosal administration is contraindicated by an irritating 
aqueous solution of a drug, such as midazolam or diazepam. In the event of an 
emergency, IM drug delivery after a deep IM injection is the most rapid way to 
achieve a response when the IV route is not available. Because of the greater 
reliability and faster action that is achieved with IM drug administration, when 
compared with enteral administration, antiemetic drugs are often given this way. 
Even though the therapist must rely on an empirical dosage of medication, most 
injectable agents useful in conscious sedation can be administered by the IM route 
and are effective within 15 to 40 minutes, with variable effects and duration. 

Drug Selection 

For light to moderate conscious IM sedation before periodontal therapy, the drug 
list should be kept to a minimum and should include medications that have a wide 
margin of safety. The benzodiazepine—midazolam; the antihistamines—
hydroxyzine and promethazine; the narcotic agonists—morphine, meperidine, and 
alphaprodine; and the narcotic agonists/antagonists—pentazocine, butorphanol, and 
nalbuphine—have onset and duration times that make them amenable to IM 
conscious sedation. Lorazepam is not often used in dentistry because of the 
prolonged duration of action. Promethazine is often used in conjunction with 
narcotics, as a potentiating agent and as an antiemetic. Because of the possibility of 
complications that can result from combining antianxiety-sedative medications with 
the narcotics, such combinations are not recommended for IM conscious sedation, 
because the medications cannot be titrated. 

Site Selection 

IM drug administration sites50 in the dental office most frequently include the mid-
deltoid region in the upper third of the arm because of easy accessibility (see Fig. 
19-1, A). The three other available areas each require some degree of disrobing, but 
include the upper outer quadrant of the gluteal area (see Fig. 19-1, C), the 
ventrogluteal area (a lateral triangular area between the anterior superior iliac spine, 
the iliac crest, and the greater trochanter of the femur) (see Fig. 19-1, B), and the 
vastus lateralis area on the anterior aspect of the upper thigh (see Fig. 19-1, D). The 
site chosen for IM drug administration in adults is based on accessibility, the fluid 
volume to be injected, and patient cooperation. The mid-deltoid region is the most 
convenient and is able to receive the fluid volume necessary for conscious sedation, 
but the vastus lateralis and either of the gluteal injection sites can accommodate 
larger fluid volumes. 

Armamentarium 

A minimal armamentarium is necessary for IM drug administration, but includes 
the following:  



1. Sterile, disposable 1- to 5-ml syringe with a 20- to 21-gauge 1- to 2-inch 
needle 

2. The desired medication(s) 

3. Alcohol sponges 

4. Sterile gauze 

5. Adhesive bandage 

Technique 

The following steps are performed for IM injections:  

1. An antiseptic sponge is used to clean the injection site (see the IV site 
preparation) and is allowed to dry before the hypodermic needle penetrates the 
skin. Penetration of the needle into skin moistened by antiseptic solution can 
cause irritation by conveying the antiseptic into the underlying tissue. 

2. Tense the skin with the free hand, by spreading it between the thumb and 
index finger (Fig. 19-11, A). 

3. Holding the 5-ml syringe in a dart grip between the thumb and forefinger 
(see Fig. 19-11, B) of the dominant hand, the needle is inserted approximately 
three fourths of its length into the skin with a quick thrust almost perpendicular to 
the skin. The actual insertion depth is dependent on the size of the patient. With a 
child or young adolescent, the muscle may be reached in 0.5 to 1 inch, whereas an 
obese patient may require insertion of 2 inches to reach muscle. 

4. Aspirate for blood, by pulling back on the plunger of the syringe with the 
dominant hand, while holding the syringe with the thumb and forefinger of the 
other hand. The absence of blood, after both aspirating and rotating the needle 90 
to 180 degrees in place, means that the lumen of the needle is not in a blood 
vessel, and can be left in place for the injection. 

5. Slowly inject the calculated aqueous drug dosage. The flow should be 
unobstructed and without force. 

6. On completion of the injection of medication, the injection site is pinched 
with the fingers of the free hand and the needle is withdrawn. After an application 
of antiseptic, an adhesive bandage is applied to the site. Rapid absorption of the 
injected drug can be assisted by vigorously massaging the site for a couple of 
minutes to distribute the drug in the muscle. 

Complications 



There are several possible complications that can be associated with the IM 
administration of drugs for sedation, but major complications are generally unusual. 
Complications associated with IM injections will relate either to the site of the 
needle penetration, or the area of drug deposition. The therapist can avoid many 
potential complications by using good judgment and with treatment precautions. 
Aspiration while circumferentially rotating the needle after its placement in the 
desired location, but before administration of the aqueous drug solution, protects 
against IV or intraarterial injections of medication. Should blood be drawn into the 
syringe while aspirating, the needle is simply withdrawn and another injection site 
is used after placing pressure on the original injection site for 2 minutes to prevent a 
hematoma. An air embolism can be prevented by carefully expunging air from the 
syringe and needle before the injection of the aqueous drug solution. Careful site 
selection and knowledge of the anatomy of the area chosen for an IM injection 
minimizes the possibility of resultant nerve damage or paraesthesia. Making sure 
that sedation medication is deposited deeply into the muscle of the injection site, 
rather than superficially, decreases the chance of a superficial tissue reaction, such 
as an abscess, necrosis, and sloughing of the skin at the injection site with 
subsequent scarring. 

The two complications most commonly associated with IM injections are 
hematomas and periostitis. The hematomas often result when an inadequate amount 
of pressure is applied to the injection site for too short a time after the needle is 
removed. When a hematoma occurs, the application of ice to the area for 10-minute 
intervals for the first 4 hours will help in preventing an increase in its size. The 
hematoma, as with most traumatic injuries, will resolve over a 10-day period, after 
going through the normal physiologic discoloration. Periostitis is usually secondary 
to hitting the periosteum with the needle. It can be very painful, but can be 
prevented by using good IM injection technique and judging the size of the patient 
and their muscle mass correctly. 

Figure 19-11.   

 

Intramuscular injection techniques to assist in carrying out the procedure. A, 
Tensing the skin between the thumb and index finger. B, Inserting the needle 



into the site, holding the syringe in a dart grip between the thumb and 
forefinger, almost perpendicular to the skin. 

It is important to document the date, site, time, and drug administered by IM 
injection in the patient records. Because complications often have a delayed onset, 
when the patient reports the problem, it is vital to have the patient return to the 
office to evaluate and document the problem and its treatment. Minor discomfort, 
resulting from an IM injection, can often be alleviated with NSAIDs, 
acetaminophen, or aspirin, and time. Such an injury should be periodically checked 
until it is resolved. If a complication appears to be significant, a medical 
consultation should be considered. Most complications that do occur are handled in 
the same manner as the IV sequelae discussed earlier. 

Systemic complications can include what begins as respiratory depression, but can 
quickly progress to circulatory depression. Respiratory depression caused by 
sedatives and narcotics is clinically evident several minutes before depression of the 
cardiovascular system. Respiratory depression results in the blood oxygen 
saturation level being depressed. As it progresses in severity, the oxygen saturation 
level becomes worse, the patient becomes restless, and their soft tissue coloration 
changes. Untreated, these symptoms progress to the collapse of the cardiovascular 
system. Mild narcotic-induced respiratory depression is treated with oxygen 
through a mask or nasal cannula. Severe respiratory depression is treated with 
naloxone (Narcan) or nalmefene (Revex), oxygen, assisted ventilation, and positive 
pressure breathing. The IM dosage administration of naloxone necessary to arouse 
the patient is equal to the dosage that IV dosage administration requires. Patients 
with narcotic-induced respiratory depression must be monitored until the effects of 
the narcotic have subsided, because naloxone often does not have as long a duration 
of action as the narcotic. It is therefore extremely important to monitor the vital 
signs until the duration of action of the narcotic is judged to be finished. Secondary 
naloxone dosing may be required. Nalmefene has a duration of action similar to the 
opioids and secondary dosing is usually unnecessary. 

Respiratory depression secondary to diazepam or midazolam can be treated with 
flumazenil, as previously discussed. As mentioned earlier, barbiturate-induced 
respiratory depression is treated with BLS, including positive pressure breathing, 
assisted ventilation, and supplemental oxygen, until transported to the hospital as 
quickly as possible for additional treatment and monitoring. Providing respiratory 
depression is recognized and treated early, the possibility of subsequent circulatory 
depression is minimized. 

PERSONNEL, FACILITIES, AND EQUIPMENT 

GUIDELINES 

During the administration of enteral or combination of inhalation-enteral conscious 
(combined) sedation, or any type of parenteral conscious sedation, personnel 
requirements include two people to be present in the room: the dentist, who is 



appropriately trained in the use of such techniques, and at least one additional person 
(assistant) trained to monitor appropriate physiologic parameters and to assist in 
resuscitation measures if necessary. The assistant should have specific assignments, 
should have current knowledge of the emergency cart inventory, and must be 
currently competent in BLS. The dentist administering parenteral conscious sedation 
is required to have current training in BLS, and Advanced Cardiac Life Support or its 
equivalent is encouraged (ADA Guidelines). Several states require the dentist to be 
current in either Advanced Cardiac Life Support, its equivalent, or an appropriate, 
approved advanced emergency course. 51–54 The therapist and all office personnel 
should participate in periodic reviews of the office emergency protocol. 

It is an understood assumption that the dentist who uses any type of enteral sedation, 
combined conscious sedation, or parenteral conscious sedation will have facilities, 
personnel, and equipment available to reasonably manage foreseeable emergency 
situations that a patient may experience associated with the sedation technique used. 
This is necessary for safe patient care and to satisfy legal requirements. For in-office 
emergencies, a protocol must be formulated to ensure ready access to a paramedical 
service or ambulance. It also includes immediate access to pharmacologic antagonists 
and appropriately sized equipment for establishing a patent airway and providing 
positive pressure ventilation with oxygen. The positive pressure oxygen ventilation 
must be capable of administering greater than 90% oxygen at a 5 L/min flow for at 
least 60 minutes. Before the use of sedation with each patient, it should be determined 
that there is an adequate oxygen supply available for emergency use. The sedation 
provider is responsible for the sedation management, the diagnosis of the emergency, 
and treatment of emergencies associated with the administration of the sedation 
technique used, until Emergency Medical Services arrive to render emergency 
management and to transport the patient to an emergency care facility. An automatic 
defibrillator should be immediately available (on the premises) for the diagnosis and 
treatment of ventricular fibrillation and fast ventricular tachycardia arrhythmias, 
particularly when treating ASA type III patients. 

When inhalation equipment is used, it must be appropriately calibrated and checked. 
The equipment must include a fail-safe system that delivers at least 25% oxygen. If a 
system is used that delivers less than 25% oxygen, an in-line oxygen analyzer must be 
used. Inhalation equipment must also have an appropriate scavenging system. A 
positive pressure oxygen system that is suitably sized for the patient being treated 
must be available, regardless of the type of sedation used. 

Equipment appropriate for the technique being used that will monitor the physical 
status of the patient before, during, and after the procedure must be present. The 
necessary drugs and equipment to assist in the resuscitation of a nonbreathing, 
unconscious patient must be immediately available in an emergency cart. 

MONITORING AND DOCUMENTATION PROCEDURES 



The decision to administer drugs to a patient for conscious sedation necessitates 
continual monitoring of the heart rate, blood pressure, blood and tissue oxygenation, 
and ventilation, as well as direct clinical observation of the patient by a trained 
individual.* Blood pressure and heart rate can be monitored manually, but there are 
numerous automatic monitors available that automatically record these vital signs at 
specifically chosen time intervals. Patients with significant cardiovascular disease 
(ASA Class III) require continuous electrocardiographic monitoring. Some states 
require electrocardiographic monitoring on all parenteral conscious sedation patients. 
A pulse oximeter is necessary to continually monitor blood and tissue oxygen 
saturation.56 Continuous patient contact through conversation and observation is an 
excellent method of overseeing the patient's physical status. Such observation 
includes continually evaluating the color of the skin, mucosa, and blood, as well as 
frequent observations of chest excursions to satisfy ventilation monitoring 
requirements. Auscultation of breath sounds with a precordial stethoscope is another 
ventilation monitoring technique that may be considered. When a sterility barrier is 
used to drape a patient, a hand or portion of a limb must be left exposed to allow 
observation of skin color. Once a patient is sedated, the patient should never be left 
unattended by a trained observer. A patent airway can be assured by frequently 
checking the patient's head position and by conversing with the patient. For all forms 
of sedation, it is vital to maintain an appropriate time-oriented anesthesia record, 
inclusive of the individuals present during sedation. 

The vital signs are recorded on a time-oriented anesthesia record at time intervals in 
accordance with individual state regulations. These usually must include 
documentation of the heart rate, blood pressure, oxygen saturation, respiratory 
adequacy, sedation notes, including the route of administration, the site, the type of 
drugs used, the dosage, and the times of administration. On completion of the 
treatment procedure, vital signs are recorded. Providing the vital signs are stable and 
have returned to the preoperative status, the patient is alert and talking, and can sit up 
unaided, the IV line is disconnected. The patient must be able to stand and walk with 
minimal assistance to meet discharge criteria, and the patient must be accompanied to 
their mode of transportation by the assistant after reviewing the postoperative 
instructions with the adult responsible for transporting the patient home. The time of 
the patient's discharge, the name of the individual they were discharged to, and the 
provision of a postoperative instruction sheet are documented. 

* References 5, 14, 36, 43, 55, 56. 

CONCLUSION 

Oral, inhalation, combined oral-inhalation, IM, and IV conscious sedation are 
adjunctive services that have the potential, by their effective use, to make the practice 
of periodontics more enjoyable and less stressful for the dentist, the patient, and the 
staff. These entities also add a patient appreciation factor about treatment that has 
marketing potential for a practice-building niche. The key to the successful long-term 
use of conscious sedation is to match the sedation medication(s) and most predictable 
delivery techniques to the needs of the patient and talents of the practitioner and 



office staff. Enteral conscious sedation, inhalation conscious sedation, or a 
combination of the two is useful for alleviating the fear and apprehension of the 
mildly apprehensive patient undergoing periodontal treatment. IV conscious sedation 
is the most predictable and safest sedation technique for rendering invasive therapy to 
the mildly to moderately apprehensive patient. The severely apprehensive patient, as 
well as mentally challenged patients, can also sometimes be managed with IV 
conscious sedation. With these challenging patients, good judgment may occasionally 
dictate assistance with patient management from a dentist-anesthesiologist. Such 
assistance and shared responsibility can be a wise, time-saving decision, allowing 
undivided attention by both therapists for the problem at hand. Knowledge, good 
professional judgment, competency in sedation training techniques that are used, a 
thorough working familiarity with the conscious sedation guidelines, the proper state 
sedation permits, and practice marketing to referring dentists makes the rendering of 
periodontal care to apprehensive patients a realistic probability. 
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20  Principles and Practice of Periodontal Surgery* 

Howard T. McDonnell 

Michael P. Mills 

The treatment of periodontal diseases encompasses a vast array of nonsurgical and 
surgical techniques aimed at the elimination of infection and inflammation to establish 
a healthy periodontium. Nonsurgical therapy often may be sufficient to eliminate the 
signs and symptoms of mild periodontal diseases. However, cases or sites with 
moderate to advanced disease often continue to show signs of inflammation after a 
nonsurgical approach. When periodontal probing depths are sufficiently deep, 
nonsurgical treatment may be ineffective in establishing health or preventing recurrence 
of disease. In such cases, gaining surgical access to the various components of the 
periodontium allows an opportunity for more thorough root debridement and 
establishment of an oral environment easier to maintain by both the patient and the 
dental care provider to aid in restoring periodontal health. In addition, surgical 
treatment provides an opportunity to reconstruct destroyed periodontal tissues and to 
correct the variety of mucogingival and anatomic anomalies that may present. In 
essence, periodontal surgery is an irreplaceable therapeutic modality that must be 
mastered to effectively treat the dental health problems that many patients have. This 
chapter provides a basic overview of periodontal surgery, emphasizing the principles 
and practice of good surgical technique. 

SURGICAL GOALS, OBJECTIVES, INDICATIONS, AND 

CONTRAINDICATIONS 



The major goals of periodontal surgery are to create an oral environment that is 
conducive to maintaining the patient's dentition in a healthy, comfortable, and 
functional esthetic state, and, when feasible, to regenerate and preserve the 
periodontal attachment. With these goals in mind, four questions should be 
considered when evaluating the role surgical therapy will have in the overall 
treatment plan and in determining what type of surgical approach is indicated:  

1. Do patient factors (systemic and local) provide a favorable environment 
for surgery and for post-surgical wound healing? 

2. Will surgery be effective and beneficial in correcting the periodontal 
destruction? 

3. What type of defect morphology is present and what are the indications 
and contraindications that will determine the type of surgical therapy to be used? 

4. Which therapeutic approach will best achieve an acceptable and stable 
periodontal form and meet the needs and desires of the patient? 

Patient factors include medical, smoking, and psychological status, patient desires 
and expected outcomes, oral hygiene effectiveness, and gingival health. Systemic 
factors should be addressed and modified before and during the commencement of 
initial therapy. Local factors are addressed during initial therapy to ensure adequate 
plaque control is obtained and gingival inflammation has been reduced sufficiently to 
allow atraumatic surgical technique. Usually the answers to the last three questions 
are finalized after completion of initial therapy, at the time of reevaluation. If, 
because of the advanced disease state or lack of patient cooperation, surgery will not 
realistically improve the long-term health and prognosis of the tooth or teeth, then an 
alternative approach is indicated. With this in mind, the therapeutic choices at the 
reevaluation stage will be one of the following four options: (1) enter the patient into 
a maintenance program if a sufficient level of tissue health has been achieved with 
initial therapy, (2) re-treat persistent diseased sites nonsurgically, (3) enter the patient 
into a surgical phase of treatment, or (4) enter the patient with disease not amenable 
to surgery into an intensive program of maintenance and reevaluation. 

Table 20-1 lists the indications and contraindications for periodontal surgery. The 
objectives of surgical therapy are listed in Box 20-1. When treating periodontal 
disease, the primary indication for surgery is direct access to and visibility of the 
roots of the teeth and the accompanying osseous deformities that may be present. 
Thorough debridement of the roots and bony defects is the foundation of all 
periodontal flap surgery used in treating periodontitis. Multiple studies have 
demonstrated the increased efficiency and effectiveness of scaling and root planing 
using a surgical approach.1–5 Combined with adequate hemostasis, magnification of 
the surgical field, and use of improved lightening, surgical access will provide 
excellent visualization of the roots and osseous anatomy, will increase efficiency of 
root debridement, and will lessen tissue trauma. Access to the osseous defects will 
allow the surgeon to reestablish physiologic bony architecture through either resective 



or additive techniques. When the outcome is predictable and if treatment will improve 
the prognosis of the tooth, additive techniques are usually the preferred treatment 
because they will result in the gain of attachment and regeneration of destroyed 
periodontal structures. (See Chapter 21.) When osseous defects are shallow or when 
factors decrease the predictability of regeneration or new attachment, resective 
therapy may be the best approach. (See Chapter 23.) 

Another proposed benefit of some modes of periodontal surgery, such as the 
Excisional New Attachment Procedure (ENAP)6 and the Modified Widman Flap 
(MWF),7,8 is the removal of pocket epithelium. The theory of these procedures was 
the removal of pocket epithelium to allow direct approximation of connective tissue 
against the root surface, but studies have demonstrated that the use of inverse bevel 
incisions often resulted in the incomplete removal of pocket epithelium.9–11 It also has 
been shown that residual pocket epithelium often degenerates12 and favorable clinical 
results may be obtained regardless of whether pocket epithelium is removed.13,14 
Therefore, the removal of pocket epithelium is no longer considered a surgical 
objective. 

TABLE 20-1  Indications and Contraindications for 

Periodontal Surgery 



 

Box 20-1  Objectives of Periodontal Surgery 

Access to roots and alveolar bone  

• enhance visibility 

• increase scaling and root planing effectiveness 

• less tissue trauma 

Modification of osseous defects  

• establish physiologic architecture of hard tissues through regeneration or 
resection 

• augment alveolar ridge defects 

Repair or regeneration of the periodontium 



Pocket reduction  

• enhance maintenance by patient and therapist 

• improve long-term stability 

Provide acceptable soft tissue contours  

• enhance plaque control and maintenance 

• improve esthetics 

Pocket reduction is a desired therapeutic end-point of surgical and nonsurgical 
therapy. Evidence and clinical practice indicate shallow sulci are easier to maintain 
by the patient and the dentist15–18 and may be more stable in the long term.19,20 In 
general, surgical therapy provides a more predictable means of pocket reduction. 

In concert with pocket reduction is the creation of acceptable soft tissue contours. As 
previously mentioned, an important periodontal therapy outcome is the creation of an 
oral environment that is easily maintained. This is reinforced at each recall visit when 
an evaluation of patient oral hygiene effectiveness and tissue health is accomplished. 
Easy access for mechanical plaque control devices including interdental aids is 
important. Soft tissues that consistently impede effective plaque control should be 
recontoured. In addition, acceptable soft tissue contours in the anterior esthetic region 
are of primary importance to the patient. Achieving an acceptable level of health, 
providing gingival symmetry, and maintaining or establishing papillary soft tissue 
height between anterior teeth is one of the more challenging aspects of periodontal 
therapy. Esthetics are paramount in the anterior region and must be a critical factor in 
surgical treatment planning. 

SURGICAL PRINCIPLES 

Principles of periodontal surgery are similar to general surgical principles applied to 
other parts of the body. A few notable exceptions challenging dental surgeons are the 
nonsterile surgical field, the protrusion of teeth from the soft tissues, and the often 
unfriendly work environment of saliva, the tongue, and the cheeks and lips hindering 
access and visualization. Box 20-2 outlines the basic principles of periodontal surgery 
that must be followed if the surgeon and patient are to have a reasonable chance of a 
predictable healing outcome. These surgical tenets are crucial to wound healing and 
the final outcome of therapy. 

Medical History and Physical Status 

According to epidemiologic studies, the overall prevalence and severity of 
periodontal disease are found to increase as the population ages.21,22 With aging 
comes an increased probability that the patient may have at least one significant 



medical condition that could alter the treatment plan and therapy recommended. To 
provide safe, effective care, it has become increasingly more important to take an 
active role in assessing a patient's physical status and ability to tolerate even the less 
invasive periodontal procedures. 

Taking a thorough, comprehensive medical history is a proactive step in identifying 
potential health problems before they occur suddenly without warning. Eliciting the 
health history information should include a written questionnaire and dialogue 
between patient and doctor (see Chapter 36). Relevant aspects of the medical 
history should include a review of the patient's past and current history with 
emphasis on a review of the major organ systems; past hospitalization(s) and 
surgery; current medications, both prescribed and over-the-counter; any known 
allergies especially to drugs and latex; past and current history of tobacco, alcohol, 
or substance use or abuse; and family history of illness. It should be noted that 
patients generally are poor historians and may unintentionally omit certain elements 
they deem not significant. In one large study population, 32% of the patients 
completing comprehensive health histories provided incorrect data or omitted 
significant information.23,24 Therefore, the dialogue between patient and doctor 
becomes even more important to expand on certain parts of the history that require 
clarification or more specific questioning. 

Box 20-2  Principles of Periodontal Surgery 

Know your patient and his or her medical status 

Develop a thorough and complete treatment plan 

Know anatomy of surgical sites 

Provide profound anesthesia 

Follow aseptic surgical technique 

Practice atraumatic tissue management  

• sharp, smooth incisions 

• careful flap reflection and retraction 

• avoid flap tension 

Attain hemostasis 

Use atraumatic suturing techniques  

• smallest needle and suture that can be used in the area 

• place sutures in keratinized tissue when possible 



• take adequate bites of tissue 

• minimum number of sutures to achieve closure 

Obliterate dead space between flap and bone 

Promote stable wound healing 

In addition to patient history, a thorough evaluation should include a general 
assessment of the patient's physical characteristics for abnormalities in gait, body 
movements, body symmetry, posture, weight, skin, eyes, speech, and ability to 
think clearly. Other elements of a basic physical examination should focus on the 
patient's cardiovascular and respiratory functions, which is best accomplished by 
determining baseline vital signs. This would include blood pressure; rate, rhythm, 
and quality of the pulse; and rate, depth, and pattern of respirations. Abnormal 
findings in any of the above assessments should be followed up with more focused 
evaluation and appropriate medical referral if necessary. 

Once a complete patient evaluation has been performed, the patient's physical status 
may be categorized according to the American Society of Anesthesiologists' (ASA) 
classification system (see Chapter 19). Currently, this system is used to define not 
only a patient's physical status but also his or her operative risk. In dentistry, the 
ASA classification system has been modified to help categorize the physical status 
of dental patients from the standpoint of risk orientation and dental management. 

Whenever there is some question as to the physical status of a patient, the effect that 
their systemic health may have on dental management, or the effect that dental 
treatment may have on their systemic condition, a medical consultation is 
recommended. Generally, a consultation request should be made to the patient's 
primary physician. However, in cases where the patient does not have a primary 
physician, the consultation may be sent to a physician of their choosing or by direct 
referral. It is preferable for the medical consultation to be written (see Chapter 36), 
but a verbal consultation by phone is acceptable provided the key points of the 
conversation are recorded in the patient's treatment record. Components of the 
medical consult should include the following: patient name, age, sex, and race; 
current systemic condition based on the patient's own history; brief description of 
current dental condition; brief description of treatment as to duration, proposed 
drugs, and anesthetic use; expected morbidity and alterations in patient's daily 
routine; specific questions relative to the patient's ability to safely tolerate the 
proposed therapy and drugs to be administered; and any suggested alterations in 
treatment plan. 

Diagnosis and Treatment Plan 

The surgical phase of periodontal therapy is often only one aspect of the overall 
plan to establish oral health. Periodontal surgery must be integrated into a well 
thought out and organized sequence of treatment that is based on previously 



determined etiologic factors, diagnosis, prognosis, and patient desires and 
expectations. 

Surgical Anatomy 

What separates the successful surgeon from all others is his or her knowledge of 
anatomy and wound healing. The selection of an appropriate surgical technique that 
can best satisfy the treatment goals and objectives is directly influenced by 
anatomic relations between bone, soft tissues, and teeth. It is also imperative that 
the surgeon be familiar with the location of important anatomic structures, 
especially nerves and blood vessels. Trauma to vital structures may compromise 
patient safety and comfort and adversely affect proper wound healing. 

Anatomic structures 

Table 20-2 and Table 20-3 list the major anatomic characteristics and features of 
the mandible and maxilla, respectively. When reviewing these features, it is 
recommended that the reader refer to an atlas of anatomy or anatomic models to 
enhance the learning outcome. Anatomic and biologic limitations must be 
identified prior to initiating treatment. The third column in Table 20-2 and Table 
20-3 describes some of the considerations that should enter into the surgical plan 
for a particular anatomic site. These points are meant to assist the surgeon when 
selecting and planning the most effective procedure to ensure a successful 
outcome. There can be great variation in the subtleties of anatomy from individual 
to individual. 

Anatomic spaces 

Anatomists and surgeons often describe anatomic compartments of the head and 
neck in terms of anatomic spaces. Table 20-4 lists the major spaces associated 
with the mandible and maxilla that are of importance to the surgeon. The term 
space refers to the potential for a space to develop, not because one actually 
exists. Sheets of an areolar type of connective tissue called fascia invest skeletal 
structures, muscles, viscera, and neurovascular bundles. Fascia either comprises 
the boundaries of a space or is contained within it. These sheets or layers of fascia 
are thought of as forming fascial planes. It is along these planes that infection may 
spread as the fascia is destroyed. 

When performing periodontal surgical procedures in the oral cavity, there is 
always a risk that pathogenic microorganisms could be introduced into the 
surrounding tissue and anatomic space(s). A healthy immune system is usually 
capable of eliminating pathogens before they can establish a niche and cause 
significant infection. The 1% and 4.4% incidence rates of postoperative infection 
after periodontal surgery reported by Pack and Haber (1983)25 and Checchi and 
colleagues (1992),26 respectively, seem to support this fact. However, a prudent 



surgeon should be prepared to identify a problem early and intercede before it 
develops into a potentially life-threatening scenario. Communication routes 
between the various anatomic spaces within the head and neck exist by way of 
fascial planes. Thus, an infection originating in one space may easily spread to an 
adjacent space and from that space to another and so on. For example, it is 
possible that an infection originating in the buccal space could spread to the 
parapharyngeal space and down the neck eventually reaching the thorax and 
mediastinal space where the heart resides. Therefore, it is critically important for 
the surgeon to be knowledgeable of the anatomic spaces, their contents, and the 
possible communication routes. 

Blood supply 

Maintenance of an adequate blood supply to the tissue is the single most 
important surgical principle to follow. It is essential for timely and optimal 
healing of the wound. Having knowledge of the vascular supply to the oral 
mucosa is a prerequisite for understanding the principles involved in making 
proper surgical incisions and designing and managing the surgical flap. 

The major arterial supply to the oral cavity comes primarily from the lingual, 
facial, and maxillary arteries, which are branches of the external carotid (Fig. 20-
1). Although each of these branches gives off several rami along their course 
through the head and neck, this review is limited to those arteries that supply the 
tissue usually involved in periodontal surgical procedures. The first major branch 
is the lingual artery, which arises between the superior laryngeal artery and facial 
artery and runs forward beneath the hyoglossus muscle. One of its branches, the 
sublingual, arises at the anterior border of the hyoglossus muscle and travels 
between the sublingual gland and genioglossus muscle supplying the sublingual 
gland, neighboring muscles, mucosa of the floor of the mouth, and the lingual 
gingival tissue. 

Originating just superior to the lingual artery is the facial, which runs forward 
close to the inferior border of the mandible, lodged in a groove on the posterior 
surface of the submandibular gland. At the anterior border of the masseter muscle, 
it curves superiorly over the body of the mandible to travel forward and upward 
within the cheek to the angle of the mouth. Branches of importance are the 
submental, inferior coronary, and superior coronary. The submental artery arises 
as the facial artery emerges from the submandibular gland. It then travels on the 
mylohyoid muscle below the body of the mandible toward the symphysis where it 
turns over the chin to divide into deep and superficial branches. Both of these 
branches supply the muscles and mucosa of the lower lip. The deep branch 
anastomoses with the mental artery, as does another branch of the facial artery, 
the inferior labial, which also supplies the muscles and mucosa of the lower lip. 

TABLE 20-2  Surgical Anatomy of the Mandible 





The maxillary artery is the larger of two terminal branches of the external carotid. 
For descriptive purposes it is divided into three parts on the basis of anatomic 
location: (1) maxillary, (2) pterygoid, and (3) sphenomaxillary. One branch of 
great importance is the inferior dental branch, or inferior alveolar artery, which 
descends along with the inferior dental nerve to enter the foramen of the 
mandibular canal. During its course, it gives rise to a dental artery for each root of 
the molar and premolar teeth. In the region of the first premolar, it divides into the 
mental and incisive branches, the former emerging from the mental foramen to 
supply the mucosa of the chin region and the latter continuing forward to supply 
the incisor teeth. At its origin, the inferior dental artery gives off a lingual arterial 
branch, which descends with the lingual nerve to supply the lingual mucosa. As it 
enters the mandibular foramen, the inferior dental artery also gives off a 
mylohyoid branch, which runs below the mylohyoid muscle sending multiple 
branches into the muscle. 

Branches of the second portion of the maxillary artery are the deep temporal, 
pterygoid, masseter, and buccal. These arteries travel a short distance to primarily 
supply muscles of the same name. The first branch arising from the third portion 
of the maxillary artery is the alveolar or posterior dental artery. It descends onto 
the tuberosity of the maxilla where it gives off several branches. Some branches 
enter posterior canals through small foramina to supply the roots of maxillary 
molars and premolars and the lining of the maxillary sinus, whereas others supply 
the mucosa, including the gingival tissue on the facial surface. The infraorbital 
branch is considered a continuation of the trunk of the maxillary artery. It enters 
the infraorbital canal within the floor of the orbit ascending to supply muscles of 
the eye and lacrimal gland and descending through anterior dental canals to 
supply the membrane of the maxillary sinus and the maxillary incisor teeth. It 
emerges through the infraorbital foramen onto the face to eventually anastomose 
with branches of the facial artery. Another branch of the maxillary artery 
important to the periodontal surgeon is the descending palatine artery, which 
enters the greater palatine canal at the posterior/superior surface of the maxilla. It 
eventually emerges through the greater (anterior) palatine foramen as the greater 
palatine artery to travel within a groove formed by the palatine and alveolar 
processes of the maxilla. In its course it supplies the mucosa and glands of the 
hard palate and the palatal gingiva of the alveolar process. The terminal branches 
of the greater palatine artery enter Stenson's foramen to anastomose with the 
nasopalatine artery. The nasopalatine artery is the internal branch of the 
sphenopalatine artery, which arises from the maxillary artery before it enters the 
sphenopalatine foramen. The nasopalatine artery supplies mucous membranes of 
the nose before it emerges through the incisive foramen to supply the mucosa and 
gingiva of the anterior palate. 

TABLE 20-3  Surgical Anatomy of the Maxilla 





The arterial branches reviewed above give rise to arterioles, which are considered 
to be the smallest component of the arterial system capable of controlling blood 
flow to the tissues. The arterioles within the gingiva and alveolar mucosa are 
supraperiosteal and usually course from the posterior to the anterior part of the 
oral cavity in a horizontal plane parallel to the mucogingival junction (Fig. 20-2). 
Branches of these arterioles travel in an inferior to superior (apical to coronal) 
direction to supply the interproximal gingiva and papilla and the gingiva over 
molar furcations. Capillaries from these blood vessels eventually anastomose with 
the rich capillary plexus arising from vessels within the periodontal ligament and 
alveolar septum (see Chapter 1). Smaller arterioles and capillaries branch from 
these vertically oriented vessels and travel horizontally to supply tissue over the 
radicular surfaces of the teeth. This extensive microvascular bed is primarily 
concerned with the exchange of gases, nutrients, and metabolic waste products 
with all tissue cells. Capillary exchange takes place with an equally abundant 
network of postcapillary venules, which drain into veins of increasing size that 
course in close proximity to the arteries. 

An extensive vascular supply is the primary reason that the oral mucosa is able to 
heal at a rapid rate after being wounded. Proper incision placement, flap design, 
and atraumatic flap management are critical to the maintenance of this vital blood 
supply. 

TABLE 20-4  Anatomic Spaces Encountered in 

Periodontal Surgery 



 

Figure 20-1.   



 

Blood supply to oral cavity (schematics of branches off the external carotid). 
A, Lingual and facial arteries. B, Maxillary artery and branches. C, Greater 
and lesser palatine arteries. Ext Car, external carotid; Fac, facial; GP, greater 
palatine artery; IA, inferior alveolar; IC, inferior coronary; IL, inferior labial; 
IO, infraorbital; Ling, lingual; LP, lesser palatine artery; MAX, maxillary 
artery; Pal, palatine; PSA, posterior superior alveolar; SC, superior coronary; 
SL, sublingual; SM, submental; SP, sphenopalatine. 

Figure 20-2.   



 

Gingival blood supply. Supraperiosteal arterioles course from the posterior to 
the anterior part of the oral cavity in a horizontal plane parallel to the 
mucogingival junction. Branches of these arterioles extend vertically (apical 
to coronal) to supply the interproximal gingiva and papilla and the gingiva 
over molar furcations. 

Wound healing 

The basic events of wound healing are the same regardless of location in the 
body. The time required for the completion of healing depends on the size and 
volume of the wound and the availability of adjacent tissue elements to contribute 
to its repair. The sequence of events can be divided into an inflammatory phase, a 
proliferative or granulation phase, and a remodeling or maturation phase. A 
complex array of biological mediators and cellular interactions occur that act in a 
dynamic but orderly process. For periodontal wounds this involves interaction 
between the epithelium, connective tissue, and bone, as well as the cells of the 
periodontal ligament and root cementum. 

Three types of surgical wound healing are recognized. All three are related to the 
degree of wound closure. Primary intention healing occurs when the wound 
margins are directly approximated—that is, primary closure is obtained. This type 
of healing occurs rapidly compared to other types. Healing by secondary intention 
occurs when the wound margins are not approximated and remain apart; 
granulation tissue must form to close the gap. In this scenario, the healing phases 
would be extended in time as new connective tissue and epithelium migrate from 
the wound edges toward the center. Tertiary intention healing is usually 
associated with a disruption of secondary intention healing as might occur if the 
wound is infected. Most periodontal surgical wounds heal by primary and 
secondary intention. 



The inflammatory phase of healing is characterized clinically by the classic signs 
of redness (erythema), heat, swelling (edema), and discomfort. These signs and 
symptoms are related to a multitude of events that occur at the cellular and 
molecular level, which involve the vascular system, immune system, and tissue 
cells at the site of injury. The redness, heat, and swelling are caused by 
vasodilation and increased vascular permeability and blood flow, resulting in the 
buildup of exudate in the extracellular tissue environment. Discomfort is usually 
mediated by the release of histamine, serotonin, kinins, and the metabolites of 
arachidonic acid, known as prostaglandins. 

Other mediators of inflammation are the cytokines, which are soluble small 
polypeptides released by cells of the immune system and some tissue cells. 
Cytokines act at receptor sites on cell membranes to either stimulate or inhibit 
specific cellular functions. As such, cytokines play an important role in the 
proliferative and maturation phases of healing. Growth factors comprise another 
category of signaling proteins, which are produced by several different types of 
cells. Like cytokines, they mediate their effects through cell membrane receptors. 
Their effects may be described as being autocrine (act on self), paracrine (act on 
cells within the local environment), or endocrine (act on distant cells). Growth 
factors play key roles in cell proliferation, differentiation, and extracellular matrix 
formation, which are major events associated with the proliferative and 
maturation phases of healing. 

Within hours of wounding, there is an increase in epithelial mitosis in the basal 
and spinous layers at the wound margin. In 1 to 2 days, epithelium begins to 
migrate beneath a layer of polymorphonuclear leukocytes called the polyband, 
which forms under the blood clot. Epithelial cells migrate at a rate of 0.5 to 1.0 
mm per day toward the center of the wound. Once epithelium covers the entire 
wound surface, it takes an additional 28 to 42 days to achieve complete 
maturation. At approximately 3 to 4 days, fibroblasts begin formation of a new 
connective tissue matrix. Collagen formation peaks between 7 and 21 days and 
maturation is complete by 21 to 28 days. Revascularization also begins around 3 
to 4 days, with new blood vessels arising from proliferating endothelial cells. 
Vascular budding and sprouting of new vessels continues for 10 to 15 days. 

Injury to bone can occur simply with the reflection of a flap exposing the 
periosteum or bone proper. Osteoclastic activity to remove necrotic bone begins at 
around 3 to 4 days and involves either endosteal (undermining resorption) or 
surface resorption. The resorptive process peaks at around 8 to 10 days but 
continues along with bone formation between 14 and 21 days. Bone formation 
predominates between 21 and 28 days and remodeling may take up to 2 years. 

Surgical wounds differ from those caused by traumatic events or infection in that 
the surgeon has the ability to directly influence the course of wound healing by 
controlling the choice and placement of the incision(s); the design and 
management of the surgical flap; the extent to which the mucosa and bone are 



altered; stabilization of the wound; and the postoperative care of the surgical site 
and patient. 

Anesthesia and Pain Control 

Control of the physiologic mechanisms of pain is the function of local anesthetics, 
whereas control over psychological factors that influence the interpretation of 
stimuli as painful is a function of conscious sedation. (See Chapter 19 for a review 
of conscious sedation and its indications for the control of anxiety.) Selection of an 
appropriate local anesthetic for periodontal surgical procedures should be based on 
pharmacologic and physical properties of the anesthetic agent. These properties 
determine the effectiveness and duration of action of the anesthetic and potential 
effects on patient safety. 

Local anesthetics traditionally have been classified into two groups: esters and 
amides.27 Because of their greater incidence of allergic reactions, the ester-linked 
local anesthetics are no longer available in dental anesthetic cartridges. Lidocaine, 
mepivacaine, and bupivacaine are among the most widely used amide-linked local 
anesthetics; others include prilocaine, tetracaine, propoxycaine, and etidocaine. 
Potency, onset of action, and duration of action are properties of local anesthetics 
that are important to the dental practitioner. Potency is defined as the lowest 
concentration of drug that can block conduction of the sensory impulse. It is most 
often linked to the lipid solubility of the anesthetic drug; however, its intrinsic 
vasodilator effect and tissue diffusion properties can also affect potency. Thus, 
highly lipid-soluble drugs have greater potency than those with low lipid solubility. 
The lipid solubility coefficient is greatest for etidocaine (141) and bupivacaine (28) 
and intermediate for lidocaine (2.9) and mepivacaine (1.0). 

The onset of action of anesthetic drugs is a function of their ionization constant 
(pKa) and the tissue pH. Local anesthetics exist in solution as the free base or un-
ionized form, a property that makes it possible for them to diffuse across the nerve 
membrane. Once across the membrane, they dissociate into the ionized form, which 
initiates the blockade of the nerve. According to the equation pKa − pH = log, a 
smaller dissociation constant (pKa) for an anesthetic drug at a given pH means that 
more drug exists in the free base form than a drug with a greater pKa; thus, more 
drug is available to diffuse across the nerve membrane and the onset of action will 
be faster. With a tissue pH of 7.0, mepivacaine (pKa = 7.6) and lidocaine (pKa = 
7.7) have a fast onset of action, whereas bupivacaine (pKa = 8.1) is considered 
intermediate. 

Duration of action is linked to the protein-binding capacity of the drug. The greater 
the binding capacity of the drug, the longer its duration. Protein binding is greatest 
among the long-acting anesthetics like bupivacaine (94%) and is intermediate for 
mepivacaine (77%) and lidocaine (64%). Therefore, anesthetics like bupivacaine 
can provide anesthesia for 4 to 8 hours, which makes it a useful drug for 
postsurgical pain control. Combining vasoconstrictors such as epinephrine or 



levonordefrin with the anesthetic agent also can increase the duration of action. 
Epinephrine is about six times more potent than levonordefrin and is more 
commonly used. It causes vasoconstriction locally by stimulating α-adrenergic 
receptors in the vessel wall, thereby reducing blood flow. Increasing the 
concentration of epinephrine in the local anesthetic cartridge from 5 
(1:200,000) to 20 µg/ml (1:50,000) does not, however, increase the duration of 
action. 

Another beneficial effect of vasoconstrictors during surgery is tissue hemostasis. 
Clinically, this is most evident with infiltration techniques where tissue blanching 
can be observed. Unlike its effects on the duration of action, increasing the 
concentration of vasoconstrictor in the local anesthetic cartridge from 10 to 20 
µg/ml (1:100,000 to 1:50,000) can reduce blood loss in periodontal surgery.28 After 
block anesthesia, a small amount of anesthetic agent with vasoconstrictor can be 
infiltrated into the gingival tissue especially at the gingival margin and papilla. This 
provides excellent hemostasis and even provides some rigidity to flaccid gingiva. 
Operator visibility is improved and more accurate, smooth, and sharp incisions can 
be made. 

Depending on the type of periodontal surgical procedure performed and the extent 
of the surgical field, most procedures may last from 30 minutes to 4 hours. With 
properly administered anesthesia, a quadrant of surgery may often be performed 
using as little as two anesthetic cartridges. Situations do arise, however, in which 
larger volumes of anesthetic agent may be necessary. When four quadrants of 
surgery are completed in one visit, the maximum dose of local anesthetic may be 
approached. In these instances, it is more appropriate to calculate the maximum 
dose allowable on the basis of milligrams per kilograms of body weight rather than 
number of cartridges. For lidocaine, a maximum safe dose of 4.4 mg per kilogram 
body weight is advisable, with a maximum dose of 300 mg regardless of whether 
epinephrine is combined with the anesthetic. This would translate into 8.33 
cartridges of lidocaine with 1:100,000 epinephrine. In patients with significant 
cardiovascular disease and hemodynamic instability, vasoconstrictors may be 
contraindicated or limited to a maximum dose of 0.04 mg epinephrine, the amount 
present in two 1.8-ml cartridges with 1:100,000 epinephrine. The use of longer 
acting anesthetic containing vasoconstrictor must be weighed against the stress 
created by repeated injections necessary for plain anesthetic to have the same 
duration of action for a procedure. 

The judicious use of local anesthetics is an obtainable goal provided the surgeon is 
familiar with the distribution of sensory nerves that supply the oral cavity. The 
primary sensory innervation to the teeth and mucosa are by way of afferent fibers 
that travel with cranial nerve V, most often referred to as the trigeminal nerve. The 
cell bodies to the afferent fibers for pain and temperature lie within the trigeminal 
(gasserian or semilunar) ganglion located in the floor of the middle cranial fossa. 
The cell bodies to the fibers responsible for proprioception are located within the 
mesencephalic nucleus of nerve V located within the brainstem. The trigeminal 
nerve divides into three divisions before leaving the cranial cavity: (1) the first 



division, or ophthalmic division, (2) the second division, or maxillary division, and 
(3) the third division, or mandibular division. Branches of the second and third 
divisions supply all teeth and mucosa of the oral cavity (see Table 20-5 for a list of 
these branches). 

TABLE 20-5  Primary Sensory Distribution to the 

Oral Cavity 

 

An important aspect of pain control is providing long-lasting anesthesia during the 
immediate (4 to 6 hours) postoperative healing period. It is often beneficial to take 
advantage of the long duration of bupivacaine by administering it at the end of the 
surgical procedure to ensure that the patient remains anesthetized as long as 
possible after surgery. This allows the patient to return home and take the 
appropriate postoperative pain medication before anesthesia is lost. Providing 
profound and lasting anesthesia for the surgical patient is a crucial part of 
periodontal surgery. Without it, surgical objectives are impossible to obtain, patient 
and provider stress levels are increased, and the patient's confidence in the surgeon 
is diminished. 

Aseptic Surgical Technique 

An unique aspect of periodontal surgery is the environment in which a surgeon 
must work. It is impossible to sterilize the surgical field. Despite this, it is 
imperative that the surgical team follow an aseptic surgical technique to ensure the 
incidence of postoperative infection remains as low as possible in this bacteria 



laden setting. Surgical caps and surgical masks should be worn. The patient should 
be draped with sterile towels, including a sterile head wrap to cover the patient's 
hair and eyes. Sterile surgical glove use is the standard of care, and the use of sterile 
saline or sterile water irrigation, including irrigation through ultrasonic instruments 
and handpieces, should be a standard of care in surgical treatment rooms. All 
surgical instruments must be properly sterilized and sterile coverings over light 
handles are required. A simple technique for covering light handles is to include 
aluminum foil in surgical kits before sterilization. The sterile foil is then wrapped 
over the light handles. Although a sterile operating room environment is not 
required, all efforts must be made to prevent the introduction of nonresident 
bacteria into the surgical field. 

Patient preparation is another important component of aseptic surgical technique. 
The patient's oral hygiene should be at an acceptable level before surgery. An 
immediate presurgical rinse with 0.12% chlorhexidine mouthrinse for 30 seconds 
will provide a significant reduction (ranging from 72% to 97%) in the intraoral 
bacterial load.29,30 In addition, a 13-fold reduction in the level of bacteria in aerosol 
spray has been reported after using chlorhexidine prerinse.31 

The use of prophylactic antibiotics in healthy immunocompetent patients is not 
necessary or recommended for most periodontal surgical procedures. Infection rates 
after routine flap surgery are similar regardless of whether prophylactic antibiotics 
are used.26 A notable exception to this philosophy is the empirical use of antibiotics 
when guided tissue regeneration or implant placement surgery is performed. 
Although there is no evidence suggesting that patients undergoing these procedures 
are more prone to postoperative infections, some clinicians will provide a 7- to 14-
day course of antibiotics starting the day before or the day of surgery. The stated 
rationale for use of antibiotics with these two types of surgical procedures is to 
enhance the predictability of a favorable outcome. Despite the paucity of evidence 
to support this rationale, empirical use of systemic antibiotics in these cases is 
accepted by many in the periodontal community. 

Although well controlled studies are lacking to support the use of prophylactic 
antibiotic coverage before invasive procedures, definitive guidelines concerning 
antibiotic premedication for patients at risk for infectious endocarditis and patients 
at high risk for infection because of prosthetic joints have been made and should be 
followed.32,33 There is less agreement concerning other patients who may be at 
greater risk for infection—that is, organ transplant recipients; patients with poorly 
controlled diabetes; patients on long-term, high-dose steroids; asplenic patients; 
patients with systemic lupus erythematosus; and patients undergoing chemotherapy 
or hemodialysis. Prophylactic antibiotics may be of benefit for some of these 
patients, but because there is no universal agreement, consultation with the patient's 
physician would be prudent. 

Atraumatic Surgical Technique: Flap Management 



A surgeon must be deft, delicate, and accurate in the management of all tissue 
within the surgical field. There are several elements in flap management that require 
planning and atraumatic execution. 

Incisions 

Surgical access to the various components of the periodontium begins with well 
thought out incisions. Because there are a variety of gingival, mucosal, and 
osseous abnormalities that may require treatment, there is no single technique or 
approach that works well in all cases. Many of these different surgical techniques 
involve a variety of incision designs. Seven main incision types are commonly 
used in periodontal surgery (Table 20-6). Incision selection and execution is based 
on careful planning that takes surgical anatomy, the surgical objective, flap 
design, and the principles of atraumatic tissue management into consideration. 
Regardless of the type of incision used, the surgeon must use a sharp cutting 
instrument with a definitive and smooth movement and minimal drag through 
tissue. A dull knife will cause unnecessary tissue damage. The scalpel handle 
should be round and held with a delicate pen grasp, allowing precise, flexible, and 
accurate movement of the scalpel blade. The knife blade should stay in tissue as 
much as possible. The more the surgeon lifts the scalpel away from the incision to 
change its orientation, the greater the chance of having a ragged incision line. 
Surgical predictability begins with clean, smooth incisions. This will result in 
faster healing and less patient discomfort. 

The external bevel or gingivectomy incision is contained in the gingiva and 
coronally directed with the surgical objectives of pocket elimination, access to 
roots, and improved gingival contours (Fig. 20-3). This incision, and the 
gingivectomy procedure in particular, is indicated to treat gingival enlargement 
and to perform esthetic crown lengthening when access to the underlying bone is 
not required. (See Chapter 23.) It is sometimes used in conjunction with flap 
surgery when it is beneficial to thin the tissues externally before flap reflection. 
An example would be a case of severe gingival enlargement with lobulated 
gingiva and highly irregular gingival margins (Fig. 20-4). Recontouring gingiva 
with an irregular surface morphology is difficult if attempted using an internal 
thinning technique on the underside of the flap. 

Contraindications to the gingivectomy approach include the presence of intrabony 
defects requiring treatment; a narrow zone of keratinized tissue; probing depths 
extending apical to the mucogingival junction; unfavorable anatomic 
considerations, such as a shallow palatal vault or a pronounced external oblique 
ridge; and when root exposure is contraindicated because of esthetic concerns. 
Other contraindications include a high caries index or preexisting thermal 
sensitivity. Although popular in the 1960s and 1970s, the external bevel 
gingivectomy currently has limited application. The creation of a broad wound 
that heals through secondary intention increases intraoperative and postoperative 
bleeding and postoperative discomfort. Simply stated, the classical gingivectomy 



is not a patient-friendly technique, but it does have advantages in some cases of 
gingival excess. 

TABLE 20-6  Incisions 

 

The inverse, or reverse, bevel incision is one of the most common types of 
incisions used in periodontal surgery. As previously mentioned, the initial intent 
of the reverse bevel incision was to remove pocket epithelium and to provide 
direct apposition of healthy connective tissue to the root surface. Although this is 
no longer a surgical objective, the inverse bevel incision is still useful in apically 
positioning the palatal flap margin by stepping back from the margin and 
scalloping the flap (Fig. 20-5). This incision also may be used on facial surfaces if 
a broad zone of keratinized tissue is present. The scalpel blade is oriented parallel 
to the long axis of the teeth and is directed apically toward the alveolar crest or 
just subcrestal if a greater step-back from the gingival margin is desired and some 
osseous resection is anticipated (Fig. 20-6). A scalloped incision design is 



normally incorporated in the flap when an inverse bevel incision is used. The 
shape of this scallop is dictated by the anatomy of the tooth and underlying root 
form and the anticipated amount of apical positioning of the flap or flap margin 
(Fig. 20-7). 

Figure 20-3.   

 

External bevel (Gingivectomy) incision. Kirkland knife angled 45 degrees 
toward the base of the pocket. The gingivectomy incision is started coronal to 
the mucogingival junction. 

Figure 20-4.   



 

Drug-induced gingival enlargement. Irregular gingival contours are more 
easily treated with an external bevel gingivectomy approach than inverse 
bevel incisions combined with internal thinning of the flap. 

Figure 20-5.   

 

Inverse bevel scalloped incision. Initial inverse bevel incisions incorporate a 
scalloped step-back from the gingival margin. The scallop follows the 
anatomy of the cervical portion of the tooth and the step-back allows apical 
positioning of the flap margins. 



A sulcular, or crevicular, incision is selected if preservation of all the existing 
keratinized tissue is desirable. The scalpel blade is inserted into the gingival 
crevice, aligned parallel to the long axis of the tooth, and angled toward the 
alveolar crest (Fig. 20-8). Interproximally, the incision is extended into the 
embrasure space to include as much papillary tissue as possible with the flap. 

Figure 20-6.   

 



Inverse bevel incision. A, Schematic demonstrating step-back from the 
gingival margin. The incision is angled toward or just apical to the alveolar 
crest. B, #11 Scalpel blade stepping back from the gingival margin and 
angling the blade toward the alveolar crest. 

Figure 20-7.   

 

Apically positioned flap margin following inverse bevel scalloped incision. A, 
Pretreatment (palatal view) (see Fig. 20-5 for initial incisions). B, Apically 
positioned flap margins—sutured (palatal view). 

Vertical releasing incisions are normally perpendicular to the gingival margin and 
placed at the line angles of the teeth (Fig. 20-9). These incisions increase access to 
alveolar bone, decrease tension on retracted flaps, allow apical and coronal 
positioning of flaps, and limit the inclusion of nondiseased sites in the surgical 
field. Vertical releasing incisions should not be placed in pronounced concavities 
or over prominent bony ledges or exostoses, and also should not cross over root 
prominences or split the interdental papilla unless associated with a double papilla 
pedicle graft technique used for exposed root surface coverage (Fig. 20-10). As a 
general rule, when trying to decide on what side of the interproximal space to 
place the releasing incision, it is best to include the papilla with the flap to 
enhance the blood supply to the flap and to allow for ease of suturing. An 
exception to this guideline is in the anterior region where reflection of a papilla 
may not be warranted because of esthetic concerns. 

Figure 20-8.   



 

Sulcular incision. A, Schematic of sulcular incision. The incision is placed 
within the sulcus and angled toward the alveolar crest. B, #67 Scalpel placed 
in the sulcus and extended to the alveolar crest. The incision is carried into the 
interdental area where the papilla is either thinned or reflected full thickness. 

Thinning incisions reduce the bulk of connective tissue from the underside of the 
flap and are commonly used to reduce the thickness of flaps before reflection 
(Fig. 20-11). Such incisions are used as part of distal or mesial wedge procedures 
and also to thin bulky papillae. Thinning incisions are performed either in 
conjunction with flap reflection (i.e., reflecting the flap as it is thinned) or after 
completing flap reflection. The novice surgeon may find it less challenging to thin 
the flap as it is being reflected, because the tissue is less mobile and easier to 
control. Thinning of bulky tissues, using an internal approach, allows for better 
flap adaptation and provides greater patient comfort than thinning tissues with an 
external bevel incision. 

Figure 20-9.   



 

Vertical releasing incision. The releasing incision is made at the line angle and 
the interdental papilla is included in the flap. The vertical release should not 
cross over the root prominence of the adjacent tooth. 

Figure 20-10.   



 

Correct and incorrect placement of vertical releasing incisions. A, Correct 
vertical releasing incision at the line angle. The papilla is included in the flap. 
B, Correct vertical releasing incision at the line angle. The papilla is not 
included in the flap. C, Incorrect vertical releasing incision splitting the 
papilla. D, Incorrect vertical releasing incision over the root prominence. 

Tuberosity and retromolar pad reduction procedures are used to reduce the bulk of 
tissue distal to second molars in the maxillary tuberosity and the mandibular 
retromolar fossa areas.34 These techniques, of necessity, incorporate internal 
thinning incisions, with the goal to create primary wound closure and primary 
intention healing. There are three techniques that are commonly used: the 
triangular wedge, the linear wedge, and the trap door. (See also Chapter 23.) All 
three techniques have the advantages over a gingivectomy approach of allowing 
access to underlying bone, preserving keratinized tissue, and providing for 
primary closure with more rapid healing and less discomfort. The triangular and 
linear distal wedge procedures are well suited for reduction of thick tissues 
characteristic of the maxillary tuberosity. 



Triangular wedge incisions are placed creating the apex of the triangle close to the 
hamular notch and the base of the triangle next to the distal surface of the terminal 
tooth (Fig. 20-12). These incisions are continuous with the buccal and palatal 
inverse bevel incisions used in the remainder of the surgical site. The thinning or 
undermining incisions are accomplished before full reflection of tissue and are 
extended 2 to 3 mm apical to the crestal aspect of the tuberosity. Flaps can then be 
fully reflected and the wedge of soft tissue removed from over the tuberosity. If 
adequate thinning is performed and the wedge is of sufficient length, primary flap 
closure should be achieved to allow healing by first intention. 

The linear distal wedge incorporates two parallel incisions over the crest of the 
tuberosity that extend from the proximal surface of the terminal molar to the 
hamular notch area. The distance between the two linear incisions is determined 
by the thickness of the tissues, with wider separation of the incisions in thicker 
tissue. Vertical releasing incisions placed perpendicular and at the posterior aspect 
of the linear wedge will allow greater access to the underlying bone (Fig. 20-13). 
Thinning incisions and removal of the distal wedge are completed in a similar 
fashion as described for the triangular distal wedge. 

Figure 20-11.   

 

Thinning incision—palatal flap. Initial inverse bevel incisions (see Fig. 20-5) 
are followed by a thinning incision to create a thinned flap that is easily 
adapted to the teeth at a more apical level. The collar of soft tissue that 
remains around the teeth (present in this figure) is removed with chisels and 
curets to allow access to the root surfaces and bone. 

Although the triangular or linear distal wedge procedures can be used in the 
mandibular retromolar pad area if adequate keratinized tissue is present, the trap 
door technique may be better suited for this area when there is minimal 



keratinized tissue. The trap door procedure will preserve existing keratinized 
tissue but still allow internal thinning of tissues and apical positioning of flaps. 
Various approaches to the trap door procedure may be used depending on the 
anatomy and tissue type in the mandibular retromolar area. A common technique 
incorporates a single incision placed from either the distofacial or distolingual line 
angle of the terminal molar extending posteriorly through keratinized tissue until 
approximating the ascending aspect of the ramus. At this point, the incision is 
angled either toward the lingual if initiated from the distofacial line angle or 
buccally toward the external oblique ridge if started at the distolingual line angle. 
A rectangular flap (i.e., trap door) is created that is continuous with the buccal 
mucoperiosteal flap extending anteriorly. This rectangular flap can be thinned as 
it is reflected and the soft tissue remaining on the crest removed (Fig. 20-14). 
Although these three retromolar procedures are often described for the 
management of thick tissues on the distal of terminal molars, they also can be 
used next to any tooth adjacent to an edentulous space with thick mucosal tissue. 

Cutback incisions are small incisions made at the apical aspect of vertical 
releasing incisions, and they are used in conjunction with pedicle flaps to allow 
greater movement and less tension when the flaps are moved laterally (Fig. 20-
15). Great care must be taken not to extend cutback incisions more than 2 to 3 
mm to minimize disruption of the remaining blood supply to the flap. 

Figure 20-12.   

 

Triangular distal wedge. A, Schematic demonstrating incisions that diverge as 
they approach the ridge and converge as they are extended distally. The facial 
and lingual tissues are thinned before reflection of the flaps. B, Initial 
incisions outlining the triangular wedge. These incisions are best 
accomplished with an Orban knife or a 12B scalpel. 



Figure 20-13.   

 

Linear distal wedge. A, Schematic demonstrating incisions that diverge 
buccolingually toward the ridge and are parallel as they are extended distally 
away from the tooth. A releasing "T" incision is placed to allow greater flap 
reflection and access to the underlying bone. The buccal and palatal tissues 
are thinned before flap reflection. B, The initial parallel incisions may be 
made with a #12 or 12B scalpel blade or an Orban knife. The "T" incision 
perpendicular to the linear incisions may be placed with a Kirkland knife. The 
flaps are thinned with a scalpel as they are reflected. The rectangular soft 
tissue wedge is removed. The flaps are then approximated and sutured. 

Figure 20-14.   



 

Trap door procedure (rectangular flap). A, Schematic demonstrating incisions 
for a mandibular trap door with flap reflection toward the lingual. Incisions 
should be made over bone and in keratinized tissue. B, Mandible: the incision 
is initiated from the distobuccal line angle and is extended distally and slightly 
toward the buccal (B). A second incision is made toward the lingual (L). This 
approach is beneficial if the underlying osseous defect is located at the 
distolingual line angle. The flap can be thinned as it is reflected toward the 
lingual. C, Maxilla: The incision is initiated from the distopalatal line angle 
and carried distally. A second incision is made toward the buccal. This 
approach may be indicated if the underlying osseous defect is toward the 
distobuccal aspect of the tooth. 



Figure 20-15.   

 

Cutback incision. The arrow points to a cutback incision placed to increase 
mobility of a lateral sliding pedicle flap. This partial-thickness flap will be 
moved mesially (to the right) over the exposed root surface. 

Periosteal releasing incisions are used when coronal or lateral advancement of a 
flap onto the root or crown of the tooth is indicated (Fig. 20-16). This incision, 
which severs the underlying periosteum at the base of full-thickness flaps, allows 
tension-free coronal positioning of the flap to cover exposed root surfaces and to 
provide primary closure over barrier membranes used in guided tissue and guided 
bone regeneration procedures. Great care must be exercised in making these 
incisions not to jeopardize the blood supply or detach the flap from its base. 

Figure 20-16.   



 

Periosteal releasing incision. The periosteum on the underside of the flap is 
scored with a scalpel blade to increase flap mobility, allowing passive coronal 
advancement of the flap. 

Flap preparation 

The surgical flap is defined as the separation of a section of tissue from the 
surrounding tissues except at its base.35 A flap that includes epithelium, 
connective tissue, and periosteum is referred to as a full-thickness or 
mucoperiosteal flap, and it is the most common type of flap used when access to 
the bone is indicated for resective or regenerative procedures (Fig. 20-17). When 
the periosteum is not included in the flap, it is called a partial-thickness or split-
thickness flap (Fig. 20-18). This type of flap is used extensively in mucogingival 
surgery to leave an underlying blood supply where soft tissue grafting is 
performed to correct deformities in the morphology, position, or amount of 
gingiva. There are also instances in which part of a flap may be full thickness and 
the other part may be partial thickness. This combined technique is used in some 
mucogingival and esthetic crown lengthening procedures. 

Figure 20-17.   



 

Full-thickness flap. Full-thickness flap reflection completely exposing the 
underlying bone. 

Figure 20-18.   

 

Partial-thickness flap. Periosteum is retained over bone before placing a 
subepithelial connective tissue graft. 



Full-thickness flaps are prepared by making an incision through the mucosal 
layers and the periosteum until the bone is felt. A periosteal elevator is then used 
to gently separate the periosteum along with the superficial mucosal layers from 
the bone (Fig. 20-19). The partial-thickness flap is technically more challenging 
than a full-thickness flap and should not be attempted in areas where the gingiva 
is thin (≤1 mm). It is also contraindicated in posterior areas of the mandible where 
the vestibule is shallow and access is difficult. When performing a partial-
thickness flap, the use of a new surgical blade, along with soft tissue forceps, is 
recommended. The tip of the surgical blade is used to split the connective tissue 
layer into two parts: one, which is left covering the periosteum, and the other, 
which becomes part of the tissue flap (Fig. 20-20). The tissue forceps aid in the 
stabilization and retraction of the flap margin as the dissection is carried first 
laterally, then apically. This approach creates better visibility and reduces tension 
on the flap. Poor visibility and excessive tension may lead to flap perforation or 
tearing of the delicate flap. Misadventures such as these will compromise blood 
supply resulting in flap necrosis and delayed healing. 

Figure 20-19.   

 

Full-thickness flap: schematic. A, The incision is made to bone. B, The 
periosteum (P) is reflected with the flap. 

Figure 20-20.   



 

Split-thickness flap: schematic. A, The incision splits connective tissue. B, The 
periosteum (P) is retained over bone. 

Flap design 

Flap design should be based on the principle of maintaining an optimal blood 
supply to the tissue. There are generally two basic flap designs: those with and 
those without vertical releasing incisions. A flap that is released in a linear fashion 
at the gingival margin but has no vertical releasing incision(s) is called an 
envelope flap (Fig. 20-21). If two vertical releasing incisions are included in the 
flap design, it becomes a pedicle flap (Fig. 20-22). If one vertical releasing 
incision is included in the flap design, some clinicians refer to this as a triangular 
flap. The teeth, flap, and vertical releasing incision form the sides of the triangle 
(Fig. 20-23). This flap design should not be confused with the triangular wedge 
usually associated with the removal of a soft tissue wedge in the tuberosity or 
retromolar area (Fig. 20-12). 

Alterations in gingival circulation resulting from various periodontal flap designs 
have been studied in human subjects using fluorescein angiography techniques.36 
The major blood supply to a flap was found to exist at its base and travels in an 
apical to coronal direction. It was also determined that the greater the ratio of flap 
length to flap base, the greater the vascular compromise at the flap margins. On 
the basis of this concept, the recommended flap length (height)-to-base ratio 
should be no greater than 2:1 (Fig. 20-24). 

Flap reflection 



Once the planned flap design has been established by the initial and thinning 
incision(s), the following step is the atraumatic elevation of the flap. As 
previously described, a full-thickness flap is elevated using a sharp periosteal 
elevator directed beneath the periosteum, and always kept against the bone. 
Papillae are reflected first, followed by the marginal gingiva, working across the 
anterior/posterior extent of the incisions until the flap margin has been freed from 
the teeth or alveolar crest, or both (Fig. 20-25). This procedure should be 
accomplished using gentle force. If an abundance of force is required to gain 
release of the flap, the logical explanation is that the fibrous attachment to the 
underlying bone has not been completely severed. In such instances, it is better to 
retrace the incision(s) with the surgical blade rather than risk tearing the flap. 
Once the flap margin has been completely released, the periosteal elevator is 
directed in both a horizontal and vertical plane until adequate access is achieved. 
It is imperative to follow the morphologic contours of the bone to avoid 
perforating the flap where the tissue may be thin, particularly when reflecting 
tissue over bony exostoses or ledges (Fig. 20-26). 

Figure 20-21.   

 

Envelope flap. Because no releasing incisions are used, the tissues remains 
attached to the teeth and alveolar bone anterior and posterior to the freed flap. 
The longer the flap, the less tension is placed on the envelope flap when it is 
retracted. 

Figure 20-22.   



 

Pedicle flap. A, A pedicle flap incorporating two vertical releasing incisions. 
The blood supply is maintained at the base of the flap. This flap may be 
moved apically, coronally, or laterally. B, A semilunar pedicle flap 
incorporating a horizontal incision in the sulcus and a second horizontal 
incision in the vestibule. The blood supply to the flap is maintained laterally. 
This flap may be moved coronally to cover an exposed root surface. 

Figure 20-23.   

 

Triangular flap. One vertical releasing incision is used to create a triangular-
shaped flap. This flap design provides greater access to underlying root and 
bone with less tension on the flap than the envelope flap. 



Figure 20-24.   

 

Flap height-to-base ratio. To maintain adequate blood supply to the flap, the 
ratio of flap height-to-flap base should not exceed 2:1. 

Figure 20-25.   



 

Flap reflection. A, Papillary reflection may be accomplished with a scalpel or 
with a periosteal or molt elevator. B, Marginal tissue reflection is completed 
with a sharp periosteal elevator or molt elevator. C, Flap is reflected apically, 
then retracted with a Prichard or Minnesota retractor. 

In addition to flaps being classified as either full or partial thickness, and as 
envelope or pedicle, they are also referred to by the anatomic type of mucosa. A 
flap that includes only gingival tissue is referred to as a gingival flap (Fig. 20-27), 
whereas if the flap extends beyond the mucogingival junction to include alveolar 
mucosa, it is a mucogingival flap (see Fig. 20-25). Whether the flap extends to or 
beyond the mucogingival junction depends on how much access is needed to 
perform the required procedures. One of the greatest mistakes made by the novice 
surgeon is a lack of access to the surgical site, caused by inadequate flap 
reflection. This usually results in greater tissue trauma, decreased treatment 
efficiency, and heightened therapist frustration. 

Flap retraction 



Another element in good flap management that is often given little consideration 
involves the use of surgical retractors to hold the flap back from the teeth and 
bone. If the flap has been properly designed and reflected adequately, retraction 
should be passive without any tension. Force should not be necessary to keep the 
flap retracted. It is also critically important that the edge of the retractor always be 
kept on bone (Fig. 20-28). Trapping the flap between the retractor and bone can 
cause tissue ischemia and lead to postoperative flap necrosis. Continuous flap 
retraction for long periods also is not advised. Such a practice will desiccate the 
soft tissue and bone causing a delay in wound healing. When the flap is retracted, 
the surgical assistant should frequently irrigate the surgical field with sterile 
saline, to keep the tissues moistened, to reduce contamination, and to improve 
visibility. 

Figure 20-26.   



 



Reflection over exostoses. A, Pretreatment: prominent buccal exostoses 
provide a challenge to reflect the flap without tearing or perforating the tissue. 
B, Flap reflected without perforation or tearing. 

Open flap debridement 

The prototypical periodontal flap surgery is called open flap debridement or flap 
curettage.37 It is against this well established surgical technique that new surgical 
interventions in clinical trials are often compared. The rationale for this basic 
surgical approach is the same as all flap surgery: to provide access to root surfaces 
and marginal alveolar bone. Direct visualization of these structures will increase 
the effectiveness of scaling and root planing and allow debridement of 
granulomatous tissue from osseous defects. Open flap debridement does not use 
resective techniques, osseous grafts, or barrier membranes to eliminate osseous 
defects. Simply stated, roots are planed, defects are degranulated, and flaps are 
closed either at or apical to their original position. Access is initiated with either 
crevicular or step-back, inverse bevel incisions. Flaps are usually full thickness 
and reflected beyond the alveolar crest and mucogingival junction to fully expose 
the alveolar bone and osseous defect. Open flap debridement differs from the 
MWF procedure in the extent of flap reflection that is performed. Flap reflection 
with the MWF approach is only 2 to 3 mm beyond the alveolar crest and not 
beyond the mucogingival junction. Osteoplasty may be performed with either 
technique if necessary to improve flap adaptation before suturing. Although the 
MWF procedure dictates a replaced flap, the open flap curettage technique may 
incorporate replaced, coronally positioned, or apically positioned flaps, as 
described in the next section. 

Figure 20-27.   



 

Gingival flap. Reflection to but not beyond mucogingival junction (dotted 
line). 

Figure 20-28.   



 

Proper flap retraction. The retractor is kept against bone to avoid trauma to the 
soft tissue. 

Flap positioning 

Once the planned treatment has been completed, surgical flaps may be 
repositioned, apically positioned, coronally positioned, or laterally positioned. 
When possible, the decision as to the final location of the flap margin should be 
planned before the start of surgery. The final flap location is usually determined 
by the goal(s) of therapy and the specific periodontal surgical technique 
performed. A repositioned or replaced flap (Fig. 20-29) is in theory designed to be 
returned to its original position. It is used most often when surgical access for 
debridement of the roots is the primary goal, as in flap curettage or the MWF 
procedure. A repositioned flap also is frequently used in periodontal regeneration 
procedures where primary closure over a bone graft, with or without a barrier 
membrane, is of utmost importance. An apically positioned flap is one that is 
apically displaced from its original position to the level of the alveolar crest or 
about 1 mm coronal to the crest (Fig. 20-30). This position is chosen when 
performing "pocket elimination" procedures, which may or may not involve the 
removal of bone. The coronally positioned flap (Fig. 20-31) is advanced coronal 
to its original position. This technique is typically used when performing 
mucogingival surgery where the flap is advanced to cover either an exposed root, 
a connective tissue graft, or a barrier membrane. To achieve passive positioning 
of the coronally advanced flap before suturing, the underlying periosteum is 
released with a sharp scalpel blade (Fig. 20-16). Also used in mucogingival 
procedures is the laterally positioned flap. This involves the positioning of the 



flap to an adjacent or contiguous site for the purpose of increasing the width of 
keratinized tissue or covering of an exposed root (Fig. 20-32). 

Hemostasis 

Surgical hemostasis is divided into intraoperative and postoperative control of 
bleeding. Intraoperative hemostasis is essential if visualization of the operative field 
is to be obtained. Although bleeding is to be expected when placing incisions and 
reflecting flaps, prevention of excessive blood loss is initially guarded against by 
obtaining a thorough preoperative medical history to rule out potential bleeding 
secondary to systemic disease or medications. In addition, to prevent excessive 
intraoperative bleeding, the surgeon must develop a sound knowledge of surgical 
anatomy, achieve adequate tissue health after initial therapy, and implement the 
principles of atraumatic flap management. Blood loss during periodontal flap 
surgery is highly variable. In 1977, Baab and colleagues38 reported blood loss in the 
range of 16 to 592 ml with a mean of 134 ml. The duration of surgery and the 
amount of local anesthesia used were correlated with the amount of blood loss. 
Under normal circumstances, aspiration with a surgical suction should be sufficient 
to keep the surgical site clear of the limited amount of blood and saliva that appears. 

Intraoperative bleeding is usually in the form of oozing from capillaries and small 
arterioles within the flap, or from nutrient canals and marrow spaces in the bone. If 
deemed excessive, this type of bleeding is best controlled with pressure using moist 
gauze for 2 to 5 minutes. Occasionally, a small artery may be the source of 
bleeding. If direct pressure is ineffective and the vessel can be isolated, vessel 
ligation using a resorbable suture is the best way to control the arterial bleeding. 
Another way to control bleeding from a flap is the use of a full-thickness suture at 
the base of the flap in an attempt to compress the tissues against the vessels. This 
deep suture technique is also useful when bleeding occurs after the harvest of a free 
soft tissue autograft from the palate. Placing a suture distal to the donor site will 
compress the greater palatine artery and provide hemostasis in the area (Fig. 20-33). 
Bleeding from bone can usually be stopped by burnishing the bone in the area of the 
bleed with a molt, elevator, or curet. If this is ineffective, bone wax can be 
compressed into the area of the bleed. Once bleeding is controlled, excess bone wax 
should be carefully removed to avoid possible delay of normal healing events. 

A variety of topical hemostatic agents are available to control surgical bleeding 
(Table 20-7). Oxidized regenerated cellulose, absorbable collagen, and 
microfibrillar collagen hemostats act primarily as a lattice to physically promote 
and stabilize the blood clot through platelet aggregation. These agents usually come 
in the form of woven fabrics, porous sheets or cubes, or as fibrillar powder. Ferric 
sulfate acts as an astringent and protein precipitator capable of sealing small blood 
vessels. Although effective, it may be more irritating to the wound than other 
hemostatic agents and can possibly cause tattooing of the gingiva. Topical thrombin 
directly stimulates the formation of fibrin and may be used to control capillary 
oozing. It is bovine derived and is usually applied as a liquid after hydration with 



sterile water or saline. Topical thrombin also may be used together with an 
absorbable gelatin sponge or as a dry powder. This hemostatic agent should only be 
applied topically and never injected into tissues or vessels. 

Figure 20-29.   

 

Repositioned (replaced) flap. A, Pretreatment. B, Deep Grade II furcation 
invasion. Treatment could include placing a graft or periodontal membrane, or 
both. C, Flap replaced to original position and sutured. 

The use of a local anesthetic with vasoconstrictors is a common technique to 
temporarily control minor intraoperative bleeding. It must be understood, however, 
that the action of vasoconstrictors is relatively short lived. Postoperative bleeding 
after the patient returns home may be an unfortunate event if local anesthetic 
infiltration is used to stop bleeding at the end of surgery. Direct pressure on the 
flaps for 5 minutes should be the first means to obtain hemostasis at the conclusion 



of a surgical procedure. If bleeding persists, the use of hemostatic agents other than 
local anesthetic with a vasoconstrictor is indicated. Under no circumstances should 
the patient be allowed to leave if significant bleeding is evident. Nausea from 
ingesting blood, hematoma formation under the flaps with delayed healing, and 
increased susceptibility to infection are likely sequelae of excessive postoperative 
bleeding. 

Figure 20-30.   

 



Apically positioned flap: crown lengthening. A, Pretreatment. B, Before osseous 
resection. C, After osseous resection. D, Flap apically positioned and sutured. 
E, Three months after treatment. 

Figure 20-31.   

 

Coronally positioned flap. A, Pretreatment with gingival recession. B, Flap 
sutured at the level of the cementoenamel junction. C, Three months after 
treatment. 

Figure 20-32.   



 

Laterally positioned flap. A, Marginal tissue recession over canine at 
pretreatment. B, Vertical and horizontal incisions. C, Flap laterally positioned 
and sutured. D, Eighteen months after treatment. Note decreased melanin at 
donor site. 

Figure 20-33.   



 

Compression suture to control palatal bleeding. A, A deep suture placed distal 
to the donor site will compress soft tissues against the greater palatine artery to 
aid in hemostasis after the harvest of a free soft tissue autograft. B, Cross-
sectional schematic demonstrating compression of soft tissue against the artery 
causing mechanical constriction of the vessel lumen. 

Suturing 

As important as incision placement and atraumatic flap management are to the 
outcome of the surgical procedure, flap adaptation and stabilization at the end of the 
procedure are equally important. After any necessary final recontouring and 
thinning of gingival tissues, the flaps are placed passively in position. The surgeon 
must not rely on sutures to pull the flap beyond its passive positioning, as tension is 
created on the flap. Such tension potentially interferes with blood supply to the 
gingiva and increases the likelihood of the sutures pulling through the tissues, 
thereby hindering wound stability. The result may be necrosis of the marginal 
portion of the flap and delayed healing. 

TABLE 20-7  Hemostatic Agents 



 

Selection of the type of suture material and needle is dependent on tissue type and 
thickness, location in the mouth, ease of handling, cost, and the planned time of 
suture removal. Table 20-8 lists the suture and needle types that are commonly used 
in periodontal surgery. There is a trend toward the use of smaller suture material 
and needle diameters. This trend is consistent with the desire to avoid flap trauma 
and minimize disruption of the remaining blood supply to the flap. 

TABLE 20-8  Suture Materials, Needle Designs 



 

Table 20-9 lists some of the many suturing techniques that are used to secure 
periodontal flaps. Technique selection is determined primarily by the final flap 
position, the surgical procedure, and the ease of placement. The interrupted suture is 
the most common type of suture placed. It works well if both the facial and lingual 
flaps require similar amounts of tension and heights (Fig. 20-34). Interrupted 
sutures may be used when flaps are replaced or coronally positioned. 

Sling sutures allow positioning of the facial or lingual flap independent of the 
opposing flap (Fig. 20-35). For example, the sling suture can provide coronal 
positioning of the facial flap while replacing or apically positioning the lingual flap. 
Individual sling sutures also work well to secure a laterally positioned pedicle graft 
around the cervical aspect of the recipient tooth and to secure periodontal barrier 
membranes around teeth. Continuous or double continuous sling (Fig. 20-36) 
sutures are used when an entire sextant or quadrant is being sutured. Similar to the 
single tooth sling suture, these continuous sutures allow opposing flaps to be 
positioned independently of each other. 

External mattress sutures are useful in areas where it is advantageous to keep the 
bulk of the suture material outside the flap. If interproximal intrabony defects are 
treated with bone grafts, the external mattress eliminates or minimizes the amount 
of suture in contact with the graft material. In addition, mattress sutures can better 
control positioning of the papilla without creating additional tension on the papilla 
tip. Vertical mattress sutures are better suited for narrower interdental areas (Fig. 
20-37), whereas horizontal mattress sutures work well in broader interdental areas 
(Fig. 20-38). Both of these sutures are frequently incorporated into a double 
continuous sling suturing technique. Internal mattress sutures are used when it is 



desirable to have the papilla positioned more upright in the embrasure space (Fig. 
20-39). These sutures may be used in anterior regions when esthetics ideally require 
that the papilla fill the entire interdental area. 

Suspensory sutures are best suited to isolated areas where coronal positioning of the 
flap is required. This type of suture occasionally is used to help stabilize a coronally 
advanced flap used to treat a recession defect (Fig. 20-40). 

TABLE 20-9  Suture Techniques 

 

The anchoring suture can be used on the distal or mesial of a tooth adjacent to an 
edentulous space or the retromolar area. This suture is useful when bone grafts or 
barrier membranes are placed, because it achieves intimate adaptation of the flaps to 
the mesial or distal surface of the tooth and provides primary closure of the incision 
(Fig. 20-41). 

Another suture that is useful to achieve primary closure over periodontal 
membranes is the Laurell Loop suture, also known as the vertical sling mattress 
suture.39 This suture incorporates an internal mattress type suture that crosses back 
over the top of the interproximal papilla, through a loop on the lingual, then over 
the papilla again, and secured on the facial surface (Fig. 20-42). The Laurell Loop 
suture works well to bring the facial and lingual papillae together when guided 
tissue regeneration is performed in interproximal sites. 

Regardless of the type of suture or technique selected, the following principles of 
suturing should be followed: (1) use the smallest diameter and least reactive 



material possible; (2) leave a minimum amount of suture material under the flap; (3) 
take adequate bites of tissue making sure not to place sutures too close to incision 
lines or papilla tips; (4) place sutures in keratinized tissue when possible; (5) pass 
the suture from movable tissue to nonmovable tissue; (6) place suture knots at the 
side of the incision line, rather than directly over the incision; and (7) remove the 
sutures carefully and as soon as they stop aiding in wound stability. 

Once the flaps are sutured, pressure should be applied to the flaps for 4 or 5 
minutes. This will eliminate dead space between the flap, the bone, and the roots. 
The objective with pressure application is to ensure adequate hemostasis and to 
prevent hematoma formation and wound separation. 

Wound Management 

Wound management is a crucial aspect of periodontal surgical therapy. Meticulous 
surgical technique is not sufficient to prevent delayed or inadequate healing if poor 
wound management occurs. Postoperative wound stability is paramount for the 
desired surgical outcome to be achieved. Adequate flap adaptation, obliteration of 
dead space under the flap, control of postoperative swelling, and carefully explained 
postoperative instructions are key elements in achieving a stable wound. 

Figure 20-34.   



 

Interrupted suture. A, Suture is passed through the facial (F) papilla from 
outside-in and through the lingual (L) papilla from inside-out. The needle 
should enter the tissue just coronal to the mucogingival junction. On the palate, 
the needle should be passed through the tissue several millimeters apical to the 
base of the papilla. B, After passage of the needle through the lingual tissue, the 
suture is pulled until only 2 or 3 cm of suture material is left outside the facial 
tissues. C, The suture is tied securely without creating excessive tension on the 
flap. 

Periodontal dressings 

At periodontal dressing or pack is a protective material applied over a wound 
created by periodontal surgical procedures. It is most often used to assist in flap 



adaptation where there are postoperative variations in tissue levels. Most 
periodontal dressings currently in use are eugenol-free and are either a two-paste 
chemical cure material containing zinc oxide, mineral oils, rosin and 
bacteriostatic, or fungicidal agents (Coe-Pak—GC America, Inc., Alsip, IL; 
PerioCare—Pulpdent Corp, Watertown, MA), or a visible light-cured gel, 
composed of polyether urethane dimethacrylate resin and silanated silica 
(Barricaid, Dentsply International, Milford, DE) (Fig. 20-43). Cyanoacrylate also 
has been used as a dressing, especially over free soft tissue autografts. Because 
cyanoacrylate has not received U.S. Food and Drug Administration approval for 
this use, it is not discussed in this section. The two-paste dressings are either hand 
mixed or automixed with a multiuse cartridge and a single use mixing tip. Both 
types of dressings rely on a mechanical lock into the embrasure space for 
retention. When the embrasure spaces are filled with soft tissue, these dressings 
have a tendency to loosen and displace rather easily. If wound stability is a 
rationale for dressing placement, their use in these instances may be counter-
productive. Barricaid is somewhat more adhesive to the surface of the teeth if 
applied to dry surfaces. However, these dressings still require a mechanical lock 
to remain nonmobile during the first 7 to 10 days of healing. An advantage of 
Barricaid is its translucent gingival coloring making it more suitable for use in 
esthetic areas than the white or pink paste dressings. 

Figure 20-35.   



 

Sling suture. A, Suture is passed through the facial from outside-in and looped 
around the lingual of the tooth. The suture does not enter the lingual flap. B, 
The suture is passed through the other facial papilla from the inside-out and 
looped back around the lingual of the tooth. C, The suture is tied securely 
without creating excess tension on the flap. 

Figure 20-36.   



 

Double continuous sling suture. A, The suture is passed through the most 
anterior facial papilla from outside-in just coronal to the mucogingival 
junction and looped around the lingual of the tooth to engage the next facial 
papilla. The suture does not enter the lingual flap at this time. B, The suture is 
looped around each successive tooth, penetrating the facial papillae just 
coronal to the mucogingival junction. C, At the distal end of the flap, the 
suture is passed through the facial tissue and looped back around the lingual 
of the terminal tooth and through the interdental area mesial to the terminal 
tooth. The suture is then slung around the facial surface of the terminal tooth 



toward the distal aspect of the lingual flap. Wrapping the suture around the 
terminal tooth in this fashion allows the facial flap to be locked in placed and 
positioned independently of the lingual or palatal flap. D, The needle is passed 
through the most distal aspect of the lingual or palatal flap. The suture is then 
looped back around the facial surface of the terminal tooth. E, The suture is 
passed through the interdental area to engage the next papilla on the lingual or 
palatal flap. F, The lingual flap is sutured in a similar manner as the facial 
flap. The suture is tied anteriorly where the suture was initially introduced into 
the facial tissue. 

Figure 20-37.   

 



External mattress suture (vertical). The external mattress keeps much of the 
suture material on the outside of the flap. It provides greater stability and 
positioning of the papilla without placing the suture too close to the tip of the 
papilla. A, Vertical mattress sutures are used in narrower interdental areas 
when greater control of the papilla tip is required. The suture penetrates the 
facial papilla just above the mucogingival junction from outside-in. The 
papilla is stabilized with tissue forceps and the needle is passed from inside-
out 2 to 3 mm coronal to the initial suture penetration. B, The needle and 
suture are passed through the lingual (or palatal) papilla in a similar fashion as 
the facial papilla (from outside-in near the mucogingival junction then inside-
out, 2 to 3 mm coronal to the previous suture entry point). C, The suture is 
gently tightened bringing the facial and lingual papilla together. The knot is 
secured on the facial. Note that the majority of the suture material lies on top 
of the flaps. 

Figure 20-38.   



 

External mattress suture (horizontal). Horizontal mattress sutures are used in 
wide embrasure areas to give better control over the papilla tip or in the 
anterior area to avoid compressing the papilla tips. A, The suture penetrates 
the facial papilla from the outside-in just above the mucogingival junction at 
the distal aspect of the papilla. The papilla is stabilized with forceps and the 



needle is passed from the inside-out at a point on the mesial aspect of the 
papilla along a horizontal plane even with the distal needle puncture. The 
suture passes through the embrasure space and the suture needle is passed 
through the lingual tissue in a similar fashion. B, The suture crisscrosses over 
the top of the papilla and is secured on the facial. C, Occlusal view of the 
horizontal external mattress suture. D, The horizontal mattress suture may be 
used in the anterior area placing the suture on either side of the papilla. This 
will allow the papillary tissue to stay upright filling the embrasure space. E, 
Occlusal view of horizontal mattress suture used in the anterior region. 

Figure 20-39.   



 

Internal mattress suture. The internal mattress suture allows both the facial 
and lingual (or palatal) papillae to stay upright, filling the embrasure space in 



an esthetic area. A, The suture enters the facial tissue just apical to the base of 
the papilla, runs across the top of the alveolar crest, and penetrates the lingual 
tissue from the inside-out apical to the base of the lingual papilla. The suture 
passes back through the lingual papilla from the outside-in, 2 to 3 mm coronal 
to the previous point of suture penetration, and courses back across the 
alveolar crest exiting through the facial papilla from the inside-out at a point 2 
to 3 mm coronal to the initial facial entry point. B, The facial and lingual 
papillae are positioned together and the suture is tied on the facial. Note that 
the majority of the suture material lies under the flap in the interdental area. C, 
Modified internal mattress: the suture first goes through the base of the lingual 
(palatal) papilla outside-in, then through the base of the facial papilla inside-
out, penetrating just coronal to the mucogingival junction. D, Modified 
internal mattress: the suture is then passed through the facial papilla outside-
in, 2 to 3 mm coronal to the previously placed suture. At this point the suture 
does not penetrate the lingual (palatal) papilla again, as it would in a 
conventional internal mattress. Instead, it is tied to the tail on the lingual 
aspect. E, Modified internal mattress, facial view: suture placement through 
the facial papilla is a conventional vertical internal mattress. The facial papilla 
remains upright. F, Modified internal mattress: suture placement on the 
lingual (palatal) is like a conventional interrupted suture. The lingual papilla is 
positioned apically and the suture is secured on the lingual. 

Figure 20-40.   

 



Suspensory suture. This technique is used to secure a coronally advanced flap. 
The suture enters and exits the flap similarly to a horizontal mattress suture 
and is secured on the coronal aspect of the crown with light cured composite. 

The value of placing periodontal dressings after surgery is controversial. Stated 
benefits include improved flap adaptation to the underlying bone and root surface, 
control of immediate postoperative bleeding, wound protection, and 
immobilization, to help retain osseous graft materials, patient comfort, and 
temporary splinting of mobile teeth. The effectiveness of periodontal dressings in 
achieving these proposed benefits is highly variable, and the decision to use or not 
use dressings appears to be based more on clinical experience and training than on 
sound evidence-based rationale. Periodontal dressings still have a place in 
postoperative wound management for many therapists, but the surgeon should 
focus on good surgical technique and thorough postoperative instructions to 
provide stable flap adaptation, hemostasis, and patient comfort, rather than relying 
on surgical dressings to produce the desired outcome. 

The decision of when and what type of dressing to use varies greatly from one 
provider to another. Dressings may be most useful when flaps are apically 
positioned, in mandibular areas treated with a distal wedge, or after gingivectomy 
procedures. When flaps are apically positioned, the embrasure spaces are opened, 
allowing a secure mechanical lock of the dressing. This provides for a stable 
dressing and prevents the pack from dislodging during the first week of healing. 
Flaps in the area distal to mandibular second molars are difficult to keep in close 
approximation to the underlying bone. If a resective approach is used, pocket 
reduction in these areas could be less than ideal if the tissues elevate during 
healing. A periodontal dressing is beneficial to help keep the tissues well adapted 
to the bone and may improve the predictability for pocket reduction after distal 
wedge procedures in the mandibular retromolar area. 

The use of dressings after gingivectomy procedures is primarily for patient 
comfort and, to a limited extent, as an aid with hemostasis. The broad wound 
created by the external bevel incision is notoriously painful. Covering this wound 
with a dressing can provide some level of comfort, but this varies from patient to 
patient. If a dressing is placed in the posterior region where esthetics are not a 
concern, a paste dressing is relatively easy to apply and is often the first choice of 
dressing. It must be placed while pliable or too much pressure will be exerted on 
the flap and the blood supply may be jeopardized. In the anterior region, Barricaid 
provides for a reasonably esthetic dressing. 

Postoperative instructions 

It is imperative that surgery patients receive thorough verbal and written 
postoperative instructions before they are released. Patient comfort, wound 
stability, and plaque control are the three most important considerations during 
the postoperative phase. Patient comfort and wound stability are provided through 



a combination of good surgical and suturing techniques and careful postoperative 
care of the surgical site. In addition, patient discomfort can be controlled with a 
variety of nonsteroidal or narcotic pain medications, or both. The patient is 
instructed not to chew or to use mechanical plaque control in the area of surgery 
until told otherwise. This is usually 10 to 14 days for most flap and gingivectomy 
procedures, with the exception of guided tissue regeneration and hard or soft 
tissue grafting surgery. After such procedures, wound stability is important for at 
least 4 to 6 weeks. To reduce plaque formation during this crucial healing period, 
a 0.12% chlorhexidine mouthrinse used twice a day is recommended and should 
be continued until mechanical plaque control is reinstituted in the surgical area. 
All areas away from the surgical site should be cleansed with normal brushing 
and interdental plaque control measures. 

After surgery, rest and proper nutrition should be stressed to the patient. The diet 
should be restricted to soft foods and liquids for the first 24 to 48 hours. Chewing 
should be limited to the side of the mouth opposite the surgical site. Swelling in 
the area of surgery is to be expected but can be minimized with good surgical 
technique and intermittent application of an ice pack for the first 8 to 10 hours 
after surgery. Although smoking is not an absolute contraindication to periodontal 
surgery, it is a detriment to wound healing and a negative influence on the overall 
outcome of surgical therapy. (See Chapter 34.) Those surgical patients who have 
elected to continue smoking must be encouraged to stop the habit during the 
postoperative healing phase. 

Figure 20-41.   



 

Anchoring suture. A, The suture is passed through the base of the facial 
papilla from the outside-in and is looped around the lingual of the tooth, 
through the interdental space. B, The suture loops completely around the 
adjacent tooth and penetrates the lingual papilla from the inside-out. C, The 
suture crosses over the top of the papilla. As tension is placed on the suture, 
the papillae are drawn together and toward the proximal surface of the 
adjacent tooth. This eliminates gaps between the flaps at the proximal tooth 
surface. D, The suture is secured on the facial. 

The first postoperative visit is usually 7 to 10 days after surgery. Patient comfort, 
edema, and tissue healing are assessed. If used, the periodontal dressing is 
removed and the surgical site is debrided with an antimicrobial solution on a 
cotton tip applicator. A combination of 0.12% chlorhexidine and 3% peroxide 
diluted in half with water is useful for mechanical and chemical debridement of 
the area. If sutures are no longer providing stabilization of the gingival tissues, 
they are carefully removed at this first postoperative visit. If the sutures are still 
providing wound stability, they may be left in place and removed at the next 
postoperative appointment. Additional supragingival plaque removal is 
accomplished atraumatically with a curet or a rubber cup, or both. If the gingival 



tissues have been apically positioned at the time of surgery, mechanical plaque 
control can be instituted 10 to 14 days after surgery. If guided tissue regeneration 
procedures were performed, the patient should continue with chemical plaque 
control using a 0.12% chlorhexidine rinse until adequate mechanical plaque 
control can take place in 4 to 6 weeks. 

At the second postoperative visit (14 to 21 days after surgery), tissue healing and 
oral hygiene are assessed. Supragingival prophylaxis is completed as needed. If 
thermal sensitivity or root caries is a concern, a fluoride gel should be prescribed 
for daily use. It should be noted that the above procedures are only guidelines. 
Postoperative care frequently varies from patient to patient based on the type of 
surgery, wound healing, and the patient's ability to achieve an acceptable level of 
oral hygiene. The postoperative phase usually lasts 1 to 6 months in most cases. 
Once wound healing is complete, the patient may enter maintenance therapy. 

Figure 20-42.   



 

Laurell Loop suture. A, The suture is passed through the facial and lingual 
papillae as an internal mattress suture. Instead of being tied on the facial 
aspect at this point, a loop in the suture is formed on the lingual. B, The suture 
is passed over the top of the papillae toward the lingual, through the lingual 
loop and back over the top of the papilla toward the facial. C, Tension is 
applied to the suture bringing the flaps and the papillae together and the suture 
is secured on the facial. 

Figure 20-43.   



 

Periodontal dressing. A, Coe-Pak (GC America, Inc.; Alsip, IL) dressing is 
formed into a small roll, looped around the terminal tooth, and gently pressed 
in place with lateral pressure. Engaging interdental undercuts provides 
mechanical retention of the dressing. This can easily be accomplished by 
using a moist cotton tip applicator or curets. B, Barricaid (Dentsply 
International; Milford, DE) dressing is placed as a viscous gel and light cured. 
It provides a more esthetic dressing for anterior areas. 

CONCLUSION 

Knowledge of the patient's medical status, surgical anatomy, and basic surgical 
principles will allow the surgeon to perform safe and effective periodontal surgery. 
Every surgical procedure must have an end-point in mind before the initiation of 
treatment. With experience, the mechanics required to reach that surgical end-point 
are relatively straightforward. The true challenge facing the clinician is determining if 
the treatment approach selected will predictably achieve the overall therapeutic goals 
of a healthy, stable, and maintainable dentition over an extended period. With the 
current emphasis on evidence-based periodontal therapy, scientific knowledge, when 
available, should become the primary driving force in therapeutic and surgical 
decision making. Clinical judgment, personal experience, and patient preferences are 
still valuable entities in this decision-making process, but they must be integrated 
with sound science to improve the predictability, quality, and efficiency of 
periodontal care. 
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21  Periodontal Plastic and Reconstructive Surgery 

Mark E. Glover 

The goal of periodontal therapy is to establish and maintain the dentition and 
periodontium in health, comfort, and function with optimal esthetics throughout the 
lifetime of the patient. This represents a modification in the thought processes of many 
dentists because the "dentition" now includes both natural teeth and dental implants. 
Although treatment parameters still include the basics of health, comfort, and function, 
"esthetics" has recently become an integral portion of the overall goal. Most patients 
will not accept periodontal treatment without the perception of an acceptable esthetic 
outcome. The addition of "optimal esthetics" to the goal of periodontal therapy parallels 
a paradigm shift in all of dentistry. This chapter explores the role of periodontal plastic 
and reconstructive surgery in the fulfillment of these goals (Fig. 21-1, A and B). 

TERMINOLOGY 

Four terms are used to describe this area of periodontics: mucogingival surgery, 
mucogingival therapy, periodontal plastic surgery, and reconstructive surgery. Each 
of these terms will be defined, as they developed historically, to clarify the origin and 
current use of the terms. 

The term mucogingival surgery was used by Friedman in 19571; he referred to 
corrective surgery of the alveolar mucosa and the gingiva which included problems 
with the attached gingiva, shallow vestibule, and the aberrant frenum. Currently, 
mucogingival surgery is defined as periodontal surgical procedures designed to 
correct defects in the morphology, position, or amount of gingiva surrounding teeth2; 
neither alveolar bone nor implants are included in this definition. 

Figure 21-1.   



 

A, Marginal soft tissue recession is recognized by identifying the following: (a) 
the cementoenamel junction (CEJ), (b) the exposed root surface, and (c) the 
apically displaced soft tissue margin. B, Complete exposed root coverage is 
achieved by periodontal plastic and reconstructive surgery to establish optimal 
esthetics; one of the major goals of periodontal therapy was accomplished. 

Mucogingival therapy is defined as the correction of defects in morphology, position, 
or amount of soft tissue and underlying bone.3 This is the most comprehensive 
definition because it includes both nonsurgical and surgical mucogingival therapy of 
the gingiva, alveolar mucosa, and bone. 

In 1988, Miller4 introduced the term periodontal plastic surgery because the term 
mucogingival surgery did not adequately describe all the periodontal procedures that 
were being performed under this classification. Such procedures include root 
coverage, functional crown lengthening, esthetic crown lengthening, ridge 
preservation (after removal of periodontally involved teeth), ridge augmentation, 
maintenance of interdental papillae, reconstruction of papillae, esthetic soft tissue 
surgery around implants, and surgical exposure of teeth for orthodontic purposes. 
Periodontal plastic surgery is inclusive of surgical procedures to prevent or correct 
anatomic, developmental, and traumatic or plaque disease-induced defects of the 
gingiva, alveolar mucosa, or bone. The goal is the creation of form and appearance 
that is acceptable and pleasing to the patient and the therapist.3 

The word plastic means to mold or shape, therefore periodontal plastic surgery 
literally means to mold or shape the tissues around the teeth or implants to create 
optimal esthetics. The addition of the word reconstructive (meaning to rebuild that 
which is missing) to the phrase periodontal plastic surgery better describes some of 
the procedures, such as root coverage, ridge augmentation, and papillae 
reconstruction, because missing tissues are being reconstructed rather than molding or 
shaping tissues that are already there. The term periodontal plastic and reconstructive 
surgery better fits the current definition and goals of periodontal plastic surgery and 
describes the surgical modalities for both periodontal plastic surgery and 
mucogingival surgery; therefore, the term periodontal plastic and reconstructive 



surgery will be used to encompass all the surgical procedures used in this area of 
contemporary periodontics. 

EVIDENCE-BASED APPROACH TO TREATMENT 

The identification and interpretation of the signs and symptoms of mucogingival 
problems will dictate what treatment is performed. A problem is anything that will 
prevent achieving the stated goal of therapy and serves as an indication that treatment 
is necessary. A finding is anything that varies from the perception of normal, and 
should be documented and monitored. Findings can progress to problems that require 
treatment when etiologic factors are ignored, whereas they may resolve themselves if 
the etiologic factors are controlled. 

Clinicians are routinely challenged to identify all significant findings, interpret 
whether a single finding or a combination of findings qualifies as a problem, make a 
definitive diagnosis and then determine which treatment should be used. An 
evidence-based approach to therapy requires a large reliable body of evidence that 
supports which findings or combination of findings can be identified as a problem, 
and that the treatment performed successfully alleviated the problem. The long-term 
success of treatment is determined by how well the etiologic factors of the problem 
are identified and eliminated. Surgically corrected problems may return again because 
of an incomplete understanding by the patient or the clinician as to the etiology of the 
original problem. The clinician must use the current collective knowledge of the 
literature combined with clinical experience to determine the best treatment for each 
individual patient, based on the diagnosis for that patient. 

NONSURGICAL MUCOGINGIVAL THERAPY 

The objectives of nonsurgical mucogingival therapy are to maintain or improve the 
periodontium and the exposed root surfaces when the findings and diagnosis do not 
warrant surgical treatment or when contraindications to surgery exist. Documentation 
of all findings and the identification and control of all etiologic agents is important in 
preventing a finding from becoming a problem. Careful monitoring of the detailed 
findings is necessary to determine when change has occurred and if the change in the 
finding has become a problem. If surgical therapy must be performed, maintenance 
and monitoring are necessary afterwards to determine the following: the ongoing 
effectiveness of treatment, the control of all etiologic agents, and the documentation 
of other potential problems. 

ETIOLOGY OF GINGIVAL RECESSION WITH ROOT 

EXPOSURE 

Marginal soft tissue recession is defined as the displacement of the soft tissue margin 
apical to the cementoenamel junction (CEJ) with oral exposure of the root surface3 



(Fig. 21-1, A). This is a modification of the older but often accurate term gingival 
recession, because marginal soft tissue recession includes recession of either alveolar 
mucosa or gingiva. The term exposed root or root exposure is accurate and effective 
when communicating with patients to explain this diagnosis. Coverage of exposed 
roots is one of the objectives of periodontal plastic and reconstructive surgery (Fig. 
21-1, B). The etiologic factors of marginal soft tissue recession can be divided into 
four major areas: morphology, trauma, inflammatory periodontal disease, and 
occlusal forces. 

Morphology 

The morphology or biotype of the periodontium can be described by two extremes: 
thin and scalloped, or thick and flat.5 The gingival contour in a thin periodontium 
mimics the underlying bone, and often there is an exaggerated rise and fall of the 
marginal gingiva, which is termed gingival scallop. It is not unusual for the gingival 
scallop of the maxillary central incisors of a thin periodontium to be 4 to 6 mm, and 
the posterior scallop can be 2 to 4 mm (Fig. 21-2, A and B). A thin periodontium 
often reveals undulating contours of the prominent roots of the teeth and bone 
alternating with the interdental bone that is often a depression between the roots of 
the teeth known as the interdental sluiceway.6 Recession of the papillary and facial 
gingiva is common because the bone is so thin. This thin bone has a high incidence 
of dehiscence (an absence of bone over the facial surface of the tooth; Fig. 21-2, C) 
and fenestrations (a window in the bone where the root surface can be seen with 
some marginal bone intact; Fig. 21-2, D). The prevalence of dehiscences and 
fenestrations may be as high as 20% in the population.7 When a dehiscence is 
covered by thin gingiva, a minimal amount of brushing can result in soft tissue 
recession and exposure of the root. Recession often continues until the soft tissue 
margin approaches the bone margin where the recession will stop in the absence of 
inflammation. This phenomenon has been termed self-limiting recession.8 

A thick periodontium is identified by a flat gingival scallop often no more than 3 to 
4 mm in the anterior and 1 to 2 mm in the posterior (Fig. 21-3, A and B). This is a 
result of thick bone that has a high incidence of exostosis (Fig. 21-3, C) and tori. 
Thick bone supports the marginal soft tissue and resists the tendency for recession 
to occur. This lack of recession influences the shape of the gingival margin and 
creates the minimal rise and fall of the bone and the soft tissue margin. The 
contours over the roots of the teeth are much less pronounced, and often the roots of 
the teeth are not prominent because the interdental bone fills out the interdental 
space revealing minimal undulation between roots (Fig. 21-3, A and B). If recession 
does occur in the thick periodontium, there is a much greater chance of stabilizing 
the gingival recession or even improving it once all of the etiologic factors are 
controlled. 

Figure 21-2.   



 

A, A thin periodontium has an exaggerated rise and fall of the marginal gingiva, 
which is termed the gingival scallop. Root prominence and the interdental 
sluiceways between the roots can be seen through the alveolar mucosa and 
gingiva, giving an undulating effect to the alveolar mucosa. B, This lateral 
posterior view of the same patient with thin periodontium shows generalized 
posterior gingival scallop of 2 to 4 mm and gingival recession on the maxillary 
left canine. C, The gingiva (G) has been reflected by a full-thickness flap to 
expose the bone (B) and the roots of two incisors, revealing a bony dehiscence 
(arrow) on the most prominent tooth. D, A flap was reflected to reveal a bony 
fenestration on the mesiobuccal root of the maxillary first molar (arrows). 

The eruption patterns of teeth and their eventual tooth position in relation to the 
buccolingual dimension of the alveolar process have an effect on the position and 
thickness of the gingiva that will be established around the teeth.9,10 When a tooth is 
positioned facially, the bone and soft tissue on the facial of that tooth are thinner 
and more susceptible to soft tissue recession than the adjacent teeth (Fig. 21-4). The 
lingual of the same tooth exhibits the exact opposite findings: the lingual bone and 
gingiva are thicker and located more coronal. There is also a high correlation 
between root prominence and gingival recession.8 

In children, the gingival dimensions will increase because of growth in the alveolar 
process and changed position of the teeth. In a 3-year study with children, 71% of 



isolated gingival recessions from 0.5 to 3.0 mm were eliminated after improved oral 
hygiene.11 Surgical treatment of soft tissue recession in the developing dentition 
may not be necessary in all cases, but careful observation is necessary because 29% 
of those isolated recessions did not improve. These cases would be the ones that 
would benefit from gingival augmentation. The changes must be identified on an 
individual basis, and ongoing documentation is mandatory to identify any changes. 

Figure 21-3.   

 

A, Anterior view of a thick periodontium reveals a flat scallop of 2 to 3 mm and 
thick gingival contours that are a result of the underlying thick bone. B, 
Posterior view of a thick periodontium showing a flat scallop of 1 to 2 mm and 
thick gingival contours. C, A mucogingival flap has been reflected in the same 
area as B to reveal the underlying flat bony contour with no bony scallop and 
thick bony margins. 

Figure 21-4.   



 

A prominent lower central incisor (#25) shows gingival recession, whereas the 
contralateral central incisor (#24) is lingually positioned with the gingiva more 
incisal showing that tooth position influences the position of the gingival 
margin. 

Orthodontic movement itself can change the position of teeth and dramatically alter 
the marginal and the papillary tissue. If orthodontic movement occurs within the 
alveolus, then recession rarely is a problem. However, if orthodontic movement 
creates a dehiscence by moving the teeth off of basal bone, then gingival recession 
often results.12 Common areas for this to occur are the lower incisors and the 
mesiobuccal root of first molars, especially in premolar extraction cases (Fig. 21-5, 
A through C), but it can occur in any location. Clinical and scientific studies have 
shown that the volume (thickness) of soft tissue may be a factor in predicting 
whether gingival recession will occur during or after orthodontic therapy.13,14 
Therefore, gingival augmentation is often indicated in the thin periodontium to 
increase the volume of tissue and reduce the propensity for gingival recession to 
occur before or during orthodontic therapy. 

Figure 21-5.   



 

A, Before orthodontic treatment. Note the level of gingival margins on the 
lower incisors. B, After orthodontic treatment. The lower incisors have been 
moved facially, which made the roots of the teeth more prominent and resulted 
in significant gingival recession. C, This premolar extraction case has resulted 
in moving the first molar into the premolar position, creating a prominent 
mesiobuccal root and subsequent soft tissue recession. 

Trauma 

Trauma of the marginal soft tissue can cause an inflammatory response that is 
capable of destroying gingiva, alveolar mucosa, and bone, resulting in soft tissue 
recession. Self-inflicted trauma from any oral habit is the most common cause of 
recession. Toothbrushing practices can inflict microabrasions to the soft tissue, 
which over time can result in recession (Fig. 21-6). Good plaque control is 
sometimes directly related to increased soft tissue recession.15 Patients often feel 
that scrubbing with a hard brush will result in cleaner teeth, but they are 
discouraged to find out that aggressive brushing habits create more problems than 
they prevent. This type of brushing often results in dramatic recession of the facial 
soft tissue but limited recession on the lingual surfaces. Premolars and canines are 
most prone to recession because they are stroked twice with each stroke of the 
brush, whereas molars are often only stroked once; in some instances, patterns of 



recession can indicate the hand used (Fig. 21-7). The causes of recession must be 
identified, and then corrected before surgical treatment is instituted to prevent 
further recession after surgery. Soft tissue recession is often stabilized by good 
nonsurgical therapy, therefore only a small percentage of teeth with soft tissue 
recession will require surgical intervention because of progressive recession. The 
primary concern is to know when soft tissue recession is increasing, which teeth are 
involved, and how much recession has occurred. Excellent, precise documentation 
and diagnosis is the key to successful determination of teeth that require surgical 
treatment. 

Figure 21-6.   

 

The gingival microabrasions at teeth #19, #20, and #21 were caused by 
toothbrushing. If such abrasions continue on a daily basis, they can create 
enough trauma to cause gingival recession. 

Figure 21-7.   



 

Traumatic toothbrushing by a right-handed person has created more recession 
on the left side (#9, #10, #11) when compared with the right side (#6, #7, #8). 

Figure 21-8.   

 

A, Flossing clefts are created by pushing the floss apically well beyond the 
gingival margin, severing the attachment apparatus and cutting the gingiva. B, 
Flossing clefts are usually seen on the mesial line angles of teeth rather than the 
distal line angles because of incorrect technique. 

Flossing habits can also create trauma, which leads to loss of attachment and soft 
tissue recession, and eventually bone loss. The most common mistake is "popping 
the floss" between teeth and pushing hard into the gingiva, which can cause flossing 
clefts (Fig. 21-8, A and B). Patients with no history of periodontal disease and 
shallow probing depths are usually very health conscious. They are correctly 
brushing and flossing two or three times a day, and are often faced with significant 
facial, lingual, and papillary soft tissue recession. These patients are inadvertently 



using floss to cut the gingival attachment apparatus once or twice a day over many 
years, resulting in this pattern of recession. The papillary soft tissue and interdental 
bone in the anterior regions of the mouth are especially vulnerable to damage by 
flossing because of the accentuated scallop. Watching patients floss will give 
insight to why the papillary recession may be occurring in the appearance of 
periodontal health. 

Foreign object doodling is another self-inflicted cause of gingival recession. Habits 
of placing an object on the gingival margin such as the blunt end of a pen, pencil, or 
fingernail, and rubbing the tooth can traumatize the gingiva and result in gingival 
recession. Tobacco products made to go between the "cheek and gums" can result in 
soft tissue recession, as well as periodontitis and oral cancer. Traumatic injuries 
from sporting and automobile accidents can result in soft tissue recession. All of 
these self-inflicted injuries can be indications for gingival augmentation if the 
previously stated criteria are met. 

Dental procedures themselves can result in trauma and soft tissue recession. 
Procedures causing direct trauma to the soft tissue such as tooth preparation, rubber 
dam placement, and gingival retraction can result in gingival recession. 16 Full-
coverage preparation of the interproximal region of anterior teeth in the thin 
periodontium that flattens out the natural scallop results in not only papillary 
recession, but also facial recession.17 When restorative procedures violate the 
biologic width, recession can also occur. 18 Placement of orthodontic bands 
subgingivally in adults can also lead to gingival recession. 

Nonsurgical periodontal procedures such as scaling and root planing to control 
inflammation can result in recession, because of shrinkage of swollen soft tissue. 
Surgical treatments that are designed to reduce pockets by apically positioning 
flaps, such as osseous resective surgery, will result in gingival recession. Any 
surgical endodontic, periodontal, or oral surgery procedure that requires flap 
reflection can result in soft tissue recession if the bone margin is more than 2 or 3 
mm from the CEJ and the soft tissue is traumatized resulting in marginal flap 
necrosis. 

Inflammatory Periodontal Disease 

Inflammatory periodontal disease can cause recession on any surface of any tooth, 
but it is usually found in the areas of plaque and calculus retention. Recession 
resulting from inflammatory periodontal disease is much more obvious in cases 
with a thin and scalloped periodontium where resorption of bone will result in soft 
tissue recession. The loss of interdental bone and papilla height are visually evident 
in the esthetic zone, whereas papillary loss between posterior teeth results in lateral 
food impaction. 

Occlusal Forces 



Occlusal forces have been related to recession in many periodontal articles with 
little or no substantiation. However, Solnit and Stambaugh19 showed resolution of 
recession by only adjusting the occlusion. Although this does not prove that 
traumatic occlusion caused the recession, the elimination of the traumatic occlusion 
did reverse the process and is a noteworthy finding. Conceptually, it is possible for 
a mobile tooth to resorb a thin cortical plate just like orthodontic movement could 
create a dehiscence. The presence of a dehiscence and the lack of bone support for 
the soft tissue margin would be a predisposing factor for recession to occur. 

Inconsistent soft tissue margins appear like soft tissue recession, but root exposure 
has not occurred. The apical movement of the gingival margin is a natural part of 
the passive eruption of teeth. This can be accelerated on individual teeth for a 
variety of reasons; the result is inconsistent soft tissue margins in children or adults 
without root exposure in nonrestored natural teeth. This is not a problem of root 
exposure, but it may be a problem of tooth position, aberrant frenum, or a decrease 
in keratinized and attached gingiva. In some cases, especially in the developing 
dentition, this can look like soft tissue recession, but no CEJ or root surface is 
exposed; there is no indication for surgical intervention if gingival inflammation 
can be controlled by proper plaque control (Fig. 21-9). Most cases of this type will 
not need surgical treatment; therefore, nonsurgical treatment such as plaque control 
instruction, orthodontics to align teeth, or simply waiting for the maturing of the 
patient with passive eruption of teeth and concomitant increase in keratinized and 
attached gingiva, should result in more even gingival margins by the apical 
movement of the soft tissue margin on the adjacent teeth. Monitoring is important 
in the mixed dentition to assure improvement in marginal soft tissue contours. 

ETIOLOGY OF CERVICAL TOOTH DEFECTS 

Cervical tooth defects, also called noncarious cervical lesions, occur in the region of 
the CEJ and are caused by cervical abrasion, cervical erosion, or occlusal stress 
(abfraction). They are classified here according to the type of lost tooth structure: 
cervical enamel defects (loss of enamel), cervical root defects (loss of cementum and 
dentin), or cervical tooth defects (loss of enamel, cementum, and dentin). Instead of 
classifying cervical defects based on one of the three etiologic factors, which 
currently is common, the classification is based on the type of lost tooth structure, 
because the clinical differentiation among these three entities is still unclear and is 
usually a combination of more than one etiologic factor. 

Figure 21-9.   



 

Inconsistent soft tissue margins are common in the mixed dentition and are often 
interpreted as recession; however, no root exposure has actually occurred. 

Cervical abrasion is the result of mechanical abrasion in the cervical region of a tooth 
and is most often caused by excessive use of toothpaste applied with a toothbrush. 
This is commonly called toothbrush abrasion, but a better term would be toothpaste 
abrasion because an in vitro study has shown that even a hard toothbrush without 
toothpaste had almost no abrasive effect on acrylic, whereas a soft toothbrush with 
toothpaste had a dramatic abrasive effect.20 This is not to negate the traumatic effect 
of a hard or medium toothbrush on the marginal soft tissues, but rather to point out 
that cervical tooth loss is caused primarily by the toothpaste with "just" a soft 
toothbrush. This knowledge is vital to clinicians trying to help patients stop 
progressive cervical abrasion. The toothbrushing technique is also important because 
the first area the toothbrush and toothpaste touch will have the greatest concentration 
of toothpaste, and potentially the most cervical abrasion will occur in this area—
usually the maxillary left premolars and canines in right-handed patients (Fig. 21-10, 
A and B). However, every patient has his or her own habits, which is why observation 
of the brushing technique is so important in making a diagnosis and determining the 
etiology. The facial surfaces are given more attention than the lingual surfaces, and 
the areas that patients brush for the longest time are also those areas with the greatest 
propensity for cervical abrasion. It would seem prudent to use a dentifrice with no 
abrasives or no dentifrice on the toothbrush, when brushing at the gingival margins, 
in patients that are prone to cervical abrasion. The clinical appearance of cervical 
abrasion ranges from a wide defect to a slender notch, with varying depths that can 
affect all teeth (Fig. 21-10, C). 

Cervical erosion is defined as the irreversible loss of tooth structure by chemical 
processes not involving bacterial action. The demineralization of the tooth surface can 



also make it more susceptible to damage by toothbrushing with toothpaste. Enamel is 
thinnest at the CEJ; therefore, this area is markedly affected by this demineralization 
process. Loss of the enamel results in a cervical enamel defect that reverses the 
normal scalloped line of the CEJ and leaves a flat or reversed scallop line (Fig. 21-11, 
A). This is combined with a loss of root structure resulting in a flat, wide, round 
cervical tooth defect (Fig. 21-11, B). This dissolution of mineralized tooth structure 
occurs on contact with acids that are introduced into the oral cavity from either 
intrinsic sources, such as gastroesophageal disease or vomiting, or extrinsic sources, 
such as acidic beverages or citrus fruits.21 The most common extrinsic dietary sources 
that have a high acidity (low pH 2.0 to 4.0) are fruits, fruit juices, wine, carbonated 
drinks, and sports drinks.22 Chewable vitamin C tablets or hydrochloric acid tablets 
have been reported to cause dental erosion.23,24 Factors such as frequency and method 
of intake will influence the erosive effects. The popular habit of swishing with 
carbonated beverages is a method of intake that will affect all the facial and cervical 
surfaces of the teeth, whereas drinking with a straw will decrease exposure of acidity 
to the teeth. Eating or drinking these dietary sources of acidity immediately followed 
by tooth brushing will increase the abrasive effect of toothbrushing with toothpaste. 
Regular toothbrushing with a fluoride gel immediately after intake of these dietary 
sources of acidity will help remineralization of the root surfaces. 

An intrinsic cause of increased oral acidity is from gastroesophageal reflux disease, 
which is a common condition, estimated to affect 7% of the adult population on a 
daily basis and 36% at least once a month.25 Gastroesophageal reflux disease can also 
be "silent," with the patient unaware of his or her condition until dental changes elicit 
assessment for the condition.26 This condition usually will affect the lower lingual 
and sometimes the palatal molar surfaces of enamel, and it is an important finding to 
help diagnose the root problem of dental erosion. The second cause of intrinsic 
acidity is from vomiting, which has long been recognized as causing erosion of the 
teeth in patients with eating disorders such as anorexia nervosa or bulimia.27 Dental 
erosion caused by vomiting typically affects the palatal surfaces of the maxillary 
anterior and premolar teeth. Both of these conditions primarily affect the lingual and 
palatal surfaces of anterior teeth, but often patients will complain more about cervical 
erosion that they are able to see. Therefore, the etiology must be determined to 
control future cervical erosion. 

When acid enters the mouth, salivary flow rate increases, the pH increases, and the 
buffer capacity of saliva also increases, so that within minutes the acid is neutralized 
and the pH returns to normal. Dental erosion has been associated with decreased 
salivary flow rates28 caused by aging, medications, and diseases (such as Sjögren's 
syndrome), or head and neck radiation treatment. It is well accepted that salivary 
pellicle protects the teeth from erosion and the lack of salivary pellicle allows for 
easier demineralization of the tooth surface. One study singles out the presence of 
serous saliva and salivary pellicle as being one possible reason for a lower prevalence 
of cervical root defects occurring on the lingual (2%) versus the facial (28%) surfaces 
of teeth. The facial of maxillary incisors is the most common site for the cervical 
tooth defects (36%), and the reason was related to the decreased distribution of saliva 



on these teeth.29 Therefore, decreased salivary function is an important factor in the 
etiology of cervical erosion. 

Abfraction is the loss of tooth structure at the cervical areas of teeth caused by tensile 
and compressive forces during tooth flexure as a result of excessive occlusal forces, 
which weaken the tooth at the CEJ. The clinical appearance is reported to be a deep, 
narrow, V-shaped notch that commonly affects the facial surface of single teeth (Fig. 
21-12). In 1991, Grippo30 first originated the term abfraction to describe the stresses 
that biomechanical loading forces exert on the teeth causing the enamel31 and dentin 
to chip or break away. The hypothesis was not supported with evidence until 1999 
when an in vitro abfraction defect was produced in a premolar tooth in a 10% 
aqueous solution of sulfuric acid and then referenced in a brief report.32 This single 
case study did use acid along with stress to produce the abfraction defect. Other 
studies have not proven that all wedge- or notch-shaped cervical lesions are caused by 
occlusion and have attributed some of these defects to toothbrushing habits. One 
study did relate occlusal wear to 15% of the wedge-shaped defects.33 This abfraction 
phenomenon has not been fully researched and cannot be discounted; however, to say 
it is the only cause of notch-type defects is erroneous. Occlusal stresses on teeth can 
flex teeth, causing fracture of the thin enamel at the CEJ; however, if stresses on 
maxillary canines result in abfraction defects on the facial surface, then stress on the 
lower canine should create abfraction defects on the lingual surface. If occlusal forces 
were the only cause of the abfraction defects, then teeth would have this type of notch 
as often subgingivally as supragingivally. Abfraction can rarely be seen on the lingual 
or subgingival surfaces of teeth. Occlusion does play a role in the flexure of teeth; the 
greatest force is created not by functional loading, but by parafunctional habits such 
as clenching and bruxism. These occlusal findings should be controlled when they are 
found on a tooth that has a cervical notch defect, especially if the defect is to be 
restored. The occlusal therapy may include both equilibration and bite-guard 
placement to reduce the functional and parafunctional loading of the teeth in question. 

Figure 21-10.   



 

A, Cervical abrasion of the right maxillary canine in a right-handed patient 
showing a cervical defect that is 1.0 mm in depth. B, Cervical abrasion of the left 
maxillary canine in the same patient as in Figure 21-10, A, showing a cervical 
defect that is 3.0 mm in depth. The patient began his brushing technique on the 



left side. The root defect on the left canine is 2 mm deeper than the right canine 
because of the increased amount of toothpaste and time focused on brushing these 
teeth. Both teeth have an equal amount of incisal wear, which is evidence of 
bruxism. C, Cervical abrasion of multiple teeth extending into the pulpal region of 
several mandibular teeth. 

Figure 21-11.   

 

A, Cervical erosion by chemical demineralization of the enamel and dentin, 
creating a cervical enamel defect and cervical root defect with a resulting reverse 
scallop of the cementoenamel junction. B, Cervical erosion of the enamel and 
dentin creating a flat, wide, round cervical defect. 

Figure 21-12.   



 

Abfraction defects appear as notch-shaped defects created by occlusal forces that 
weaken the teeth at the cementoenamel junction, resulting in accelerated loss of 
both enamel and dentin. 

The etiology of cervical root defects is undoubtedly multifactorial. Faster 
deterioration of the cervical root occurs when multiple factors exist at the same time, 
and treatment must address all of the known causes to successfully treat the patient. 
Although there is considerable controversy as to the exact etiology of cervical tooth 
defects, it can be assumed that they are rare when no root exposure has occurred. It 
appears that exposure of the root to the oral cavity is usually necessary to create this 
defect. Conversely, the coverage of exposed roots by periodontal plastic surgery 
techniques may assist in halting the progressive nature of these defects, especially 
when complete root coverage is achieved. When the exposed cervical tooth defect is 
left untreated, it often continues increasing in depth and width over time, even to the 
point of pulp exposure or tooth fracture (Fig. 21-13). Cervical root defects have been 
seen in the past as merely a finding and were rarely treated because they were not 
carious lesions. But, cervical root defects are problems because progressive 
deepening of the defect can lead to tooth loss. Cervical tooth defects can occur in 
many shapes and forms, from a simple groove just apical to the CEJ, to a more dished 
out appearance often involving enamel, to a cleft, notch, or groove with a deep fissure 
running at an oblique angle. Adhesive restorative solutions to these problems are 
successful 65% to 100%34,35 of the time over 1 year, and they can be viewed as a 
temporary solution, but one worth considering in most cases. As long as the 
restoration is retained, the loss of root structure is stopped and the cervical defect is 
eliminated (Fig. 21-14, A and B). When retention is a problem, full crowns or veneers 
are the next level of treatment. All of the restorative treatments may result in uneven 



gingival margins or "long teeth." Root coverage procedures may be preferred rather 
than restoration in many cases. Often, both root coverage and restorative techniques 
are needed to reestablish a proper tooth length and to repair the cervical defect when 
an optimal esthetic outcome is a priority. The etiology of recession must be addressed 
or the recession will continue after treatment is complete, creating root exposure 
again. The ideal treatment is to create the proper tooth length and bilateral symmetry 
by restorative, or root coverage techniques, or both. The increase in incidence and 
severity of cervical tooth defects is becoming recognized as the most overlooked 
indication for exposed root coverage surgery. Cervical tooth defects are often a 
problem in older patients, and they should be carefully evaluated and aggressively 
treated when seen in a younger patient. 

Figure 21-13.   

 

Severe loss of cervical tooth structure resulting in pulp exposure of the lower left 
canine. If steps are not taken to identify and eliminate causative factors, the teeth 
may be lost. 

Figure 21-14.   



 

A, An isolated cervical tooth defect that is 1 mm in depth presents a treatment 
dilemma. B, A Class V restoration was placed to restore the cervical defect and to 
stop the loss of cervical tooth structure. Long-term retention of this restoration 
may be a problem if the occlusion has not been properly evaluated and treated to 
prevent flexion of the tooth. 

NONSURGICAL CONTROL OF ETIOLOGIC FACTORS 

The control of inflammatory periodontal disease must be the first step in treatment of 
any periodontal patient. The removal of calculus and plaque from the root surface of 
the teeth usually can be accomplished without surgery. 

Modification of oral hygiene habits must be customized for each patient's needs 
depending on the findings of the comprehensive examination. Many patients with 
mucogingival problems are health conscious and concerned about their dental health, 
as well as esthetics, and a little motivation in this group of people goes a long way 
toward improving individual oral hygiene habits. Special instructions must be 
developed for patients with generalized soft tissue recession and cervical root defects 
without the presence of gingival inflammation from local factors. Patient education 
regarding the cause of the problem and personalized instruction will help to stabilize 
or even to reverse the soft tissue recession. Use of an extra soft brush is the best way 
to reduce soft tissue trauma to the gingiva, along with the proper gentle massage 
motion rather than a scrubbing motion. When patients realize that brushing is the 



cause of the problem, the pendulum often swings the other way and the gingival 
margin is avoided altogether, resulting in increased gingivitis and cervical caries. It is 
important to stress that there are different brushing techniques and frequencies for 
each of the following reasons: (1) to remove plaque, (2) to freshen breath, (3) to 
remove food particles, and (4) to whiten teeth. Many of these patients are brushing 
the same way three or more times a day, which results in ineffective plaque control 
and trauma to the gingival margin and root surface. Brushing after every meal is not 
advised for this group of patients, but if proper brushing is performed to remove 
plaque once daily, additional brushing can be performed after every meal with focus 
on the tongue and the chewing surfaces of the teeth to control bad breath. This will 
result in less trauma to the soft tissue margin and will allow more time for the gingiva 
to heal between daily brushing episodes. Careful use of interdental cleaners such as 
floss, toothpicks, or interdental brushes can reduce food retention after each meal, but 
minimize brushing of the facial and lingual soft tissue margins. Interdental cleaners 
themselves can cause trauma and should be used gently. 

The use of disclosing solution is an important educational tool for the overmotivated 
patient. It will show how little plaque collects on the facial surfaces of the teeth and 
will teach the correct end-point of brushing to remove plaque instead of 
indiscriminate scrubbing of teeth. Once patients realize they are brushing too hard 
and too often, they can modify their own schedule to properly remove the visible 
plaque. 

A comprehensive evaluation of intrinsic and extrinsic acidity is needed to determine 
if modifications in diet or diagnosis of other disease entities such as gastro-
esophageal reflux disease, bulimia, or anorexia are appropriate. Abrasive over-the-
counter toothpastes are the primary cause of cervical root abrasion and should be 
avoided in patients with obvious signs of cervical root defects. Careful questioning of 
how much toothpaste is used and which teeth are brushed first will often coincide 
with the teeth having the worst cervical root defects. The soft toothbrushes used today 
hold toothpaste in between the bristles and contribute to abrasion.20 It is 
recommended to use a dentifrice with extremely low or no abrasives in these patients. 
In some instances, the use of no dentifrice at the gingival margins is the best 
approach. The patient can apply a pea-sized amount of regular dentifrice to their 
toothbrush and brush the occlusal surfaces of their teeth and their tongue rather than 
the cervical margins of the teeth. Fluoride gels are also helpful because of the low 
abrasive content and the potential for root remineralization and increased resistance to 
cervical erosion. 

The patient's flossing technique should be watched carefully because excessive force 
can traumatize the dentogingival attachment and can lead to a loss of attachment and 
recession followed by root exposure. This is especially true for highly scalloped 
periodontiums, where the floss can easily damage the interproximal attachment 
apparatus (junctional epithelial attachment and the connective tissue attachment), 
especially in the inflamed condition where there is bleeding when flossing. Papillary 
recession can occur when first learning how to floss as a result unintentional trauma 
to the inflamed and compromised gingival attachment apparatus in the thin scalloped 



periodontium. When the transseptal and circular gingival fibers are damaged, both the 
papillary and the facial gingival margins can recede as a result. Gentle flossing with a 
technique that will ensure light apical force, but proper lateral force and floss 
position, will help to ensure a return of the healthy periodontium without excessive 
papillary recession. 

Orthodontics is one major category of nonsurgical therapy that can improve the status 
of the periodontium (see Chapter 28). Soft tissue and bone will move with the tooth in 
the absence of inflammation during orthodontic movement, allowing the therapist 
control of the gingival margin and bone surrounding that tooth. Many of the 
indications for periodontal plastic surgery can benefit from orthodontics, and in some 
cases orthodontics alone can obviate the need for surgical intervention. Orthodontics 
can make the difference between success and failure with gingival margin 
discrepancies, inadequate tooth length, papilla preservation and reconstruction, ridge 
preservation, and a gummy smile.36 Gingival form and contour in the past have been 
the primary concern of the periodontist, but currently it is one of the major esthetic 
concerns under consideration by the practicing orthodontist.37 

Occlusal traumatism resulting in enamel wear, or the presence of suspected abfraction 
defects, or both, should trigger questions about parafunctional habits (Fig. 21-12). 
When bruxism is diagnosed, treatment to reduce occlusal stresses should be initiated, 
such as a bite-guard. Tooth mobility and fremitus (functional mobility) should also be 
determined in the initial examination. Excessive occlusal forces should be eliminated 
by occlusal adjustment, which has been shown to reduce mobility by 28%,38 and in 
some cases to reverse gingival recession.19 

DOCUMENTATION TO MONITOR SOFT TISSUE 

RECESSION AND CERVICAL ROOT DEFECTS 

Documentation for this purpose should include a detailed recording of recession 
(facial, lingual, and papillary), gingival width (facial and lingual), and six site-
probing depths per tooth. The periodontal probe suited for this purpose is divided into 
1-mm increments (Fig. 21-15); therefore, documentation of recession can be read in 
0.5-mm increments. It is important to be able to recognize small changes, either 
positive or negative, in the amount of root exposure. Color photography of all 
gingival and papillary margins in the area of concern is an important tool for 
documentation, as well as visual communication with the patient (Fig. 21-16, A). 
Patients must be made aware of the diagnosis so that ownership of the problem is 
delegated to them, and copies of the photographs can be given to the patient for his or 
her file. Diagnostic casts of teeth and gingiva can provide the best details of soft 
tissue recession, root exposure, and extent of cervical root defects that are sometimes 
hard to visualize on photographs. The impressions must be free of voids at the 
gingival margins where root defects are present, so that the finished models will 
accurately duplicate the tooth and soft tissue contours. These models can be given to 
the patient along with the photographs, so that the patient will have the necessary 
documentation for future reference, whether for themselves, for another dentist, or for 



a periodontist. Radiographs are needed to rule out bone changes when recession 
occurs. Occlusal evaluation also is necessary to determine the presence of 
parafunction, fremitus, and mobility. 

Figure 21-15.   

 

University of North Carolina-15 (UNC-15) periodontal probe with 1-mm 
markings to allow recording measurements of soft tissue recession and cervical 
defect depths to the nearest 0.5 mm. 

Figure 21-16.   

 

A, Initial documentation photograph of patient with soft tissue recession and 
gingival inflammation, with no probing depths greater than 3 mm. B, Progressive 



increasing soft tissue recession around several teeth is obvious after less than 1 
year. 

The intervals of these documented readings vary with each case, but in most instances 
they are repeated every 3 months until change stops and stability ensues. Then 
reevaluation appointments for data gathering with photographs and bitewing 
radiographs can be performed on an appropriate interval from every year to every 3 
years, as determined on a case-by-case basis. Maintenance visits should be at the 
proper interval to maintain periodontal health. Impressions taken on the same 
schedule as full-mouth radiographs can be compared with the previous impressions. 

THERAPEUTIC END-POINTS OF SUCCESS IN 

PERIODONTAL PLASTIC AND RECONSTRUCTIVE 

SURGERY 

The therapeutic end-points of success or the objectives of periodontal plastic and 
reconstructive surgery include: gingival augmentation, elimination of the aberrant 
frenum, exposed root coverage, preservation of ridge morphology after tooth 
removal, ridge augmentation, esthetic crown lengthening, papilla preservation and 
reconstruction, and exposure of impacted teeth not likely to erupt. The indications to 
achieve these therapeutic end-points should be confirmed by the literature, interpreted 
by the clinician, and then explained to the patient. The elimination of gingival 
inflammation should be the first step in periodontal therapy. The indications for 
periodontal plastic surgery that are detailed in the following sections assume that 
control of inflammation by nonsurgical methods has been completed when indicated. 
In some instances, gingival inflammation cannot be controlled until surgical 
procedures have been performed. 

INDICATIONS AND CONTRAINDICATIONS FOR 

GINGIVAL AUGMENTATION 

The objectives of gingival augmentation are to increase the width and thickness of 
gingiva and to establish a proper vestibular depth, to prevent or stop soft tissue 
recession and facilitate plaque control. The indications for gingival augmentation 
have changed over the years, primarily as a result of the introduction of new 
techniques. The current ability to cover exposed roots with soft tissue grafting was 
not routinely performed before the early 1980's; therefore, the prevention of recession 
was more important before that time because of the inability to cover exposed roots. 
Prevention of recession is desirable and remains an important goal of mucogingival 
therapy, but it is less often a primary indication for surgical treatment. Prevention of 
recession is more often accomplished through the methods previously discussed. 

The diagnosis of soft tissue recession is not seen as a sole indicator for surgical 
treatment, because the soft tissue margin can remain stable for years without exposing 



more root surface.39,40 However, the amount of soft tissue recession is a finding and 
should always be documented to determine if the recession is changing. An increase 
in soft tissue recession and root exposure over time or progressive soft tissue 
recession is an indication for gingival augmentation (Fig. 21-16, A and B).3,41 Some 
authors might argue that the mere presence of root exposure demonstrates that the 
soft tissue margin has moved; therefore, it should be classified as progressive soft 
tissue recession. However, the presence of an exposed root surface alone does not 
predict future soft tissue recession. Other questions that have not been answered are: 
how much root exposure is acceptable? And does a certain amount of root exposure 
automatically indicate the need for gingival grafting? It would be impossible to 
designate a number value for the amount of acceptable root exposure, yet at some 
point the recession must stop to prevent loss of the tooth; merely because the 
increased recession was not witnessed does not mean it is not occurring. Therefore, 
additional findings must be discussed that will help in determining when to 
recommend gingival augmentation. 

Minimal or no attached gingiva was one of the original reasons for performing 
mucogingival surgery, and the rationale was to return the periodontium to normal 
form and function. The term attached gingiva refers to that portion of the gingiva that 
is firmly bound down to the bone or tooth. The term free or unattached gingiva is that 
portion of the gingiva that forms the unattached soft tissue boundary for the gingival 
sulcus or pocket. The keratinized gingiva includes both the free gingiva and the 
attached gingiva. On the basis of observations made in young individuals, it was 
suggested that a minimum of 2 mm of keratinized gingiva, corresponding to 1 mm of 
attached gingiva and 1 mm of free gingiva, is adequate to maintain gingival health.42 
This concept continues to be put into practice, but it is not well supported by 
evidence. One article supporting this practice reports 18% of the sites that were 
deemed to have inadequate attached gingiva had increased recession and attachment 
loss over 5 years.43 The majority of 5- to 10-year studies44–46 indicate that there is no 
minimal amount of attached gingiva necessary to maintain a healthy and stable 
periodontium when traumatic tooth brushing and inflammation are controlled. The 
absence of keratinized gingiva alone is generally not justification for gingival 
augmentation, 41,47 and nonsurgical mucogingival therapy is indicated in this group of 
patients. 

When the triad of findings—that is, (1) gingival inflammation, (2) soft tissue 
recession, and (3) no attached gingiva—are combined, they may be diagnosed as a 
mucogingival problem and an indication for gingival augmentation (Fig. 21-17).48 
Gingival augmentation may also be considered in other situations in which a change 
in the morphology of the mucogingival complex may facilitate proper plaque control 
and eliminate gingival inflammation.47 

When the need for intracrevicular restorations is combined with minimal or no 
attached gingiva, gingival augmentation is indicated.49 Greater levels of gingival 
inflammation are present around teeth with submarginal restorations when a narrow 
zone (<2 mm) of gingiva is present, compared with teeth having a wide zone of 
gingiva.50 Gingival augmentation in this situation is considered a preprosthetic 



periodontal surgical procedure. Maynard and Wilson51 stated, "If the clinician plans 
restorative procedures that will enter the gingival crevice, approximately 5 mm of 
keratinized tissue, composed of 2 mm of free gingiva and 3 mm of attached gingiva, 
is necessary to meet restorative objectives." There is little scientific evidence to 
support this 5 mm minimum; however, experimental studies in dogs have confirmed 
the need for an adequate amount of attached gingiva before restorative procedures.52 
Other restorative procedures in which continuous mechanical and inflammatory insult 
may be present in areas of minimal keratinized marginal gingiva, such as with the 
proximal plate and I-bar design of removable partial dentures and overdentures, are 
also indications for surgical augmentation procedures.53 

Figure 21-17.   

 

A mucogingival problem is an indication for soft tissue grafting when presenting 
with three findings: gingival inflammation, soft tissue recession, and minimal or 
no attached gingiva. 

The presence of a dehiscence over a root combined with a thin periodontium is an 
indication for gingival augmentation. The actual presence of a dehiscence is difficult 
to determine without a surgical flap; therefore, a prominent tooth position or any 
procedure that is likely to cause a dehiscence in a thin periodontium is an indication 
for gingival augmentation procedures. Tooth movement, either by orthodontics or by 
the natural eruption pattern, which will result in moving the tooth out of the alveolar 
housing and formation of a dehiscence (combined with a thin periodontium), is an 
indication for gingival augmentation.9,10,12–14 On the contrary, when teeth with 



minimal facial gingiva are moved lingually, no augmentation procedures are 
necessary.54 

The shallow vestibule was one of the three original mucogingival problems cited by 
Friedman in the late 1950's that required increasing the apicocoronal dimension of 
gingiva. The termination of the orofacial muscles into the soft tissues covering the 
alveolar process forms the vestibular fornix. Shallow vestibular depth can interfere 
with oral hygiene procedures causing ineffective plaque control (Fig. 21-18, A). 
Bohannan55 studied ways to deepen the vestibule before the advent of soft tissue 
grafting and found that the vestibular depth was best maintained when alveolar bone 
was exposed at the depth of the vestibular incision to achieve a lasting result by 
producing an "apical scar." This procedure was called the periosteal separation 
technique.56 

The shallow vestibule is often extended apically by placing a soft tissue graft in 
conjunction with apical positioning of the mucogingival complex to reposition or 
resect the adjacent orofacial muscles (Fig. 21-18, B). It is rarely necessary to expose 
alveolar bone to achieve healing by secondary intention and subsequent scarring to 
bind the vestibule apically, as suggested by Bohannan,55 rather than placing a soft 
tissue graft. Even a large vestibuloplasty can be accomplished without exposure of 
bone because of the current availability of acellular dermal matrix allografts. 

Techniques using a split-thickness flap or a periosteal releasing incision to advance a 
flap can result in a shallow vestibule. Other techniques such as alveolar distraction 
can also result in a shallow vestibule. These surgically created conditions, as well as 
naturally occurring shallow vestibules, are indications for increasing the vestibular 
depth by gingival augmentation procedures. 

Dental implants generally have a smaller proportion of attached gingiva and a larger 
proportion of free gingiva compared with natural teeth. Although natural teeth have a 
dentogingival attachment apparatus that includes both connective tissue attachment 
and junctional epithelial attachment, implants have only junctional epithelial 
attachment57 (see Chapter 26). Dental implants have a high long-term success rate 
regardless of the type of soft tissue surrounding them.58,59 The majority of implants in 
several studies lack the presence of keratinized periimplant mucosa, and in fact have 
alveolar mucosa surrounding the implants60,61 (Fig. 21-19). However, the results of 
one study indicate that the presence of plaque-induced inflammation causes more 
recession to occur when the periimplant tissue is alveolar mucosa rather than when it 
is composed of a more collagen-rich masticatory mucosa62 (Fig. 21-20). Therefore, 
the presence of keratinized gingiva is desirable, but not clearly necessary for the long-
term success of dental implants. A mucogingival problem indicated by soft tissue 
inflammation, recession, and minimal or no attached gingiva should be present to 
indicate the gingival augmentation. 

Figure 21-18.   



 

A, A shallow vestibule may result in ineffective plaque control and gingival 
inflammation. B, A vestibular extension was performed using a free gingival graft 
to help maintain the vestibular depth. 

Figure 21-19.   

 

These implants have been stable for more than 10 years but they have no 
keratinized or attached gingiva. 

Figure 21-20.   



 

These implants have adequate keratinized gingiva and have been stable for more 
than 5 years but gingival recession has exposed the implant creating an esthetic 
problem. 

ELIMINATION OF THE ABERRANT FRENUM 

The aberrant frenum is a problem that indicates treatment is necessary. The 
mandibular frenum is evaluated by the amount of attached gingiva coronal to the 
frenum. When the lip is manually extended, the gingival margin should not move or 
turn white (blanche). This usually becomes a problem when the free soft tissue 
margin approaches the frenum as a result of soft tissue recession (Fig. 21-18, A, and 
Fig. 21-21, A). Originally, this problem was treated by a frenectomy (removal of the 
frenum) and vestibular deepening. Currently, the mandibular frenectomy is performed 
as a single procedure in preparation for root coverage procedures where the frenum 
will create movement of the root coverage graft, thereby resulting in failure to cover 
the intended root (Fig. 21-21, C). A frenectomy is commonly performed in 
conjunction with a soft tissue graft to increase the amount of attached gingiva and 
eliminate the aberrant frenum at the same time. 

Figure 21-21.   



 

A, An aberrant frenum will interfere with the proposed root coverage procedures 
and the marginal gingiva moves slightly when the lip is retracted. B, A 
frenectomy is performed by resection of the frenum and exposure of the root and 
bone. C, The 6-week healing of the frenectomy shows the elimination of the 
frenum, no movement of the marginal gingiva, and the regeneration of an 
adequate band of attached gingiva. Root coverage procedures can be performed 
without interference from the frenum. 

The maxillary frenum is usually evaluated by additional criteria. The frenum can 
interfere with orthodontic care when a diastema between two central incisors is closed 
and a frenum inserts directly into the papillary region (Fig. 21-22, A). Surgical 
correction is delayed until after completion of orthodontic therapy (Fig. 21-22, B). 
Orthodontic relapse of diastema closure has been shown to be dramatically reduced 
from an incidence rate of 70% to approximately 7% if a frenectomy is performed 
after orthodontic therapy is completed.63 Because a shallow vestibule is rarely a 
problem in this area of the mouth, apical positioning of the frenum rather than total 
elimination of the frenum is often an acceptable goal. A frenotomy (repositioning of 
the frenum) to a more apical position accomplishes all the objectives without total 
excision of the frenum. The end result is a normal frenum attachment rather than the 
total absence of the frenum. If the frenum is large and inserts into the papillary 



gingiva after surgical removal of most of the keratinized gingiva between the central 
incisors, loss of the papilla is possible. The placement of a gingival graft to cover this 
area will improve the ability to prevent papillary recession and to prevent 
reattachment of the resected frenum. Because this area is in the esthetic zone, donor 
tissue from the facial surface of the second or third molar region rather than the palate 
will give a better color match. Pigmented gingiva will lose its pigmentation when 
grafting; therefore, it does not lend itself to esthetic treatment unless the melanin-
containing epithelial cells and the melanocytes are removed by a gingivoplasty 
resulting in a uniform color match (Fig. 21-23, A and B). 

Figure 21-22.   

 

A, A maxillary frenum is shown inserting into the papilla between maxillary 
central incisors. The midline diastema was recently closed orthodontically. 
Movement of the lip will slightly move the papillary tissue between # 8 and #9. 
The patient underwent a maxillary labial frenectomy. B, The maxillary 
frenectomy is healed, but this case has a color discrepancy because of the lack of 
pigmentation in the regenerated gingiva. 

Esthetic improvements are a primary indication for performing periodontal plastic 
and reconstructive surgery. Esthetics, or the concept of beauty, is determined by 
cultural, social, economic, and personal factors. The phrase "beauty is in the eye of 
the beholder" is very true, and esthetic requirements ultimately are determined by 
each patient. The mass media including movies, television, and magazines dictate the 
philosophy of beauty to patients who see beautiful smiles and then want what they 
see. Esthetic demands on the dental profession continue to increase as patients 
become more educated about the available options for improving their smile. It is the 
responsibility of the dental team to understand optimal esthetics, the indications for 
treatment, and to be able to effectively communicate with the patient. This is most 
effective with digital photography and a computer program that provides the patient 
with a visual concept of the expected results. All of the remaining therapeutic end-
points to be discussed are concerned with esthetics, and they are most difficult to 
evaluate by evidence-based studies because esthetics are subjective. When a specific 
end-point is attainable, such as root coverage, many articles can be used to determine 



the degree of root coverage attainable with different procedures, but the esthetic 
differences among techniques are much more difficult to quantify. 

Figure 21-23.   

 

A, Preoperative view of a patient where the pigmentation and short teeth were an 
esthetic problem for the patient. B, Postoperative view shows a dramatic change 
in the color and contour of the gingiva after gingivectomy and gingivoplasty. 

INDICATIONS AND CONTRAINDICATIONS FOR 

EXPOSED ROOT COVERAGE 

The objectives in root coverage procedures are to cover a predictable amount of 
exposed root surface with attached gingiva resulting in a healthy, shallow sulcus. The 
rationale is to improve esthetics and/or cover cervical root defects, root caries, or root 
sensitivity. The amount of root coverage that can be achieved is related to the height 
of the adjacent interdental bone and papilla. The classification of soft tissue recession 
defects most commonly used was proposed by Miller (Fig. 21-24)64:  

Class I: Recession not extending to the mucogingival junction. No loss of 
interdental bone or soft tissue. 

Class II: Recession extending to or beyond the mucogingival junction. No loss of 
interdental bone or soft tissue. 

Class III: Recession extending to or beyond the mucogingival junction. Loss of 
interdental bone or soft tissue is apical to the CEJ, but coronal to the extent of the 
marginal soft tissue recession. 

Class IV: Recession extending to or beyond the mucogingival junction. Loss 
of interdental bone extends to a level apical to the extent of marginal soft tissue 
recession. 

Figure 21-24.   



 

Marginal soft tissue recession classification. A, Class I: Marginal soft tissue 
recession not extending to the mucogingival junction with no loss of interdental 
bone or soft tissue. Complete root coverage can be anticipated. B, Class II: 
Marginal soft tissue recession extending to or beyond the mucogingival junction 
with no loss of interdental bone or soft tissue. Complete root coverage can be 
anticipated. C, Class III: Marginal soft tissue recession extends to or beyond the 
mucogingival junction with interdental loss of bone or soft tissue, apical to the 
cementoenamel junction but coronal to the level of soft tissue recession. Partial 
root coverage can be anticipated. D, Class IV: Marginal soft tissue recession 
extends to or beyond the mucogingival junction with loss of interdental bone or 
soft tissue apical to the level of the recession defect. No root coverage can be 
anticipated. 

Notably, in the Miller recession classification, the term recession includes both the 
visible recession and the sulcus or pocket itself. Therefore, if the visible recession or 
the depth of the sulcus/pocket extends beyond the mucogingival junction, the 
recession is not a Class I recession defect. 

Achieving complete root coverage is possible in Class I and II recession defects (Fig. 
21-24, A and B) primarily because the interdental soft tissue and bone are still intact. 
Complete root coverage was further clarified to include the following four criteria: (1) 
the soft tissue margin must be located at the CEJ; (2) there is clinical attachment to 



the root; (3) the sulcus depth is no more than 2 mm deep; and (4) there is no bleeding 
on probing.65 Treatment of Class III recession defects (Fig. 21-24, C) will result in 
partial root coverage because some interdental soft tissue and bone has been lost. 
Treatment of Class IV recession defects (Fig. 21-24, D) will result in no root 
coverage because of the advanced interdental soft tissue and bone loss. Complete root 
coverage is more difficult when cervical enamel defects have moved the CEJ farther 
coronal or incisal (Fig. 21-11, A and B). 

Esthetic improvement is a common indication for exposed root coverage procedures. 
The decision to cover an exposed root with gingiva or with a restoration is often an 
esthetic decision based on whether the tooth needs to be shorter or longer. Surgical 
root coverage procedures can cover up to 100% of the previously exposed root 
surface; however, not all procedures result in the same esthetic qualities. Many details 
of the surgical procedures and subsequent healing can make a big difference in the 
thickness, color, or contour of the healed graft. The esthetic results can be classified 
as poor, fair, good, and excellent. The excellent result looks identical to the original 
tissue in thickness, color, and contour. 

Cervical root defects are a common biologic indication for root coverage procedures. 
The shallow root defect (<1 mm; Fig. 21-10, A, and Fig. 21-11, B) is easily treated in 
Miller Class I and Class II cases to completely cover the root surface. The moderate 
root defect (1 to 2 mm; Fig. 21-14, A) is more difficult to treat because of the 
extensive amount of root reshaping that must be performed before grafting, but 
excellent results can be achieved. The presence of deep cervical root defects (>2 mm; 
Fig. 21-10, B, and Fig. 21-13) are the most difficult to treat because so much tooth 
structure is missing, and the remaining tooth is significantly weakened by the cervical 
root defect. 

Root sensitivity is an indication for root coverage procedures if it does not respond to 
nonsurgical desensitization methods.66 Root sensitivity often occurs just after the root 
is exposed and a small amount of root surface is usually visible, as seen in Class I 
recession defects (Fig. 21-24, A). Notably, unless the entire root is completely 
covered, some sensitivity will likely continue; therefore, complete root coverage is 
the goal of this procedure. The ability of periodontal plastic surgery to cover these 
roots will give these patients an improved quality of life. 

Root caries that cannot be effectively treated by restorative means can be an 
indication for root coverage procedures.67 Smooth surface root caries that are rather 
shallow can be removed by root planing, but the result will be significant sensitivity 
and the possibility of more caries because of the exposed root surface. Therefore, a 
root coverage procedure may be indicated. The depths of root caries that can be 
successfully treated by root coverage procedures are the same as for cervical root 
defects. 

INDICATIONS AND CONTRAINDICATIONS FOR 

ALVEOLAR SOCKET AUGMENTATION 



In 1981, Ammons68 stated that the future of ridge augmentation lies in the prevention 
of the ridge defect at the time of extraction rather than the reconstruction of a 
resorbed ridge. An intact socket, with the bone present to within 2 to 3 mm of the CEJ 
of the extracted tooth, represents the best environment for optimal regeneration with 
or without augmentation (Fig. 21-25). However, even with all four socket walls 
intact, the buccal, lingual, and interdental bone height will resorb less with the 
placement of a particulate hard tissue graft at the time of tooth extraction when 
compared with the socket healing without placement of a graft. The thin 
periodontium will lose much more bone during socket healing than will a thick 
periodontium. 

Figure 21-25.   

 

Four wall alveolar socket after careful extraction of the central incisors to 
maintain the thin facial plate of bone, creating an ideal site for maximum potential 
healing of the alveolar ridge. 

Alveolar socket defects that will ultimately lead to alveolar ridge defects are 
indications for surgical ridge preservation after tooth removal, also called socket wall 
preservation, socket augmentation, or ridge preservation.69 Some causes of alveolar 
socket defects include the following: a surgically created defect to gain access and 
extract the tooth by removing the buccal wall, a dehiscence defect, a deep periodontal 
pocket present on one or more sides of the tooth, a split root, previous apical surgery, 
or advanced periodontitis. When one or more walls of the alveolar socket are missing, 
the healing potential of the socket is compromised and socket grafting is indicated to 
preserve the ridge morphology (Fig. 21-26). The need to preserve the maximum 



height and width of the ridge, as well as the normal soft tissue contour and better 
papillary height, are indications for socket augmentation. 

Immediate placement of a dental implant into the socket will also prevent ridge 
collapse and is indicated in selected cases (see chapter 26). When an implant is 
desired, but the socket will not support an immediate implant, socket augmentation to 
reconstruct a more suitable ridge is indicated. Careful extraction of the tooth and 
augmentation of a socket can prevent ridge collapse, preserve gingival and papillary 
tissue, and reduce the number of procedures required to correct the ridge defect after 
healing. 

Figure 21-26.   

 

Drawing illustrates an extraction socket with a 7- to 8-mm facial dehiscence that 
will heal with a horizontal and vertical ridge defect. 

INDICATIONS AND CONTRAINDICATIONS FOR 

ALVEOLAR RIDGE AUGMENTATION 



Alveolar ridge defects occur when the loss of teeth results in a dimensional loss of 
bone and soft tissue surrounding the alveolus. The extent of dimensional loss is 
related to the shape of the underlying bone present at the time of tooth removal. The 
problem of ridge defects has been primarily esthetic, but with the increased use of 
dental implants, the needs are evolving into a more functional role. Occasionally, 
phonetics is a problem and can be managed with the help of ridge augmentation. 

Ridge defect classification is based on the visible soft tissue defect and underlying 
bone defects, which are similar but usually more accentuated when compared with 
the soft tissue defects. Hard and soft tissue ridge defects can be divided into three 
classes70: Class I, buccolingual loss of tissue with normal apicocoronal ridge height 
(Fig. 21-27, A, and Fig. 21-28, A and B); Class II, apicocoronal loss of tissue with 
normal buccolingual ridge width (Fig. 21-27, B and Fig. 21-29); and Class III, 
combination type with loss of both width and height of the ridge (Fig. 21-27, C, and 
Fig. 21-30). Each site can be classified as to the extent of involvement: mild, less than 
3 mm; moderate, 3 to 6 mm, and severe, more than 6 mm.71 A modified system (the 
HVC System) using the above two classification systems has been proposed.72 The 
Class I, II, and III defects are classified as horizontal (H), vertical (V), and 
combination (C) defects, respectively. Each of the categories is subdivided into small 
(s, ≤3 mm), medium (m, 4 to 6 mm), and large (l, ≥7 mm) subcategories. Therefore, a 
defect would be called an H-s for a small horizontal defect or C-m for a medium 
combination defect. This allows for treatment planning on the basis of the 
classification of the defect found. A table has been adapted to assist with indications 
for the different types of ridge augmentation (Table 21-1). 

In addition to the soft tissue defect, the underlying bony defect should be evaluated, 
especially if dental implants are planned. Several classifications have been used for 
these bone defects as they relate to implant placement.73,74 Bone sounding to 
determine the relation of the bone to the soft tissue is extremely useful in evaluating 
the bony contours. The use of surgical guides, radiographs, tomograms, and computer 
assisted tomography scans can all be helpful in diagnosing the bone morphology. The 
relation of the ridge, proposed teeth position, lips, and the smile line must be 
ascertained. Once the hard and soft tissue morphology of the ridge defect has been 
evaluated in relation to these factors, a problem list can be generated to determine the 
best method of surgical treatment to achieve the set goals. 

Figure 21-27.   





Classification of alveolar ridge and soft tissue defects: Mild (small), 3 mm or less; 
Moderate (medium), 3 to 6 mm; Severe (large), 7 mm or more. A, Class I (H-
horizontal): has a buccolingual loss of tissue with normal apicocoronal ridge 
height. B, Class II (V-vertical): has an apicocoronal loss of tissue with normal 
buccolingual ridge width. C, Class III (C-combination): has a combination type 
defect with loss of both width and height. 

Figure 21-28.   



 

A, Class I: Mild (H-s) ridge defect. B, Class I: Moderate (H-m) ridge defect. 

Figure 21-29.   



 

Class II: Moderate (V-m) ridge defect. 

Figure 21-30.   

 

Class III: Moderate (C-m) ridge defect. 



INDICATIONS AND CONTRAINDICATIONS FOR 

ESTHETIC CROWN LENGTHENING 

Esthetic crown lengthening may be indicated when anterior teeth are shorter than 
normal, or when excessive gingival display or a "gummy smile" (Fig. 21-31) is the 
problem. The proper treatment can be selected after the diagnosis and etiology is 
determined, which can be gingival enlargement, altered or delayed passive eruption, 
short clinical crowns, vertical maxillary excess, or a short upper lip.75 

Gingival enlargement can be caused solely by gingival inflammation, or it may be 
complicated by multiple systemic problems such as diabetes, pregnancy, or local 
irritation from orthodontic appliances (Fig. 21-32). Gingival enlargement caused by 
medications such as calcium channel blockers, phenytoin, and cyclosporine is also 
common76 (Fig. 21-33) (see Chapter 33). Gingival enlargement caused by hereditary 
gingival fibromatosis77 is also a problem occasionally encountered (Fig. 21-34). If the 
gingival enlargement is still present after elimination of the inflammatory lesion, 
esthetic crown lengthening may be indicated. 

TABLE 21-1  Treatment Options Based on Defect 

Classification and Type of Donor Tissue 

H, Horizontal; s, small; m, medium; l, large; V, vertical; C, combined; CTG, 
connective tissue graft; GBR, guided bone regeneration; MBG, monocortical 
block bone graft. 

 

Altered or delayed passive eruption occurs when the dentogingival complex fails to 
migrate apically and the tooth fails to erupt normally. The width of keratinized 
gingiva can be quite large. The CEJ is located a significant distance subgingivally; the 
bone is found at or very close to the level of the CEJ, rather than at its usual position 
1 to 2 mm apical to the CEJ78 (Fig. 21-35, A and B). This is an indication for surgical 
crown lengthening. 

Short teeth in the esthetic zone may result from attrition caused by bruxism. The teeth 
usually erupt as the incisal and occlusal wear takes place maintaining the occlusal 
vertical dimension (Fig. 21-36). This eruption of the teeth increases the width of 



keratinized gingiva; an excessive gingival display results. In a normal smile, the 
gingival margins of the maxillary teeth are parallel to, and 0 to 2 mm superior to, the 
upper lip, with the incisal edges parallel to the lower lip. Esthetic crown lengthening 
is indicated to establish the proper relation of the gingival margin with the lip and to 
increase the length of the teeth for improved retention of the crowns. In other cases of 
incisal attrition where the teeth do not continue to erupt, there is a loss of vertical 
dimension and the gingival margin is stable and in proper relation with the upper lip. 
This situation is an indication for restorative treatment to lengthen the teeth and 
restore the vertical dimension, and it is a contraindication for esthetic crown 
lengthening. It is important to determine if the incisal edges of the maxillary anterior 
teeth are in the correct position, or if the incisal edges need to be restoratively 
lengthened and the occlusal vertical dimension restored. 

Figure 21-31.   

 

A "gummy smile" as a result of excessive gingival display must be closely 
evaluated to determine the cause. 

Figure 21-32.   



 

Gingival enlargement caused by orthodontic appliances and complicated by 
pregnancy. 

Figure 21-33.   

 

Gingival enlargement caused by concurrent administration of a calcium channel 
blocker, phenytoin, and cyclosporine. 

Figure 21-34.   



 

Gingival enlargement caused by hereditary gingival fibromatosis. 

Vertical maxillary excess results from a skeletal dysplasia such as hyperplastic 
growth of the maxillary skeletal base. This can be diagnosed by conventional 
orthodontic and orthognathic surgery criteria. If periodontal surgery is necessary, this 
should be done before the orthognathic surgery.79 This gives the oral surgeon a better 
idea of the relation of the teeth to the upper lip and the amount of impaction 
necessary. Overintrusion of the maxilla will eliminate visibility of 2 to 4 mm of the 
incisal edge at rest, resulting in an aging of the patient's appearance. In this type of 
case, the gummy smile cannot be treated by periodontal plastic surgery alone and 
achieve a satisfactory result. 

A short upper lip is diagnosed when the distance from subnasale to the lower border 
of the upper lip is less than 20 to 22 mm in young women and 22 to 24 mm in young 
men80 (Fig. 21-37). Correction of this problem when indicated usually includes both 
plastic surgery and orthognathic surgery. The case in Figure 21-37 is not severe 
enough to warrant either, but the uneven gingival margins do need to be corrected. 

Uneven gingival margins can give the appearance of an uneven smile (Fig. 21-37). A 
beautiful smile is difficult to create unless the gingival framework is bilaterally 
symmetrical. This framework is created by facial gingival margins and the papillae, 
which create the gingival scallop around the teeth. Diagnosis of all of these problems 
can be greatly enhanced by photographs. The causes of the uneven smile become 
important to the treatment plan. Some causes are unfavorable tooth or implant 
position, previous crown margins or bridges with missing teeth, periodontal disease, 
recession, root exposure, or previous trauma resulting in gingival recession. Other 
problems such as discolored or dark margins around older crowns, implants, or teeth 
with root canals can result in an unaesthetic smile. Many of the surgical techniques to 
be discussed can be used to correct these types of symmetry problems. 

Figure 21-35.   



 

A, Altered passive eruption as seen with the bone level at or coronal to the level 
of the cementoenamel junction and facial exostosis preventing gingival recession. 
B, This radiograph of the previous clinical picture identifies the bone level at the 
level of the cementoenamel junction. 

Figure 21-36.   



 

Bruxism has caused incisal wear with subsequent eruption of the maxillary 
incisors, which allowed coronal movement of the gingival margin and resulted in 
excessive gingival display. 

Figure 21-37.   

 



Uneven gingival margins are visible due to excessive gingival display, partially 
because of short upper lip (19 mm); normal upper lip length is 21 to 22 mm. 

INDICATIONS AND CONTRAINDICATIONS FOR 

PAPILLARY RETENTION AND RECONSTRUCTION 

The loss of a key papilla in the esthetic zone and the presence of a "black triangle" 
(Fig. 21-38, A) is an indication for evaluation for papillary reconstruction. The 
complete regeneration of lost papillae is unpredictable; therefore, the retention of 
these papillae is of great importance when an esthetic result is desired from surgical 
procedures. These procedures include extraction, gingival surgery, or osseous surgery 
performed in this esthetic region. Tarnow and colleagues81 have shown that when the 
distance from the apical extent of the contact point to the bone is 5 mm or less, the 
papilla should be present or should regenerate to fill the embrasure space after 
restorative or surgical procedures. When the distance is more than 5 mm, there is a 
greater chance of papillary recession as the distance increases and open embrasure 
spaces can be expected. The radiograph in Figure 21-38, B, shows that the distance 
from the contact point to bone is 7 mm. The contact area is positioned relatively close 
to the incisal edge and is not the ideal length, which is 50% of the central incisor 
length. Because the regeneration of the papilla is not predictable in this case, a 
restorative solution should be evaluated to move the contact point 2 mm closer to the 
bone. This should eliminate the open embrasure and increase the contact area to 50% 
of the total tooth length. 

Figure 21-38.   

 



A, A "black triangle" between the maxillary central incisors is small but is the 
chief complaint of this patient. Surgical elimination of this space depends on the 
distance from the contact point to the bone. B, The radiograph shows the distance 
from the bone to the apical extent of the contact point to be 7 mm. The "black 
triangle" is not likely to diminish in size and a restorative solution would be more 
advisable rather than surgical intervention. 

INDICATIONS AND CONTRAINDICATIONS FOR 

EXPOSING IMPACTED TEETH FOR ORTHODONTIC 

REASONS 

Impacted teeth not likely to erupt are seen frequently by the orthodontist. Orthodontic 
movement of teeth can be assisted by surgical exposure of the desired impacted tooth 
when the tooth will not erupt in a timely manner. After third molars, the most 
common teeth to be impacted are the canines. An apically positioned flap will allow 
adequate gingiva to be developed when the tooth is incorporated into its proper 
alignment. The bonding of a bracket at the time of surgery will assist in active 
eruption of the tooth. On occasion, removal of tissue from the occlusal surface will 
allow for the passive eruption of the tooth. (See Chapter 28 for a more detailed 
discussion of orthodontic-periodontal relations.) 

PERIODONTAL PLASTIC AND RECONSTRUCTIVE 

SURGERY TECHNIQUES 

Periodontal plastic and reconstructive surgery techniques are used when the 
appropriate indications for treatment are met, as discussed in the previous section, and 
the rationale for treatment is mutually understood by both the dentist and the patient. 
Advancements in technology and modifications of techniques are continuously taking 
place to achieve the best end result for the patient. These techniques will be 
categorized based on the donor site, the direction of flap movement, and flap design. 
The major categories are pedicle soft tissue grafts, free soft tissue grafts, guided tissue 
regeneration, and hard tissue grafts. Combination grafts combine any or all of these 
techniques. 

Pedicle Soft Tissue Grafts 

A pedicle graft is a mucogingival flap designed to serve as a soft tissue graft that 
maintains an intact blood supply from the donor site. Mucogingival flaps can be 
divided into four major groups based on the direction of the flap movement: rotated 
flaps, advanced flaps, apically positioned flaps, and replaced flaps. 

Rotated flaps 



Rotated flaps move laterally while rotating around a pivot point.82 Many 
techniques can be placed in this group, and for years these techniques were the 
only way to predictably cover exposed roots. The first technique was described in 
1956 as the "lateral sliding flap"83 and later as the "laterally positioned flap."84 
This technique uses the donor gingiva from a healthy adjacent tooth to cover the 
exposed root of a problem tooth. Throughout this chapter, these types of root 
coverage techniques will be referred to as laterally positioned flaps. An isolated 
area of soft tissue recession with no bone loss on the proximal surface is a good 
indication for the laterally positioned flap to cover the exposed root (Fig. 21-39, A 
and B). The adjacent donor tooth should have adequate soft tissue width and 
thickness, as well as vestibular depth, and there should be adequate bone 
thickness with no dehiscence. The ideal indication is where the donor site has 
excessive width and thickness of soft tissue such as in crowded teeth, where the 
most lingual tooth (donor) will usually have the thickest and most coronally 
positioned soft tissue and bone. The adjacent tooth is positioned more facial 
(recipient) and has little or no gingiva with root exposure (Fig. 21-40, A). 

The advantage of this technique is that the donor site is adjacent to the recipient 
site, which produces only one surgical wound, in contrast to techniques that take 
the donor tissue from another site. This decreases the postoperative pain and 
bleeding concerns. The pedicle maintains a blood supply through the base of the 
flap and improves the chances of graft survival and root coverage. The major 
disadvantage is that recession occurs routinely over the donor site; in some cases, 
root coverage is accomplished at the donor site only to create recession at the 
recipient site. The second problem is that the donor tissue is often thin and prone 
to future recession. It is important to select the case carefully to prevent these 
problems. 

Laterally positioned flap. 

A clinical example of a laterally positioned flap that has proper indications for 
treatment is seen in Figure 21-40, A. The first step in this technique is to 
determine the bone level at the facial of the donor site by sounding to bone after 
local anesthesia. The distance from the bone to the CEJ should not exceed 1 to 2 
mm on the facial unless root exposure of the donor tooth is acceptable. The 
distance from the CEJ to the bone on the donor lateral incisor in Figure 21-40, 
B, is 3 mm, and, as can be seen in Figure 21-40, C, more recession did result. 
This one disadvantage of the laterally positioned flap can be overcome by 
leaving a collar of tissue (Fig. 21-39, A). The recipient tooth also should be 
evaluated to confirm the location of the proximal and facial bone. The recipient 
root should be smoothed to eliminate all hard and soft tissue deposits and any 
present root defects. If chemical root treatment is to be performed, it should be 
done at this point. 

The next step is to visualize the incisions and even sketch a design of the 
procedure before any incisions are made. The parallel incisions will be made at 



an oblique angle toward the recipient tooth to position the base of the rotation as 
close to the recipient tooth as possible. The first incision is made beginning at 
the papilla on the leading edge of the pedicle graft between the donor (D) and 
recipient (R) teeth at the height of CEJ, continuing parallel to the sulcus of the 
recipient tooth, and terminating at the opposite side of the recipient tooth at a 
point apical to the opposite papilla (see Fig. 21-39, A). The incision will end 
well beyond the mucogingival junction. 

The second incision begins at the papilla between the recipient tooth and the 
tooth on the nondonor (ND) side and extends only 1 to 2 mm horizontally at the 
proposed height of the graft. The incision then changes direction and extends 
apically to join the previous first incision well beyond the mucogingival 
junction. A thin split-thickness dissection to remove the sulcular epithelium of 
the recipient tooth and the overlying epithelial layer between the first two 
incisions exposes the recipient bed for the donor flap. 

The third incision is made from the line angle of the tooth adjacent (A) to the 
donor site and parallel to the first incision (Fig. 21-39, A). A fourth incision 
extends perpendicular to and connects the first and third incisions, ideally 
leaving 0.5 mm of attached gingiva (sulcus depth + 0.5 mm of keratinized 
gingiva) over the donor tooth, which usually means 1.5 to 2 mm of keratinized 
gingiva remains.85 If there is not enough gingiva to meet these criteria, the entire 
gingival collar can be moved with the pedicle. The fourth incision can be made 
in the gingival sulcus, but the donor tooth may end up with recession of 1 to 2 
mm depending on the underlying bone levels. 

Flap reflection is split-thickness over the papillae and over the facial of the 
donor tooth if the thickness is adequate (1 mm minimum). Usually a full-
thickness flap is necessary over the facial surface of the donor tooth to insure 
adequate thickness of the donor tissue. Presence of thin donor tissue is a 
contraindication to this technique because it will not hold up to traumatic 
brushing, which often is the original cause of recession. Careful attention to the 
thickness of the donor tissue and the cause of recession will aid in choosing the 
proper technique. The tissue is now rotated for a trial fit to the donor site. The 
closer the base of the pedicle is to the recipient tooth, the smaller the arc of 
rotation is and the less shortening of the flap will be observed. If the base of the 
flap is over the donor tooth instead of the recipient tooth, the rotation of the flap 
will cause shortening of the leading edge of the flap, and this will cause 
inadequate tissue on the leading edge of the flap in the papillary region. If this 
occurs and a full thickness rather than a partial thickness flap was used, a 
periosteal releasing incision can be made to allow more mobility of the flap. 
Once the flap will lie passively in the desired position, suturing can begin. 

Figure 21-39.   



 

Laterally positioned flap. A, Incisions: R, recipient tooth; D, donor tooth; A, 
adjacent tooth; ND, nondonor tooth; F, flap; S, split-thickness dissection; E, 
exposed bone or periosteum. B, Suturing: after rotation of the flap, the 
sutures are placed in the order seen and the lip is retracted to make sure the 
graft is immobile. C, Multiple teeth: two teeth are easier to stabilize because 
of the increased size of the flap; therefore, the amount of root coverage is 
improved. 

The first suture is placed in the mucosa close to the mucogingival line on the 
leading edge of the flap with a small needle and 5–0 or 6–0 interrupted suture 
(see Fig. 21-39, B). This will allow for some stability of the flap before suturing 
the coronal edge of the flap to the nondonor papilla. Suturing of the trailing 
edge is the same on the opposite papilla between the donor and recipient teeth. 
Suturing up the trailing edge can only be performed if periosteum was left intact 
in this region (i.e., a split-thickness flap was used). If a full-thickness flap was 
used, no sutures are placed on the trailing edge. Then, additional sutures can be 
placed to secure the leading edge to the prepared bed. The lip should be moved 



to make sure the graft is immobile. The graft must be completely stable and 
immobile. The trailing edge of the pedicle graft is the weakest link because of 
the lack of stable tissue on which to suture this edge of the flap. Holding a 
moistened gauze over the sutured area for 5 minutes will allow a blood clot to 
form and will assist in stabilizing the area. An area of exposed periosteum or 
bone (E) will be present over the donor site. This bone will respond with 
resorption of the crestal bone, regardless of whether the periosteum is present.86 
A small piece of collagen can be placed over the donor site followed by a 
periodontal dressing, if desired. If periodontal dressing is used, it must be stable. 
Dressing that moves when the patient talks or chews can severely disrupt the 
healing process. Light cured periodontal dressings are often the most stable, and 
they can be secured to the teeth with suture material, if needed. 

Figure 21-40.   

 

Laterally positioned flap—surgical technique. A, Preoperative: the lateral 
incisor donor tooth (#26) is lingually positioned with gingiva at a more 
coronal level compared with the other incisors, making this an ideal donor 



tooth because the 1 to 2 mm of recession expected on the donor tooth will 
create a uniform look among the lower incisors. B, Suturing: after rotation 
and suturing of the flap, the root on #27 is almost entirely covered. The bone 
level on the donor tooth is as expected. C, Postoperative: 3-month healing 
reveals an increased amount of attached and keratinized gingiva on the 
canine and a mild increase in recession on the donor tooth. The root 
coverage was not complete but was average for this technique. 

Postoperative healing occurs quickly; within 1 week the initial healing response 
will be evident. The success or failure of root coverage is suggested at 1 week 
but is obvious at 2 weeks. In Figure 21-40, C, the healing after 3 months shows 
there is less root coverage than desired. This likely came from improper 
stabilization of the graft, whereby slight movement resulted in less than ideal 
root coverage. There is an improved band of keratinized and attached gingiva, 
but the amount of root coverage was not complete. The summary data of 10 
clinical studies of 216 teeth in 204 patients reveal a 62.5% mean root coverage 
using laterally positioned flaps or double papilla grafts (Table 21-2).47 

Multiple teeth. 

The laterally positioned flap involving multiple teeth (see Fig. 21-39, C) is 
identical to the technique just described but is applied to more than one tooth to 
increase the size of the flap and provide better blood supply and stabilization to 
the rotated flap.87 A combination graft using a multiple tooth laterally 
positioned flap over a connective tissue graft was demonstrated in 1987 by 
Nelson,88 achieving better results (91% root coverage) than the use of laterally 
positioned flaps alone. He also noted that 1 to 3 mm of exposed root was 
covered 100% of the time, whereas severe recession of 7 to 10 mm was 
completely covered only 88% of the time. Rotation of larger flaps is much more 
challenging than small flaps, but the result is better stabilization and improved 
root coverage. 

TABLE 21-2  Average Root Coverage Using 

Different Techniques 

Adapted from Wennstrom JL: Mucogingival therapy, Ann Periodontol 
1:671–701, 1996. 



 

Free gingival graft. 

A laterally positioned flap can be combined with a free gingival graft to cover 
the exposed periosteum, bone, or exposed root on the donor tooth.89 This is 
performed when the donor tooth requires maximum protection to prevent 
recession because of thin bone or an undiagnosed dehiscence as seen in Figure 
21-41, A. Normally, this exposed area is very small and the donor area most 
often used is the gingiva facial to the maxillary second or third molars. Enough 
gingiva can usually be harvested 0.5 mm apical to the attached gingiva (probing 
depth + 0.5 mm) on these teeth to cover the donor area (Fig. 21-41, B). This 
donor tissue is gingiva as opposed to palatal mucosa, and the color match is 
often more favorable after healing than palatal mucosa (Fig. 21-41, C). The 
advantage is no recession on the donor tooth. 

Papilla flaps. 

To prevent recession over the adjacent donor tooth, another modification was 
made in the rotated flap to achieve root coverage. Papilla flaps were used as the 
donor source in the "oblique rotated flap,"90 "rotation flap,"91 and the 
"transpositional flap."92 All of these terms and techniques are occasionally still 
used and have differences in design, as well as indications and 
contraindications. The double papilla flap is another design variation of the 
papilla flap using both papillae mesial and distal to achieve coverage of the 
exposed root (Fig. 21-42, A and B).93 This design is difficult to execute because 
the wound edges are sutured over an avascular surface, the radicular surface of 
the previously exposed root. These techniques result in an average root 
coverage of 63% (see Table 21-2).47 

Double papilla/connective tissue graft. 



Improvement in the amount of root coverage finally came when the double 
papilla technique was combined with a connective tissue graft (Fig. 21-43), 
achieving 88% to 98% root coverage.88,94,95 This combination technique is 
described here. The first incision removes the sulcular epithelium adjacent to 
the exposed root and extends to the mucogingival junction, which is at the apex 
of the incision. The second incision is repeated on the opposite side of the 
exposed root (see Fig. 21-42, A). The third incision begins at the level of the 
desired soft tissue height, usually at the CEJ, and extends horizontally on each 
side of the tooth stopping no less than 0.5 mm from the gingival margin of the 
adjacent tooth to avoid creating gingival recession on adjacent teeth. The fourth 
and fifth incisions are vertical incisions that extend from the termination of the 
horizontal incisions and extend into the alveolar mucosa. Partial thickness 
pedicle flaps are reflected to mobilize the papillary pedicles. The pedicle flaps 
are positioned to ensure they will touch and remain passively in position, and 
then the two pedicles are sutured together with 5–0 or 6–0 chromic gut suture. 
The connective tissue is taken from the palate, trimmed to fit the recipient site 
and is sutured into place with 5–0 or 6–0 chromic gut sutures. The double 
pedicle is then sutured over the connective tissue graft and is secured with a 
sling suture. When used properly this technique is very effective in covering 
exposed roots. 

Figure 21-41.   



 

Laterally positioned flap combined with free epithelialized graft—surgical 
technique. A, Incisions: the reflection of the donor flap has exposed a 
dehiscence over the donor tooth (arrow), and if not covered the collar of 
gingiva will not survive over the donor tooth. B, Suturing: the donor site for 
the free epithelialized graft was the facial gingiva of the maxillary second 
molar. Use of gingiva as the donor tissue, rather than palatal mucosa, may 
improve color match and tissue contour. The free gingival graft was sutured 
to cover the dehiscence and to prevent recession on the donor tooth. C, 
Postoperative: the healing shows no recession of the donor tooth with 
complete coverage of the dehiscence and partial coverage of the Class III 
recession on the recipient tooth. 

Figure 21-42.   



 



Double papilla flap. A, Incisions: care must be taken to not invade the free 
gingiva of the adjacent teeth. B, Suturing: lateral rotation from each papilla 
covers the root of the tooth. This technique does not predictably cover root 
surfaces. 

The disadvantages of this technique are: (1) it is primarily used for single tooth 
root coverage and multiple adjacent teeth are difficult to effectively treat with 
this technique, and (2) the healing of the keratinized gingiva can be irregular 
and a gingivoplasty of the irregular tissue may be necessary. However, it 
predictably gains 25% to 35% more exposed root coverage than the laterally 
positioned flap or the double papilla flap alone, which makes this one of the best 
grafts currently available for single tooth recession problems.95 

Figure 21-43.   

 

Double papilla flap combined with a connective tissue graft (CTG). 
Diagram shows a connective tissue graft placed under the double papilla 
flaps. The CTG is sutured to the intact gingiva and mucosa lateral to the 
root, and the double papilla flap is sutured over the top of the CTG. 

Connective tissue pedicle flap for ridge 

augmentation. 



The use of a pedicle connective tissue graft, also called a split palatal flap or a 
pediculated tissue graft, for ridge augmentation has been described in several 
publications.96–98 This technique has been shown to allow for better soft tissue 
management in the esthetic zone, because of its ability to maintain a better 
blood supply to the graft over a larger area, and it may be especially useful in 
regenerating papillae adjacent to restored teeth or implants. This technique uses 
a rotated pedicle connective tissue flap from the palate, which can be used to 
augment the soft tissue ridge in the premolar and incisor region of the maxilla. 
The base of the pedicle is located in such a position to enable rotating from the 
deep palate over the recipient site. 

Advanced flaps 

Advanced flaps move vertically in a coronal direction and do not deviate laterally. 
These flaps are used to cover exposed root surfaces, and when teeth are not 
present, this type of flap is used for reconstructive surgery, such as ridge 
augmentation.82 The term coronally positioned flap is used in this chapter to 
include techniques used to cover exposed roots with the available gingiva facial to 
the exposed root surface (Fig. 21-44, A and B).99,100 These techniques have a 
major drawback because when significant recession occurs, there is rarely enough 
gingival width or thickness available to coronally position an adequate amount of 
gingiva and completely cover the exposed root. There is a direct relation between 
flap thickness and recession reduction when using a coronally positioned flap. 
Flap thickness that approaches 1.0 mm (>0.8 mm) has a better probability of 
covering a root surface than a flap thickness of 0.8 mm or less.101 If the gingiva is 
too thin, another donor source can be used to increase the thickness of the gingiva. 

Coronally positioned flap. 

The ideal case for a coronally positioned flap has adequate thickness and width 
of the gingiva on the leading edge of the flap to be advanced. This can be native 
tissue or it can be the result of a previous procedure used to increase the 
thickness of tissue to at least 1 mm. The keratinized gingiva has to be wide 
enough to secure a suture and maintain a stable and secure gingival flap during 
the healing process. Frenum attachments can limit the amount of coronal 
positioning and often must be eliminated before a coronally positioned flap can 
be attempted. There should be adequate quality and height of tissue adjacent to 
the recipient site to anchor the suture to the desired height. 

The advantages of the coronally positioned flap technique are that only one 
surgical site is involved and an excellent color match occurs if the donor tissue 
is native tissue. This is the basic technique for many of the future combined 
techniques; once this technique is mastered it serves as a basis to expand one's 
expertise. Case selection is important because if the grafted tissue is too thin, 
only partial root coverage is achieved, and that tissue is prone to future 



recession. This technique can be difficult to properly stabilize because of the 
difficulty in suturing, especially with combined techniques. 

The basic coronally positioned flap technique using vertical incisions is 
described here in an ideal Class I recession defect with 2 to 3 mm of root 
exposure and complete root coverage as the desired result (see Fig. 21-44, A). 
The exposed roots should be smoothed to remove any plaque, calculus, or root 
defects found, and optional root conditioning can be performed at this time. 
Visualization of the incisions and even sketching the design is a good idea 
before beginning (Fig. 21-44, A). First, measure the amount of root to be 
covered, which in this case is 2.5 mm. This measurement will be the distance 
between the coronal and apical horizontal incisions and the height of the 
recipient bed between the horizontal and vertical incisions. The first two small 
coronal horizontal incisions are made at the proposed coronal edge of the 
recipient bed, even with the CEJ, with care not to invade the gingival sulcus of 
the adjacent tooth. The vertical incisions are extended perpendicular to the first 
two incisions and well into the alveolar mucosa. These two incisions may be 
parallel to one another forming a rectangle, or divergent forming a trapezoid. If 
the root is prominent, then as the flap is advanced over the root the flap must 
cover more area because of the root prominence; if the incisions are parallel, the 
flap will be too short mesial to distal. If there is no root prominence, then the 
incisions can be more parallel because the mesial to distal distance will not 
change. The amount of flap divergence is dictated by the amount of root 
prominence. Figure 21-44 shows a case with slight root prominence, therefore 
the incisions are slightly divergent. The next horizontal incision is made 2.5 mm 
apical to the coronal horizontal incisions and it connects the vertical incisions. 
The surface epithelium is removed from the rectangular area between the 
vertical and horizontal incisions to yield a connective tissue recipient bed for the 
graft (Fig. 21-44, A). The thickness of the donor tissue is assessed to determine 
the type of flap reflection. In some cases, split-thickness dissection is performed 
in the keratinized tissue, whereas in other cases, a full-thickness flap is used 
over the radicular surface of the root to maintain a flap thickness of no less than 
0.8 mm. The full-thickness portion of the flap is extended to the mucogingival 
junction where a split-thickness dissection continues from that point apically. 
The pedicle flap is then advanced in a coronal direction until it comes to rest on 
the recipient bed for a trial fit. The fit should be a butt joint where the flap is 
inlayed into or exactly fits into the recipient site with its coronal edge at the 
CEJ. The donor tissue should stay in place without suturing if the flap reflection 
was performed well. If the donor tissue does not remain in place, the flap 
reflection must be extended for adequate release. 

Figure 21-44.   



 



Coronally positioned flap (with vertical incisions). A, The two horizontal 
incisions are placed the same distance apart as the amount of root to be 
covered. The vertical incisions can be either parallel or trapezoidal. B, The 
flap is sutured after being adequately advanced and remaining passively in 
place. Note the coronal displacement of the mucogingival junction. 

Once the tissue lies passively in place, suturing is accomplished with a small 
reverse cutting needle and 5–0 or 6–0 sutures (see Fig. 21-44, B). Proper 
suturing should allow adaptation of the donor tissue without any tension on the 
flap. Pulling the lip out to see if the donor tissue moves is the best way to check 
for graft stability. If movement is detected, additional sutures may need to be 
placed. In most cases, periodontal dressing is not used because the flap is stable, 
but if movement is likely, dressing should be used to stabilize the flap and 
prevent any movement. 

The coronally positioned flap for exposed root coverage may involve a two-
stage procedure, because in some cases the native tissue is too thin. The 
attached gingiva may first be augmented with a free epithelialized graft; then 
after complete healing a second stage coronally positioned flap is performed to 
cover the root of the tooth.99 Currently, an inadvertent two-stage procedure is 
sometimes used when a connective tissue graft intended to cover the root fails to 
give the desired amount of root coverage. In this situation, there is usually 
enough improved thickness and width of the keratinized tissue to successfully 
cover the exposed root with a secondary coronally positioned flap. 

Research shows that the two-stage technique yields a mean exposed root 
coverage of 62.5% with a range of 36% to 74%, whereas the coronally 
positioned flap as a one-stage technique with native tissue yields a mean 
exposed root coverage of 82.7% with a range of 70% to 99% (Table 21-2). This 
is a confusing result because the thicker coronally positioned two-stage graft 
gives 20% less root coverage than the coronally positioned flap. One possible 
explanation is that the two-stage procedure was done only 6 weeks after the 
initial grafting procedure in these studies. This graft does not have a fully 
established blood supply and when coronally positioned, the graft does not 
survive as well as a coronally positioned native graft. 

Coronally positioned flap without vertical 

incisions. 

The coronally positioned flap without vertical incisions can be performed when 
multiple teeth are involved with decreasing amounts of recession from the 
central tooth, which allows for progressive advancement of the flap (Fig. 21-45, 
A and B). Generally, this technique cannot advance flaps as far as flap 
advancement with vertical incisions can. This technique requires Class I 
recession defects with at least 2 mm of attached gingiva with a thickness of 0.8 
mm or greater over each tooth in the proposed graft. Root preparation is 



performed as discussed previously to remove any bacterial or mineralized 
deposits along with any root defects. The initial horizontal incision is made at 
the CEJ and extends from the mesial to the distal papilla at each end of the graft. 
The second incision begins at the termination of the first incision, and this 
horizontal incision is made apical to the first incision and the radicular level of 
recession over each tooth. The gingival epithelium is removed over each papilla 
between the two horizontal incisions leaving a connective tissue bed for the 
coronally positioned flap. The apical flap is dissected with a split-thickness 
dissection and is coronally positioned until it passively rests on the prepared 
bed. One or two sutures are placed at each interdental site to secure the flap into 
place. 

Semilunar flap. 

The semilunar flap100 differs in the incision design from the coronally 
positioned flap, but the direction of movement is the same (Fig. 21-46, A and 
B). This flap needs a minimum of 2 to 3 mm of keratinized gingiva with 
adequate thickness to allow for manipulation. The flap can be advanced 1 to 3 
mm to cover exposed roots in Class I recession defects (Fig. 21-47, A). The 
advantages of this technique are that it is a simple technique and often does not 
require suturing. The disadvantage is that the limit of coronal movement is a 
maximum of 2 to 3 mm. 

After local anesthesia, the bone should be sounded to determine the location of 
the facial bone. This location will influence the apical extent of the scallop. 
When the tissue is coronally positioned, it is critical to have tissue cover the root 
and the crestal bone and to avoid having root exposed apical to the semilunar 
incision. The incision begins at one interdental site, which is slightly coronal to 
the proposed level of the flap advancement, and continues in a semilunar arc 
ending at the opposite interdental site (Fig. 21-47, B). The incision begins in 
gingiva and extends far enough into the mucosa to cover the denuded root, and 
then courses back into gingiva. The height of the semilunar flap must be greater 
than the distance from the CEJ to bone, so that the apical border of the flap in its 
final position rests on bone and not on denuded root. Split-thickness dissection 
to free the semilunar flap is performed and the tissue is positioned coronally. 
This dissection is often easier and safer to perform from the apical aspect of the 
incision toward the gingival margin. The flap is immobilized for 5 minutes with 
gentle pressure, and then is evaluated for stability; if it is stable, suturing is 
generally not necessary. If necessary, a small needle and 5–0 or 6–0 sutures can 
be used to secure the coronally positioned gingiva to the papilla with two 
interrupted sutures or one suspensory suture (Fig. 21-47, C). The final, 3-month 
healing is seen in Figure 21-47, D. 

Figure 21-45.   



 

Coronally positioned flap (without vertical incisions). A, Two horizontal 
incisions are made the same distance apart as the amount of exposed root, 
and papillary epithelium is removed to make a recipient bed for the 
coronally positioned flap. B, A split-thickness flap is reflected and coronally 
positioned with interrupted sutures. Note the coronal displacement of the 
mucogingival junction. 

Figure 21-46.   

 

Semilunar flap. A, Initial incisions are made 2+ mm apical to the 
mucogingival junction. B, Coronal advancement of the semilunar flap and 
suturing (if needed). 

Semilunar flap/free epithelialized soft tissue graft. 

The major variation of this technique is the combination technique, a semilunar 
flap and a free epithelialized soft tissue graft (Fig. 21-48, A and B), where the 



scalloped incision is made at the mucogingival junction instead of in the 
mucosa, as with the previous technique. The semilunar flap combined with a 
free epithelialized soft tissue graft may be used on one or several teeth. The 
amount of root surface to be covered is directly related to the width of gingiva 
to be moved: 1 mm of gingiva can be coronally positioned no more than 1 mm, 
2 mm of gingiva can be moved 2 mm, and 3 mm is the maximum root coverage 
that this technique can accomplish. Then, after coronally positioning the tissue, 
and suturing if necessary, a free epithelialized soft tissue graft is placed to 
increase the amount of gingiva and to support the coronally positioned tissue by 
suturing the graft in place apical to the semilunar flap (Fig. 21-48, B). 

Figure 21-47.   

 

Semilunar flap—surgical technique. A, Preoperative: 1 to 2 mm Class I 
recession with gingival clefting #9 and #10. B, Incisions made apical to the 
mucogingival junction. C, Coronally positioned semilunar flap sutured with 
5–0 sutures. D, Three month postoperative view shows complete root 
coverage. 

Figure 21-48.   



 

Semilunar flap combined with a free epithelialized graft. A, Incisions are at 
the mucogingival junction (no mucosal margins). B, Suturing of the 
coronally positioned gingiva and the supporting free epithelialized graft. 

Apically positioned flaps 

The apically positioned flap moves apically and exposes more of the tooth and 
sometimes alveolar bone. It was originally designed to increase attached gingiva, 
deepen the vestibule, and eliminate pocket depth. In addition to the original 
purposes, this flap technique currently is widely used to maintain keratinized 
gingiva and to expose more tooth structure. The margin of the flap can be placed 
in three different positions relative to the marginal bone: (1) 2 to 3 mm apical to 
the bone, (2) at the level of the bone, or (3) coronal to the margin of the bone but 
apical to the original gingival margin. 

This procedure evolved from vestibular deepening procedures, in particular the 
denudation procedure,102 where a flap was reflected, then all of the gingiva was 
removed with scissors and discarded. The mucosal flap margin contracted and 
exposed a significant amount of cortical plate. The bone was then left exposed but 
covered with periodontal dressing and allowed to heal. Gingival fibroblasts 
proliferated from the periodontal ligament space and reformed the gingiva in 
approximately 3 months. This procedure produced a long, painful healing time 
with a deepened vestibule and shallow pockets and has been all but abandoned. In 
1954, Nabers103 suggested the apical positioning of the full-thickness flap to cover 
the bone, instead of discarding the gingiva and exposing the bone, thereby 
reducing pain and decreasing the healing time after periodontal surgery. The most 
common use of this flap is to improve pocket reduction after many different types 
of periodontal surgery to treat periodontitis.104,105 In most cases, the bone has been 
resorbed or surgically reshaped so the flap will be positioned at a more apical 
position on the tooth exposing more tooth surface. 

Crown lengthening. 



Clinical crown lengthening intentionally seeks to expose more tooth surface by 
apically positioning the flap with or without osseous surgery. There are two 
types of crown lengthening: functional and esthetic. 

Functional crown lengthening. 

Functional crown lengthening is used when the clinical crown is too short to 
retain a crown. The teeth in Figure 21-49 were fractured at the gingival 
margin, and probing revealed a depth of 2 mm–1 mm of sulcus depth, and 1 
mm of junctional epithelial attachment (see Fig. 21-49, A). Sounding depth to 
bone is 3 mm, which is the total length of the dentogingival complex 
composed of 1 mm connective tissue attachment, 1 mm of junctional 
epithelium, and 1 mm of sulcus depth. The biologic width is the width of the 
attachment apparatus, which is 1 mm connective tissue attachment and 1 mm 
junctional epithelial attachment.106 That will leave only 1 mm of tooth 
structure for the retention of the crown and the "ferrule effect" for the post and 
core buildup, which is inadequate.107 A ferrule is a metal ring or cap used to 
strengthen the end of a tube. The use of a ferrule as part of the post and core, 
or a crown, strengthens the tooth and reduces the incidence of recurrent decay 
and split teeth. This means that when functional crown lengthening is 
performed there should be a measurement made from the bone to the edge of 
sound tooth structure. This measurement should be at least 4 mm, which 
consists of a minimum of 2 mm for the biologic width plus 2 mm for the 
ferrule effect.108,109 Reflection of a full-thickness flap reveals that the total 
tooth length of 3 mm does confirm the sounding measurement (Fig. 21-49, B). 
Exposure of more tooth surface is necessary to reestablish the biologic width 
(2+ mm) and leave enough tooth exposed to create adequate retention and the 
ferrule effect (2+ mm) (Fig. 21-49, C). Therefore, a minimum of 4 mm of 
sound tooth structure, measured from the bone to the coronal edge of sound 
tooth structure, is needed at the time of surgery. If adequate retention is 
desired without a post, 5 mm of root should be exposed to give a 3 mm 
preparation, which is adequate for both retention and the ferrule effect (Fig. 
21-49, C). These basic principles of crown lengthening also will apply to 
esthetic crown lengthening. 

Esthetic crown lengthening. 

Esthetic crown lengthening, is performed when excessive gingival display or 
the "gummy smile" is a problem, as discussed previously in this chapter (Fig. 
21-31). Once the determination has been made that apically positioning the 
gingiva is the proper course of action, the distance from the CEJ to the bone 
should be determined. This will help with determining whether osseous 
surgery will be needed, or if the procedure will involve only the gingiva. The 
exact amount of lengthening should be determined in consultation with the 
orthodontist, or general dentist, or both (assuming restorative or orthodontic 



treatment is needed), and based on the esthetic desires of the patient. The 
position of the frenum should be evaluated to determine if it would be a 
complicating factor. If the frenum is a problem, it should be removed using a 
frenectomy procedure 6 weeks before the flap procedure is performed. 

Figure 21-49.   

 

Functional crown lengthening using an apically positioned flap and 
osseous resective surgery. A, Minimal supragingival tooth structure was 
present before surgery; the interproximal probing depth was 2 mm. B, 
Flaps reflected showing the 3 mm of tooth exposed corresponding to the 
sounding depth and confirming the width of the dentogingival complex (2 
mm biologic width or dentogingival attachment, 1 mm sulcus depth). C, 
Osseous surgery exposed 2 mm more of the tooth and gave 5 mm of total 
tooth length, which will later equal 3 mm of tooth structure for crown 
preparation. This provides a more than adequate "ferrule effect" for these 
endodontically treated teeth. 

The advantages of the apically positioned flap over the gingivectomy 
procedure are access to the bone and more rapid healing with less pain. If 



access to the bone is not necessary, then gingivectomy procedures will give 
similar results without flap reflection. The apically positioned flap procedure 
allows access to the bone so that osseous resection can be performed if 
necessary, as well as precise placement of the gingival margin to ensure a 
predictable result. The goal is to expose a specific amount of tooth and to 
maintain a stable gingival margin after the surgical procedure. These 
procedures are effective in some cases but not in others and the end results 
seem inconsistent in the literature.110,111 In these studies, there was either too 
much tooth exposed, or in the majority of the cases, too little tooth exposed. 
Any change in the amount of tooth exposed would be an undesirable 
occurrence. It is important to understand and recognize the morphology of the 
case being treated because in the thin periodontium, unwanted bone resorption 
can lead to increased tooth exposure over the desired amount. Conversely, a 
finding called gingival rebound may occur. There is good evidence that 
gingival rebound of 0.5 to 1.2 mm at 12 months112,113 decreases the overall 
tooth length and reduces the long-term effectiveness of crown lengthening. 
Ochsenbein and Ross5 observed that thick and thin periodontal biotypes 
behave differently after surgery, and trying to transform a thick periodontium 
to a thin periodontium is fighting the genetic predisposition of that patient to 
regenerate the thick periodontium. 

Understanding these variations in crown lengthening procedures requires 
further investigation. In 1961, Gargiulo, Wentz, and Orban114 reported a wide 
variation in the dentogingival complex among patients in a study group. 
Kois115 clinically evaluated the dimensions of the dentogingival complex by 
sounding to bone between human maxillary central incisors. He reported that 
85% of the population studied had a facial dentogingival complex of 3 mm, 
whereas the interproximal measurement was approximately 4.5 mm115; this 
distance is close to the 5 mm interproximal measurement seen by Tarnow and 
colleagues. 81 About 15% of the population still vary from the normal, and 
Spear116 reports that variations in biologic width are seen throughout the 
periodontium within the same patient. Therefore, a baseline reference 
measurement can be taken for each patient to determine his or her individual 
dentogingival complex and biologic width. This is used to determine how 
much tooth to expose in the crown lengthening procedure. The reference is 
taken from an unrestored contralateral tooth if present, or if not, a premolar in 
the same arch being treated can be used to determine the measurement for that 
patient. The goal is to properly diagnose the type of periodontium and the 
width of the total dentogingival complex, which includes the biologic width 
for that patient. The patient's individually determined biologic width will help 
to predict the amount of soft tissue rebound after crown lengthening 
procedures and precisely how much bone to remove at time of surgery for that 
individual patient. Each patient will return to the baseline width of the normal 
dentogingival complex for that patient after surgical crown lengthening 
procedures. 



The decision to perform esthetic crown lengthening using a gingivectomy 
procedure versus an apically positioned flap depends primarily on the distance 
between the proposed final position of the gingival margin and the underlying 
bone. If a gingivectomy procedure is used to remove "excess" gingiva, but the 
new gingival margin position is too close to the underlying bone, the biologic 
width will be violated and the gingival margin will usually rebound toward its 
original position. This can result in a "shortening" of the clinical crown over 
time. If the new gingival margin position is close to the underlying bone, a 
flap should be reflected and an adequate amount of osteoplasty and ostectomy 
should be performed to reestablish an adequate biologic width. 

The first measurement taken for esthetic crown lengthening is sounding to 
bone to establish the total dentogingival complex and biologic width for that 
patient. This measurement is taken on an undisturbed nonrestored tooth, the 
contralateral tooth if possible. If the contralateral tooth is restored or is not 
available, another similar tooth should be selected as close to the shape and 
size of the tooth being treated. The next procedure is to visualize the end 
result and have a firm idea from consultations with the patient and the dental 
team of the length, width, and shape of teeth to achieve the desired results. If 
restorations are planned, the shape of the teeth and the contact points of the 
crowns will influence the end result. This information must be combined with 
the biologic width for that patient to determine the proper position of the 
facial, lingual, and interproximal bone. 

Preservation of papillary tissue. 

The preservation of papillary tissue to prevent "black triangles" from 
developing interdentally is one of the esthetic goals of treatment. To do this, it is 
important to determine the distance from the interproximal bone to the contact 
point. This measurement will determine the probability of regenerating the 
papilla once surgery has been performed. The papilla will regenerate predictably 
if the distance from the bone to contact point is 5 mm or less.81 If the distance is 
greater than 5 mm, then the papilla will not predictably regenerate and the 
papilla should be left undisturbed. Many people have an average distance of 
contact point to bone of 6 mm or even 7 mm without any missing papillary 
tissue. This measurement is important for those patients and should be carefully 
evaluated to know how the papilla will respond. If the distance is from 6 to 7 
mm, the papillae will not regenerate if the papilla is reflected during surgery; 
therefore, no flap should be reflected if apical positioning of the papilla is not 
desired. However, if the distance is 4 to 5 mm, the papilla will fully regenerate 
filling the embrasure space, but it may take from 3 to 24 months. One mistake is 
to restoratively close the embrasure space too quickly, before the rebound of the 
papilla has occurred. If this moves the contact point too close to the bone, there 
will not be enough space for the papilla, creating gingival swelling and chronic 
inflammation. Once the initial healing takes place at 6 weeks, the provisional 
restorations can be placed, if the biologic width that was determined for that 



patient is not violated and the proper embrasure space of 4 to 5 mm from the 
bone to the contact point is respected. Placement of final restorations may be 
delayed several weeks to months to allow tissue maturation. If there is a black 
triangular space still present interdentally, more time will be required to allow 
for thickening of the papillary soft tissue and rebound of the papilla. In some 
cases, the interproximal bone must be reduced for retention of a crown, but, in 
many cases, the interproximal bone can be left undisturbed. This is preferable 
when possible because the healing of the facial and lingual soft tissues will 
occur quickly, compared with the healing of the papilla. If the levels of the 
interproximal bone must be changed, usually because of inadequate tooth 
structure, then the contact point between the teeth must be moved toward the 
bone by decreasing the embrasure space. 

To help prevent loss of papillary height and formation of black triangles in the 
esthetic zone, many clinicians prefer to reflect only a facial or lingual flap at any 
given surgical appointment. This allows retention of a fixed papilla in each 
interdental space opposing the reflected flap, improving the stability of the flap 
after suturing and providing a fixed connective tissue bed for blood supply to 
the reflected papillary areas. If no restorations are required, esthetic crown 
lengthening is often restricted to the facial surfaces and may require reflection 
of only a facial flap. 

Figure 21-50.   



 

Esthetic crown lengthening by increasing the gingival scallop 
(gingivectomy). A, Preoperative view of a short lateral incisor (#7) with 
bilateral asymmetry. B, Removal of 2.5 mm of gingiva increases the 
gingival scallop and leaves a dentogingival complex of 2.5 mm and 2.5 mm 
of exposed root. Both lateral incisors had equal length after surgery. C, Six-
week postoperative photograph with new crown #7 and nice bilateral 
symmetry. (Restorative therapy by Dr. Mark Venincasa.) 

Excessive gingival display. 

The first clinical case presents with a right lateral incisor with excessive 
gingival display (Fig. 21-50, A). This tooth had an old crown and 2 mm more 
gingiva than the contralateral tooth. The facial probing revealed a 3-mm 
probing depth, and sounding to bone was 5 mm. The other lateral incisor 
probed 1 mm on the facial and sounded to bone at 3 mm. This means there 
was enough soft tissue to allow a gingivectomy to establish the proper length 
without involving the bone. A gingivectomy was performed to remove 2 mm 
of facial gingiva, leaving 3 mm of soft tissue between the new gingival margin 
position and the bone. The healing at 6 weeks showed the tooth was ready for 
the new crown (Fig. 21-50, B). The final crown 6 weeks later reveals the 



proper length of the right lateral in comparison to the left lateral (Fig. 21-50, 
C). 

Flap reflection and osseous surgery. 

The next case (Fig. 21-51) will require osseous surgery with flap reflection to 
achieve the desired result. This patient presents with excessive gingival 
display of the lateral incisors and canines with a complaint of short teeth and 
too much gum showing when she smiles (Fig. 21-51, A). The extent of the 
problem was revealed only after sounding to bone under local anesthesia; the 
facial dentogingival complex on the central incisors measured 3.5 mm, 3.0 
mm on the premolars, and 5.5 mm on the laterals and canines. The individual 
length of the dentogingival complex was taken to be a normal 3.0 mm. The 
overall length of the central incisors was planned for 10.5 mm (10 mm initial), 
laterals 9.5 mm (6 mm initial), and canines 10.5 mm (initial 7 mm). This 
meant that the central incisors could be lengthened 0.5 mm by soft tissue 
removal, and the canine and laterals would require osseous surgery. The 
canines and laterals needed to be 3.5 mm longer—2 mm would come from 
gingivectomy and 1.5 mm from ostectomy (Fig. 21-51, B). The point of 
reference for measurements was a flat metal plate placed in the patient's 
mouth to establish the occlusal plane and discount for possible variations in 
the incisal edges of individual teeth. When the proper dentogingival complex 
is established, uncomplicated healing takes at least 6 weeks (Fig. 21-51, C). 
After final restoration, an ideal result that was pleasing to the patient, 
restorative dentist, and periodontist was obtained. 

Figure 21-51.   



 

Esthetic crown lengthening by gingivectomy and osseous resective 
surgery. A, The patient's chief complaint was short teeth, too much gum 
showing, and spaces between the front teeth. The individualized 
dentogingival complex was 3.0 mm. B, The teeth were lengthened by a 
gingivectomy for the central incisors and osseous resective surgery for the 
lateral incisors and canines to give a total postoperative dentogingival 
complex of 3.0 mm. C, Six-week postoperative photograph shows 
bilateral symmetry with ideal tooth and papilla length. After placement of 
porcelain veneers, an ideal esthetic result was achieved. (Restorative 
therapy by Dr. Dale Robinowitz.) 

The patient in Figure 21-52, A, has short teeth as a result of altered passive 
eruption and will require osseous surgery with flap reflection to achieve an 
acceptable esthetic result. The crowns on the incisors were to be replaced after 
crown lengthening. The interdental bone and papilla were at an acceptable 
height, but the facial gingiva and bone needed to be apically positioned to 
establish bilateral symmetry. The initial incisions are scalloping incisions to 
increase the tooth length and to establish the new facial gingival margin. Next, 
horizontal incisions were made at each papilla to preserve the interdental 
papillae (Fig. 21-52, B). This allows for papillary retention and reflection of 
the flap to expose the facial bone. When osseous recontouring will involve the 
interproximal bone, a sulcular incision is used and the papillary tissue is 



included in the reflected flap. When the lingual tissue does not need to be 
reflected, it is left attached to the lingual bone and tooth surfaces to maintain 
the papillary blood supply and prevent interproximal recession. Because the 
total facial dentogingival dimension was 3.5 mm for the patient in Figure 21-
52, osseous surgery was performed to position the bone at the proper position 
apical to the new location of the gingival margin, thus giving the desired tooth 
length. Before suturing, optional gingivoplasty of each papilla is performed to 
allow for an imperceptible incision line. The facial flap is then sutured 
interdentally, and the apical positioning or lengthening of the teeth comes 
from the gingival scalloping (Fig. 21-52, B). The 12-week healing shows 
some soft tissue rebound from the suturing slide but the case is ready to be 
restored (Fig. 21-52, C). Because the gingival margin position may shift 
apically or coronally, even after 12 weeks of healing in some patients, many 
dentists prefer to place provisional restorations at this time and delay final 
impressions and crown fabrication for several more months. After restoration, 
the full smile photograph shows the increased tooth length, intact papillae, 
proper gingival contours, and relation to each lip (Fig. 21-52, D). 

Figure 21-52.   

 

Esthetic crown lengthening by osseous resective surgery with papillary 
retention. A, Short, square clinical crowns are seen with the temporary 
crowns. B, Facial gingiva was scalloped to improve the length-to-width 



ratio. The interproximal tissue was maintained by using a horizontal 
incision at each papilla to preserve the entire interdental papilla. After 
osseous resective surgery on the facial surfaces, the flap was sutured at 
each papilla. C, Twelve-week postoperative view showing some marginal 
rebound compared with the suturing photograph. D, The final smile after 
esthetic crown lengthening and restorative treatment. (Restorative therapy 
by Dr. Larry Herwig.) 

Increasing zone of gingiva. 

One modification of the apically positioned flap technique117 focuses on 
increasing the amount of keratinized and attached gingiva while preserving 
the marginal gingiva, thus avoiding marginal soft tissue recession as with 
most apically positioned flaps. This technique is indicated in cases in which 
there is a need for increased keratinized and attached gingiva, and the case 
must have no bony dehiscence, a minimal sulcus depth, no inflammation, and 
0.5 mm or more attached gingiva (Fig. 21-53, A). A beveled incision is made 
in the attached gingiva ending apical to the alveolar crest (Fig. 21-53, B). If a 
dehiscence is discovered, a free epithelialized soft tissue graft would be placed 
to cover the dehiscence. The extent of the incision is determined by the area 
that requires surgery. Two vertical incisions are made to allow for apically 
positioning the split-thickness flap. The flap is apically positioned the same 
distance as the desired increase in keratinized tissue width. The flap is secured 
by sutures, and dry foil may be placed, followed by a periodontal dressing. 
The dressing is removed in 1 week and chlorhexidine mouthwash is used for 2 
weeks. The area usually appears clinically healed in 8 to 12 weeks and the 
result appears similar to a thin free epithelialized soft tissue graft (Fig. 21-53, 
C). A second stage procedure can be done after 8 to 12 weeks to coronally 
position the gingiva to cover roots, if needed. There is no increase in pocket 
depth, but there is on average a 2-mm increase in the amount of attached 
gingiva. Advantages of this technique are the elimination of the need for 
donor tissue, the ability to treat multiple teeth, and excellent color match. The 
disadvantage is the final thickness of gingiva being less than what can be 
accomplished by other free soft tissue grafting techniques. 

Figure 21-53.   



 

Modified apically positioned flap to increase attached gingiva. A, 
Preoperative view of multiple Class I recession defects. B, The beveled 
incision is at the mucogingival junction and the split-thickness flap is 
apically positioned to expose the periosteum, leaving a collar of gingiva 
around the teeth. C, Ten-week postoperative photograph shows increased 
attached gingiva that can be coronally positioned if desired. 

Exposure of impacted teeth. 

The exposure of impacted teeth by the apically positioned flap was first shown 
to be successful in 75 cases by Vanarsdall and Corn in 1977.118 With the 
exception of third molars, the most common maxillary impaction is the 
canine, followed by the central incisors.119 The most common mandibular 
impaction is the second premolar and the second molar.120 Teeth lose their 
capacity to erupt after the root apex has closed,121 therefore surgical 
intervention is necessary if the tooth is to be brought into occlusion. The most 
common cause of impacted teeth is an aberrant angulated eruption path. 

The most important consideration is to determine whether the tooth is to the 
facial or to the palatal. Maxillary canines are found labially impacted one third 
of the time and palatally impacted two thirds of the time. Often the position 
can be determined by manual palpation, but it may be necessary to use two 



different dental radiographs such as a periapical film and an occlusal film. In 
one particularly useful diagnostic technique, one periapical film is taken using 
standard technique and angulation. A second film is then taken with the X-ray 
tube head angled 20 to 30 degrees toward the mesial on a horizontal plane. If 
the impacted tooth is on the labial aspect, the image will "move" toward the 
distal on the second radiograph. If the impacted tooth is on the lingual/palatal 
aspect, the image will move toward the mesial. In some difficult cases, a 
tomographic radiograph may be necessary to locate the position of the tooth. 

The major advantage of the apically positioned flap technique for impacted 
tooth exposure is that it allows formation of an esthetic, adequate band of 
attached gingiva on the labial surface of these teeth. Other surgical methods of 
exposing teeth such as gingivectomy that remove all the gingiva leaving only 
a facial mucosal margin have been shown to significantly reduce the width of 
buccal keratinized gingiva, increase gingival recession, and increase gingivitis 
when compared with the apically positioned flap.122,123 The apically 
positioned flap technique has some disadvantages when used for very high or 
laterally displaced impactions where accessory frena can be created in the 
vertical incision area. Orthodontic relapse has been observed in some 
patients.124 

The technique is described here for a maxillary canine (Fig. 21-54, A and B). 
The apically positioned flap is used when the tip of the impacted canine is 
apical to the adjacent CEJ. After local anesthesia, an incision is made parallel 
and far enough away from the mucogingival line to retain 3 to 5 mm of 
gingiva. Usually this incision is made near the crest of the edentulous ridge. 
Next, two vertical incisions are made the same width as the edentulous ridge, 
beginning at the crest of the ridge and extending into the vestibule on either 
side of the impacted canine as a split-thickness flap is reflected. The desired 
thickness of the gingival portion of the pedicle flap is at least 1 mm. If two 
thirds of the tooth is not exposed, some bone must be removed to give 
adequate access for the bracket. The remaining follicle should be removed 
through careful curettage. 

The split-thickness pedicle flap is then sutured in the apical position to 
stabilize the gingiva at the desired level to expose one half to two thirds of the 
crown (Fig. 21-54, C). Periodontal dressing can be used if needed to aid in 
stabilization of the apically positioned pedicle flap. In 2 to 3 weeks the 
orthodontist can attach a bracket. The surgeon needs to bond an appliance if 
the impaction is deeper or if less than one half of the tooth is exposed. A dry 
field is a problem and sometimes difficult to overcome, but absolutely 
necessary for successful bonding. The bonded appliance will help with the 
retention of the periodontal dressing and subsequent stabilization of the 
pedicle flap. Orthodontic movement can ideally proceed in 1 to 3 weeks (Fig. 
21-54, D). The tooth can now be moved into ideal alignment (Fig. 21-54, E). 



The position of these impacted teeth varies greatly. The primary problems 
occur in the deeply impacted cases. In these cases, the bonding of the button 
or hook is the most difficult and important part of the technique. The 
application of an absorbable collagen matrix packed around the tooth will help 
control the bleeding. An etching gel is used to rinse, dry, prime, and bond over 
the etched surface. The newer generation of light cured orthodontic resin 
cements aids the speed of setting up the bond, thereby increasing the chances 
of success.125 

Replaced flap 

The replaced flap is a flap that is reflected and replaced to its original position. 
The purpose of this flap is for surgical access where the postoperative position of 
the gingiva is the same as the preoperative appearance. This is the simplest flap of 
the four types of flaps, but one that must be mastered if periodontal and 
reconstructive procedures are to be successful. This flap can be used for all types 
of periodontal flap surgery where esthetics are critical and no recession is 
desirable, including: guided tissue regeneration, bone grafting, subgingival root 
surface restorations, and application of enamel matrix protein and other metabolic 
enhancers of bone and soft tissue regeneration. Other surgical procedures such as 
closed orthodontic eruption,126 ridge augmentation surgery,71 sinus elevation 
surgery, exploratory periodontal surgery, and endodontic surgery all share the 
principles of this flap procedure. 

Closed orthodontic eruption. 

Closed orthodontic eruption is a newer technique than the apically positioned 
flap to expose impacted teeth.124 The indication for this technique is if the tooth 
is impacted in the center of the alveolus or high in the vestibule near the nasal 
spine. Flap access is gained by using a mid-ridge incision with one or two 
vertical incisions to expose the impacted tooth. If the tooth is covered with 
bone, the tip of the tooth must be exposed to gain access to the tooth. A bracket 
or pin is bonded to the tooth and a 0.010-inch ligature wire or gold chain is 
attached from the bracket to the arch wire. The flap is then replaced and sutured 
to its original position with only the wire or chain exposed between the flap 
edges. This technique has been shown to be more esthetically pleasing, causes 
less tooth exposure, and has less relapse when compared with the apically 
positioned flap.126 

Figure 21-54.   



 

Apically positioned flap to expose impacted teeth. A, Panoramic radiograph 
showing impacted maxillary canines. B, Impacted canine preoperative 
clinical view. C, A horizontal incision was made at the crest of the ridge, 
and two vertical incisions were made. The split-thickness flap was apically 
positioned and sutured to expose the crown of the impacted canine. D, Four-
week postoperative view shows wide band of facial gingiva. E, Six-month 
postoperative appearance after uncovering and orthodontically erupting the 
canine. 



This flap technique is often performed on esthetically demanding cases that 
require exacting control of the postoperative gingival margin position. This 
often involves a limited area; therefore, vertical incisions are used to assist in 
flap reflection. The most predictable way to make certain the position of the flap 
heals properly is to carefully manipulate the tissue, suture, and stabilize the 
flaps at the proper gingival level. The easiest way to do this is to reflect only the 
facial or the lingual flap, leaving the other side undisturbed, which ensures that 
the nonreflected side will maintain its position on the tooth. The reflected flap is 
sutured to the stable tissue, especially the interdental tissue; consequently, the 
noncompromised blood supply allows quicker healing with less recession of the 
reflected flap. 

Subgingival restoration placement. 

The replaced flap technique is sometimes used when subgingival restorations 
must be placed. Because the flap will be replaced over the restoration, it is ideal 
to choose restorative materials that are highly compatible with the soft tissues. 
Dragoo127 studied three restorative materials, and one material, Geristore (a 
resin-ionomer restorative material or compomer [Den-Mat Corp., Santa Maria, 
CA]), had superior handling and healing characteristics. Dragoo was able to 
show connective tissue fibers functionally aligned and extending into this 
restorative material. The flap is reflected to allow access to the lesion to be 
restored. The restoration is placed, smoothed, and finished. The flap is then 
replaced at its original position. 

Tunnel Technique 

The tunnel (or envelope) technique gives access to the root and alveolar bone 
without complete flap reflection; it was developed for use with a connective tissue 
graft (Fig. 21-55, A and B)128 for root coverage procedures129 and for ridge 
augmentation procedures. This type of nonconventional pedicle flap maintains a 
blood supply from two or more sides of the reflected tissue, whereas a conventional 
pedicle flap maintains an intact blood supply from only one side. This technique 
uses no conventional incisions; therefore, the blood supply to the papillae is not 
interrupted. No conventional sutures are needed at each papilla to hold the flap 
closed. Sutures are only are needed to stabilize the connective tissue graft; 
therefore, healing is extremely rapid with less papillary healing problems. It is 
possible to coronally advance, apically position, or replace the soft tissue margin. 
This technique has promise to be used in the future with endoscopes similar to 
minimally invasive medical procedures such as endoscopic, arthroscopic, or 
laparoscopic surgery to reduce trauma and improve healing and esthetics. Because 
the tunnel technique is rarely used by itself, it is discussed later in this chapter as 
part of the section that details connective tissue grafts. 

Figure 21-55.   



 



Single tooth tunnel (envelope technique). A, Envelope dissection is outlined. 
The tunnel or pouch is created through the sulcus and merely undermines the 
overlying tissue, rather than making superficial incisions. B, Autogenous 
connective tissue graft sutured into envelope. 

Roll technique. 

The roll technique, a modification of the soft tissue pedicle flap, is used for ridge 
augmentation and was first described by Abrams in 1980130 and then 

revised by Scharf and Tarnow in 1992.131 It is indicated for small (<3 mm) 
horizontal maxillary ridge deficiencies. The roll technique involves reflecting a 
pedicle flap from an edentulous site with the base of the flap toward the facial. 
The epithelium is removed from the palatal aspect of the flap. An envelope or 
pouch is made between the base of the pedicle and the bone. The deepithelialized 
palatal connective tissue pedicle is then rolled into the pouch and sutured to place. 
This technique is not routinely used because other techniques generally allow for 
more flexibility and more options with better outcomes. 

Free Soft Tissue Grafts 

The donor site for this type of soft tissue graft is distant from the recipient site, 
therefore it maintains none of its own blood supply. The viability of the graft is 
because of microvascular perfusion from the recipient connective tissue, periosteal, 
or osseous bed. While Miller132 is credited with demonstrating the applicability of 
this technique for root coverage, Bjorn published the first photographic evidence in 
1963, and Nabers133 introduced the term free gingival graft in 1966. This technique 
used tissue removed after performing a gingivectomy, which was the primary 
surgical procedure for pocket reduction at that time. Instead of discarding the 
resected gingiva, it was used as the donor tissue. The technique was later modified, 
and palatal tissue or masticatory mucosa134 was used as the primary donor source 
instead of gingiva. 

Figure 21-56.   



 

Thin or average thickness free epithelialized (soft tissue) graft (FEG). A, 
Recipient bed prepared with no attempt at root coverage. B, Suturing of FEG 
showing both interrupted and sling sutures. 

Free epithelialized soft tissue autograft 

The free epithelialized soft tissue autograft (Fig. 21-56, A and B) can be 
subdivided by thickness of the donor tissue (Fig. 21-57): thin (0.5 to 0.8 mm; Fig. 
21-58), average (0.9 to 1.4 mm; Fig. 21-59), and thick (1.5 to 2+ mm; Fig. 21-60). 
The thin epithelialized graft is well suited to increase the amount of attached 
gingiva and gives the best color match of the three thicknesses (Fig. 21-58). This 
graft must be placed in intimate contact with an intact blood supply and not over 
an exposed root to survive; therefore, it is not suited for root coverage. The thin 
epithelialized graft heals the fastest of the three different graft thicknesses, but 
shrinks the most after healing (25% to 30%).135 The palatal wound rarely causes 
complications because the donor site is so shallow. 

The average thickness epithelialized soft tissue graft (0.9 to 1.4 mm) is best suited 
for all types of grafting except root coverage (Fig. 21-59). This graft is more 
suited to protect against recession than the thin graft. The appearance is 
acceptable but not as good as the thin graft. The palatal wound is deeper, which 
causes more complications such as bleeding, than the thin graft. A palatal stent is 
recommended to cover the palate and protect the donor site (Fig. 21-61). This 
stent was made from an impression taken before the surgical appointment, using 
polymethylmethacrylate powder and liquid with a sprinkle technique. The stent 
can be made with or without ball clasps, depending on the need for added 
retention. Other materials can be used, but a properly fabricated palatal stent 
should be secure so it does not become dislodged when speaking, thereby insuring 
a stable blood clot. The stent is used for a pressure application device to stop 
bleeding and to improve patient comfort. 



Figure 21-57.   

 

Cross section of the palate showing different graft thickness. 

Figure 21-58.   

 

Thin free epithelialized graft in lower incisor and canine region—the same 
thickness and almost the same color as the surrounding gingiva, giving a 



blended natural look (3 mm increase in attached gingiva on the canine but no 
coverage of the exposed root, which is typical of thin grafts over wide 
recession defects). 

The technique for a thin or average thickness free epithelialized soft tissue 
autograft is presented in diagram form in Figure 21-56, A and B. The case selected 
has Class III recession and is an indication for treatment because of documented 
increasing gingival recession after recent orthodontic treatment (Fig. 21-62, A). 
The significant interdental recession precludes complete root coverage, but 
maintaining a stable and maintainable periodontium is the primary focus of this 
procedure. The first incision is made at the mucogingival junction and defines the 
length of the recipient site that needs augmentation. The vertical incisions are 
made in the interproximal sites distal to the terminal teeth to form a right angle 
with the initial incisions (Fig. 21-62, A). A split-thickness flap is reflected, and 
then the thin mucosal flap is excised to prepare the recipient bed for the donor 
tissue. The recipient bed is measured with a periodontal probe and/or a template is 
cut out of a sterile material such as dry foil or from the sterile foil that is used to 
enclose most suture materials. This template is then taken to the palate to outline 
the shape of the donor tissue. The donor tissue is taken at least 2 mm from the 
palatal gingival margin to prevent recession on these teeth, because recession may 
occur as a result of the wound edge being too close to the gingival margin. This is 
often a problem on the palatal root of the maxillary first molar. The template or 
shape of the donor tissue is outlined with a scalpel at a right angle to the palate at 
the desired depth, which can be gauged by the bevel on a #15 scalpel blade 
(approximately 1 mm). The blade is then turned parallel to the palate and a graft 
of the desired uniform thickness is removed by sharp dissection from the palate. 
The prefabricated palatal stent is placed to form a stable blood clot. The donor 
tissue is transferred to the recipient site to check the fit and modify if needed. 
Suturing techniques vary widely, but stabilization of the graft is the most 
important principle. The thin graft requires fewer sutures than the average 
thickness graft. Stabilization is accomplished by using stable structures adjacent 
to the surgical site such as interproximal tissue or a sling suture placed around the 
teeth. The apical muscle group and the periosteum can be used to stabilize the 
graft using 4–0, 5–0, or 6–0 absorbable sutures (Fig. 21-62, B). Reducing graft 
mobility and dead spaces will improve the graft success. Because this graft is 
usually placed over periosteum with a good blood supply, healing will ensue 
rapidly with a high degree of predictability. After 8 weeks the donor and recipient 
sites are healed (Fig. 21-62, C). 

Figure 21-59.   



 

Average thickness free epithelialized graft—slightly raised from adjacent 
native gingiva and color is lighter than native gingiva. 

Figure 21-60.   

 

Thick free epithelialized graft—significantly raised from adjacent gingiva and 
the color is much lighter than the native gingiva (3 mm of exposed root was 
covered on the canine). 

Figure 21-61.   



 

Acrylic resin palatal stent used to protect the palate after donor tissue is 
harvested. 

The thick epithelialized soft tissue autograft can be used for covering exposed 
roots.132,136 The thick graft has greater primary (early) contraction than thin or 
average thickness grafts. This causes collapse of the blood vessels within the graft 
that may interfere with the revascularization of the graft137; however, the 
secondary (late) contraction will be less during the healing process than with the 
thin or average thickness grafts. The thick graft should be slightly stretched to 
reduce primary contraction and keep the capillaries open as much as possible so 
that a blood supply can be established quickly.136 Suturing of the graft must 
completely immobilize the graft to encourage anastomosing of capillaries by 
maintaining continual intimate contact with its vascular bed. The healed thick 
graft has the least esthetic qualities of all the grafts because it is much thicker than 
the surrounding gingiva; therefore, it may look out of place (Fig. 21-60). 
Currently, it is not often used because of the less than ideal esthetics, and 
postoperative healing is more uncomfortable than with newer subepithelial 
techniques. 

The thick free epithelialized soft tissue autograft technique is briefly detailed 
because the principles of the technique of root coverage are important to 
understand, and this technique is the most difficult to master for predictable root 
coverage. The initial horizontal incision is made at the level of the desired 
gingival level, which is usually at the CEJ in a Miller Class I or Class II case (Fig. 
21-63, A and B). The incision is extended to the adjacent teeth, but it ends before 
involving the sulcus of the nongrafted tooth. The next two incisions are vertical 
incisions made at a right angle to the horizontal incisions. It is important to have 
prepared a recipient site that extends 3 mm past the edge of the denuded root 



surface. A deep split-thickness dissection is performed to achieve a recipient site 
that will allow a butt joint to be achieved against all keratinized gingiva. The 
donor tissue is taken as described before, except that the thickness is 2.0 mm or 
more; the prefabricated palatal stent as described earlier is placed to encourage 
blood clot formation (Fig. 21-61). This stent is important for thick grafts because 
of the potential for postoperative bleeding and pain at the donor site. The stent 
itself will dramatically reduce pain from the donor site because the open wound is 
covered, protecting it from the tongue, food, and drink. After the stent is placed, 
the donor tissue is transferred to the recipient site and suturing must stabilize the 
graft. The larger the donor tissue is the easier it is to stabilize, and the more 
successful it is to cover exposed root surfaces. The small, thick, one tooth graft is 
the hardest to suture and the least successful graft to cover an exposed root 
surface. Interrupted sutures are placed at each end of the graft to assure a butt 
joint and slight stretching of the graft to achieve maximum exposure to a stable 
blood supply. Then, a sling suture is placed around the affected tooth or teeth to 
ensure intimate contact of the graft to the interproximal sluiceways, to prevent 
dead spaces that will delay healing, and to increase the chances of root coverage 
(Fig. 21-63, C). Blood supply is always the most important factor in the survival 
of any graft procedure; thus the better the circulation the more predictable the 
technique will be. The healing in the case presented in Figure 21-63, D resulted in 
excellent root coverage. The best indications for using the thick graft are: to cover 
an exposed root, to augment the gingival dimensions (which will increase the 
resistance to future recession), and to increase the vestibular depth. The literature 
supports the use of this type of graft to cover root surfaces with an average 
exposed root coverage of 72.1% (Table 21-2). 

Figure 21-62.   



 

Thin or average thickness free epithelialized graft (FEG). A, Preoperative 
Class III recession with interdental bone loss and soft tissue recession. B, 
Suturing of average thickness donor tissue to recipient bed to achieve stability. 
C, Eight-week postoperative healing of average thickness free epithelialized 
graft. 

Figure 21-63.   



 

Thick free epithelialized graft (FEG)—clinical technique. A, Preoperative 
view of Class II gingival recession #24. B, Bed preparation for the thick FEG. 
C, Thick FEG sutured securely to place. D, Two-month postoperative view of 
complete root coverage #24 with the thick FEG. 

The thick graft is more resistant to future recession. Through a process known as 
creeping attachment, there tends to be an increase in root coverage of 
approximately 1 mm over a 1-year period after graft surgery138 (Fig. 21-64, A and 
B). This creeping attachment has been shown to be stable over a 5-year period.139 
One article shows as much as 7 to 9 mm of exposed roots covered by creeping 
attachment over a 4-year period, but such dramatic results are rare.140 Creeping 
attachment occurs more frequently in cases with a thick graft that replaces the 
gingival margin. If the margin of native gingiva is retained during graft surgery, 
creeping attachment is not as pronounced (Fig. 21-63, C). This creeping 
attachment is desirable but rarely occurs with average to thin grafts, and then only 
when a narrow recession defect (<3 mm in width) is treated. The new creeping 
attachment tissue that covers the root coronal to the original graft may look 
different than the grafted tissue and may be more esthetically pleasing than the 
original graft (Fig. 21-60 and Fig. 21-64, B). The buccolingual dimension of the 
graft may also increase in thickness with time, which can be a result of thickening 
of either soft tissue or the underlying bone,141 resembling a bony exostosis. This 
increase in the dimensions of the gingival grafts may continue for several years 



after the original graft is placed. Creeping attachment has been documented after 
the placement of free epithelialized soft tissue grafts,138–140 subepithelial 
connective tissue autografts,142 and allografts.143 

The decision to perform a soft tissue graft can be accompanied by the knowledge 
that without surgical intervention the amount of exposed root will usually stay the 
same or get worse over time, but after soft tissue grafting the amount of exposed 
root will usually stay the same or get better over time. 

Figure 21-64.   

 

Creeping attachment. A, Six weeks after failing to cover the root of a 
premolar with a thick FEG. Although increased tissue thickness was achieved, 
root coverage was incomplete. B, Creeping attachment has occurred (without 
additional treatment) to cover the exposed root 16 months later. 

Soft tissue onlay graft 

Ridge augmentation with a thick free epithelialized graft was first published in 
1979 by Meltzer144 to correct an esthetic anterior vertical ridge defect. The soft 
tissue onlay graft (Fig. 21-65, A and B) was described by Seibert70,145 in a series 
of articles that detailed the technique and its applications. This technique is used 
primarily to augment vertical ridge defects, but it can be used to augment 
horizontal or combination defects. When adequate vertical augmentation can be 
provided, papillary soft tissue augmentation can even be accomplished between 
the pontics of a fixed partial denture (Fig. 21-65, C and D). 

A soft tissue onlay graft was used to treat the Class III moderate combination 
ridge defect in Figure 21-66. The defect has 4-mm horizontal and vertical 
components (Fig. 21-66, A). The first step is to remove the epithelium with 
scalpel, radiosurgery, laser, or rotary diamond burs. Shallow vertical incisions are 
made into the soft tissue ridge to enhance the bleeding surface and to permit 
adequate perfusion of the full-thickness graft. One of the best sources of thick 
epithelialized soft tissue is the maxillary tuberosity. Suturing is important for the 
stability of this graft (Fig. 21-66, B and C). Tongue thrusting is one of the biggest 



causes of failure in any vertical ridge augmentation attempt in the anterior region 
of the maxilla because the tongue pushes the graft each time the patient swallows, 
which interrupts the blood supply by moving the onlay graft. A palatal stent 
should be made to protect the graft from the tongue during the first 4 to 6 weeks 
of healing. The stent should be properly relieved to allow for swelling that will 
occur after augmentation. The major disadvantage with all thick epithelialized 
grafts is the different appearance of the tissue after healing (Fig. 21-66, D). The 
slight postoperative color variation in Figure 21-66, D is not as noticeable as the 
total lack of tissue that was present before surgery (Fig. 21-66, A). 

Interpositional-onlay graft 

A modification called the interpositional-onlay graft 146 also uses thick 
epithelialized soft tissue grafts and is indicated for soft tissue augmentation of 
Class III combination defects (Fig. 21-67, A). A split-thickness envelope flap 
without vertical incisions is reflected (Fig. 21-67, B), and a thick wedge of tissue 
with one epithelialized side (Fig. 21-67, C) is placed in the envelope flap. The 
graft is sutured in place where the epithelialized tissue remains visible (Fig. 21-
67, D). The advantage of this technique is the increased surface area for improved 
blood supply and stability during the healing process. The amount of tissue that 
can be grafted with this technique can increase both vertical and horizontal 
defects. The disadvantage of this graft is the shape; the wedge can be dislodged if 
the sutures become compromised early on in the healing process. 

Subepithelial connective tissue graft 

The connective tissue graft, also called a subepithelial connective tissue graft or a 
free connective tissue graft, is the second major type of free soft tissue graft. In 
1980, Langer and Calagna 147,148 described the subepithelial connective tissue 
graft for root coverage (Fig. 21-68, A and B) and ridge augmentation, and this 
technique currently comprises the bulk of soft tissue grafts used in periodontal 
plastic surgery. The addition of connective tissue under any pedicle flap yields a 
mean exposed root coverage of 89.3%, which is the best of all soft tissue grafting 
techniques used (Table 21-2). It is for this reason that this technique and its many 
variations are so popular. 

Figure 21-65.   



 

Onlay graft (thick free epithelialized graft [FEG] for ridge augmentation). A, 
Class II vertical ridge defect drawing showing removal of epithelium to 
prepare the recipient bed for the thick free epithelialized graft. B, Thick free 
epithelialized donor tissue sutured to the recipient bed. C, Facial and occlusal 
view of the onlay graft shows the desired height of the graft at the level of the 
papillae adjacent to the graft. D, Ovate pontics for central incisors create the 
papilla between the central incisors. 

The harvesting of donor tissue from the subepithelial connective tissue of the 
palate requires a complete knowledge of the entire palate. The normal anatomy of 
the palate consists of masticatory mucosa with a very regular orthokeratinized 
epithelial layer and a thick, even stratum corneum, compared with gingiva that 
has an inhomogeneous stratum corneum of varying thickness and an 
orthokeratinized or parakeratinized surface. Both the epithelium of the hard palate 
and the gingiva have an average thickness of 0.3 mm149 and a maximum thickness 
of 0.6 mm.150 The lamina propria or connective tissue of the palate extends to a 



depth of approximately 1.25 to 3.0 mm, and the submucosa extends from there to 
the bone (Fig. 21-57). 

Figure 21-66.   

 

Onlay graft (thick free epithelialized graft [FEG] for ridge augmentation)—
clinical technique. A, Onlay graft technique to correct a Class III combination 
ridge defect. Preoperative view reveals defect under pontics of provisional 
fixed partial denture. B, Suturing of the thick FEG to immobilize the donor 
tissue. C, Provisional restoration replaced and relieved to allow for swelling. 
D, Final fixed partial denture in place. (Restorative treatment by Dr. Sam 
Wilbur.) 

The palatal soft tissue that extends superiorly from the CEJ of the maxillary 
posterior teeth (for approximately 2 to 3 mm) and the soft tissue near the palatal 
raphe mediana are composed of very dense lamina propria, which is bound 
directly to periosteum. The masticatory mucosa between these two sites is the 
common location of the donor sites for most connective tissue grafts and is 
composed of connective tissue and loosely organized glandular and adipose 
tissue.151 The pars corporis adiposa contains adipose tissue and resides in the area 
of the premolars, whereas the pars corporis glandulosum contains glandular tissue 
and extends posteriorly to the soft palate152; the two are roughly separated by the 
thin mucosa over the palatal root of the first molar.153 



When the density of connective tissue decreases and becomes loosely organized, 
the thickness of the donor tissue must increase or it will be too thin to be 
manipulated and will tear when trying to suture the graft. The best quality 
connective tissue is found closest to the teeth rather than the midline of the palate; 
however, taking tissue closer than 2 mm to the teeth puts those teeth at risk for 
postoperative gingival recession. If the donor connective tissue is taken too close 
to the epithelial layer, the retained flap will not have an adequate blood supply 
and the palatal flap will slough giving a similar type wound as an epithelialized 
donor graft wound. 

Figure 21-67.   

 

Interpositional-onlay graft (thick free epithelialized graft [FEG] for ridge 
augmentation). A, Class III combination ridge defect. B, Split-thickness flap 
reflection is usually a pouch type dissection with no vertical incisions. C, A 
thick wedge of tissue is taken from the maxillary tuberosity or the palate. D, 



The tissue is sutured to place but is easily dislodged if sutures come out 
prematurely. 

Although there is a distinct anatomic variation between individuals, the thickness 
of the palate averages slightly more than 3 mm in the area extending from the 
distopalatal line angle of the canine to the mesial line angle of the palatal root of 
the first molar, and from the distopalatal line angle of the first molar to the 
distopalatal line angle of the second molar. The palatal thickness of the third 
molar averages 4 mm. The thinnest palatal tissue averages 2 mm over the first 
molar because of the palatal flaring of this root.154,155 The second molar can be as 
thin as the first molar tissue because of a thick alveolar process or exostoses that 
are often encountered in this palatal region. The palatal root of the first molar 
requires special attention to prevent postoperative recession, and in thin 
periodontiums the area should be avoided altogether. 

Thin periodontal biotypes vulnerable to gingival recession are often found in the 
same individuals with generalized thin palatal mucosa that is not suitable for 
obtaining adequate tissue for connective tissue grafting. In these patients, another 
periodontal plastic surgery technique may need to be considered. The exact 
thickness of the palate can be measured after local anesthesia with the anesthetic 
needle or a periodontal probe, or without anesthesia with the aid of an ultrasonic 
measuring device that digitally displays the gingival depth to a resolution of 0.1 
mm.153 These aids will help with a treatment plan based on the amount of donor 
tissue available. 

Figure 21-68.   



 

Partially covered connective tissue graft (with vertical incisions). A, 
Horizontal incision made at the level of the cementoenamel junction. Vertical 
incisions can be parallel or trapezoidal. B, The connective tissue graft (shown 
in tan; darker red area demonstrates exposed portion of graft) is placed over 
the root surface and surrounding bone/periosteum. The flap is then sutured 
over the connective tissue graft. The overlying flap may be replaced at its 



original position, as diagrammed, or it may be coronally positioned over the 
underlying connective tissue graft. 

The position of the greater and lesser palatine artery and nerve in the surgical field 
must be elucidated, and the surgeon must know their location (see Chapter 20 for 
a detailed discussion of the anatomy of this region). The greater and lesser 
palatine foramina are located apical to the third molar at the junction of the 
vertical and horizontal components of the palate. The greater and lesser palatine 
vessels and nerves lie in a bony groove, the greater palatine groove, which 
traverses the palate anteriorly at the junction of the horizontal and vertical palate. 
It is important to avoid the nerves and vessels located along this neurovascular 
line. The location of this line varies relative to the CEJ—in shallow palatal vaults 
the minimal distance is 7 mm, whereas in high vaults the maximum distance is 17 
mm. In an average vault there is a distance of 12 mm from the neurovascular line 
to the CEJ.151 If the incision is started 2 mm from the soft tissue margin and is 
ended 2 mm from the neurovascular line, then the maximum width of donor tissue 
will vary from 3 mm in the shallow vault to 13 mm in the high vault, with an 
average width of 8 mm in the average vault. The width of connective tissue 
needed for most grafts is determined by the extent of root exposure and the 
amount of root coverage anticipated, but 5 to 9 mm is usually an adequate width 
for donor tissue. This means removing a connective tissue graft from an 
individual with a shallow palate may result in trauma to the neurovascular 
structures; thus only 3 to 5 mm of donor tissue can be taken before risking 
damage to a vessel or nerve. This should be considered and discussed with the 
patient before deciding on this type of graft because other options may be desired, 
and the likely sequela of palatal numbness should be thoroughly discussed. When 
connective tissue is taken for ridge augmentation, the maximum amount of soft 
tissue is often desired, and the amount of tissue available is relative to the 
anatomy as described earlier. These limitations in length, width, and thickness are 
the reasons other sources of donor connective tissues are being evaluated. 

Major problems can occur when the above principles are violated. The most 
common area of violation is when the incision is extended to the lateral incisor or 
to the horizontal level of the palate; some degree of paresthesia often results. 
Paresthesia of the anterior palate is more noticeable to the patient because of the 
phonetic impact that an absence of feeling in this area can have. This paresthesia 
often dissipates over the next 6 to 12 months because of the regeneration of the 
damaged nerve fibers, and is rarely permanent. 

Suturing is often all that is needed to properly close and stabilize the palatal donor 
site (Fig. 21-69); however, stents are made for patients who may have bleeding 
problems (Fig. 21-61). Bleeding can be a major problem when these anatomic 
barriers are violated; most bleeding can be controlled by ensuring the stent 
extends past the surgical wound and is inflexible enough to apply sufficient force 
to stop the bleeding. 



The donor connective tissue is divided into the same three thickness categories as 
the free epithelialized grafts: thin (0.5 to 0.8 mm), average (0.9 to 1.4 mm), and 
thick (1.5 to 2.0+ mm). The donor tissue can be taken from the palate by two 
different techniques: single line incision (Fig. 21-69) and double incision (Fig. 21-
70). The single incision allows for palatal flap reflection and total visualization of 
the connective tissue donor site before deciding on the desired thickness. The 
advantage of the single incision is the ability to take larger grafts for ridge 
augmentation or for root coverage, and to close with primary closure over critical 
areas such as the palatal root of the first molar without postoperative 
complications. The double incision is better for smaller grafts of 1 to 3 teeth156 but 
requires accurate information about palatal thickness and existing exostoses. 
When using a double-bladed scalpel handle with a #13 or #15 blade (Fig. 21-71), 
the harvested tissue is very uniform in thickness. Extreme care must be exercised 
when loading and unloading this double-bladed instrument to avoid injury. The 
double incision technique leaves epithelium on the graft tissue (Fig. 21-72, A) that 
can be easily trimmed off if desired (Fig. 21-72, B). If connective tissue grafts are 
completely covered by the flap at the recipient site, all epithelium should be 
removed from the flap because of the possibility of epithelial cyst formation.157 

Figure 21-69.   

 

A single incision was made to remove the donor tissue without any epithelium 
on the donor tissue. Suturing of the incision completely closes the wound. 

Figure 21-70.   



 

Double incision to remove donor tissue from the palate. A narrow band of 
epithelium is present on the graft. 

Figure 21-71.   

 



Double-bladed knife to easily remove donor tissue. The knife must be handled 
carefully to avoid injury when placing and removing the blades. 

Partially covered connective tissue graft 

The clinician has the option of either completely covering the graft with the flap 
at the recipient site or leaving a portion of the graft uncovered. The partially 
covered connective tissue graft originally was described by Langer and Langer 
(Fig. 21-68, A and B).158 This technique can be used for Class I, II, or III recession 
defects. Figure 21-73, A, presents a maxillary canine Class II recession defect 
with 3.5 mm of root exposure and an adjacent lateral incisor pontic with a small 
Class I horizontal ridge defect. A sulcular incision was made without vertical 
incisions, which extends from the mesial of the lateral incisor pontic to distal of 
the second premolar. Vertical incisions were not used, but they could have been 
used if better visualization was needed. The root of the tooth to be covered was 
root planed and tetracycline was used to prepare the root surface (Fig. 21-73, B). 
The thick palatal tissue was taken by the double incision technique to augment the 
ridge of the lateral incisor and to cover the root of the canine. The epithelium was 
left on the donor tissue and the tissue was sutured to the recipient site by securing 
the graft with 5–0 chromic gut sutures to each papilla. The flap was then replaced, 
rather than coronally positioned, and sutured. The flap did not cover the grafted 
epithelium or connective tissue positioned over the root of the tooth (Fig. 21-73, 
C). The grafted connective tissue was partially covered, and therefore the blood 
supply was not as good as if the donor tissue was completely covered by a 
coronally positioned facial flap. The donor tissue must be thick enough to survive 
over the avascular root of the tooth, and in this case the tissue was a thick graft 
(1.5 to 2.0 mm thick). The grafted tissue may not look as normal as with the 
completely covered connective tissue graft; however, the color match can be very 
close (Fig. 21-73, D). Once healing is complete, minor gingivoplasty is 
sometimes needed to blend the tissue at each papilla. Three years later creeping 
attachment can be seen covering the margin of the restoration (Fig. 21-73, E). 

Figure 21-72.   

 



A, Epithelium can be seen on this connective tissue graft at the edge nearest 
the periodontal probe. B, The epithelium (average is 0.6 mm in thickness) is 
removed in this photograph because the graft will be completely submerged 
under a flap. 

One advantage of this partial graft coverage technique is that the mucogingival 
junction and the vestibular depth maintain their preoperative dimensions, whereas 
with a completely covered connective tissue graft, the vestibule becomes more 
shallow and the mucogingival junction moves incisally because of the coronal 
positioning of the flap. Another advantage is that when the connective tissue is 
exposed, it keratinizes and increases the width of keratinized gingiva.159 This 
increase in keratinized gingiva makes this technique more desirable in Class II 
and III recession defect cases because of the ability to increase the keratinized and 
attached gingiva. The major disadvantage is that thick donor tissue may not 
always be available, and thinner tissue requires more coverage with the overlying 
flap. 

Figure 21-73.   



 

Partially covered connective tissue graft (with a replaced flap and no vertical 
incisions). A, Preoperative view of Class II recession #6 and Class I ridge 
defect (under the lateral incisor pontic). B, Flap reflected exposing the broad 
dehiscence over the canine. C, Suturing of the graft and the replaced flap. The 
connective tissue of the graft, along with a narrow band of epithelium remains 
partially exposed. D, Postoperative view of healing at 6 weeks shows 
excellent, but incomplete, root coverage. E, Creeping attachment over the next 
several months has completed coverage of the previously exposed root. 



Completely covered connective tissue graft 

The completely covered connective tissue graft uses a coronally positioned flap 
either with vertical incisions (Fig. 21-74, A and B) or with horizontal incisions 
(Fig. 21-75, A and B). The decision to use vertical incisions is the same as with 
the coronally positioned flap; vertical incisions allow more flap advancement but 
decreased blood supply and slight scarring of the mucosa. In most cases, the 
horizontal technique is used initially because vertical incisions can be made if 
necessary to increase the coronal advancement of the flap. This technique is 
indicated for Class I recession defects when a thin or average connective tissue 
graft can be placed under the coronally positioned flap to thicken the soft tissue 
complex. In Class I defects, a band of keratinized tissue is present at the recipient 
site before grafting. In more advanced recession defects where little or no 
keratinized tissue is present before grafting, covering the grafted tissue 
completely with a coronally positioned flap often results in complete root 
coverage, but with the presence of a nonkeratinized mucosal margin at the CEJ. 

The clinical case for the completely covered connective tissue graft is shown with 
horizontal incisions (Fig. 21-75, A and B) and moderate cervical root defects, with 
2 mm of root exposure on mandibular premolars (Fig. 21-76, A). The first 
horizontal incision is made at the desired level of the gingival margin, usually at 
the level of the CEJ, and it extends to the interdental area adjacent to the terminal 
teeth of the graft. The second incision should be parallel to the first incision; the 
same distance apical to the first incision as the amount of desired root coverage. 
In this case, there is 2 mm of root exposure, therefore the second horizontal 
incision is made 2 mm apical to and parallel with the first incision (Fig. 21-76, A). 
The incisions converge at the interdental site adjacent to the terminal teeth of the 
graft, and the soft tissue between the two incisions is removed by a thin split-
thickness dissection, leaving the underlying periosteum (Fig. 21-76, B). The 
remaining flap is then reflected by split-thickness dissection to free the flap from 
the periosteum so the flap can be advanced. The flap must be advanced coronally 
until the flap edge fits against the most coronal incision. In this case, the flap had 
to be advanced 2 to 3 mm until the entire root surface was covered. The root 
defects are then eliminated with rotary instruments and hand instruments to give a 
smooth root surface. The donor tissue was taken from the palate by a double 
incision technique and the epithelium was completely removed (Fig. 21-72, B). 
The palatal wound was sutured and a surgical stent placed. The connective tissue 
was tried in the recipient site and trimmed until the fit was ideal; then the tissue 
was sutured to each interdental papilla with interrupted 5–0 chromic sutures (Fig. 
21-76, C). The flap was then coronally positioned to completely cover the 
connective tissue graft, and the coronally positioned flap was sutured to both the 
graft and the interdental papillae (Fig. 21-76, D). In many cases the connective 
tissue graft can be sutured at the same time as the coronally positioned flap. The 
lack of vertical incisions gives a better blood supply to the flap and more 
predictable stability to the graft. The 6-week healing shows complete root 
coverage with a nice color match (Fig. 21-76, E). The papillae are often areas that 



look irregular, especially if any sutures come out prematurely; however, no 
significant problems are seen in this case. 

Figure 21-74.   



 



Completely covered connective tissue graft (CTG; with coronally positioned 
flap and vertical incisions). A, Two parallel horizontal incisions are made as 
far apart as the amount of exposed root. These incisions are then connected 
with vertical incisions that extend into the mucosa. B, The CTG is sutured to 
place. The split-thickness flap is then coronally positioned over the CTG and 
sutured to the papillae. The flap may also be sutured to the CTG. 

Figure 21-75.   



 



Completely covered connective tissue graft (CTG; with coronally positioned 
flap and no vertical incisions). A, Two horizontal incisions that parallel the 
cementoenamel junction are as far apart as the exposed roots are made to 
merge at each end of the incision. Removal of the epithelium between 
incisions exposes the connective tissue recipient bed (oblique lines). The split-
thickness dissection continues until the recipient bed has been delineated 
(dotted lines). B, The CTG is sutured to place. The coronally positioned flap 
covers the CTG and is stabilized by one or two interrupted sutures at each 
interdental site. 

Figure 21-76.   



 

Completely covered connective tissue graft (with horizontal incisions)—
clinical technique. A, Preoperative view of 2-mm root exposure and cervical 
root defects #20 and #21. Parallel horizontal incisions 2 mm apart converge at 
end of incisions. No vertical releasing incisions were made. B, Split-thickness 
flap reflection. Papillary gingival epithelium was removed between the two 
incisions, followed by reduction of cervical defects through root planing. C, 



Connective tissue graft sutured to each papilla. D, Coronally positioned flap 
sutured to each papilla completely covering the connective tissue graft. E, 
Six-week postoperative healing reveals complete root coverage with excellent 
esthetic results. 

The advantages of completely covering a connective tissue graft include better 
esthetics and the ability to use a thinner graft. A thin graft may not survive over a 
root surface if it is not completely covered; therefore, a thin connective tissue 
graft is generally covered completely with a pedicle flap. When a thin connective 
tissue graft (0.5 to 0.8 mm) is placed under a thin flap (0.5 to 0.8), the total 
thickness is 1 to 1.6 mm, which closely mimics the thickness of normal 
gingiva.160 An average thickness graft is often completely covered by an advanced 
flap, but it is not mandatory. The goal is to have marginal gingiva that is at least 1 
mm in thickness. If small areas of the graft are exposed, they will often survive, 
especially if the collagen content is high and tissue quality is good. 

Acellular dermal matrix allografts 

Acellular dermal matrix allografts can be used as an alternative donor source with 
the completely covered connective tissue graft if autogenous connective tissue 
cannot be used. An accepted tissue bank should recover the donor allograft tissue. 
In the United States, the guidelines of the American Association of Tissue Banks 
and the U.S. Food and Drug Administration should be followed for the donor 
tissue. The newer methods of processing the allografts have improved the success 
of acellular dermal allografts procedures. 

The current processing technique involves complete removal of the epithelium by 
uncoupling the bond with the dermis, ensuring no damage to the dermal structure 
and maintaining the basement membrane. The dermal cells are removed with low 
molecular weight nondenaturing detergents, whereas the matrix is stabilized 
through the inhibition of metalloproteinases. The tissue is freeze-dried without 
damaging components essential for revascularization and repopulation by the 
recipient's normal cells.161 This process renders the dermal matrix free from 
cellular components, but it still contains blood vessel channels, collagen, elastin, 
and proteoglycans. This allows for a more organized and rapid healing response 
by using a biologic scaffold for normal tissue remodeling. 

The technique used is the same as the complete coverage autogenous connective 
tissue graft (Fig. 21-75), where the acellular dermal matrix allograft is used 
instead of the connective tissue autograft (Fig. 21-76, C). The acellular dermal 
matrix allograft is in the thin to medium range of graft thickness (0.75 to 1.4 mm), 
and must be totally covered by the advanced flap if root coverage is desired. The 
major advantages of this technique are the unlimited amount of donor material 
available and the lack of postoperative complications related to the palatal wound. 
Because the long-term results are similar to autogenous connective tissue grafting, 
this option is viable for many people who may desire grafting without the palatal 



complications.143 Each patient must be fully informed of the human donor source 
and the option of using their own tissue, thereby obviating any possible 
complications related to donor source. When comparing the clinical results of 
covering exposed roots, autogenous connective tissue grafts and acellular dermal 
matrix allografts are not statistically different, which means this technique is one 
of the most successful methods currently available (89%; Table 21-2). However, 
connective tissue grafts heal an average of 2 to 3 weeks faster, with more 
keratinized soft tissue than the acellular dermal matrix grafts.162,163 

Single tooth tunnel technique 

The next technique to be discussed is the single tooth tunnel or envelope 
technique128 (Fig. 21-55, A and B). This technique uses a connective tissue 
autograft that is sutured into a tunnel without reflecting a conventional flap. The 
envelope or tunnel is a nonconventional pedicle flap because it maintains blood 
supply from the papillary and the mucogingival and mucoperiosteal sides of the 
tunnel. This gives the best potential of any flap design both in blood supply and in 
stability of the connective tissue graft. 

The single tooth tunnel or envelope technique (sometimes called the pouch 
technique) begins with the root planing of all exposed roots to be grafted. A 
careful evaluation of the roots will help to determine if this technique can be used. 
Root defects up to 1 mm in depth can be reshaped with the appropriate 
armamentarium, consisting of small round diamond burs and curettes to smooth 
the defect. Root defects deeper than 1 mm present a contraindication to this 
procedure, and a conventional flap should be reflected to properly access the 
roots. Proper contouring of the roots regardless of the technique includes enough 
odontoplasty of the root to give a smooth surface that will accept a graft without 
any dead spaces created by grooves or notches on the root. 

The maxillary premolar to be treated in Figure 21-77, A, has a 3-mm Class I 
recession defect that was sensitive to cold and was an esthetic problem for the 
patient. Complete coverage of the root with gingival tissue was the desired result 
of treatment. After the root was properly smoothed, a split-thickness dissection 
began to develop the pouch or tunnel. A small scalpel blade or very sharp curette 
is placed in the sulcus and, with a gentle back and forth pushing motion, a split-
thickness "pouch" is developed under the surface of the tissue (Fig. 21-77, B). 
This space was extended coronally to the papilla slightly incisal to the CEJ. The 
apical extension of the flap results in a split-thickness envelope flap. Because the 
bone cannot be seen, tactile sensation is the only method of negotiating the space 
between the periosteum, mucosa, and gingiva. The pouch or tunnel must extend 
far enough apically and laterally to allow passive placement of the connective 
tissue graft so that it does not shift out of the pouch with lip, cheek, or tongue 
movement. This dissection is more difficult and time consuming compared with 
conventional flap reflection and should be undertaken after many conventional 
flaps have been reflected and a working knowledge of the anatomy is learned. 



Figure 21-77.   



 



Single tooth tunnel or envelope technique (also called the pouch technique). 
A, Preoperative view of a 3-mm Class I recession defect on tooth #5. B, A 
small scalpel blade is used to begin the split-thickness dissection through the 
sulcus. A very sharp curette may also be used. C, The suture is passed from 
the facial side of the tissue through the gingival sulcus. This needle puncture 
is made near the apical extent of the pouch and at its farthest distal extent. D, 
The suture is passed through the distal aspect of the connective tissue graft. E, 
The suture needle is then passed back into the gingival pouch and penetrates 
the tissue from the underside. This needle puncture is placed at the coronal 
extent of the pouch at a position even with the distal apical suture. The two 
ends of the suture are pulled distally to introduce the graft into the pouch. An 
explorer is used to hold the surface tissue of the pouch away from the root 
surface as the graft is introduced. The suture is tied with a single overhand 
knot to hold the distal end of the graft in place until the mesial aspect has been 
introduced into the pouch in a similar manner. F, Once the mesial aspect of 
the graft has been introduced into the pouch, both the mesial and distal sutures 
are tied securely. The two anchor sutures must not be tied too tight. Stability is 
primarily created by the envelope. Sutures tied too tight will cause pressure 
necrosis. G, Four-month postoperative result. 

Measurements are taken of the recipient site and transferred to the palate. The 
donor tissue is taken from the palate by either a single or double incision, as 
previously discussed. The graft is then laid over the teeth to be covered, and the 
final sizing is performed. The suturing technique is more challenging than other 
techniques, but fewer sutures are needed and the healing stability and blood 
supply are superior to other graft techniques because the papillary tissue is not 
reflected. The suturing technique is designed to pull the donor tissue into the 
tunnel using sutures; rather than pushing it into the tunnel then trying to suture it. 
The suture used is 5–0 chromic gut with a 12 to 13 mm reverse cutting 3/8 circle 
needle. The first needle entry is from the distal edge of the envelope at the most 
apical position of the two entry points. The needle enters the facial soft tissue of 
the envelope, directed in a mesial and coronal direction into the tunnel and 
extending out of the sulcular opening of that tooth (Fig. 21-77, C). The needle is 
then inserted through the distoapical corner of the graft (Fig. 21-77, D) from the 
facial to the lingual, 1 mm from the graft edge. Then the needle is inserted 
through the distocoronal corner of the graft from the lingual side to the facial side. 
The donor tissue must be dense enough to allow pulling on the graft with some 
resistance without pulling the suture out of the donor tissue. The needle is then 
introduced back into the envelope through its sulcular opening and exits at a point 
coronal to the previous entry point of the suture and at an equally desired level of 
the graft at the distal of the tooth. This would be the CEJ in Miller Class I or II 
cases, as in the example. Both ends of the suture are now on the distal aspect of 
the last tooth. Both ends are grasped with a needle holder and gently pulled until 
the tissue is introduced into the space created. Once the graft is pulled into the 
tunnel completely, one double throw overhand knot is tied to stabilize the graft 
until the other end of the graft is secured (Fig. 21-77, E). The mesial side of the 
envelope is opened with an explorer and the suture is passed through the 



mesioapical location from the facial side of the tissue into the space being held 
open with the explorer, and the graft is secured with the needle passing through 
the graft twice just like the distal side. The explorer holds the envelope open again 
and the needle passes through the space and through the gingiva in a lingual to 
facial direction at the mesiocoronal exit point at the level of the CEJ. At this 
point, the donor tissue must be introduced into the envelope using the explorer 
again to open the space. Once the graft is in the envelope, the anchor sutures on 
each end are tied (Fig. 21-77, F). 

Figure 21-78.   

 

Tunnel technique. A, The dotted outline shows the extent of the split-
thickness tunnel dissection. B, The suture is used to pull the graft into the 
tunnel and anchor it at the distal end. C, The connective tissue graft is sutured 
with anchor sutures at the mesial and distal ends and stabilizing sutures at 
each interdental site. 

The advantage of the envelope or tunnel technique is that the sutures play only a 
minor role in stabilization of the graft, whereas the tissue is the primary 
stabilizing force. Even if the sutures came out early in the healing process, the 
graft would remain secure by the interdental papillary tissue; therefore, this 
technique has a very low failure rate. Because there are no incisions of the papilla, 
rapid healing ensues because of the stability created by the flap design and 
suturing techniques, which results in minimal postoperative complications. A 
disadvantage is that the grafted connective tissue remains partially exposed (Fig. 



21-77, F). The exposed connective tissue generally heals to look like the 
surrounding gingiva and to increase the amount of keratinized gingiva (Fig. 21-
77, G). 

The tunnel technique164 treats multiple teeth effectively because of the ability to 
immobilize long grafts producing exceptional stability, blood supply, and 
resulting excellent root coverage (Fig. 21-78, A through C). The tunnel is created 
by soft tissue dissection, as in the envelope or pouch technique described earlier, 
for every tooth in the proposed tunnel technique. It is imperative that dissection 
for the tunnel connects all of the individual pouches in the same plane of 
dissection, and the curette or explorer can be introduced into the tunnel extending 
from one tooth to the next. 

Suturing begins at the interdental site distal to the last tooth in the tunnel at the 
distoapical point where the needle enters the facial soft tissue of the tunnel and 
comes out the sulcular opening of that tooth (Fig. 21-78, B). The explorer holds 
up the next mesial interdental papillary tissue while the needle is passed under 
this tissue to the next tooth where it is grasped again. This continues until the 
tooth with the greatest recession is reached. This tooth has the sulcular opening 
that the graft will be pulled into because it has the largest opening. The donor 
tissue is then sutured on one end. The suture is then passed back through the 
tunnel taking care to stay coronal to the previous suture that is in the tunnel. After 
reaching the last tooth, the needle passes into the tunnel and out of the interdental 
papilla at the coronal point midway between the interdental tissue at the level of 
the CEJ. The two ends of the suture are grasped with a needle holder, and pulling 
on the suture introduces the graft toward the tunnel (Fig. 21-78, B). Care should 
be exercised at this stage because the graft will often twist and turn. It is important 
to keep the correct side to the facial, so that when the tissue is positioned there are 
no twists in the graft. The tissue is guided down the tunnel and over the roots of 
the recipient teeth with the help of an explorer to open the tunnel so the tissue can 
be easily pulled to the desired location. Once the tissue reaches the end of the 
tunnel, a double overhand suture is thrown but no knot is tied. The opposite end 
of the graft is sutured and positioned to pull into the other end of the tunnel (Fig. 
21-78, C) until the donor tissue is properly positioned in the tunnel. The anchor 
sutures at each end of the graft are then tied to retain the donor tissue in the proper 
position. One or two interrupted stabilizing sutures are placed at each 
interproximal site to stabilize the donor tissue at the desired level to attain 
maximum root coverage (Fig. 21-78, C). Complete coverage is seen the majority 
of the time, with a mean root coverage of 91% to 92%.164 

Ridge augmentation 

Ridge augmentation using connective tissue grafts was first described by Langer 
and Calagna in 1980147 with a completely covered connective tissue graft (Fig. 
21-79). This is the primary graft currently used in soft tissue ridge augmentation. 
The diagram in Figure 21-79, A, shows a Class I ridge defect. If the overlying 



facial tissue is thick, a split-thickness flap is dissected leaving a connective tissue 
bed. If the gingiva is thin, a full-thickness flap is reflected with a deep periosteal 
releasing incision (Fig. 21-79, B) making the base of the flap a split-thickness flap 
with mobility to advance the flap (Fig. 21-79, C). The connective tissue donor 
tissue is taken from the palate, and it should be thicker than is needed if possible. 
The donor tissue is secured with 6–0 absorbable sutures until it is immobile. It is 
easier to secure the donor tissue if a split-thickness flap is reflected because the 
connective tissue bed allows better stabilization. If a full-thickness flap is used, 
the donor tissue must be sutured to the wound edges and with horizontal 
stabilizing sutures through the facial flap when necessary (Fig. 21-79, D). 

Soft tissue pouch procedure 

The soft tissue pouch procedure165 using an envelope technique was described to 
augment horizontal defects by making a small incision in the crest of the ridge to 
create a pouch for a connective tissue graft from the maxillary tuberosity. An 
improved technique used a split-thickness flap from the palate, which was 
reflected to the facial to give better visualization and eliminated problems related 
to opening of the pouch and loss of the graft.166 This flap was a replaced flap and 
not an advanced flap, and some of the palatal periosteum was left exposed 
because of the inability to close the flap after inserting the grafted tissue; 
therefore, the palatal healing was by secondary intention. 

Tunnel technique 

A tunnel technique has been described to augment the ridge under an existing 
pontic by a vertical incision made adjacent to the deficient ridge and a connective 
tissue graft placed into the tunnel to augment the depression.167 This technique is 
similar to that described in Figure 21-78, A through C, except that the tunnel is 
prepared over an edentulous space rather than over root surfaces. A distal vertical 
incision is made distal to the ridge deficiency and a split-thickness tunnel is 
dissected with a small scalpel blade until the mesial end of the ridge deficiency 
has been reached. A connective tissue graft is then pulled into the pouch using the 
same suture technique as Figure 21-78, B. This technique is particularly useful in 
trying to augment a deficient ridge when a fixed partial denture is already in 
place. Because coronal access to create a tunnel or envelope through a horizontal 
incision is limited by the presence of the fixed partial denture pontics, creation of 
a tunnel through a vertical incision may be preferred. 

Modified onlay-interpositional graft 

Another modification of the onlay-interpositional graft146 incorporates connective 
tissue "sides" to the thick epithelialized free graft. This is placed between the 
facial and lingual split-thickness flaps (Fig. 21-80, A and B) where the 
epithelialized portion of the connective tissue flap remains exposed to help with 



vertical augmentation, whereas the connective tissue "sides" are placed under the 
facial and palatal flaps (Fig. 21-80, B). The donor tissue can be prepared by taking 
a full-thickness palatal graft and removing the epithelium on the sides, or by using 
a distal wedge with parallel incisions. This type of soft tissue graft may also be 
used in a socket preservation procedure, where it is placed over the alveolar 
socket hard tissue graft to prevent the bone graft from coming out of the socket. 

Figure 21-79.   

 

Ridge augmentation with a connective tissue graft. A, Preoperative view of 
ridge with a Class I horizontal defect. B, The flap reflection was full thickness 
because of the thin mucosa. A periosteal releasing incision must be made near 
the base of the flap. C, The periosteal-releasing incision allows coronal 
advancement of the flap because it was full thickness to this point. D, The 
connective tissue graft is sutured to the flap edges with horizontal mattress 
sutures through the flap to stabilize the graft. 



In Figure 21-81, A, the facial plate of bone was totally absent after tooth 
extraction, resulting in a ridge that would have had a significant facial depression 
on healing. The defect was so large that a soft tissue graft alone would not have 
been thick enough, therefore a hard tissue graft was also used (Fig. 21-81, B). The 
soft tissue graft with a section of epithelium remaining was removed from the 
palate (Fig. 21-81, C). Facial and palatal anchor sutures were placed to secure the 
graft apically from both the facial and the palatal (Fig. 21-81, D). The area was 
overfilled to allow for some shrinkage during healing. Stabilizing sutures were 
placed at each papilla to completely secure the graft. The 1-year postoperative 
healing shows the final fixed partial denture in place with normal facial contours 
(Fig. 21-81, E) and no visible evidence of the original bone defect, with both 
central incisors restored at equal lengths (Fig. 21-81, F). 

Figure 21-80.   



 

Onlay-interpositional completely covered connective tissue graft. A, Diagram 
of a graft with epithelium left on the central region of the graft and 
deepithelialized connective tissue on the sides. B, The cross-sectional view of 
the graft sutured to the recipient site shows the combination of vertical and 
horizontal augmentation possible with this technique. 

Figure 21-81.   



 

Combination onlay-interpositional and a hard tissue graft. A, The immediate 
view after extraction of the central incisor showing a significant loss of the 
facial plate of bone. B, A hard tissue graft (hydroxyapatite) was used to fill the 
socket defect. C, The donor connective tissue is shown. The epithelium 



remains on the central region of this graft. This epithelialized portion will be 
placed at the opening in the soft tissue socket, whereas the deepithelialized 
portions will be placed under the facial and palatal tissues. D, The donor 
tissue was placed over the hard tissue graft and the epithelium was left 
exposed. Suturing of the graft closes the wound and contains the underlying 
particulate hard tissue graft. E, An occlusal view showing the position of the 
facial tissue, which is very similar to the contralateral tooth. No horizontal 
ridge deficiency is detected. F, The facial view of the finished fixed partial 
denture 1 year later shows the central incisors are the same length and the 
esthetic result was good compared with the potential problems that could have 
occurred without this ridge preservation technique. The pontic at tooth #9 
looks like a tooth emerging from the soft tissue. This was possible because the 
ridge augmentation allowed use of an ovate pontic. Slight inflammation is 
noted on the facial of tooth #8. 

Treatment of alveolar ridge defects has improved over the last 20 years as 
refinements have been made in surgical technique.168 The limiting factor has 
always been flap survival over the augmentation material. The autogenous 
connective tissue ridge augmentation has a distinct advantage over the other 
methods of augmentation. Because soft tissue is placed under the flaps, problems 
such as incomplete flap closure, poor healing of the suture line, flap perforations, 
and flap dehiscences are less significant. Autogenous soft tissue ridge 
augmentation is a predictable procedure when adequate tissue is available. In 
large ridge defects, the grafted tissue can be sutured in multiple layers to the 
periosteum and then covered with an advanced flap.169 

The greatest disadvantage of the autogenous connective tissue graft is the limited 
availability of donor tissue. A person who needs 6 mm of ridge augmentation and 
has thin palatal mucosa will need multiple surgical procedures to complete 
augmentation of the ridge. It is important to consider the most limiting factor in 
completing these multiple techniques is not only the thickness of the palate but 
also the willingness of the patient to undergo several procedures in search of 
optimal esthetics. The surgeon may need to evaluate other donor sources of both 
hard and soft tissue when the amount of augmentation exceeds the available 
tissue. The surgeon's role is to continue searching for the best and least traumatic 
solutions to difficult problems. 

Soft tissue allografts 

Soft tissue allografts are also used for ridge augmentation procedures.170 The 
amount of augmentation is limited to the thickness of the allograft, but 1 to 2 mm 
of augmentation is possible and may be performed in conjunction with root 
coverage procedures. The patients tolerate multiple surgical procedures much 
better if the palate is not used as the donor source. The technique involves 
mobilization of an advanced flap to totally cover the underlying soft tissue 
allograft. Complete passive suturing is needed for success. In Figure 21-82, A, an 



acellular dermal matrix allograft is used both to cover exposed roots and to 
augment an adjacent edentulous site simultaneously. The acellular dermal matrix 
allograft was extended over the entire ridge to give additional thickness of tissue 
over the implant site (Fig. 21-82, B and C). The 4-week healing view shows 
complete coverage of the exposed roots and augmentation of the edentulous site 
(Fig. 21-82, D). The papilla on the mesial of the canine was well preserved. The 
healing provided this edentulous area with an added 1 to 2 mm of soft tissue 
thickness and complete root coverage of three teeth without using any palatal 
donor tissue. 

When dental implants are to be placed, the soft tissue must be of adequate 
thickness to maintain a stable gingival margin over a long period around the 
implants. Otherwise, exposure of the implant body is likely. Although posterior 
implants may do well without gingiva, the esthetic zone is not an area where 
recession over implants is tolerated by patients with a high lip line (Fig. 21-83). 
The most important focus around implants is to have more soft tissue than is 
needed. Trying to obtain soft tissue coverage over an exposed implant is much 
more difficult than obtaining coverage of an exposed root. 

Papilla reconstruction 

Papilla reconstruction is a major subject of interest for patients receiving soft 
tissue grafts,171,172 orthodontic extrusion,173 and hard tissue grafts.174 This has 
been triggered by the increased emphasis on esthetics and the use of dental 
implants in the esthetic zone. Currently, regeneration of a lost papilla is a difficult 
process and one that deserves continued improvement in surgical techniques. 
Predictable regeneration of lost papillae is not possible at this time. However, 
preventing the loss of papillae is something that is much better understood. Focus 
should be directed toward papilla preservation because of the difficulty 
encountered in reconstructing this precious soft tissue. Preservation of papillae 
begins at the time of tooth extraction.175 

Figure 21-82.   



 

Acellular dermal matrix allograft for ridge augmentation and root coverage. 
A, Preoperative view shows recession defects on #5 and #6, with a ridge 
defect at the #7 edentulous site. B, An allograft of sufficient size for two 
premolars, a canine, and an edentulous space was chosen. C, Placement of the 
allograft before the flap was coronally positioned. D, Four-week healing 
shows augmentation of the papilla mesial to the canine and of the tissue over 
the roots of the premolars. 

Tooth extraction 

A conservative tooth extraction prevents excessive loss of bone and soft tissue 
and is the best way to preserve soft tissue esthetics. The loss of a single soft tissue 
papilla after extraction of a tooth is a major concern in the esthetic zone, and 
papillae are especially vulnerable to reduction or elimination during tooth 
removal. The goal is to preserve esthetics and the normal gingival contours, even 
after the tooth is gone. This includes the papilla tips and the scalloped facial and 
lingual gingival margins. The thin periodontium has more scallop and papillary 
height and is more susceptible to recession especially after a tooth extraction. The 
primary goal is minimal trauma, and if at all possible, removal of the tooth 



without flap reflection to maintain the soft tissue. This will not only reduce 
trauma to the gingiva, but also trauma to the bone, resulting in less bone 
resorption and gingival recession. Tooth extraction without flap reflection focuses 
on removing root structure rather than bone. Small elevators or periotomes can be 
used to elevate the root portion; however, if the root cannot be luxated, it must be 
sectioned without damage to the surrounding bone. The procedure can be time 
consuming, but maintenance of the facial and lingual plates of bone in the esthetic 
zone can have a significant esthetic impact. 

Figure 21-83.   

 

A 5-year-old implant supported fixed partial denture is stable and healthy, but 
is an esthetic failure. The patient regrets having the implants because of the 
recession resulting from inadequate soft tissue. 

Retention of papillae 

Retention of papillae is best accomplished by the following: (1) the papilla being 
in good health before the tooth extraction, (2) not reflecting the papilla from the 
adjacent natural tooth, and (3) supporting the papillae immediately after tooth 
removal with an immediate implant or by an immediate provisional ovate pontic. 
If tooth preparation for a fixed partial denture is performed the day of the 
extraction, extreme care should be exercised to prevent extending the 
interproximal preparation too far apically and impinging on the papillary 
attachment to the root. As soon as the tooth is removed, the papilla will collapse 1 
to 2 mm into the space created by the extracted tooth. This is even a greater 
problem if the papillae must be reflected to surgically remove the tooth. A 5-mm 
papilla can easily lose 3 to 4 mm of height after a surgical extraction. 



Figure 21-84.   

 

Conservative extraction and socket augmentation with papilla preservation. A, 
A six-unit provisional fixed partial denture was prepared before tooth 
extractions. B, The incisors (#7, #8, #9) were endodontically and 
periodontally involved. Tooth #10 was already missing. C, The atraumatic 



extractions left the papilla undisturbed. D, The sockets were filled with a 
bovine xenograft. E, The original provisional restoration was placed on a 
model. The model shows 1 mm of tissue collapse that occurred immediately 
after tooth extraction. The model was used to fabricate the ovate pontics 
indirectly, rather than at the surgical site. F, Seven-week postoperative view 
shows continual papillary support and soft tissue stability. The soft tissue over 
the extraction sites will heal with a concave impression made by the convex 
surface of the ovate pontics. (Restorative treatment by Dr. Greg Seal.) 

When the tooth or teeth to be extracted are to be replaced with a fixed partial 
denture, the ideal sequence of events occurs when the teeth adjacent to the 
proposed extractions are prepared and temporarily splinted with a full-coverage 
acrylic resin provisional restoration before the surgical appointment. This allows 
the dentist to properly prepare the restoration margins while the tooth to be 
removed is in place and the papillae are at their original height (Fig. 21-84, A). 
The teeth that cannot be repaired in Figure 21-84, B, will be removed because of 
endodontic failures and advanced periodontal disease. After conservative and 
atraumatic tooth removal, the papillae and soft tissue are undisturbed (Fig. 21-84, 
C). The sockets were filled with a porous bovine xenograft (Fig. 21-84, D). An 
impression was taken immediately after the extractions and a model was sent to 
the prosthodontist along with the provisional fixed partial denture. Figure 21-84, 
A, is a photograph of the original provisional restoration before tooth extraction. 
This same provisional placed on the model of the extraction sites (Fig. 21-84, E) 
demonstrates about 1 mm of soft tissue collapse over the extraction sites. If no 
bone graft was placed, this recession undoubtedly would have become much 
worse, making the teeth even longer than they already were. The model was used 
to reline the provisional restoration and to make ovate pontics on the model, 
instead of doing so directly at the surgical site. The provisional restoration ovate 
pontics mimic the shape of the extracted teeth, supporting the papillae and 
resisting any more soft tissue recession during the postoperative period (Fig. 21-
84, F). The pontic should extend into the extraction socket to a depth of at least 
2.5 mm to prevent further collapse of the soft tissue. After 4 weeks there will be 
adequate soft tissue under the pontic so the provisional restoration can be 
removed and the pontics shortened 1 to 1.5 mm to facilitate flossing.175 If the 
socket has bone supporting all sides, no bone graft is necessary; however, if a 
bony wall of the socket is missing and the distance from the pontic to the bone is 
more than 1 mm, socket augmentation will be needed. Another case shows the 
shape of the healed soft tissue 6 months after tooth extraction and socket 
preservation (Fig. 21-85, A and B). The provisional restoration in place shows the 
soft tissue filling the interproximal sites (Fig. 21-85, C). Both of these cases are 
particularly difficult because all four incisors are missing. When multiple teeth are 
extracted, the papillae are generally lost and the ridge takes on a flatter form. It is 
advantageous to maintain every other tooth, where possible, because the papillae 
are easier to maintain adjacent to a natural tooth. Maintaining or creating papillae 
in an edentulous ridge with more than one pontic space is extremely difficult.175 

Figure 21-85.   



 

Conservative extraction and socket augmentation with papilla preservation. A, 
Preoperative view of advanced periodontitis affecting the maxillary incisors. 
B, Six-month postoperative view of the scalloped papilla. The ovate pontic 
design was accentuated to increase the amount of papillary support. C, One-
year postoperative view of the provisional fixed partial denture in place and 
the papillary tissue present. (Restorative treatment by Dr. Hollon Meadors.) 

Hard Tissue Grafts 

Hard tissue grafts have been used in periodontal plastic surgery primarily to 
augment deficient ridges.71 Hard tissue ridge augmentation techniques are designed 
to treat the defect that is present after healing of extracted teeth. Hard tissue 
augmentation materials may be autografts, allografts, xenografts, or alloplastic 
grafts. Which material to use will depend on what type of function is required from 
the ridge after augmentation. Research and experience favor autogenous grafts for 
ridge augmentation, with donor sites being from the retromolar area, tuberosity, 
chin, mandibular ramus, or iliac crest. Allografts are also used and come in different 
forms: mineralized, demineralized, chip, powder, putty, cortical, or cancellous. 
Xenografts are usually microporous and can be different particle sizes and either 
processed chemically or heat-treated.176 Alloplastic grafts are manufactured out of 
different materials and are produced in different particle sizes, shapes, and contours. 



Indeed, the choices are diverse and the research is broad in support of most of these 
alternatives. (These alternatives are discussed in detail in Chapter 25.) This chapter 
focuses on how the loss of hard tissue impacts soft tissue esthetics and how the 
prevention of bone loss and regeneration of hard tissue will preserve esthetics. 

Ridge preservation 

Ridge preservation, sometimes called alveolar socket grafting, is grafting of an 
immediate extraction socket to prevent collapse of the ridge, which would likely 
result in an esthetic or functional defect (Fig. 21-26). Bahat177 initially reported 
the use of hard tissue grafts in fresh socket defects in 1986. The socket bone graft 
can also be covered with a soft tissue graft (Fig. 21-81), an absorbable membrane, 
or a nonabsorbable membrane to promote rapid healing of the bone and prevent 
loss of the bone graft. 

Socket grafting or ridge preservation occurs at the time of tooth removal. Best 
results can be accomplished when extracted teeth are adjacent to natural teeth so 
the papilla can be retained; whereas when two adjacent teeth are extracted, the 
papilla between them is difficult to maintain. When a provisional fixed partial 
denture has been made before the extraction to replace the lost tooth, the socket 
graft procedure is immediately simplified because the bone graft is retained by the 
pontic of the tooth. The procedure for positioning the tooth subgingivally is 
identical to the above description, except that the pontic rests against a small 
round piece of collagen that separates the pontic and the underlying bone graft 
particles, or rests directly on the hard tissue graft. The provisional restoration is 
then cemented to place. Six weeks later this restoration is removed, and the pontic 
is shortened if necessary to allow for soft tissue to cover the hard tissue graft. This 
will help to maintain the position of the facial gingival margin and papillae. 

Retention of the hard tissue graft material is improved by using an absorbable 
membrane (Fig. 21-86). The space for the membrane is created by a tunnel 
technique to prevent flap reflection. The tunnel is created on both the facial and 
lingual sides of the tooth. The membrane is cut to the dimension needed and 
should extend 2 mm past the bony margins of the socket defect, and also should 
support the papilla if possible. The membrane is inserted into the socket and is 
positioned between the soft tissue tunnel and the bone. This technique recreates 
the missing socket walls with membrane material and covers the hard tissue graft 
material that might otherwise be lost through the socket opening. The membrane 
can be anchored to the facial and lingual soft tissues with 5–0 or 6–0 sutures (Fig. 
21-86), if necessary. The socket, now surrounded with walls consisting of bone 
and membrane, is filled with bone graft material and allowed to heal. If there is 
extensive bone loss, a connective tissue graft may be used instead of, or in 
addition to, the absorbable membrane to better augment the surgical site. 

Guided Tissue Regeneration Using Membranes 



Guided tissue regeneration using membranes is the last group of techniques 
mentioned but not completely covered in this chapter, because complete discussions 
appear in Chapter 25. In 1976, Melcher178 suggested that the cell type that 
repopulates the root surface after periodontal surgery will determine the type of 
attachment that forms on the root surface. This redirected the concept of guided 
tissue regeneration in periodontics, in that barrier membranes could be used to 
promote selective cell population of the root surface, which facilitates periodontal 
regeneration or the regeneration of the bone, cementum, and the periodontal 
ligament, while simultaneously excluding the epithelial and gingival cells.179 The 
creation of space under the membrane is the primary prerequisite to this 
regenerative technique. 

Figure 21-86.   



 



Diagram of a ridge preservation technique or socket grafting using a particulate 
bone graft and an absorbable membrane. The socket is filled with hard tissue 
grafting material. A split-thickness tunnel is created on the facial and lingual 
sides of the tooth to allow the membrane to extend beyond all the bony walls of 
the socket. 

Root coverage 

Root coverage has been attained with guided tissue regeneration when the 
coronally advanced flap completely covers the membrane and space is created 
under the membrane for regeneration of not only soft tissue but also bone.180 In 
many cases, true regeneration occurs, with formation of new bone, periodontal 
ligament, and cementum.181 A mean root coverage of 74% has been obtained 
using a guided tissue regeneration approach (Table 21-2). When membranes are 
used for ridge augmentation, the technique has been termed guided bone 
regeneration.182 This principle was first introduced by Hurley and colleagues183 in 
1959 for the treatment of experimental spinal fusion. Guided bone regeneration 
techniques are useful in reconstruction of deficient ridges (see Chapter 25). There 
are two types of membranes used in guided tissue regeneration: nonabsorbable 
and absorbable membranes (sometimes called nonresorbable and resorbable, 
respectively). 

Nonabsorbable membranes 

Nonabsorbable membranes are usually made of a porous, polytetrafluoroethylene 
(e-PTFE), or nonporous (high-density) PTFE. When properly used, these 
membranes will result in the regeneration of bone over alveolar ridges and bone, 
cementum, and periodontal ligament around teeth. These membranes have been 
used for both root coverage and ridge augmentation. The porous e-PTFE 
membranes should stay submerged throughout the healing phase, but the most 
common complication is exposure of the membrane, which will often lead to 
infection and failure of the technique. Success occurs when the soft tissue 
covering the membrane remains intact for a minimum of 30 days and ideally for 6 
months or longer as needed for maturing of the newly formed bone. If the 
membrane can maintain a suitable space under the membrane, no bone grafting 
materials are needed. Titanium reinforcement helps with shaping of membranes 
and maintaining space under the membrane. However, bone grafting materials can 
also be used under the membrane to ensure proper space for bone regeneration. 
Nonporous high-density PTFE membranes do not have to be covered and can 
remain exposed to an oral environment until removed at 30 days or later.184 

Absorbable membranes 

Absorbable membranes deteriorate at different rates depending on the type; some 
resorb in a few days whereas others take months to resorb.185 The longer the 



membrane stays intact the longer time the body has to regenerate bone under the 
membrane. The last bone to mineralize is the bone located directly under the 
membrane, which is farthest away from the native bone and closest to the soft 
tissue. When absorbable membranes are exposed to the oral cavity they degrade 
much faster than they would if contained under a flap. A membrane that takes six 
months to resorb in tissues can be gone in 30 to 45 days when exposed to the oral 
cavity. The absorbable membranes have fewer postoperative complications than 
non-absorbable membranes and do not require a secondary procedure for 
membrane removal; therefore, absorbable membranes are more widely used. Root 
coverage has been tried with absorbable membranes, but success rates vary. One 
report on long term evaluation of an absorbable guided tissue regeneration 
membrane for root coverage showed a marked decrease in the amount of root 
coverage over a two year period from 92% to 59%.186 Some clinicians 
recommend absorbable membranes for ridge augmentation, but not for root 
coverage.187 

Root Preparation 

One of the most critical steps in root coverage surgery is proper root preparation 
before placing the soft tissue graft. The key step is root planing to remove plaque 
and calculus, and to smooth the root. Some practitioners then use chemicals to 
condition the root, including citric acid,132 tetracycline hydrochloride,188 and 
ethylenediaminetetraacetic acid. The most common agent is citric acid, which was 
heavily emphasized in early techniques for root coverage. The biologic rationale for 
this procedure is to detoxify and demineralize the root surface to encourage a fibrin 
linkage between the exposed collagen fibers on the root surface and the graft 
collagen fibers.189,190 Citric acid has also been shown to remove the smear layer 
produced when instrumenting the root surface.191 The use of chemical root 
conditioning has not been shown to statistically improve the amount of root 
coverage obtained in controlled clinical trials.192–194 However, several human block 
sections support the finding of significant connective tissue attachment and bone 
regeneration when using citric acid or tetracycline.141,190,195 Many clinicians 
continue to use some form of chemical root surface conditioning because of the 
increased potential for more connective tissue attachment rather than junctional 
epithelial attachment. 

Enamel Matrix Proteins 

Enamel matrix proteins are amelogenins that are found during enamel formation, as 
well as in the initial development of acellular cementum and the associated tooth 
attachment apparatus. They self-assemble to create a matrix that can mediate the 
formation of acellular cementum on the root of a developing tooth. Commercially 
available enamel matrix derivative is derived from developing teeth of porcine 
origin. The enamel matrix protein is recognized as self when encountered by the 
human body, and these proteins have been shown to stimulate regeneration of the 



periodontal ligament, cementum, and bone. This product has primarily been used to 
treat intrabony periodontal defects but there is general agreement among 
periodontal surgeons that soft tissue healing is improved with this substance as well. 
Several studies are in progress to determine if root treatment with enamel matrix 
derivative will improve clinical root coverage when used in conjunction with soft 
tissue grafting. 
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22  Principles of Periodontal Plastic Microsurgery 

Dennis A. Shanelec 

PERIODONTAL PLASTIC SURGERY 

Plastic surgery is a clinical discipline in which surgical techniques are used to 
reconstruct bodily structures that are defective or damaged through injury or disease.1 
It relies on mobilization of soft tissue flaps for advancement or retraction in 
combination with the addition or removal of tissue beneath the flap. Such techniques 
are capable of molding tissues to restore a lost part or to improve appearance. The 
adoption of plastic surgical principles to gingival tissues comprises the field of 
periodontal plastic surgery. Microsurgery is surgery performed under the 
microscope.2,3 The influence of microsurgery has changed the surgical disciplines of 
medicine and will influence periodontal plastic surgery. 

CLINICAL PHILOSOPHY OF MICROSURGERY 

Microsurgery is a surgical philosophy that embraces three distinct values.4 The first 
value is the improvement of motor skills to enhance surgical ability. This is evident in 



decisive hand movements accomplished with increased precision and reduced tremor. 
Microsurgical training involves a detailed analysis of those factors that can have 
positive or negative effects on physiologic tremor. 

PHYSIOLOGIC TREMOR AND POSTURE HAND GRIP 

Physiologic tremor is an unwanted movement of the hand. It is a naturally occurring 
phenomenon associated with tension generated by postural antigravity muscles.5 To 
limit tremor, specific working posture and handgrip are necessary. Because postural 
muscles are a cause of tremor, a seated posture that is symmetrical, upright, and 
balanced is necessary. Support of the forearm and ulnar surface is also important.6 

INTERNAL PRECISION GRIP OF THE HAND 

The internal precision grip is sometimes called the pen grip7,8 (Fig. 22-1; Box 22-1). 
When penmanship was a normal part of the education curriculum, skill using this grip 
was commonplace. Currently, it is relearned with some difficulty, because it 
supplants poor ergonomic habits previously learned in childhood or even dental 
school. 

With this grip, the external muscles of the hand, its flexors and extensors, are relaxed 
to resist fatigue. The stage is set for rotating the hand using its intrinsic muscles: those 
of the thenar and hypothenar eminence (the muscles at the base of the thumb and the 
base of the little finger, respectively), the interossei, and the lumbricals (small 
muscles in the palm of the hand). Rotary movement is the most accurate motion of 
which the hand is capable.9,10 Without the proper handgrip, accurate movements and 
good microsurgical results are not likely. 

Figure 22-1.   



 

Internal precision grip of the hand showing use of a pen grasp. 

Box 22-1  Features of the Internal Precision Grip8 

• It is a chuck grip with the thumb, index, and middle finger. 

• The instrument rests at the apex of the first web space. 

• The instrument rests on the pads of the fingers. 

• The thumb is straight. 

• The metacarpal-phalangeal joint is flexed approximately 90 degrees. 

• The interphalangeal joints are straight. 

MICROSURGICAL INSTRUMENTS 

The second basic value of microsurgery is the application of microsurgical 
instruments to reduce tissue trauma. Microsurgical instruments are much smaller, 
often by tenfold (Fig. 22-2). This creates a smaller surgical field with less injury and 
bleeding. Microsurgical instruments have subtle design features to accomplish their 
ends. Their handles have a round cross-sectional diameter to enhance rotary 
movements using the precision grip (Fig. 22-3). They are frequently made of titanium 
to reduce weight, prevent magnetization, and provide reliable manipulation of 



needles, sutures, and tissues. They are manufactured under magnification to high 
tolerances and resist deformation from repetitive use and sterilization cycles. 

Figure 22-2.   

 

Relative size of microsurgical scalpel blade and standard 15C scalpel blade. 

WOUND APPOSITION AND PRIMARY WOUND 

CLOSURE 

The third basic value of microsurgery is an emphasis on passive wound closure with 
exact primary apposition of the wound edge. This eliminates gaps and dead spaces, 
circumventing the need for new tissue formation. An extensive and often painful 
inflammatory and proliferative phase of wound healing can then be avoided. The 
ideal microsurgical closure is an invisible incision with little tissue damage and no 
bleeding, which is closed with small sutures placed precisely under minimal tension 
(Fig. 22-4, A through E). 

Figure 22-3.   



 

A titanium microneedle holder with a round handle fits the precision grip, 
providing excellent ergonomics. 

Figure 22-4.   



 



A, Wide deep recession on maxillary canine, before treatment. B, Microsurgical 
scalpel makes a microsurgical incision in the sulcus. C, Connective tissue graft is 
positioned under a split-thickness mucosal flap. The tailoring must be passive and 
the geometry of the wound edges must be matched perfectly under the 
microscope. D, The vertical wound is sutured first, followed by the mesial and 
distal horizontal incisions. A 9-0 monofilament absorbable suture with a 
noncutting needle is essential to avoid tissue damage. E, At 4 weeks, healing 
shows a perfect match of color and tissue texture with little evidence of scarring. 

GEOMETRY OF SUTURING 

Suturing techniques in microsurgery are quite different from those in traditional 
surgery. Because the microscope enhances the surgeon's ability to view inaccuracies 
in wound closure, a more disciplined approach to wound closure is adopted (Fig. 22-
5, A through C). This approach relies on an underlying geometry of suturing and 
wound closure (Box 22-2). 

The aim is to accomplish passive and primary wound closure that results in 
uncomplicated primary wound healing. The execution of proper surgical technique 
with smaller and sharper instruments limits collateral tissue damage (Fig. 22-6, A 
through C). Gentle coaptation of the wound following the geometric principles of 
suturing prevents overlapping or incomplete closure of the wound edges. It 
circumvents dead spaces and shear forces that may result when sutures pass across 
the incision line at oblique or acute angles, rather than perpendicularly11 (Fig. 22-7). 

Figure 22-5.   



 

A, Shallow wide recession of the mandibular canine with a shallow vestibule 
before treatment. B, The connective tissue graft has been placed in the pouch 
created through the sulcus and sutured with two purse string sutures and one 
suspensory suture. Note how little trauma is created by the 7-0 monofilament 
absorbable suture with a noncutting needle. C, One week healing with sutures still 
evident. Gentian violet die in the absorbable monofilament is present to improve 
visibility during tying. It leaches out during healing, with an antimicrobial effect. 
Note the absence of inflammation. At 1 week, the width of keratinized gingival 
tissue is already increasing. 



Microsurgical Knot Tying 

The old saying, "everyone knows how to tie a knot but few know how to tie a knot 
well," is especially true of microsurgical knot tying. The art of tying a good reef 
knot, surgeon's knot, or cinching knot can only be mastered through repeated 
laboratory practice under the microscope.12 Incisions, suturing, and knot tying are 
accomplished with the use of microsurgical instruments held in both the dominant 
and nondominant hands. Instrument movements are guided under the microscope 
by visual reference only. This is important because microinjury to tissue occurs 
below the proprioceptive ability of the human hand. The breaking strain of 
microsutures is below the human threshold of touch. When knots are well tied 
under the microscope, they are secure and resist loosening even under functional 
loads13 (Fig. 22-8). 

Box 22-2  Geometry of Microsurgical Suturing 

The following points exemplify the geometry of microsurgical suturing:  

Needle angle of entry and exit: Slightly less than 90 degrees 

Bite size: 1.5 times the tissue thickness 

Symmetry: Equal bite sizes on both sides of the wound 

Direction of needle passage: Perpendicular to the wound 

Figure 22-6.   



 

A, Wide deep recession over a maxillary canine, before treatment. B, The 
connective tissue is sutured into the submucosal space created through the 
sulcus. No releasing incisions are created. Purse string sutures are placed on the 
mesial and distal, and interrupted circumferential sutures are used to create 
apposition between the connective tissue graft and the overlying mucosal flap. 
This is important to prevent micromovement of the graft against the flap and 
root surface. A 7-0 monofilament absorbable suture is used. C, At 2 weeks, 
healing shows lack of scarring and inflammation. Again note the increased zone 
of keratinized tissue. 

ESTHETICS IN PERIODONTICS 

In many areas of dentistry, esthetics has become more important in recent years. As 
separate procedures, or before restorative treatment, esthetic periodontics is an 
integral part of periodontal practice.14,15 Esthetics is the basis of periodontal plastic 
surgery, which has similarities in techniques and objectives to medical plastic 
surgery. The small scale of this work and the intricate detail required is why surgical 



microscopy is helpful in periodontal plastic surgery. The most dramatic application of 
periodontal microsurgery is in free transfer of gingival tissues for root coverage. 
Careful dissection and suturing of adjacent gingival tissue can often remedy small 
areas of recession without use of major flaps16 (Fig. 22-9, A through C). When this is 
impractical, transfer of distant tissue from the palate or other donor source can be 
accomplished. 

Figure 22-7.   

 

Microsurgical wound closure. The interrupted sutures are evenly placed, and the 
direction of suture passage is perpendicular to the wound edge. The wound is 
closed passively and no microgaps are present. 

Figure 22-8.   



 

A surgeon's knots tied properly is a stable knot. Only two throws are required and 
the knot lies flat against the tissue. This is a great advantage in the oral cavity 
where the tongue is a potential source of micromovement of the wound edges. A 
7-0 monofilament suture is used. 

TISSUE TRANSFER FOR ROOT COVERAGE 

Grafting is a surgical procedure in which tissue is totally severed from the body and 
transferred to a new location.17 Successful grafting depends on the body's ability to 
restore circulation to the transferred tissue.18 A recipient bed well supplied with blood 
vessels is necessary for this to occur.19 Grafting over avascular root surfaces presents 
a unique challenge. Autologous grafts (e.g., full-thickness gingival grafts and 
subepithelial grafts) use tissue borrowed from one area and then transferred to another 
area within the same individual.20 Homologous grafts (e.g., freeze-dried human 
dermal allografts) use tissue from different individuals of the same species. 
Heterologous grafts (e.g., bovine collagen membranes) use tissue from individuals of 
different species. Because they revascularize rapidly, autologous grafts from the same 
individual provide the most predictable means of gingival grafting for root coverage. 
(Extensive discussion of soft tissue grafting is found in Chapter 21.) 

GINGIVAL GRAFTING FOR ROOT COVERAGE 

Periodontal plastic microsurgery to cover denuded roots can be routine and 
predictable using a variety of techniques.20–23 Functional deficits can be restored, with 
the grafted autologous gingival tissue attached to underlying bone and root and 



displaying a normal keratinized epithelial phenotype.24 The esthetic deficits are 
corrected by positioning gingival tissue at the cementoenamel junction or a level 
appropriate to the surrounding teeth to achieve harmonious gingival margin positions. 
Color match and esthetic appearance of these grafts are often indistinguishable from 
surrounding gingival tissue25,26 (Fig. 22-10, A and B). 

FULL-THICKNESS GINGIVAL GRAFTS 

Full-thickness gingival grafts involve transfer of the entire thickness of the gingiva 
and a portion of the underlying submucosa. They are better suited for small gingival 
defects because their donor site cannot be primarily closed.27 Full-thickness gingival 
grafts require a large recipient bed for survival. Because it takes time for lateral blood 
vessels to grow into the graft, the amount of tissue that may be transferred is 
somewhat limited.28 Until vascular ingrowth occurs, the graft over the root must 
survive by plasmatic diffusion from an adjacent recipient bed.29 Full-thickness 
gingival grafts produce less natural appearing results and are often followed by 
stricture and shrinkage of the graft. Full-thickness gingival grafts can generally 
restore narrow recession defects; but for wide recession, subepithelial gingival grafts 
are often preferred (Fig. 22-11, A through C). The esthetic result for subepithelial 
grafts is generally superior to that seen with full-thickness gingival grafts.30 In 
esthetic regions of the mouth, this factor may dictate the type of procedure chosen by 
the clinician. Subepithelial grafts often demonstrate a better color match with the 
surrounding native tissue than do full-thickness gingival grafts. 

Figure 22-9.   



 

A, Mixed dentition eruptive recession in a young child with lack of attached 
gingiva. B, An incision was made through the sulcus with circumferential 
interrupted sutures to secure the connective tissue graft below the mucosal 
envelope. Note the minimal level of trauma. A 7-0 monofilament suture is used. 
C, At 1 week, healing shows the thickness of gingival tissue created and its 
differentiation into keratinized epithelium. 



Figure 22-10.   



 



A, Wide shallow recession on maxillary canine, before treatment. B, Excellent 
postoperative color match with increased zone of keratinized tissue accomplished 
through the subepithelial grafting technique using microsurgery. 

SUBEPITHELIAL GINGIVAL GRAFTS 

The submucosa is the connective tissue layer beneath the palatal gingival epithelium. 
It is thick and vascular, making up the bulk of the anatomy in this area. It can quite 
effectively be grafted beneath flaps when the overlying epithelial layer is removed.31 
Subepithelial grafts may be large, because the donor bed is readily sutured and heals 
well. Subepithelial grafts revascularize more readily than full-thickness grafts because 
they receive initial nourishment from both the underlying recipient bed and the 
overlying gingival flap.32 Since the introduction of subepithelial gingival grafts, large 
blocks of tissue are available for reconstruction of extensive gingival defects.33 Large 
areas of gingival recession often call on surgical ingenuity.34 When microsurgical 
principles are combined with an understanding of microanatomy, the surgeon 
frequently becomes the architect of a unique surgical method.35,36 This innovative 
spirit has yielded many new procedures that are currently used in periodontal plastic 
surgery37,38 (Fig. 22-12, A through E). 

Figure 22-11.   





A, Deep recession over a mandibular premolar with shallow vestibule before 
treatment. B, Full-thickness graft gingival graft. Notice the butt joint and 
perpendicular apposition at the wound edges. Suture is 5-0 braided filament. C, 
Full-thickness graft postoperative view at 6 weeks shows a definite demarcation 
between the graft and surrounding mucosa. 

Figure 22-12.   



 

A, Wide shallow recession over a maxillary canine, before treatment. B, 
Microsurgical scalpel makes a microsurgical incision in the sulcus. C, A 7-0 



monofilament suture on the mesial creates a purse string effect to pull the 
connective tissue graft into the envelope created by the microsurgical scalpel. D, 
A second purse string suture pulls the graft under the tissue on the distal. No 
vertical releasing incisions are made. E, At 2 weeks, healing of the graft shows 
complete root coverage with an excellent color match. Normal anatomy of the 
gingival groove has been established. This reflects the reestablishment of normal 
supracrestal fiber anatomy. 

SURGICAL DESIGN 

For uncomplicated healing to occur, careful surgical design must be used. Planning 
incisions with respect to size, location, and direction has enormous impact on 
outcome. Equally important is the way tissues are handled and positioned beneath the 
surface.39 Surgeons must consider the geometry needed to accomplish a desired result 
and must be cognizant of the effect surgical design has on repair. Gingival tissue 
frequently must be mobilized to accomplish both primary surgical closure and 
correction of the esthetic tissue deficit. To mobilize gingival tissue, it must be 
separated from a tough, well vascularized tissue known as periosteum.40 It is 
separated except for a "pedicle" through which circulation is maintained. In some 
cases, this pedicle will be a broad expanse of tissue without vertical releasing 
incisions, whereas in other cases, it may be a tiny bridge of tissue containing a few 
crucial blood vessels. These elevated areas of gingival tissue are referred to as flaps. 
The surgical microscope has made possible refined dissection, suturing, and surgical 
design of gingival flaps (Fig. 22-13, A through C). 

ROOT PREPARATION 

The method of biologic attachment of the gingival tissue to the root surface is of 
primary importance in periodontics. Most desirable is a ligamentous attachment with 
new cementum and Sharpey's fibers.41–43 Some studies have shown the most common 
means of attachment after flap surgery to be a long junctional epithelial attachment to 
the root surface.44 Another possible attachment is through parallel orientation of 
collagen fibers without actual insertion in the root surface.45 Several methods of root 
preparation have been recommended to enhance the possibility of ligamentous 
attachment to the root surface.46 Some methods are based on empirical observation 
and others on histologic evidence. 

Mechanical Root Preparation 

Empirical observation has shown that gingival tissues heal more readily against root 
surfaces that have been debrided of calculus and plaque, and which present a 
smooth surface. For this reason, most clinicians adhere to meticulous mechanical 
root preparation. Some authors believe healing is enhanced by extensive removal of 
pathologically exposed cementum47 (see Fig. 22-13). Some clinicians prefer to 
reshape buccally prominent roots to bring their contour into a more normal profile 



with the adjacent teeth and to facilitate wound closure.21 Well accepted principles of 
surgery require that deep grooves or erosions on the root be contoured to eliminate 
dead space between the root surface and the graft, thereby preventing hematoma 
formation under the graft. Hand and ultrasonic instruments, or rotary burs, or both, 
and rubber cups with pumice may by used to accomplish mechanical root 
preparation. 

Figure 22-13.   

 

Mechanical root preparation under the microscope. Root planing results in small 
curls of dentin, like wood shavings from a wood plane. 

Chemical Root Preparation 

When the root surface has been scaled and polished, chemical root preparation is 
sometimes used. Dilute citric acid or ethylenediamine tetraacetic acid (EDTA) is 
used to chemically decalcify the root surface.48 Three rationales exist for this 
approach. First, the smear layer that results after scaling and root planing is 
removed so that microparticles of debris and salivary mucoids will not delay 
healing.49 Second, decalcification also removes endotoxins that may have 
penetrated the root surface.50 Third, decalcification exposes collagen fibers to 



permit collagen "knitting" during initial wound healing.49 That is, the exposed 
collagen fibers on the root surface become intertwined with collagen fibers in the 
grafted soft tissue. Despite the rationale for using chemical root preparation, the 
preponderance of evidence reveals little difference in final results when root 
preparation has been used compared with when it has not been used.51 

Figure 22-14.   

 

The wall-mounted surgical operating microscope is an excellent way to make 
the microscope accessible. A well positioned microscope in the dental operatory 
is as effortless to use as a dental light or dental handpiece. It becomes 
"invisible" after a few weeks of familiarity. 

Biologic Root Preparation 

Biologic root preparation is used by some clinicians before soft tissue grafting. 
Currently, two biologic root preparation protocols are used. Tetracycline solution 
may be applied or burnished onto the root surface. In addition to demineralization 
and exposure of root surface collagen, tetracycline application may promote 
fibroblast migration to the root surface.52 Similar to the use of citric acid or EDTA, 
studies reveal little clinical benefit to tetracycline root preparation. Recently, 
enamel matrix derivatives have been developed that may enhance healing and new 



cementum formation. The effects of enamel matrix derivatives on soft tissue 
grafting procedures is currently unknown.53 

BENEFIT OF MICROSURGERY FOR PERIODONTAL 

ESTHETICS 

There are many indications for and combinations of periodontal plastic microsurgical 
techniques. Periodontal plastic surgery is "technique sensitive" and generally thought 
to be more demanding than other periodontal procedures. For this reason, surgical 
microscopy appears to be a natural evolution in the area of periodontics54 (Fig. 22-
14). As the benefits of microsurgery in periodontics are realized, its applications will 
likely be more numerous, as has occurred in medical surgery. 
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23  Resective Periodontal Surgery 

Leonard S. Tibbetts 

William F. Ammons, Jr. 

Gingivitis and periodontitis, as well as certain drugs and systemic conditions, can 
produce a variety of changes in the clinical appearance, dimension, structure, and 
function of the gingiva and periodontium. The extent of these changes may range from 
the usual signs of inflammation, including varying degrees of gingival enlargement, the 
development of pseudopockets, significant loss of periodontal attachment, and the 
formation of true periodontal pockets of various depths and configurations (see Chapter 
11). As the extent and location of involvement varies, all treatment methods are not 
applicable to individual periodontal defects, and treatment objectives may vary 
significantly from one patient to another. The result has been the development of a 
variety of periodontal treatment regimens. 

When periodontal disease is addressed early in its course, the elimination of the 
etiologic agents and resolution of inflammation through nonsurgical means may be 
sufficient to resolve and arrest periodontal breakdown. However, if problems persist 
after the completion of initial nonsurgical therapy, surgical treatment provides a means 
of altering the oral anatomic environment and enhancing the patient's ability to 
maintain a sustained, effective daily oral hygiene maintenance program. 

In clinical practice, maintenance of a dentition with numerous deep periodontal pockets 
is difficult when compared with maintenance of a dentition with shallow sulci. 
Maintenance of deep periodontal pockets requires a highly skilled clinician and a 
patient willing to attend frequent appointments of longer duration than would be 
necessary for treatment of shallow sulci. Periodontal resective surgery, which includes 
both soft tissue procedures and combined soft/hard tissue procedures, was developed 
and refined to eliminate pockets and to reestablish an architectural form about the teeth 
that would enable patients, with the periodic help of their dental professionals, to 
maintain their teeth in an efficient, effective, and economic manner. 

The optimal goal of periodontal treatment is the regeneration of the soft and hard 
tissues lost to inflammatory periodontal diseases.1 Although bone regeneration is a 
possibility in specific defects (see Chapter 25), it is not a predictable outcome for all 
periodontal defects. Therefore, resective therapy remains a major practical component 
of the treatment of periodontal diseases and the maintenance of functional dentitions. 
Resective surgical procedures are tools that are necessary for the well trained 
periodontal therapist to be able to render efficacious, effective treatment of 
periodontitis with predictable long-term success. These techniques are also required for 



many procedures that enhance restorative and esthetic treatment in patients without 
periodontal destruction. 

INDICATIONS FOR RESECTIVE PERIODONTAL 

SURGERY 

The indications for resective surgery are: (1) to gain access to an underlying structure; 
(2) to gain access to achieve more effective removal of calculus and the associated 
subgingival microbiota; (3) to reduce or to eliminate persistent diseased sites, which 
often include bony defects resulting from both horizontal and vertical bone loss that 
are not consistent with the overlying gingival architecture; and (4) to alter the form or 
dimension of components of the periodontium to enhance and facilitate cosmetic, 
restorative, and prosthetic procedures. 

CONTRAINDICATIONS FOR RESECTIVE PERIODONTAL 

SURGERY 

There are several significant contraindications for resective surgical therapy including 
the following: (1) ineffective plaque control by the patient; (2) noncompliance with a 
suggested and accepted treatment plan; (3) shallow probing depths; (4) soft or hard 
tissue defects amenable to repair or regeneration; (5) severely advanced disease; (6) 
an anticipated unacceptable cosmetic consequence; and (7) uncontrolled systemic 
disease. The clinician must have an accurate diagnosis and a realistic therapeutic 
end-point formulated for each case, on the basis of the anatomic and clinical 
information provided in this textbook, before initiating resective surgical 
therapy. Unrealistic or poorly conceived end-points may result in failure of 
therapy. 

EXAMINATION AND TREATMENT PLANNING FOR 

RESECTIVE SURGERY 

The potential need for a resective surgical procedure is usually recognized during the 
performance of a comprehensive periodontal examination (see Chapter 8). Careful 
probing divulges (1) both normal and abnormal sulcus depths, (2) the presence of 
furcation involvements, (3) the gingival width, (4) the location of the base of the 
pocket in relation to the mucogingival junction (the amount of attached versus free 
gingiva), (5) the anatomy of bony defects (the number of bony walls present), and (6) 
the location of the base of the pocket to the attachment level on adjacent teeth.2 
Confirmation of the extent and configuration of the suspected bony defects and 
furcation involvements obtained by normal probing can be achieved by transgingival 
bone sounding performed under local anesthetic (Fig. 23-1). This clinical 
information, combined with a complete radiographic survey and a thorough medical 



and dental history, supports an accurate diagnosis.3 The results of the diagnosis will 
assist in establishing the specific treatment needs of the patient. 

Figure 23-1.   

 

Transgingival sounding through the soft tissue, using local anesthetic, to delineate 
the thickness of the soft tissue, the extent and configuration of the alveolar bone, 
and existing periodontal defects by use of the probe in both a horizontal and 
vertical manner. 

Radiographs of good diagnostic quality are critical to the determination of a need for 
resective procedures,3 because they furnish pertinent information regarding root 
morphology, root trunk length, the presence of angular bone loss, dental decay, 
pattern and extent of bone loss, and presence of other pathoses that may require 
attention (see Chapter 9). However, radiographs are not always diagnostically 
accurate for periodontal disease or for diagnosing the extent of bony defects present 
on the buccal/facial or palatal/lingual surfaces of either arch. Radiographs cannot 
show the differentiation between previously treated periodontal diseases and 



untreated diseases as they serve to help visualize interdental bone levels, but they can 
act as a means of evidence in evaluating the longitudinal success and stability of hard 
tissue therapy. 

Box 23-1  Types of Resective Procedures 

Soft Tissue Resective Surgery 

• Gingivectomy  

Standard external bevel gingivectomy 

Internal bevel gingivectomy 

• Ledge and wedge technique procedures 

• Electrosurgery, laser surgery, chemical gingivectomy 

• Open flap curettage (Modified Widman Procedure) 

Combined Soft/Hard Tissue Resective Surgery 

• Flap access and osseous resection  

Osteoplasty 

Ostectomy 

• Flap access and osseous resection combined with regenerative therapy 

The patient's psychological and physiologic responses to the completion of initial 
therapy, including oral hygiene instructions, scaling and root planing, occlusal 
adjustments, and other disease control procedures, are documented and evaluated by 
reexamining the patient to determine the changes that have occurred. The response to 
initial therapy can vary significantly, not just from patient to patient, but from one 
area of the mouth to another. In areas of active inflammation, the soft tissue changes 
can result in a decrease in swelling and edema and a return to normal sulcus depths 
and tissue configurations requiring no additional treatment other than periodic 
maintenance care. This is not as likely to occur in the presence of chronic 
inflammatory disease. During such conditions, the inflammation may be reduced, but 
deep periodontal pockets with localized bleeding and suppuration may persist in 
moderate to advanced periodontitis. Such signs and symptoms are indicative of 
patient inability to reach these areas and to maintain a satisfactory level of oral 
hygiene, even with good oral hygiene compliance. Patients with good supragingival 
plaque control who have residual probing depths of 5 mm or more may be candidates 
for resective periodontal surgery. Conversely, patients with poor oral hygiene 
compliance should not be considered good candidates for successful long-term results 
with resective periodontal surgery, because one of the major causative etiologic 
factors has not been successfully modified. 



TYPES OF RESECTIVE PERIODONTAL SURGERY FOR 

POCKET REDUCTION 

A variety of resective surgical procedures and techniques have been developed to 
manage the pockets that result from inflammatory periodontal disease. These 
procedures are listed in Box 23-1 and have been divided into procedures that are 
applied primarily to the soft tissues and those which involve the resection of both soft 
tissues and bone. Their application and results are discussed in the following sections. 

SOFT TISSUE RESECTIVE SURGERY 

Indications/Contraindications for Gingivectomy 

Gingivectomy and gingivoplasty are terms used to describe the surgical excision of 
the gingiva performed to treat the pathologic effects of gingivitis, periodontitis, and 
other conditions that result in alterations in normal gingival form.4,5 Gingivectomy 
is generally considered to be the oldest surgical procedure developed to treat the 
effects of periodontal diseases.6 By definition, the term gingivectomy implies that 
this procedure is limited to being performed within the confines of the gingiva. The 
objective of gingivectomy is the elimination of soft tissue periodontal pockets,7 
thereby facilitating the patient's ability to main tain periodontal health.5 Although 
gingivectomy was once a commonly performed surgical procedure, it has currently 
been largely supplanted by a variety of other surgical procedures. Gingivectomy 
may still be indicated in selected cases. 

Gingivoplasty is a term initiated by Goldman.8 It refers to the plastic reshaping of 
the gingiva to produce a surface form and topography that simulates those features 
believed to be characteristic of gingival health. This form has been termed a 
physiologic form, which implies not only a particular shape and structure, but a 
relation to the function of these tissues. The characteristics of a physiologic form 
are a free gingival margin with a thin, knife edge-like form that is well adapted to 
the tooth and tucked under the height of contour of the crown. The interdental 
papilla should also be thin and well adapted to blend into the interdental groove. A 
patient displaying the characteristics of a physiologic form is shown in Figure 23-2. 
Although gingivectomy and gingivoplasty can be performed as separate surgical 
procedures,9 most commonly they are performed simultaneously,8 and subsequent 
to the completion of nonsurgical procedures designed to resolve the inflammatory 
signs of active breakdown. The resolution of inflammation that results from oral 
hygiene procedures and scaling and root planing not only facilitates the 
performance of gingivectomy/ gingivoplasty and other surgical procedures, 10 it 
may minimize or even eliminate the need for the surgical intervention.7 

Figure 23-2.   



 

Display of characteristics of "physiologic" gingival form. 

As the gingivectomy/gingivoplasty procedure is performed within the gingiva, it is 
therefore limited to areas where (a) bony resorption has resulted in pockets of a 
generally uniform horizontal form, (b) the apical base of the pockets are located 
coronal to the mucogingival junction, and (c) sufficient gingiva is present to allow 
the procedure to be performed without the production of a non-keratinized mucosal 
margin. 

Indications for gingivectomy/gingivoplasty 

Gingivectomy/gingivoplasty can be used effectively in the following ways:  

1. To eliminate gingival pockets (suprabony pockets), which persist after 
completion of oral hygiene instruction, scaling and root planing, and other 
disease control measures 

2. To eliminate soft tissue craters resulting from disease or subsequent to 
other surgical procedures 

3. To create an esthetic gingival form in cases of delayed passive eruption 

4. To reduce gingival enlargements resulting from medications or genetic 
factors 

5. To create clinical crown length for restorative or endodontic purposes 
when ostectomy is not required 



A typical patient with gingival enlargement, in whom a gingivectomy could be 
used, is shown in Figure 23-3. 

Contraindications to the performance of 

gingivectomy 

1. Acutely inflamed gingival 

2. Inadequate oral hygiene by the patient 

3. Pocket depth that is apical to the mucogingival junction; inadequate 
keratinized gingiva 

4. Presence of interdental osseous craters and infrabony defects 

5. Presence of large osseous ledges and exostoses 

6. Inadequate depth of the vestibule 

7. An increased caries rate that jeopardizes maintenance of the dentition 

8. When removal of the soft tissue would constitute an unacceptable 
cosmetic compromise 

Figure 23-3.   

 

Gingival enlargement with pseudopockets, which is appropriate for treatment 
with gingivectomy/gingivoplasty. 



External Bevel Gingivectomy 

The performance of gingivectomy/gingivoplasty involves a number of sequential 
steps. These include the following: (1) anesthesia, which may include either enteral 
or parenteral conscious sedation, as well as the administration of local anesthetic 
agents; (2) surgical instrumentation; (3) application of surgical dressings; and (4) 
postoperative care during the healing period. 

Anesthesia 

The majority of gingivectomy procedures are performed using nerve block and 
infiltration of local anesthetic agents. In addition to nerve blocks, many clinicians 
will routinely infiltrate each interdental papillary area, both buccally and lingually, 
using a local anesthetic with a vasoconstrictive agent. These infiltrations serve to 
provide extra turgor to the tissues, facilitating incisions; to produce a transient local 
ischemia; and to reduce bleeding during the excision of the gingiva. Local 
anesthesia may be combined with the use of other anesthetic agents such as oral 
sedatives, nitrous oxide analgesia, or intravenous conscious sedation (see Chapters 
19 and 20). 

Surgical Instrumentation: External Bevel 

Gingivectomy 

A typical instrument tray for the performance of gingivectomy/gingivoplasty would 
contain the instruments listed in Box 23-2. 

Once adequate local anesthesia has been obtained, the thorough and efficient 
performance of the gingivectomy procedure requires the precise identification of 
the depth (base) of the pockets on all surfaces of all teeth within the surgical field. 
The identification of the base of the pocket is usually accomplished by placement of 
a series of bleeding points that correspond to the apical extent of pocket. These 
bleeding points can be made by use of the periodontal probe (Fig. 23-4, A and B) or 
by use of a mechanical device such as the Crane-Kaplan or Goldman-Fox pocket 
marker. When a periodontal probe is used, the base of the pocket is measured and 
that depth is then transferred to the external surfaces of the gingiva. Perforating the 
gingiva with the periodontal probe then makes bleeding points perpendicular to the 
base of the pocket. Generally, three points are made per tooth (midradicular area 
and mesial/distal line angles) on each of the facial/buccal or lingual/palatal surfaces. 
These bleeding points serve to guide the surgeon during placement of the initial 
incisions. 

Box 23-2  Gingivectomy/Gingivoplasty Instruments 

• Local anesthetic syringes, needles and anesthetic solution 



• Goldman-Fox periodontal scissors 

• Hemostat 

• Fox gingivoplasty diamond burs 

• Cotton surgical sponges 

• Periodontal mirror 

• Cotton pliers 

• Periodontal probe 

• Crane-Kaplan periodontal pocket markers 

• Kirkland 17 broad bladed GV knife 

• Orban sharp bladed GV knife 

• Columbia 4R/4L or 2R/2L curettes 

• Goldman-Fox tissue nippers 

• Minnesota surgical retractor 

• Surgical aspirator tip 

After the establishment of the bleeding points, a coronally directed external bevel 
incision is made, using an appropriate surgical knife. The placement of these 
incisions to remove the soft tissue pockets is shown in Figure 23-5. The incision is 
generally begun distal to the first tooth in the surgical area and extended anteriorly, 
using the bleeding points as guides, to include the last tooth with pocket depth. The 
incision should begin at the mesial line angle of the tooth adjacent to the first pocket 
so as to cross the entire papilla and proceed smoothly to end at the mesial line angle 
of the tooth immediately adjacent to the terminal tooth to be treated. To 
accommodate an appropriate bevel, the incision on the external gingival surface 
must of necessity be placed apical to the base of the periodontal pockets, but 
coronal to the mucogingival junction, and then it must be angled coronally to strike 
the teeth at the base of the periodontal pocket. Therefore, the incision is begun 
slightly apical to the "dotted line" created by the bleeding points. The gingivectomy 
incision should never be started apical to the mucogingival junction, because the 
incision will eliminate the entire zone of gingiva, as well as the periodontal pockets, 
and will result in a postsurgical margin consisting entirely of alveolar mucosa.11,12 

An external bevel incision of about 45 degrees is considered optimal. However, the 
angulation of the bevel that can be placed is influenced by the (a) width of the band 
of gingiva, (b) the thickness of the gingiva, (c) the position of the base of the pocket 



in relation to the crest of the adjacent alveolar bone, (d) the thickness of the crest of 
the alveolar bone, and (e) the relation of the mucogingival junction to the external 
bony crest (Fig. 23-6, A and B). The width and characteristics of the gingival band 
may vary significantly from one tooth to another in the surgical field.13,14 The 
greater the thickness of the alveolar process and gingiva the more difficult it is to 
establish a long beveled incision apical to the bleeding points. 

Figure 23-4.   

 

Use of periodontal probe to mark pocket depth. A, After probing to the base 
within the pocket, the probe is removed from the pocket and the probing depth 
is transferred to the external gingival surface. B, Puncture marks are made in the 
external surface of the gingiva corresponding to the position of the pocket base. 
A specialized instrument such as the Crane-Kaplan or Goldman-Fox pocket 
marker can also be used. (From Schluger S, Yuodelis R, Page RC, Johnson RH: 
Periodontal diseases, ed 2, Philadelphia, 1990, Lea & Febiger. Courtesy Dr. 
Robert Lamb, San Mateo, Calif.) 

The primary incision is usually made with a broad bladed or round bladed 
gingivectomy knife such as the Buck #3/4, Goldman-Fox #7/8, or Kirkland #15 
K/16 K (Fig. 23-5, A and B). The rounded contour of the broad bladed 
gingivectomy knife allows the blade to incise smoothly through the tissue without 
being arrested by irregularities in the bone or tooth surfaces. The contraangle design 
of the typical gingivectomy knifes makes them particularly suitable for this 
purpose. The only negative factors associated with their use are the need to re-
sharpen and re-sterilize the knives after each use. A number of disposable, sterile 
surgical blades, such as the Bard Parker 15 or 10A, designed to fit a surgical handle 
are also available and can be used during the performance of gingivectomy. 

Figure 23-5.   



 



Incisions to eliminate pocket depths. A, Using a broad-bladed periodontal knife 
such as a Kirkland 17 gingivectomy knife, the incision is begun at the distal of 
the surgical area. B, The incision is continued to the distal of the most terminal 
contralateral tooth in the surgical area. C, The interproximal areas are severed 
with a sharp-pointed periodontal knife such as the Orban gingivectomy knife. D, 
Clinical view of facial tissues after removal of the soft tissue pocket depth. Any 
tissue tags may be removed with sharp curettes, a gingivectomy knife, scissors, 
or an instrument such as Goldman-Fox tissue nippers. E, Use of a tapered Fox 
diamond bur to perform gingivoplasty. F, Facial soft tissue contours after 
completion of gingivoplasty. G, Post-surgical healed appearance of gingival 
tissues following gingivectomy and gingivoplasty. Observe the physiologic 
contours. (From Schluger S, Yuodelis R, Page RC, Johnson RH: Periodontal 
diseases, ed 2, Philadelphia, 1990, Lea & Febiger. Courtesy of Dr. Robert 
Lamb of San Mateo, Calif.) 

Figure 23-6.   

 

Factors affecting the angle of incision. A, (1) The width of the band of gingiva; 
(2) the depth and configuration of the pocket; (3) the presence of ledges of bone. 
B, (1) A 45-degree beveled incision to the base of the pocket is ideal. However, 
in an area with little gingiva, this incision may result in the total elimination of 
gingival tissue, resulting in a mucosal margin. (2) The presence of a bony ledge 
may prevent placement of an incision to base of the soft tissue pocket. 

After completion of the primary incisions on the facial/buccal and palatal/lingual 
surfaces, the interdental incisions are made with a tapered, narrowed bladed knife 
such as Goldman-Fox #8 or #11 DE, Towner #19/20, Orban 1/2, or Buck 5/6 (Fig. 
23-5, C). These narrow knives are commonly triangular or spear-shaped, and the 
shank is offset to allow them to be directed into the interproximal area. These 
knives are used to sever the interproximal portion of the soft tissue pockets with the 
same interproximal slope (angle) that was used in the primary incision. When 



properly performed, the primary facial and secondary interproximal incisions 
completely release that portion of the gingiva comprising the soft tissue pocket. 
This allows the excised tissue to be dislodged and removed from around the teeth. 
Appropriate instruments for removal of the soft tissue include the PR 1–2 Prichard 
curette, a mosquito hemostat, K-29 chisel, a periosteal elevator, or other types of 
universal curettes (Columbia 2R/2L; 4R/4L; 13/14). Sharp, decisive initial and 
secondary incisions not only provide a surface that is smooth and free of tags, but 
they make removal of the tissue faster and easier. 

After removal of the excised tissues, the surgical site is carefully inspected for any 
residual debris and probed to ensure that residual pocket depth does not remain. 
Tissue tags can be removed with sharp curettes, tissue nippers, or surgical scissors. 
The exposed root surfaces are examined and instrumented to insure removal of all 
calculus. After debridement, the margins of the gingiva and the adjacent mucosa 
may be refined by gingivoplasty, if needed. 

Gingivoplasty 

The purpose of gingivoplasty is to reshape the remaining gingiva to a so-called 
physiologic form. Gingivoplasty can be performed using a number of different 
instruments. Appropriately shaped coarse diamond stones may be used15 (Fig. 23-5, 
E). These stones, designed for use in high speed and conventional speed dental 
handpieces, must be used with copious irrigation and high volume aspiration during 
abrasion of the wound surface to prevent the generation of heat. An additional 
problem of rotary abrasion for gingivoplasty is the production of a significant 
amount of aerosol contaminated by the patients' blood and tissue fragments. Other 
instruments used for gingivoplasty include tissue nipper and surgical scissors. The 
edge of the round-bladed gingivectomy knife may also be used in a scraping motion 
along the tissue surface and margins. 

Ledge and Wedge and Internal Bevel Gingivectomy 

Techniques 

In 1965, Ochsenbein16 proposed the use of the ledge and wedge gingivectomy 
technique as a means of eliminating the guesswork involved with placement of the 
primary incisions, thereby ensuring pocket elimination. This technique is generally 
believed to require less experience and clinical sophistication and yet affords a 
means of eliminating the pocket and producing an acceptable postoperative form.17 

Two variations of the ledge and wedge technique can be used (Fig. 23-7 and Fig. 
23-8). The first technique being with a primary incision that is placed perpendicular 
(90 degrees) to the tissue surface to connect the bleeding points that were initially 
created by marking the pocket depth (Fig. 23-7, B). The incision can be made with a 
broad-bladed gingivectomy knife or a disposable blade such as a Bard Parker 10A 
or 15 beginning at the distobuccal and distolingual surfaces of the most distally 



involved tooth. The incisions should contact the tooth surfaces and extend 
interproximally as far as the teeth permit. The purpose of these incisions is to 
eliminate that portion of the gingiva that encompasses the periodontal pockets. The 
result is elimination of the soft tissue pockets, but with the production of a 
horizontal soft tissue ledge. 

The secondary incisions are coronally directed (Fig. 23-7, C) and produce an 
external bevel, the length of which is dependent on the thickness of the remaining 
gingiva and the width of the buccal and lingual radicular bone. The objective of the 
secondary incisions is the creation of an appropriate external gingival contour, a so-
called physiologic form. The same principles and instruments as previously 
mentioned should be used in excising and removing the tissue, in the removal of 
any tissue tags, and in refining the external contours of the tissues to obtain a result 
as shown in Figure 23-7, D. 

Figure 23-7.   

 



Ledge and wedge gingivectomy technique 1. A, Preoperative diagram showing 
gingival enlargement. B, The initial facial and lingual incisions (1) are made 
perpendicular to the gingiva to strike the base of the soft tissue pockets. C, 
Secondary incisions (2) are made on the facial and lingual at a 45-degree 
external bevel to remove the remaining soft tissue ledges. D, Postoperative 
result. 

In the second ledge and wedge technique, the primary incisions are performed in a 
similar manner, directed perpendicular to the external gingival surface at the level 
of the pocket base (Fig. 23-8, B). The secondary incision, however, is directed 
parallel to the external tissue surface to form an inverse bevel (also called an 
internal bevel) incision (Fig. 23-8, C). This internal bevel gingivectomy technique 
is particularly useful in cases of gingival enlargement, where thick tissues are 
present. The internal bevel gingivectomy technique does not leave a large external 
bevel and therefore is associated with less postoperative pain and bleeding. This 
technique also allows the reflection of a conventional flap, if access is required to 
the underlying bone. 

In clinical situations in which gingival enlargement has resulted in pocket formation 
(both pseudopockets and true pockets) and also in an increased mass of the gingiva 
apically to the base of the pockets, use of an external bevel incision would result in 
an extensive wound.18 In such conditions, an external bevel incision of sufficient 
length not only to eliminate the periodontal pockets but to reduce the tissue bulk as 
well would result in an extensive wound (Fig. 23-9, A and B). 

Figure 23-8   



 

Ledge and wedge gingivectomy technique 2. A, Preoperative diagram showing 
gingival enlargement. B, The initial facial and lingual incisions (1) are made 
perpendicular to the gingiva to strike the base of the soft tissue pockets. C, The 
secondary internal bevel incisions (2) are made parallel to the external gingival 
surface, retaining a connective tissue base sufficient to retain the blood supply, 
to thin the tissue mass. The gingiva is scored with the third incision (3) at the 
bony crest to allow the removal of the connective tissue wedge. The soft tissue 
flap is then sutured to cover the bone. D, Postoperative result. 

The internal bevel gingivectomy may begin with either a ledge incision (Fig. 23-8, 
B) or with a scalloped internal bevel incision placed several millimeters apical to 
the gingival margin and following a scalloped contour associated with a normal 
gingival margin. Either technique results in the production of a mucoperiosteal flap, 
which can then be positioned and sutured to cover the alveolar bone (Fig. 23-9, C 
through E). The internal bevel gingivectomy procedure is not a true gingivectomy, 
because it is not confined to the gingiva. It is more appropriately described as a 
partial-thickness flap procedure (see Chapter 20). 



Electrosurgery, Lasers, and Chemical Gingivectomy 

In the past there has been considerable interest in other modes of instrumentation 
for gingivectomy. These have included the use of electrosurgery,19 various chemical 
agents,20 and more recently the use of lasers.21,22 

Figure 23-9.   

 

Clinical example of internal bevel gingivectomy. A, Preoperative facial gingival 
contours demonstrating gingival enlargement. B, Occlusal view demonstrating 
gingival enlargement. External bevel gingivectomy would result in a large 



wound. C, Following incisions to reduce and remove the large bulk of excess 
tissue, a flap may be elevated. D, Continuous sling sutures used to close the 
flap. No significant external wound is present. E, Facial view 8 weeks after 
surgery. Note the dramatic reduction in tissue mass. (Courtesy Dr. Stanley 
Sapkos, Seattle, Wash.) 

With electrosurgery a high frequency electric current (fully rectified) is used to cut 
and coagulate soft tissue. Electrodes, which are available in a number of shapes, are 
applied in a brushing motion to remove incremental portions of the soft tissue 
lesion. Its use was promoted because of an ability to cauterize and to sterilize as soft 
tissue was removed, which resulted in an essentially bloodless field. In addition, the 
design of the electrodes allows their use in areas where the application of 
conventional gingivectomy knives is difficult or impossible. Disadvantages of 
electrosurgery include possible heat damage, increased time required for 
instrumentation compared with conventional surgery, and unpleasant odor created 
during cutting. Also, electrosurgery cannot be used in patients with noncompatible 
or poorly shielded cardiac pacemakers. Although proponents of electrosurgical 
gingivectomy may disagree,23,24 the prevailing evidence is that electrosurgical 
gingivectomy may result in delayed wound healing,25 loss of periodontal 
support,26,27 and cemental burns if the electrodes contact alveolar bone or the tooth 
root.25,28 Therefore, electrosurgery is best limited to superficial soft tissue 
procedures where the potential adverse effects of contacting bone or tooth root can 
be avoided. 

Chemical agents such as potassium hydroxide and paraformaldehyde have also 
been advocated as a means of removing soft tissue periodontal pockets.20 So-called 
chemical gingivectomy, however, is not currently recommended. The depth and 
form of the action of chemical agents on the gingival tissues is difficult to control; 
therefore, reshaping of the tissues cannot be accurately accomplished and healthy 
tissues may be adversely affected. In addition, some studies suggest that wound 
healing may be retarded with chemical gingivectomy.29 

Figure 23-10.   

 



Application of periodontal dressing after the gingivectomy procedure. A, 
Wedges of dressing are placed interproximately on both the buccal and palatal 
surfaces. B, A roll of dressing is positioned over the interproximal wedges of 
dressing. The roll of dressing is then blended to cover the surgical site. (From 
Schluger S, Yuodelis R, Page RC, Johnson RH: Periodontal diseases, ed 2, 
Philadelphia, 1990, Lea & Febiger. Courtesy Dr. Robert Lamb, San Mateo, 
Calif.) 

A number of types of dental lasers have been suggested for use during periodontal 
therapy including gingivectomy/gingivoplasty. Most reports in the dental literature 
have addressed the use of CO2,

28,30–32 Nd:Yag,32 and diode33 lasers. These lasers 
have different characteristics, which are related to their wavelengths, power, and 
design. Although these instruments have been applied to both soft and hard tissues, 
and a substantial number of research publications have been presented, current 
evaluation suggests that they have some of the same general limitations as 
electrosurgery.34 With proper shielding of the root surfaces to prevent damage, they 
can be used for some cases of gingivectomy and gingivoplasty. However, they are 
less useful for most cases.35 

Periodontal Dressings 

The gingivectomy/gingivoplasty procedure can result in the creation of a substantial 
surgical wound that is devoid of epithelium and with connective tissues exposed. 
These wounds are not only a potential source of postoperative discomfort and 
bleeding, but they are subject to additional trauma. Therefore, patients treated by 
gingivectomy/gingivoplasty should be provided with the protection of a surgical 
dressing (Fig. 23-10, A and B). There are a number of commercial products 
available that may be applied to cover the wound surface.36,37 

Early periodontal dressings, such as that developed by Ward in 1923, relied on an 
interaction between zinc oxide and eugenol to produce a cement-like material to 
protect the surgical wound38,39 and for antibacterial effects.40 Other materials such 
as tannic acid, zinc acetate, and asbestos fibers were also commonly added to such 
dressings to alter their properties. Surgical dressings containing these materials have 
generally been eliminated from use because of the potential for adverse effects.41,42 

Periodontal dressings using metallic oxide and fatty acids have largely replaced the 
zinc oxide eugenol types of dressings. These dressings are packaged in two tubes. 
When equal lengths of each are mixed together, they interact and thicken to produce 
a material of rubbery-like consistency; Coe-Pak (GC America, Inc.; Alsip, IL) and 
Periocare (Pulpapent Corp.; Watertown, MA) are examples of such products. Other 
noneugenol packs have contained cyanoacrylates43 and methacrylic gels. Clear, 
translucent light cured dressings, such as Barricaid VLC periodontal surgical 
dressing (Dentsply Caulk Co.; Milford, DE), are available and are preferred by 
some clinicians in esthetic regions of the mouth. Some authors have advocated the 
addition of antibiotics to surgical dressings, to improve comfort and reduce odor 



and bad taste that can result during healing.44 However, such agents may produce 
hypersensitivity or promote resistant strains of microorganisms. 

These dressings usually require replacement every 5 to 7 days for approximately 2 
to 3 weeks. After this period, healing has usually progressed to the point that the 
surgical site may be left uncovered. During this period, patients should perform 
their normal oral hygiene procedures in areas of the mouth not involved in the 
surgical procedure. Oral hygiene procedures can be supplemented with oral saline 
rinses or with antibacterial mouthwashes such as 0.12% chlorhexidine 
digluconate.45 After the dressing is removed, the surgical site can be cleansed with 
judicious use of a soft, multitufted toothbrush. The surgical site needs to be kept 
free of plaque and oral debris for an optimal surgical result. 

Wound Healing After Gingivectomy 

The response of the tissues during wound healing after gingivectomy have been 
well described at both the clinical and histologic levels.46–48 When correctly 
performed, gingivectomy results in the surgical elimination of the pocket, but the 
patient is left with a surface wound that exposes periodontal ligament and gingival 
connective tissues that cover the adjacent alveolar bone. The wound surface is 
devoid of its epithelial covering. 

The initial healing events after the procedure are directed toward establishing 
hemostasis and the production of a fibrin clot to cover the wound surface. This 
initial lag phase is followed by cellular proliferation of epithelium at the wound 
margins as demonstrated by increased DNA synthesis (12 to 24 hours)47 and a 
proliferation of vascular tissues, which peaks at 3 to 4 days after surgery.48 These 
events are necessary to replace the missing epithelium and to restore tissue 
continuity. After about 35 to 48 hours, the epithelial cells resulting from the cellular 
replication begin to migrate across the cut connective tissue surface under the fibrin 
clot to cover the wound. These cells migrate at a rate of approximately 0.5 mm per 
day until the wound surface is covered. Depending on the extent of the wound 
surface, it may take 1 to 2 weeks to complete surface epithelialization.49 The source 
of these migrating epithelial cells is from the wound margin and the residual 
epithelial cells that were not totally eliminated by the external bevel incision. The 
epithelial growth proceeds until it contains the root surface and a new junctional 
epithelial attachment is established. The subsequent proliferation of connective 
tissues adjacent to the root results in the formation of a new gingival sulcus. By 
approximately 14 days the tissues assume a normal clinical form, although some 
hypervascularity (redness) may persist. Remodeling of the tissues, as evidenced by 
changes in form and color, may continue for a period of approximately 3 months.50 

Oral Hygiene 



An optimal therapeutic result is dependent not only on thorough diagnosis, careful 
case planning, and technical surgical excellence, but on appropriate postsurgical 
care by both the therapist and the patient. 

The extent of discomfort after periodontal surgery varies widely from patient to 
patient and may limit postoperative oral hygiene efforts by the patient. Surgical 
dressings and oral medications may suffice to manage the patient's discomfort; 
however, other steps need to be taken to ensure optimal wound healing. Patients 
should continue their usual oral hygiene regimen in the areas of their mouth not 
affected by the surgery. This regimen should be supplemented with antibacterial 
rinses such as chlorhexidine. Surgical dressings should be changed at appropriate 
periods, usually every 5 to 7 days, as needed. Inadequate oral hygiene can lead to 
the formation of excessive granulation tissue that can compromise the surgical 
result. After a period of 2 weeks, most patients no longer require periodontal 
dressings and may reinstitute plaque control measures in the surgical site using 
ultrasoft dental brushes. Brushing should be supplemented by oral rinses to 
suppress bacterial plaque. The exposure of dentinal surfaces, in the presence of 
dental plaque formation, can result in dentinal hypersensitivity. This 
hypersensitivity, however, usually responds rapidly to effective plaque removal 
combined with topical applications of fluoride gels or fluoride rinses. 

Therapeutic Result of Gingivectomy/Gingivoplasty 

There have been many reports of the use of gingivectomy, but few longitudinal 
studies that would meet the criteria of evidence-based research.51 Surgical studies 
indicate that when the tissues are excised to the base of the pocket, the junctional 
epithelium is completely removed. Instrumentation usually results in an average of 
0.5 mm severance of connective tissue during the root planing portion of 
gingivectomy. Root planing during a gingivectomy usually results in a down-
growth of the new epithelium during sulcus formation. Surgery therefore results in a 
loss of attachment, but also tends to produce more shallow gingival sulci if the 
pretreatment pocket depths are greater than 3 mm.52 

In a large group of patients who received gingivectomy and were managed for up to 
7 years, gingival health and sulcus depth of up to 2 mm were restored, except when 
there was incomplete removal of plaque and calculus, inadequate curettage, 
overhanging restorations, food impaction, or poor physiotherapy by the patient.11 
Relapse was greatest in patients with poor oral hygiene. Donnenfeld and 
Glickman46 show that periodontal pockets could be eliminated after gingivectomy 
without significant changes in the location of the base of the gingival sulcus, that is, 
without loss of attachment. However, there was a reduction in the width of the 
attached gingiva, as might be expected from this excisional procedure. 

Although there are little published long-term data documenting the results of 
treatment using gingivectomy and gingivoplasty, clinical experience indicates that 
gingivectomy remains an acceptable surgical treatment for patients who meet the 



limited selection criteria. This procedure is used less often now than 20 years ago 
primarily because of the evolution of various flap techniques that allow access to 
underlying periodontal structures and the presence of less postoperative discomfort 
associated with these procedures when compared with gingivectomy. It should 
always be remembered that regardless of the adequacy of the surgical procedure, 
without good oral hygiene by the patient and routine maintenance, pocket reduction 
will not be achieved or maintained. 

FLAP PROCEDURES 

Once a significant amount of attachment is lost, or osseous deformities of complex 
morphology develop, gingivectomy/gingivoplasty is not a surgical treatment option, 
because its application would leave the patient with residual bony deformities and 
would present mucogingival problems by eliminating the buccal or lingual gingival 
tissues, or both. Patients with such problems become candidates for periodontal flap 
surgery. Flap surgery provides a means of gaining access to the alveolar ridge, the 
root structure of the teeth, and adjacent bony periodontal pockets for instrumentation. 
The access and visibility with flap surgery improves the efficiency and efficacy of 
debridement and allows the retention of a sufficient zone of gingiva for function. The 
reduction of the tissue mass through internal thinning and subsequent repositioning of 
the flap, combined with the subsequent resolution of inflammation, can result in a 
reduction in pocket depth.53–55 An additional benefit to flap surgery is that proper 
closure does not result in extensive deepithelialized wound surfaces, therefore 
postsurgical discomfort is usually reduced. 

Indications for Periodontal Flap Surgery 

The use of flap surgery is indicated in the following situations:  

1. When there is a need to gain access to any structure not clearly visible in 
the oral cavity, for example, subgingival caries, root resorption, impacted teeth, a 
root tip, cyst or other area of pathosis 

2. To provide access for visibility and instrumentation of deep periodontal 
pockets, areas of furcation involvement, or other areas of complex anatomy not 
readily instrumented through the sulcus 

3. To eliminate or reduce the depth of periodontal pockets in areas of 
minimal gingival width, where excision of the pocket would result in the 
formation of a mucosal margin 

4. To provide access for grafting, ridge augmentation, guided tissue 
regeneration, and guided bone regeneration procedures 

Flap Design and Elevation 



The first step in a flap operation is incision and elevation of the flap. A properly 
designed flap will provide access and visibility to the operative site, allow 
debridement with a minimum of associated trauma, and preserve the blood supply 
so that rapid healing occurs. The design and placement of incisions allowing the 
reflection and elevation of surgical flaps is described in detail in Chapter 20. 

Although a variety of flap designs may be used during periodontal flap surgery, 
most flap debridement procedures are performed using sulcular or submarginal 
inverse bevel scalloped incisions, to allow the reflection of a full-thickness 
mucoperiosteal flap. The incisions are begun sufficiently distal to the terminal tooth 
in the planned surgical field to provide access using an appropriate blade, such as 
the Bard-Parker (BD Medical [Becton, Dickinson, and Company]; Franklin Lakes, 
NJ) 15 or 15C. If pocket depth is associated with an enlarged tuberosity or 
retromolar pad, one of the specific techniques described later in this chapter may be 
used to reduce the tuberosity or retromolar pad area. When a terminal tooth is not 
involved, the incision is begun on a tooth adjacent to the area of concern, in an area 
of normal gingiva. On the buccal aspect, a sulcular or submarginal inverse bevel 
incision is directed from the gingival crest and angled toward the bony crest to 
strike the coronal aspect of the alveolar bone. The incision is directed anteriorly, 
following the scalloped, labial configuration of the teeth until the incision is 
terminated at the distal line angle of the tooth immediately anterior to the most 
anterior involved tooth in the surgical field. The periosteum overlying the bone 
must be incised cleanly to allow flap reflection. As the buccal flap can be readily 
repositioned, the majority of the buccal gingiva can be preserved. The buccal 
incision can also be placed largely in the sulcus without adversely affecting the 
postoperative pocket depth.56 However, the placement of an incision in the sulcus 
may make it more difficult to cleanly elevate the flap. An example of the use of 
sulcular and submarginal incisions to allow access for debridement in a mandibular 
posterior sextant is seen in Figure 23-11, A through F. 

The process of elevating a palatal flap is different from that of a buccal flap. 
Because of the structure of the palatal mucosa, it is not possible to apically position 
the palatal flap. The palatal flap, therefore, must be incised precisely so that any soft 
tissue pocket depth will be eliminated and the flap will cover the bony margin when 
it is sutured. When the palatal tissue is thick and the bulk of the flap is to be 
reduced, the flap, of necessity, will have to be thinned. Palatal flaps, therefore, are 
commonly partial-thickness dissections. A properly dissected flap should have a 
flaccid nature and should not have a thickened base that is resistant to flap 
coaptation. An example of flap surgery, requiring the elevation of a partial-
thickness palatal flap to reduce pocket depth associated with advanced attachment 
loss, is shown in Figure 23-12, A through E. 

Debridement and Scaling and Root Planing 

After the flap is reflected and thinned, the tenacious tissue remaining around the 
necks of the teeth and on the alveolar process, including the pocket wall and any 



excess soft tissue, must be removed. Placing the scalpel blade into the sulcus and 
extending it to bone at the most anterior aspect of the flap, the blade is extended 
distally around the necks of the teeth in contact with the bone to cleanly incise this 
tissue at its base. An Ochsenbein #2 or a K-29 chisel is then placed into the sulcus 
between the retained but loosened tissue and the most anteriorly involved tooth. By 
maintaining contact between the end of the chisel and the bone and using a slight 
twisting action on the chisel, the retained tissue can be further loosened, elevated, 
and reflected. As the tissue is reflected off of the underlying bone, a 5-inch curved 
hemostat is used to grasp the tissue and assist in its removal. Once the collar of 
tissue has been removed, the roots of the teeth are curetted to remove any calculus 
or debris. A variety of techniques may then be used to treat the bony defects, 
including various resective and regenerative approaches. The debrided surgical site 
is then thoroughly rinsed, and the flaps are reapproximated and sutured in place 
using appropriate interrupted or continuous sutures (see Chapter 20). 

Modified Widman Flap Procedure 

In 1974, Ramfjord and Nissle introduced a variation on the flap operation that they 
termed the modified Widman Flap.56 They reported that variations of the Widman 
flap procedure had been used for more than 30 years and described the currently 
used modification of the procedure. This modified Widman Flap procedure was 
incorporated into a longitudinal surgical study comparing the results of a number of 
treatment procedures on attachment level and pocket depth,57,58 and results using 
the procedure have subsequently been reported.59–62 

Features of the modified Widman Flap were (a) an intracrevicular or marginal 
buccal incision, (b) exaggerated palatal scallops to ensure interproximal flap 
adaptation, (c) minimal flap reflection, (d) retention of any residual connective 
tissue attachment coronal to the bone,63,64 and (e) close interproximal flap 
adaptation to maximize healing. 

The objective of the modified Widman Flap was not eradication of pocket walls, 
but rather to obtain a "maximum healing in areas of previous periodontal pockets 
with minimum loss of periodontal tissues during and after the surgery."56 The 
advantages of the procedure were stipulated to be an intimate postoperative 
adaptation of healthy collagenous tissues to all tooth surfaces, reattachment with 
formation of new cementum from the apical aspects of the lesion, optimal coverage 
of root surfaces, conservation of bone, and greater potential for bone regeneration.56 

A significant number of studies using this procedure have been published and the 
results have been analyzed. When appropriately performed, the long-term results 
obtained appear to be similar to that obtained with other surgical debridement 
procedures54,55 in that there is a gain in clinical attachment level and a reduction in 
probing depth that appears to be maintained long-term when combined with 
professional maintenance. 58,61,62,65,66 Wound healing studies indicate that the 
procedure results in the production of a long junctional epithelial attachment that is 



located at or near the point of root instrumentation, and that if bone fill occurs on 
the walls of vertical defects, it is generally not accompanied by new attachment.59,60 

Figure 23-11.   

 

Use of sulcular and crestal incisions for flap reflection and debridement. A, 
Buccal preoperative view. Note the minimal band of gingiva on the buccal of 
the second molar. Sulcular incisions will allow the flap to be reflected, while 
preserving the band of gingiva. B, Lingual preoperative view. The band of 
gingiva is wide on this surface and the soft tissue is more coronally positioned. 
Submarginal inverse bevel incisions will be used to elevate the flap. C, Buccal 
view after flap reflection. Note the Class II bifurcation defect on the mandibular 
first molar. Flap reflection and debridement provides access for root 



instrumentation and treatment of the interdental bony defects (in this case, 
through osseous resection). D, The flaps are closed with continuous sling 
sutures. E, Three-week buccal postsurgical view, noting the residual soft tissue 
cratering after surgery. These soft tissue deformities will resolve in subsequent 
weeks as the interdental tissues reform. F, Three-week lingual postsurgical 
view. (From Schluger S, Yuodelis R, Page RC, Johnson RH: Periodontal 
diseases, ed 2, Philadelphia, 1990, Lea & Febiger. Courtesy Dr. Dennis H. 
Smith and Dr. W.F. Ammons, Seattle, Wash.) 

Figure 23-12.   

 



Use of a partial thickness palatal flap during flap debridement. A, Palatal 
preoperative view. Note the marginal tissue position in the presence of 
advanced attachment loss and pocket depth. B, Outline of palatal incisions, with 
partial thickness flap dissection used to allow thinning of the palatal flap and to 
allow a more apical postsurgical position of the soft tissue margin. C, Osseous 
defects from the palatal view after debridement. The flap operation provides 
access for multiple treatment options directed at managing the bony defects. D, 
Palatal flap closed with continuous mattress sling sutures. Note the more apical 
position of the palatal flap margin when compared with the preoperative view. 
E, Palatal 8-year postoperative view. (From Schluger S, Yuodelis R, Page RC, 
Johnson RH: Periodontal diseases, ed 2, Philadelphia, 1990, Lea & Febiger. 
Courtesy Dr. Dennis H. Smith and Dr. W.F. Ammons, Seattle, Wash.) 

TUBEROSITY REDUCTIONS 

The size and position of the maxillary tuberosity and mandibular retromolar pad in 
relation to the clinical crown of the terminal molar varies greatly. Probing depths in 
excess of normal often occur distal to the terminal tooth as a result of the adjacent 
tissue covering a portion of the crown. The presence of impacted third molars, or the 
soft tissue result of previous surgical removal of the third molars, frequently 
contributes to the severity of probing depths found distal to the maxillary second 
molars. The existence of such problems is an indication for surgical soft tissue 
reduction. A number of surgical techniques have been developed to provide a means 
of management of the tuberosity and retromolar areas during the performance of 
resective periodontal surgery.67–72 

A relatively normal bone pattern around the terminal tooth would seem to indicate 
that an external bevel gingivectomy would be the simplest method to reduce either an 
enlarged tuberosity or retromolar pad. However, the use of gingivectomy leaves a 
broad external wound and may result in a stormy and prolonged postoperative healing 
period compared with an internal bevel flap reduction approach with primary closure. 
The presence of bony aberrations, such as exostoses, bony ledges, or interproximal 
defects, either individually, or in combination with pocket depth, is a contraindication 
to the use of the gingivectomy, because the pocket depth will reoccur if the bony 
deformities are not eliminated. For a less traumatic and more effective surgical 
management of tuberosity and retromolar pocket depths, there are a number of 
alternatives to a gingivectomy (see Chapter 20). 

Tuberosity reduction procedures are commonly combined with buccal and palatal flap 
reflection, to gain access to the teeth and underlying bone for both debridement and 
osseous surgery procedures. The three most common approaches are the triangular 
wedge (inverse bevel distal wedge or "Mohawk" procedure), the inverse bevel linear 
wedge technique, and the pedicle flap procedure (trapdoor procedure). 



Inverse Bevel Triangular Distal Wedge (Mohawk) 

Procedure 

The inverse bevel distal wedge technique is usually integrated with buccal and 
palatal inverse access incisions and flap reflection.67,70,72 The probe is used to sound 
through the mucogingival complex to bone, both horizontally and vertically, to map 
the thickness of the overlying tissue and the underlying bone configuration (see Fig. 
23-1). 

The location of the initial incision is dependent on the magnitude and thickness of 
the gingiva present, the presence and severity of the bone defects, and the therapist's 
estimation of where the final tissue position will be (Fig. 23-13). An initial palatal 
"tracing" incision, approximately 1 mm in depth, is placed from the most mesial 
involvement, distally to the hamular notch with either a #12B Bard-Parker double-
edged scalpel blade or a custom broken carbon steel blade in a blade breaker, to 
create a moderately scalloped bleeding line. A push stroke is used, because the push 
stroke provides the greatest effectiveness and control. At the distopalatal aspect of 
the terminal tooth, the scalloped incision is accentuated, and then it is extended 
distally along the crest of the tuberosity with a straight-line incision to the hamular 
notch. The initial buccal incision, also approximately 1 mm in depth, is then 
outlined with a #15C Bard-Parker scalpel blade or a custom blade breaker blade. 
The buccal incision is started at the hamular notch, with a straight-line incision 
initiated from the ending point of the palatal incision, with a pull stroke toward the 
distobuccal line angle of the terminal tooth. The exact location of the incision is 
dependent on the tissue thickness and desired reduction of tuberosity tissue. Thicker 
tissue requires greater separation of the two incisions. The tuberosity incision 
outline is then extended anteriorly along the buccal aspect of the teeth with a 
moderate scallop, until the most mesially involved tooth has been included in the 
incision. A distal triangular wedge is thus outlined with the initial incisions, with 
the base of the triangle at the distal surface of the terminal tooth, and the apex 
formed by converging buccal and palatal straight-line incisions that meet in the 
mucosa of the hamular notch. 

Once the "tracing" incisions are completed, the palatal and buccal incisions are 
extended apically in lamina propria to the level of the bone, using a #15C Bard-
Parker blade to establish flaps of uniform thickness. Reduced sized Kirkland 
gingivectomy knives are preferred by some to thin the tissue and extend the 
incisions to bone, but the sharpest surgical blade possible allows for a more precise 
and clean incision. Once all incisions have been extended to bone, the distal wedge 
tissue and the collar of marginal soft tissue can be removed (Fig. 23-14). An 
Ochsenbein chisel is placed in contact with the bone between the collar of tissue 
and the tooth surface, and gently twisted to free the wedge and marginal collar from 
the underlying bone. Initially, this soft tissue tends to be removed in fragments by 
the novice surgeon, but with experience, the excess tissue can be removed in one 
continuous band resembling a Mohawk haircut in the tuberosity region, hence the 
name Mohawk procedure. 



After thorough soft tissue debridement, the roots of the teeth can be curetted and 
smoothed, and the anatomic defects definitively surveyed. Resective osseous 
surgery can then be used in mild to moderate periodontitis to establish a suitable 
physiologic bony contour. Once a satisfactory architecture is achieved, the 
moderately scalloped flaps are approximated for trial closure to visualize whether 
further sculpting with a scalpel blade is necessary for proper flap positioning. 
Ideally, healing by primary closure means the scalloped flaps should cover the 
alveolar bone and a large portion of the exposed interproximal areas, as well as 
approximately 1 mm of root surface. The flaps may be secured using a variety of 
suturing techniques (see Chapter 20). 

Figure 23-13.   

 

Inverse bevel triangular distal wedge (Mohawk) tuberosity procedure. A, 
Occlusal illustration depicting a maxillary posterior segment with a large 
tuberosity, illustrating a thick periodontal biotype. Cross-sectional illustration of 
the distal surface of the second molar. Note the shallow bony crater and the 



magnitude and thickness of the gingiva. The dotted line indicates the outline of 
the initial tracing incisions, which extend from the most mesial involvement 
distally to the hamular notch. This incision is made approximately 1-mm deep 
into the tissue to establish a bleeding line for further dissection before flap 
reflection. The initial tracing incision is extended apically to bone, thinning the 
flap as it is made. B, Once these incisions have been extended to bone, the 
tuberosity tissue and collar of marginal tissue can be removed with the aid of a 
twisting action with the Ochsenbein #2 chisel inserted between the teeth and the 
tissue. The darker red tissue in the cross-sectioned view represents the tissue to 
be removed during soft tissue debridement. C, After removal of this soft tissue, 
osseous resective surgery is completed, and the distal bony defect is eliminated. 
The thinned flaps and tuberosity region are closed primarily and sutured. Note 
the reduction in the tissue mass on the distal aspect of the second molar. 

Figure 23-14.   

 

Clinical example of an inverse bevel triangular distal wedge (Mohawk) 
procedure. A, Preoperative palatal view of the enlarged tuberosity region with 
excessive probing depth and need for clinical crown lengthening for restorative 
purposes. After local anesthesia, the pocket on the distal aspect should be 
sounded to bone, and the probe should be placed through the soft tissue of the 
tuberosity to bone to determine the thickness of the tissue. B, The initial 
scalloped incision is made around the teeth and extended into the tuberosity 



region in a triangular shape. The incisions are then extended apically to bone, 
creating an evenly thinned flap. This palatal view shows the flap being retracted 
to reveal the underlying mass of soft tissue in the tuberosity and the collar of 
marginal tissue around the teeth. An Ochsenbein chisel is placed between the 
teeth and this marginal collar and twisted while being guided apically to 
removed the collar from the underlying bone. C, The collar of tissue and the 
distal wedge have been removed, revealing excellent access to the roots and 
underlying bone. D, The flaps are positioned to gain primary closure and 
sutured. Note the reduction in soft tissue height in the tuberosity region and 
along the palatal aspect of the second molar. The restorative dentist has 
excellent access for tooth preparation. 

Inverse Bevel Linear Distal Wedge Procedure 

The inverse bevel linear wedge procedure is similar to the triangular distal wedge 
procedure from a technique standpoint, except that after determining the soft tissue 
thickness of the tuberosity region or the edentulous area and the bony topography, 
parallel initial linear incisions are made from the distal of the terminal tooth to the 
distal of the keratinized tissue in the hamular notch area (Fig. 23-15). These tracing 
incisions act as guidelines for the apical dissection of the buccal and palatal flaps. 
The distal incision, which is made perpendicular to the linear incisions, joins the 
two linear incisions and extends to the mucogingival junction buccally and into 
palatal mucosa to the point where the palatal flap will be thinned. The distal 
incision must not be extended so far palatally as to risk incision of the greater 
palatine artery (see Chapter 20). 

The parallel linear incisions are blended into the scalloped incisions at the distal of 
the terminal tooth and are extended anteriorly for buccal and palatal access. The 
resected tissues are removed using the same instruments and principles previously 
described for a distal wedge procedure. This technique offers the same advantages 
as the triangular distal wedge procedure but is of greater use in edentulous areas 
between existing teeth. It is particularly useful when the tuberosity has a short 
anterior-posterior dimension. In these cases, the triangular distal wedge procedure 
can be difficult to perform. 

Figure 23-15.   



 

Inverse bevel linear distal wedge tuberosity procedure. A, The procedure is 
similar to the triangular distal wedge, but the distal incision is made 
perpendicular to the parallel linear incisions, extending past the mucogingival 
junction buccally to end in mucosa. Palatally the distal incision is extended as 
far as the palatal tissue will be thinned. The tissue that will be removed is 
darkened in the cross-sectional illustration. B, The thinned flaps and tuberosity 
region are closed primarily and sutured. Note the reduction in the tissue mass on 
the distal aspect of the second molar. 

Tuberosity Pedicle Flap (Trapdoor) Procedure 

The "trapdoor procedure" was designed to manage the maxillary tuberosity region 
in the presence of pocket depths.70 For the inexperienced clinician, the procedure 
has the same potential complications of a gingivectomy, as well as the probability 
of leaving bone exposed when poorly planned and performed. It does provide 
excellent access to bone deformities and complete coverage of the tuberosity when 
properly executed and sutured (Fig. 23-16). 

The initial incision is an inverse beveled straight-line palatal incision extending 
from the distopalatal line angle of the terminal molar to the end of the masticatory 
mucosa at the distal of the tuberosity. A vertical incision is then begun starting from 
the straight-line palatal incision at the distopalatal aspect of the terminal molar and 
moving buccally, through the distal periodontal pocket region and into the buccal 
gingiva and mucosa immediately adjacent to the distobuccal line angle of the 
terminal tooth. A second vertical incision is then made at the terminus of the 
tuberosity that extends toward the buccal, at a right angle to the palatal incision. 
The incision extends into the buccal alveolar mucosa. By undermining and thinning 
the tuberosity pedicle flap tissue through split-thickness dissection from the palatal 
to the buccal, the pedicle flap is elevated and reflected buccally. This exposes a 
dense pad of connective tissue that remains over the tuberosity region. Internal 
bevel incisions are then extended from the distal of the terminal tooth anteriorly, on 



both the buccal and palatal surfaces of the teeth, to reflect mucogingival flaps and 
expose the residual connective tissue remaining from the buccal and palatal flaps. 
The connective tissue pad of the tuberosity and the residual connective tissue 
remaining from reflection of the flaps is then removed, using instrumentation 
described earlier, to achieve access. After completion of the planned procedure, trial 
flap closure, and necessary tissue trimming to prevent soft tissue overlap, the area is 
closed with suture after primary flap adaptation is achieved. 

MANDIBULAR RETROMOLAR PAD REDUCTION 

Soft and hard tissue anatomic differences between the maxilla and mandible require 
modifications in soft tissue access when tissues distal to the terminal mandibular 
molar are to be resected. The soft tissue immediately distal to the terminal molar 
consists of a small retromolar papilla, composed of gingiva, situated in varying 
proximity to the base of the anterior border of the ramus. Distally, the retromolar 
papilla extends into mucosa, which contains an aggregation of retromolar glands. The 
result is a prominence covered by loosely attached mucosa that forms the base of the 
cheek. Together, the firm, pale papilla and the retromolar glandular prominence are 
often mistakenly called the retromolar pad. The anatomic retromolar pad, in reality, is 
the soft, dark red glandular prominence.73 

Figure 23-16.   



 

Tuberosity pedicle flap (trapdoor) procedure diagrams. A, Diagram of tuberosity 
pedicle flap incisions. A straight incision is made from the distopalatal line angle 
of the terminal molar to the most posterior extent of the tuberosity. Two incisions 
are then made perpendicular to the initial incision. The first courses buccally 
through the distal pocket region and into the buccal gingiva and mucosa. The 
second extends from the most distal aspect of the straight-line incision out into the 
buccal mucosa. B, Thinned and reflected tuberosity "trapdoor." Note that the bulk 
of the tuberosity tissue remains attached to bone, as does the collar of tissue along 
the buccal and palatal aspects of the teeth. This tissue will be removed from the 
underlying bone to allow access to bony defects. C, The tuberosity tissue and 
collar of marginal tissue are removed to reveal the underlying bony anatomy. 
After root debridement and osseous treatment, the flaps are closed primarily and 
sutured. 



Retromolar Inverse Bevel Triangular Distal Wedge 

Procedure 

Management of tissues posterior to the mandibular terminal molars is done by 
means similar to maxillary tuberosity procedures. However, the clinician must be 
aware of anatomic structures unique to the mandibular retromolar region (see 
Chapter 20). In particular, there is often an anatomic concavity on the lingual aspect 
in this region, created by the lateral flare of the ascending ramus and posterior 
mandible. Incisions must be placed over bone, and the clinician must avoid 
placing scalpel blades too far to the lingual. The lingual nerve often courses close to 
the tissue surface and may be damaged by incisions placed too far to the lingual. 

An inverse bevel triangular distal wedge can be used for the reduction of the 
retromolar area68 (Fig. 23-17). The base of the triangle is at the distal of the terminal 
molar. Rather than coursing straight posteriorly, as is often done in the maxillary 
tuberosity, the apex of the mandibular wedge is angled toward the buccal, following 
the course of the ascending ramus. Moderate scalloping incisions are place around 
both distal line angles of the tooth, intersecting with the straight-line incisions 
coming from the apex of the wedge. From these incisions, the tissue can be thinned 
laterally and apically to bone to create flaccid, passive flaps. The wedge of 
dissected tissue is then removed in a similar fashion to that described in the 
tuberosity region. 

Figure 23-17.   



 

Illustration of retromolar inverse bevel triangular retromolar wedge procedure. 
Occlusal view shows a heavy mylohyoid ridge and lingual tori, with a thick 
periodontal biotype. Initial incisions extend from the base of the triangle, at the 
distal aspect of the terminal molar, posteriorly to the apex, which is skewed 
somewhat toward the buccal to maintain contact with the underlying bone. 

Retromolar Inverse Bevel Linear Wedge Procedure 

The inverse bevel linear wedge procedure can also be used (Fig. 23-18), initiating 
the parallel incisions far enough distally to adequately reduce the retromolar pad 
and to gain visual and instrumentation access to the underlying bone. The lingual 
incision must be kept in contact with bone and must not be placed so far lingually 
as to risk trauma to the lingual nerve. The distal perpendicular incision carries 
great risk to the lingual anatomic region. For this reason, most clinicians prefer 
either the triangular or trapdoor approaches to the mandibular retromolar procedure. 

Retromolar Modified Pedicle Flap Procedure (With 

Braden Modifications) 

In 1969, Braden67 suggested a modification to the retromolar surgical approach that 
simplifies the procedure and is especially useful in areas where the retromolar pad 



is fibrous in nature. In the Braden modifications, the retromolar tissue remains a 
component of either the buccal or the lingual flap. In the first approach (Fig. 23-19, 
A), the buccal scalloped incision that is made around the teeth is carried around the 
distal aspect of the terminal molar to the distolingual line angle. The lingual 
scalloped incision extends from the distolingual line angle posteriorly to the 
retromolar pad. This incision courses parallel to the underlying disto-oblique ridge 
of the mandible, maintaining contact with the underlying bone. The extent of the 
incision posteriorly determines the degree of flap release achievable during the 
surgery. The buccal flap is then undermined and thinned distal to the terminal molar 
as it is reflected. The thinning incision is carried to bone on the buccal aspect, and 
the tissue that remains attached to bone is then removed. When the thinned flap is 
replaced and sutured, the removal of this underlying bulk of soft tissue results in 
apical positioning of the flap. 

The second Braden modification (Fig. 23-19, B) is similar to the first technique, but 
it is the buccal incision that is carried posteriorly, rather than the lingual incision. 
The lingual scalloped incision that is made around the teeth is carried around the 
distal aspect of the terminal molar to the distobuccal line angle. The buccal 
scalloped incision extends from the distobuccal line angle posteriorly to the 
retromolar pad. The lingual flap is then carefully undermined and thinned as it is 
reflected. The thinning incision is carried to bone and the tissue that remains 
attached to bone is removed. When the flap is replaced and sutured, the removal of 
this underlying bulk of soft tissue results in the apical positioning of the flap. 

Figure 23-18.   

 

Illustration of inverse bevel linear retromolar wedge procedure. Incision 
outlines almost mirror the inverse bevel linear wedge tuberosity technique, but 
care must be exercised because of the anatomic location of the lingual nerve. 

Figure 23-19.   



 

Braden buccal and lingual modifications of the retromolar flap procedures. A, 
Braden buccal retromolar flap reflection modification. Initial facial scalloped 
inverse bevel incision is carried around the distal aspect of the tooth to the 
distolingual line angle, where it meets the scalloped lingual incision. A 
secondary incision then extends from the distolingual line angle distally, but 
parallel and slightly buccal to the lingual border of the retromolar triangle, to 
the distal of the retromolar pad. The retromolar flap is thinned from the distal of 
the retromolar pad to the distal of the terminal tooth as it is reflected buccally. 
B, Braden lingual retromolar flap reflection modification. Initial lingual 
scalloped inverse bevel extends around the distal aspect of the tooth to the 
distobuccal line angle, where it meets the buccal scalloped incision. A 
secondary buccal incision extends from the distobuccal line angle of the 
terminal tooth, parallel to the disto-oblique ridge, to the distal of the retromolar 
pad. The retromolar flap is thinned by dissecting and undermining toward the 
lingual to bone, removing the excessive tissue and creating access to the lingual 
retromolar area. 

RESULTS OF FLAP DEBRIDEMENT SURGERY 

Flap debridement surgery provides improved access for instrumentation over the 
closed scaling and root planing approach and results in more thorough removal of 
plaque, calculus, and debris.53,74 When flaps are positioned to cover the alveolar bone, 
healing is rapid and generally uneventful.54,56,75 Pocket depth is reduced by the 
resolution of residual inflammation, reduction in the bulk of the tissues, apical 
placement of the tissues, and reattachment of the flaps. Probing depth is reduced, and 
there is commonly some gain in probing attachment level, which may be maintained 
in patients who participate in a regular recall program.58,62 However, in the absence of 
three wall bony defects, new attachment is minimal, and the usual result is the 
formation of a long junctional epithelial attachment.59,60 



PERIODONTAL OSSEOUS RESECTIVE SURGERY 

History indicates that thought leaders in periodontics have been practical in their 
approaches to the treatment of periodontitis. They have tried to apply their knowledge 
of the anatomy of the periodontium and the etiology of periodontal disease to achieve 
the goal of maintaining the patient's dentition. As that knowledge evolves, therapeutic 
approaches have also evolved. For many years the "gold standard" in the treatment of 
periodontal "pockets" was scaling and root planing with hand instruments. Indeed 
chronic periodontitis has been successfully treated with nonsurgical debridement by 
skilled therapists.76 Other therapists advocated surgical treatment because of the 
limitations of the closed approach.69 Still others advocated surgical treatment because 
of mechanical concepts77 or the belief that the alveolar bone in pockets was 
infected.78 Schluger, considered the "father of osseous resective surgery," advocated 
osseous resective treatment of periodontitis, rather than scaling and root planing or 
the gingivectomy, as the most effective use of the limited available dental 
manpower.69 He pointed out it was more economic and time efficient to treat 5- to 7-
mm pocket depths with resective osseous surgery and to maintain the postsurgical 
shallow sulci than to try to maintain deep periodontal pockets with regular, periodic 
root planing and curettage. 

Rationale for Osseous Resection 

The primary objective of resective osseous surgery is the elimination of periodontal 
pockets and the creation of shallow gingival sulci that can be readily maintained by 
the patient and dental professionals. Gingiva has an architectural pattern that it 
follows with or without the support of underlying alveolar bone. After periodontal 
surgery, gingiva tends to "level" out and revert to a form similar to its original 
architecture. If the underlying bony architecture is not consistent with the 
architectural pattern of the gingiva, pocket depths reoccur. Thus the primary goal of 
the surgical eradication of periodontal pockets is accomplished by ensuring that the 
underlying bone form mimics the normal bony architecture at a somewhat more 
apical level on the tooth root, or that the final bony architecture is modeled after the 
form the therapist anticipates the gingiva will attain after surgery. 

Such surgery requires both ostectomy and osteoplasty.79 Osteoplasty, although 
reducing the volume of bone, does not involve the removal of any bony attachment 
from the tooth—that is, osteoplasty does not remove alveolar bone proper. 
Osteoplasty is a common component of a variety of surgical techniques. 
Conversely, ostectomy involves the removal of bone that is attached to the tooth. 
Because ostectomy results in the immediate loss of some attachment, the use of 
ostectomy has been more controversial. However, ostectomy, even with some 
resulting attachment loss, is necessary if certain types of bony defects are to be 
eradicated and pocket depth is to be reduced.69 Properly done, ostectomy and 
osteoplasty result in soft tissue contours that reflect the underlying bone form. 
When this occurs the soft tissue and the bone are said to be consistent with each 



other. Osseous resective surgery aimed at achieving such architecture is best 
performed in patients with early to moderate periodontitis. 

TABLE 23-1  Classification and Dimensions of 

Molar Root Trunks 

CEJ, Cementoenamel junction. 

 

FACTORS INFLUENCING THE PERFORMANCE OF 

OSSEOUS RESECTION 

The performance of resective surgery to eliminate significant osseous defects requires 
a knowledge of and an appreciation for not only normal soft and hard tissue anatomy, 
but what the morphology of the osseous architecture will be after the elimination of 
the bony defects. The surgeon must be able to conceptualize before surgery how the 
desired osseous anatomy will appear after surgery and what biologic and anatomic 
limitations exist. An optimal result also requires a subtle understanding of the 
differences between flap design for access and debridement and flap design that will 
be required in order for the flap to be intimately adapted to the osseous platform that 
will result after either resection of the osseous deformities or the placement of 
materials to induce new attachment or regeneration (see Chapter 25). 

Influence of Root Form and Root Trunk 

Knowledge of root forms gives tremendous insight into the normal form and depth 
of each alveolus and acts as a basis for the diagnosis and treatment of anomalies in 
the periodontium. Root trunk length is an important anatomic factor in the diagnosis 
and treatment planning for posterior multirooted teeth. By definition, the root trunk 
extends from the cementoenamel junction (CEJ) to the furcation.80 Gargiulo, 
Wentz, and Orban81 found the distance from the CEJ to the marginal bone in health 
to be 1.5 to 2 mm, depending on the site and the tooth involved. Ochsenbein80 
classified the molar root trunks into maxillary and mandibular categories with 
different dimensions for the teeth in the two arches (Table 23-1). 



Because the distance from the CEJ to the buccal marginal bone has been found to 
be 1.5 to 2 mm,81 the type of molar root trunk determines the amount of bone 
coronal to the furcation entrance in health. A short root trunk may have only 1 mm 
of crestal bone coronal to the furcation entrance in health. This information is of 
paramount importance to the dentist in treating interdental defects with osseous 
resective surgery. 

Influence of Tooth Inclinations 

Anatomic patterns and tooth inclinations seen in relation to the maxilla and the 
mandible have a significant effect on normal periodontal architecture and on the 
types and locations of bony defects encountered. The degree of axial root 
inclination in both a mesiodistal and buccolingual direction is varied for each tooth 
and class of teeth when measured from a vertical line perpendicular to the occlusal 
table of each arch. Maxillary teeth show the least amount of variation in root 
inclination.82 Mandibular canines and incisors have the greatest deviation in root 
inclination, whereas the premolars and molars exhibit the most stable axial 
inclination. Axial tooth inclinations are significant because of their effects on 
alveoli and root form. Krause and colleagues83 developed a table of axial 
inclinations (Table 23-2) and illustrations (Fig. 23-20) that are important in 
visualizing the influence of tooth inclinations on the thickness of the facial and 
lingual or palatal plates. 

The maxillary and mandibular central incisor roots range from an almost 
perpendicular mesiodistal alignment to a slight mesial inclination. The root of the 
maxillary canine has a distal inclination of approximately 17 degrees, whereas the 
posterior teeth have root inclinations to the distal that range from 5 to 10 degrees. 
The mandibular canines and first premolars both have roots that range from being 
almost perpendicular to a slight distal inclination of approximately 6 degrees. There 
is an increased distal tilting of the root surfaces of the posterior teeth and a 
corresponding mesial inclination of the clinical crowns. The mesial root of the 
second molar is inclined distally approximately 14 degrees, whereas the palatal 
roots of the maxillary first and second molars have a distal inclination of 10 and 8 
degrees, respectively. Because of their highly variable form, position, and eruption 
pattern, the third molars in either arch were not considered. 

TABLE 23-2  Subjective Clinical Average Axial 

Tooth Inclinations 

From Krause BS, Jordan RE, Abrams L: Dental anatomy and occlusion, 
Baltimore, Md., 1969, Williams and Wilkins, pp 223–231. 



 

The maxillary central incisors, on a faciolingual axis, have the greatest degree of 
root inclination, with the roots being inclined lingually approximately 29 degrees. 
The palatal inclination of the canine root is approximately 16 degrees, whereas the 
premolars are generally aligned with their axial centers almost perpendicular to the 
occlusal plane. The axial inclination of the maxillary molars seldom exceeds 15 
degrees, and except for the distobuccal root of the first molar, all roots tend to 
extend palatally. The buccal roots of the molars are not normally palatally inclined 
as much as the palatal roots. 

The mandibular incisors have a lingual tilt to the root apex, as is the case for the 
canine and first premolar. The remaining posterior teeth have a facial root 
inclination ranging from 9 degrees on the second premolar to 20 degrees on the first 
and second molars. Although the only published study states that the mandibular 
molars have a 20-degree axial inclination to the lingual, the authors,82 after studying 
numerous dry mandibles, believe that the lingual inclination of the molars is often 
greater than 20 degrees. 

Figure 23-20.   





Diagrammatic presentations of the mesiodistal and faciolingual axial inclination 
angles with a vertical reference line. The tooth sizes are not proportional. A, 
Maxillary teeth (A–G): A, central incisor; B, lateral incisor; C, canine; D, first 
premolar; E, second premolar; F, first molar; G, second molar. B, Mandibular 
teeth (H–N): H, central incisor; I, lateral incisor; J, canine; K, first premolar; L, 
second premolar; M, first molar; N, second molar. 

The axial center of a tooth is clinically significant, because it relates directly to the 
height of the radicular alveolar bone and the natural sloping of the interproximal 
alveolar bone. The axial center of a maxillary central incisor results in the facial 
height of crown contour being positioned more apically and the lingual height of 
crown contour being elevated incisally. 

The positioning of the axial center of a mandibular molar results in the lingual 
height of crown contour being positioned apically and the facial height of crown 
contour being heightened occlusally. The enamel on the lingual surfaces of the 
mandibular molars and second premolars consequently tends to extend further 
apically than that on the buccal surfaces, resulting in a natural sloping of the 
interproximal alveolar bone from an occlusally higher buccal plate to a more 
apically positioned lingual plate. 

Ritchey and Orban84 pointed out that the configurations of the crest of the 
interdental alveolar septae are defined by the relative positions of the adjacent CEJs 
in health. The alveolar crest ordinarily parallels the CEJ of the teeth throughout the 
mouth. The interproximal areas of the molar regions are predominately flattened, 
whereas the anterior teeth mesial to the second premolar are unusually convex or 
pyramidal in shape.85 The tooth forms present determine the width of the 
interproximal alveolar bone. Bell-shaped or convex mesial and distal tooth surfaces 
normally present with wide interdental septae, whereas narrow septae exist when 
proximal tooth surfaces are relatively flat. 

The facial housing of the alveolar bone frequently is thin from the midline distally 
through the premolar areas. The blood supply to these areas is also different: a 
circulatory bed or network supplies the radicular bone surfaces, rather than a central 
complex of nutrient vessels characteristic of interdental bone. Bone resorption 
follows the pathway of inflammation, but the pathway is different for radicular bone 
versus interdental bone.69,86,87 Where the marginal bone is thin, inflammation can 
result in a bony dehiscence, which is thought to result in gingival recession.88,89 
When the alveolar bone has a thick biotype, inflammation will result in a 
circumferential type defect with an intrabony component. 

Location and Type of Bony Defects 

As stated earlier in this chapter, the normal anatomic configuration of alveolar bone 
and overlying soft tissues are harmonious, but with variations in the thickness and 
degree of scalloping of the tissues about the teeth. In periodontal diseases, however, 



ubiquitous resorptive bony lesions create significant variations from normal 
morphologic features of the bone and the bone height. 

Figure 23-21.   

 

Diagrammatic presentations of bony defects based on the number of walls that 
the defects present. A, Three-wall bony defect at the distal of a mandibular 
second molar in diagrammatic box form and as it might actually appear 
intraorally. The facial, lingual, and distal bony walls are present. The fourth 
"wall" of the defect is formed by the avascular root surface. B, Two-wall bony 
defect represented diagrammatically in box form, and then as a two-wall defect 
might actually appear. The lingual and distal bony walls are present, but the 
facial wall is not. C, One-wall bony defect. Only the distal bony wall remains. 
D, Diagrammatic representation of a combined one-wall, two-wall, three-wall 
bony defect. Bony defects can take on a number of combinations in reference to 
the number of walls and the width of the defects that are present. Such factors 
may have a significant bearing on the predictability to be expected with 
regenerative procedures. 



Bone loss is often referred to as localized or generalized and as either horizontal or 
vertical in nature. Horizontal bone loss tends to be the more common pattern of 
bone loss.80 The interdental and interradicular areas generally show similar degrees 
of resorption. Loss of midradicluar bone (facial, or lingual, or both) often depends 
on the thickness of bone, with thin areas more likely to dehisce. When there is 
sufficient volume of bone surrounding the root(s) of teeth, resorptive bone patterns 
may take a vertical or funnel form, resulting in formation of intrabony defects. 

Bone resorption caused by inflammatory periodontal disease alters the 
configuration of the alveolar bone around the dentition and can result in an infinite 
variety of bony defects. Goldman and Cohen90 classified bony defects based on the 
number of bony walls that they presented (Fig. 23-21). The presence of bony walls 
provides potential for in-growth of bone-producing cells. 

The most common bony lesion described and encountered in periodontal 
disease is the interdental crater.91–93 Interdental osseous craters are concavities in 
the crest of the alveolar septa centered under the contact point of adjacent teeth. 
Facial and lingual walls are present, but the mesial and distal "walls" of the defect 
are composed of the root surfaces of the adjacent teeth. An early to moderate 
interdental crater is a saucer-shaped concavity in the alveolar septum. Early to 
moderate interproximal craters often do not cause a loss in papillary height. Manson 
and Nicholson91 report that the interdental crater was found to represent one third 
(35.2%) of all maxillary defects and about two thirds (62%) of all mandibular 
defects recorded. The prevalence of crater defects is greater in the posterior than in 
the anterior regions of the mouth. Ochsenbein80 divided bony craters into three 
basic types: shallow, medium, and deep (Box 23-3). 

Alveolar Margin Alterations 

The next most commonly encountered type of bony defects was an alteration to the 
alveolar margin.94 Such alterations were present in the form of thickened bony 
ledges and exostoses (Fig. 23-22 and Fig. 23-23), resorption of radicular bone 
causing facial or lingual alveolar defects such as dehiscences or fenestrations (Fig. 
23-24), and presence of "reverse architecture" (Fig. 23-25). Comparatively, 
thickened margins were found much more frequently in the maxilla than in the 
mandible.92 Marginal defects were most frequently found in the maxillary posterior 
segments, but the pattern of resorption was found to be random. Reverse 
architecture, also called inconsistent bony margins, results when the interproximal 
crest is more apical than the buccal or palatal/lingual radicular bone height, 
producing a reverse pattern in comparison to the normal scalloped alveolar process. 

Box 23-3  Classification of Maxillary and Mandibular 

Osseous Craters, and Depth (Dimension from Crest 

of Facial/Lingual Bone to Crater Base) 



 

Furcation Involvements 

The invasion of the trifurcations and bifurcations of multirooted teeth is termed a 
furcation involvement.95 The probability of furcation involvements is dependent on 
the degree of bone loss and the length of the root trunk of the teeth in question. 
Furcation involvements are classified according to the amount of bone loss (see 
Chapter 24). The prevalence of furcation involvements increases with age. There is 
disagreement as to whether mandibular first molars or maxillary molars have the 
greatest prevalence of furcation involvement.94 Bone loss in the furcation of 
maxillary first premolars is least prevalent.96 

Vertical (Angular) Defects 

Vertical bony defects are intrabony lesions classified by the numbers of osseous 
walls that are present in the slanting or oblique direction beside a tooth. There may 
be one, two, or three walled defects, or combination osseous defects.90 The base of 
a vertical defect is located apical to the surrounding bone (Fig. 23-21). The occlusal 
aspect of a vertical defect often exhibits fewer walls of bone than the apical portion, 
meaning a vertical defect may be a combination one-, two- and three-wall bony 
defect. A vertical defect may occur interproximally, or on the buccal and 
palatal/lingual radicular surface of a tooth. A one-wall defect is also called a 
hemiseptum. 

Figure 23-22.   



 

Alveolar margin aberrations. A, Buccal exostosis viewed from the anterior 
region of the second premolar and molar areas. B, After reflection of a buccal 
flap, the magnitude of the aberration can be seen. C, Buccal view after both 
ostectomy/osteoplasty. The thickness of the exostosis precluded visualization of 
the furcation area radiographically. However, bone sounding before incisions 
revealed a Class II furcation involvement. 

Figure 23-23.   

 



Example of an alveolar margin alteration in the form of a palatal exostosis. A, 
View of palatal exostosis after flap reflection and debridement. Note the 
thickness of the bony aberration and the effects the aberration may have on 
normal physiologic contours. B, View of area after osteoplasty and ostectomy. 
Most of the recontouring that was performed was osteoplasty, and little alveolar 
bone proper was removed. 

Figure 23-24.   

 

Resorption of radicular bone causing bony dehiscences and fenestration on the 
lingual aspect of mandibular incisors (dry skull specimen). 

Figure 23-25.   



 

Reverse architecture (inconsistent bony margins) of the lower posterior region, 
where the bone margins in the midradicular areas are positioned further 
occlusally than the interproximal bone height. This can be noted especially 
between the two molars. 

Interproximal vertical defects can often be detected radiographically, whereas 
radicular surface vertical defects are not readily visible.92,97,98 The presence of 
three-wall vertical defects is seen most frequently on the mesial surfaces of 
maxillary and mandibular molars. With age, vertical defects increase, but a large 
percentage of individuals with interdental vertical defects have only a single 
defect.93,96,97 

TECHNIQUE OF OSSEOUS RESECTION 

The successful performance of periodontal osseous resective surgery requires the 
application of the entire spectrum of the therapist's diagnostic and surgical knowledge 
and skills. The sequence of steps involved in the performance of resective osseous 
surgery are listed in Box 23-4. 

Gaining Access for Osseous Resection 

Presurgical examination and periodontal probing provides information regarding 
the position, depth, and configuration of the periodontal pockets, as well as the 
anatomic parameters of the overlying soft tissues.99 This information is essential for 
planning surgical access. Position of the initial incisions can have a profound effect 
on the success or failure of the procedure. Access and instrumentation must be 
carefully planned so as not to have a detrimental effect on the final result. 



Inadequate access to a surgical site can result in a torn flap as a result of the 
retraction pressure while attempting to visualize and instrument the area (see 
Chapter 20). 

Debridement and Assessment of Defects to be 

Corrected 

After establishing adequate flap thickness with the initial and thinning incisions, the 
buccal and palatal/lingual flaps are reflected for surgical access. The remaining 
connective tissue is removed from the bony surfaces to fully visualize the 
underlying defects. Any remaining tissue tags are removed using a combination of 
ultrasonic and hand instrumentation, giving a clear view of the marginal bone and 
bony defects that are present. The root surfaces are thoroughly instrumented to 
remove plaque and calculus. 

Box 23-4  Principle Sequence of Osseous Resective 

Surgery 

1. Assess nature and location of the bony defects and aberrations using a 
periodontal probe and diagnostic quality radiographs 

2. Formulate a treatment plan regarding how to handle the bony aberrations 
and the incisions for access 

3. Primary, secondary incisions for flap thinning; reflection and removal of 
soft tissue 

4. Visual and tactile confirmation of location and nature of bony defects and 
aberrations 

5. Scaling and root planing 

6. Reduction of thick buccal and palatal/lingual bone (osteoplasty) 

7. Elimination of the interproximal bony defects 

8. Refinement of the bony contours with hand instruments and finishing burs 

9. Complete odontoplasty where necessary 

10. Final assessment of osteoectomy/osteoplasty and the recontoured bony 
morphology 

11. Apically position the reflected flaps in a position harmonious with the 
recontoured bone for primary healing, and close with sutures. 



Elimination of Osseous Defects 

After confirming the presence and configuration of the osseous defects, the bony 
deformities are systematically eliminated by initially using osteoplasty and then 
ostectomy. It should be the surgeon's goal to eradicate the defects, but to 
accomplish this by the removal of the least amount of attachment possible 
(ostectomy). The ability to accomplish such a result is dependent on the extent of 
attachment loss that has occurred and the intrinsic anatomic variables of the 
patient's dentition. Observations of the problems encountered when resective 
osseous surgery is performed without full consideration and understanding of the 
anatomic factors of the dentition resulted in the development of two primary 
approaches to performing posterior resective osseous surgery to minimize any 
adverse effects. These two approaches are the palatal approach for the posterior 
maxillary interproximal craters100,101 and the lingual approach for similar defects in 
the mandibular arch.102 

PALATAL APPROACH TO OSSEOUS RESECTIVE 

SURGERY 

Historically, the surgical management of early to moderate periodontitis of the 
maxillary anterior and bicuspid region has met with a much greater degree of success 
than that of the molar region. Accessibility is partially responsible, but careful study 
and consideration of the anatomic factors associated with the posterior maxilla and 
mandible explains more fully the lesser degree of successful therapy, especially when 
the presurgical morphology of the molar teeth and surrounding bone is taken into 
account. Taking these anatomic factors into consideration, Ochsenbein and 
Bohannan100,101 described the palatal approach to osseous surgery to refine and 
complement the treatment of interdental craters in the maxillary molar region. The 
architectural factors recognized as favoring a palatal approach to osseous surgery are 
listed in Box 23-5. An example of the correction of periodontal osseous defects using 
the palatal approach to correction is shown in Figure 23-26. 

LINGUAL APPROACH TO OSSEOUS RESECTIVE 

SURGERY 

In 1976, Tibbetts and colleagues102 reported on the importance of performing 
resective osseous surgery in the posterior mandible primarily from a lingual approach 
to achieve successful long-term treatment results. By doing so, iatrogenic periodontal 
problems can be avoided on the buccal surfaces of the mandibular posterior teeth. An 
example of the correction of periodontal osseous defects using the lingual approach is 
demonstrated in Figure 23-27. 

Box 23-5  Architectural Factors Favoring a Maxillary 

Palatal Approach 



• Avoidance of buccal furcations, which are located further occlusally than 
the mesiopalatal and distopalatal furcations 

• Buccal root proximity in molar areas (narrow buccal embrasure spaces) 

• Wider embrasures palatally, therefore wider spaces, because the molars 
are considered single rooted from the palate 

• Poor posterior access for proper instrumentation from a buccal approach 

• Thin buccal radicular bone; dehiscences and fenestrations from central 
incisor through first molar (bone is thicker over the second and third molars) 

• Greater palatal bone thickness around the arch from second premolar to 
second premolar, but thinner over the palatal aspect of the molars 

• Shallow buccal vestibular depth, or a narrow width of gingiva, or both 

• Palatal tissue is all keratinized 

Although the palatal and lingual approaches to osseous surgery are not panaceas, the 
premise of the procedures is to create acceptable and maintainable periodontal 
architectural forms, by using anatomic relationships unique to the topography of the 
regions. The use of these techniques prevents some of the intrinsic problems 
primarily encountered with buccal approaches, such as exposure of buccal furcations 
and the presence of shallow vestibular depth with a narrow width of gingiva over the 
facial radicular surfaces of the teeth. Thin, compact bone is often present over the 
radicular surfaces of the molars. Wound healing studies show significant permanent 
bone resorption with surgical compact bone exposure.89 

Resective osseous surgery from a palatal or lingual approach does not prevent the 
necessity of surgical intervention from the buccal aspect, because almost all cases 
require some buccal contouring, but the bulk of the crater reduction is done palatally 
or lingually to preserve the height and integrity of the buccal bone, particularly where 
the root trunk is short and the buccal furcation, which is positioned further occlusally 
than the mesiopalatal and distopalatal, or lingual furcations may be compromised. 

Figure 23-26.   





Correction of periodontal osseous defects using a palatal approach to surgical 
correction. A, Buccal preoperative view from maxillary lateral incisor distally. B, 
Palatal preoperative view from maxillary lateral incisor through second molar. C, 
Buccal view after flap reflection and debridement, showing Class I furcation 
involvement and interdental cratering from the premolars distally. D, Palatal view 
after flap reflection and debridement, showing defects from the canine distally, 
with the most severe defect interproximal to the molars. E, Buccal postosseous 
resective surgery. Minimal ostectomy was performed, with the majority being in 
the molar region. The height of interproximal bone from the facial aspect is 
unchanged, except between the molars where slight reduction at the distobuccal 
line angle of the first molar can be seen. Extensive osteoplasty was performed to 
thin the bony ledging, before the ostectomy procedure. F, Palatal postosseous 
resective surgery, showing the results of ramping the defects toward the palate. G, 
Buccal immediate postsurgical suturing with continuous sling sutures. Note the 
apical positioning of the flap. H, Palatal use of continuous vertical sling mattress 
sutures to drape the tissue at the desired level and to position the interdental 
papillae correctly. I, Five-year postoperative buccal view, with probing depths 
within normal limits. J, Five-year postoperative palatal view, with probing depths 
within normal limits. 

Figure 23-27.   

 

Surgical case demonstrating correction of periodontal osseous defects using 
lingual approach to resective surgery. A, Presurgical buccal view of mandibular 
posterior segment, with a buccal exostosis and a relatively thick periodontal 
biotype. B, Lingual presurgical view of mandibular posterior segment, with a 
thick biotype, a lingual torus, and interproximal probing depths of 5 to 6 mm. 

Figure 23-27. cont'd   



 

C, Direct anterior-buccal view of teeth and bone after flap reflection and soft 
tissue debridement. Note shallow bony defects on buccal tooth surfaces and 
thickness of buccal bone. D, Lingual-occlusal view of retromolar area, enabling 
visualization of thick bony ledge extending to distal of retromolar area, and 
shallow crater in molar region. E, Buccal view after osteoplasty. No ostectomy 
has been performed. The interdental crater between the molars can be seen. F, 
Buccal view after ostectomy. A positive architecture is formed, with 
interproximal bone height being located more coronally than midfacial bone 
height. G, Beginning of lingual osteoplasty, with groove in premolar area 
illustrating thickness of alveolar bone. H, Lingual view after 
osteoplasty/ostectomy in premolar-molar region. 



Figure 23-27. cont'd   

 

I, Completed osteoplasty/ostectomy in molar region. Note the elimination of the 
large lingual shelf in the retromolar region. The flaps are the apically positioned 
and secured with suture. J, Buccal postoperative view at 8 weeks. K, Lingual 
postoperative view at 8 weeks. 

TECHNIQUE AND INSTRUMENTATION FOR OSSEOUS 

RESECTION (MODELS) 

The sequence for resective osseous surgery presented in Box 23-4 is performed on a 
model typical of a mandibular segment, with architectural factors favoring a lingual 
approach, as enumerated in Box 23-6. Ochsenbein developed the anatomic model 
used in the photographic sequence illustrating the procedures performed by the 
authors. 

The surgeon must carefully examine the area(s) of concern from several different 
angles and views to formulate a three-dimensional picture of the architectural 
anatomy that is present. Observation of the buccal surface from a 90-degree angle to 
the mandible shows no bony variations from normal (Fig. 23-28, A), whereas the 
same area viewed at a 45-degree angle reveals a shallow crater between the two 



premolars and the thickened marginal bone combined with an early Class II furcation 
involvement of the first molar (Fig. 23-28, B). A lingual surface inspection from a 90-
degree angle reveals the presence of a torus lingual to the premolars, simulated root 
caries at the mesiolingual line angle of the second molar, and a prominent mylohyoid 
ridge (Fig. 23-28, C). A 45-degree view (Fig. 23-28, D) and an anterior-occlusal view 
(Fig. 23-28, E) greatly supplement the visualization of the bone thickness and bony 
architecture present about the teeth. Seeing the anatomy of the shallow crater and the 
torus with the teeth removed (Fig. 23-29, A) allows a much clearer conceptual picture 
of the crater anatomy and the effect that the torus has on the crater, as does a cross-
sectional view of the interproximal area distal to the first premolar (Fig. 23-29, B). 
With the three-dimensional picture, achieved by thoroughly viewing the surgical site, 
the therapist can ascertain whether the treatment planned before clinical flap 
reflection and debridement needs modification or can be rendered as planned. 

Box 23-6  Anatomic Factors Favoring a Mandibular 

Lingual Approach 

• Prominent external oblique ridge on buccal aspect extends obliquely from 
beneath the mental foramen to the anterior border of the ramus, often resulting in 
shallow buccal vestibule. 

• Posterior teeth have lingual crown inclination; facial root inclination 
ranges from 9 degrees on the second premolar to 20 degrees on the molars. 

• Enamel on the lingual surfaces of the mandibular molars and the second 
premolar extends further apically than on the buccal surfaces. 

• Natural sloping of the interproximal bone from an occlusally higher buccal 
plate to a more apically positioned lingual plate. 

• Because of lingual axial inclination of the crowns of posterior teeth, the 
base of the interdental crater is positioned lingually. 

• Lingual bony plate is thicker. 

• Thin buccal radicular bone over the premolars and mesial root of the first 
molar. 

• Avoidance of buccal furcation, which is located further occlusally than the 
lingual furcations. 

Figure 23-28.   



 

Examination of technique model from several different angles allows therapist to 
formulate three-dimensional mental picture of architectural anatomy. A, Buccal 
view from 90-degree angle to mandible shows flat anatomy, with no visible bony 
variations from normal. B, Buccal view from 45-degree angle reveals shallow 
interdental crater between premolars and thickened marginal bone combined with 
early Class II furcation involvement of first molar. C, Lingual view from 90-



degree angle to mandible displays a flat marginal anatomy, a thickened 
mylohyoid ridge from straight lingual of second molar, a torus in premolar region, 
and caries violating physiologic dimension at mesiolingual of second molar. D, 
Shallow interdental crater between the two premolars, lingual torus, physiologic 
dimension violation, and prominent mylohyoid ridge is visible from a 45-degree 
lingual view. Root caries on the mesiolingual aspect of the second molar can be 
appreciated. E, Anterior-lingual-occlusal view gives much better concept of 
lingual bony anatomy and thickness, as well as the physiologic dimension 
violation at the mesial of the second molar. Note the presence of the torus in the 
premolar area and the thick mylohyoid ridge at the second molar. 

After thorough examination, it is obvious that there are five variations from normal 
anatomy on the technique model, including:  

1. A shallow interdental crater between #28 and #29 

2. A lingual torus in the #28–#29 area 

3. Thickened radicular bone on the labial of #30, with a Class I buccal 
furcation involvement 

4. A physiologic violation of the attachment apparatus at the mesiolingual 
line angle of #31 caused by root caries 

5. A prominent mylohyoid ridge 

With the confirmed diagnosis of the five deviations from normal, the therapist should 
first mentally determine what the ideal treatment is for each individual deviation. The 
shallow crater can be readily treated by resective surgery to reduce the deepened 
pocket depth and facilitate more effective oral hygiene efforts. The torus requires 
treatment because it is an integral part of the lingual crater wall between the 
premolars. The furcation involvement of #30 requires treatment. Both resective 
therapy and regeneration are potential treatment modalities for this furcation. 
Regeneration might be the ideal theoretic treatment, but the furcation is shallow and 
may respond more predictably to a resective approach. 

Treatment options for the violation of the physiologic dimension of the attachment 
apparatus by caries on the mesiolingual of #31 include surgical crown lengthening, 
extraction, extraction and ridge preservation surgery followed by implant placement 
after the socket heals, or immediate extraction and placement of an implant to replace 
the tooth. Crown lengthening is a viable option if there is a medium to long root trunk 
with no furcation involvement, and root form and root length are adequate. If the 
bone reduction necessary for a crown lengthening procedure theoretically jeopardizes 
the possibility of future implant placement in the event of tooth loss, other treatment 
options should be discussed with the patient and considered. Because the bone level 
around the second molar is relatively normal, and the tooth has a medium root trunk 
with mildly diverging roots, surgical crown lengthening for the tooth is a viable 
treatment option. The prominent mylohyoid ridge only requires treatment because it 



interferes with proper flap positioning. Like the lingual torus adjacent to the 
premolars, the prominent mylohyoid ridge would otherwise require no treatment if it 
was asymptomatic. 

When the five aberrations from normal are present simultaneously, treatment options 
should be blended into a combined treatment plan that addresses all of the deviations 
concurrently. With the exception of the buccal bony aberration on the first molar, the 
labial architecture is within acceptable limits. The prudent therapist will limit labial 
treatment to the first molar and the immediately adjacent proximal areas, extending 
no further than blending the anatomy to the midline of the adjacent teeth. The labial 
resective osseous contouring initially involves osteoplasty, followed by ostectomy. 
The crater between the premolars should be ramped lingually, with no labial bony 
recontouring. Lingual ramping will necessitate both osteoplasty, to thin the marginal 
bone, and ostectomy, to reduce supporting alveolar bone, and will create a normal 
architectural form at a more apical level. Because the interdental crater is to be 
ramped lingually, the lingual torus should be reduced by osteoplasty before the 
ostectomy aspect of treatment is initiated. 

Figure 23-29.   

 

Visualization of the interproximal crater between the premolars. A, With the two 
premolar teeth removed from the model, the crater, with its prominent buccal and 
lingual wall, is more visible. Note that the lingual wall corresponds to the position 
of the torus. Treatment of the crater requires torus reduction. Interproximal bone 
anatomy is within normal limits at distal of canine and mesial of molar. Labial 
radicular bone thickness is also within normal limits. B, Proximal cross-section 
distal to first premolar shows much thicker bone lingually, with the crater being 
positioned to the lingual of the contact area. Less supporting bone will be 
sacrificed by lingual ramping of the defect than would occur if the crater was 
ramped to the facial. 



Lingual osteoplasty is initiated at the mesial of the torus, using a #8 or #10 surgical 
length bur in an apical-occlusal direction, with a light feather brush stroke (Fig. 23-
30, A). The apical-occlusal brush stroke in an actual clinical case, with a Prichard 
retractor at the apical extent of the retracted flap, will prevent flap laceration as often 
seen when an occlusal-apical stroke of the surgical bur is used. On starting the 
osteoplasty procedure, the area must be continually irrigated and aspirated, which 
allows the work in progress to be visualized and evaluated to determine the degree to 
which further osteoplasty is necessary. By periodically stopping and evaluating the 
progress of the surgeon's efforts, modifications necessary to achieve the desired 
results can be seen, so as not to overreduce or underreduce the torus. 

The osteoplasty will be extended distally to thin the lingual marginal bone and the 
mylohyoid ridge as it extends obliquely from the apex of the first premolar to the 
distal of the retromolar triangle, meaning that the prominent mylohyoid ridge at the 
lingual and distal of the second molar will be reduced by osteoplasty (Fig. 23-30, B). 
The osteoplasty does nothing to reduce the shallow interproximal crater between the 
two premolars, but adequate osteoplasty will make ostectomy easier when it is started 
because the thin bone is easier to remove from the root (Fig. 23-30, C). Osteoplasty of 
the prominent mylohyoid ridge in the second molar area requires good flap access. 
Inadequate access to the retromolar area contributes significantly to only being able to 
complete partial reduction of the prominent mylohyoid ridge. 

The clinical crown lengthening of #31 will initially involve osteoplasty of both #30 
and #31, followed by ostectomy. To easily perform ostectomy, the thick lingual bone 
in this area must be recontoured by osteoplasty. Inexperienced resective surgeons are 
often hesitant at flap reflection in the retromolar region, which often results in 
incomplete exposure and reduction of the enlarged mylohyoid ridge. Partial reduction 
results in the creation of a sharp bony spicule. The postoperative result of such sharp 
bony aberrations during osteoplasty is flap perforation during healing. Such 
perforations can also be caused by catching the lingual flap with a rotary instrument 
in a high-speed handpiece. These perforations are difficult to suture and often present 
a stormy postoperative course. The undersurface of the lingual flap should be 
protected from the rotating bur by proper placement of a flap retractor between 
the flap and the bur. 

Figure 23-30.   



 

Osteoplasty of thickened lingual bone is initiated using an anterior-to-posterior 
approach until satisfactory completion. A, Osteoplasty is performed using a light 
feather brush stroke in an apical-occlusal direction, starting at the most mesial 
involvement and progressing distally. B, On completion of torus reduction, 
osteoplasty progresses distally, continuing to use rotary instrument in a light 
apical-occlusal stroke. Excellent flap access is required, especially in the posterior 
lingual area. Without adequate access, a thick and sharp portion of mylohyoid 
ridge is often left by a novice surgeon. The flap must be protected from the 
rotating bur by placement of a retractor between the tissue and the bur. C, 
Adequate lingual osteoplasty reduces the thickened mylohyoid ridge to the distal 
of the retromolar area and makes ostectomy an easier task, because there is less 
supporting bone thickness to remove. D, Distal of first premolar interproximal 
cross-section demonstrating result of osteoplasty. The bone contour is thinner in 
this region (compare to Fig. 23-29, B), but no ostectomy has yet been performed. 

The buccal osteoplasty over the first molar is started with a #8 surgical length round 
bur. This too should be done in an apical-occlusal direction (Fig. 23-31, A). Thinning 



of the buccal bone on #30 will be extended to include the buccal of the second molar, 
and to the midline of the second premolar, to blend the osteoplasty contouring into 
the adjacent anatomy (Fig. 23-31, B). No osteoplasty or ostectomy is necessary on the 
buccal of the canine or two premolars. 

The elimination of the shallow interproximal crater between the premolars will be 
accomplished by ramping the defect to the lingual (Fig. 23-32). Reduction of the 
lingual wall of the crater leaves bone on the lingual radicular surfaces and the 
distolingual line angle of #28 and the mesiolingual line angle of #29 positioned at a 
further occlusal level than the lingual proximal bone level. This is commonly referred 
to as reverse architecture. The reverse architecture in these areas is reduced using the 
end-cutting bur to blend the marginal bone at the line angles and on the radicular 
surfaces smoothly into the proximal bone, with no irregularities or thin spines to 
create a base from which the gingiva will establish itself. Alternative instrumentation 
can be either the Ochsenbein #1 chisel or the Wedelstaedt chisel, with the assistance 
of the Tibbetts back-action chisels. The object is to create a scalloped architecture 
similar to the preoperative scalloped gingival form. In cases of more advanced 
periodontal destruction, reverse architecture may not be completely eliminated, to 
prevent excessive removal of bone on adjacent root surfaces. This compromise may 
result in some residual pocket depths after healing. 

Figure 23-31.   

 

Buccal osteoplasty is limited to the first molar and approximately one half of a 
tooth in both a mesial and distal direction. A, Osteoplasty is initiated over first 
molar, continuing with use of rotary instrumentation in an apical-occlusal 
direction with periodic evaluation of necessity of further osteoplasty. B, View of 
completed buccal osteoplasty from midradicular surface of second premolar to 
interradicular surface between second molar roots. 

The clinical crown lengthening of #31 requires ostectomy on both #30 and #31 (Fig. 
23-33, A and C). The amount of ostectomy is determined by the position of the apical 
margin of the eventual restoration. It is desirable to attain a distance of approximately 
4 mm between the restoration margin and the most coronal bony margin. Beginning 



at the lingual proximal surfaces of both #30 and #31, the end-cutting bur is used to 
remove supporting bone around the affected line angles of both teeth and to scallop 
the bone over the distolingual root surface of #30 and the mesiolingual root surface of 
#31. Exposure of the lingual furcation entrances should be avoided. No supporting 
bone is removed from the buccal surface, but a lingually inclined ramping slope is 
created to provide adequate root surface exposure for restorative purposes (Fig. 23-
33, B). 

Final Assessment of the Surgical Area 

Once the resective osseous recontouring is completed, the bony architecture is 
closely evaluated, from the same series of views used before surgery, to determine 
whether further ostectomy/osteoplasty in needed to achieve the desired results. The 
flaps are positioned and closed on a trial basis, contoured if necessary to an 
appropriate level, and the surgical area palpated again to determine the need for 
further recontouring. On obtaining the desired results, the area is sutured closed. 
Good presurgical planning frequently results in minimal soft tissue changes being 
necessary. 

Figure 23-32.   



 

Shallow interdental crater between premolars is ramped lingually, with 
ostectomy only necessary on the distal and lingual surfaces of first premolar, 
and mesial and lingual surfaces of second premolar. A, Buccal view of effects 
on lingual ramping of crater between premolars. No buccal support was 
sacrificed. B, With premolars removed, a clearer concept is gained of the effect 
of only ramping interdental crater to lingual, with no ostectomy. Reverse 
architecture is present, with the interproximal bone adjacent to the canine and 
the first molar at a more apical level than the midlingual bone on the premolars. 



The peaks of bone must be removed, and the bone scalloped along the lingual 
surface of the premolars. C, Cross-sectional view of distal of first premolar, 
showing effect of ramping interproximal defect to lingual. The peak of bone on 
the distolingual line angle, often referred to as a widow's peak, must be removed 
through ostectomy. D, Lingual block section of both premolars after completion 
of osteoplasty/ostectomy. Shaded root surface areas represent supporting bone 
lost in resective surgical procedure to establish a scalloped physiologic 
architectural form. 

Figure 23-33.   

 



Crown lengthening for restorative purposes requires exposure of adequate root 
surface beyond decayed tooth margin for restoration margin placement and 
physiologic attachment apparatus (approximately 4 mm). A, Mesial 
interproximal cross section of second molar with mesiolingual decay after 
osteoplasty on both buccal and lingual surfaces. B, Mesial interproximal cross-
section post-resective view of second molar, illustrating amount of 
interproximal bone and lingual radicular bone sacrificed in restorative crown 
lengthening procedure. C, Lingual view of the bony physiologic architecture 
after completion of restorative crown lengthening procedure. Shaded root 
surfaces represent loss of supporting bone with procedure. Note there is no 
furcation involvement, because this molar has moderate root trunk length and 
the lingual furcation entrance is positioned further apically than the buccal 
furcation entrance. 

WOUND HEALING AFTER OSSEOUS SURGERY 

The wound healing of the soft tissue component of the osseous resective surgical 
procedure is the same as that described for flap debridement in the previous section of 
this chapter (see also Chapter 20). Wound healing events will vary depending on a 
number of variables: management of soft tissues during incision, flap thinning, flap 
elevation, and flap closure; the extent of attachment loss; the configuration of the 
osseous defects; and the amount of trauma to which the periodontium is exposed 
during the surgical procedure. 

Osteoplasty and osteoectomy produces an additional amount of surgical trauma. 
Osteoplasty reduces the volume of the bony periodontium; however, it does not 
immediately reduce the height of attachment of the periodontium. The trauma 
associated with the surgery, however, subsequently leads to some bony resorption, 
and thus the loss of attachment. Patients subjected to frequent reflection and 
debridement alone, without osteoplasty, displayed a mean loss in alveolar bone height 
of 0.2 mm 6 months after surgery.54,103 Remodeling after osteoplasty is similar to that 
which occurs after debridement alone,104 except that grinding during 
ostectomy/osteoplasty contributes to greater bone loss. Osteoplasty in seven patients 
using full-thickness flaps showed a mean loss of crestal bone height of 0.62 mm, with 
the patients having the thinnest radicular bone consistently demonstrating the most 
bone loss,105 which is comparable to that reported in other studies.75,104,106 

Osteoectomy results in an immediate loss of bony attachment, as well as some 
additional attachment loss during remodeling. The resection of the walls of 
interdental bony defects results in a reduction in height of the alveolus and a loss of 
connective tissue attachment on affected and adjacent teeth. The procedure results in 
the elimination of the angular bony defects and reduction in the height of the 
interdental soft tissue.107 If patients are appropriately selected (early to moderate 
periodontitis, with one-wall, two-wall, or combination defects) and skillfully treated, 
the extent of ostectomy is a mean of about 0.6 mm circumferentially around the 
affected tooth.54,108 The greatest extent of resection occurs at the line angles and on 



the facial or lingual surfaces, or both. Proponents of osseous resection believe that 
this loss of attachment is justified to eliminate the periodontal pockets and facilitate 
long-term maintenance of the patient.108–110 

Exposure of the interdental bony crest usually does not permanently alter the 
attachment level significantly. Although some resorption of the crest may occur 
during the immediate postoperative period, by 6 months the interdental crest appears 
to reform, and the extent of interdental loss, as determined by direct sounding to bone 
crest, is commonly not measurable by routine clinical means.54 If the facial and 
lingual bony periodontium is relatively thick and the trauma is minimized by good 
surgical technique, a similar result occurs. However, if the facial/lingual plates of 
bone over the radicular surfaces are thin, affected by bony dehiscences or 
fenestrations, or subjected to significant trauma from heat generated during surgical 
instrumentation, a substantial degree of bony resorption may occur. In general, 
osseous resection of thick bone results in less overall loss of bone height than similar 
procedures done in areas of thin bone. 

The bony architecture produced during resective osseous surgery is quite stable if the 
patient is well maintained free of significant inflammation. According to Matheson, 
"alveolar bone is capable of maintaining surgically produced contour and soft tissue 
is reflective of that contour." Matheson also states that osseous resection "appears to 
be more effective in maintaining surgical contour than interdental osteoplasty 
alone."107 

CLINICAL CROWN LENGTHENING: RESECTIVE 

SURGERY AS A PERIODONTAL-RESTORATIVE 

INTERFACE 

Presurgical Considerations 

Esthetic dentistry has become a buzzword for the patient and the dentist. Referrals 
are often made for a crown lengthening procedure with the request that esthetics not 
be compromised. There are, however, two different types of surgical crown 
lengthening, and both are basic surgical concepts based on biologic principles that 
delineate how clinical crown lengthening can be accomplished. These principles 
and concepts are based on anatomic relations including those of the dentogingival 
junction, tooth morphotypes, gingival contours, root trunk anatomy, and 
width/thickness of gingival tissues. The literature states that from 3 to 5.5 mm of 
tooth must be exposed in crown lengthening, measuring from the alveolar crest 
occlusally to the most apical margin of the restoration.111–115 Such principles and 
concepts are sometimes not appreciated when the requests for surgical crown 
lengthening are made by the restorative dentist. One definite misconception is that 
crown lengthening is a single tooth procedure, which is clearly untrue. Attempting 
surgical crown lengthening on a single tooth results in inconsistent gingival margins 



that are difficult to maintain.112 Such procedures do not take periodontal tissue 
behavior and anatomy into consideration. By extending the procedure to include, at 
least minimally, the teeth mesial and distal to the problem area, adequate crown 
lengthening can be achieved, as well as an anatomic form that is maintainable in an 
otherwise healthy periodontium. 

Surgical crown lengthening is therefore a procedure needing discussion with both 
the restorative dentist and the patient, but particularly in the following situations:  

1. It may compromise esthetics 

2. There will be compromised periodontal support after surgery 

3. There is a high smile line and the affected teeth are visible 

4. There is moderate periodontal disease with horizontal bone loss 

5. There is furcation involvement 

During these circumstances, selective extraction should sometimes be considered as 
a possible alternative in conjunction with a ridge preservation procedure, followed 
by tooth replacement with either an implant-retained restoration or a fixed partial 
denture. 

Indications for Surgical Crown Lengthening 

Rosenberg and colleagues113 listed the following indications for surgical crown 
lengthening:  

1. Tooth decay at or below the gingival margin 

2. Tooth fracture below the gingival margin, with adequate remaining 
periodontal support and attachment 

3. Teeth with excessive occlusal or incisal wear 

4. Teeth with insufficient interocclusal space for necessary restorative 
procedures 

5. Delayed passive eruption (where the gingival margin is coronal to the 
CEJ) for esthetic or restorative purposes 

An Alternative to Surgical Crown Lengthening: 

Orthodontic Forced Eruption 



An alternative to surgical crown lengthening of a single tooth is orthodontic crown 
lengthening by forced eruption. Such a procedure offers a method of treating a 
nonrestorable tooth by extruding it orthodontically for the placement of a dowel 
core, on which a crown will be placed. It requires extrusion to expose at least 1 to 2 
mm of solid tooth structure for the fabrication of the dowel core, and it also requires 
adequate supporting root length for the procedure to be successful. The crown that 
is placed on the tooth must encircle the tooth structure (ferrule effect) apical to the 
core to prevent fracture by the dowel.112 

Surgical Crown Lengthening for Restorative Purposes 

Crown lengthening for restorative purposes is begun after the administration of the 
necessary sedation and local anesthetic, as indicated. Inverse bevel submarginal 
incisions are made in the presence of a moderate to thick biotype, preserving as 
much labial gingiva as possible (Fig. 23-34). Presurgically there should be a band of 
gingiva at least 3 mm in width to allow a final postsurgical gingival width of at least 
2 mm. In the presence of a thin biotype, initial sulcular incisions should be used, 
with gentle tissue handling, to maintain all of the keratinized tissue. On flap 
reflection, the granulation tissue is removed. An evaluation of the clinical crown 
coronal to the alveolar crest is made to determine how much clinical crown 
exposure is necessary or whether simple apical positioning of the flaps will create 
adequate clinical crown length (Fig. 23-34, C and D). The preoperative gingival 
form should act as a pattern for any bone reshaping that is necessary, particularly in 
reference to the difference between the labial and lingual/palatal radicular bone 
height and the interproximal crestal shape and height. If there is 3 mm or less of 
clinical crown from the alveolar crest, crown lengthening will be necessary to create 
4 to 5.5 mm of clinical crown length. When contouring is necessary, osteoplasty 
with a #8 surgical length round bur is completed initially to thin the buccal and 
palatal/lingual plates, so that the bone removal necessary for crown lengthening by 
ostectomy will be easier to accomplish. The ostectomy is performed with the 
surgical length end-cutting bur or hand chisels until the appropriate amount of bone 
is removed circumferentially (Fig. 23-34, E). When the end-cutting bur is held 
parallel to the long axis of the tooth, the root surface is not scarred and most of the 
interproximal can be reached. Hand instruments can be used to finish any difficult 
to reach areas. Once the desired crown lengthening and bone form is achieved, the 
adjacent proximal teeth must also be lengthened and blended into a form that flows 
smoothly and slowly from proximal areas distal and mesial to the involved teeth to 
the apical position of the crown-lengthened tooth. The flaps are then positioned for 
trial apically positioned flap closure. Any necessary soft tissue modifications are 
made and the flaps are repositioned and sutured closed (Fig. 23-34, F and G). A 
periodontal dressing may be used to maintain flap stability, if needed. Within 6 to 8 
weeks, the area should be ready for the restorative procedure (Fig. 23-34, H and I). 

Crown Lengthening for Esthetics 



When a patient has delayed passive eruption, or short clinical crowns, in the esthetic 
zone (Fig. 23-35, A), the objective is to give the patient normal clinical crown 
lengths without affecting or destroying the papillary form that fills the interproximal 
space (Fig. 23-35, B). Such loss of interdental papilla height will create "dark 
triangles" between the teeth. This situation requires a different surgical crown 
lengthening procedure. 

Initially it must be determined how much the clinical crown should be lengthened, 
by establishing where the CEJ is located on the labial surface of the teeth, and if any 
ostectomy is necessary. Bone sounding under local anesthesia can identify the CEJ 
and its position relative to the bony crest. If the bony margin is 2 to 3 mm apical to 
the CEJ, osseous resection may not be required. If the bony margin is less than 2 
mm apical to the CEJ, osseous resection will most likely be indicated. Ostectomy 
must be performed in such a manner that the bony crest follows the contour of the 
CEJ, which in the anterior region of the mouth has a much more scalloped form 
than in the posterior region. The flaps must be intimately adapted to the underlying 
bone and to one another in the interproximal region. Atraumatic suturing with small 
diameter suture will help minimize trauma to the papillary tissues and prevent 
recession in this area (see Chapter 21). 

Figure 23-34.   





Surgical crown lengthening for restorative purpose cannot be performed 
successfully on a single tooth, but must include at least three teeth to facilitate 
blending resultant architectural features into a maintainable form. A, Buccal 
preoperative view of fractured first premolar clinical crown with inadequate 
tooth surfaces for restorative purposes. B, Lingual view of tooth fractured 
subgingivally. Probing depths are minimal. C, Flap reflection with vertical 
incisions for postsurgical apical flap positioning. Note relatively normal bone 
form and anatomy. D, Measuring root surface exposed coronal to bone height. 
E, Completion of osteoplasty and ostectomy, blending from more occlusally 
positioned proximal bone at mesial of canine and distal of second premolar, to 
more apically positioned bone levels at the mesial and distal of fracture tooth. 
The distance from the fracture line to the bony crest measures 5 mm. F, Buccal 
suturing of flap in an apical position. Suture positioning prevents apical flap 
displacement past desired position. Application of surgical dressing, if needed, 
prevents occlusal flap displacement. G, Palatal flap suturing, using interrupted 
sutures for vertical incisions, and a continuous sling suture to prevent apical flap 
positioning beyond desired level. H, Buccal postoperative view at 6 weeks. I, 
Lingual postoperative view at 6 weeks. 

Figure 23-35.   

 

Short clinical crowns of concern to the patient can often be treated with esthetic 
crown lengthening, resulting in normal clinical crown lengths and no loss of 
interdental papillae. A, Preoperative short clinical crowns of concern to the 
patient and family. B, Postesthetic crown lengthening at 6-month postoperative 
visit. 

Resective Osseous Therapy in Treatment 

The current American Academy of Periodontology Practice Profile Survey lists 
osseous surgery as the most commonly used form of periodontal surgery.116 Despite 
this, osseous resective surgery is not a technique that is easily learned, because 
optimal performance of the procedure requires an in-depth knowledge of 
periodontal and dental anatomy and the proper application of basic surgical 
principles. Furthermore, the anatomic factors important to osseous resective surgery 



are not always taken into consideration when performing the procedure. It is a 
procedure best applied to early or moderate attachment loss. Osseous resective 
therapy is not applicable to the treatment of a single tooth in a contiguous arch 
because of the physiologic and anatomic behavior patterns of the periodontium. 
Taking the various anatomic factors reviewed earlier in this chapter into 
consideration, a minimum of three or more teeth and/or anatomic spaces are 
necessary for inclusion in osseous resective surgery to create a satisfactory 
architectural form that will be maintained. 

If success after periodontal surgery is related to the degree of plaque control that is 
established and thereafter maintained, it appears to be a rational decision to apply 
the surgical procedure that will produce a periodontium that is most easily 
maintained by the patient and dental therapists. When appropriately applied, 
resective surgery provides a predictable means of eliminating or reducing the depth 
of periodontal pockets, establishing physiologic dimensions for restorative crown 
lengthening procedures, creating esthetic crown lengths, and providing an oral 
environment that is readily maintained by the patient and dental auxiliaries. 
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24  Treatment of Molar Furcations 

William F. Ammons, Jr. 

Loss of attachment in the furcation area has long been considered an adverse event in 
the prognosis of multirooted teeth. The furcation is an area of complex anatomy and its 
involvement complicates treatment planning and the performance of therapeutic 
procedures, and directly affects the ability of both the patient and therapist to 
successfully maintain the dentition after active treatment. A thorough knowledge of the 
anatomy of the furcation is as essential to successful treatment as a mastery of the 
various methods of furcation therapy. 

ETIOLOGY OF FURCATION INVOLVEMENT 

The primary cause of furcation involvement is the progressive loss of attachment that 
results from inflammatory periodontal disease. In most patients, the response to 
bacterial plaque, in the absence of therapy, is a progressive and site-specific loss of 
attachment. Although the rate of response may vary from individual to individual, 
local anatomic factors that affect the deposition of plaque or hamper its removal can 
exert a significant impact on the development of attachment loss.1–3 Local factors 
such as the defective margins of restorations and cervical enamel projections4 
complicate dental plaque removal, and in the case of the enamel projections, may 
represent biologic weak links in the attachment that decrease resistance to furcation 
involvement5 (see Chapter 7). Variations in root form, dental anatomy, and dental 
anomalies may also play a role because the extent of attachment loss necessary to 
produce furcation involvement is related to the local anatomy of the affected tooth.6,7 
Root trunk length is a key factor that affects both the development of furcation 
involvement and the mode of treatment (Fig. 24-1). Dental caries, pulpal disease, 
iatrogenic dentistry, and factitial injury can also contribute to furcation involvement. 
Because the prevalence and extent of attachment loss increases with age,8 the 
prevalence and severity of furcation problems tend to be related to age.9,10 

Figure 24-1.   



 

Root trunk dimension. The length of the root trunks may be highly variable. In 
very short root trunks, like these mandibular molars, the attachment level even 
with health may be near or at the entrance into the furca. The shorter the root 
trunk, the less attachment that has to be lost before involvement of the furcation. 

DIAGNOSIS OF FURCATION INVOLVEMENT 

For most diseases, the sooner the disease is recognized and a diagnosis is established, 
the more effective the therapy will be and the better the long-term prognosis. This is 
true for inflammatory periodontal disease and is particularly relevant to the problem 
of treating furcation involvement. The earlier the clinician recognizes furcation 
involvement, the simpler the treatment required to manage the problem will be. 
Conversely, the greater the extent of attachment loss before furcation involvement is 
diagnosed, the more complicated the treatment required to manage the problem will 
be and the poorer the prognosis. The therapist needs to detect furcation problems 
before a significant amount of attachment is lost. 

If an early diagnosis of furcation invasion is to occur, the therapist must be looking 
for furcation involvement. The entrance to the furcation can be quite small and 
difficult to identify. In 1979, Bower provided data about the anatomy and the mean 
width of the entrance into the furcation.11,12 The entrance varies from 0.5 to 2.0 mm, 
but 58% of all furcations studied were narrower (≤0.75 mm) than commonly used 
periodontal curettes.12 Early detection of furcation invasion, therefore, requires 
thorough periodontal probing with an instrument of an appropriate dimension. 
Probing of all potential furcation areas is an integral part of any thorough periodontal 
examination.13 Treatment planning for the therapeutic management of furcation 
problems requires documenting the extent of furcation involvement, the morphology 



of the tooth and furcation, and the presence and configuration of any bony defects. In 
addition, the presence of developmental anomalies, the position of the tooth relative 
to adjacent teeth, and any local factors that may require correction during therapy 
should be identified and recorded in a systematic manner in the patient's electronic or 
paper chart using appropriate symbols. (The process of periodontal examination is 
described in Chapter 8.) 

CLASSIFICATION OF FURCATION INVOLVEMENT 

The need to document the extent and severity of furcation involvement has led to the 
development of a number of classification systems or indexes. These systems are 
usually based on the extent of horizontal and vertical involvement of the furcation 
and its relation to the adjacent soft and hard tissues. A number of systems have been 
developed to allow the clinician to classify the extent of furcation involvement. 
Among these systems are those developed by Glickman (1958),14 Heins and Canter 
(1968),15 Easley and Drennan (1969),16 Hamp, Nyman, and Lindhe (1975),17 and 
Tarnow and Fletcher (1984).18 Although most systems record the horizontal extent of 
furcation involvement, the systems developed by Easley and Drennan and Tarnow 
and Fletcher also provide information about the vertical component of the furcation. 

One of the most widely used furcation classification systems was developed by 
Glickman.14 In this system, furcation involvement is divided into four categories, 
primarily on the basis of the horizontal component of destruction:  

Grade I: Early furcation involvement just into the fluting of the furcation is present. 
There is no significant destruction of bone or connective tissue in the furcation 
proper. 

Grade II: Distinct horizontal destruction of the furcation area is present. This 
lesion has been called a "cul de sac" because destruction may extend to any depth 
within the furcation, but does not extend all the way through the furcation to its 
other side. The extent of horizontal probing determines whether the Grade II 
furcation is shallow or deep. Vertical bone loss may or may not be present. 

Grade III: Destruction of bone and connective tissue all the way through the 
furcation such that an instrument can be passed from its opening to its exit. The 
furcation defect is not visible to the eye because the gingival tissues cover the 
furcation entrance. 

Grade IV: Destruction of bone and connective tissue all the way through the 
furcation. Gingival recession has occurred to the point that the entire furcation 
invasion can be seen on visual examination. A "tunnel" thus exists between the 
affected roots. 

An example of various degrees of furcation involvement using Easley and Drennan's 
classification system is shown in Figure 24-2.16 This classification system provides 
information relative to the vertical component of furcation involvement. Figure 24-2, 



A, is normal, with no significant attachment loss. Figure 24-2, B, demonstrates Class I 
furcation involvement because there is attachment loss that involves the root flutings, 
but there is no horizontal component to the involvement. In this classification system, 
Class II and III furcations (Fig. 24-2, C and D) are separated into subtypes 1 and 2 on 
the basis of the configuration of the alveolar bone at the entrance to the furcation. 
Horizontal resorption into the furca is subtype 1, whereas subtype 2 indicates a 
significant vertical component to the defect. This separation contributes to treatment 
planning as a vertical component may contribute to the ability to "fill" the deformity. 

Figure 24-2.   

 

Easley and Drennan's classification of furcation involvement. A, Normal 
anatomy. No furcation involvement. B, Class I: Incipient involvement in which 
the fluting coronal to the furcation entrance is affected but there is no definite 
horizontal component to the furca. C, Class II: Type 1—A definite horizontal loss 



of attachment into the furcation, but the pattern of bone loss is essentially 
horizontal. There is no definite buccal or lingual ledge of bone. Type 2—There is 
a buccal or lingual bony ledge and a definite vertical component to the attachment 
loss. D, Class III: A through and through loss of attachment in the furcation. As 
with Class II furcation defects, the pattern of attachment loss may be horizontal 
(1) or there may be a vertical component (2) of varying depth. 

THERAPEUTIC MANAGEMENT OF EARLY FURCATION 

INVOLVEMENT 

The identification of incipient to early furcation involvement during a periodontal 
examination may or may not be an indication for treatment of the furcation problem. 
Although documentation of the furcation is essential for longitudinal monitoring of 
the site, the mere presence of furcation involvement may not be an indication for 
treatment. The presence of inflammatory periodontal disease and the etiologic and 
local factors that are associated with the disease are the keys to a making a treatment 
decision. Questions to be answered include the following: Does the patient have 
clinical signs of gingivitis or periodontitis?; Is marginal inflammation present?; Is the 
sulcus deepened (pocket depth)?; and Does the area bleed on periodontal probing? 
Second, are plaque, calculus, or an inflammatory exudate present? If so, therapy is 
indicated. However, the therapy required14,19 is dependent not only on the presence of 
disease but on the local dental/periodontal anatomy associated with the disease. 

For example, if the inflammation is related to the presence of bacterial plaque and 
there are no complicating local anatomic factors, the only therapy required may be the 
removal of the plaque. Although this may be accomplished by the therapist, a more 
permanent solution requires implementation, by the patient, of an oral hygiene 
program that will remove the plaque on an ongoing daily basis. If both plaque and 
calculus are present, scaling and root planing is required to resolve the inflammation. 
The presence of a local factor, such as an overhanging margin of a restoration or a 
cervical enamel projection,4 requires not only the removal of the plaque and calculus 
but also the removal of the local factor. This may be accomplished by odontoplasty or 
may require the placement or replacement of a dental restoration. 

THERAPY FOR MODERATE TO ADVANCED FURCATION 

INVOLVEMENT 

A significant horizontal component to the furcation defines a Class II furcation. The 
primary objective of Class II furcation treatment is the production of a local 
environment that the patient and the dental therapist(s) can maintain free from further 
attachment loss. The treatment of a Class II furcation may be simple or may become 
relatively complex. Therapy for Class II furcations varies with the extent of the 
horizontal and vertical attachment loss, the configuration of any associated bony 



defect, and the anatomy of the tooth. The most successful long-term result will occur 
if the furcation can be obliterated. 

Significant horizontal or vertical involvement of the furcation can pose a number of 
local anatomic problems that may complicate therapy. The furcation area of molars is 
not smooth and regular, but may be highly irregular in form.6,20 Intermediate 
bifurcation ridges, which run in a mesial-distal direction at the entrance to the 
furcation, may result in a significant "domed" area being present.20 If this domed area 
is exposed to the oral environment, it becomes a trap for plaque formation that is not 
readily accessible by the patient or a dental therapist. The efficacy and efficiency of 
furcation debridement by conventional instrumentation has been investigated. Studies 
suggest that it may be virtually impossible to effectively remove plaque and calculus 
from some furcations.21–23 Such furcations can become continually inflamed and are 
potential sites for the development of dental caries and further attachment loss. The 
dome of the furcation is also a common exit site for accessory pulpal canals.24 
Although pulpal infection through accessory pulpal canals is theoretically possible, 
the current dental literature does not indicate that retrograde infection of the dental 
pulp from a periodontal pocket is a common source of pulpal pathosis.25,26 

The variability in the size and configuration of the roots of mandibular and maxillary 
molars poses additional anatomic problems. For example, the dimension between the 
roots can vary significantly. The roots of molars may be fused, partially fused, closely 
approximated, or widely divergent. The dimension between closely approximated 
roots may be less than the width of curettes and ultrasonic scalers, and thus 
inaccessible to instrumentation.12 Not only may the dimension between the roots 
preclude access for removal of plaque and calculus, but roots that are separated at the 
root trunk may become fused at their apex, further complicating therapy. In contrast 
with the distal roots of mandibular molars and the distobuccal roots of maxillary 
molars, which are generally rounded, the mesial root of mandibular molars and the 
mesiobuccal root of maxillary molars frequently have a deep vertical groove that 
extends from the dome of the furcation to near the apex of the root.27 These grooves 
further complicate plaque removal and restoration of the root. The mesial root of such 
molars frequently is sharply curved and commonly has more than one pulp canal, 
which may complicate root canal treatment. 

SURGICAL TREATMENT OF CLASS II FURCATION 

INVOLVEMENTS 

A significant horizontal involvement of one or more furcations of a multirooted tooth, 
if combined with other local anatomic problems, is a common indication for the use 
of a surgical treatment approach. The primary indication for surgery is an inability to 
adequately instrument the furcation by routine scaling and root planing through the 
gingival sulcus. Persistence of inflammation or exudation after instrumentation, in the 
presence of good oral hygiene, indicates inadequate debridement and may dictate 
surgical debridement or the obliteration of the furcation to facilitate successful long-



term maintenance. Different procedures with differing therapeutic objectives have 
been used successfully to treat molars with furcation involvement. 

SURGICAL DEBRIDEMENT OF FURCATIONS 

The most elementary surgical method used is debridement of the furcation by means 
of a periodontal flap procedure. Flap design and the process of surgical debridement 
are described in Chapters 20 and 23. The reflection of a flap provides access and 
visibility to the furcation. This facilitates the thorough removal of plaque, calculus, 
and any bacterial contaminants from the root surfaces of the furcation. If the bony 
resorption is of a horizontal nature without a significant intrabony (vertical) 
component or heavy ledging, thorough debridement will result in a resolution of 
inflammation and potentially to a diminishment of pocket depth because of tissue 
shrinkage or a gain in clinical attachment, or both. 

Odontoplasty and Osteoplasty 

The addition of odontoplasty or localized osteoplasty, or both, to surgical 
debridement, provides a means of further altering the physical dimension of the 
furcation defect in more advanced situations.28,29 Odontoplasty provides a means of 
reducing the intermediate bifurcation ridge and the extent of dome over the 
furcation, thereby reducing the volume of the furcation defect.28 Osteoplasty does 
the same for any bony deformity.29 Reducing the physical dimension of bony ledges 
and placement of strategic grooving allows the therapist to reduce both the soft and 
hard tissue component of the furcation. The result is a shallow furcation area, which 
facilitates the patient's ability to remove plaque during oral hygiene. An example of 
the management of Class II furcations using a combination of debridement, 
odontoplasty, and osteoplasty is shown in Figure 24-3. 

Figure 24-3.   



 

Management of a Class II furcation with odontoplasty and osteoplasty. A, Full-
thickness flaps are reflected to expose the furcation of the mandibular right 
second molar and adjacent areas. Note the Class II, type 1 involvement. There 
are also combination one-, two-wall bony defects on the mesial and distal 
aspects of the molar. B, Odontoplasty has been performed to remove a portion 
of facial aspect of the furcation dome; osteoplasty has been performed to 
remove the horizontal component of the Class II furcation. In addition, 
osteoplasty and some ostectomy has been used to eliminate the adjacent bony 
deformities. C, Facial 3-week postoperative view. D, An 8-week postoperative 
view after placement of provisional restorations. Note that the provisional 
restoration reconstructs the desired fluting between the mesial and distal roots of 
the second molar, with a flat emergence profile extending coronally from the 
crown margin. 

The efficacy of simply debridement procedures is generally limited to the buccal 
and lingual furcations of mandibular molars; the buccal furcations of maxillary 
molars with early to moderate degrees of involvement; and those furcations where 
aberrations in root/furcation morphology and significant osseous defects are absent. 
The long-term success of debridement procedures is ultimately dependent on access 



for plaque removal and the patient's willingness to perform daily oral hygiene 
procedures. 

ROOT RESECTION 

The simultaneous involvement of two furcations by deep Class II furcations or the 
presence of a Class III furcation may be an indication for removal of a root of a 
molar. Root resection is the process by which one or more roots of a tooth are 
removed at the level of the furcation while leaving the crown and remaining roots in 
function.30 Root resection has been a component of the periodontal surgical 
armamentarium since the 1800s.31,32 The indications and contraindications to root 
resection were well described by Basaraba in 196933 and are summarized in Boxes 
24-1 and 24-2. The objective of root resection is the obliteration of the furcation as a 
problem in periodontal maintenance. Root resection, when performed in an 
appropriate and timely manner, can convert an affected tooth to a tooth free of a 
furcation defect. 

The decision to use root resection during periodontal treatment should be carefully 
considered, because it commonly commits the patient not only to endodontics, but 
also frequently to a major restorative dentistry procedure. Root resection can be a 
costly and time-consuming procedure and often requires the patient to seek 
interdisciplinary care by a number of therapists. Therefore, the advantages, 
disadvantages, and treatment alternatives should be thoroughly discussed with the 
patient before committing the patient to root resection procedures. 

Box 24-1  Indications for Root Resection 

1. Severe vertical bone loss on one root of a multirooted tooth not amenable 
to regeneration/reattachment 

2. Furcation invasion not correctable by odontoplasty 

3. Proximal furcation invasion in combination with root approximation 

4. Furcation invasion that is not maintainable 

5. Periodontally involved abutment teeth with a hopeless prognosis 
associated with one root 

6. Vertical or horizontal root fracture 

7. Uncorrectable root dehiscence 

8. When endodontic therapy is impossible on one root of a multirooted tooth 

Modified from Basaraba N: Root amputation and tooth hemisection, Dent Clin 
North Am 13(1):121, 1969. 



Box 24-2  Contraindications to Root Resection 

1. Advanced bone loss with an unfavorable crown-to-root ratio 

2. Fused roots that cannot be separated 

3. If an endodontically inoperable canal would be retained 

4. If the remaining root(s) would be inadequate to serve as a prosthetic 
abutment 

5. If indicated splinting cannot be performed 

6. When periodontal support after resection is inadequate to withstand 
normal occlusal forces 

7. Inability to create a good postsurgical gingival environment 

8. If socioeconomic conditions preclude necessary treatment procedures 

9. In the presence of inadequate oral hygiene 

Modified from Basaraba N: Root amputation and tooth hemisection, Dent Clin 
North Am 13(1):121, 1969. 

Which Root and Why? 

The selection of a root to resect requires knowledge of dental anatomy, the anatomy 
of the alveolar bone in the area, and an appreciation for other dental procedures that 
may be required to adequately treat the patient. The therapist should remove the 
root that (a) has the least amount of remaining bony support, (b) will obliterate the 
furcation and contribute to the elimination of any associated periodontal defect, (c) 
will facilitate plaque removal by the patient and instrumentation by the dentist or 
dental hygienist during periodontal maintenance, and (d) is the most difficult for the 
endodontist or restorative dentist to treat. Another consideration is the ability of the 
remaining root or roots of the tooth, after resection, to serve as an abutment if a 
fixed or removable partial denture is planned. 

The most common root resection is the removal of the distobuccal root of the 
maxillary first molar (Fig. 24-4).34–36 The anatomy and relation of the first and 
second molars plus the incidence of furcation involvement dictate this particular 
resection. A two-wall bony pocket is frequently located between the first and 
second molar. This pocket is commonly associated with root approximation of the 
distobuccal root of the first molar and the mesiobuccal root of the second molar. 
The result is inadequate access for plaque removal once these furcations are 
involved. The clinical result of a distobuccal root resection is shown in Figure 24-5. 



Vital versus Nonvital Root Resection 

Once the decision is made to use root resection, the patient should be referred for 
endodontic therapy. Although root resections can be successfully performed on vital 
teeth,37,38 it is preferable to have pulp extirpation precede the resection. This 
facilitates the performance of root canal obturation and allows the endodontist to 
determine that the canals can be adequately instrumented. The endodontist can 
remove the radicular pulp from the tooth and seal the orifice of the canal of the root 
to be resected; therefore, contamination of the pulp chamber by oral fluids does not 
occur. The completion of endodontics and filling of the pulp chamber before root 
resection facilitates the surgical removal of the root, because it allows more 
extensive odontoplasty28 to be performed. It also reduces the potential 
contamination of the surgical field by metallic fragments from a restoration. If one 
is certain which root is to be removed, it is wise to have the endodontic therapy 
completed on the roots that are to be retained. It is quite distressing to perform a 
vital root resection and to subsequently discover that the remaining roots cannot be 
instrumented or to have one of the remaining roots inadvertently split or perforated. 
Completing endodontic treatment before root resection also minimizes the potential 
for postoperative pain.38 

Figure 24-4.   

 

Distobuccal root resection. A, Outline of initial incisions to expose the surgical 
area for removal of a distobuccal root from the maxillary right first molar. B, 



Full-thickness flap reflected and area degranulated to expose the furcation and 
the adjacent bony structures. C, Removal of some facial marginal bone over the 
distal root and the root sectioned to allow elevation and removal. D, Final 
contour of area before flap closure. 

Conversely, it is equally disconcerting to have the endodontic therapy performed 
and then to discover during surgery that extraction of the tooth is indicated, rather 
than root resection. The clinician must carefully weigh the certainty of root 
resection and tooth retention before performing endodontic therapy. If the clinician 
feels strongly that root resection will be performed, consultation before periodontal 
surgery with the clinician performing the endodontic treatment allows an 
assessment of the likelihood of successful root canal therapy. 

The only potential contraindication to completing endodontics before root resection 
may be a possible adverse effect on regeneration of the periodontal attachment. 
Prichard39 believed that obturation of the canals should be delayed if a regenerative 
procedure is to be performed on the affected tooth. However, sectioning vital teeth 
and submerging the roots, without endodontic treatment, does not adversely affect 
regeneration attempts as compared with nonsubmerged controls.40,41 Currently, 
there are no evidence-based studies that preclude regeneration attempts on 
devitalized teeth. 

Figure 24-5.   



 

Distobuccal root resection to eliminate a distal Class II furcation and root 
approximation. A, Buccal preoperative view of the maxillary right molar area. 
B, Full-thickness flap reflected. Note the interproximal bone loss and the root 
approximation as the distal root of the first molar flairs toward the mesial of the 
second molar. The area between the first and second molars has severe bone 
loss. C, Distal root of the first molar resected and removed. Odontoplasty has 
been performed to reduce the bulge of the crown contour where the resected 
root resided. D, Buccal view 6 months after surgery. Note the dimension for 
access to the interproximal area for maintenance. (From Prichard JF: The 
diagnosis and treatment of periodontal disease in general dental practice, 
Saunders, Philadelphia, 1979.) 

PERFORMANCE OF ROOT RESECTION 

Root resection may be performed as an isolated procedure or as a component of other 
procedures being performed within the surgical field. After surgical draping of the 
patient and anesthesia, the surgical field is probed and examined. If resection of the 
root requires cutting through metallic restorations, it is generally wise to reduce or 
section through the metal before incision and reflection of the flap. This prevents 



metallic fragments from becoming embedded in the soft tissues. If an advanced Class 
II or a Class III furcation is present associated with a short root trunk, the root may 
occasionally be resected without the elevation of a flap; however, this situation is not 
common. Insertion of a curved furcation probe, such as the Nabors probe or a pig-
trailed explorer into the furcation can serve to guide the plane of the surgical section. 
The removal of a portion of the crown of the tooth immediately coronal to the root 
(odontoplasty28) and the placement of a long beveled section into the dome of the 
furca also facilitates the subsequent removal of the root (Fig. 24-6). 

Figure 24-6.   

 



Maxillary left distobuccal root resection. A, Periodontal curette inserted and 
directed through the buccal furcation of the involved maxillary molar toward the 
distal furcation. There was a Class III furcation involvement that was associated 
with a short root trunk. B, Distobuccal root resected and flap sutured. C, A 6-
week postoperative view of resection site. Note the shrinkage of the soft tissue 
that follows the remodeling of the underlying bony periodontium. D, Preparations 
of the root resected molar and bicuspids for fixed restorations. E, A 15-year 
postoperative view of the area of the root resection. The root resected tooth 
remains in excellent health. (From Prichard JF: The diagnosis and treatment of 
periodontal disease in general dental practice, Saunders, Philadelphia, 1979.) 

If a vital root resection is to be performed, flap elevation should precede sectioning of 
the root. A clinical example from a patient with advanced attachment loss is shown in 
Figure 24-7. Although fixed splinting was planned, the molar was so severely 
compromised that the ability to perform a root resection was unclear; therefore, the 
area was surgically exposed to determine the feasibility of resection before 
endodontic therapy. After removal of the distobuccal root, odontoplasty was 
performed to ensure that no "lip" of tooth structure was left in the dome of the 
furcation. Leaving residual tooth structure in this area provides a niche for plaque 
retention and is impossible for the patient to clean. After distobuccal root resection, 
intact bone was found in the remaining mesial furcation, and the remaining 
periodontal attachment was adequate to support the planned restoration. Subsequent 
to removal of the root, ostectomy and osteoplasty were required to eliminate the 
remaining bony deformities and to prepare the edentulous ridge for pontic adaptation. 
The restoration was made to allow excellent oral hygiene access for the patient and 
clinician. Although the place of root resection in the periodontal surgical realm during 
the era of dental implant therapy has been questioned, the long-term results in this 
case demonstrate the potential for this type of treatment. 

Root resection is commonly performed as a portion of the surgical treatment of a 
larger area of the mouth and may be combined with other resective or regenerative 
procedures. The design of the flap to gain access requires consideration not only of 
the root to be resected but planning for any other surgical objectives to be 
accomplished. In the example shown in Figure 24-8, a distobuccal root resection on 
the first molar was combined with an apically positioned flap procedure to reduce 
pocket depth and to facilitate restoration and maintenance. Note the effect that 
removal of this root has on the contours of the molar restoration and access to the 
molar embrasure. The extent of the flap elevated must be sufficient to provide access 
and visibility for instrumentation and to facilitate proper wound closure. Surgical 
access must allow the optimal performance of procedures, because inadequate access 
is one of the most common mistakes made during periodontal surgery. It should 
always be remembered that large flaps heal just as rapidly as small flaps, provide 
better visibility, facilitate instrumentation, and are less likely to be traumatized during 
the procedure. 

During root resection, once the root is cleanly divided from the remaining roots and 
crown of the tooth, it can be carefully elevated from its socket. This is accomplished 



with a suitable instrument such as an elevator or a chisel. Pressure should be carefully 
applied to the root and care taken not to luxate or damage the remaining roots of the 
tooth or of an adjacent tooth. Root curvature may pose a problem during elevation. 
The mesial root of mandibular molars and the mesiobuccal root of maxillary molars 
commonly are curved distally. The result is that the root is directed distally into the 
furcation and against the distal root during elevation. This is particularly true if the 
interradicular zone of the furcation is narrow and the roots are closely approximated. 
In such cases, it may be necessary to progressively section and remove the coronal 
portion of the root as it is elevated until the root can be removed from the socket. 
Otherwise a significant amount of the facial bone over the root may have to be 
removed to allow removal of the sectioned root. The removal of bone over the facial 
may be of little consequence if the interradicular dimension is great and/or the 
embrasure with the adjacent tooth is wide. However, removal of a large amount of the 
facial bony plate can result in a significant reduction in the width of the ridge, can 
compromise pontic adaptation, and may pose a potential cosmetic problem. 

After delivery of the root, the area is examined to insure that no root stump remains. 
Odontoplasty to facilitate plaque removal, and osteoplasty to remove any sharp edges 
or defects from the bony alveolus may be performed. The area is thoroughly irrigated 
with sterile saline, and the flap(s) are reapproximated with appropriate sutures. 
Surgical dressings may or may not be used. Postoperative instructions and care are 
similar to that following other periodontal surgical procedures. 

ROOT RESECTION OR HEMISECTION OF MANDIBULAR 

MOLARS 

Hemisection is the surgical process by which a two rooted tooth, usually a mandibular 
molar, is converted into a single rooted tooth by the removal of one root and the 
associated portion of the crown.42 Hemisection, like root resection, may provide a 
means of salvaging a mandibular molar that would otherwise have a hopeless 
prognosis. The economic consequences of hemisection and the advent of other 
therapeutic methods such as dental implant placement have resulted in a reduction in 
the frequency of hemisection. It remains, however, a valuable procedure for carefully 
selected patients. Appropriate examples include: (a) patients who experience vertical 
root fracture or root perforation during endodontic therapy; (b) patients who have 
endodontically treated mandibular molars with advanced bone loss on only one root 
that are serving as terminal abutments of a prosthesis; and (c) patients who have local 
anatomy that precludes extraction and simple implant placement. 

As with root resection, endodontic treatment should precede hemisection whenever 
possible. After obturation of the canal of the root that is to be retained, the pulp 
chamber of the tooth should be filled with amalgam, composite resin, or glass 
ionomer. This seals the root canal space and prevents leakage after hemisection or 
root resection. 

Figure 24-7.   



 

Vital root resection in combination with pocket elimination surgery. A, Facial 
preoperative view of maxillary right molar area. The patient has advanced 
attachment loss and has had provisional splints placed because of hypermobility. 
B, Facial view of the surgical area showing the advanced degree of bone loss on 
the molar. There is a Class III buccal-to-distal furcation invasion. C, A vital root 
amputation of the distobuccal root has been performed in conjunction with 
osteoplasty to eliminate the bony defects and to alter the form of the adjacent 
edentulous ridge area. D, Palatal view after vital root resection and osteoplasty. 
Note that the mesial furcation of the molar is intact. E, Facial view of the area 8 
years after restoration. F, An 8-year postoperative view after restoration. The 



contours of the restoration allow excellent access for oral hygiene. Note the areas 
of tooth brush abrasion on the palate. 

Figure 24-8.   

 

Distobuccal root resection in combination with flap surgery for pocket 
elimination. A, Maxillary right preoperative view with provisional restorations in 
place. B, Facial view after full-thickness flap reflection and debridement. Note the 
root approximation between the distal root of the first molar and the mesial root of 
the second molar. There is an early Class II buccal furcation involvement of the 
maxillary second molar and a generalized horizontal pattern of bone loss. C, 
Facial view after resection of the distobuccal root of the first molar and localized 



osteoplasty to reduce the buccal bony profile. The root proximity problem 
between the molars has been resolved. D, Facial view of apically positioned flap 
adaptation using continuous sling sutures. E, Facial view of the area of root 
resection 5 years after restoration. Note the effect of root resection on the contours 
between the first and second molars. There is clear access for an interproximal 
brush to facilitate oral hygiene. 

SURGICAL PERFORMANCE OF HEMISECTION 

The performance of a hemisection is shown in Figure 24-9. The patient has a 
mandibular left second molar with advanced attachment loss and a Class III furcation 
defect. Previously the molar has had successful endodontic therapy. Full-thickness 
flaps were reflected and the area debrided to reveal significant osseous deformities 
associated with this Class III furcation involvement. The amount of attachment 
remaining on the distal root was sufficient to provide adequate support for the fixed 
restoration. In such an example, the removal of the severely affected and highly fluted 
mesial root may result in the maintenance of the tooth and allow construction of a 
fixed partial denture for additional years of service. 

The path of the furcation is explored to guide the hemisection and separation of the 
root. If necessary a curved explorer or periodontal probe may be passed through the 
furcation to guide the hemisection of the root (Fig. 24-9, C). A high-speed handpiece 
with a carbide bur or diamond stone of appropriate length is then used to separate the 
roots. If a crown or other metallic restoration is present, it is wise to section through 
the metallic portion of the crown before elevation of the flap to prevent contamination 
of the surgical area with metal particles. 

Figure 24-9.   



 



Hemisection of mandibular left second molar. A, Buccal preoperative view with 
provisional fixed partial denture in place. B, Lingual preoperative view. C, Buccal 
view showing periodontal probe inserted through the Class III furcation to guide 
the hemisectioning of the molar. D, Buccal view after removal of the mesial root 
and osseous recontouring to eliminate the bony defects. E, Lingual view after 
removal of the mesial root and recontouring of the bony defects and ledging. F, 
Buccal view after apical positioning and suturing of flaps and recementation of 
the provisional restoration. G, Buccal view of the hemisected molar 5 years after 
restoration. Excellent access for oral hygiene has been created in the final 
restoration. H, Lingual view of the hemisected molar 5 years after surgery. 

The root to be sacrificed is then removed with an appropriate forcep or elevator. Most 
patients requiring hemisection have significant bony deformities associated with the 
furcation involvement. Therefore in addition to removal of the hopeless root, other 
therapies such as osteoplasty, ostectomy, or regeneration procedures may be required 
to provide adequate clinical crown length, a biologic width of attachment, or ridge 
alteration to provide for prosthetic rehabilitation. In this patient, resective osseous 
surgery was used to eliminate the osseous defects. The surgical flaps are then closed 
with appropriate sutures, temporary restorations replaced, surgical dressings applied, 
and the patient is provided with postoperative instruction and medications. 

RESTORATIVE CONSIDERATIONS OF ROOT 

RESECTION/HEMISECTION 

The need to restore the root or roots remaining after resection or hemisection is also a 
key consideration in the decision to use these therapies. The length of the roots that 
remain and their external and internal configuration may be major complications if 
restoration is required. As previously discussed, the flutings and multiple canals 
present in the mesial root of mandibular molars pose significant restorative 
challenges, particularly if it is necessary to place a post to restore the tooth. Deep 
flutings in these roots complicate preparation of the root and may preclude adequate 
finishing of the margin during cementation. In addition, such roots may be at risk for 
vertical root fracture during cementation or subsequently when subjected to heavy 
occlusal forces. 

If a significant portion of the crown of the tooth has been lost from caries or previous 
dental restorations, the root trunk length and the width of the pulpal floor that remain 
after resection must be considered. In 1992, Mazjoub and Kon36 suggested that poor 
root anatomy may be a contraindication to root resection. In the case of the maxillary 
first molar, after resection and removal of the distobuccal root, an average of only 2.7 
mm of tooth structure remains between the pulp chamber floor and the most coronal 
aspect of root separation in the remaining furcation dome. In 84% of the teeth studied, 
the dimension was 2 to 3 mm. If a biologic width of 2.04 mm is to be preserved,42 
then little tooth is present for a restorative finish line. Thus violation of the biologic 
width during restoration is quite likely. The consequences of such a violation, 
however, may be overestimated as longitudinal studies do not indicate that 



subsequent periodontal attachment loss is a common cause of failure of root resected 
molars.43–45 However, these dimensions must be considered during treatment 
planning. 

TUNNELING 

An alternative to root resection and hemisection that has been used to treat Class II 
and III furcation involvement in two rooted teeth such as mandibular molars is 
"tunneling."17 This is the process of deliberately removing bone from the furcation to 
produce an open tunnel through the furcation. The result is to produce what 
Glickman14 would classify as a Grade IV furcation. The rationale for this is to provide 
ready access for a variety of home care instruments to be passed through the furca to 
remove dental plaque. This access would also facilitate instrumentation and the 
application of topical medicaments such as fluorides or chlorhexidine. 

There are a number of potential problems associated with this therapy. Only a few 
molars have roots sufficiently long or widely divergent to allow tunneling and the 
establishment of a local anatomy that is readily maintained. Soft tissues tend to 
rebound and obstruct the furcation and many patients are unwilling or unable to 
perform the home care procedures necessary to keep the furcation free of plaque. As a 
result, the development of dental caries in molars with tunnels is common.17,46 

BONE GRAFTS AND GUIDED TISSUE REGENERATION 

PROCEDURES 

During the last 30 years significant research effort has been devoted to materials and 
techniques designed to regenerate attachment on teeth affected by periodontitis.47 A 
variety of materials and techniques have been proposed and investigated. Among 
these are bone autografts, allografts and xenografts, and alloplastic materials designed 
as either bone substitutes or biologic barriers47 (see Chapter 25). These materials have 
been applied to the treatment of molar furcations and other periodontal defects. 

Radiographic evidence of "bone fill" and repair with a variety of techniques has been 
published.39,48–50 Clinical evidence of regeneration and bone fill in the furcation area 
has also been provided. Histologic evidence documenting regeneration, however, has 
been less common. Evidence of regeneration using autogenous bone and allograft 
bone in combination with surgical debridement has been provided by a number of 
investigators.40,41,51,52 Autogenous hip marrow has been used, but the potential 
morbidity and cost of this procedure has limited its use. Another common periodontal 
grafting material is osseous coagulum. Osseous coagulum is a mixture of autogenous 
bone, connective tissue, and blood elements. The use of this material was described 
by Robinson in 1969.48 In this procedure, after thorough debridement of the affected 
area, the patient's own bone collected during osteoplasty and ostectomy is placed into 
the bony defect and covered by a surgically reflected flap. Clinical and histologic 
evidence of bone fill or regeneration, or both, with osseous coagulum has been 



published in both human and animal models.49,52 However, histologic study of teeth 
treated with osseous coagulum frequently indicated that although some new 
attachment occurred, the majority of the radiographic change was caused by bone fill 
with an interposed long junctional epithelial attachment.53,54 Although this may be 
considered a successful clinical result, the long-term stability of the fill with osseous 
coagulum is unknown.47 

Since 1988 a large number of investigations have reported on the use of resorbable 
and nonresorbable barrier membranes to treat molar furcation defects. These 
membranes are used to isolate the furcation and exclude soft tissue elements so that 
healing will be accomplished by elements from the periodontal ligament and adjacent 
alveolar bone.55 Many so-called guided tissue regeneration (GTR) and guided bone 
regeneration (GBR) procedures were reported using membranes manufactured of e-
PTFE (Teflon). Teflon is a uniquely stable, inert material and e-PTFE membranes in 
a number of different configurations are available for clinical application. The coronal 
margin of these membranes is designed to impede epithelial downgrowth into the 
wound. After an appropriate period of healing, usually at least 6 weeks, the e-PTFE 
GTR procedure requires a second stage procedure to remove the nonresorbable 
membrane. The use of a GTR Teflon membrane for treatment of the furcation in a 
mandibular right second molar is shown in Figure 24-10. 

Subsequent to the advent of e-PTFE membranes, a variety of resorbable membranes 
constructed of collagen, dermis, or synthetic polymers were developed for GTR and 
GBR purposes. The operative procedure is essentially identical to that of e-PTFE with 
the exception that a second stage removal of the membrane is not required. Although 
GTR procedures were originally performed with only a barrier membrane to isolate 
the furcation, their use has been extended to include combinations of the membranes 
with grafts of bone, bone substitutes, and various root surface preparations or growth 
factors, or both.47 These modifications of the procedure are an indication of the 
limitations observed with the original technique. The application of combinations of 
membranes with other materials is potentially costly for the patient and some reports 
indicate no significant clinical differences with other less complex procedures, except 
for Class II furcations.47 The GTR procedure is technique sensitive and requires more 
than average clinical skills. It is most successful in the intrabony portion of the defect 
and is best applied to Class II furcations.47,56,57 It is least successful in Class III or 
Glickman Grade IV furcation deformities.47,58,59 Therefore these procedures are 
indicated for teeth of critical importance when other treatment approaches are not 
likely to be successful. 

Figure 24-10.   



 

Class II furcation treated using guided tissue regeneration. A, Radiograph of the 
mandibular second molar with a furcation defect. B, Buccal view of the furcation 
debrided. C, ePTFE (Teflon, W.L. Gore Inc., Flagstaff, AZ) membrane used to 
cover the furcation. D, Buccal view 6 weeks after surgery, at time of membrane 
removal. The furcation is filled with newly formed granulation tissue. E, 
Radiograph of area 1 year after surgery showing apparent bony fill of the 
furcation. 



EXTRACTION OF MOLARS WITH FURCATION 

INVOLVEMENT 

One treatment option that must always be considered for molars with advanced 
attachment loss in the furcation or in the presence of unfavorable tooth anatomy is 
extraction. Although molars with advanced Class II or Class III furcation 
involvements may be maintained for significant periods by frequent instrumentation, 
they should be removed before allowing the development of bony deformities that 
would require major surgical repair or would preclude routine prosthesis. The ability 
to replace missing members of the dentition and to restore function by a variety of 
restorative and prosthetic means makes the potential loss of one or more members of 
the dentition less threatening now than in the past. 

PROGNOSIS OF ROOT RESECTION/HEMISECTION 

The long-term results of root resection and hemisection are well described in the 
periodontal literature.17,34 The success rate is quite high when resections are preceded 
by careful diagnosis and the procedures are appropriately performed.43–45 Likewise 
the reasons for failure are equally well known.17,60–63 The primary causes of failure 
after root resection are root fracture, caries, endodontic complications, cement 
washout, restorative failures, and periodontal attachment loss (Table 24-1). 

TABLE 24-1  Root Resection and Hemisection Failures 

 

Dental caries is one of the major causes of failure after furcation therapy. This is 
particularly true if access to the furcation is poor or if the patient is unwilling or 
unable to perform appropriate plaque removal. For this reason patients who are 
unwilling or unable to perform appropriate plaque removal are not candidates for root 
resection or hemisection. Indeed, except for isolated instances they likely are not 
appropriate candidates for periodontal surgical treatment. 

In the majority of studies in which the long-term survival of root 
resections/hemisections were evaluated it would appear that recurrent or ongoing 
periodontal attachment loss is not the major cause of failure (Table 24-1). Tooth loss 



from attachment loss after resection ranges from about 3% to 26%, and most 
periodontal failures occur after 5 to 10 years.63 Indeed, current literature suggests that 
failure from recurrent periodontal disease is a relatively low risk and that the survival 
rate for root amputations is similar to that for osseointegrated dental implants.43–45,64,65 

PROGNOSIS OF TREATMENT OF MOLAR FURCATIONS 

It is evident from study of the periodontal literature that the presence of furcation 
involvement on a maxillary or mandibular molar does not always lead to loss of that 
tooth. Indeed, molars with varying degrees of furcation involvement can be 
effectively treated and preserved in function for periods equal to or superior to that of 
other teeth with intact furcations. Effective management of furcation defects requires 
knowledge of the anatomic problems associated with furcation involvement and the 
application of treatment methods that are consistent with the nature and extent of the 
involvement. Surgical debridement, oral hygiene procedures, and periodic periodontal 
maintenance will retain affected members of the dentition for long periods.66,67 Other 
therapeutic procedures are available that will restore lost attachment, eliminate 
periodontal pockets, or eliminate hopelessly affected roots. 

This is not to suggest that root resection is indicated for all molars with furcation 
involvement, but rather that resection is one of the therapies that may be used in the 
performance of a well designed and performed periodontal treatment plan. The keys 
to successful treatment of molar furcation involvement are the same as for any other 
periodontal problem—that is, early diagnosis, thorough treatment planning, good oral 
hygiene by the patient, careful technical execution of the therapeutic modality, and a 
well designed and implemented program of periodontal maintenance. 
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25  Periodontal Regeneration and Reconstructive 

Surgery 

Richard T. Kao 

One of the initial objectives of periodontal therapy is infection management. Our 
understanding of the putative pathogenic periodontal microflora has altered our 
therapeutic approach from one of elimination of microbes to one of controlling 
pathogenic microorganisms and the immunoinflammatory response. Using treatments 
such as scaling and root planing, maintenance therapy, and antimicrobial therapy, our 
goal is to control the pathogenic microflora to prevent further periodontal destruction. 
Despite successful disease management, however, anatomic changes resulting from 
past disease activity often occur and must be corrected. Left untreated, these defects can 
provide a potential harbor for the reestablishment of pathogenic microflora. Thus, to 
facilitate long-term management of a healthy dentition, the periodontal defects must be 
eliminated. Therapeutic approaches for correcting these anatomic defects include 
procedures such as flap debridement/flap curettage, resective procedures, and 
periodontal regenerative therapy. Of these therapies, periodontal regeneration, or the 
complete restoration of the structure and function of damaged periodontal tissue, is the 
ideal goal. Over the last three decades several different techniques have been developed 
to achieve periodontal regeneration. Each technique has strengths and weaknesses. This 
chapter summarizes our current understanding of periodontal regeneration and 
examines how regenerative approaches toward correcting periodontal bony defects 
have changed over the years. 

PERIODONTAL REGENERATION AND REPAIR 

When the periodontium is damaged by inflammation or as a result of surgical 
treatment, the defect heals either through periodontal regeneration or repair.1 In 
periodontal regeneration, healing occurs through the reconstitution of a new 
periodontium, which involves the formation of alveolar bone, functionally aligned 



periodontal ligament (PDL), and new cementum. Alternatively, repair is healing by 
replacement with epithelium or connective tissue, or both, that matures into various 
nonfunctional types of scar tissue, termed new attachment. Histologically, patterns of 
repair include long junctional epithelium, new connective tissue adhesion, and/or 
ankylosis (Fig. 25-1). 

On the cellular level, periodontal regeneration is a complex process requiring 
coordinated proliferation, differentiation, and development of various cell types to 
form the periodontal attachment apparatus. During tooth development, periodontal 
stem cells, originating from dental follicle cells, differentiate into cementum, PDL, 
and alveolar bone. Some stem cells remain in the PDL after tooth development. 
During periodontal wound healing, these stem cells, as well as those from the 
perivascular region of the alveolar bone, are stimulated to proliferate; migrate into the 
defects; and differentiate to form new cementoblasts, PDL fibroblasts, and 
osteoblasts.2 This process of cell proliferation, differentiation, and maturation must 
occur in a synchronized fashion to form new alveolar bone, PDL, and cementum in a 
sequence such that these three individual tissues are integrated to function as a new 
periodontal supporting apparatus. 

A number of periodontal regenerative approaches have been attempted with varying 
degrees of success, including the following:  

• Root conditioning procedures: This strategy focuses on treatment with citric acid, 
tetracycline, or edetate disodium (EDTA) to demineralize the root surface. The 
conditioned root surface reportedly enhances the formation of new connective 
tissue attachment. 

• Osteogenic vital bone grafts (autografts): Intraoral bone sites and iliac crests have 
been used as autogenous bone sources to correct intrabony and furcation defects. 

• Osteoinductive nonvital bone grafts (allografts): Demineralized freeze-dried bone 
allografts (DFDBAs) and freeze-dried bone allografts (FDBAs) have been shown to 
induce bone formation. 

• Osteoconductive materials: These materials include inert materials acting as 
biologic fillers (alloplastic materials), such as β tricalcium phosphate-
hydroxyapatite, calcium ceramics-tricalcium phosphate, biocompatible composite 
polymers, and bioactive glass polymers; also included are organic materials such as 
coral and bone xenografts. 

• Guided tissue regeneration (GTR): This process involves applying to the surgical 
wound site an occlusive barrier membrane that will prevent epithelial and 
connective tissue ingrowth. This enables stem cells from the PDL and perivascular 
tissue to repopulate the root area and differentiate into a new periodontal supporting 
apparatus. Occlusive barriers may be used either alone or in combination with a 
bone graft or alloplastic material. 



• Biologic and biomimicry mediators: Purified biologic (enamel matrix derivative) 
or synthetic biomimicry agents (platelet-derived growth factors and bone 
morphogenetic proteins [BMPs]) have emerged as potential agents to enhance 
periodontal regeneration. 

In this chapter, these various approaches to periodontal regeneration are reviewed. A 
comparative analysis of these various techniques is provided in Table 25-1. When 
analyzing this information, readers should consider the following questions:  

1. What are the indicators for success with periodontal regeneration? 

2. Are the clinical results superior to other therapeutic approaches 
(scaling/root planing, flap curettage, osseous resective surgery, and strategic 
extraction followed by implant placement)? 

3. Which clinical approach, alone or in combination, will provide the best 
result? 

4. Are the improved clinical results because of periodontal regeneration or 
repair? 

5. How stable are the clinical improvements? Are there 5-, 10-, 20-, or 30-
year data to support the value of these techniques? 

6. What are the clinical determinants that may influence the success of the 
periodontal regenerative approach? 

7. Is patient compliance important? 

8. How does one assimilate the information into a clinical decision tree for 
patient management? 

Figure 25-1.   



 

Possible healing patterns for a periodontal wound, which are dependent on the 
four possible cell types that predominate that wound site. The downgrowth of 
epithelial cells (E) results in a long junctional epithelium. The proliferation of 
connective tissue (CT) may result in connective tissue adhesion ± root resorption. 
With the predominance of bone cells (B), there may be root resorption, ankylosis 
(although this is relatively uncommon in humans when compared with animal 
models), or both. With the ingress of periodontal ligament (PDL) and perivascular 
cells from the bone, a regenerated periodontium with new cementum develops. 

ASSESSMENT OF PERIODONTAL WOUND HEALING 

The periodontal literature is replete with articles discussing various approaches for 
correcting periodontal defects. In these studies, a number of techniques are used for 
assessing periodontal wound healing. To properly evaluate each technique, it is 
important to understand the advantages and weaknesses associated with each. 



Clinical assessment usually involves periodontal probing. Probing depth, the 
measurement from the gingival margin to the base of the sulcus, may vary depending 
on the amount of pressure applied to the probe and the degree of health versus 
inflammation present (see Chapter 8). With inflamed tissue the probe may penetrate 
past the initial connective tissue attachment to the root surface, whereas in 
periodontal health the probe may fall short of the connective tissue attachment.3,4 
Complicating this method of measurement is the amount of gingival recession that 
can result from past disease. Given these problems, changes in probing depth are of 
little value in assessing healing. The measurement that is usually used for clinical 
assessment is clinical attachment level—the distance from the cementoenamel 
junction to the base of the pocket. Most studies report changes in clinical attachment 
level. However, gains in clinical attachment level, although desired, do not 
necessarily imply that the new attachment is the result of actual regeneration (i.e., 
new bone, PDL, and cementum). The resolution of tissue inflammation, formation of 
a long junctional epithelial attachment, connective tissue attachment, and increased 
bone fill all result in clinical attachment level gain. In some studies, surgical stents 
have been used to ensure that the placement and angulation of the periodontal probe 
can be duplicated in subsequent dental visits, resulting in more accurate clinical 
attachment level measurements. 

TABLE 25-1  Comparative Analysis of Regenerative 

Approaches 

ABB, anorganic bovine bone; BGC, bioactive glass ceramics; CAL, clinical 
attachment level; DFDBA, demineralized freeze-dried bone allograft; EMD, 
enamel matrix derivative; ePTFE, expanded polytetrafluoroethylene; FDBA, 
freeze-dried bone allograft; GTR, guided tissue regeneration; HA, 
hydroxyapatite; HTR, hard tissue replacement; JE, junctional epithelium; PHA, 
porous hydroxyapatite; NCS, natural coral skeleton; TCP, tricalcium phosphate. 



 

Bone fill is the only aspect of regeneration/healing that can be accurately assessed 
clinically. Formerly, bone fill measurements were performed by surgical reentry. This 
approach, however, is no longer recommended for routine clinical use because it 
requires an unnecessary second surgical procedure. Studies using nonsurgical means, 
such as bone probing or "sounding" performed with local anesthesia, have 
demonstrated accuracy in measuring changes in bone height equal to surgical 
reentry.5,6 Although this can give an indication of how much bone has been produced, 
it is important to note that bone fill does not necessarily equate with regeneration. 
Bone fill is simply the formation of new bone within the periodontal defect; it does 
not describe how the tissue relates to the root surface. Histologic analysis has 
demonstrated that new bone fill may occur, and yet be separated from the root surface 
by formation of a long junctional epithelium or connective tissue adhesion, indicating 
periodontal repair.7–9 In periodontal regeneration, functionally aligned PDL fibers are 
observed between newly formed bone and the root surface. 



Standardized radiographic evaluation of bone regeneration provides qualitative 
evidence of bone fill, but yields little information in terms of the nature of the 
attachment and the density of the bone (Fig. 25-2). The amount of mineralization 
required to cause a detectable change in radiographic pattern makes this method of 
assessment less reliable than clinical probing techniques or surgical reentry.10,11 With 
the advent of subtraction radiography, however, linear analysis has improved the 
radiographic assessment of bone fill.12,13 This technique, used in conjunction with 
computer-assisted densitometric image analysis (CADIA), offers the greatest level of 
accuracy.14,15 

Histologic analysis is the only definitive method for determining whether the healing 
tissue was formed by repair or by regeneration (Fig. 25-3). This method provides an 
accurate assessment of the various components and their interrelationship in the 
newly formed periodontal attachment apparatus. In regeneration studies, reference 
notches are placed at the base of bony defects or at the apical extent of calculus 
deposits, and periodontal regeneration is considered to have occurred when the newly 
formed periodontium is coronal to the apical extent of the notches. Unfortunately, this 
approach cannot be used in human studies because it would be unethical to extract the 
treated tooth, especially when it responded positively to therapy. On rare 
circumstances, human histology is available if the tooth is to be extracted in 
conjunction with orthodontic or restorative therapy. 

Several animal model systems can be used to study periodontal healing. Currently, 
the most widely used model systems include beagle dogs and nonhuman primates.16 
Because it is difficult to find an adequate number of naturally occurring periodontal 
osseous defects, the defects are either surgically produced or experimentally induced. 
Although the surgically produced defects may control the nature of the defect, they 
lack the chronic infectious properties observed with the naturally occurring disease 
process. The experimentally induced lesions have the chronic infectious properties, 
but it is difficult to control the type of osseous defects that result. Despite these 
weaknesses, these animal models permit the clinical and histologic study of the 
healing process. 

The importance of histologic evaluation in confirming periodontal regeneration is 
exemplified in a classic primate study.17 At the time of this study, the literature had 
described positive clinical outcomes from the modified Widman flap procedure, flap 
procedure with frozen autologous bone transplant, flap procedure with tricalcium 
phosphate (TCP) graft, and periodontal root planing and soft tissue curettage. When 
these four therapeutic approaches were examined histologically in the treatment of a 
monkey experimental periodontitis model system, all therapies resulted mostly in the 
formation of long junctional epithelium, a characteristic of repair, not regeneration. 
Although bone regeneration was detected in the intrabony defect, junctional 
epithelium was present between the newly formed bone and the root surface. These 
results suggested that apical migration of epithelial cells occurs more rapidly than 
colonization by other cell types. This study emphasized the importance of histologic 
confirmation of periodontal regeneration. 



As the various approaches toward periodontal regeneration are reviewed, it is 
important to distinguish the type of defects being corrected and the results described. 
Improvement in clinical attachment level or bone fill radiopacity associated with the 
defect does not necessarily mean periodontal regeneration has occurred. The 
reconstitution of a new periodontium is a histologic determination that is difficult to 
obtain. Currently, the most widely used methods of evaluating whether a treatment 
modality can potentially result in periodontal regeneration are to provide histologic 
evaluation of periodontal regeneration in animal models when human biopsy 
materials are not available and to provide supportive clinical and radiographic data. 
The healing tissue often will contain areas of periodontal regeneration and areas of 
repair. Therefore, it is important to remember that, even in the presence of histologic 
evidence of regeneration, not all of the improvement in clinical attachment level is 
because of regeneration; some improvement is because of new attachment. 

Figure 25-2.   

 

A, Pretreatment radiograph demonstrating bony defect on the distal aspect of #18. 
B, Posttreatment radiographic appearance consistent with good bone fill. C, 
Pretreatment radiograph with gutta percha point noting bony defect. D, New 
osseous level with Hirschfield point postre-generative procedure. Although 
radiographs may indicate the presence of new bone, they may underestimate the 
amount of bone loss or gain, and they do not define the true nature of the newly 



formed tissue. (A and B, Courtesy of Dr. J. Salzman, Larkspur, PA; private 
practice.) 

THERAPEUTIC APPROACHES TOWARD PERIODONTAL 

REGENERATION 

Root Conditioning Procedures 

One approach toward improving periodontal healing is to clean and to enhance the 
root surface so that it is biologically compatible. Although scaling and root planing 
will remove bacterial endotoxins, early animal experiments indicated that 
demineralizing the root surface with citric acid at pH 1 for 2 to 3 minutes resulted in 
new connective tissue attachment and cementogenesis.18–20 Histologically, the new 
connective tissue attachment appeared as perpendicularly arranged collagenous 
fibers, which were continuous with the newly formed cementum. Several studies 
analyzed the healing sequence of the citric acid-treated root surface. With treatment, 
the smear layer (a surface layer of protein and debris) was removed and the root 
surface was demineralized to expose a 2- to 15-µm zone of thick collagenous fibrils 
anchored to a root surface with opened dentinal tubules.19,20 After 1 to 3 days, a 
fibrin linkage was present between the PDL and root surface. By 21 days, the fibrin 
network appeared to be well attached to the root surface. This fibrin linkage has 
been shown to impede the apical migration of epithelium and result in a rapid 
ingress of cells, which putatively will develop the new connective tissue 
attachment.21–24 Interpretations of histologic studies suggest that the formation of 
new attachment is the result of interdigitation between newly synthesized collagen 
fibrils and established collagenous fibrils of the cementum or dentin. The histologic 
findings of citric acid treatment have been confirmed in human studies.25–29 

Figure 25-3.   



 



Photomicrographs of a clinical case of periodontal regeneration 9 months after 
the application of recombinant human platelet-derted area (A); a detailed view 
of the notched root surface (B) and the newly regenerated periodontium coronal 
to this landmark (C); and the coronal aspect of the regenerated periodontium in 
relation to the junctional epithelium (D). BV, blood vessel; CT, connective 
tissue; JE, junctional epithelium; NB, new bone; NC, new cementum; OB, old 
bone; PDL, periodontal ligament; TR, root trunk. (Courtesy of Dr. S. Lynch, 
Biomimetic Pharmaceuticals, Inc.; Franklin TN.) 

The positive attributes of citric acid treatment are supported by two clinical 
studies.30,31 In a split-mouth design to evaluate the effect of citric acid treatment 
after replacement flap surgery, citric acid at pH 1 was applied to the root surface for 
3 to 5 minutes. An average clinical attachment level gain of 2.1 mm was observed 
for the citric acid-treated side as compared with a 1.5 mm gain for the control side. 
In a similar study evaluating citric acid use with root surfaces associated with 
intrabony defects, the gain in clinical attachment level was 2.0 mm, whereas the 
nonacid-treated control had a clinical attachment level gain of only 1.2 mm. 
Approximately 73% of the acid-treated teeth gained 2 mm or more in clinical 
attachment level. Contrary to these studies, others have not been able to reproduce 
histologic evidence of new attachment32–34 or beneficial clinical results.35–38 

Root conditioning with tetracycline and EDTA also has been advocated. The 
suggested benefit is that it may produce a histologic phenomenon similar to citric 
acid treatment without inducing pulpal or epithelial injuries.39,40 Histologic 
information on these agents, however, is limited. There are other indications that 
may warrant the use of tetracycline. Tetracycline has been shown to bind to dentin 
with the maximum binding occurring when tetracycline is applied at 50 mg/ml or 
greater. The bound tetracycline is released and serves as a local antimicrobial 
delivery vehicle for up to 14 days.41,42 In addition, tetracycline-treated dental slabs 
have been shown in cell culture experiments to bind fibronectin, a cell adhesion 
protein that mediates cell attachment and migration of mesenchymal cells. The 
presence of fibronectin permits increased cell adhesion and colonization. 
Conversely, tetracycline reverses the binding of laminin, an epithelial cell 
attachment protein.43 These studies suggest that tetracycline treatment preferentially 
permits the colonization and migration of fibroblasts over epithelial cells. 

Two clinical studies have disputed the efficacy of tetracycline root conditioning. In 
the first study, diseased root surfaces underwent root planing and were treated with 
tetracycline burnished for 3 minutes, tetracycline burnished with an application of 
exogenous fibronectin, or no treatment. No new attachment was present in any of 
the groups. The tetracycline treatment resulted in a statistically significant 
improvement in clinical attachment level, but the difference was clinically 
insignificant.44 When tetracycline treatment was used in conjunction with GTR, 
there were no clinical improvements observed when compared with control.45 A 
comprehensive, systematic review of all the evidence for root conditioning with 
citric acid, tetracycline, and EDTA in humans found no statistically or clinically 
significant benefit to use of any of these agents.46 Despite the lack of evidence, 



some practitioners continue to perform root conditioning in certain cases. There 
appear to be no adverse effects of such treatment. 

Bone Grafts and Grafting Materials 

The classical approach to periodontal regeneration in the last 30 years has been the 
use of bone grafts or bone substitutes in repairing periodontal defects (Box 25-1). 
Grafts are generally classified according to their original source as follows:  

Autograft: Tissue transferred from one position to another within the same 
individual. 

Allograft: Tissue transferred from one individual to another genetically dissimilar 
individual of the same species. 

Xenograft: Tissue transferred from one species to another species. 

Alloplast: A synthetic graft or inert foreign body implanted into tissue. 

Box 25-1  Bone Grafts and Bone Substitutes Used in 

the Correction of Periodontal Defects 

Bone-Derived Material 

Vital Bone Graft 

• Autograft 

Oral  

Osseous coagulum 

Bone blend 

Bone harvested from extraction site, tuberosity, edentulous ridge 

Extraoral  

Iliac crest 

• Allograft 

Cryopreserved bone 

Fresh bone from iliac crest 

Nonvital Bone Graft 



• Allografts (human bone) 

Freeze-dried bone allograft 

Demineralized freeze-dried bone allograft 

• Xenograft 

Anorganic bovine bone 

Nonosseous Material 

Organic 

• Dentin 

• Cementum 

• Coral 

Anorganic (alloplasts) 

• Calcium sulfate (plaster of Paris) 

• Calcium phosphate-hydroxyapatite 

• Calcium ceramics 

• Bioactive glass polymers 

Early clinical series reported that bone regeneration was enhanced by the use of 
cancellous bone autografts from the iliac crest. These fresh autografts are 
osteogenic, that is, vital cells present within the grafted material are capable of 
forming new bone. Although this method proved clinically successful, the necessity 
of a secondary surgical harvest using an extraoral site (the hip) and surgical 
complications of ankylosis and root resorption of the treated tooth or teeth made 
this approach less popular. Therefore, during the last decade, FDBA and DFDBA 
have become the materials of choice. These materials are widely available and may 
induce new bone formation. However, studies have questioned the bone inducing 
properties of bone allografts, suggesting that this potential may vary depending on 
the bone bank or batch within the bank used, processing procedures, and donor 
characteristics. Alternatively, a variety of xenograft and alloplastic grafting 
materials have become available for use in periodontal regeneration and repair. This 
section reviews the clinical and histologic results after the use of these materials. 

Bone grafts and bone substitutes used in regenerative therapy are derived from bone 
or nonosseous materials. Correction of osseous aspects of the periodontal defect 
occurs by osteoinduction or osteoconduction. A graft material is osteoinductive 
when it can induce bone formation. This implies that the material is able to recruit 



undifferentiated mesenchymal cells, be mitogenic for preosteoblasts, and induce 
differentiation of these cells into bone-forming osteoblastic cells. A material is 
osteoconductive when its structure and chemical composition facilitate new bone 
formation from existing bone. Osteoconductive materials generally act as 
scaffolding on which new bone forms. This often results in the amalgamation of the 
material into the newly formed bone mass. 

Osteogenic autogenous bone grafts (autografts) 

Iliac bone and marrow autografts have proven to be the most predictable graft 
materials for bone growth. However, because of the necessity of harvesting from 
a secondary surgical site and the possible morbidity associated with these 
procedures, they are no longer popular. In an early study, Schallhorn and 
colleagues47 treated 182 osseous defects ranging from 3.3 to 4.2 mm in 52 
patients with iliac graft. The resultant mean bone fill was 2.6 mm in "zero wall or 
no wall" defects, 3.75 mm in one-wall defects, and 4.16 mm in two-wall defects. 
Approximately 87% of the Class II furcations had complete fill. Histologically, 
new bone, cementum, and functionally oriented PDL were observed.48 
Complications associated with the use of fresh iliac bone and marrow included a 
high rate of root resorption and anklyosis.49 These complications were later shown 
to be minimized by either freezing the bone graft in a storage medium or adding 
autologous intraoral bone to the harvested iliac crest bone graft mixture. To date, 
iliac bone and marrow have the most osteogenic and regenerative potential, and 
are one of two graft materials with the reported ability to regenerate periodontium 
horizontally or with "zero wall" defects, meaning actual crestal apposition of new 
bone. 

Intraoral autogenous bone grafts have been harvested from various intraoral sites 
including edentulous ridges, the maxillary tuberosity, 8- to 12-week 
postextraction healing sites, and tori or exostoses. Three clinical case series 
described the use of intraoral cortical-cancellous grafts, which resulted in bone fill 
of 2.88 to 3.44 mm in 373 defects.47,50,51 One controlled study of 37 paired defects 
demonstrated 2.98 mm of bone gain when autogenous intraoral bone grafts were 
used, as compared with 0.66 mm for debrided controls that received no grafts.52 
With the exception of furcations and crestal defects, intraoral bone grafts were 
comparable to iliac grafts. Contrary to these findings, two controlled studies 
indicated no significant differences in bone gain.53,54 These conflicting reports 
may be because of site morphology and donor tissue. Studies have indicated that 
the degree of success and increased amount of bone fill are related to the 
increased number of osseous walls associated with the defect. The source of 
intraoral bone also is important. When bone is predominantly cortical in nature, it 
has little osteogenic potential. Cancellous bone, which contains hematopoietic 
marrow, such as red bone marrow from the maxillary tuberosity or from healing 
bone sockets 8 to 12 weeks after extraction, provides better osteogenic potential. 
According to two reports,48,55 when intraoral autogenous bone is used in a 
composite graft with FDBA, regeneration is enhanced as compared with FDBA 



alone (78%–80% vs. 63%–67% of defects exhibiting greater than 50% bone fill). 
Histologically, several studies48,55 and case reports56–59 have shown that intraoral 
autogenous bone is able to form new attachment. 

These clinical studies suggest that autografts can effectively enhance bone fill by 
an average of 3 to 4 mm. Currently, this is considered the "gold standard" for 
periodontal graft material. 

Osteoinductive nonvital bone grafts (allografts) 

In a series of animal experiments and clinical case series, Schallhorn and Hiatt48,60 
reported that when allografts of iliac bone and marrow were used, the results were 
similar to autogenous iliac grafts with mean bone gain of 3.6 mm in one-, two-, 
and three-walled defects; 2.1 mm vertical increase in "zero wall" defects (crestal 
apposition in cases with horizontal bone loss patterns); and 3.3 mm bone gain in 
furcation defects. Notably, this is the only other graft material with reported 
ability to correct "zero wall" defects. However, despite these encouraging results, 
the risk for disease transmission from the donor to the graft recipient has 
eliminated the potential use of frozen allografts in periodontics. Allografts used in 
periodontics are primarily in two forms: FDBA and DFDBA. These allografts are 
processed in such a way as to minimize the risk for disease transmission. 

In four uncontrolled studies, FDBA has been shown to be effective in correcting 
osseous defects. These studies involved a total of 1401 defects, and results 
consistently indicated that 60% to 68% of the defects had 50% or more bone fill 
on reentry.61–64 Osseous regeneration was least pronounced in furcation defects. 

FDBA used alone and augmented with other graft materials also has been tested 
and compared with other grafting procedures. Studies using FDBA augmented 
with autogenous bone found that an additional 11% to 17% of these defects had 
50% or more fill when compared with defects treated with FDBA alone.62,64 A 
comparison of FDBA with granular porous hydroxyapatite (PHA) indicated that 
FDBA was superior, with 2.1 mm of bone fill compared with 1.3 mm for granular 
PHA.65 

Currently, there is no histologic evidence of periodontal regeneration after FDBA 
grafting procedures. Although clinical reports of osseous fill are impressive, with 
approximately 60% of the defects having 50% or more fill and the mean bone fill 
approximately 2 mm, the only controlled study to date showed no difference 
between the use of FDBA versus debridement in a small number of paired 
defects.66 

Animal studies by Urist and colleagues67,68 and other studies69 have shown that 
demineralization of cortical bone allografts will improve the osteogenic potential 
by exposing BMPs, an inductive factor known to increase bone formation. Tissue 
banks have used modifications of this protocol to process DFDBAs. In human 
histologic studies, Bowers and colleagues70,71 demonstrated that the mean new 



attachment formation for 32 defects was 1.21 mm when DFDBA was used, 
whereas no new attachment was observed in 25 debrided defects that received no 
grafts. Clinical studies have shown that using DFDBA results in more bone fill as 
compared with controls in which only debridement is performed (2.3–2.9 mm vs. 
0.3–1.3 mm and 65% vs. 11–37% bone fill).72–74 In clinical comparison studies, 
DFDBA has been shown to be comparable to FDBA75 and comparable76 or 
inferior to PHA.77 

Recent studies have focused on three issues: (1) Are DFDBA grafts 
osteoinductive?; (2) Can the osteoinductive potential of DFDBA be improved?; 
and (3) What is the long-term outcome of DFDBA-treated sites? 

Are demineralized freeze-dried bone allografts osteoinductive? The clinical 
premise for using DFDBA was based on Urist's studies67,68 that suggest 
demineralization of FDBA will make BMP accessible for osteoinduction. 
Although BMPs are genetically highly conserved, FDBA and DFDBA are 
immunogenic between species.78 To eliminate the immunogenicity issue, Becker 
and colleagues79 implanted human BMP preparations and DFDBA from four 
commercial bone banks into muscle pouches of athymic mice, which were 
genetically immunosuppressed. Histologically, commercial DFDBA induced 
minimal amounts of new appositional bone (7.5–21.6%). However, Urist's 
partially purified human BMP preparations resulted in 96% of the field filled with 
new appositional bone.80 The discrepancy between Urist's preparation and 
commercial DFDBA preparations may be because of the modification of the 
bone-processing protocol used by the bone bank to minimize risk for infection. 
Furthermore, denaturation of BMPs may occur during large batch processing of 
commercially available DFDBA. 

To address the issue of whether laboratory-prepared DFDBA is different from 
commercially available DFDBA, Shigeyama and colleagues 81 compared the 
protein extracts from these DFDBA preparations in terms of their effects on early 
events of bone formation—for example, cell recruitment, attachment, and 
proliferation. The laboratory preparation was more mitogenic and resulted in a 
faster rate of cell proliferation than the extracts from commercial DFDBA. All 
extracts enhanced cell attachment, whereas no extracts were effective in cell 
recruitment and chemotaxis. When matrix proteins were analyzed, although both 
preparations contained BMP-2, -4, and -7, the laboratory-prepared DFDBA had 
greater concentrations of BMP-2, the primary osteoinductive protein of the BMP 
family. This study suggests that even though commercially prepared DFDBA may 
retain proteins that have the capacity to influence cell differentiation and possibly 
regeneration in vivo, many of these proteins are lost during tissue processing. 

Schwartz and colleagues82 subsequently examined 14 batches of commercially 
available DFDBA from 6 bone banks. The investigators found discrepancies 
between and even within lots from the same bone banks in terms of particle size, 
surface morphometry, and pH properties. When implanted into muscle pouches of 
athymic mice, three of the bone bank samples formed new bone after 1 to 2 



months, whereas no bone was formed after the implantation of graft materials 
from the other bone banks. When different preparation lots from each bone bank 
were analyzed, there were variations in the rate and the amount of new bone 
formed. A subsequent study examined 27 lots from the same bone bank, which 
previously had been shown to manufacture DFDBA that was consistently 
osteoinductive.83 Five lots had little or no osteoinductive properties; 12 (40%) 
were found to be associated with new bone present in 40% or more of the surface 
areas examined; and only 5 lots (18.5%) produced new bone in more than 50% of 
the surface areas. This study suggests there is a wide variation in osteoinductive 
properties of DFDBA from commercial bone banks, and even among lots from 
the same bone bank. 

Because DFDBAs have varying levels of osteoinductive properties, are there 
technical procedures that can maximize the osteogenic potential? Histologic 
sections from the controlled study by Reynolds and Bowers84 were reviewed to 
study the fate of DFDBA. Approximately 72% of the grafted sites exhibited 
residual DFDBA particles. When comparing sites containing residual DFDBA 
versus those without residual DFDBA, greater amounts of new attachment 
formation (1.72 vs. 0.2 mm), new bone (2.33 vs. 0.23 mm), and cementum (1.74 
vs. 0.23 mm) were associated with sites containing some residual DFDBA. Graft 
containment may thus be an important factor in influencing the regenerative 
response. 

Can the osteoinductive potential of demineralized freeze-dried bone allograft 
preparation be improved? Findings suggest that preparations of DFDBA differ in 
their ability to induce new bone formation, and some batches may not induce any 
activity at all. This has resulted in studies that have attempted to describe methods 
for monitoring the osteogenic potential of various DFDBA batches, as well as 
factors that will influence the osteogenic potential of each batch. 

Although the implantation of various batches of DFDBA into athymic mice may 
be an effective way of predicting their osteogenic potential, this system is costly 
and impractical. Previously, human PDL cells and ROS osteosarcoma cells have 
been used to predict the osteogenic potential of various batches of DFDBA.85 The 
ability to induce new bone formation in vivo was highly correlated with cell 
proliferation and alkaline phosphatase production in these cells. This approach 
was used by Zhang and coworkers,86 in which alkaline phosphatase activity in 
vitro was shown to be correlated with calcium uptake into the DFDBA-implanted 
area in vivo. These in vitro assays, together with the implantation of DFDBA into 
athymic mice, have indicated the influence of various factors on the osteogenic 
potential of a DFDBA preparation. Several tissue banks are providing in vitro 
assay and athymic mice implantation data to demonstrate the osteogenic potential 
of their products. Although these data are interesting, the more valuable 
information would be the specific data for each batch distributed. This not only 
would serve as quality assurance standards, but would eventually validate the 
usefulness of these assays. 



The osteogenic potential of DFDBA appears to be dependent on the extent of 
demineralization. FDBA, the mineralized precursor to DFDBA, when prepared 
from various animal sources has been shown to be ineffective in osteoinduction. 
This was confirmed in a study using human DFDBA, which was effective only 
after demineralization. Maximum osteoinduction was observed when there was 
only a 2% or less residual calcium level in the DFDBA material.87 

The osteogenic potential of DFDBA may also be dependent on the age of the 
bone donor. Previously, animal experiments have indicated that the osteogenic 
potential of rat DFDBA is age dependent. Bone harvested from middle aged 
donor animals had better bone forming potential than bone from younger animals, 
and bone formation was better in younger recipients than in older ones.88 This 
finding was repeated in a study using 27 lots of human DFDBA from the same 
bone bank in which the age and sex of the donor for each lot was identified and 
each sample was implanted into athymic mice.83 The osteogenic potential was not 
dependent on the sex of the bone donor, but was improved in younger compared 
with older donors. A study of donor age and sex suggested that DFDBA 
processed from donor bone of women aged 31 to 40 years and men aged 41 to 50 
years possess the greatest osteoinductivity.87 Thus, the ability to induce new bone 
formation appears to be age dependent, with DFDBA from older donors having 
the lowest osteoinductive potential. Osteoinductive potential appears not to be 
influenced significantly by the sex of the donor. 

What is the long-term outcome of demineralized freeze-dried bone allograft-
treated sites? Although there are case reports that indicate gains in clinical 
attachment may be maintained for up to 5 years after implantation of DFDBA in 
combination with expanded polytetrafluoroethylene (ePTFE) membranes, there 
have been few assessments of the long-term stability of sites grafted with DFDBA 
alone.89 A randomized controlled study compared DFDBA-grafted and debrided 
sites in eight patients.90 After 6 months, the mean bone gains for the DFDBA-
grafted and the debrided sites were 2.2 and 1.1 mm, respectively. After 3 years, 
with 3- to 6-month intervals of periodontal maintenance therapy, the mean bone 
gain changed by only 0.1 mm. These data indicate that alveolar bone gain after 
DFDBA implantation may be maintained over 3 years. 

Xenografts—anorganic bovine bone 

Anorganic bovine bone (ABB) is bovine bone that has been chemically treated to 
remove its organic components, leaving a trabecular and porous architecture 
similar to human bone. It has been proposed that this bone has no osteoinductive 
properties, but acts as a scaffold for new bone formation (osteoconduction). 
Studies in rabbits and dogs have shown it to be effective in correcting 
experimental bone and intrabony defects.91,92 

Animal studies provide new insights regarding the healing pattern of ABB. In a 
comparison of anorganic bone with bioactive glass ceramics (BGC) in a 



criticalsized defect in rabbits, the anorganic bone-grafted sites were more 
radiopaque and had more new bone.93 Whereas five of six anorganic bone grafted 
sites healed with bony union and restoration of the anatomic contour after 8 
weeks, only one out of six BGC sites demonstrated similar findings. In dogs, the 
regenerative potential of anorganic bone plus collagen in experimental 
periodontal defects was evaluated at 6, 18, and 36 weeks by contact 
microradiography and scanning electron microscopy.94 The anorganic bone plus 
collagen showed increased bone formation as compared with the flap curettage-
treated sites. These two animal studies suggest that anorganic bone may be 
superior to BGC in experimental nonperiodontal bony defects and that, when 
augmented with collagen, it may be useful in correcting periodontal defects. 

One study compared ABB with DFDBA in intrabony defects.95 Significant 
improvement in pocket depth and clinical attachment level were observed for both 
graft materials after 6 months. A comparison of ABB with DFDBA indicated 
comparable pocket depth reduction (3.0 vs. 2.0 mm), clinical attachment level 
gain (3.5 vs. 2.6 mm), and bone fill (55.8% vs. 46.8% bone fill). Thus, there was 
no difference between the clinical healing responses with the two graft materials. 

The use of ABB alone and in conjunction with GTR has been compared 
histologically.95 In four anterior defects, two were grafted with ABB and two with 
ABB in conjunction with a bovine collagen GTR membrane. Clinical and 
histologic examination revealed that for the ABB− and ABB+ GTR-treated sites, 
the lengths of newly formed cementum were 5.1 to 5.2 mm and 7.0 to 7.6 mm, 
respectively; the height of new bone was 4.2 to 4.8 mm and 4.5 to 5.3 mm, 
respectively. Histologically, ABB was incorporated into the new bone, which 
suggested that healing was osteoconductive. When used in conjunction with a 
GTR membrane, the new connective tissue attachment extended to the coronal 
level of the original intrabony defect and an increase in new bone was observed. 
Thus, ABB may result in gains in clinical attachment that may be accompanied by 
regeneration when combined with use of an occlusive membrane. 

Inert biologic fillers (alloplastic materials) 

Alloplastic bone grafts used in periodontics consist of ceramics, such as 
hydroxyapatite (HA) and TCP, and biocompatible composite polymers. These 
inert biological fillers represent the first generation of alloplastic bone graft 
materials. They have been extensively studied and were comprehensively 
reviewed, showing these materials to be safe and well tolerated. Although 
effective in procedures such as ridge preservation and ridge augmentation, these 
materials have been shown to be of more limited effectiveness in treating osseous 
defects around teeth. 

Ceramics. 



Ceramics consist primarily of HA[Ca10(PO4)6(OH)2] and β TCP [Ca13(PO4)2]. 
HA is a solid calcium phosphate compound that is sintered. The physical and 
chemical properties of HA affect the rate of resorption and subsequently 
influence its clinical application. The density (dense or porous) determines the 
compressive strength of the graft material and the extent of vascular ingrowth. 
These two characteristics will influence the rate of resorption. Larger crystalline 
particles are nonresorbable, whereas smaller or amorphous particles are 
resorbed more rapidly. In general, the larger crystalline HA particles are used 
for ridge preservation and augmentation, and the small particles are used for 
periodontal applications. In clinical applications, dense HA has been shown to 
compare favorably with debridement in reducing probing depth (1.3 to 2.8 mm) 
and increasing clinical attachment gain.96–99 A 5-year follow-up study indicated 
that HA-treated sites, particularly those exhibiting deep pockets (≥6 mm), were 
stable and less susceptible to subsequent attachment loss when compared with 
debrided sites.100–102 Human histologic studies indicate that dense HA does not 
induce new attachment or bone formation, that pocket reduction is primarily 
through fibrous encapsulation of the HA particles in the intraosseous defect, and 
that pocket closure is through long junctional epithelium and connective tissue 
adhesion.102,103 PHA has been shown to be effective in reducing probing depth 
and increasing attachment gain in both intraosseous defects104–106 and Class II 
furcation defects.107,108 Comparison of PHA with other grafting materials has 
shown PHA to produce similar clinical results to FDBA,66 DFDBA,76 and 
natural coral.106 Other comparisons indicate that PHA is superior to DFDBA77 
and inferior to dense HA.105 Three histologic analyses of clinical PHA-grafted 
defects indicated no new attachment, the presence of long junctional epithelium, 
and varying extents of bone associated with the PHA particles.109–111 

β TCP is a calcium phosphate that is mixed with naphthalene at high 
temperatures. As the composite cools, the naphthalene evaporates, forming a 
porous calcium phosphate structure. Like HA, the rate of resorption is 
dependent on the porosity and particle size. Limited research of TCP as a 
periodontal graft material consists of six small noncontrolled studies with 
varying positive results of 1.2 to 2.8 mm bone gain and 2.3 to 2.7 mm of clinical 
attachment level gain.112–115 Although animal studies indicate TCP is rapidly 
resorbed and replaced by bone,116 a histologic study of human periodontal 
defects indicated that TCP particles are encapsulated by fibrous connective 
tissue and pocket closure is primarily through long junctional epithelium.117 
Thus, ceramic fillers (HA and TCP) are unlikely to result in true regeneration. 

Biocompatible composite polymer. 

Biocompatible composite polymer (Bioplant HTR [Bioplant Inc.; South 
Norwalk, CT], or "hard tissue replacement" material) consists of poly-
methylmethacrylate-poly-hydroxyl-ethylmethacrylate beads coated by calcium 
hydroxide. This calcium hydroxide surface forms a calcium carbonate apatite 
when introduced into the body. HTR has been shown to be superior to 



debridement alone in correcting intraosseous defects (60.8% vs. 32.2% mean 
defect fill)118,119 and Class II furcation defects.120 Clinical comparison studies 
have shown HTR to be equally as effective as autogenous bone grafts. 
Histologically, HTR rarely promotes new attachment.121,122 

One report found that the improved clinical attachment level after implantation 
of HTR into furcation defects was stable after 6 years.123 Thirteen patients with 
16 maxillary and 10 mandibular grade II furcation defects were treated with 
HTR. Reentry after 6 to 12 months indicated an improvement of mean 
horizontal attachment level of 2.2 to 4.4 mm, and mean vertical attachment gain 
of 1.2 mm. After 6 years, the mean attachment level was maintained, indicating 
that implantation of HTR may be beneficial and stable in the treatment of 
maxillary and mandibular grade II furcations. 

Calcium carbonates. 

Calcium carbonates are processed natural coral skeletons (NCSs) from Porites 
coral, which can serve as resorbable bone graft substitutes. Cell culture and 
animal studies have indicated the material enhances osteoblastic cell attachment 
and growth124 and can be converted to bone in experimental defects.125 It 
enhanced healing by resorption and replacement with newly formed bone. NCS 
itself was not osteoinductive, but rather osteoconductive, acting as a scaffold for 
formation of new host bone. The first controlled study of NCS in comparison 
with debridement alone was performed in 20 patients with at least two defects 
each. In a nonpaired controlled comparison of 40 defects receiving NCS and 39 
treated by debridement alone, surgical reentry after 6 months indicated a mean 
defect fill of 2.3 mm (67%) for the NCS-treated sites and 0.7 mm (25.9%) for 
those treated with debridement alone.126 Of the sites examined, 88% of the NCS 
sites had more than 50% defect fill versus 18% in the control sites. This finding 
was confirmed by a study in which NCS was compared with PHA or 
debridement alone.106 Ten patients with three intrabony defects each were 
treated and assessed. After 12 months, bone fill of 2.2 mm (57.4% bone fill) for 
NCS treatment, 2.5 mm (58.1%) for PHA treatment, and 1.1 mm (22.2%) for 
control were observed. These studies suggest that NCS augmentation is 
clinically superior to debridement alone and comparable to PHA. 

Bioactive glass ceramics. 

BGC are made of CaO, Na2O, SIO2, and P2O5 in the same proportions as in 
bone and teeth and are referred to as 45S5 bioactive glass. This material was 
initially introduced as an amorphous material (Bioglass; NovaBone Products, 
Alachua, FL) and has been demonstrated in animal studies to regenerate bone 
and soft tissue attachment to teeth.127 The material has subsequently been 
produced in a particulate form with a 90- to 710-µm diameter (PerioGlas; 
NovaBone Products, Alachua, FL) and with a 300- to 350-µm (BioGran; 3i, 



Palm Beach Gardens, FL) diameter. Bioactive glass enhances bone formation 
by ionic dissolution of the ceramic particles such that a silica gel layer forms 
over the particles on contact with body fluid. Over this silica gel layer, a 
calcium phosphate layer forms, which is quickly converted into a 
hydroxycarbonate apatite layer.128 This apatite layer has been shown to be 
identical to bone mineral and to provide the surface for osteoblast cell 
attachment and bone deposition.129,130 The continuous ionic exchange results in 
dissolution of the ceramic particles such that after 1 to 3 years, the particles 
have been shown to be replaced by bone.131 Only recently has clinical 
information been available regarding its use in the correction of periodontal 
defects. 

In a report of a case series where BGC were placed in 17 intrabony osseous 
defects in 12 patients, the healing was monitored over 6 months.132 At the end 
of the study, the mean probing depth was reduced 3.40 mm, and a mean 
attachment gain of 1.56 mm and a mean radiographic bone fill of 2.60 mm were 
achieved. These clinical results remained stable over a 24-month period. 

In a controlled study comparing the use of BGC to debridement alone, there 
were significant increases in radiographic density and volume of bone in defects 
treated with BGC when compared with those treated only with surgical 
debridement.133 Probing depth and attachment levels for both groups improved. 
Comparison between the groups in these parameters indicates that even though 
there was a greater trend toward improvement with the BGC-treated group, it 
was not statistically significant. 

In another large, controlled, split-mouth design study, BGC was found to be 
superior to surgical debridement alone, as evidenced by mean probing depth 
reduction (4.26 vs. 3.44 mm), increased clinical attachment level (2.96 vs. 1.54 
mm), and less gingival recession (1.29 vs. 1.87 mm) at 12 months.134 Surgical 
reentry indicated greater defect fill with BGC (4.36 vs. 3.15 mm). This study 
suggests that BGC results in significant improvement in clinical parameters 
compared with open debridement. 

BGC was compared with DFDBA in a paired study of 15 patients.135 After 6 
months, sites treated with BGC were similar to those receiving DFDBA in mean 
probing depth reduction (3.07 vs. 2.60 mm), mean attachment level gain (2.27 
vs. 1.93 mm), and mean bone fill (2.73 vs. 2.80 mm). Surgical reentry indicated 
BGC resulted in 61.8% bone fill and 73.3% defect resolution, whereas DFDBA 
achieved 62.5% bone fill and 80.9% defect resolution. No statistical differences 
in soft and hard tissue improvement were observed between BGC and DFDBA 
during the 6-month study. 

Guided Tissue Regeneration/Guided Bone 

Regeneration 



Our current understanding of periodontal healing is based on a hypothesis by 
Melcher,2 who proposed that the cell type that repopulates the exposed root surface 
at the periodontal repair site will define the nature of the attachment or repair that 
takes place. If mesenchymal cells from the PDL or perivascular region of the bone 
proliferate and colonize the root surface, regeneration occurs. Alternatively, if lost 
tissue is replaced by the surrounding tissue to form a scar, repair occurs. The 
anatomy of the scar is dependent on the cell types that predominate the defect. The 
four cell types of concern in the periodontium are gingival epithelial cells, 
mesenchymal cells from gingival connective tissue, alveolar bone cells, and PDL 
cells (see Fig. 25-1). If epithelial cells proliferate along the root surface, a long 
junctional epithelium will result. If gingival connective tissue populates the root 
surface, a connective tissue attachment will form and root resorption may occur. If 
bone cells migrate and adhere to the root surface, root resorption and ankylosis 
occur. Root resorption is much more common in animal models than it is in 
humans. 

Animal models studying GTR have confirmed the importance of PDL cells as 
progenitor cells for periodontal regeneration.136,137 Evaluation of cell proliferation 
kinetics revealed that both the PDL and perivascular cells from the bone proliferate 
and migrate into the osseous defect to form the early healing tissue.138 Melcher139 
has amended his original hypothesis to include the contribution of the perivascular 
cells of the bone in periodontal regeneration—that is, cells from both the PDL and 
alveolar bone are important in formation of new bone, cementum, and functionally 
oriented PDL (regeneration). This current theory influences much of our therapeutic 
approaches toward management of periodontal defects. 

A classic nonhuman primate study evaluated histologic healing after four different 
treatments: a modified Widman flap procedure, a flap procedure with a frozen 
autologous bone graft, a flap procedure with a TCP graft, and periodontal root 
planing and soft tissue curettage.17 All four therapies resulted in repair in the form 
of long junctional epithelium with limited regeneration restricted to the base of the 
periodontal defects. These results suggest that the apical migration of epithelial 
cells occurs more rapidly than the colonization of the reparative surfaces by other 
cell types. 

Early clinical approaches toward epithelial exclusion suggested this approach may 
enhance regeneration.140 Denudation procedures were used to excise all interdental 
soft tissue, granulation tissue, and calculus from three-walled intrabony defects. 
Surgical dressings were applied to prevent epithelial ingrowth from the surrounding 
wound margins. Using this approach, two studies141,142 reported a mean clinical 
attachment level gain of 2.44 mm and a mean defect fill of 47.5%. Defect 
improvement resulted from a combination of crestal resorption (mean, 0.48 mm) 
and defect repair (mean, 2.55 mm). These results are similar to other osseous 
grafting studies in terms of percent of defect fill. 

A series of experiments and clinical studies143–146 demonstrated that if the apical 
migration of epithelial cells can be impeded and PDL cells allowed to repopulate 



the root surface, regeneration will occur. The use of an occlusive membrane barrier 
to promote the formation of new periodontium is called GTR (guided tissue 
regeneration). 

As early animal studies confirmed Melcher's postulate that the cells that populate 
the root surface during healing will define the healing tissue, this approach was 
developed into clinical procedures for human defects. To promote the proliferation 
of PDL cells, membrane barriers were used to exclude epithelial, bone, and gingival 
connective tissue cells. Classically, GTR is associated with the use of membranes, 
either nonresorbable or resorbable (Box 25-2). However, other forms of barriers 
also have been used. 

Nonresorbable membranes 

In classic animal and human studies demonstrating the efficacy of GTR, cellulose 
acetate filters were used. As this technique became more prevalent, the first 
commercial membrane was produced from ePTFE. This membrane has all the 
properties necessary for GTR barriers; for example, it (1) is a cellular barrier, (2) 
is biocompatible, (3) provides space for the healing tissue, (4) permits tissue 
integration, and (5) is clinically manageable. Much of our current understanding 
of GTR is based on studies using ePTFE membranes. Although currently used 
less frequently, Eptfe membranes are still popular for guided bone regeneration 
(GBR) and ridge preservation; therefore, it is important to understand the clinical 
procedures for managing these membranes. 

Box 25-2  Guided Tissue Regeneration 

Membranes 

Nonbioresorbable membranes 

1. Expanded polytetrafluoroethylene (ePTFE) 

2. Miscellaneous membranes (Millipore membrane, rubber dam) 

Bioresorbable membranes 

1. Synthetic polymers  

• Polyurethane 

• Polylactic acid 

• Lactide/glycolide copolymers (e.g., polyglactin-910) 

• Polylactic acid blended with citric acid ester 

2. Natural biomaterials (e.g., collagen) 



3. Calcium sulfate 

The clinical effectiveness of ePTFE membranes is dependent on technique. 
Preservation of the keratinized gingiva and a relatively thick overlying surgical 
flap are critical to avoid perforation of the flap by the membrane during healing. 
After flaps have been reflected in the surgical area, the defect is degranulated and 
the root surface scaled and root planed. The ePTFE membrane is trimmed to adapt 
to tooth configuration, secured by ePTFE sutures, and the flap is repositioned. 
Notably, although much of the emphasis in the literature is on adapting the 
membrane to the defect, no membrane can ever be perfectly adapted. Despite the 
presence of gaps between the membrane and the root surface, these membranes 
seem to work. After membrane placement, healing is allowed to proceed for 4 to 6 
weeks. Barring any membrane exposure, a second surgery is performed to remove 
the membrane. During this removal, the healing tissue often appears reddish and 
granulomatous, although more mature bonelike tissue is sometimes noted. After 
membrane removal, the area should not be probed for 3 to 6 months. 
Radiographic evidence of bone fill is usually present after 6 months and should 
continue during the course of 1 year (Fig. 25-4). 

Figure 25-4.   

 

Radiographs and clinical photograph of a guided tissue regeneration case 
using a nonresorbable expanded polytetrafluoroethylene (ePTFE) membrane. 



The mesially inclined molar is associated with a three-walled intraosseous 
defect (A). The defect was filled with demineralized freeze-dried bone 
allograft, and ePTFE membrane was used (B). Membrane became exposed 
after 8 weeks and was removed 2 weeks later. Radiographic "fill" was 
approximately 50% after 6 months, and maximum fill was present after 12 
months (C). 

Clinical studies have shown that ePTFE membranes used in GTR procedures are 
more effective than surgical debridement alone in correcting intrabony defects.147–

154 In intrabony and furcation defects, there are gains in clinical attachment level 
(3 to 6 mm), improved bone levels (2.4 to 4.8 mm), and probing depth reductions 
(3.5 to 6 mm). Studies have demonstrated that these regenerative results can be 
maintained during the course of several years.89,155–157 

The advent of titanium-reinforced ePTFE membranes allowed for the formation 
of larger spaces, thus permitting correction of larger defects (Fig. 25-5).158 These 
membranes are embedded with strips of titanium that can be bent and shaped to fit 
the bony defects and prevent collapse of the membrane into the defect. This 
resulted in significant clinical improvements using titanium-reinforced ePTFE 
compared with ePTFE. 

To determine how regeneration can be enhanced with GTR technique, the 
prolonged retention of ePTFE membranes was evaluated.159 After allowing the 
membrane to be retained for 4 months, surgical reentry after 1 year determined 
that the mean bone fill of intrabony defects was 95%. This suggests that 
prolonged retention of a barrier membrane is desirable if no tissue perforation is 
present. This is consistent with many clinical reports of the improved bone quality 
associated with GBR in implant site development. 

The major problem with using nonresorbable membranes is that the membrane 
may become exposed to the oral environment during healing. On exposure, the 
membrane is contaminated and colonized by oral microflora.160–162 Several studies 
have shown that contamination of the surgical field can result in decreased 
formation of new attachment.16,163,164 If the membrane is exposed, the infection 
can be temporarily managed with topical application of chlorhexidine. This may 
minimize the infection and extend the time the membrane can be retained in 
place. However, any sign of frank infection such as swelling or pus formation 
suggests the membrane should be removed. 

Figure 25-5.   



 

Clinical photographs and radiographs of a guided tissue regeneration case 
using titanium-reinforced expanded polytetrafluoroethylene membrane. The 



osseous defect was along the distal interproximal area wrapping buccally over 
the furcation (A and B). Tooth #30 was vital. To prevent the membrane from 
collapsing into the osseus defect and over the root surfaces, demineralized 
freeze-dried bone allograft was placed in the defect and the titanium-
reinforced membrane was molded to provide a larger space for regeneration 
(C and D). One year later, the radiographic and clinical signs are consistent 
with achieving significant bone fill (E). 

Bioresorbable membranes 

For many clinicians, bioresorbable membranes have replaced the routine use of 
ePTFE membranes in GTR. There are basically three types of bioresorbable 
membranes: (1) polyglycoside synthetic polymers (i.e., polylactic acid, 
polylactate/polygalactide copolymers), (2) collagen, and (3) calcium sulfate. 
Polyglycoside membranes degrade as the result of random nonenzymatic cleavage 
of the polymer, producing polylactide and polyglycolide, which are converted to 
lactic acid and pyruvate, respectively, and metabolized by the enzymes of the 
Krebs cycle. Collagen membranes currently available are of porcine or bovine 
origin, and consist of either type I collagen or a combination of type I and type III 
collagen. Collagen membranes are degraded by collagenases and subsequently by 
gelatinases and peptidase. There has been a resurgence in the use of calcium 
sulfate as a regeneration material because it can be used as a pavable resorbable 
barrier when used in combination with bone or bone substitutes. The calcium 
sulfate is bioresorbed through a giant cell reaction. Several features make these 
bioresorbable membranes easier to manage clinically: (1) they are more tissue 
compatible than nonresorbable membranes; (2) the timing for resorption can be 
regulated by the amount of cross-linkage in the synthetic polymer and collagen 
membrane or the amount of heat-processed calcium sulfate chips in calcium 
sulfate barrier; and (3) a second surgical procedure is not required to retrieve the 
nonresorbable membrane. A disadvantage of many resorbable membranes is a 
relative lack of rigidity, because resorbable membranes, unlike titanium-
reinforced ePTFE membranes, have no embedded support structures. 

In a 1-year GTR study comparing the use of bioresorbable membranes 
(polylactate/polygalactate copolymer), ePTFE membranes, or surgical 
debridement alone, significant gains in clinical attachment level were observed in 
all three groups.165 There was no difference in clinical attachment level gain 
between the two membrane groups, with both of them gaining 2 mm or more. In 
both membrane groups, 83% of the sites improved 4 mm or more, which was 
significantly better than the surgical debridement control group. These findings 
indicate GTR procedures are equally effective using resorbable and nonresorbable 
membranes. This finding has been confirmed by other investigators.166–168 

A large multicenter clinical study reported the use of bioresorbable membranes in 
203 consecutively treated intrabony defects.169 After 1 year, investigators found 
that clinical attachment level improved by 79%, and 78% of the sites improved by 



4 mm or more. An average of 3 mm of bone fill was measured radiographically. 
Compromised clinical results occurred in cases where membranes became 
exposed to the oral environment or where patients had poor plaque control. 

Use of guided tissue regeneration with bone 

grafting 

Although regeneration may be attempted with various graft materials used alone 
or with membranes alone, combinations of the two may also be indicated. The use 
of GTR in conjunction with various regenerative approaches has been attempted 
with reported success. In a large case series using GTR in combination with root 
conditioning and DFDBA, significant gains in clinical attachment level were 
observed in a variety of furcation and intrabony defects.153 Importantly, the 
regenerated results were stable over 5 years.89 Others have reported similar 
positive clinical results with DFDBA alone.170 When this combination was used 
and studied histologically, the amount of newly regenerated attachment varied 
from 0 to 1.7 mm.171 In a splitmouth paired control study comparing GTR versus 
GTR with DFDBA, both groups had improved bone fill, but there were no 
statistically significant differences between the two groups.172,173 A similar study 
was performed comparing GTR alone with GTR plus HA-collagen grafts.154 
Improved results were seen in both groups, with no significant differences 
between groups. These and other studies suggest that GTR techniques may be 
somewhat improved with the use of bone grafts or other defect fillers. In a 
comprehensive, systematic review of human data, use of a bone augmentation 
material in combination with a membrane was shown to provide clinically 
superior results compared to use of a membrane alone in the treatment of molar 
furcation defects.174 In treating interproximal intrabony defects, the two 
approaches gave similar results. 

The use of GTR with bone grafting has been applied with the use of calcium 
sulfate. Calcium sulfate has been safely used in periodontics for the last four 
decades.175–177 Animal studies indicated that calcium sulfate can create a "sealing" 
effect that permits orderly bone replacement of the osseous defect. The calcium 
sulfate resorption time averaged 2 to 4 weeks.175 Early clinical application to 
periodontal defects reported favorable results, but it did not demonstrate any 
capacity for osteoinduction.178,179 Because the barrier effect was minimal, this 
technique was abandoned until its revival this past decade. Sottosanti180 altered 
the technique to gain adequate time for regeneration by modifying the use of 
calcium sulfate to include a bone graft. The technique involves two basic 
components. The first component is composite graft of approximately 80% 
DFDBA and 20% calcium sulfate, which is placed into the defect. Over this 
composite graft is a second placement of a calcium sulfate barrier. The advantage 
of this technique is that the material is highly tissue compatible, it permits the 
management of large irregularly shaped defects, and gaps in flap coverage do not 
appear to be significant. Several clinical case reports and series have suggested 



this as a viable technique,181–183 but no large clinical, controlled, or comparable 
studies are available. 

Using guided tissue regeneration principles for 

implant site development (guided bone 

regeneration) 

The principle of selective cell repopulation has been useful in enhancing site 
development for implant placement. Whereas GTR requires the regeneration of 
bone, PDL, and cementum to form a new periodontal apparatus, the requirements 
for implant site development are less complicated in that only bone formation 
needs to be enhanced. By using a barrier membrane at an extraction site or a 
deficient alveolar ridge, bone can be regenerated. At the time of tooth extraction, 
the socket can be augmented with a graft material and "sealed" with a barrier 
membrane. In some cases, a membrane may be used without graft material in the 
socket. This procedure is termed ridge preservation (see also Chapters 21 and 26). 
Similarly, an alveolar ridge with a volumetric deficiency can be improved with 
the use of graft material and a barrier. This procedure is termed GBR (guided 
bone regeneration) and is a commonly used technique for osseous ridge 
augmentation. Both of these approaches use the barrier concept to selectively 
permit osteoprogenitor cells to colonize the site such that an increased volume of 
bone may be formed. 

In ridge preservation, the need for a barrier membrane is highly dependent on the 
nature of the alveolar housing. In a site with thick gingiva and a thick labial 
alveolar plate, there is minimal postextraction remodeling and the management 
required is minimal. In these cases, ridge preservation may not be needed after 
extraction. Alternatively, the thin gingiva case with a thin labial plate is 
susceptible to remodeling. As the ridge heals, there is a tendency for the ridge to 
remodel apically and lingually, resulting in a vertical and a horizontal deficiency. 
To prevent this, ridge preservation procedures can minimize ridge atrophy, 
especially in the vertical dimension. This is especially important because most 
ridge augmentation techniques work fairly predictably in correcting horizontal 
defects, but they are more limited in restoring the vertical dimension. As a 
preparatory procedure, ridge preservation can minimize the number of subsequent 
augmentation procedures needed. With this technique, it is critical to extract the 
tooth atraumatically. The socket is degranulated thoroughly and grafted. Though 
various graft materials have been advocated, it is important to remember that an 
implant needs to be placed in this space approximately 3 to 6 months after 
extraction. The ideal graft material needs to act as a scaffold for new bone 
formation, and also to be minimal in volume at the time of implant placement. 
This is important to maximize the amount of bone available for osseointegration. 
It has been noted that when implants are placed in grafted sites, non-resorbed 
graft materials are displaced laterally and do not interact with the implant surface. 
If the newly healed site is predominately filled with residual graft material, the 



site may not be structurally ideal for osseointegration and site integrity. 
Consequently, some have advocated that no graft material be placed and only a 
membrane barrier should be used. In these cases, it is hoped that the socket will 
fill completely with new host bone. 

Several types of membranes, as well as calcium sulfate barriers, have been 
reported to be effective in "sealing" the socket. When used, ridge preservation 
minimizes the amount of remodeling. Invariably, there will be some degree of 
ridge resorption, and the patient should be advised that further treatment such as 
ridge augmentation may be needed to develop the ideal implant placement site 
(see Chapter 26). 

GBR is one of the many approaches for ridge augmentation. In this technique, the 
deficient alveolar site is surgically exposed and all soft tissue adherent to bone is 
removed. Many clinicians have advocated perforating the cortical plates to open 
the marrow spaces and allow for osteoprogenitor cell migration into the site. Graft 
materials are used to serve as volumetric scaffolds and a membrane is used to 
"seal" the area. Membrane requirements that appear important include its ability 
to be maintained during the course of treatment and its ability to support the 
increased tissue dimension. Early studies focused on the use of ePTFE because 
many of the resorbable membranes initially on the market were not intact after a 
few months. The advent of titanium-reinforced ePTFE membranes also helped 
with maintaining the space under the membrane required for regeneration. The 
difficulty with ePTFE membranes is that their stiffness and thickness often 
resulted in soft tissue perforation. The ensuing infection often compromised the 
amount of regeneration achieved. More recently, the more tissue-compatible 
resorbable membranes have been modified to slow their resorption, so the barrier 
effect can be maintained up to 6 months. Regardless of the type of membrane 
used, the difficulty with this approach of ridge augmentation is that it is not highly 
predictable, the volume of bone regeneration attainable is limited, and the ridge 
can be improved mainly in the horizontal dimension. In situations where 
extensive augmentation is needed (≥3 mm), other augmentation techniques such 
as alveolar monocortical grafts or distraction osteogenesis should be considered. 

Ridge preservation and GBR are best used at the time of extraction to preserve 
and possibly improve the alveolar ridge in preparation for implant placement (Fig. 
25-6). Importantly, after these procedures, additional augmentative procedures 
may be necessary. These options and other implant site development approaches 
are discussed in detail in Chapter 26. 

NEW APPROACHES TO PERIODONTAL REGENERATION 

Experimental and clinical studies on GTR have validated Melcher's postulate that the 
germinal cell type that colonizes the periodontal wound healing site will determine 
the fate of the healing tissue. Although the use of a barrier membrane enhances our 
ability to regenerate the periodontium, its efficacy is limited to certain periodontal 



defects. Periodontal regeneration is unpredictable in circumferential, one- or two-wall 
intraosseous defects, and in Class III and advanced Class II furcation defects. This 
past decade, research has focused on two main approaches involving the use of 
biological mediators to selectively enhance cellular repopulation of the periodontal 
wound. The first approach involves the use of peptide sequences, protein 
preparations, and growth factors to regenerate tissues through the principle of 
biomimicry. Biomimetics is the science of constructing or mimicking natural 
processes or tissues, with the expectation that the regeneration cascade will proceed 
spontaneously. Enamel matrix derivative (EMD), platelet-rich plasma (PRP) 
preparation-fibrin glue, and growth factors such as platelet-derived growth factor 
(PDGF) purportedly function in this fashion. The second approach involves the use of 
growth differentiation factors to enhance periodontal regeneration. BMPs are 
differentiation factors that have been studied extensively for periodontal and bone 
regeneration. Several of these growth factors and derivatives are present in bone and 
teeth (Table 25-2), and they have been shown to have in vitro effects on various types 
of cells within the periodontium (Table 25-3). 

Enamel Matrix Derivative 

EMD harvested from developing porcine teeth has been reported to induce 
periodontal regeneration. The rationale for the mechanism of action is that EMD 
contains a protein preparation that mimics the matrix proteins that induce 
cementogenesis. During root development, the Hertwig's epithelial sheath deposits 
enamel matrix proteins on the newly formed root dentin surface. These proteins 
stimulate the differentiation of surrounding mesenchymal cells into cementoblasts, 
which form acellular cementum.184 Once a new cementum layer is formed, collagen 
fibers form in the adjacent PDL, attaching into the new cementum.185,186 

EMD is an acetic acid extracted protein preparation from developing porcine tooth 
buds that contains a mixture of low molecular weight proteins. The major 
constituents are amelogenins, which are highly hydrophobic proteins that aggregate 
and serve as a nidus for crystallization. Other proteins identified include 
ameloblastin and enamelin. This protein preparation uses propylene glycol alginate 
(PGA) as a carrier. The EMD-containing PGA remains highly viscous when stored 
in the cold or at room temperature. Once it is applied to the tissue at a neutral pH 
and at body temperature, the PGA carrier decreases in viscosity, and the EMD 
preparation precipitates. EMD is absorbed into the HA and collagen fibers of the 
root surface, where it induces cementum formation followed by periodontal 
regeneration. 

In vitro studies indicate EMD may influence the cellular activities of the various 
cell types in the periodontium. When PDL cells are exposed to EMD, the cells 
exhibit enhanced protein production, cell proliferation, and the ability to promote 
mineral nodule formation.187 More recently, cementoblasts treated with EMD and 
osteoblasts in cell culture increased cell proliferation, altered the gene expression of 
osteocalcin and osteopontin, and inhibited mineral nodule formation.188 



Understanding how cells respond to EMD may elucidate how biomimetic agents 
work in general. It is only through this understanding that there can be a more 
predictable clinical therapy. 

Figure 25-6.   





Tooth #6 has a history of labial draining fistula and was deemed hopeless (A). 
The treatment plan was to extract the tooth and prepare the site for a dental 
implant by using a combination of socket wall preservation and guided bone 
regeneration. The tooth was extracted and the socket degranulated (B), and the 
labial defect was managed with tenting pins and demineralized freeze-dried 
bone allograft (DFDBA) (C). The tenting pins and DFDBA provide space for 
new bone formation. An expanded polytetrafluoroethylene membrane was 
placed over the augmented area (D). This functionally preserved the socket 
walls and augmented the labial aspect to provide more bone on the labial aspect 
for implant placement. After 3 months of healing, radiographic evidence of fill 
was present (E). The two tenting pins are clearly visible on the radiograph. 
These pins will be removed at the next surgery. At 6 months after extraction, the 
ridge is clinically healed (F) and radiographic evidence of increased 
mineralization was present (G). On reentry for implant placement surgery, the 
site was successfully augmented to allow the implant to be placed in an ideal 
position (H). 

In an animal study, experimental dehiscence defects were created with bilateral 
removal of the alveolar bone, PDL, and cementum.189 Before repositioning the flap, 
one side was treated with acid-etching and EMD, whereas the control side was acid-
etched only. After 8 weeks, histologic examination of the specimens indicated that 
the EMD-treated side generally showed no gingival recession or formation of a long 
junctional epithelium, and 60% to 70% of the surface was covered with regenerated 
acellular cementum. The control sites displayed gingival recession with only 10% 
of surfaces regenerated. 

The histologic finding of EMD-induced periodontal regeneration has been 
confirmed in a clinical case report.190 A mandibular lateral incisor destined for 
orthodontic extraction was treated with acid-etching and EMD. After 4 months, the 
tooth was extracted and examined histologically. Regenerated cementum covered 
73% of the defect and regenerated alveolar bone covered 65%. This histologic 
finding has been confirmed in another case series.191,192 

TABLE 25-2  Growth Factors in Bone Matrix 

BMP, bone morphogenetic protein; IGF, insulin-like growth factor; PDGF, 
platelet-derived growth factor; TGF, transforming growth factor. 

 



TABLE 25-3  In Vitro Effects of Growth Factors on 

Periodontal Ligament Cells and Osteoblasts 

(−), inhibitory effect; 0, no effect; (+), slight effect; (++), moderate effect; (+++), 
strong effect; BMP, bone morphogenetic protein; IGF, insulin-like growth 
factor; ND, not done; PDGF, platelet-derived growth factor; PDL, periodontal 
ligament; TGF, transforming growth factor. 

 

In a multicenter study, 33 patients with at least two intrabony defects were treated 
in a split-mouth design in which the experimental site was acid-etched and EMD 
was applied to the denuded root surfaces.193 At the control site, a placebo was 
applied. Patients were examined at 8, 16, and 36 months after surgery. Increased 
bone fill of the osseous defect was observed over time for 25 of the 27 (93%) EMD-
treated teeth, but no bone fill was detected in the controls. The mean radiographic 
bone fill was greater for the EMD-treated defect compared with the control sites 
(2.7 vs. 0.7 mm). Statistically significant improvements were observed for EMD-
treated sites over control sites in mean pocket reduction (3.1 vs. 2.3 mm) and mean 
attachment level gain (2.2 vs. 1.7 mm). These clinical findings have been supported 
by several other studies.194–196 

The biosafety of EMD was tested on 107 patients who were treated with EMD at 
two separate visits.197,198 No adverse clinical or immunologic reactions were 
observed. None of the serum samples analyzed for total and anti-EMD antibodies 
indicated deviations from established baseline ranges. After 3 years of clinical use, 
approximately half the patients were reevaluated and there was no report of adverse 
reaction. This study suggests that the immunogenic potential of EMD is extremely 
low when applied in conjunction with periodontal surgery. 

There have been four studies comparing the use of EMD alone or in conjunction 
with other regenerative approaches. When EMD treatment was compared with GTR 
using bioresorbable membranes, the clinical results were comparable and stable 
over a 4-year period.199 No significant difference was found when EMD with BGC 
was compared with bioactive glass as the sole grafting material.200 Similar 
comparable results were found when EMD was used in conjunction with anorganic 
bone graft material.201,202 



Growth Factors for Biomimicry 

Growth factors are naturally occurring proteins that regulate various aspects of cell 
growth and development.203,204 Several growth factors have been identified and 
characterized. Several of these growth factors are found in the bone matrix (Table 
25-2). In wound healing, these growth factors modulate cell proliferation, 
migration, extracellular matrix formation, and other functions of selected cell types. 
In addition, some growth factors may also function as cell differentiation factors. In 
periodontal regeneration, much of the focus has been on PDGF, insulin-like growth 
factor (IGF), and, more recently, PRP preparation. 

Most of the information about growth factors comes from cell culture experiments. 
Before biotechnology, crude preparations of growth factors were applied to various 
cells in culture, and their effects on selected target cell types (i.e., fibroblasts, 
osteoblasts, epithelial cells, and others), cell proliferation and function, extracellular 
matrix formation, and phenotypic expression were studied (Table 25-3). 

PDGF is one of the early growth factors studied for its effect on wound healing 
because it is a potent mitogenic and chemotactic factor for mesenchymal cells. IGFs 
are growth factors that are highly homologous with proinsulin. Two of the most 
well characterized growth factors in this group are IGF-1 and IGF-2, which are 
somewhat similar, but have different receptors and properties. IGF-1 has been 
shown to be an effective chemotactic agent and mitogen for osteoblasts and PDL 
cells. Early cell culture experiments using PDGF and IGF-1 indicated that these two 
growth factors produced greater mitogenic responses when used together than when 
used individually. This synergistic effect resulted in distinguishing growth factors 
as either competence growth factors, which prime the cell to enter the cell 
proliferation cycle, or as progression growth factors, which are required for cell 
division. In these classic experiments, PDGF was determined to be a competence 
factor and IGF-1 to be a progression factor. 

Figure 25-7.   



 

A case from the clinical trial for the use of recombinant human platelet derived 
growth factor (rhPDGF) for the treatment of periodontal defects. Initial probing 
depth was 14 mm and the tooth tested vital (A). After flap reflection and 
degranulation, the osseous defect was 9-mm-deep and 4-mm-wide (B). The root 



surface was treated with rhPDGF and the defect was filled with rhPDGF-
tricalcium phosphate (C). Note that no guided tissue regeneration (GTR) 
membrane was used. The radiographs indicate increased radiopacity from the 
initial surgical radiograph (D) to the 3-month (E) and 6-month (F) postsurgical 
radiographs. This pattern of radiographic improvement is approximately twice 
as fast as those observed with GTR cases. Final probing depth was 4 mm, with 4 
mm of recession. The gain in clinical attachment level was 6 mm. Histologic 
evidence of regeneration for a similarly treated case is presented in Figure 25-3. 

Using the information from these cell biology experiments, PDGF and IGF-1 were 
topically applied to periodontally diseased root surfaces in beagle dogs.205,206 
Substantial amounts of new bone, cementum, and PDL were present after 2 weeks. 
The results of this study were subsequently confirmed in three other studies using 
beagles and experimentally induced periodontitis in nonhuman primates.207–209 A 
human clinical trial was conducted using recombinant human PDGF/recombinant 
human IGF-1 (rhPDGF/rhIGF-1).210 Using a split-mouth design, defects were 
treated with either a low dose (50 µg/ml) or high dose (150 µg/ml) of 
rhPDGF/rhIGF-1. After 9 months, high-dose rhPDGF/rhIGF-1 induced 2.08 mm of 
new bone with 43.2% osseous defect fill, as compared with 0.75-mm vertical bone 
height and 18.5% bone fill in placebo controls. Low-dose rhPDGF/rhIGF-1 was 
statistically similar to control. 

Simultaneous with the human clinical trial, a primate study examined the 
regenerative effects of PDGF/IGF in combination or individually.209 PDGF alone 
was found to be as effective as the PDGF/IGF combination in producing new 
attachment after 3 months. No significant effect was found when IGF was used 
alone. This study suggests that IGF may not be important at the dose level tested. A 
multicenter clinical trial of rhPDGF is currently being evaluated (Fig. 25-7). 

The animal studies and human clinical trials suggest that PDGF may be useful in 
enhancing periodontal regeneration. Although encouraging, the regenerative 
response reported in the first clinical trial is not dissimilar to that found with GTR 
or with the use of bone graft materials. Additional clinical trials are needed to test 
greater dosages of PDGF and PDGF in combination with GTR to determine 
whether regeneration can be enhanced. Lastly, the role of IGF-1 needs to be 
elucidated, and studies need to be conducted to determine whether the effects of 
competence and progression growth factors are in vitro events only, or a clinical 
phenomenon as well. 

Platelet-Rich Plasma Preparation 

The use of PRP preparation as a source of growth factors in bone and periodontal 
regeneration has been proposed.211 In this approach, autologous blood is drawn and 
separated into three fractions: platelet-poor plasma (fibrin glue or adhesive), PRP, 
and red blood cells. Platelets are enriched by 338% in the PRP preparation and 
concentrations of PDGF and TGF-β in PRP are 41.1 and 45.9 ng/ml, 



respectively.212 Monoclonal antibodies have identified the presence of PDGF, IGF, 
and TGF-β in the cytoplasmic granules of platelets. This preparation also contains a 
high concentration of fibrinogen. In clinical use, calcium and thrombin are added to 
the PRP preparation to activate the proteolytic cleavage of fibrinogen into fibrin. 
Fibrin formation initiates clot formation, which, in turn, initiates wound healing. 
Although many case reports attribute improved healing results to these growth 
factors, it is questionable whether the concentrations used are adequate to elicit 
clinically measurable results. The level of PDGF in PRP is 3000-fold less than that 
reported to be effective in other studies of PDGF.210 Alternatively, the accelerated 
healing may be the result of the presence of a fibrin clot, which stabilizes the early 
wound healing matrix. 

Differentiation Factors: Bone Morphogenetic Proteins 

Bone morphogenetic proteins (BMP) are a group of regulatory glycoproteins that 
are members of the TGF-β superfamily. These molecules primarily stimulate 
differentiation of mesenchymal stem cells into chondroblasts and osteoblasts. At 
least seven BMPs have been isolated from bovine and human sources. In the field 
of periodontal regeneration, much of the research interest has focused on BMP-2 
(OP-2), BMP-3 (osteogenin), and BMP-7 (OP1).213 

The osteoinductive effect of BMPs was characterized by using crude protein 
preparations derived from decalcified bone. When these crude preparations were 
placed in muscle or subdermal pouches, an ectopic focal formation of cartilage was 
present after 12 days, and bone was present after 28 days. The induction of 
mesenchymal stem cell differentiation to recapitulate endochondral bone formation 
stimulated clinical interest in using bone preparations (FDBA and DFDBA) as 
osteogenic graft materials. However, when the actual concentration of BMPs in 
commercial bone preparations was measured, the amount present was quite low. 
Approximately 10 kg of bovine bone yields 2 µg of BMP.82 This has resulted in 
research efforts to purify, identify, and characterize BMPs so they can be 
synthetically produced by recombinant DNA technology. 

Experiments using crude and recombinant BMPs have provided insight as to their 
potential use. Crude preparations of BMP-2 and BMP-3 applied in surgically 
induced furcation defects appeared to stimulate periodontal regeneration.214 Studies 
have used recombinant human BMPs (rhBMPs) to determine their potential for 
correcting horizontal bone loss and intrabony, furcation, and fenestration 
defects.215–219 When rhBMP-2 was used in horizontal periodontal bony defects, the 
gains in bone and cementum were 3.5 and 1.6 mm, respectively, compared with 0.8 
and 0.4 mm for controls.217 Histologic analysis revealed periodontal regeneration 
with areas of ankylosis. Contrary to these findings, BMP-7 augmentation resulted in 
a significant increase in periodontal regeneration without any ankylosis.217 Healing 
through ankylosis has been a concern; therefore, most of the research using rhBMPs 
has involved its effect in stimulating new bone formation through GBR before or in 
conjunction with implant placement, where ankylosis is of no concern.220–227 



Gene Therapy for Correcting Periodontal Defects 

Major limitations associated with the use of growth and differentiation factors 
include their short biological halflives. The factors, once applied, are subject to 
proteolytic breakdown and receptor binding problems and are dependent on the 
stability of the carrier system. Gene therapy can be used for extended local delivery 
of these factors. Gene delivery of PDGF was accomplished with the successful 
transfer of the PDGF gene into the cementoblast and other periodontal cell types.228 
This study demonstrated that gene delivery of PDGF stimulated more cementoblast 
activity than a single application of recombinant PDGF. In another report, 
periodontal wounds were transduced effectively by the use of gene transfer.229 The 
use of gene delivery offers a new approach to delivering growth factors. The safety 
and efficacy for using gene therapy for regeneration have yet to be evaluated. 

Factors That Influence Therapeutic Success 

Factors that adversely affect periodontal regeneration were reviewed at the 1996 
World Workshop in Periodontics and 2003 Workshop on Contemporary Science in 
Clinical Periodontics.230,231 A number of factors have been implicated or shown to 
adversely influence periodontal regenerative therapy. These include:  

• Poor plaque control/compliance: Classical studies of poor plaque control 
and poor postoperative recall compliance have indicated that much of the 
therapeutic gain from periodontal surgery will deteriorate over time.232–236 This 
response also is observed in GTR regenerated sites.237–239 Progressive 
deterioration and a greater incidence of infection with putative periodontal 
pathogens (Porphyromonas gingivalis, Prevotella intermedia, and Actinobacillus 
actinomycetemcomitans) were more prevalent in patients with poor plaque control 
and compliance as compared with those with excellent plaque control and 
maintenance.240 Furcation repairs also respond similarly, with deterioration for 
patients with poor plaque control and compliance, and increased stability in 
patients exhibiting the converse behavior.241 The difficulty is that patient 
compliance is hard to maintain.242–244 Motivating patients to remain highly 
enthusiastic about oral hygiene and to be compliant with periodontal maintenance 
is difficult but extremely important (see Chapter 13). 

• Smoking: Smoking is a major risk factor not only for disease progression, 
but also for adverse therapeutic outcomes.245–247 Not only has smoking been 
implicated as having a detrimental effect on periodontal wound healing after 
surgical procedures,248–250 it also has been linked to impaired healing response to 
GTR procedures in both intrabony defects and furcation repairs.251 

• Tooth/Defect factors: Therapeutic success is influence by the tooth's 
importance in the prosthetic rehabilitation, its endodontic status, and the defect 
characteristics. 



• The critical question to be addressed is whether the involved tooth is 
strategically important in the final restorative plan.252 If not, the procedure may 
not be justified because of its technical difficulty and expense, potential 
postsurgical complications, and the difficulty in obtaining excellent patient oral 
hygiene and compliance. 

• Once a tooth is deemed essential, it is important to assess its endodontic 
status. Frequently, chronic endodontic-periodontal defects have the same 
appearance as an advanced intrabony defect. Treatment of the periodontal 
component of an endodontic-periodontal defect without first addressing the 
endodontic component will result in failure.253,254 The chronicity of the 
endodontic-periodontal infection may be more important in predicting the 
outcome of regenerative procedures. Teeth with adequate endodontic therapy 
appear to respond to regenerative therapy in a way similar to vital teeth without 
pulpal pathology. Given the expense for endodontic treatment, periodontal 
regenerative procedures, crown buildup, and the crown strategic extraction and 
possible replacement with a prosthesis or a dental implant should be considered. 

• Characteristics of the defect, such as the overall defect depth, width, and 
number of walls, can influence clinical outcome in response to regenerative 
surgery.50,52,54,55,255 Studies have consistently shown that an increased depth of 
the defect is correlated with increased improvement in clinical attachment level 
and probingdepth.52,55 Therefore, a 7-mm-deep intrabony defect can be expected 
to demonstrate a greater percent defect fill, greater defect resolution, and greater 
clinical attachment gain than a 3-mm-deep defect. Conversely, an increased 
width of the bony defect has been correlated with decreased bone fill and 
clinical healing response. Defects with more acute angles at the base of the 
defect (i.e., a steeper vertical inclination of the bony walls) have greater 
regenerative potential than defects with less acute angles at the base. Lastly, 
intrabony defects characterized by three- or three- and two-walled 
configurations will generally respond more positively to regenerative 
procedures.235,236,256,257 Barring early reports on the use of iliac and autologous 
grafts, current regenerative approaches have not been consistently successful in 
regenerating one- or zero-walled defects. It is likely that defects with a greater 
number of bony walls have better regenerative potential because of the 
increased area for influx of bone-forming cells into the defect. 

• Surgical management: As with any surgical procedure, flap management 
and wound stability are important (Fig. 25-8). In the regenerative management of 
intrabony defects, it is important to ascertain presurgically whether there is 
sufficient keratinized tissue to allow complete tissue coverage of the defect. 
Surgical flap design should be such that after sulcular or inverse bevel incisions, 
buccal and lingual full-thickness flaps are reflected extending to at least one to 
three teeth mesially and distally to the treated tooth. In the case of a missing 
proximal tooth, the flap should be extended at least 5 to 10 mm proximal to assure 
adequate visualization of the defect. Visualization often can be enhanced with the 
placement of vertical releasing incisions. In addition, these incisions can permit 



the coronal positioning of the flap. Care should be taken to preserve as much of 
the keratinized gingiva as possible. In many cases, sulcular incisions are used to 
maintain the entire zone of keratinized tissue and to ensure complete coverage of 
any grafts or regenerative membranes that are placed. Interdental tissues should 
be preserved in their entirety so that flap margins in this region can be coapted to 
prevent graft or membrane exposure during healing. After flap reflection, it is 
important to remove all granulation tissues associated with the defect and to 
thoroughly root plane the surfaces adjacent to the defect. Root defects, such as 
severe irregularities, cemental pearls, or cementoenamel projections, must be 
corrected with odontoplasty. After evaluation of the defect, root conditioning may 
be performed. Regenerative materials may be placed and a GTR membrane 
applied, if desired. It is important to have good tension-free surgical closure over 
the defect after suturing and for the wound to remain clinically closed throughout 
healing. Studies have implicated poor regenerative response because of surgical 
exposure and infection of membranes used in GTR procedures. These problems 
were prevalent with nonresorbable membranes; however, current resorbable 
membranes are more tissue-compatible and it is easier to maintain good tissue 
coverage over the GTR membrane. 

Figure 25-8.   



 



Flap management and suturing sequence for periodontal regeneration. Good 
flap design is essential for visualizing and debriding the osseous defect. In areas 
of redundant tissues, such as over an edentulous area, the soft tissue may be 
thinned by undermining. It is essential to achieve tension-free primary closure, 
which can be accomplished with surgical extension and vertical releasing 
incisions when needed. Vertical releasing incision should be at least one tooth 
away from the regeneration site (A and B). After debridement, the defect is 
managed and sutured in the sequence as numbered (C). The suturing sequence 
should start at the regeneration site and continue away from the defect area. 
This ensures good closure over the site of the defect. 

CONCLUSION 

Over the last three decades, the periodontal literature has been filled with numerous 
reports related to periodontal regeneration. This therapeutic goal, although ideal, is 
difficult to achieve. A variety of graft materials and regenerative strategies are 
currently available; however, they all have limitations. The surgical procedures can 
be technically demanding, and when successful results are achieved, the maintenance 
of positive results is highly dependent on patients' oral hygiene habits and compliance 
with periodontal maintenance. Despite all these difficulties, periodontal regeneration 
is a clinical possibility that can be offered to patients. The clinician must carefully 
evaluate the various regenerative and reparative approaches, and then decide which 
technique may result in the best clinical outcome. With the advent of new 
regenerative approaches, such as biological modifiers like EMD and growth factors, 
we must critically evaluate how they may improve our ability to regenerate 
periodontal defects. 

Treatment planning in periodontics also has changed dramatically in the last decade 
because of the acceptance of dental implants as a viable long-term option for 
replacing missing teeth. With the increased predictability of implants, the question 
arises as to when to treat severe periodontal defects with regenerative or other 
procedures and when to perform strategic extraction in preparation for implant 
placement. Sometimes the best management of a periodontal defect may be extraction 
in lieu of periodontal regeneration or when regenerative efforts have been 
unsuccessful. Extraction would minimize further bone loss and provide the maximum 
volume of bone at the future implant healing site. This paradigm shift has 
complicated our views about regeneration. With dental implants as a viable 
alternative, we may need to redefine periodontal prognosis and consider strategic 
extraction more often. Heroic regenerative procedures may be contraindicated when 
extraction and implant placement is considered more predictable and cost effective. 

A clinical decision tree is provided to help guide the clinician in deciding the 
appropriate situations for selecting regenerative procedures over other therapeutic 
approaches (Fig. 25-9). As with any guidelines, these are intended as a roadmap 
rather than as a strict set of rules. Clinicians are strongly advised to stay current with 
changes in the field of regeneration, as well as in other aspects of periodontics and 



implantology. As periodontics evolves, the clinical decision tree may need to be 
modified to accommodate for advances in science and technology. 

Periodontal regeneration continues to be one of the primary therapeutic approaches 
toward the management of periodontal defects. Although evidence suggests that 
current regenerative techniques can lead to periodontal regeneration, the use of GTR 
and biological modifiers can enhance these results. The crucial challenge for the 
clinician is to critically assess whether a periodontal defect can be corrected with a 
regenerative approach or whether it would be better managed with other treatment 
options. 

Figure 25-9.   

 

Clinical decision tree for the management of advanced periodontal defects. 
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IMPLANTOLOGY 

History 

Humans have attempted to replace natural teeth with artificial implants for more 
than 1500 years.1 Dental implant treatment did not become a reliable option, 
however, until 1952 when P. I. Brånemark's studies of bone marrow in the rabbit 
fibula introduced the concept of osseointegration.2 The first human patient was 
treated in 1965, and since then dental implants have become one of the most 
significant advancements in dentistry. From the original protocol limiting implants 
to the anterior mandible in fully edentulous patients, the concepts and techniques 
have evolved to include both the mandible and the maxilla, edentulous and partially 
edentulous patients, and orthodontic and orthognathic applications. Currently, the 
use of dental implants is common in clinical practice. 

Osseointegration 



Osseointegration is defined as a "direct structural and functional connection 
between ordered, living bone and the surface of a load-carrying implant."2 It 
involves the incorporation of nonbiological material within the human skeleton 
without initiating a rejection phenomenon and allows for permanent penetration of 
the soft tissues without a chronic inflammatory response. Osseointegration is a 
dynamic phenomenon made possible by the characteristics of the implant's 
composition. The most widely used dental implant material is titanium and its alloy. 
Titanium is nearly always covered by an external oxide layer that prevents direct 
contact between the host's living tissues and the potentially harmful metallic ions.2 
This surface layer, titanium oxide (TiO2), is biologically inert, thus permitting the 
implant to be accepted and gradually surrounded by new bone. 

Unlike natural teeth, osseointegrated implants lack a periodontal ligament. 
Mineralized bone grows in close proximity along the length of the implant surface. 
At the coronal end, the soft tissues around osseointegrated implants form a tight 
connective tissue barrier, containing a larger proportion of collagen and a lower 
proportion of fibroblasts than does tissue adjacent to natural teeth. Because of the 
lack of cementum for collagen fiber insertion, the fibers around dental implants are 
oriented parallel to the implant's surface. As with natural teeth, epithelial cells 
attach to the implant's surface by means of hemidesmosomes and a basal lamina, 
and a sulcus forms lined by sulcular epithelium that is continuous apically with the 
junctional epithelium. The term biologic width is used when describing the soft 
tissue dimensions around implants3 (Fig. 26-1 and Fig. 26-2). 

According to the original Brånemark protocol, an implant must be sterile and made 
of a highly biocompatible material, such as titanium, to be osseointegrated. It must 
be inserted with an atraumatic surgical technique that avoids overheating the bone 
during preparation of the recipient site, and the implant must have initial stability. 
Also, the implant must not be subjected to any functional forces during the initial 4- 
to 6-month healing period. Well controlled clinical studies demonstrate that when 
these guidelines are followed, osseointegration occurs with a high degree of 
predictability.4–8 

Outcomes of Treatment 

The criteria used to evaluate the success of oral implant treatment have changed 
considerably during the last 35 years. The criteria proposed during the first National 
Institutes of Health consensus meeting on this subject in 1979 are now considered 
inadequate according to current standards.9 At that time, up to 1.0 mm of implant 
mobility was considered acceptable. In 1986, Albrektsson and colleagues10 
proposed a more stringent set of criteria that is currently used to evaluate the 
functional success of implant systems:  

• Individual unattached implant that is immobile when tested clinically 



• Radiograph that does not demonstrate evidence of periimplant 
radiolucency 

• Bone loss that is less than 0.2 mm annually after the implant's first year of 
service 

• Individual implant performance that is characterized by an absence of 
persistent and/or irreversible signs and symptoms of pain, infections, 
necropathies, paresthesia, or violation of the mandibular canal 

• A success rate of 85% at the end of a 5-year observation period and 80% 
at the end of a 10-year observation as a minimum criterion for success 

Dental implant patients currently demand more than merely functional restorations. 
Esthetics are also tremendously important. Although patient satisfaction is generally 
high with osseointegrated restorations, appearance is the most common cause of 
dissatisfaction.2 Smith and Zarb11 added to the criteria for implant success by 
suggesting that the implant design should not preclude placement of a crown or 
prosthesis with an appearance that is satisfactory to the patient and dentist. To meet 
these goals, we must balance the risks involved in achieving a restoration result that 
is biologically and functionally acceptable, as well as esthetically agreeable. 

Indications 

One of the first indications for dental implant treatment was to treat complete 
edentulism. Edentulism can result in anatomic and functional deformities that may 
prevent the use of removable appliances (Fig. 26-3). In addition to the functional 
compromises (Box 26-1), edentulism and the loss of supporting bone can result in 
significant esthetic deformities (Box 26-2). 

Patients with these anatomic and esthetic compromises, as well as patients who 
have a hyperactive gag reflex, are frequently unable to wear a removable prosthesis 
with palatal coverage. These patients may, therefore, benefit from implant-
supported or implant-assisted prostheses. 

Figure 26-1.   



 

Biological attachment to a natural tooth. Connective tissue fibers insert into the 
root apical to the junctional epithelium. 



Implant-assisted prostheses 

Implant-assisted prostheses are removable, tissue-supported dentures 
(overdentures) that benefit from the additional retention offered by endosseous 
dental implants. They are recommended when a limited number of implants can 
be placed, when hard or soft tissues must be replaced to accommodate the 
prosthetic device, or when unfavorable ridge morphology may result in poorly 
positioned implants. In the maxilla, implant-assisted overdentures may be 
fabricated without palatal coverage. This is extremely beneficial for patients with 
a pronounced gag reflex. Because they are easy to remove, implant-assisted 
prostheses may also be the treatment of choice for patients who are physically or 
mentally challenged and who are unable to perform proper oral hygiene 
procedures. For patients with financial constraints, implant-assisted restorations 
may be more feasible because as few as two implants may be needed for support 
(Fig. 26-4). 

Implant-supported prostheses 

Implant-supported prostheses are only anchored by the dental implants and, 
therefore, require a minimum of four to six fixtures for proper support.12 The 
precise number of implants depends on the local anatomy and the quantity and 
quality of available bone. More fixtures may be needed in the maxilla or in areas 
of poor quality bone (Figs. 26-5 through 26-7). 

Figure 26-2.   



 

Biological attachment to a dental implant. There is no insertion of connective 
tissue fibers into the implant surface. 

Although the original Brånemark cases involved only completely edentulous 
jaws, the concepts and techniques of osseointegration have expanded to include 



partially edentulous jaws and single-tooth replacements. Implant-supported 
restorations are indicated: (1) when there is an unfavorable number or location, or 
both, of potential abutments in the residual dentition; (2) to avoid involving 
neighboring teeth as abutments; and (3) to alleviate the need to maintain teeth 
with questionable prognoses as potential abutments for fixed restorations (Box 
26-3). 

In addition, it appears that the use of endosseous dental implants may help to 
maintain alveolar bone volume after tooth extraction.13 This may be one of the 
most important long-term benefits of dental implants and should be considered 
when discussing tooth replacement options. 

Limiting Factors 

Systemic 

Most implant success studies have been conducted following strict guidelines and 
in controlled research settings. Thus the results may not apply directly to 
everyday clinical practice Situations.4–8,14 Implant success rates may depend on 
the expertise of the surgical/restorative team and on patient-related factors. 

Failures can be classified relative to the time of occurrence. Early failures occur 
before implant loading and can be caused by tissue damage during surgery, 
infection, premature loading, or instability of the implant. Late failures, which 
occur after prosthetic loading, involve pathologic insults to a previously 
osseointegrated implant. This can include disturbances in the biomechanical 
equilibrium of the implant or overload, and alterations of the host—parasite 
balance. 

Figure 26-3.   



 

Clinical appearance of patient with "witch's chin." These characteristics are 
the typical result of edentulism and advanced loss of alveolar and muscular 
support. 

The etiology of implant failure as either bacterial infection or occlusal overload 
has been well established.15–18 Many implant failures, however, cluster around 
specific patient groups. This suggests there may be an underlying "patient" factor 
that modulates implant outcomes, leading to multiple implants being lost in the 
same patient.8,19 The underlying host susceptibility to the punitive agents may 
play an important role in the final outcome of implant treatment. Meticulous 
screening and patient selection can help reduce the risk of failure or potential 
complications during implant treatment. 

In Brånemark's classic text Tissue-Integrated Prostheses, the authors state: "It is 
possible to treat virtually all patients via the osseointegration technique, as long as 
the patients fulfill general requirements for surgery. Moreover, age and most 
chronic health conditions rarely influence patient selection."2 Nonetheless, certain 
precautions must be taken. 

Box 26-1  Anatomical Changes Related to 

Edentulism 



• Decreased height and width of supporting and basal bone 

• Increased prominence of mylohyoid ridge, and superior genial tubercles 

• Increased prominence of mandibular canal 

• Relative prominence of mylohyoid and buccinator muscles 

• Relative increase in the size of the tongue 

• Decrease in the quantity and quality of attached keratinized mucosa 

Box 26-2  Esthetic Deformities Related to 

Edentulism 

• Prognathic appearance to the face 

• Decrease in horizontal labial angle 

• Thinning of the lips (especially in the maxilla) 

• Deepening of the nasolabial groove 

• Increase in depth of associated vertical lines 

• Increase in columella-philtral angle 

• Ptosis of the muscles (witch's chin) 

Age is a consideration because dental implants are considered to be ankylosed 
elements that do not "develop" along with a growing child. Dental implant 
placement should not be considered until a child has fully developed and stopped 
growing, because placement may restrict normal growth of the jaws. 

In general, any disease that alters the body's ability to fight infection or to heal 
after surgery may, in theory, contribute to implant failure. Implants can be 
considered in patients who have systemic diseases under control. For example, 
although diabetes mellitus may interfere with wound healing, there are reports 
that well controlled diabetes does not complicate healing after surgery.19,20 

There also is no scientific evidence suggesting that an immunocompromised 
status is an absolute contraindication to implant surgery. In a large-scale study, 
Glick and colleagues21 demonstrated that only 1% of patients with CD4+ levels 
less than 200 per mm3 experience postoperative complications such as excessive 
bleeding or poor healing after dental surgery. Although no large-scale studies 
have yet evaluated the success rate of dental implants in patients with human 
immunodeficiency virus (HIV), it is proposed that unless the surgery itself 



represents a major risk from a systemic point of view, patients with HIV can 
benefit both dentally and psychologically from dental implant treatment. 

Because of the greater implant failure rate in poor quality bone,22 osteoporosis has 
received much attention. This skeletal disorder involves a decrease in bone 
density and bone mass without significant change in the chemical composition of 
the bone (see Chapter 31). It is especially prevalent in postmenopausal women 
with estrogen deficiency, but also occurs in people with gastrointestinal 
absorption problems or nutritional deficiencies. Interpreting the literature in this 
area is difficult because of a variety of methods used to assess osteoporosis and 
oral bone loss, as well as to define treatment outcomes. The issue remains 
controversial, but currently there are no scientific data to contraindicate the use of 
osseointegrated implants in patients with osteoporosis.23–25 

Figure 26-4.   

 



Bar and clip overdenture supported by two implants. 

Figure 26-5.   

 

Partially edentulous implant supported restorations. 

Figure 26-6.   



 

Implant-supported full-arch restoration. 

Cigarette smoking has been documented as a detriment to implant success.26–29 It 
is a potentially controllable risk factor that compromises wound healing through 
several mechanisms. Nicotine can reduce gingival circulation, increase platelet 
aggregation, compromise polymorphonuclear neutrophil function, and increase 
blood viscosity. Not surprisingly, when analyzing comparable bone quality and 
fixture length, the risk for implant failure in smokers is twice as high as in 
nonsmokers.26,28 The risk is greater in the maxilla compared with the mandible8,26 
and with shorter implants compared with longer ones.28 

Figure 26-7.   



 

Single-tooth implant restoration. 

Box 26-3  Indications for Implant Treatment 

Indications for implant-assisted overdentures 

• Replacement of lost hard tissue 

• Replacement of lost soft tissue 

• The presence of an unfavorable ridge morphology 

• The presence of unfavorably oriented or inclined implants 

• Expressed desire for removable prosthesis 

• Economic constraints 

Indications for implant-supported fixed restorations 

• Unfavorable number and location of potential abutments in the residual 
dentition 

• Avoid need to involve neighboring teeth as abutments 

• Alleviate need to maintain teeth with questionable prognosis as potential 
abutments for fixed restorations 

• Maintain bone volume after tooth extraction 



Bain suggests that to reduce the risk for implant failures, patients should cease 
smoking at least 1 week before surgery to allow reversal of greater levels of 
platelet aggregation and blood viscosity.28 The patient should continue to avoid 
tobacco for at least 2 months after implant placement, when osseointegration 
should be established. To increase patient compliance, this information should be 
clearly disclosed as part of the presurgical consent agreement. 

Local 

Osseous anatomy in three dimensions. 

The quality, quantity, and contour of bone will determine the size and position 
of the fixture to be placed.2 Ultimately, this affects the prosthetic design and, 
consequently, the implant's success. For treatment planning and risk assessment 
purposes, it is convenient to classify the shape of the residual jaw relative to the 
amount of bone resorption (bone quantity) and the quality of bone relative to the 
amount of cortical and trabecular bone. 

The bone quality (Box 26-4, Fig. 26-8) changes with the area of implantation 
and systemic modulators such as osteoporosis. Bone types I, II, and III offer 
good strength and are ideal for implant success. Type IV bone, often 
encountered in the maxillary posterior sextants, has a thin cortex and poor 
medullary strength with low trabecular density. It corresponds to the poorest 
implant success rates. In a study by Jaffin and Berman,22 fixtures placed in type 
IV bone had a 35% failure rate. It is postulated that bone quality may be a better 
determinant for implant prognosis than the degree of resorption in the upper 
jaw.30 Therefore, when poor bone quality compromises the stability of the 
implant, rough-surface, long, and wide-diameter implants are preferred to 
increase the potential surface area of osseointegration. When cortical bone is the 
only source of primary stability, implant placement is frequently performed 
without countersinking. This leaves the head of the implant in a supracrestal, or 
nonsubmerged, position and may place the implant at greater risk for 
transmucosal loading and micromovement, which can be detrimental to 
achieving osseointegration.2 To avoid premature transmucosal loading of a 
nonsubmerged implant, the patient should refrain from wearing a removable 
prosthesis during the initial healing period (3 to 4 weeks). Another concern with 
nonsubmerged implants is the resulting coronal placement of the implant-
abutment interface. This can reduce the amount of vertical (interarch) space 
available for the restorative components. Not only would this limit the 
restorative options, but it also could adversely affect the esthetics of the final 
restoration by not allowing sufficient room for the emergence profile of the 
artificial crown. 

Box 26-4  Classification of the Shape of the 

Residual Jaw and the Quality of Bone 



Quality of bone 

Type I: Almost the entire jaw comprises homogenous cortical bone. 

Type II: A thick layer of cortical bone surrounds a core of dense trabecular 
bone. 

Type III: A thin layer of cortical bone surrounds a core of dense trabecular 
bone of favorable strength. 

Type IV: A thin layer of cortical bone surrounds a core of low density 
trabecular bone. 

Quantity of bone 

A: Most of the alveolar ridge is present. 

B: Moderate residual ridge resorption has occurred. 

C: Advanced residual ridge resorption has occurred and only basal 
bone remains. 

D: Minimal to moderate resorption of the basal bone has occurred. 

E: Extreme resorption of the basal bone has occurred. 

Adapted from Brånemark P-I, Zarb GA, Albrektsson T: Tissue-integrated 
prostheses: osseointegration in clinical dentistry, Chicago, 1985, Quintessence 
Publishing. 

See Figure 26-8. 

The available bone quantity (Box 26-4, Fig. 26-8) can be affected by the 
progression of periodontal disease or by tooth loss. Careful extraction 
techniques are fundamental to preserve the bony architecture around a socket. 
Several authors have suggested the use of bone grafts and barrier membranes in 
extraction sockets to help maintain the volume of bone after tooth loss.31–34 
Some have recommended immediate implant placement to preserve the facial 
osseous plate and to ensure a more pleasing emergence profile.31,35 

To maintain the viability of bone, a minimum of 1.0 mm of bone is required 
around each aspect of the implant at the time of placement. Therefore, for a 
standard 3.75-mm diameter implant, at least 6.0 mm of bone is required in the 
faciolingual and mesiodistal dimensions. Smaller bone volumes will necessitate 
osseous reconstruction either before or at the time of implant placement. 

For an esthetic and functional restoration, the bone morphology in three 
dimensions must mimic that found in the natural dentition. Biomechanical 



compensation may increase the cantilever effect, provide nonaxial loading 
(stresses the bone-implant interface), and diminish the esthetic results. If there is 
adequate bone volume for implant placement, it must be determined whether the 
available bone is properly located relative to the needs of the final restoration.36 
This process can be facilitated by a diagnostic wax-up of the final restoration. 
The diagnostic wax-up also can be used to fabricate a radiographic template, 
which helps the clinician to relate the existing volume of bone to the desired 
prosthetic design and can provide information to determine the need for 
reconstructive surgical procedures. 

Figure 26-8.   

 

Categorization of bone quantity and quality. 

Implant positioning. 

The buccolingual position of the implant affects the biomechanics and 
emergence profile of the restoration. As the alveolar ridge resorbs palatally and 
apically in the maxillary anterior region, the resultant palatally placed implant 
necessitates a ridge lap restoration that can compromise function, oral hygiene, 
and esthetics. Bone grafting before implant placement allows the implant to be 



placed in the proper restorative position. Attempting to compensate for palatal 
implant positioning by angulating the implant to the buccal aspect creates a 
significant restorative challenge that may necessitate the use of custom 
abutments or a cemented restoration, or both, to avoid buccal screw access holes 
(Fig. 26-9). 

Angulation of the implant in relation to the occlusal plane influences the 
mechanics and esthetic outcomes of the implant restoration.37 If the fixture is 
placed perpendicular to the occlusal plane, the palatal positioning of the fixture 
often necessitates a ridge lap restoration. If the fixture is placed at a 45-degree 
angle to the occlusal plane, the facial positioning usually creates the optimal 
esthetic result (Fig. 26-10).37 

The mesiodistal position of the implant determines the shape of the 
interproximal embrasures. Implants come in a wide variety of diameters and 
shapes. A standard diameter implant (3.75-mm diameter body, 4.1-mm diameter 
fixture table) being placed for a single-tooth restoration between two natural 
teeth requires at least 6.6 mm of interproximal space. At least 1.0 mm of bone 
should be present on either side of the implant, and an extra 0.5 mm to 
compensate for the periodontal ligament of each of the adjacent teeth. Violating 
this dimension can result in an implant that impinges on the natural tooth's 
periodontal ligament, encroaches on the interproximal papillae, and jeopardizes 
the esthetics of the restoration. When implants are to be placed adjacent to one 
another, at least 3 mm of bone is desirable between implants. Narrower 
diameter implants may be useful in areas of limited interproximal space (Fig. 
26-11). 

The apicocoronal position of the fixture also influences the function and 
esthetics of the restoration. In two-piece implant systems, positioning the fixture 
table (fixture-abutment connection point) 2.0 to 3.0 mm apical to the adjacent 
tooth's cementoenamel junction (CEJ) is sufficient. This allows enough room 
for the emergence of the restoration to mimic the profile of a natural tooth. 
When replacing wide-diameter teeth, however, fixtures frequently need to be 
positioned further apically into the bone to increase the distance for establishing 
a proper emergence profile. This apical placement results in increased probing 
depths adjacent to the final restored implant, and it may reduce access for oral 
hygiene and compromise crown-to-implant ratio. Therefore, if the osseous 
volume is sufficient, wider diameter implants may help to deter some of these 
potential problems, because a flatter emergence profile can be used as the 
restoration emerges from the fixture (Fig. 26-11). 

Figure 26-9.   



 

Importance of labiopalatal position of an implant. As the bone resorbs 
superiorly and posteriorly, implant placement becomes more palatal if 
implants are placed where the bone is located (A). The palatal positioning 
necessitates a buccal cantilever on the final restoration. This can be avoided 
if the site is prepared by augmenting the bone and placing the implant in a 
more labial position (B). 

Figure 26-10.   



 

Daftary's demonstration of how the angulation of the implant can affect the 
restorative results.37 Figure shows an anterior implant placed perpendicular 
to the occlusal plane (A). This can result in an extreme buccal cantilever. 
Excessive buccal angulation (B) can result in buccally located access 
openings and excessive off-axis implant loading. The best restorative result 
would be obtained with the implant placed at a 45-degree angle to the 
occlusal plane (C). 

Figure 26-11.   

 

The mesiodistal position of the implant will affect the shape of the 
interproximal papillae and the esthetics of the restoration. The apicocoronal 



position of the implant can affect the emergence profile and esthetics of the 
restoration. Diagram illustrates the approximate minimal distances between 
implants for restorative simplicity, taking abutment width into 
consideration. 

Periodontal biotypes. 

Ochsenbein and Ross38 categorized healthy periodontal tissues into thin 
scalloped and thick flat biotypes. Jansen and Weisgold39 further defined them 
and noted the different ways the tissue types react to irritation. Olsson and 
Lindhe40 reported on their observations associating periodontium, tooth form, 
and susceptibility to gingival recession. Understanding these characteristics is 
essential to developing an esthetic implant restoration, especially in the 
periodontally compromised patient. The sequence and characteristics of disease 
progression are distinctive in these two periodontal tissue "biotypes" and must 
be considered when planning surgical reconstruction of the soft and hard tissue. 
The ultimate goal is to be sure that the quality, quantity, and contour of the 
gingiva around an implant within the esthetic zone corresponds to that of the 
adjacent natural teeth.39 

The thin scalloped periodontium is characterized by the pronounced parabolic 
difference between the midfacial and the interproximal crests of the gingiva and 
underlying bone that parallels the scalloping of the gingiva and the CEJ. 
Fenestrations and dehiscences are commonly seen in the thin bony plates. The 
amount of keratinized mucosa is usually quite small both quantitatively and 
qualitatively, and the tissues have a tendency to be delicate and friable, reacting 
to injury by recession. 

From a labial view the anatomic crowns of the thin scalloped periodontium are 
generally triangular, resulting in small contact areas in the incisal or occlusal 
third. The root forms in the thin scalloped type are generally thin and tapered. 
This results in a good deal of bony expanse between the roots of adjacent teeth. 
As this type of periodontium is prone to recession both facially and 
interproximally, there is a tendency to develop large interproximal spacing 
("black triangles"). Faced with this situation, the restorative dentist is forced to 
make wider, squarer teeth to mask the black triangles. This periodontal biotype 
is sensitive to insult and may become an esthetic nightmare without proper 
planning and care. 

In the thick flat periodontium, the root form is usually wider mesiodistally and 
does not taper as much as it proceeds apically. Because there is not as much 
mesiodistal breadth of bone between the roots, mild interproximal recession 
rarely causes noticeable black triangles. The crowns of the teeth are basically 
square, therefore the restorative dentist is not faced with making significant 
alterations in crown form. Also, the interproximal contact point is usually wider 
and is in a more apical position. The location of the contact in relation to the 



crest of bone may determine the presence of the interproximal papillae. Tarnow 
and colleagues41 noted that when the distance between the apical extent of the 
interproximal contact point and the crest of bone was 5.0 mm, a papilla filling 
the entire space was present 100% of the time; at 6.0 mm, a papilla was present 
56% of the time; and at 7.0 or more mm, the papilla was only present 27% of 
the time. 

The gingiva in the thick flat periodontium is denser and more fibrotic, 
mimicking the flatter and thicker underlying osseous architecture. These 
characteristics contribute to the thick flat periodontium being more resistant to 
injury. The periodontium benefits from more ample keratinized gingiva, which 
is generally preferred but not required around dental implants. Stable long-term 
results have been observed in implants surrounded by "passive" movable 
mucosa, but movable soft tissue can increase the risk for plaque and foreign 
particle entrapment, which may necessitate gingival grafting. 

Periodontal prosthesis. 

The functional demands of rehabilitating the completely edentulous patient with 
endosseous dental implants have been well documented in the literature.4,14,42,43 
More recently, progress has been made in reconstructing the partially 
edentulous patient with implant-supported restorations. The functional and 
esthetic demands of the modern era, however, provide even further challenges. 
Currently, we have the ability to do more than simply place implants where 
teeth are missing and bone is present. The current protocol is to strategically 
plan and develop the potential implant site to optimize and restore oral health 
and esthetics. 

Disease progression and prolonged retention of periodontally hopeless teeth can 
result in anatomic deformities that, combined with the condition and location of 
the natural teeth, often make it difficult to develop an esthetic implant-supported 
reconstruction. To achieve our goals, emphasis must be placed on careful 
treatment planning, precise sequence of therapy, proper prosthetic design, and a 
well monitored maintenance program.44,45 Primary to this end is understanding 
the anatomy of the hard and soft tissues and their relation to the natural teeth. 

In 1974, Amsterdam recognized that the challenge in restoring the periodontally 
compromised patient is "the correction or modification of the deformities 
created by disease."46 The loss of attachment apparatus results in architectural 
deformities such as: (1) loss of attached gingiva, (2) osseous deformities, (3) 
reverse contour of the hard and soft tissue architecture, (4) altered embrasure 
spaces and root proximity, and (5) exposure of cemental and dentinal surfaces 
on the root. Ultimately, all of these deficiencies can result in a quantitatively 
and qualitatively inadequate alveolar housing for the tooth, frequently resulting 
in secondary occlusal trauma.46 Many of these same challenges confront the 



clinician contemplating the placement of implants in the periodontally involved 
partially edentulous patient. 

The clinician must carefully and deliberately examine the edentulous areas 
where implants will be placed and address the following questions: (1) what 
type of tooth form and periodontium are present?; (2) what is the tooth position 
and angulation? (these will dictate embrasure forms); and (3) what are the 
faciolingual and incisoapical osseous dimensions? 

Particularly challenging in restoring the implant-supported periodontal patient is 
the difference between the morphology of the implants and the natural teeth. In 
fact, for an esthetic result, the cross-sectional emergence profile of the 
prosthesis must resemble the adjacent natural teeth. This is difficult because the 
diameter of the head of many standard fixtures is usually narrower than the 
natural tooth at the CEJ. The Brånemark standard fixture, for example, has a 
coronal diameter of 4.1 mm and is round in cross-section, whereas the average 
maxillary central incisor is triangular in cross-sectional shape at the CEJ with 
dimensions of 7.0 × 6.0 mm. Positioning the fixture apically within the osseous 
tissue allows for a restoration with an emergence profile that can mimic the 
natural root form. If a wider diameter fixture is used, less apical positioning of 
the fixture is required, because the round form and dimensions of the fixture 
more closely resemble that of the natural root. 

When analyzing the root form at a more apical level, as would be found in cases 
of advanced attachment loss, the cross-sectional diameter of the root is smaller 
and the root is rounder. At this level, the standard fixture more closely 
resembles the root. The emergence profile of the prosthesis, therefore, can be 
developed similarly from the implant and the natural root. 

The mandibular incisors present a different problem because their cross-
sectional diameter is usually smaller than the standard implant. The ridge form 
in the mandibular incisor area often is very thin faciolingually, necessitating the 
use of a reduced-diameter implant. 

When adequate bone quantity is available, wide-diameter implants can used in 
the posterior sextants. The total surface area of the wide-body implant 
approximates the multirooted teeth. In addition, the wide-body implants can 
facilitate the development of a molar-like emergence profile. 

The treatment plan must include the long-term prognosis of the natural teeth and 
their ability to help in restoring the case. The position of the tooth in the arch 
will determine the morphology of the interproximal bone and the soft tissue 
papillae. Orthodontic treatment must be considered when drifting, tipping, 
tilting, rotation, or extrusion occur, because they can compromise implant 
placement and the final restorative result. 



Special considerations relative to the area of 

implantation. 

Generally accepted implant survival rates are relative to the location of 
implantation. The maxilla generally has less dense, poorer quality bone and 
lower implant survival rates.22 In a Swedish multicenter study of 8139 
consecutively inserted machined titanium implants, the success rate of implants 
placed in the mandible was 99.1%, whereas in the maxilla it was 84.9%.14 Each 
region of the mouth offers unique treatment challenges. 

The maxillary anterior region generally presents with adequate bone quality, but 
the bone configuration may present a challenge to implant placement. 
Furthermore, esthetic considerations are critical in this region of the mouth, and 
it is important to consider the proposed position of the anterior teeth in relation 
to the lip, the smile line, and the opposing dentition. After tooth loss in the 
maxillary anterior region, the alveolar ridge resorbs in a palatal and posterior 
direction (Fig. 26-8). The resulting alveolar ridge is thin labiopalatally, with an 
overall reduction in the amount of available bone for ideal implant placement. 
Bone grafting may be required, either before or at the time of implant 
placement. To create the desired occlusal scheme and arch form, implants often 
must be placed more palatally and apically, resulting in a poor crown-to-implant 
ratio, buccal cantilever, and unfavorable off-axis loading (Fig. 26-9).47 

An additional concern in the maxillary anterior region is the existence of the 
incisive foramen and canal. These anatomic landmarks may be quite large and 
can interfere with implant placement, thus requiring the removal and possible 
grafting of the neurovascular bundle in the incisive canal. Furthermore, the 
relative location of the nasal floor must be assessed to avoid a potential 
complication. In a study by Block and Kent,48 9 of 73 implants placed in the 
anterior maxilla engaged and most likely perforated the nasal floor. Perforation 
can lead to episodes of nose bleeding and may jeopardize the outcomes of 
implant treatment. 

The maxillary posterior sextants present different challenges. In this area, 
implant failure rates are usually greater because of the poor bone quality often 
encountered.22,49 The pneumatization of the maxillary sinus results in less 
available height of crestal bone, limiting the length of implants that can be 
inserted. Also, the increased occlusal forces encountered in the posterior regions 
of the mouth further jeopardize implant success. Because of these concerns, it is 
recommended that in the posterior maxilla at least one implant be placed to 
replace each missing tooth. Wider implants and shorter cantilevers also are 
recommended. To maximize the use of available bone by placing longer 
implants, some surgeons avoid countersinking the implant when using two-
piece implant systems. This leaves the coronal extent of the fixture table at or 
slightly coronal to the osseous crest, rather than apical to the crest as occurs 
when countersinking is performed. 



The mandibular anterior sextant usually has greater bone density and, therefore, 
better implant survival rates. Because of the narrow diameter of the mandibular 
anterior roots, interdental space may be limited in a mesiodistal dimension, and 
narrow-diameter implants may be indicated. 

When placing implants in the vicinity of the mental foramen, the soft tissue 
must be carefully dissected to allow full visualization of the foramen and 
neurovascular bundle. Studies reveal that the inferior alveolar nerve can have an 
anterior loop that extends up to 4.0 mm anterior to the mental foramen.50 To 
reduce the risk for nerve damage, implants should be placed at a safe distance of 
4.0 mm from the mental foramen. 

High success rates are documented in the mandibular posterior sextants.6 Of 
concern in this region is the location of the mandibular canal and the inferior 
alveolar nerve. The vertical height of bone may be limited if the mandibular 
canal is located near the crestal bone or if vertical bone resorption has occurred. 
Multiple, wider, or root-shaped implants may help compensate for the 
diminished vertical bone dimension. 

Diagnosis and Treatment Planning 

Medical history 

A thorough medical history is fundamental in preparation for dental implant 
treatment. Understanding the patient's medical status can make the difference as it 
relates to implant success and failure, as well as to the patient's health and well-
being. Factors that may affect the patient's ability to withstand a surgical 
procedure should be ruled out. Such factors include but are not limited to history 
of angina, myocardial infarction, arrhythmias, compromised immune system, 
prolonged use of steroids, leukocyte dysfunction and deficiencies, neoplastic 
diseases requiring radiation or chemotherapy, renal failure, uncontrolled 
endocrine disorders, alcoholism, drug abuse, and excessive smoking. The most 
important part of collecting the medical history is to identify factors that 
potentially pose a risk to the patient during the course of periodontal, 
reconstructive, and implant surgery. The patient's medical health care provider 
should always be contacted for consultation when indicated. 

Dental history 

Understanding the patient's dental history is essential to implant treatment 
success. The timing of and reason for previous dental extractions will determine 
whether there has been adequate time for bone healing and whether there may be 
resultant osseous deformities. For example, if the teeth require removal as a result 
of a fracture or infection, the resultant osseous defect will more likely require 
correction. In addition, it is important to know how the extraction socket was 



treated at the time of extraction. It is currently recommended in many cases that 
the extraction socket be grafted at the time of tooth removal to preserve a site for 
future implant placement.31–34 A dental history of treatment for occlusal problems 
or habits such as bruxism can be important in planning the potential implant case. 
Finally, understanding the patient's compliance with recommended dental care is 
necessary because maintenance is crucial for long-term implant success. 

Oral examination 

A comprehensive examination of the oral environment helps to minimize 
treatment complications. The examination should include a detailed dental and 
soft tissue evaluation that rules out infection, pathology, deformities and other 
potential areas of concern. The following information should be highlighted:  

• Periodontal status and prognosis 

• Endodontic integrity and vitality 

• Integrity of existing restorations 

• Caries detection 

• Occlusal analysis and identification of parafunctional habits 

• Tooth mobility 

• Crown-to-root ratio 

• Amount of interocclusal space 

• Position of teeth: tipping, tilting, drifting 

• Root configuration and space availability 

• Ridge morphology, width, undercuts 

• Esthetics 

Although studies have shown that similar bacteria are associated with failing 
implants and periodontally involved teeth,19 implant survival rates are comparable 
in recalcitrant periodontal patients compared with periodontally healthy patients.51 
Currently, there is no scientific evidence to support the theory that treated 
periodontal patients have a greater risk for implant failure or for development of 
periimplant disease. But active or potential oral infection, of any source, must be 
eliminated before considering dental implant treatment. 

The oral examination also must include the study of articulated casts. These help 
in diagnosing arch form and arch relationship (horizontal and vertical overlap), as 



well as in determining the ideal implant sites in relation to the remaining teeth. 
Advanced or complex cases may also require the use of a facebow transfer, 
interocclusal registration, and custom incisal table. A diagnostic wax-up of the 
final restoration can help in finalizing the treatment plan and in determining the 
position and number of implants necessary to achieve the desired restoration. This 
wax-up can then be used to fabricate a diagnostic radiographic and surgical 
template. 

The template can be made of polymethyl methacrylate resin, visible light-cured 
resin, or vacuum-formed material. Barium, gutta-percha, steel balls, or any other 
radiopaque markers can be used to represent proposed tooth position relative to 
the potential implant sites. When adapting the template for surgical use, holes are 
created in the template to accommodate the various drills used in preparing the 
implant osteotomy. When properly used, the surgical template ensures proper 
implant angulation and positioning relative to adjacent teeth or implants. The 
surgical template should have a stable fit, with either tooth or soft tissue support, 
and should fit passively after surgical flap reflection (Figs. 26-12 through 26-14). 

Radiographic examination 

The final decisions as to the feasibility of using potential sites for implant 
placement and the number, length, and width of implants to be placed to 
accommodate the prosthetic design are made with the aid of radiographs. 
Panoramic radiographs are helpful in giving an overview as to the relative 
positions of teeth to anatomic landmarks and in identifying significant pathology. 
Depending on the location, panographs are magnified 1.2 to 1.3 times and should 
not be used as definitive diagnostic tools. For example, panoramic radiographs 
accurately locate the mandibular canal to within 1.0 mm of the anatomic position 
only 17% of the time, obviously not sufficiently accurate for implant 
procedures.52 Periapical radiographs are more accurate in identifying the position 
of the mandibular canal to within 1.0 mm of the anatomic position 53% of the 
time.52 Although periapical radiographs can give a fairly accurate estimate of the 
bone quantity in an apicocoronal dimension, they may be deceiving in evaluating 
bone quality. Often, the quality of the bone is determined when the osteotomy site 
is being prepared. 

Figure 26-12.   



 

Articulated casts can be used to aid in diagnosing and treatment planning at 
the therapeutic vertical dimension. Acrylic shells of proposed restoration can 
be used to fabricate a radiographic and surgical stent. 

A computerized tomography scan, such as a Dentascan (GE Medical Systems; 
Waukesha, WI), can provide an accurate three-dimensional representation of the 
maxillary and mandibular jawbones. In addition to the quality and quantity of 
bone, the position of the mandibular canal can be identified within 1.0 mm of the 
anatomic landmark 94% of the time.52 The Houncefield units used in computed 
tomography (CT) scans can improve the diagnosis of bone quality by providing 
radiologic densitometric readings of bone. This information also can be used to 
accurately measure bone loss or gain over time, and it provides normative data to 
track osteoporosis risks. 

Figure 26-13.   



 

Barium-coated acrylic stent fitted in patient's mouth for use in radiographic 
evaluation. 

Figure 26-14.   

 

Maxillary Dentascan (GE Medical Systems) with barium-coated acrylic stent. 
Note the radiographic representation of the proposed restoration designated by 
the barium tooth outline (visible in slices 24–28). 

With the Dentascan, axial scans are obtained parallel to the occlusal plane at 1.0-
mm intervals through either the maxilla or the mandible. The software program 
then produces sequential oblique cross-sections every 2.0 or 3.0 mm around the 
entire curvature of the alveolar ridge. Each of the cross-sections is sequentially 



numbered and matched to tick marks on the axial views. Panoramic views also are 
available to complete accurate three-dimensional diagnosis and treatment 
planning. 

As mentioned earlier, a template with radiopaque markers can relate the position 
of the existing bone to the proposed prosthetic location. The resulting information 
also helps to determine the need for reconstructive surgical procedures. When 
used appropriately, CT Dentascans relieve much of the dentist's preoperative 
guesswork in planning the position, angulation, and size of the implants (Figs. 26-
14 through 26-17). 

Implant Design and Terminology 

There are numerous implant systems and manufacturers available worldwide, each 
providing a different design, shape, and surface characteristic. Although 
osseointegrated implants are chiefly composed of titanium, the implants' surfaces 
may differ. The first Brånemark implants were composed of machined surfaced 
titanium. Lately, the trend has been toward adding roughness to the implant 
surfaces through various subtractive or additive processes. There is microenhanced 
pure titanium, etched titanium, plasma-sprayed titanium, and plasma-sprayed 
hydroxyapatite. Textured surfaces on implants are believed to accelerate the initial 
healing phase and facilitate tissue growth, and they require increased torque forces 
for removal.53 Torque is the energy that must be delivered to an implant to 
overcome the resistance provided by bone. 

Implant systems also can be categorized as either the traditional two-stage 
(submerged) or one-stage (nonsubmerged) variety. The submerged system was 
designed to help protect the dental implant from inadvertent functional loading 
forces during the early healing period. Without exposure to the oral environment 
during early healing, submerged implants have less exposure to the oral epithelium 
and microorganisms. Subsequently, they may be preferable when guided bone 
regeneration (GBR) is necessary. 

Submerged implant treatment is done in two stages. When the implant is placed, it 
is covered with soft tissue and allowed to be osseointegrated subgingivally for 
approximately 3 months in the mandible and 6 months in the maxilla (the 
differences are because of the different quality of bone encountered in the two 
jaws). In the second-stage surgical procedure, the implant is exposed to the oral 
environment by using a temporary healing abutment. The healing abutment is later 
replaced by the prosthetic abutment that connects the implant to the prosthetic 
device (Fig. 26-18). With the submerged system, the prosthetic abutment and 
implant interface occurs at the crest of the bone. 

Figure 26-15.   



 

Sagittal image of Dentascan (GE Medical Systems). Oblique images were 
formatted 3.0 mm apart starting with number 1 on the right side. Panorex 
images were formatted 1.0 mm apart. 

Figure 26-16.   



 

Panoramic image of same Dentascan (GE Medical Systems). The relative 
location of the mandibular canal can be followed on the patient's right side at 
approximately 10 mm below the crest of bone. 

Figure 26-17.   



 

Oblique images of mandibular Dentascan (GE Medical Systems). Note the 
location of the mandibular foramen in image #20. The location of the 
mandibular canal can be followed distally to image #11 at approximately 12.0 
mm below the crest of bone. After allowing a 2.0-mm "safety zone" on top of 
the mandibular canal, a 10.0-mm implant could be accommodated in this area. 
These oblique images also can reveal a lingual inclination of the alveolar 
process. These images can be used to determine the optimal implant length and 
inclination relative to teeth in the maxilla. 

The one-stage, or nonsubmerged, implants have a polished collar that extends 
through the oral mucosa and attaches to the prosthetic components at a 
supragingival or slightly subgingival location. The prosthetic abutment and implant 
interface occurs at a supraosseous location. The major advantage of one-stage 
systems is that only one surgical procedure is involved and, therefore, fewer patient 
visits and potential discomfort. The ITI (International Team for Implantology) was 
the first one-stage implant developed.54 Many implant manufacturers currently offer 
one-stage implant systems. The advantages of a single-stage surgery have led many 
clinicians to place the classic two-stage implant systems in a single-stage technique. 
Rather than submerging the implant at the time of placement and later uncovering 
the implant and placing a healing abutment transmucosally (Fig. 26-19), the healing 
abutment is placed at same time the implant is placed. After osseointegration has 



occurred, the healing abutment can be replaced with a prosthetic abutment without 
the need for a second surgical procedure.55 

Implant designs also differ in shape and size. The Brånemark system is based on a 
screw-shape design. Cylinder-shaped implants and tapered, or "root form"-shaped, 
implants also are available. Some implants connect to the prosthetic components 
through an external hexagonal connection, and others through an internal 
connection. Brånemark implants (Nobel Biocare, Gothenburg, Sweden) are 
available in three widths and corresponding platforms that relate to the implant-to-
abutment interface (Table 26-1):  

1. Regular platform (RP) implants are the most commonly used of the 
Brånemark system. They have a 4.1-mm diameter platform and 2.7-mm hex, and 
correspond to the 3.75- and 4.0-mm body diameter implants. 

2. Wide-platform (WP) implants have a 5.1-mm diameter platform and a 
corresponding 5.0-mm fixture body. The hex diameter is 3.4 mm. They are 
recommended for posterior areas where additional occlusal loading is anticipated 
and for the restoration of molar-size crowns. They also are useful in areas of 
softer or poorer quality bone where the additional implant diameter may increase 
the implant-bone contact area and the implant's primary stability. Wide-platform 
implants also are useful "rescue" implants when regular platform implants lack 
initial primary stability. 

3. Narrow-platform (NP) implants are for areas of limited space, either 
because of tooth proximity or a narrow ridge. The platform diameter is 3.5 mm 
corresponding to a 3.3-mm diameter implant body. The implant hex is 2.4 mm. 
Narrow platform implants should be used judiciously because of their decreased 
ability to withstand mechanical forces. 

Figure 26-18.   



 



Diagram of implant components starting with the fixture at the bottom, followed 
by the prosthetic abutment (which screws into the fixture), the crown (fabricated 
on a cylinder, which fits over the prosthetic abutment), and the prosthetic screw. 

TABLE 26-1  Brånemark Implant (Nobel Biocare, 

Gothenburg, Sweden) Varieties, Specifications, and 

Indications for Use 

 

There are advantages and disadvantages to each implant system and design. The 
clinician learning to place and restore dental implants will encounter a wide array of 
possible companies, designs, and instrumentation choices. An inclusive review of 
all available options is beyond the scope of this text. For simplicity, the discussion 
in this chapter uses the terminology and describes the surgical technique for the 
Brånemark system. The Brånemark system is the most extensively researched 
system, with long-term prospective data dating back more than 30 years.14 Many 
variations have evolved from the original protocol. The techniques described in this 
chapter reflect the conventional wisdom of current implant protocol. 

Surgical Protocol 

Surgical techniques are dependent on the implant system used. The manufacturer's 
instructions should be followed as recommended. The techniques may vary 
according to the implant's design, length, and width. Most implant companies have 
regional representatives who provide both training and support. 

After assessing the patient's eligibility for implant treatment and completing the 
presurgical diagnostic and treatment planning procedures described earlier in this 
chapter, the patient should be prepared for surgery. To confirm that the patient 
understands the risks, possible complications, benefits, and alternative treatment to 
implant therapy, it is recommended that a comprehensive consent form be carefully 
read and thoroughly understood before the patient signs the form. 

The original Brånemark protocol required that implant surgery be performed with 
sterile operating room conditions, but more recent evidence does not justify such a 
high degree of sterility. In a 1993 retrospective study, Scharf and Tarnow56 
demonstrated a high degree of clinical success when implants were placed in 
"sterile," as well as "clean," conditions. Currently, many surgeons elect to place 



implants in a conventional dental operatory. This has reduced treatment cost and 
increased access to patient care. 

To avoid wound contamination or infection, preprocedural antimicrobial rinsing 
with chlorhexidine often is recommended. Many clinicians recommend systemic 
antibiotic therapy in conjunction with implant placement, although there is little 
evidence suggesting that such treatment improves implant success rates. Antibiotic 
therapy often begins presurgically. There is no consensus regarding 
recommendations for antibiotic prophylaxis, although penicillin or its derivatives 
are a reasonable option. 

Once the patient has been prepared for surgery, the surgical site is anesthetized with 
local anesthesia. To benefit from the proprioceptive response that can be attained 
from the pressure of being in close proximity to the mandibular alveolar nerve, 
infiltration anesthesia often is recommended for mandibular implant placement, 
rather than use of a mandibular block. A local anesthetic with a vasoconstrictor is 
recommended unless it is medically contraindicated. For added comfort, some 
patients may prefer oral or intravenous conscious sedation (see Chapter 19). 

Surgical incision and flap reflection 

Soft tissue flap design depends on the need to completely visualize the surgical 
site, the location of anatomic landmarks, and the access required to accommodate 
a bone graft and membrane placement. Although remote incisions were originally 
recommended by the Brånemark protocol, crestal incisions on keratinized gingiva 
currently are generally preferred.57 Crestal incisions tend to cause less 
postoperative bleeding, swelling, and discomfort and facilitate proper suturing. 
When exposure of the implants by dehiscence of the incision is of concern, a 
more palatal or facial incision may be indicated. A full-thickness mucoperiosteal 
flap is reflected beyond the mucogingival junction, ensuring adequate blood 
supply to the gingival flap. This facilitates flap movement and advancement, thus 
allowing for tension-free suturing. If needed to assist in flap reflection, vertical 
incisions should be kept at least one tooth width away from the proposed implant 
sites, when possible. This allows for adequate flap reflection and prevents 
exposure of any membrane used. Finally, if implant placement is planned around 
the area of the mental foramen, incisions and flap reflection should proceed 
carefully until the mental foramen and neurovascular bundle are visualized. 

After flap reflection, the crest of the alveolar bone should be contoured and 
prepared by removing all soft tissue and creating a smooth, level surface. Crestal 
bone chips that are removed should be placed with saline in a sterile receptacle for 
bone grafting if it is required. 

Fixture site preparation 



One of the most important considerations in preparing the implant osteotomy site 
is the preservation of bone vitality. A temperature of 47.0° C for 1 minute is 
generally accepted as the threshold temperature at which bone cells begin to loose 
vitality.58,59 The use of sharp drills and copious irrigation helps to avoid 
deleterious heat production. Brånemark's long-term studies of high implant 
success rates suggest that external irrigation is acceptable for implant site 
preparation. A "pumping" or "up-and-down" drilling action also is recommended 
to help expel bone chips while cooling the bone. Bone being removed from the 
osteotomy site can be collected for use should a bone graft be required after 
implant placement. 

Although variations exist amongst implant manufacturers, the general principles 
of implant site preparation are comparable. The Brånemark system uses a guide 
drill (round bur) for initial penetration of the cortical plate (Fig. 26-19). The 
penetrations should be spaced to allow at least 1.0 mm of bone around the 
circumference of each implant. In addition, to facilitate restorative procedures, at 
least 3.0 mm of bone are recommended between implants. These space 
requirements were developed to allow room for prosthetic components and the 
formation of proper interproximal embrasure spaces that permit adequate oral 
hygiene procedures. As such, the centers of the standard diameter implants (4.1-
mm platform) should be no less than 7.0 mm from each other, or 3.5 mm from the 
adjacent tooth (Fig. 26-11). Compensations should be made for wider or narrower 
diameter implants. The surgical guide can be used to aid in making the guide drill 
perforations. 

The guide drill is followed by a series of drills designed to widen the osteotomy 
site at the desired length. The 2.0-mm twist drill is used first. The marks on the 
drills are in millimeters and correspond to the implant lengths, when placed such 
that the fixture table is 1.0 mm subcrestal. That is, the drills are marked to allow 
placement of the implant platform in a subcrestal position, 1.0 mm apical to the 
bony crest, with the cover screw subsequently placed flush with the crestal bone 
(Fig. 26-20). This means that the 10-mm "mark" on the drill is actually more than 
10 mm from the tip of the drill. In addition, the "V"-shape area at the tip of the 
drill accounts for an additional 1.0 mm of preparation, which must be considered 
when estimating the amount of available bone. Thus, although the marking on the 
drill may correspond to a 10.0-mm implant, the actual preparation into the bone is 
almost 12.0 mm (10.0-mm implant length from the end of the implant to the 
fixture table, plus 1.0 mm for subcrestal placement of the fixture table, plus 
almost 1.0 mm for the tapered end of the drill) (Fig. 26-20). If the clinician wishes 
to place the fixture table at the level of the bony crest, rather than subcrestally, 
then the implant site does not need to be drilled all the way to the marking on the 
drill. Instead, the site can be drilled to a depth 1.0 mm "short" of the marking on 
the drill. 

Figure 26-19.   



 

Drill sequence for preparation of standard-platform implant osteotomy. The 
guide drill is used to penetrate the cortical plate of bone after gingival flap 
reflection and preparation of the bone surface. This is followed by the 2.0-mm 
twist drill, the pilot drill, and the 3.0-mm twist drill. If necessary, implant site 
preparation can be completed with the use of the countersink and tap drills. 
The implant can then be inserted according to the manufacturer's instructions. 
The cover screw is seated on the implant and the gingival flap is 
reapproximated. If the clinician prefers to use a single-stage surgical 
approach, a healing abutment can be seated instead of the cover screw and the 
gingival tissues sutured around the healing abutment (see lower right 
diagram). 

Caution must be exercised to prevent overdrilling around vital anatomic 
landmarks. Drilling is done at high speed (1500 to 2000 rpm) with copious 
irrigation. A "pumping," or up-and-down, drilling technique helps to ensure that 
the coolant reaches the bottom of the drill and that bony remnants are expelled 
from the site. A drill extension may be required when adjacent natural teeth 
prevent the drill from reaching the desired length. It is critical that the clinician 
knows the exact drilling recommendations for every implant system used. Each 
implant company marks their drills differently. For example, the 10-mm mark on 
some companies' implant drills are actually 10 mm from the tip of the drill, 
whereas on others (as described earlier), the 10-mm mark is actually closer to 12 



mm from the tip. When drilling close to important anatomic structures, such 
seemingly minimal differences can have dramatic consequences. 

The surgical template can be a helpful tool for implant site preparation. If a 
template is not available, appropriate location and angulation must be guided by 
the position of the adjacent and opposing teeth and at the correct occlusal vertical 
dimension. Such placement often is not as accurate as that allowed when a 
surgical template is used. Implants placed for screw-retained restorations should 
have an axial orientation that allows the screw access hole to penetrate through 
the cingulum of the anterior teeth and through the occlusal table of the posterior 
teeth. If cemented restorations are planned, the implant's axial orientation should 
allow for the eventual access hole to be through the incisal edge of the anterior 
teeth and the occlusal table of the posterior teeth. 

Figure 26-20.   

 

The millimeter gradations on the twist drills and depth gauge represent the 
height of the corresponding fixture with cover screw. These marks do not 
indicate actual millimeter lengths. Twist drill preparation is deeper than the 
final position of the implant apex. The "V"-shaped end of the drill deepens the 
site approximately 1.0 mm more than the depth marker indicates. 



The twist drills should be used with caution to prevent perforation of the axial 
walls (fenestration or dehiscence). If direct visualization is not possible, it is 
recommended that a small instrument, such as a probe, be placed parallel to the 
axial wall of bone to help assess the angulation. If an axial wall perforation 
occurs, bone grafting and membrane-assisted GBR may be required. The decision 
to graft the perforated site depends on the size and location of the perforation, the 
density of the bone, and the occlusal force to be placed on the implant. If 
contiguous bone surrounding the implant is adequate to sustain occlusal forces, a 
small lateral perforation may not require further treatment. Larger perforations 
that are closer to the labial aspect of maxillary implants will most likely require 
grafting to prevent implant surface exposure and an esthetic compromise. 

After the 2.0-mm twist drill is used, the direction indicator can be used to assess 
initial implant position and angulation. Minor changes in angulation or position 
can be made before expanding the osteotomy site. Periapical radiographs, taken 
with either a direction indicator or the twist drill as radiopaque markers, may also 
be helpful to evaluate the length and mesiodistal angulation of the implant 
preparation. 

Next, a pilot drill is used to expand the osteotomy site to accept the 3.0-mm twist 
drill (Fig. 26-19). The 3.0-mm twist drill enlarges the osteotomy at the desired 
length of the implant. Direction indicators are used to help guide the site 
preparations. 

Variations in the drilling sequence may be needed depending on the bone density 
and the diameter of the intended implant. When the bone is very dense, a 3.15-
mm twist drill may be necessary to expand the osteotomy site further. For wide-
diameter implants, a pilot drill and another twist drill (4.3-mm diameter) are used 
after the 3.0-mm twist drill. For narrow-diameter implants, a 2.7- or 2.85-mm 
twist drill is used instead of the 3.0-mm twist drill. 

The countersink drill is designed to prepare the site for the head of the implant 
and allows the seating of the implant with the cover screw to be level with or just 
below the crest of bone. This permits the implant to heal without being influenced 
by transmucosal loading forces (Fig. 26-19). 

In areas where the bone is less dense and adequate interarch space is present to 
allow for the prosthetic components, limited or no countersinking is 
recommended. This allows the implant collar to engage the cortical layer of bone 
at the alveolar surface and increases initial implant stability. Also, because the 
measurements in the drill guides account for the countersink, a longer implant 
fixture can be placed in the same amount of vertical bone. Adequate interarch 
space may also allow the clinician to place the fixture table at the level of the 
bony crest (rather than subcrestally), with the cover screw in a supracrestal 
location. Countersinking is not performed when such an implant position is 
desired. Many clinicians prefer to place the fixture table at or slightly coronal to 
the bony crest, rather than subcrestally as originally recommended in the 



Brånemark protocol. This may prevent crestal bone loss during initial healing, 
because the junction between the fixture table and the abutment will be 
supracrestal, providing for some "biologic width" at the junction.3 

Even when using self-tapped fixtures, prethreading the bone with a screw tap may 
be necessary in areas of dense cortical bone (Fig. 26-19). Limited tapping 
occasionally is required when a thick, dense cortical plate with softer trabecular 
bone exists. Tapping with copious irrigation is accomplished at lower speeds and 
higher torque (e.g., 25 rpm and 40 N-cm, respectively). In dense bone, the screw 
tap stops automatically if it is misdirected or reaches the apical aspect of the 
osteotomy site. If the angulation needs to be corrected, the tap drill should be 
reversed and redirected to its proper position. 

Fixture installation 

The implant length is determined by measuring the distance from the end of the 
bone preparation to the most apical marginal bone level. The implant fixture is 
installed at low speed and high torque (e.g., 20 to 50 N-cm depending on the bone 
quality). To avoid fixture contamination, the fixture must not come into contact 
with any instruments or oral tissues. Furthermore, it is recommended that 
irrigation be withheld until the fixture is inserted past the horizontal hole at its 
apical end. Profuse irrigation should follow. Like the screw tap, the fixture may 
stop automatically in dense bone when it reaches the end of the preparation or if it 
is misdirected. Again, if angulation needs to be corrected, the fixture should be 
removed in reverse speed along the same axis as insertion and then redirected. 
Once fully seated, a cylinder wrench can be used for final tightening of the 
fixture. At this point, the fixture should feel tight and stable (Fig. 26-19). 

Primary stability is the implant's ability to resist movement when challenged 
manually. The more stable an implant is at the time of insertion, the greater the 
likelihood of its clinical success. If the fixture is tight, the fixture mount can be 
removed and the cover screw tightened. The cover screw will prevent bone from 
penetrating inside the fixture head during healing. If a single-stage surgical 
approach is used, the healing abutment would be placed instead of the cover 
screw. The length of the healing abutment will be determined by the height and 
thickness of the soft tissue (Fig. 26-19). 

Fixtures demonstrating mobility and a lack of primary stability at the time of 
placement should be removed. When possible, wider diameter fixtures may be 
used as "rescue" fixtures to immediately replace loose fixtures. Otherwise, the site 
will require grafting with fixture placement reattempted in 4 to 6 months. 

Soft tissue readaptation and suturing 

Before reapproximating the gingival flaps, all nonsupporting or sharp bony edges 
should be removed. To evert the edges of the flap and obtain more predictable 



closure, horizontal or vertical mattress sutures are recommended. They should be 
reinforced by single interrupted or continuous sutures. Either resorbable or 
nonresorbable sutures may be used. Long-term success studies of one-stage 
implant systems indicate that complete soft tissue coverage of the implant is not 
required for osseointegration.54 Clinical expertise has shown, however, that soft 
tissue coverage is advantageous to bone formation, especially in the case of GBR. 
If healing abutments are placed at the time of implant insertion, the flaps are 
closely approximated around the healing abutments in a way similar to adaptation 
around teeth. 

Written postoperative instructions should be clearly explained and given to all 
patients. Failure to adhere to the postoperative protocol could result in failure of 
osseointegration. To help prevent infection of the implant and surgical site, 
postoperative antibiotics may be recommended for 7 to 10 days. The surgical site 
also should be kept as clean as possible and debrided twice daily; 0.12% 
chlorhexidine rinses are recommended. Rinsing should continue until after the 
sutures are removed and the patient is able to resume normal oral hygiene 
procedures. Analgesics can be dispensed before surgery and continued after 
surgery. Nonsteroidal antiinflammatory medication is usually satisfactory to 
control postoperative discomfort, but in certain cases, a narcotic analgesic may be 
required. 

Removable prosthetic devices should be adjusted to prevent injury to the wound. 
Special consideration should be taken to avoid transmucosal implant loading 
forces that could result in micromovement of the implant and failure of 
osseointegration.60 To prevent this complication, it is suggested that fully 
edentulous patients refrain from wearing a removable prosthesis for 2 to 3 weeks 
after surgery. At that time, the prosthesis should be carefully relined to prevent 
transmucosal implant loading. Alternative treatment plans should be considered 
for patients who refuse to go without a provisional removable prosthesis. (Some 
alternatives are described later in this chapter in the section detailing provisional 
restorations.) 

Patients are usually seen 7 to 10 days after implant placement for suture removal 
and wound debridement. During the initial healing period, the patient may 
experience facial discoloration and swelling as part of the normal healing process. 
Patients should be informed that swelling may peak 48 to 72 hours after surgery. 

The patient should be examined every 3 to 4 weeks during the healing period. In 
most cases, sufficient osseointegration occurs after 3 months in the mandible and 
4 to 6 months in the maxilla. Healing time in the maxilla is longer because of the 
quality of bone (less dense and more trabecular). Longer healing periods may be 
required in poor quality bone or after bone grafting procedures. Some 
manufacturers have shown that early or even immediate loading of implants can 
be successful. 



Abutment connection 

If the implants were submerged under the soft tissues at the time of placement, a 
second surgical procedure is required before restoration. After the gingiva is 
anesthetized with local infiltration, a crestal incision is made to expose the fixture 
and cover screw. Alternatively, if there is ample keratinized gingiva, a soft tissue 
punch may be used to expose the implant. After removing the excess hard and 
soft tissues, the cover screw can be removed. Bone mills are available to help 
remove excess tissue around the implant head. A gauge can be used to measure 
the soft tissue thickness and select the appropriate healing abutment. The healing 
abutment helps to maintain the opening from the oral cavity to the implant 
through the soft tissue and allows for the formation of a sulcus. Ideally, it should 
be approximately 1.0 to 2.0 mm longer than the height of the soft tissue. For 
esthetic cases, anatomic healing abutments are available that mimic the shape of a 
natural root and selectively enlarge the transgingival space. 

Once the healing abutment is placed, a radiograph is taken to confirm the proper 
fit of the abutment. Occasionally, it may be necessary to reshape the bone around 
the implant to accommodate the healing abutment. This should be done with 
extreme caution to prevent damaging the titanium implant surface. 

After the abutment fit is confirmed, the soft tissue flaps are approximated and 
sutured with single interrupted sutures. This may require thinning or trimming of 
the flaps before suturing. Also, to assure a passive fit, the provisional restoration 
may need to be adjusted and relined to accommodate the healing abutment. 

Temporary transitional implants 

Temporary transitional implants were developed to address the need for 
uninterrupted healing and premature transmucosal forces caused by removable 
dentures, as well as to accommodate patient demands for immediate functional 
and esthetic fixed restorations. These can be used in conjunction with 
conventional implants and serve as abutments for a provisional fixed prosthesis 
during the osseointegration of the permanent implants. Temporary transitional 
implants can be placed in the mandible or the maxilla and are suitable for partially 
or fully edentulous patients.61,62 

As opposed to conventional implants, transitional implants are not expected to be 
osseointegrated. In fact, because of their smaller diameter and if used for long-
term loading, these implants are susceptible to structural fatigue and fracture. 
They are removed once the conventional implants have osseointegrated. As with 
conventional implants, the success of temporary implant treatment requires 
careful patient selection and treatment planning.2,45 After soft tissue flap reflection 
and site preparation, the conventional implants are placed in the ideal position to 
satisfy the needs of the final restoration. Required bone augmentation procedures 
can then be performed if necessary. The transitional implants are placed at a 



minimum distance of 2.0 to 3.0 mm from the conventional implants or from 
natural teeth. As many temporary implants as possible should be positioned and 
distributed anteroposteriorly to support the temporary prosthesis. 

To prepare for the placement of temporary implants, the cortical crestal bone is 
penetrated with the twist drill and prepared to the desired length. The transitional 
implants are then placed according to the manufacturer's instructions. To achieve 
primary implant stability at the time of placement, the transitional implants must 
engage the cortical crestal bone. Paralleling pins can help the clinician visualize 
implant angulation and ensure the path of insertion for the temporary restoration. 
Once the transitional implants are placed, the tissues are sutured, leaving the 
abutment portion of the transitional implants exposed. If necessary, small 
corrections in angulation can be made with bending tools. The temporary 
restoration can be fabricated at chairside (direct technique) or in the laboratory 
(indirect technique) with the same methodology used for conventional implants 
(Figs. 26-21 through 26-24). 

Figure 26-21.   

 

This patient had an insufficient number of natural abutments on the 
mandibular left quadrant to hold a fixed provisional restoration during the 
osseointegration of conventional implants. 

Figure 26-22.   



 

Five conventional implants were placed to satisfy the requirements of the final 
restoration. Two temporary implants were placed 2 to 3 mm from the 
conventional implants to help support the provisional restoration during 
healing. 

Depending on the system used, transitional implants require at least 7.0 mm of 
vertical bone and are otherwise contraindicated. In addition, because the 
prosthetic abutment is incorporated in the implant design, the amount of 
interocclusal space should be at least 6.0 to 7.0 mm (4.0 mm for the abutment 
component and 2.0 mm for the coping and restorative material). 

To ensure initial stabilization of the transitional implant, good bone quality (type I 
or type II bone) and sufficient crestal cortical bone are needed to engage the 
implant. Temporary implants are contraindicated if a sufficient number cannot be 
placed to adequately support the desired temporary prosthesis. 

As with all implant treatments, routine clinical and radiographic follow-up should 
be done to evaluate the ongoing bone and soft tissue health. If there are signs of 
implant failure, mobility, fracture, or infection, the implants must be removed as 
soon as possible and the site treated accordingly. When the transitional implants 
are no longer needed, they can be removed with minimal discomfort to the 
patient. They are unscrewed by applying torque in a counter-clockwise direction. 
Any granulation tissue must be removed with curettage, and the area will heal 
similar to a tooth extraction site. 

Figure 26-23.   



 

After flap closure, the existing restoration was relined to include the 
temporary implants as abutments for the left side. The access holes for the 
transitional implants are visible in the intaglio surfaces of the molar and 
canine. 

Figure 26-24.   

 

The provisional restoration remained in function for 6 months during the 
osseointegration of the conventional implants. 

Provisionalization 



The interim prosthesis (either fixed or removable) will provide invaluable data as to 
tooth relations in the centric and excursive positions, anterior esthetics, and 
phonetics. Although the provisional restoration is important, it often is neglected 
with resultant untoward complications. Depending on the patient's needs and 
desires, the restorative treatment plan, and the number and location of implants 
placed, there are several provisionalization options. Before implant uncovering, a 
removable interim prosthesis, a fixed bridge supported by retained natural teeth, or 
resin-bonded temporary restorations may be used. Methods for immediate or early 
loading of either interim or conventional implants are described later in this chapter. 

For provisionalization after implant uncovering, the restoration may be delivered 
the day of uncovering if the implant has been indexed at the time of placement. 
Indexing is performed by recording the implant position and relation to the adjacent 
and opposing dentition at the time of implant placement. This can be accomplished 
with a conventional impression or by using indexing aids available through the 
implant manufacturers. 

Temporary cylinders and abutments are used to fabricate a provisional restoration 
that fits on the selected abutment or directly on the implant platform. A laboratory-
processed acrylic shell or the patient's modified existing denture can be adapted for 
use as a temporary restoration. For durability, it is recommended that these 
provisional restorations be reinforced with fibers, orthodontic wire, or a metal 
undercasting. 

As with all implant treatment, temporary restorations must fit passively on the 
implant components. The occlusion should be evaluated to prevent excessive 
loading forces and the patient should be instructed in proper maintenance 
techniques. 

Prosthetic Considerations 

After soft tissue healing has occurred, definitive restorative procedures should 
commence. The position of the implant can be transferred to a cast for laboratory 
procedures either through an implant-level impression (transfer of the fixture 
position) or an abutment-level impression (transfer of the position of the abutment 
already placed on the implant). The implant-level impression is the recommended 
option.63 Selecting the prosthetic abutment on a laboratory cast allows for enhanced 
visualization of the soft tissue profile, the interarch dimensions, and the alignment 
and angulation of the implant (Fig. 26-25). 

After the temporary healing abutment is removed, the impression is made with a 
heavy-body elastomeric material injected around each impression coping and the 
impression tray. Either a tapered or a square impression coping can be used, 
matching the platform diameter of the implant. Tapered impression copings remain 
on the implant when the impression is removed and must be taken off the implant 
and reseated on the impression before pouring the cast. Otherwise, square 



impression copings are separated from the implant while the impression is still in 
the mouth (with a screw that protrudes through the impression tray). They remain in 
the impression and do not require reseating into the impression material. They are, 
therefore, considered to be more accurate. The use of square impression coping is 
limited in the posterior sextants when there is minimal interocclusal space and 
access for loosening the impression coping screw (Figs. 26-26 through 26-29). 

Figure 26-25.   

 

Abutment selection can be performed on laboratory replicas, mounted at the 
appropriate vertical dimension. The choice of the appropriate abutment depends 
on the restorative option desired, the position and angulation of the implants, the 
amount of interarch space available, the soft tissue dimensions, and the esthetic 
demands of the case. The abutments shown here are (clockwise from the top) 
multiunit abutments (two different height abutments shown), single-unit 
abutment, angulated abutment, and standard abutment. 

In the laboratory, the implant replica is attached to the impression coping, and soft 
tissue material is injected around the replica to simulate the gingiva. Type IV die 
stone is poured into the impression. The casts are then articulated at the proper 
vertical dimension before the laboratory procedures are finalized, and the accuracy 
of the laboratory replicas are clinically verified. 

Abutment selection 

Selecting the restorative abutment is one of the most important steps in implant 
prosthodontics. Choosing the appropriate abutment depends on the restorative 
option desired, the position and angulation of the implants, the amount of 
interarch space available, the soft tissue dimensions, and the esthetic demands of 
the case. There are three basic abutment classifications, depending on the type of 
restoration: overdentures, screw-retained restorations, and cemented restorations. 



Overdentures. 

Some overdentures are individual attachments that fit directly on fixtures. 
Others are attachments that are incorporated on gold cast-bars that interconnect 
two or more fixtures together. The requirements of the final prosthesis dictate 
the category and the specific type of attachment to be used. 

Figure 26-26.   

 

Square impression copings seated on one standard and two wide-platform 
implants. 

Screw-retained restorations. 

Screw-retained restorations offer easy retrievability for maintenance procedures 
(Fig. 26-18). In all screw-retained abutment systems, the prosthetic screw is 
designed to be the weakest link. Loosening or fracture of this replaceable gold 
screw occurs before breakage or fatigue of any other implant components. 

The conventional abutments were the original transmucosal elements designed 
for the fabrication of fixed restorations in edentulous arches (Fig. 26-25). They 
are made of pure titanium in varying lengths and diameters to fit the different 
implant platforms. The height of the gingiva as it relates to the implant platform 
determines the length of the abutment selected. They connect directly to the 
implant with a corresponding titanium abutment screw. Conventional abutments 
are rounded at the base and do not have an antirotational effect. Thus, they are 
only recommended for multiple implant restorations. Because the conventional 



abutment is designed to have the junction of the restoration and the abutment in 
a supragingival location, this abutment is rarely used in esthetic areas. 

Figure 26-27.   

 

Custom-made gold copings were fabricated to correct the excessive buccal 
angulation of the center implant. 

Figure 26-28.   

 



Provisional restoration delivered the day the custom fabricated abutments 
were seated. 

The multiunit abutment (Fig. 26-25) was designed for use in partially 
edentulous arches where esthetics is a concern. With this abutment design, the 
restoration may start closer to the implant fixture, in a subgingival location, and 
appear as if the teeth are emerging directly through the soft tissue. The different 
sizes relate to the height of the cuff at the base of the abutment (1.0 to 5.0 mm). 
A taller cuff is chosen when the soft tissues are thick, and a shorter cuff for 
thinner tissues. Each size has its own abutment screw. Like the conventional 
abutments, the Estheticone abutment (Nobel Biocare) was designed for use in 
multiple implant restorations and lacks a built-in antirotational device for use in 
single-tooth restorations (Fig. 26-18, Figs. 26-30 through 26-32). 

Figure 26-29.   

 

Radiographic verification of abutment fit. There should be no 
radiographically visible junction (radiolucent line) at the fixture-abutment 
interface. 

Angulated multiunit abutments (Fig. 26-25) may be used when the implants 
have a significant axial divergence or convergence or to redirect the gold screw 



access hole when the implants are angled facially. These abutments are 
available in multiple angulations (17-degree and 30-degree angulations 
available from Nobel Biocare), but generally the greater the degree of 
angulation, the larger the requirement for interocclusal space. 

Nonsegmented abutments, also called "UCLA abutments" (Fig. 26-25), were 
designed to omit the transmucosal element. They are available for single-unit or 
multiunit restorations. The castable retentive element is incorporated into the 
restoration and connects directly to the implant platform. This allows for a more 
esthetic and anatomic emergence profile through the soft tissue. Because these 
abutments are incorporated in the restoration, they require less vertical space 
and are recommended when there is limited interocclusal room. 

Cemented restorations. 

Single-unit or multiunit restorations can be cemented to conical or Esthetic 
abutments (Nobel BioCare), which are available in straight and angulated 
versions. These abutments are available in metallic or ceramic materials. The 
ceramic variety often is preferred to improve translucency in esthetic cases. 
Customized or personalized abutments also can be fabricated to help solve 
implant angulation discrepancies. Once inserted, these conical abutments can be 
treated and prepared as natural teeth and restored with conventional crown and 
bridge procedures. Because the crowns on these abutments are cemented and 
may not be easily retrieved, the abutment must be tightened to 35 N-cm to 
prevent loosening after crown cementation. Using temporary cement can help to 
improve retrievability of the cemented restoration. 

Figure 26-30.   

 



Radiograph of Estheticone (Nobel Biocare, Gothenburg, Sweden) abutments 
seated on two implants. 

Figure 26-31.   

 

Radiographic verification of final restoration. Note the smooth emergence 
profile from the implant to the abutment to the restoration. 

Completion of Restorative Procedures 

Once the selected abutment is seated on the laboratory implant replica, standard 
laboratory procedures can proceed to fabricate the desired restoration. On 
completion of the restoration, both the implant abutment and the restoration are 
transferred to the oral cavity. All components must fit passively and be verified 
both clinically and radiographically (Fig. 26-33). Ideally, occlusal forces are 
directed parallel to the long axis of the implant, and the occlusion is evaluated and 
adjusted to minimize occlusal trauma. 

Figure 26-32.   



 

Clinical view of final restoration. Implant restoration was screw retained. The 
junction of the restoration and the abutment is located subgingivally, providing 
excellent esthetics. 

Figure 26-33.   



 

Diagram of final screw-retained restoration seated on a standard implant. The 
access opening is in the region of the cingulum. 

ADVANCED CONCEPTS IN IMPLANT THERAPY 

Periodontal disease, tooth extraction, long-term use of removable appliances, and 
traumatic injuries typically result in advanced alveolar bone loss that prevents the 
placement of implants in an optimal prosthetic position. Fortunately, innovations in 
surgical techniques, together with advances in the biologic understanding of bone and 
soft tissue regeneration, have increased the predictability of reconstructing alveolar 
ridge deformities. The most critical aspect of creating an esthetic, functional 
restoration is the surgical placement of the implant in a prosthetically driven position, 



which should emulate the natural emergence of a tooth from soft tissue. This section 
focuses on bone and soft tissue augmentation procedures used to correct anatomic 
deficiencies for the optimal placement of dental implants. 

Preservation of Alveolar Bone 

Periodontal disease and other dental infections contribute to alveolar bone loss 
because of local biochemical factors that result in inflammatory bone resorption. 
Some of these factors, such as endotoxins, cytokines, and osteoclastic activity, may 
still be present even after tooth extraction and socket debridement. Systemic factors, 
such as malnutrition, avitaminosis, calcium deficiency, diabetes mellitus, 
osteoporosis, and steroid use also influence the eventual quality and quantity of 
residual alveolar bone. Although the loading characteristics of the mandible and 
maxilla are poorly understood, external pressure of the mucoperiosteum also is 
believed to result in bone resorption.64 

To optimize implant placement, bone volume must be preserved. Failing teeth 
should be extracted early to avoid additional bone loss. After tooth extraction (or 
tooth loss), the alveolar ridge resorbs and may result in a significant osseous 
deformity. Most bone loss after extraction occurs in the first 6 to 24 months. Recent 
studies propose treating an extraction site with complete flap closure and formation 
of a stable clot to help preserve the bone volume after tooth loss.33,65 

Atraumatic tooth removal 

An important step to maintaining alveolar bone is to avoid tissue loss at the time 
of tooth removal. This should be given the highest priority because it may 
eliminate the need for later bone regeneration or grafting. Every effort should be 
made to minimize an esthetic deformity. 

There are many reasons a tooth should be surgically removed. They include 
endodontically treated teeth, a severely dilacerated root, and a fractured tooth with 
little remaining coronal tooth structure. Appropriate instruments and surgical 
techniques ensure the best possible outcome. The proper surgical procedure for 
tooth extraction is as follows:  

1. Do not reflect the interdental papilla, especially in the esthetic zone. 

2. Focus on controlling the process of tooth removal. The use of a thin 
elevator (periotome) will reduce trauma to the bone. Luxation and controlled 
force or sectioning of the tooth will help to prevent bone loss. 

3. Once the tooth is removed from the socket, eliminate all soft tissue 
fragments and pathology. 



4. Ensure that a stable blood clot forms to initiate the first stages of bone 
healing and proper bone fill. 

If the tooth to be extracted has sufficient bone support on all surfaces, the 
extraction site can be expected to fill with bone without any additional 
augmentation procedures. If the bony walls of the socket are compromised, 
however, it may be necessary to support the socket walls with a grafting material. 

It is important to carefully evaluate the type of bone defect that exists 
immediately after the extraction, because this will dictate the treatment required to 
preserve or reconstruct the alveolar ridge. An easy way to categorize the defect is 
to determine the number of bony walls that remain after extraction. Each of these 
requires a specific approach to alveolar ridge preservation and may be treated 
differently.66 

Five-wall socket. 

Most recent extraction sites that have all five walls intact (buccal, lingual, 
mesial, distal, and apical) and thick bony walls can accommodate implant 
placement without adjunctive procedures. However, grafting may be indicated 
at the time of tooth removal if the bony walls are thin. The bone graft material 
should be loosely condensed and should completely fill the socket. Many 
clinicians completely cover the graft with a tension-free flap or soft tissue 
autograft. To enhance regeneration, a membrane also should be considered 
when using bone grafting material. Some clinicians cover the graft with a 
membrane but do not attempt to obtain primary flap closure. This is usually 
done to avoid flap reflection beyond the mucogingival junction, which is 
required to coronally advance a flap to cover a socket. After socket grafting, the 
patient must then wait 3 to 6 months before implant placement, depending on 
the graft material used.66 If no graft material is used, the implant may be placed 
after 3 to 4 months; however, the bone will not be fully mature and the implant 
will need to be placed into bone apical to the previous socket to establish 
primary implant stability. 

Four- and three-wall sockets. 

For a tooth that has one or two bony walls missing, bone grafting is usually 
necessary before implant placement. The alveolar bone typically narrows, 
leaving an inadequate width for implant placement. To help restore the osseous 
dimensions, it may be necessary to place a bone graft in conjunction with a 
barrier membrane that helps prevent the ingrowth of soft tissue (Fig. 26-34).66 

Two- and one-wall sockets. 



Some patients exhibit a longstanding osseous defect characterized by a knife-
edged alveolar ridge. These are considered chronic one- or two-wall defects and 
may require a two-stage procedure involving bone grafting and then implant 
placement. Depending on the defect's severity, a monocortical block graft, as 
opposed to a particulate material, may be preferred. This type of graft requires 
careful surgical planning and is described in further detail later in this chapter. 

To predictably maintain the maximum amount of alveolar bone immediately 
after extraction, the socket should be grafted. Autogenous, allogenic, or 
xenogenic bone have been used with varying rates of success (Fig. 26-35). A 
good blood supply and the formation of a stable blood clot are essential to graft 
success. To increase the amount of blood supply to the graft, it may be 
necessary to penetrate the socket walls with a small bur to induce bleeding. This 
provides a source of osteoprogenitor cells (see Chapter 25). 

When primary closure cannot be achieved, the socket may be covered with a 
collagen material or a soft tissue graft. This will minimize soft tissue ingrowth, 
improve bony apposition, and aid in alveolar ridge preservation. The implants 
can be placed once bone has been regenerated (Fig. 26-36). 

The optimal time to place implants into treated sockets has not been determined. 
Depending on the quantity and quality of existing bone and the clinician's 
preference, the implant placement after tooth extraction can be immediate, 
delayed, or staged. By definition, immediate implant placement occurs at the 
time of extraction. Delayed implant placement is performed approximately 2 
months after extraction to allow for soft tissue healing. Staged implant 
placement allows for substantial bone regeneration and healing within the 
extraction site. This frequently requires 4 to 6 months. 

Immediate implant placement 

When the implant can be located in an ideal position with sufficient bone volume 
to achieve initial stabilization, it is feasible to place the implant and the graft 
concurrently. When the implant is placed at the time of extraction, 
osseointegration begins immediately (Fig. 26-37). 

Figure 26-34.   



 

A, Postextraction socket demonstrating the loss of the labial wall of bone and 
the immediate placement of an implant. Note the exposed threads. B, Bovine 
bone and a nonresorbable membrane were used to regenerate the bone 
necessary to totally cover the implant. C, A 10-year postoperative view of the 
restored implant. 



The primary advantages of immediate implant placement are reduced healing time 
and only one surgical procedure. Because of the discrepancy in size and shape of 
the socket and the implant, a space often exists around the implant.35 If there is 
insufficient soft tissue to cover the implant site, the outcomes may be 
compromised. The flap design may need to be modified, or a soft tissue autograft 
or regenerative membrane may be necessary to completely cover the implant. 

Figure 26-35.   

 

A, An infected tooth that created a significant loss of bone was extracted. 
After total debridement, freeze-dried demineralized bone and a nonresorbable 
membrane were used to develop the site. B, Five months after extraction, the 
defect has been reconstructed with new bone. C, A 12-year postoperative 
radiograph demonstrates a successful implant restoration. Note the marginal 
bone loss in the region of the fixture-abutment connection and around the first 
implant thread. This is a common finding when the implant is placed 
subcrestally, with the fixture-abutment connection apical to the bony crest. 



Primary closure is difficult but possible to achieve. Bowers and Donahue67 
described a technique using a periosteal releasing incision and vertical incisions to 
achieve sufficient mobility and advancement of the buccal flap in a palatal 
direction. The disadvantage of this technique is that a discrepancy is created 
between the mucogingival junction of the treated site and the adjacent site. This 
may require correction at a later stage to prevent an esthetic compromise. 

In 1995, Edel68 described the use of an autogenous connective tissue graft to 
achieve primary closure over an occlusive membrane that covered an implant 
placed in an extraction socket. This method eliminates the need to reposition 
coronally the existing marginal gingiva and does not disturb the normal relation of 
the existing surrounding tissues. With this technique, the connective tissue graft is 
not placed on the periosteum but directly on the avascular membrane, and it is 
overlapped by the buccal and palatal replaced flaps. Consequently, any collateral 
circulation may arise only from the overlying flaps. Therefore, every effort should 
be made to ensure that the connective tissue graft is of an adequate dimension to 
extend as far as possible under these flap margins. Closure of the surrounding 
flaps should be done without introducing tension and with adequate overlap of the 
graft so that any postsurgical edema does not result in wound dehiscence. 

Figure 26-36.   



 

A, Immediately after tooth extraction, the socket has intact walls. B, Just 1 
week after extraction, the labial wall of bone has resorbed, creating a major 
esthetic deformity. C, To correct the deformity, a bovine bone xenograft and 
an epithelialized thick soft tissue onlay autograft were used. D, Six months 
after surgical reconstruction of the ridge deformity. 

Delayed implant placement 

Unlike immediate implant placement, which may be compromised by lack of soft 
tissue for complete coverage, the delayed implant placement technique allows 
time for soft tissue healing.69 The "hole" in the gingiva left by extraction of the 
tooth has time to completely heal. Thus, there is usually no need to coronally 
advance flaps to gain primary flap closure. In addition, because bone formation is 
active within the first few months after tooth extraction, this technique may 
facilitate more bone formation and osseointegration around the implant. The 
implant is placed into a socket in which osteogenic activity is occurring. Another 
advantage of delayed implant placement is that it provides extra time to resolve 
any residual infection that may have been present within the extraction site. The 



disadvantage to the patient is the longer treatment period because two surgical 
procedures are required (Fig. 26-38). 

Figure 26-37.   

 



A, Immediate placement of a stable implant after tooth extraction in which all 
bony walls were intact. Note the discrepancy of the diameter of the socket and 
implant. B, Autogenous bone particles were placed into the socket to 
eliminate the space between the surface of the implant and the wall of the 
socket. C, Radiograph shows the restoration 12 years after implant placement. 
The restoration was attached to a standard abutment. Newer abutments allow 
more anatomically correct emergence profiles extending coronally from the 
fixture table. 

Figure 26-38.   



 



A, Extraction socket with both vertical and horizontal deformities. B, To 
regenerate and reconstruct the bone, supporting mini-screws were used to 
create a space between the barrier membrane and the host bone. No bone graft 
material was used. The cortical plate and socket walls were perforated with a 
small round bur to stimulate bleeding under the membrane. C, Four months 
after surgery, the site demonstrates horizontal and vertical bone regeneration. 
Note that the newly formed bone is at the same level as the head of both 
supporting mini-screws. 

Staged implant placement 

Staged implant placement allows for complete bone and soft tissue healing and 
permits the placement of implants into an ideal position, thereby enhancing the 
restorative result. This frequently eliminates the need for mucogingival flap 
advancement, allows for the resolution of preexisting infections, prevents soft 
tissue invasion, and provides time for maximum bone regeneration. The extended 
healing period also allows the grafted bone to become well vascularized. Bone 
grafts performed simultaneously with implant placement continue to heal, mature, 
and contour, causing a change in morphology and volume around the implant, 
which can compromise the success of osseointegration. The primary 
disadvantages of staged implant placement are the length of time required for 
bone healing and the two surgical procedures needed. 

Site Enhancement Procedures 

At one time, if an implant was used to replace a missing tooth or teeth, the implant 
was placed into whatever bone was present at the site. Because of bone resorptive 
patterns, this often resulted in implants being placed in less than ideal positions 
from a restorative standpoint. Currently, implant placement is no longer limited 
only to where there is bone. Implants should be placed and positioned with an eye 
toward achieving the desired restoration. Restoratively driven implant placement 
frequently necessitates developing an adequate volume of bone to support a 
properly positioned implant. Also, periodontal plastic and reconstructive surgical 
procedures may be necessary to create an esthetic recipient site. 

The emergence of an implant-supported restoration from the gingiva should mimic 
three-dimensionally the profile of the soft tissues around the adjacent teeth. Because 
treatment planning for such a restoration must address both esthetic and functional 
needs, a successful outcome is best accomplished with an interdisciplinary team 
approach.70 

Guided bone regeneration 

The amount of bone needed for placement of a standard 3.75-mm diameter 
implant is at least 6 mm horizontally and 7 mm vertically. After tooth loss, 



however, alveolar ridge resorption often results in much smaller dimensions. 
When this occurs, implant placement with traditional techniques is not possible 
because of the discrepancy between the thickness of the ridge and the diameter of 
the implant, or between the vertical height of available bone and the length of the 
desired implant. For such cases, GBR techniques have been successfully 
introduced for preimplant ridge augmentation.71–73 Various studies support the use 
of GBR for patients with unfavorable anatomic conditions.71–74 

The advent of GBR with barrier membranes made bone regeneration possible by 
preventing the ingrowth of fibrous scar tissue and encouraging new bone 
formation to correct the osseous deficiency. 

Barrier membranes 

The membranes used for GBR should be bioinert and designed to protect the 
blood clot and allow osteogenic cells to populate the site, while at the same time 
exclude epithelial and connective-tissue from migrating into the bone defect. 
Membranes have been manufactured from biocompatible materials that are either 
nonresorbable (requiring removal) or resorbable. The ideal properties to consider 
when selecting a membrane include biocompatibility, space maintenance, cell 
exclusion, handling properties, and resorbability (see Chapter 25). 

The size and shape of the membrane used should be based on the severity and 
morphology of the osseous defect. It should be contoured to completely cover the 
osseous deformity and extend 3 to 4 mm beyond the margins. The stabilization of 
the membrane is critical to the success of bone augmentation. This may be 
accomplished by securing the membrane with the cover screw of the implant or 
by using mini-screws to secure the membrane to surrounding bone. Occasionally, 
the membrane can be stabilized by positioning it beneath the periosteum. The 
membrane then adheres to the underlying blood clot or bone graft, promoting 
excellent adaptation. 

Bone grafting 

One of the most common reasons for failure of bone regeneration when using a 
membrane is the collapse of the membrane against the surface of the bone and the 
implant as a result of pressure from the overlying soft tissue.75,76 To prevent this 
problem, clinicians and researchers have suggested placing various graft materials 
under the membrane to maintain the space necessary for new bone regeneration. 
Also, graft resorption can occur when a removable prosthesis is worn immediately 
after the surgical procedure. Transmucosal forces can be minimized by not 
inserting the prosthesis for at least 3 weeks after surgery. In addition, the 
removable restoration should be relined to stabilize the forces and eliminate 
undue pressure to the graft (Fig. 26-39). Alternatively, a tooth-borne removable 
prosthesis can be fabricated, if remaining teeth are present. 



Many grafting materials are considered osteoconductive because of their ability to 
act as a scaffold for bone regeneration.77 In some cases, they are thought to be 
osteoinductive—that is, they contain growth factors that induce new bone 
formation at the site. Autogenous bone grafts may also be osteogenic, 
incorporating vital cells with osteogenic capacity in the bone matrix.78 

Figure 26-39.   

 

A, Simultaneous placement of an autogenous monocortical graft harvested 
from the medial aspect of the iliac crest and the implants. B, Six months after 
surgery. The patient insisted on wearing a poorly fitting removable denture 1 
week after surgery, creating premature transmucosal forces on the bone graft 
and the implants. Note the degree of bone resorption. 

The most widely used graft materials in association with GBR are autogenous 
bone, human freeze-dried bone allografts, and bovine bone xenografts. The rapid 
ingrowth of blood vessels (revascularization), greater number of osteoconductive 
surfaces, more exposure of osteoconductive growth factors, and easier biologic 
remodeling are some of the advantages of particulate bone grafts over block grafts 
(Fig. 26-40). 

Autogenous bone grafts can be harvested from a number of intraoral sites, most 
commonly the ramus, the anterior mandible, or the tuberosity. When taking bone 
from the ascending ramus or the external oblique ridge, care must be taken to 
avoid the inferior alveolar neurovascular bundle. Also, the lingual nerve must be 
protected when removing bone from the anterior medial aspect of the ascending 
ramus. 

The anterior mandible (symphysis) can be the source of a considerable amount of 
bone. The bone is harvested from approximately 5 mm beneath the apices of the 
anterior teeth to approximately 5 mm above the inferior border. The graft should 
include the labial cortex and the medullary bone, leaving the lingual cortex intact. 
This donor block is outlined with a fine fissure bur or wheel saw with copious 



irrigation. It is best elevated and removed with a single beveled, curved osteotome 
(Fig. 26-41). 

The maxillary tuberosity is an excellent donor site for bone grafting. A 
considerable amount of soft cancellous bone exists with varying degrees of 
inductive capacity. End-cutting bone rongeurs are useful instruments for 
collecting tuberosity bone. 

The iliac crest is considered the best donor site for grafting when a large quantity 
of bone is needed to correct an osseous deficiency. The graft is rich in cancellous 
bone and contains the necessary biologic factors for graft incorporation. The bone 
graft taken from the iliac crest is usually harvested from the anteromedial, 
anterolateral, and posterior locations. The anteromedial approach is generally 
safe, easily accessible, and usually free of complications as long as bone removal 
is limited to the medial cortex and its associated cancellous bone (Fig. 26-42). 

The advantages of autogenous bone grafts are their biocompatibility, long-lasting 
space-maintaining potential, and the possibility of being completely resorbed and 
substituted with the normal turnover of native bone. The amount of bone that can 
be harvested from the oral cavity, however, may be insufficient for major 
augmentations. 

Soft tissue flap management 

When GBR is performed, the flap design should ensure generous access to the 
osseous defect with minimal trauma to the soft tissue. The flap must be able to 
completely cover the bone graft and barrier membrane during the entire healing 
period. Exposure of the graft or membrane will increase the possibility of 
infection and bone necrosis, ultimately compromising the success of the graft. 

A conventional crestal incision may be used as long as periosteal releasing 
incisions and coronal advancement of the flap can be achieved with tension-free 
closure.79,80 The site should be thoroughly prepared by meticulously removing all 
granulation tissue. Complete primary closure is recommended when membranes 
are used. This can be accomplished by mobilizing the buccal flap and advancing it 
coronally to cover the grafted site. Releasing incisions within the periosteum may 
be required to obtain tension-free closure of the flap. Interrupted horizontal 
mattress sutures often are used to close the crestal incision, and interrupted 
sutures are interspersed to stabilize the flap. Removable prostheses should not be 
inserted for 2 to 3 weeks after surgery to avoid pressure on the wound during the 
early healing period. Sutures are removed approximately 10 to 14 days after 
surgery. 

Figure 26-40.   



 

A, Significant resorption of alveolar bone creating a "knife edge" ridge. B, A 
metal framework was cast and lined with a resorbable membrane, then filled 
with bovine bone. C, The metal framework with the graft was positioned and 
stabilized with sutures. D, Six months after surgery the metal framework was 
removed. The clinical photograph demonstrates regeneration and 
reconstruction of the alveolar ridge in both a horizontal and vertical 
dimension. E, The reconstructed alveolar ridge allowed for proper placement 
and an adequate number of implants. 

When performing a ridge augmentation, the following principles for flap 
management should be considered:  

1. Full mucoperiosteal flap elevation at least 5 mm beyond the lateral edges 
and the most apical aspects of the bone defect is desirable. 

2. The use of vertical incisions, although often required for surgical access, 
should be minimized whenever possible. 



3. If vertical incisions are needed, they should be made at least one tooth 
away from the site to be grafted. 

4. Use of periosteal releasing incisions to give the flap elasticity and permit 
tension-free suturing is critical. This allows for complete closure without undue 
stress on the wound margins. 

5. Postoperative trauma to the surgical site, particularly transmucosal forces 
caused by removable appliances, should be avoided. 

Figure 26-41.   

 

A, A monocortical bone graft is harvested from the anterior mandibular area 
(symphysis). B, The bone graft is positioned and stabilized with fixation 
screws on the facial surface of the alveolar ridge. C, Six months after surgery, 
the ridge has sufficient horizontal bone augmentation to properly place the 
implants. 

Alveolar Bone Augmentation 

The surgical reconstructive procedures for the preparation and placement of dental 
implants depend on the size and shape of the osseous deficiency. These 
augmentation procedures are classified according to the morphology of the existing 



bone as either horizontal or vertical procedures. The biologic mechanisms and 
properties of the various bone grafting materials are discussed in Chapter 25. 

Horizontal ridge augmentation 

A small deformity in the horizontal dimension of bone may be managed 
simultaneously with implant placement because most of the implant will be 
covered and stabilized by native bone. Conversely, if the horizontal deficiency is 
large and the implant fixture is significantly exposed, it may be more appropriate 
to reconstruct the bone before implant placement (staged implant placement). 

Dehiscences and fenestrations. 

Dehiscence of the alveolus associated with the buccal/labial aspect of an 
implant is commonly seen in the maxilla, especially with narrow, deformed 
ridges (Fig. 26-43). If the morphology of the dehiscence allows for space when 
a membrane is placed over the area to be regenerated, the membrane frequently 
can be used without a bone graft. The membrane is contoured and adapted to the 
margin of the surrounding bone, allowing 3 to 4 mm of membrane to overlap 
the bone. 

If space cannot be maintained between the exposed implant surface and the 
membrane by placing a membrane alone, a suitable bone graft or bone substitute 
can be used to create space and separate the membrane from the implant. In 
certain cases, mini-screws may be used to secure and stabilize the membrane. 
Complete tension-free flap closure must be achieved. 

Figure 26-42.   



 

A, The panograph demonstrates insufficient height and width of alveolar 
bone to place implants. B, A monocortical bone graft harvested from the 
medial aspect of the iliac crest is contoured and stabilized in a position to 
increase both the horizontal and vertical dimension of the ridge. C, The 
panograph demonstrates the bone graft and fixation screws 6 months after 
surgery. D, The periapical radiograph 12 years after surgery. 

Fenestrations of the maxillary alveolus usually occur when endosseous implants 
are placed in bone with resorptive deficiencies (Fig. 26-44). Small fenestrations 
that are more than 5 mm apical to the coronal margin of the implant sometimes 
do not require treatment. In many such cases, however, clinicians will place a 
small amount of bone graft material over the exposed implant, with a resorbable 
membrane over the graft. If the fenestration is larger (encompasses at least half 
of the circumference, or a third to half of the length of the implant), it must be 
treated. Again, a membrane alone or with bone grafting material is necessary to 
achieve an acceptable outcome. 

Monocortical block graft. 

The use of autogenous bone grafts has been proposed for horizontal ridge 
augmentation.75,76,81 The objective is to increase the alveolar ridge width to 



correct the osseous deformity and to provide sufficient bone for ideal implant 
placement. Extensive alveolar deficiencies are frequently reconstructed by using 
monocortical block grafts. The bone is harvested from either an intraoral site 
(ramus, symphysis) or extraoral site (iliac crest, tibia). When the bone 
deficiency is extensive, the extraoral donor site may be preferable because a 
larger quantity of bone can be obtained. 

The graft must be properly contoured, stabilized, and fixated to the host bone 
with fixation screws. A membrane covering the graft is usually recommended to 
minimize bone resorption. The mucoperiosteal flap must completely cover the 
graft site with tension-free closure of the wound. At one time, it was thought 
that healing and maturation of the bone graft required approximately 6 months 
or longer. However, more recent clinical trends point toward implant placement 
as early as 3 to 4 months at grafted sites. Such early placement reduces the risk 
for bony resorption on the external surface of the block graft. At the time of 
implant placement, fixation screws and nonresorbable membranes should be 
removed and the implants placed. Most resorbable membranes will no longer be 
present by the time of implant placement. 

Figure 26-43.   



 

The clinical photograph demonstrates a dehiscence that can occur when an 
implant is properly positioned, but the anatomy of the bone has a facial 
deformity and insufficient horizontal dimension. 

The disadvantage of the monocortical block graft technique is the biologic 
limitation on revascularizing large blocks of bone. It is, therefore, crucial to 
have sufficient osteogenic cells in the residual surface of the monocortical graft 
and in the surrounding recipient bone. Perforating the bone at the recipient site 
with a round bur before securing the block graft is recommended to induce 
bleeding and to enhance graft revascularization (Fig. 26-45). 

Figure 26-44.   



 

Because of a resorptive deformity such as a concavity in the alveolar bone, 
the placement of an implant may perforate, forming a fenestration. 

Ridge expansion (ridge splitting) 

Autogenous bone grafts were once thought to be the only predictable procedure to 
address advanced alveolar bone atrophy that would otherwise deter implant 
placement. An alternative procedure that may be used for attempting to increase 
the horizontal dimension of the alveolar bone is called ridge expansion. Two ridge 
expansion procedures described in the literature are considered less invasive than 
bone grafting and are clinically predictable when attempting to simultaneously 
place implants in an alveolar ridge with a dramatically resorbed width. 

In 1992, Simion and colleagues75 reported the use of a "split-crest" technique in 
patients receiving immediate implant placement in alveolar ridges that had 
significantly reduced widths. After local anesthesia was administered, a full-
thickness mucoperiosteal flap was elevated buccally and lingually to expose the 
alveolar ridge. The cortical bone was curetted to remove all residual connective 
tissue and periosteum. Before implant placement, the alveolar ridge was split 
longitudinally in two parts, creating a greenstick fracture. This was accomplished 
by using a small chisel (Beaver blade #62). The chisel (3.5 mm in diameter) was 
gently tapped with a mallet to create a shallow incision longitudinally to the crest 
of bone. This was then used as a lever to spread the two cortical plates. The 
surgical fracture was extended to a depth of 5 to 7 mm. At least 3 to 4 mm of 
intact bone was left apical to the fracture to allow proper implant site preparation 
and to achieve primary stabilization of the implants. As is imperative with this 
procedure, care was taken to avoid sharp and complete vertical or horizontal 



fractures of the buccal, palatal, or lingual bone plates. The implants were covered 
with a nonresorbable barrier membrane that was contoured to extend 3 to 4 mm 
over the bone margin of the defects. 

Figure 26-45.   

 

A, The alveolar ridge was deficient in a horizontal and vertical dimension. 
Bilateral sinus augmentation procedures and monocortical veneer grafts were 
performed to reconstruct the ridge. The bone was harvested from the iliac 
crest. B, Six months after surgery, bone augmentation has occurred. Note that 
the bone is level with the head of the fixation screw confirming the lack of 
graft resorption. 



Releasing incisions in the periosteum at the base of the flap were made to advance 
the flap to achieve complete tension-free closure. The membranes were removed 
at the abutment-connection surgery (stage 2) after 6 months of healing. 

Figure 26-46.   

 

A, An atrophic alveolar ridge deficient in the height and width of bone needed 
to place implants. B, The alveolar crest is split longitudinally and spread 
buccolingually. C, Three implants are placed into the expanded ridge and a 
nonresorbable membrane is placed over the implants. D, Six months after 
surgery the implants are exposed. Dense bone has regenerated and filled in 
and around the implants. (Courtesy Dr. Massimo Simion; Milan, Italy; private 
practice.) 

In the study by Simion and colleagues,75 there was a gain in ridge width of 1 to 4 
mm. The maxillary alveolar ridge revealed a greater amount of increased ridge 
width (3 to 4 mm) than the mandibular alveolar ridge sites (1 to 1.5 mm). 
Histologic evaluation of the bone biopsy specimen in one patient showed 
regeneration of normal bone tissue between the two portions of the split crest 
(Fig. 26-46). 

In 1994, Scipioni and colleagues82 reported the clinical results of a similar 
surgical technique used to expand a narrow ridge involving a buccolingual width 
that precluded the placement of dental implants. In 170 patients, 329 implants 
were placed in sites treated with the edentulous ridge expansion procedure (ridge-
splitting). The technique involved reflection of a partial-thickness flap, crestal and 



vertical intraosseous incisions into the ridge, and buccal displacement of the 
buccal cortical plate, including a portion of the underlying spongiosa. Implants in 
this study were placed in the expanded ridge and were allowed to heal for 4 to 5 
months. The implants were exposed during a second-stage surgery to allow 
visualization of the implant sites. Occlusal loading was applied during the 
following 3 to 5 months with a provisional fixed restoration. The final phase was 
the placement of the permanent prostheses. The results yielded a success rate of 
98.8%. 

The essential feature of this technique is use of a partial-thickness flap, retaining 
the undisturbed periosteum on the bony surface. In such procedures, the blood 
supply must be kept intact on the facial aspect of the radicular bone to ensure 
optimal healing and preservation of the thin bone that covers the implant. The 
partial-thickness flap also helps to immobilize the displaced buccal cortical plate. 
In addition, the integrity of the periosteum must be maintained so that 
fenestrations, dehiscences, or necrosis of the buccal plate are avoided during the 
implant placement and healing phases. It should be noted that this technique, as 
opposed to Simion's technique, is accomplished without the use of a membrane or 
a greenstick fracture. 

Vertical ridge augmentation 

Various studies during the last decade have reported good results using vertical 
bone augmentation techniques with bone graft materials, membranes, or both. 
However, vertical augmentation may be less predictable than horizontal 
augmentation. 

In 1994, Scipioni and colleagues82 demonstrated that up to 4 mm of vertical bone 
augmentation can be predictably regenerated in patients with atrophic edentulous 
ridges. The surgical protocol included the use of a membrane reinforced with a 
titanium structure (Fig. 26-46C). This membrane can be shaped to maintain the 
desired form, thereby creating and preserving sufficient space between the 
membrane and the bone defect. 

The surgical technique used in this study incorporated a full-thickness flap with a 
crestal incision. Once exposed, the cortical bone was curetted with a back-action 
chisel to remove all residual connective tissue and the periosteum. 

At the time of placement, the implants were left to protrude 4 to 7 mm coronal to 
the crest of bone. A pure titanium mini-screw (1.3 mm in diameter and 10 mm in 
length) was positioned distal to the implants in each surgical site to serve as a 
"tent pole" for the membrane. The mini-screws also were left to protrude from the 
bone at a level of 3 to 4 mm. Before the membrane was placed, the cortical bone 
was perforated with a round bur to expose the underlying cancellous bone and 
encourage bleeding. The titanium membranes extended at least 4 to 5 mm beyond 
the defect margins. Once positioned in the surgical site, the membranes were 



affixed to the bone with fixation screws. Releasing incisions were made in the 
periosteum at the base of the buccal flaps to enhance elasticity of the flaps and 
achieve tension-free adaptation at closure. 

Membranes were removed at the second stage of surgery after 9 months of 
healing. The pure titanium mini-screws were removed with a small trephine in 
such a way that a small biopsy specimen of preexisting and newly formed tissue 
was collected from each site. The specimens were processed for histologic 
examination. 

This study data show that it is possible to obtain up to 4 mm of vertical bone 
augmentation with a high degree of predictability. When the most coronal aspect 
of the implants was left to protrude more than 4 mm from the bone crest, it was 
always covered with dense fibrous connective tissue. The apical portion of the 
bone in contact with the screws showed an advanced stage of bone maturation, 
whereas the most coronal bone showed bone-forming activity. This observation 
substantiates the hypothesis that bone regeneration was still in progress at the time 
of membrane removal. 

In this study, vertical bone augmentation has been limited to a maximum of 4 
mm. This may be because of one or more of the following scenarios:  

• Poor adaptation of the membrane, causing folds at the borders that hinder 
complete bone regeneration. 

• A large blood clot under the membrane causing shrinkage. It is possible 
that a bone-filling material could assist in stabilizing the blood clot and increase 
the vertical bone augmentation.83 

• The blood supply in the most coronal portion of the space—under the 
membrane—might be insufficient to allow osteogenic activity. 

• More time may be necessary to achieve additional bone regeneration. 
These study findings indicated that the regenerative process was still in progress 
when the membranes were removed after 9 months. Further research is needed 
to evaluate the load-bearing capability and the long-term results of the bone 
regenerated with this vertical ridge reconstruction technique. 

Another study evaluating vertical bone augmentation used Scipioni's82 surgical 
technique with the addition of demineralized freeze-dried bone allograft 
(DFDBA) or autogenous bone chips under the nonresorbable titanium-reinforced 
expanded polytetrafluoroethylene (e-PTFE) membrane84 (Fig. 26-47). Twenty 
partially edentulous patients with vertical bone deficiencies were divided into 2 
groups of 10. The 10 patients in group A received a total of 26 machined titanium 
implants in 10 surgical sites. The 10 patients in group B received a total of 32 
implants in 12 surgical sites. Pure titanium mini-screws (1.3 × 10 mm) were 
positioned distally to the implant, protruding 3 to 7 mm from the crest of bone. 
Titanium-reinforced e-PTFE membranes were used to cover the implants. Before 



complete membrane fixation, DFDBA particles were condensed under the 
membrane in group A, whereas autogenous bone chips were used in group B. 

Figure 26-47.   

 

A, Two implants are placed in mandibular alveolar bone and are protruding 
above the crest of bone because of insufficient bone height. B, A titanium-
reinforced membrane was used to cover the implants and create a space 
between the host bone and the top of the implant. The membrane was 
stabilized with fixation screws. C, Nine months after surgery the implants are 
exposed and the membrane is removed. Regenerated bone with a thin 
covering of connected tissue is noted. (Courtesy Dr. Massimo Simion, Milan, 
Italy, private practice.) 



At reentry, after 7 to 11 months, the membranes were removed and small 
biopsies, which encompassed the mini-screws, were collected from 11 sites. The 
clinical measurements from group A demonstrated a mean vertical bone gain of 
3.1 mm with a mean percentage bone gain of 124%. The measurements from 
group B showed a mean vertical bone gain of 5.02 mm with a mean percentage 
bone gain of 95%. 

Histomorphometric analysis clearly demonstrated a direct correlation between the 
density of the preexisting bone and the density of the regenerated bone. The mean 
percentage of new bone-titanium contact was between 39.1% and 63.2%, 
depending on the quality of the native bone. Both the clinical and histologic 
results of this study demonstrated that vertical ridge augmentation procedures, 
using DFDBA or autogenous bone particles, in addition to the membrane 
technique, can be obtained. 

Maxillary sinus bone augmentation 

Insertion of endosseous implants into an atrophic edentulous posterior maxilla 
often is challenging because of inadequate alveolar bone height. This is because 
of severe alveolar bone resorption or excessive pneumatization of the maxillary 
sinuses, or both. Maxillary sinus bone augmentation is a relatively predictable 
surgical procedure for altering the morphology of the posterior maxilla and 
creating sufficient bone to accommodate endosseous implants. More research is 
needed, however, to fully elucidate the risks versus benefits of this procedure and 
to evaluate the specific techniques and graft materials typically used.85 

As a general rule, if less than 4 to 5 mm of vertical bone remains between the 
antral floor and the residual bone crest of the ridge, the sinus bone augmentation 
procedure is performed 4 to 6 months before implant placement ("staged 
approach" or "two-step procedure"). If more than 4 to 5 mm of vertical bone 
remains to provide initial implant stabilization, implants may be placed during the 
same surgical procedure ("simultaneous approach" or "one-step procedure"). 

The maxillary sinus bone augmentation procedure was described by Boyne and 
colleagues86 in 1985 and Tatum87 in 1986. The procedure is performed with some 
variations in technique and different bone filling materials. The limitations or 
contraindications for maxillary sinus bone augmentation include: (1) existing 
pathology, including chronic sinusitis; (2) history of sinus surgery that may limit 
the ability to perform maxillary sinus bone augmentation; (3) anatomic 
limitations, such as multiple septae dividing the sinus cavity; and (4) perforation 
of the sinus membrane requiring either repair (small perforations) or aborting of 
the procedure (large perforations). 

Lateral-wall technique. 



According to a metaanalysis reported by the American Academy of 
Periodontology,88 the lateral window technique for sinus bone augmentation is 
quite useful for regenerating sufficient bone for implant placement. The data, on 
the basis of 34 studies including 5267 implants, indicated an implant survival 
rate for these cases of more than 90%. This survival rate is similar to implants 
placed in native bone.88 

To begin the lateral wall procedure, an incision is made palatal to the crest of 
the alveolar ridge and completely through the mucoperiosteal tissue. A vertical-
releasing incision is needed in the premolar or canine region, and it may be 
required in the posterior tuberosity region to reflect the flap adequately to 
expose the lateral bone surface of the maxilla. Dissection is usually carried 
superiorly to achieve adequate access and visibility. An oral osteotomy is made 
through the cortical bone of the lateral wall of the maxilla using a round bur 
with copious irrigation (Fig. 26-48). The cortical bone is carefully removed until 
the translucence of the sinus membrane is visualized. 

The sinus membrane is gently reflected from the inner aspect of the sinus wall, 
with the osseous window remaining attached to the membrane. This window 
will be inverted medially and superiorly to become the floor of the newly 
created sinus cavity. With the sinus membrane elevated from its inferior and 
lateral position, sufficient room is created for the graft materials. The graft may 
include a variety of substances, such as autogenous bone, freeze-dried 
cancellous bone allograft (demineralized or nondemineralized), or bovine bone 
xenograft. Each can be used alone or in combination (e.g., autogenous bone and 
bovine bone). Small amounts of the graft are carried incrementally to the sinus 
recipient site and packed into position in a rather tight configuration, starting at 
the most medial and posterior aspect of the sinus to the most lateral and anterior 
position, and they are contoured to the outermost confines of the lateral aspect 
of the maxilla. 

A barrier membrane is trimmed and contoured to fit over the lateral window 
between the mucoperiosteal flap and the underlying osseous surface and bone 
graft. The placement of a membrane was found to increase bone formation in 
the grafted sinus and to improve bony healing.89,90 The mucoperiosteal flap is 
repositioned and sutured. Primary tension-free closure is important to prevent 
contamination of the graft from the oral environment. 

According to the metaanalysis mentioned earlier,88 evidence indicates that the 
following factors increase implant survival when performing lateral-wall sinus 
bone augmentation procedures:  

• Membrane coverage of the lateral window (93.6% survival rate) compared 
with no membrane coverage (88.7% survival rate) 

• Particulate bone grafts (92.3% survival rate) rather than block grafts 
(83.3% survival rate) 



• Rough surface implants (94.6% survival rate) compared with machine 
surface implants (90.0% survival rate) 

This metaanalysis also recommended the following areas of research be 
undertaken to individually evaluate the success of sinus bone augmentation 
techniques and the success of implants placed in augmented sinuses:  

1. One area is research studies designed to identify the success rate of 
implants as it specifically relates to minimal crestal bone height. Currently, 
there are limited data regarding the variable of residual crestal bone height. 
These studies should ideally use a bilateral sinus mode. 

2. Although no absolute contraindications exist in the literature, it would be 
beneficial to evaluate implant success as it relates to potential risk factors, 
such as Schneiderian membrane perforations, initial implant stability, 
postoperative sinus infections, smoking, periodontal disease, sinus pathology, 
and other systemic and behavioral factors. 

3. Studies are warranted to evaluate tissue-engineering techniques (e.g., 
molecular, cellular, and genetic) that may reduce the time required before 
prosthesis delivery and may enhance bone quality and quantity. These studies 
ideally should use a bilateral sinus model. 

4. More studies are recommended to evaluate the efficacy of alternative sinus 
bone augmentation techniques (e.g., osteotome, localized management of the 
sinus floor, and crestal core elevation). 

Figure 26-48.   



 



A, The preoperative panograph records minimal crestal bone and a large 
maxillary sinus. The insufficient crestal bone does not allow for placement 
of implants. B, After elevation of a mucoperiosteal flap, the lateral wall of 
the maxillary sinus is clearly visualized. An osteotomy is made into the 
cortical bone being sure that the Schneiderian membrane is not perforated. 
C, Once the wall of cortical bone is moveable and the membrane is visible, 
the sinus membrane is gently released from the inner aspect of the sinus. 
The window of bone is then carefully "infractured" medially and superiorly. 
The lateral wall ultimately becomes the floor of the newly created sinus. D, 
Cancellous bone harvested from the iliac crest is gently inserted into the 
sinus. E, A barrier membrane is used to protect the grafted sinus from any 
soft tissue invasion and to enhance the bone regeneration. F, The 
postoperative panograph demonstrates significant sinus bone augmentation 
allowing for proper placement of implants. 

Osteotome techniques. 

A more conservative and less invasive approach to the conventional sinus 
elevation surgery can be achieved using osteotomes. With this technique, the 
osteotomy on the lateral sinus wall is avoided and the sinus is elevated by a 
crestal approach. Osteotomes of increasing diameter are used in a consecutive 
manner to create a site for implant placement and simultaneously to elevate the 
sinus floor91 (Fig. 26-49). With this technique, minimal drilling is performed. 
The bone is condensed to the periphery of the site and in an apical direction by 
the osteotomes to enhance bone density (Fig. 26-50). In addition, placing small 
increments of particulate bone in the osteotomy site to further elevate the sinus 
floor is recommended. The grafting material acts as a buffer to prevent 
perforation of the sinus membrane. Also, the osteotomes cause the graft material 
and fluids to exert pressure on the sinus floor in all directions so that the sinus 
floor is elevated over an area wider than the diameter of the osteotomy itself 
(see Fig. 26-50). 

After site preparation with the osteotomes and elevation of the sinus floor, 
implants can be placed immediately in the same surgical site.91 This procedure 
is useful because it not only elevates the membrane and the floor of the 
maxillary sinus but also increases bone density at the implant site. The success 
rate of implants placed in this way may depend on the preexisting crestal bone 
height, which provides primary stabilization of the implant. Survival rate 
diminishes when 4 mm or less of crestal bone height exists.92 

Figure 26-49.   



 

The Summer's osteotome technique consists of four calibrated osteotomes. 
Each consecutive osteotome increases in diameter. The tip of the instrument 
is concave, thereby advancing and condensing the bone in an apical and 
lateral direction. This is accomplished by gently tapping the instruments into 
the existing bone to create the osteotomy. 

Figure 26-50.   

 

The diagram demonstrates how the osteotome technique increases the bone 
density of type IV bone by condensing the bone laterally, and also how it 
can elevate the sinus membrane to assist in placing stable implants 
appropriate in size and position. 



In 1996, Lazzara93 proposed a new sequence of surgery on the basis of the 
combined use of osteotomes, drills, and screw-type implants with a rough 
surface. This technique is indicated where the crestal height of bone is equal to 
or greater than 5 mm (Fig. 26-51). At no time during this procedure should any 
instrument (osteotome/drill) penetrate the sinus cavity. The positioning of the 
implant is carried out with a round bur, and the preparation of the site begins 
with a 2-mm twist drill. The 2-mm twist drill is used to prepare an osteotomy 
that ends just inferior to the floor of the sinus. A radiograph of the area is taken 
at this stage using a direction indicator or twist drill in the osteotomy site to aid 
orientation. This also will confirm the integrity of the subsinus cortex. It is 
important to remember that no instrument must penetrate the cavity of the sinus 
at any time. The 3-mm twist drill completes the preparation of the implant site 
for a standard-diameter implant. Again, drilling is stopped just inferior to the 
floor of the sinus. 

Autogenous, allogeneic, or xenogeneic graft material is introduced into the 
osteotomy site before using the first osteotome.92,93 The osteotome is then 
placed in the osteotomy and gently tapped superiorly. The graft material serves 
as a shock absorber to gently fracture the sinus floor inward. The osteotome is 
removed and another increment of bone graft material is placed in the 
osteotomy. The grafting material is progressively condensed using the 
osteotomes without penetrating the sinus cavity. The use of a countersink drill is 
optional and is indicated only in the presence of a thick cortical plate or when a 
temporary removable denture will be used. 

The modified osteotome technique provides several advantages, including the 
following:  

1. It offers a less invasive technique than a lateral window sinus 
augmentation for reconstructing the resorbed posterior edentulous maxilla. 

2. It enables placement of implants 10 mm or longer. 

3. It allows implants to be placed at the same time as the sinus surgery 
(simultaneous approach). 

4. It reduces operative time compared with lateral-wall sinus augmentation 
procedures. 

5. It reduces postoperative discomfort. 

6. It improves periimplant bone density. 

7. It preserves the integrity of the sinus cavity (no instrument penetration). 

Figure 26-51.   





A, The modified osteotome technique is suggested if 5 mm or more of 
crestal bone exists below the sinus. A round bur is used to access the cortical 
bone. Then a 2-mm twist drill initiates the preparation of the osteotomy 
stopping 1 mm short of the sinus floor. Grafting material is inserted into the 
osteotomy and an osteotome advances the bone graft through the prepared 
site. The grafting material acts as a buffer to carefully infracture the sinus 
floor without perforating the membrane. B, By gently tapping the 
osteotome, additional grafting material is used to fill the osteotomy, advance 
the bone, and raise the membrane to place an implant of sufficient height 
and stability. 

Alveolar distraction osteogenesis 

Modern distraction osteogenesis evolved primarily from the work of Gavriel 
Ilizarov. During the 1960s, in a clinic in Kurgan, Siberia, Ilizarov conceptualized 
the basis of this reconstructive technique. He had many patients with difficult 
traumatic and developmental limb deformities. These included complicated 
nonunions, malunions, and nonhealing wounds that had been difficult to manage 
even in the most sophisticated medical facility. Ilizarov responded to this 
challenge by developing a new system of reconstructive surgery, known as 
distraction osteogenesis. 

Currently, distraction osteogenesis surgery for managing orthopedic disorders is 
available worldwide. Achievement of stable, functional rehabilitation of 
combined osseous and soft tissue deformities represents a major achievement in 
reconstructive surgery. 

The process of alveolar distraction osteogenesis involves mobilization, transport, 
and fixation of a healthy segment of bone adjacent to the deficient or deformed 
site. A mechanical alveolar distraction device is used to provide gradual, 
controlled transport of a mobilized alveolar segment. When the desired 
repositioning of the bone segment is achieved, the distraction device is left in a 
static mode to act as a fixation tool. Displacement of the osseous segment results 
in positioning of a healthy portion of bone into a previously deficient site. 
Because the soft tissue is left attached to the transport segment, the movement of 
the bone also results in expansion of soft tissue adjacent to the bone segment. A 
regeneration chamber, which has a natural capacity to heal by filling with bone, is 
left at the original location of the segment. This propensity of the regeneration 
chamber to heal by filling with bone instead of fibrous tissue is a function of the 
surrounding healthy cancellous bone walls within the skeletal functional matrix. 
As a result of the distraction process, the volume of bone and soft tissue increases. 
The reconstructed site is then suitable for further rehabilitation with 
osseointegrated implants, prosthetic pontic placement, or movement of a tooth 
with orthodontics (Fig. 26-52). 



The distraction process may not produce the anatomic objective in a single step. 
Maxillofacial skeletal deformities are most often complex and three-dimensional 
in nature. The distraction process alone rarely results in an alveolar ridge of an 
ideal shape and size. Additional osteoplasty usually is indicated. 

Soft Tissue Augmentation 

Implant dentistry is seldom as challenging to the clinician as when an esthetic area 
requires treatment. A deformed ridge, insufficient in bone and soft tissue, will 
compromise the esthetic outcome of an implant restoration. At the completion of 
the restoration, most patients expect harmony, balance, and continuity of form 
between the teeth and the soft tissue. The challenge is magnified if the patient also 
has a high smile line. Before initiating any reconstruction procedures, the dentist 
and the patient must be aware of all biologic and anatomic limitations. Unrealistic 
expectations are a pathway to failure. 

The challenge is to develop criteria to integrate fixture placement, abutment 
selection, and hard and soft tissue augmentation. The goal is an esthetic, functional 
restoration. This section discusses periimplant soft tissue considerations within the 
"esthetic zone." 

Figure 26-52.   



 

A, Six millimeters of alveolar bone existed above the inferior alveolar nerve. 
Therefore, distraction osteogenesis was initiated with an extraosseous distractor. 
Figure depicts the completed horizontal and vertical osteotomies just before 
final device fixation. B, After a 1-week latency healing period, the distraction 
phase was initiated at a rate of approximately 0.75 mm/day. The panoramic 
radiograph shows the case at the completion of 5 mm of distraction. C, After a 
4-month consolidation healing phase, the distractor was removed and two 10-
mm-long implants were placed. Photograph demonstrates several millimeters of 
newly regenerated bone between the device plates. D, Radiograph shows the 
integrated implants 3 months after placement. (Courtesy Dr. Bradley S. 
McAllister, Tigard, Oregon, private practice.) 

The position of the implant contributes to the esthetic outcome of the restoration by 
establishing a proper emergence profile and soft tissue contour. To aid in this 
endeavor, the implant platform should always be placed subgingivally, regardless of 
whether a one-stage or twostage implant system is being used. As a general rule, the 
implant head should be placed approximately 3 mm apical to the position of the 
intended gingival margin.94–98 The application of this concept in recent years, as it 
relates to esthetic treatment planning for both teeth and implants, has enabled 
practitioners to develop more coherent treatment protocols to enhance implant 
position relative to the gingival tissue in the esthetic zone. 



Preservation of soft tissue 

The most predictable way to ensure a sufficient amount of keratinized tissue 
around an implant is to preserve the keratinized tissue when designing the soft 
tissue flap at the time of surgery and any regenerative reconstructive surgical 
procedures. Although keratinized tissue is not absolutely essential to maintain 
healthy bone and gingiva around teeth and implants, most clinicians agree that 
this tissue allows the patient to comfortably and thoroughly perform oral hygiene 
procedures. However, the appearance of the soft tissue and comfort as perceived 
by the patient has a dramatic impact on whether the implant is a success or failure 
(Fig. 26-53). 

Surgical enhancement of soft tissue 

Soft tissue reconstructive surgery to augment and enhance the quality and 
quantity of the tissue requires the clinician to accurately delineate the specific 
defect and to recognize the criteria necessary to restore the contour and anatomy. 
Surgical procedures commonly recommended include a modified soft tissue flap 
design, soft tissue onlay grafts, and free autogenous subepithelial connective 
tissue grafts. 

The surgical techniques for these procedures are described in Chapter 21. The 
criteria and objectives of soft tissue procedures around teeth are similar with 
implants. Sufficient gingiva to establish and maintain soft tissue health, including 
contour, color, and symmetry around teeth and implants must be achieved. 
Therefore, some essential principles should be considered when attempting to 
enhance the esthetic and functional aspects of the soft tissue around implants. The 
horizontal incision should include a sufficient amount of keratinized gingiva, but 
should not include the papilla on the adjacent teeth. Currently, regeneration of an 
interproximal papilla is not a clinically predictable procedure especially when 
related to implant-supported restorations. It is much easier to preserve the 
interproximal papilla than to regenerate it, although adhering to specific 
parameters may enhance the success of regenerating papilla.98,99 Therefore, every 
effort should be made to preserve the papilla when planning treatment and 
executing a surgical procedure. For that reason, surgical flap design generally 
should not include the interproximal papilla. 

Figure 26-53.   



 

Inadequate keratinized gingiva surrounds the cervical facial surface of this 
maxillary anterior implant. Gingival recession, inflammation, and bleeding on 
probing are present. The patient complains of tenderness when brushing this 
area. The implant is osseointegrated and the restoration is functional, but the 
case is esthetically compromised. 

Choquet and co-workers98 reported on criteria that can be applied successfully to 
situations where there are teeth present adjacent to an implant site (i.e., a single-
tooth implant). It is possible to regenerate or to maintain a papilla if the distance 
between the crest of the interdental bone to the apical aspect of the contact area 
between the teeth is 5 mm or less. In essence, the height of the papilla is 
dependent on the height of the interproximal bone on the adjacent teeth. 
Therefore, every effort must be made to retain the bone as close to the CEJ as 
possible on teeth adjacent to implant sites. To preserve the soft tissue papilla, the 
vertical level of the bony crest around the implant should be approximately 2 mm 
apical to the CEJ of the adjacent teeth. The height of interproximal bone can be 
determined by comprehensive radiographic analysis and a clinical assessment by 
probing the level of the soft tissue attachment. 



Also, a minimum horizontal distance of 1.5 mm is necessary between an implant 
and the adjacent tooth to preserve the height of interproximal bone.98,99 If the 
clinician is placing multiple implants, at least 3 mm are necessary between 
adjacent implants to maintain interproximal bone height and to regenerate the 
papilla. The danger of placing the implants closer to each other or to adjacent 
teeth is that bone loss will be more pronounced, both vertically and horizontally, 
causing loss of the interproximal bone support for the papilla. The presurgical 
findings should support the diagnosis, and therefore contribute to establishing an 
appropriate treatment plan. 

Soft tissue flap design. 

To enhance flap management, when attempting to completely cover the surgical 
site and establish tension-free closure, it may be necessary to use vertical-
releasing incisions. These incisions are best made at least one tooth away from 
the surgical site. The advantage to a vertical incision is the ability to enhance 
visibility and access. The disadvantage is the involvement of soft tissue around 
the adjacent teeth, resulting in possible gingival recession and esthetic 
compromise. This can be prevented with appropriate incision design. 

In addition, the undersurface of the labial or buccal flap may require further 
dissection using periosteal incisions in a mesiodistal direction. This will enable 
the flap to be advanced coronally, allowing for complete tension-free closure. 

Soft tissue grafts. 

Three-dimensional soft tissue defects with a vertical and horizontal deficiency 
should be corrected either before or at the time of implant placement. A 
successful result requires stability and thorough vascularization of the graft. 
Consequently, any material such as barrier membranes, titanium screws, or 
abutments may compromise a successful outcome. Two-dimensional soft tissue 
defects (faciopalatal deformities) are more predictable and can be addressed 
during any phase of treatment. Often, a subepithelial connective tissue graft or 
an epithelialized autogenous soft tissue graft can be used (Fig. 26-54) (see 
Chapter 21 for a detailed discussion of various soft tissue grafting techniques). 
The disadvantages to the onlay palatal graft include difference in tissue color 
between the graft and the adjacent gingiva, as well as visible incision lines and 
scarring, which may compromise the esthetic result. When there is insufficient 
donor connective tissue to reconstruct the ridge, an acellular dermal connective 
allograft derived from donated human skin may be used. The acellular dermal 
connective tissue graft eliminates the need for an additional surgical procedure 
to harvest the tissue, and the quantity of tissue is not a limitation. The recipient 
site is prepared similar to the subepithelial connective tissue graft, and the graft 
material must be totally covered by the soft tissue flap. Any graft exposure will 
not adequately vascularize and will subsequently necrose. 



Figure 26-54.   

 

A, The maxillary right central incisor was extracted because of tooth 
fracture. One week after extraction a major soft and hard tissue deformity is 
present in the esthetic zone. The entire facial wall of bone has resorbed and, 
therefore, will require an autogenous bone graft. B, Because there is 
insufficient soft tissue to completely cover a bone graft, the soft tissue 
deformity was corrected first. Because of the quantity of tissue required, a 
full-thickness epithelialized soft tissue onlay graft was used rather than a 
subepithelial connective tissue graft. C, This is a 6-month postoperative 
result. The bone graft can now be performed with adequate soft tissue 
coverage. 

Restorative enhancement of soft tissue (guided 

gingival regeneration) 



Guided gingival regeneration is a nonsurgical approach to promoting gingival 
tissue regeneration around the abutments of a provisional (temporary) restoration. 
The objective is to influence the height and form of the interdental papilla and 
surrounding gingiva, establishing an harmonious appearance of the soft tissue and 
esthetic emergence profile of the implant restoration as it relates to the natural 
teeth. 

The patient wears the provisional restoration for approximately 3 to 6 months, 
depending on the rate of papilla regeneration. During this time, the restoration is 
altered by the dentist to enhance the final result. The emergence profile of the 
provisional restoration is used to guide re-formation of the papillae, which 
generally involves a combination of overcontouring and undercontouring the 
profile to achieve the desired result. The aggressive use of interdental cleaners or 
stimulus during this phase of treatment is contraindicated. Trauma to the soft 
tissues may interfere with the regenerative process. 

To maximize the results of guided gingival regeneration, five basic criteria must 
be considered:  

1. Favorable emergence profile as it relates to adjacent teeth 

2. Presence of keratinized tissue 

3. Titanium provisional abutment 

4. An atraumatic provisional restoration 

5. Realistic goals of 1 to 4 mm of increased gingival height 

Orthodontic enhancement of soft tissue and bone 

Orthodontics also can be helpful in positioning natural teeth to create sufficient 
space to place implants (see Chapter 28). Uprighting teeth, moving teeth bodily, 
orthodontically extracting teeth (forced eruption), and establishing a physiologic 
occlusion are some ways that orthodontists become an essential member of the 
implant team. 

Orthodontics is a nonsurgical approach to enhancing hard and soft tissue volume 
and height before the placement of an implant. Through controlled movement of 
hopeless teeth, the orthodontist can establish an environment that will ultimately 
house a functional, esthetic restoration. Forced eruption can be used not only as a 
means of atraumatically extracting hopeless teeth, but of "carrying" the 
surrounding bone and soft tissue into a more coronal position. This facilitates 
immediate implant placement after tooth extraction because an increased volume 
of periimplant bone and soft tissue are available. 



Immediate Placement and Loading of Implants 

The increased level of predictability and success with current implant therapy has 
encouraged a reevaluation of every aspect of traditional treatment planning 
protocols to better assimilate the benefits of osseointegration into clinical practice. 
These protocols are being updated to incorporate new regenerative modalities for 
treating patients with inadequate dimensions of bone and soft tissue to achieve a 
successful functional implant outcome. 

Implants placed immediately after tooth extraction can be as successful as implants 
placed into healed sites, with a success rate of greater than 95%.100–103 The need for 
a period of unloaded healing after implant placement, as originally described by 
Brånemark, also has been questioned. In some cases, implants may be loaded either 
immediately after placement or within a period of a few days to weeks. Such 
immediate loading techniques are successful in achieving clinically and 
histologically defined osseointegration.104–107 

Numerous studies or case reports have been reported examining immediate implant 
loading for the edentulous arch and for partially edentulous and single-tooth 
replacement cases.108,109 The single-tooth replacement, however, does not usually 
represent true immediate functional loading because clinicians often eliminate any 
function (force) on the temporary restoration. This type of restoration is frequently 
classified as "immediate temporization." True functional loading has been 
predominantly studied in cross-arch stabilized restorations for treatment of fully 
edentulous cases108,109 (Fig. 26-55). As research continues to show excellent success 
rates for immediately loaded implant restorations, their use can be expected to 
increase. The concept is particularly appealing to the patient because a restoration 
can be fabricated within 24 hours of implant placement. 

Schnitman and co-workers 110 placed implants in the mandible of 10 patients. The 
implants were immediately loaded and included natural teeth in 3 of the 10 
restorations. Four of the 28 implants failed 3 to 4 months after loading and 1 
implant failed after 21 months. The overall success rate was 84.7%. The 4 implants 
that failed were the most distal abutments in the restoration. Tarnow and 
colleagues111 treated 10 edentulous cases (4 maxilla, 6 mandible) and reported their 
1- to 5-year data. They immediately loaded a minimum of 4 implants in the 
mandible and a minimum of 6 implants in the maxilla. Two of 69 immediately 
loaded implants failed, both in the mandible. The implant success rate was 97.1%. 

In 2001, Grunder112 published a study in which 5 maxillae and 5 mandibles were 
treated with a total of 91 implants. Of these, 66 were placed immediately after tooth 
extraction into the extraction sockets, and all implants were immediately loaded. In 
all 66 immediate implant sites, no bone substitutes or barrier membranes were used, 
despite several cases involving gaps between the implant and the bone of the 
extraction socket. Immediate functional loading of implants placed immediately 
after extraction, without the use of any bone substitutes or barrier membranes, for 



fixed complete arch reconstructions was successful over a 2-year observation 
period. 

Figure 26-55.   

 

A, Five ITI (International Team for Implantology) fixtures with octabutments 
placed in mandibular anterior region. B, Transfer copings placed on 
octabutments. C, Surgical template used to transfer fixture position and occlusal 
registration. D, Laboratory-processed mandibular provisional restoration 
delivered 1 week after fixture placement. Such cross-arch stabilized prostheses 
may lend themselves to loading soon after implant placement. E, Gold and 
acrylic prosthesis, after 1 year in function. 

Any deviation from the standard protocol of delayed loading may only be 
undertaken with the understanding of the inherent risks to the important 
development of the bone-implant interface. A reexamination of the concept of 



immediate loading, therefore, would need to address two main concerns. For 
obvious functional demands, immediately loaded implants must forsake one of the 
original prerequisites for osseointegration—namely, a submerged healing phase.113 
The findings of research using ITI implants (Institut Straumann, Waldenburg, 
Switzerland), however, have challenged this tenet by demonstrating highly 
predictable osseointegration with a one-stage nonsubmergence protocol.114–116 

A second, but much more pivotal concern, regarding immediate loading pertains to 
shielding the bone-implant interface from functional overload during the early 
remodeling phase (Fig. 26-56). Toward that end, criteria must be identified to 
sufficiently stabilize the interface against micromovement, even in an immediately 
loaded environment. 

Figure 26-56.   

 

A, This is an 80-year-old man who was unable to have a removable denture. A 
major alveolar bone deformity was created because of the failure within 6 
weeks of six implants that were immediately loaded with a removable 
prosthesis. The implants were removed and the treatment plan was to first place 
a bone graft, wait 4 to 6 months, and place implants that would be immediately 
loaded using a cross-arch stabilized fixed provisional prosthesis. Temporary 
mini-implants, plus the one implant that remained from the first surgery, were 
used to stabilize a provisional fixed restoration. B, The graft material used was 
bovine bone that was covered with nonresorbable membrane. C, Six months 
after surgery, the membrane was removed. The defect was totally reconstructed 
with regenerated bone. D, The bone was dense and allowed for the placement of 
five implants that were immediately loaded. 



Guidelines for immediate loading of implants 

The following should be considered before treatment planning immediately 
loaded implants:  

1. Comprehensive informed patient consent must be secured. 

2. Bone quality and quantity is critical. 

3. Implants with macrointerlock properties should be used. Screw-shaped 
implants provide the strongest immediate mechanical retention after 
placement.117 

4. Implants with microinterlock properties also should be considered. Rough 
implant surfaces promote faster direct contact with bone than do 
smoothsurfaced implants.115 It also has been demonstrated histologically that 
this contact can occur in as few as 7 days.118 

5. Bicortical initial stabilization should be maximized (i.e., minimal counter-
sinking). 

6. Cantilevers should be avoided or minimized in the provisional 
restoration.119–121 

7. Provisional restorations should be fabricated with a rigid framework to 
prevent flexure. 

8. An occlusal scheme that emphasizes axial loading and minimizes 
horizontal stress must be designed.122 

9. A Hawley bite plane type of nighttime appliance can be used to minimize 
the effects of parafunctional habits. 

Complications and Failures of Implants 

Failures must be considered on the basis of when they occur in the sequence of 
therapy. There are two major phases in the "life" of a dental implant. Phase 1 is 
after surgical placement and before the implant is loaded. Phase 2 is after exposure 
of the implant to the oral environment and functional loading. 

Early implant failures (phase 1) 

Early implant failures occur after implant placement but before the implant is 
loaded. Failure during this period usually results in the complete loss of the 
implant because of infection, uncontrolled and/or undiagnosed systemic disease, 
transmucosal overloading, smoking, or excessive surgical trauma. 



Infection. 

In the past, concerns regarding infection in the immediate perioperative period 
led to surgical protocols requiring absolute sterility.123 A study by Scharf and 
Tarnow,56 however, showed that implants placed under surgically "clean" 
conditions have the same statistical success rate as those placed under sterile 
conditions. Therefore, infection probably occurs infrequently, unless surgical 
conditions are contaminated either by the external environment or by an existing 
infection at the implant site. 

If plaque accumulates on the implant surface, the subepithelial connective tissue 
becomes infiltrated by large numbers of inflammatory cells, and the epithelium 
appears ulcerated and loosely adherent. When the plaque continues to migrate 
apically, the clinical and radiographic signs of tissue destruction are seen around 
implants and teeth. Studies suggest that plaqueassociated soft tissue 
inflammation around implants may have more serious implications than 
marginal inflammation around teeth and the periodontal ligaments. One reason 
for the increased inflammation around an implant may be the low vascularity of 
the periimplant soft tissue band and the difference in collagento-fibroblast ratio 
of gingival tissue. These affect the defense mechanisms around an implant as 
compared with those of the tissue around natural teeth with periodontal 
ligaments.124–126 Also, various implant surface characteristics influence the 
amount of periimplant tissue breakdown and inflammation.127–129 

Subgingival bacterial flora associated with clinically inflamed implant sites is 
quite different than that seen around healthy implants. These microbial shifts are 
similar to those occurring around natural teeth, and the bacterial flora in chronic 
periodontitis and periimplantitis are quite similar.130–135 

Osseointegrated dental implants typically have a well documented high success 
rate. When failures occur, the sequelae can be distressing to the patient and 
create therapeutic difficulties for the clinician. Pathologic alterations of the 
periimplant tissues can be placed in the general category of periimplant 
disease.136 Inflammatory alterations, which are confined to the soft tissue 
surrounding the implant, are diagnosed as periimplant mucositis.136 
Complications, conversely, may occur in patients who have highly unrealistic 
esthetic expectations and less than optimal implant placement and restorative 
treatment outcomes. When recommending a treatment plan for a patient, the 
dentist must consider biologic and anatomic limitations. 

Clinical data demonstrate that after significant periods of implant function, bone 
loss can develop and even progress around the implant to levels that increase the 
risk for failure. The design and surface characteristics of the implant may 
influence the amount of periimplant bone loss.129,137 Implants with a polished, 
coronal titanium surface and nonsplinted maxillary implants have shown 
increased periimplant bone loss during function.137 Notably, crestal bone around 
an implant resorbs an average of 0.9 to 1.66 mm during the first year of implant 



function. In the follow-up years, mean annual rates of bone loss are 0.05 to 0.13 
mm.85,138,139 

The severity of the periimplant bone loss and the morphology of the bone 
defect, as well as the implant surface, will determine the procedure needed to 
treat a compromised implant and prevent it from total failure. It is possible to 
arrest the disease progression and to regenerate the lost periodontal tissues. 
Periimplant mucositis (soft tissue infection) and hyperplasia were noted in 21% 
to 28% of the jaws during the early period of clinical experience with 
osseointegration,140 but this rate significantly decreased in future years. The 
improvement is attributed to better oral hygiene techniques and prosthesis 
changes. 

Treatment of periimplantitis. 

As long as the implant surface is contaminated with soft tissue cells, bacteria, or 
bacterial byproducts, wound healing is compromised.124,125,141 The nonsurgical 
treatment for periimplant bacterial infection involves removing plaque deposits 
with plastic instruments to avoid damaging the implant surface and polishing all 
accessible surfaces with pumice. The patient also is treated with subgingival 
irrigation with 0.12% chlorhexidine and encouraged to improve home oral 
hygiene practice if needed. The initial phase of therapy may be sufficient to 
reestablish gingival health. If not, a surgical procedure may be needed. If 
regeneration of new bone and osseointegration are to occur, the defect must first 
be debrided and the contaminated implant surface prepared. This can only be 
done with a surgical approach. 

The surgical techniques currently advocated for controlling periimplant lesions 
are modifications of techniques used to treat bone defects around teeth. The type 
and size of bone defects must be identified before deciding on the appropriate 
treatment modality. This determines whether the implant should be removed or 
a regenerative procedure undertaken. Regenerative therapy is used to reduce 
pockets, but with the ultimate goal of regenerating lost bone tissue. Also, 
systemic antibiotics have been advocated as a supportive regimen during the 
treatment phase of periimplant disease.142–144 

For implant surface preparation, mechanical devices and chemotherapeutics 
have been evaluated in vitro and in vivo.144,145 Conventional and ultrasonic 
instruments are not suitable for preparing and detoxifying the implant surface. 
Mechanical instrumentation may damage the implant surface if performed with 
metal instruments harder than titanium. The method of choice involves a high-
pressure, air-powered abrasive comprising a mixture of sodium bicarbonate and 
water. This method completely removes microbial deposits from titanium 
surfaces, does not significantly change the surface topography, and does not 
adversely affect cell adhesion.140,146 



Systemic disorders. 

Implant candidates often present no signs, systems, or history of systemic 
disorders. These are usually discovered only after an unexpected poor response 
to therapy when suspicions are raised and a medical work-up is performed. This 
highlights the importance of eliciting a comprehensive medical history before 
any surgical procedure. 

Patients with medical disorders that compromise their immune system or wound 
healing ability are frequently more susceptible to infection and heal poorly. If 
the medical disorder is undiagnosed before implant placement, the patient may 
experience "cluster failures," meaning the loss of multiple implants at one point 
in the healing process. For example, an undiagnosed patient with diabetes may 
present with multiple failed implants and no clear reason for such failures. The 
medical work-up would need to address the signs, symptoms, and laboratory 
evaluation of possible diabetes. 

Transmucosal overloading. 

In patients who wear complete or removable partial dentures, implants should 
not be subjected to transmucosal loading during the healing period. Such 
transmucosal loading may occur when a removable, tissue-borne prosthesis is 
worn too soon after implant placement. It is imperative that the clinician 
relieves the internal aspect of a removable transitional prosthesis and relines it 
with a soft material. Reline materials must be replaced frequently because they 
tend to harden over time. The patient must be cautioned to eat a softer diet while 
the removable transitional prosthesis is worn (Fig. 26-57). 

Smoking. 

Clinicians have long suspected that patients who smoke have a more 
compromised outcome after surgery than do nonsmokers. In a retrospective 
study of 2194 Brånemark implants placed in 540 patients over a 6-year period, 
smokers had a much greater failure rate than nonsmokers.147 Overall failure 
rates were 5.92%, yet nonsmokers had a failure rate of only 4.76%, whereas 
smokers had a failure rate of 11.28%. In a metaanalysis of several studies with 
almost 5000 implants, there were no significant differences in overall implant 
failure rate between smokers and nonsmokers.148 However, machined surface 
implants showed a greater difference in failure rate (greater rate for smokers) 
than did rough surface implants. Most studies are in agreement that differences 
between smokers and nonsmokers are found predominantly for maxillary 
implants, whereas mandibular implants have similar success rates in smokers 
and nonsmokers. It is incumbent on the clinician to warn patients who smoke of 
their risk for implant failure if they continue to smoke during the postoperative 



period. This recommendation should be included in the informed consent signed 
by the patient. 

Figure 26-57.   

 

Radiograph demonstrates significant bone loss around the implants because 
of early transmucosal loading. The patient was noncompliant and wore a 
poorly fitting removable denture 2 weeks after implant placement. 

Surgical trauma. 

An atraumatic surgical technique is a prerequisite for achieving 
osseointegration. This includes the use of slowly rotating drilling equipment, 
sharp drills, and copious irrigation. Overzealous or incorrect preparation can 
lead to overheating the bone at the osteotomy site and increasing hemorrhage 
with concomitant hematoma formation, swelling, and infection. The ultimate 
consequence of poor surgical technique is loss of the implant. 



Late implant failures (phase 2) 

The most vexing of implant failures are those that occur after the implant is 
loaded. The assumption is made by the patient, and by many clinicians, that 
achieving osseointegration is the difficult part of the implant experience. 
However, osseointegration is a predictable and readily achievable therapeutic 
outcome. Problems that occur after implant loading often are harder to solve 
because a final restoration may have been completed and the patient's 
expectations left unmet. 

Essentially, there are three types of failures after loading. The first is an esthetic 
failure. The implant and prosthesis are intact, but the patient's esthetic needs have 
not been met. The second type of failure results in the complete loss of the 
implant because of failure at the bone-implant interface. The third prosthetic 
failure includes loosening of screws and fracture of the setscrew, abutment, 
implant, porcelain, or solder joint. 

Biomechanical forces. 

Infection occurring after an implant is loaded does not appear to be a common 
cause of implant failure. Overloading contributes to prosthetic failure, to the 
loss of osseointegration, and, ultimately, to the loss of the implant. It is 
imperative that the clinician understands which types of forces are within 
physiologic tolerance and which are destructive and cause overload. Axial 
forces are best tolerated by osseointegrated implants, whereas off-axis forces 
induce bending moments at the osseous crest and are the most destructive.149–151 
Other equally destructive forces can be generated by the restorative process and 
are created by screwing in a framework that does not fit passively. 

Experimental and clinical evidence supports the concept that excessive 
biomechanical forces may lead to high stress or microfractures in the coronal 
bone-implant contact, leading to loss of osseointegration around the neck of the 
implant.152 Although overload is clinically difficult to define and measure, the 
role of overloading is likely to increase in four clinical situations:  

1. The implant is placed in poor quality bone. 

2. The implant position, or the total portion of the implant placed in bone, 
does not favor ideal load transmission over the implant surface. 

3. The patient has a pattern of heavy occlusal function associated with 
parafunctional habits (Fig. 26-58). 

4. The restoration does not precisely fit the implant. 



Notably, the cause of periimplant crestal bone loss can be multifactorial, and 
both bacterial infection and biomechanical factors may be implicated. Other 
etiologic factors, such as traumatic surgical technique, smoking, inadequate host 
bone (resulting in an exposed implant surface at the time of placement), and a 
compromised host response may be implicated as cofactors in the development 
of periimplant disease. 

The nonpassive framework. 

The most careful case planning and occlusal scheme will contribute little to 
long-term success if the prosthesis does not fit passively. This is an inviolate 
concept.153 The typical implant-borne prosthesis is composed of several 
different components. The abutment, the gold screws, the framework and its 
accompanying veneering material, and the bone-implant interface are placed 
under permanent strain when a screw-retained framework does not fit passively. 
The constant stress may manifest itself as crestal bone loss, fracture of the 
porcelain or metal components, or screw loosening. 

Determining passivity of fit often is clinically difficult. When supragingival 
abutments are used, the fit of the retainer can be evaluated using the single-
screw test. When subgingival abutments are used, visual inspection is not 
possible and radiographs provide limited information. One method that can be 
used with subgingival abutments is to evaluate the feel or tactile sense of each 
screw as it is being tightened. If a framework is passive, each screw should 
become tight immediately after resistance to tightening is felt. If a screw 
becomes progressively tighter as it is turned, the implant and framework are 
actually being drawn together by the tightening screw. The framework must 
then be either sectioned or remade. 

Figure 26-58.   



 

The patient has a history of significant parafunctional habits such as 
grinding and clenching. He had fractured porcelain and solder joints on 
previous restorations and could not wear a night guard appliance. 
Photograph shows an implant and tooth-supported restoration where two of 
the implants had fractured because of occlusal overload secondary to 
parafunctional forces. 

Implant anchorage unit disruption. 

The primary force reception unit in implantology is termed the implant 
anchorage unit.149 It consists of the implant, the transmucosal abutment, the 
gold cylinder (and associated restoration), the abutment screw, and the 
prosthetic set screw (gold screw). This unit is responsible for transmitting all 
forces to the bone surrounding the implant. An analogous situation of the 
natural dentition is the "attachment apparatus." This consists of the bone lining 
the tooth socket, the fibers of the periodontal ligament, and the cementum 
covering the root. Forces delivered to the restoration have their primary effect 
on the implant anchorage unit and the attachment apparatus. The ability of the 
implant anchorage unit to adequately distribute applied force is controlled by a 
number of factors. 

The location of the implant in the dental arch has a significant influence on the 
force applied to the bone and the screws in the implant anchorage unit. Implants 
should be placed along as large an arc as possible. When force is applied, 
implants are stressed in different directions, thereby distributing the force. 
When implants are placed in a straight line, any nonaxial directed force exerts a 
bending movement around each implant anchorage unit that can result in 
overloading of the implant. The greater the number and length of implants 



supporting the restoration, the better the system is able to distribute applied 
force.154–156 The greater surface area of bone-implant contact and the greater 
number of abutments all contribute to the ability of the implant anchorage units 
to tolerate off-axis forces. 

Even with the proper length, location, and number of implants, a traumatic 
occlusal scheme may cause failure because of overload. A therapeutic occlusion 
must be developed to ensure the proper distribution of applied forces. 

Therapeutic occlusion. 

In the natural dentition, the therapeutic occlusion is conceived as a means to 
treat the pathologic occlusion.46 A pathologic occlusion may be manifested by 
occlusal trauma (mobile teeth), retrograde wear, and myofascial pain-
dysfunction syndrome. If occlusal trauma (overload of the attachment 
apparatus) is compared with implant failure after loading (overload of the 
implant anchorage unit), one significant difference is seen. In the natural 
dentition, the tooth responds to overloading by adaptation. There is bone loss in 
the walls of the socket, the periodontal ligament space widens, and the tooth 
becomes mobile. This is the tooth's attempt to move away from the traumatic 
force. If the traumatic force is controlled or removed, the situation will reverse 
itself and the tooth will once again become firm. With the implant anchorage 
unit, no such adaptation exists. When an overload situation develops, an 
irreversible failure will occur. Prosthetic failures can be repaired, but typically 
recur if the cause of overloading is not corrected. In the worst-case scenario, the 
overloading force is transmitted to the bone-implant interface, causing a loss of 
osseointegration and loss of the implant. 

Occlusal vertical dimension. 

A proper occlusal vertical dimension (OVD) must provide for a functionally 
adequate freeway space. There is a range of acceptable OVDs. Establishing the 
OVD is a chair-side procedure. It cannot be arbitrarily chosen on an articulator. 
When fabricating an implant-borne restoration, the OVD has a profound impact 
on abutment selection, location of screw access holes, and the crown-to-implant 
ratio. 

When surgeons are asked to place permanent, transmucosal abutments at the 
time of implant exposure, they are at a distinct disadvantage. The surgeon often 
is not aware of the OVD, which determines a specific implant abutment. Not 
until the restorative dentist chooses a therapeutic OVD can the distance from the 
top of the implant to the occlusal plane be measured. This is the space available 
for implant and restorative components. A change in OVD also can affect where 
screw access holes emerge. An increase in OVD will cause screw access holes 
to emerge facially rather than in the cingulum area of anterior teeth. 



Anterior guidance. 

The greater the guidance is, the greater the horizontal component of force on the 
implant anchorage unit.150 The therapeutic goal is to minimize horizontal forces 
because implants do not have the adaptive capacity inherent to the natural 
dentition. Practitioners do not have a reliable way to determine the optimum 
overbite in the implant-borne restoration. Therefore, the overbite must be 
minimized as much as possible without developing posterior interference during 
excursive movements of the mandible. If an excessive overbite is placed in a 
tooth-borne restoration, changes occur (e.g., tooth mobility) that will alert the 
clinician to intervene. It is extremely important that the occlusal table be as 
narrow as possible and placed over the long access of the implant. Failure to 
fulfill this requirement will result in a large bending moment and possible screw 
loosening, fracture, or both.149 

Crown-to-implant ratio. 

The crown-to-implant ratio should be kept to a minimum. Changes in OVD can 
positively or negatively affect the crown-to-implant ratio. In severely resorbed 
jaws, an adverse crown-to-implant ratio is a particularly significant problem. 
Resorption of the alveolar process reduces the amount of bone available for 
implant placement, whereas it increases the length of the teeth. This poor 
crown-to-implant ratio in resorbed cases contributes to the poor prognosis of 
unsplinted implants under overdentures. 

Clinicians must compensate for a poor crown-toimplant ratio in the same 
manner they compensate for a poor crown-to-root ratio in the natural 
dentition—by attempting to place a greater number of implants and considering 
bone grafting to allow use of longer implants. In addition, splinting may be 
necessary for mutual support. 

Splinting. 

Splinting is an important treatment option in developing the therapeutic 
occlusion. It is indicated to control the adverse effects of an unfavorable crown-
toimplant ratio, poor axial positioning of implants, and an insufficient number 
or length of implants to provide a freestanding quadrant or sextant restoration 
(Fig. 26-59). Although splinting is useful, it cannot substitute for an optimal 
occlusal scheme. 

When splinting is required for an implant-borne restoration, the only abutments 
often available to splint to are natural teeth. Because implant components are 
considered rigid, it has been assumed that any natural tooth connected to an 
implant would not be loaded, but would instead function like a cantilever. 
However, in an in vitro study using an implant-abutment-gold cylinder 



component stack, Gunne and co-workers157 showed that if the tooth abutment of 
a three-unit bridge was loaded, the screw joints of the implant abutment would 
open and close, providing flexibility in the implant component stack. The 
amount of deflection equaled the mobility of a periodontally sound tooth. The 
results of this study suggested that there is no biologic basis for the notion that 
implants and natural teeth should not be splinted. However, these three-unit 
fixed partial dentures had only a single implant abutment and a single tooth 
abutment. The authors acknowledge that the conclusions cannot be extrapolated 
to multiple implant restorations attached to natural teeth, because multiple 
implants form a more rigid unit. Also, the dentition opposing the implant-
totooth fixed partial dentures in this study consisted of complete dentures, on 
which relatively small forces could be placed compared with a natural opposing 
dentition. Most problems associated with splinting implants and natural teeth 
are related to the need for retrievability for all or part of the restoration, rather 
than any inherent biologic concerns. 

Figure 26-59.   

 

Poor buccolingual positioning of an implant and excessive occlusal forces 
contributed to this complication. Loosening of the abutment screw resulted 
in loss of rigidity, which allowed axial forces to act independently on the 
two implants. The result was loss of significant crestal bone. 

Retrievability. 

There are two methods for providing retrievability in a restoration that splints 
implants and natural teeth: one is to use screw-retention for implant abutments 



and the other is to use temporary cements for the natural tooth abutments. The 
major drawback of the latter approach is the possibility of unrecognized cement 
washout of the natural tooth abutments. Solutions to this problem have been to 
telescope the natural tooth abutment or to use semi-rigid attachments between 
the implant-borne component and the natural tooth-borne component. The 
telescope is cemented to the natural tooth permanently, and the overcase is 
temporarily cemented to the telescope. When using semi-rigid attachments, 
temporary cements are used to cement the crown directly to the natural tooth 
abutment. In each case, migration of the natural tooth-supported part of the 
restoration has been documented by investigators.158,159 This generally manifests 
as intrusion of the natural tooth. 

Various techniques may be used to prevent migration of natural tooth 
abutments. In the case of telescoped abutments, a set-screw may be placed to 
hold the tooth in position in case of cement washout. In the case of semi-rigid 
attachments, the clinician may place a screw or staple buccolingually through 
the attachment or arrange the attachment orientation so that intrusion of the 
natural tooth abutment cannot occur. Both approaches can be technically 
difficult and are not without problems. 

A simpler answer to the problem is to avoid using screw retention when 
splinting teeth to implants. With implant abutments cemented to telescopes on 
the natural teeth, the clinician can temporarily cement the entire case and 
identify washouts by observing the movement of the restoration. It is then a 
simple maintenance task to tap off the restoration and recement it. 

With careful planning and engineering of the implant-supported restoration, 
many failures can be prevented. By providing for retrievability, almost any 
problem that occurs after the restoration is completed can be handled with 
minimal inconvenience to both the patient and the practitioner. Many clinicians 
try to avoid these problem altogether by not splinting natural teeth to implants 
whenever they can place a fully implant-borne prosthesis instead. 

Esthetic compromise. 

One of the most common causes of esthetic failure is loss of the interdental 
papilla or apical positioning of the facial gingival margin, or both, during 
postsurgical healing. Esthetically, this results in "black triangles" on either side 
of the implant-borne restoration and a gingival margin that is not in harmony 
with the rest of the dentition. This often is caused by the surgeon's failure to 
take into account the patient's soft tissue needs before or during surgery. 

Figure 26-60.   



 

Although the result of implant treatment maybe a functional success, it can 
be an esthetic failure because of inaccurately diagnosing and treatment 
planning the problem. Regeneration and reconstruction of the bone and soft 
tissue before implant placement was not considered in this case, with 
resultant poor esthetic outcomes. 

Implant placement in the esthetic zone requires precise three-dimensional tissue 
reconstruction and ideal implant placement. If crown form, dimension, shape, 
and gingival harmony around the implants are not ideal, the patient and dentist 
consider the implant restoration an esthetic failure because the result does not 
represent a natural profile (Fig. 26-60). 

CONCLUSION 

Successful implant restorations encompass both optimal function and esthetics. 
Osseointegration—once the sole focus of implant dentistry—is now a relatively 
predictable process given the plethora of research, the contemporary surgical and 
tissue reconstruction techniques, and the vast array of materials and implant systems 
introduced during the last 40 years. Cases that once seemed hopeless are now possible 
to treat with excellent and more predictable results. The added esthetic component 
means dentists also must meet patient demands for restorations that mimic the natural 
dentition in terms of performance, comfort, and appearance. 

At its foundation, the successful implant restoration case involves a team approach 
with detailed communication between the various clinicians and technicians, as well 
as the patient. Thanks to the team concept the dental profession has embraced, 
complications have been minimized and therapeutic horizons have been expanded. 



Although further research is still needed to make successful implant dentistry a 
predictable procedure, the environment for success is better than ever. 
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Portions of this chapter are from Starr NL: Treatment planning and treatment 
sequencing with and without endosseous implants: a comprehensive therapeutic 
approach to the partially edentulous patient, Seattle Study Club Journal 1:1, 21–34, 
1995. 

The term periodontal prosthesis1,2 was coined by Amsterdam about 50 years ago. He 
defined periodontal prostheses as "those restorative and prosthetic endeavors that are 
absolutely essential in the treatment of advanced periodontal disease." New, more 
sophisticated techniques are currently available, and with the advent of endosseous 
implants3 many patients can avoid wearing a removable prosthesis, or at least have one 
that is extremely stable. Nevertheless, the concepts of identifying the etiologic risk 
factors, establishing an accurate diagnosis and prognosis, formulating an 
interdisciplinary treatment plan, and developing a logical sequence of therapy hold as 
true today as they did five decades ago. In this new millennium, the philosophy of 
periodontal prosthesis has gained universal acceptance as the foundation of 
interdisciplinary dental therapeutics. 

NATURAL DENTITION 

The major goal of the dentist is the preservation and maintenance of the natural 
dentition in a state of health. With increased use of the endosseous implant, it appears 
at times that some in the profession have lost sight of this major responsibility. In the 
past, teeth with a poor or guarded prognosis were frequently maintained, whereas 
today there is an option to extract them and replace them with dental implants. The 
concern, however, is knowing when to save or extract a tooth. In light of the 
observations of many astute clinicians, developing a treatment plan that will provide 
the best long-term prognosis is a challenge in the advanced periodontally involved 
dentition. If anything has been learned from the retention of these severely 
compromised teeth, it has been the healing potential of the periodontium once the 
known etiologic risk factors are eliminated or controlled.4 

IMPACT OF ESTHETICS 

Esthetics and osseointegration were developing on parallel paths during the mid-
1980s to early 1990s and have emphasized the importance of the integrated team 
approach to achieve the ultimate periodontal and restorative result. Maintaining the 
papilla between two teeth is somewhat predictable,5 but between a tooth and an 
adjacent implant is less predictable.6,7 Concern for the loss of or reduction in height of 



the papilla between two adjacent implants has created a new esthetic concern.8 
Therefore, the concepts of selective extraction of teeth, socket preservation, and 
augmentation at the time of tooth extraction appear to be invaluable in the restoration 
of form, function, and esthetics9–14 (see Chapter 26). 

Esthetics play a major role in our diagnostic and therapeutic endeavors. However, 
long-term clinical assessments have shown that its real value will play out optimally 
when it is achieved in concert with all the functional needs of the dentition. 

PERIODONTAL BIOTYPES 

Ochsenbein and Ross,15 Weisgold,16 and Olsson and Lindhe17 suggested two distinct 
types of periodontium found in humans. Becker and colleagues18 reported that there 
are three periodontal biotypes: flat, scalloped, and pronounced scalloped. Measuring 
from the height of the bone interproximally to the height at the direct midfacial, their 
findings were as follows: flat = 2.1 mm; scalloped = 2.8 mm; and pronounced 
scalloped = 4.1 mm. Note that the distance in the pronounced scalloped is 
approximately twice as great as in the flat type. Normally, the distance from the 
cementoenamel junction (CEJ) to the crest of bone on the direct facial in a healthy 
periodontium of a young adult is approximately 2 mm, with the gingival margin being 
located on the enamel (slightly coronal to the CEJ). However, in the pronounced 
scalloped type, the distance between CEJ and the bone on the direct facial is usually 3 
to 4 mm. This results in the gingival margin being located at the CEJ, or quite often, 
on the cementum—that is, in the pronounced scalloped type, the gingival margin is, 
in a sense, located on the root in health. This type of periodontium, because of its 
thinness and friability, is more likely to recede than the flat type. There is no question 
that the most favorable gingival and esthetic results occur in the flat type, not the 
pronounced scalloped type (Fig. 27-1; Boxes 27-1 and 27-2). 

Tarnow and colleagues5 observed that in healthy mouths the gingival papilla filled the 
space between teeth 100% of the time when the distance from the contact point of 
adjacent teeth to the interproximal crest of bone was 5 mm or less. When the distance 
was 6 mm, the papilla did not fill the space completely in approximately 50% of the 
patients, and when it was 7 mm or more, it did not fill the space in about 75% of the 
cases. The pronounced scalloped periodontal biotype (because of its triangular-shaped 
tooth) usually has a distance between 6 and 7 mm. Hence, under normal conditions, 
this is the tissue type that usually has some interproximal recession with the 
formation of "black triangles". Further clinical insults to soft tissue, such as tooth 
preparation, excessively rapid orthodontic tooth movement, tooth extraction, scaling 
and root planing, and injudicious retraction of soft tissue may increase the gingival 
recession, thus further compromising the esthetic result (Fig. 27-2). 

The extraction of an anterior tooth usually results in resorption of bone on the facial 
and interproximal surface (Fig. 27-3). In addition, a decrease in the faciolingual 
dimension of the interproximal areas is not uncommon. These findings are more 
obvious in the scalloped type of periodontium, and even more so, in the pronounced 



scalloped type. This may create an esthetic dilemma for both the patient and the 
dentist. Complicating the matter is that the morphology of the roots of the anterior 
teeth is usually more tapered, both faciolingually and mesiodistally than those found 
in the flat type periodontium. The end result of extracting an anterior tooth with a 
scalloped type periodontium is: (1) Greater loss of interproximal hard and soft tissues; 
(2) the interproximal papillae are positioned more palatally; and (3) a wider 
mesiodistal dimension between the adjacent teeth (because of the taper of their roots). 
The outcome is a large noticeable "black triangle," which is often treated by closing 
the space with a wider crown or laminate19 placed on the adjacent teeth, or the use of 
pink porcelain to simulate the lost gingiva. Often these options are not satisfactory. 

Figure 27-1.   

 

A, Thin-scalloped periodontal biotype. B, Thick-flat periodontal biotype. C, 
Thick-flat skull material. D, Thin-scalloped skull material. (Courtesy Dr. Clifford 
Ochsenbein, Dallas, Tx.) 

Box 27-1  Description of Thin/Scalloped Periodontal 

Biotype 

• Distinct disparity between height of gingival margin on direct facial and 
that interproximally 



• Delicate and friable soft tissue curtain 

• Underlying osseous form scalloped, dehiscences and fenestrations often 
present 

• Small amount of attached masticatory mucosa (quantitative and 
qualitative) 

• Reacts to insult by recession 

• Subtle, diminutive convexities in cervical thirds of facial surfaces 

• Contact areas of adjacent teeth located decidedly toward the incisal or 
occlusal thirds 

• Teeth "triangular" in shape 

• Contact areas of adjacent teeth small faciolingually and incisogingivally 

• Steeper posterior cusps 

Box 27-2  Description of Thick/Flat Periodontal 

Biotype 

• Not as great a disparity between height of gingival margin on direct facial 
and that interproximally 

• Denser, more fibrotic soft tissue curtain 

• Underlying osseous form flatter and thicker 

• Larger amount of attached masticatory mucosa (quantitative and 
qualitative) 

• Reacts to insult by increased pocket depth 

• More prominent, bulbous convexities in cervical thirds of facial surfaces 

• Contact areas of adjacent teeth located more toward the apical 

• Teeth "square" in shape 

• Contact areas of adjacent teeth larger faciolingually and incisogingivally 

• Flatter posterior cusps 

Figure 27-2.   



 

A and B, Maxillary anterior teeth with facial margins of crowns exposed and 
failing composite restorations. C and D, All ceramic crowns for maxillary anterior 
teeth, respecting the gingiva and harmonizing with the gingival topography. 

Figure 27-3.   

 

A, Preoperative view before extraction of maxillary left central incisor. B, 
Placement of implant at 2 months after extraction. Note the recession of the 
interproximal papillae. 

Figure 27-3. cont'd   



 

C, Insertion of final crown ("black" triangles). D, Addition of porcelain on mesial 
and distal—results in masking the dark areas, but also a wider crown. E, 
Preoperative view before extraction of maxillary left central incisor. F, Two 
months after extraction. Note there is little to no papillary recession. G, Placement 
of final crown. Note that esthetic result compares favorably to preextraction (E). 
H, Diagram illustrating the cross-sectional forms of a maxillary central incisor. 
Note it is triangular at the cementoenamel junction. 

Figure 27-3. cont'd   



 

I, The ideal sulcus/implant relation. This situation is usually not commonly found 
because most often the facial plate of bone and interproximal areas resorb 
somewhat. J, Maxillary right central incisor. The ideal artificial 
crown/implant/periodontal relationship. K, Maxillary right central incisor. Note 
there are ceramo-metal crowns on the right lateral incisor and left central incisor 
natural tooth. The right central incisor crown is on an implant. Note the slight 
"ridge lap" in cervical because ridge is slightly resorbed on the facial surface and 
out of necessity the implant is placed toward the palatal area. L, Facial view 
showing resorbed ridge in maxillary right central incisor area. Note vertical 
deficiency. M, Incisal view of the same area. Note deficiency faciopalatally. 



ROLE OF OCCLUSION 

Success in occlusal therapy depends on controlling the etiologic factors that cause the 
problem (see Chapter 29). Unfortunately, occlusal disorders, at times, originate from 
a host of seemingly disparate, random factors. This led us to rely often on inadequate 
data and unproven techniques. Compounding the problem is the tendency to "mix 
vocabularies"—that is, giving different definitions for the same thing—and to 
commonly use different terminology (e.g., centric relation, centric occlusal relation, 
maximum intercuspal position, retruded contact position, and so on). 

Occlusal trauma is injury to the attachment apparatus resulting from tooth-to-tooth 
contact, oral musculature activities, or foreign object to tooth contacts. It is the failure 
of the supporting structure to resist or to adapt to these forces.20 Clinically, the most 
common finding is tooth mobility, and, radiographically, widened periodontal 
ligament spaces of the involved teeth are often seen. 

Primary occlusal trauma can occur in a healthy mouth or one affected by 
periodontal disease. It is caused by forces greater than those that occur during normal 
function. It is usually caused by a parafunctional habit (i.e., bruxism, clenching, and 
other habits).1,2,21 It is thought that mastication is not a source of primary trauma 
because of the minimal amount of time devoted to this activity, subsequently 
minimizing tooth contact, and the buffering capability of the periodontal ligament. 
Removal or controlling of the forces should result in the reversal of the effects of 
primary traumatism. 

Secondary occlusal trauma is usually associated with a periodontally compromised 
dentition that has resulted in severe bone loss and teeth with adverse crown-to-root 
ratios. Usually, the teeth are very mobile; therefore, the teeth are subjected to 
continued injury with normal forces such as mastication or deglutition, or both. It is 
here where periodontal prosthesis is usually indicated. The splinting of teeth with 
partial or full coverage crowns is indicated in most cases.1,2,22 Successful management 
of periodontal disease and occlusal trauma is the goal of periodontal prosthetics. 

Posterior bite collapse is the result of the loss of one or more posterior teeth, with 
drifting of adjacent teeth, extrusion of opposing teeth, and the creation of uneven 
marginal ridge relations and adjacent CEJ levels, and concomitant unleveled bony 
crests. These events establish an environment where the self-protective capacity of 
the teeth is compromised; resulting in the development of angular bony crests 
frequently predisposing to infrabony pocket formation and posterior interproximal 
caries. The occlusal vertical dimension is supported by the posterior occlusion but 
with posterior tooth loss, the forces of occlusion are on the remaining anterior teeth. 
In addition, the remaining anterior teeth must provide anterior guidance, 
disarticulating the posterior teeth through excursive movements of the mandible. This 
will have a significant impact on their long-term function and viability.23 

When posterior bite collapse has occurred, the restoration of form and function is 
more difficult to accomplish. Posterior occlusion must be reestablished, the occlusal 



vertical dimension restored and the anterior incisal guidance developed in concert 
with the posterior cusp height. This should allow for disarticulation of the posterior 
teeth during excursive movements of the mandible. 

Given the abundance of research data and good clinical documentation,24–33 important 
questions relative to occlusal etiology and the effects that trauma has on the 
progression of existing periodontal disease may be answered. Ultimately, this will 
establish a more "outcome-based" approach to occlusal therapy. For example, when 
the patient is periodontally susceptible and the posterior teeth in the same arch are 
seriously compromised or missing, the remaining anterior teeth may be stressed 
unfavorably, demonstrating varying degrees of mobility.23 Placing posterior implants 
with fixed/splinted crown and bridgework is the preferred treatment for this patient 
type.23 The restoration of the posterior occlusion at the correct occlusal vertical 
dimension can significantly decrease or eliminate the mobility patterns present in the 
anterior teeth and thereby help to stabilize them. 

One must not downplay the role of occlusion evidenced by the manifestation of 
occlusal trauma on the endosseous implant prosthesis and its component parts. This is 
often a more common observance than damage to the surrounding bone or the 
implant. Without the cushioning effect of the periodontal ligament, the forces have a 
greater potential to cause breakage of the prosthetic parts, or of the implant to bone 
contact itself.34 

TREATMENT PLANNING AND TREATMENT 

SEQUENCING WITH AND WITHOUT ENDOSSEOUS 

IMPLANTS: A COMPREHENSIVE THERAPEUTIC 

APPROACH TO THE PARTIALLY EDENTULOUS PATIENT 

The ultimate therapeutic goal is to achieve maximum health, masticatory function, 
speech, aesthetics, and comfort for the patients.35 

The treatment can be divided into three levels:  

1. Emergency care for relief of pain or sudden dysfunction 

2. Removal of the causative factors of the disease processes 

3. Removal of the consequences of the disease or traumatic insult 

Level one, emergency treatment, must be accomplished before any other level of 
therapy is instituted (Table 27-1). 

The purpose of the second level is to control infection. A basic tenet of periodontal 
therapy is the debridement of all accretions adherent to the clinical crowns and roots 
of teeth or restorative materials, both supragingivally and subgingivally. This is 



accomplished by scaling and root planing procedures in concert with oral hygiene 
instruction. If dental caries is present, the early placement of "direct-filling" 
restorations prevents the need for more extensive intervention later. In addition, the 
control of adverse occlusal forces should be managed at this level. 

The third level of care is the focus of this chapter: attempting to correct alterations in 
form and function because of the effects of periodontal infections and traumatic 
injury to the teeth and their supporting tissues. 

Diagnostic Evaluation 

Diagnosis, treatment planning, and treatment sequencing continue to be 
significant challenges for the general dentist and specialist in the management 
of the partially edentulous patient. A comprehensive dental/periodontal 
examination must first be performed. This will ensure that all members of the 
treating team have addressed each problem area and have collated their respective 
treatments into the overall therapeutic program. 

TABLE 27-1  Emergency Treatments 

 

The clinical evaluation consists of caries, periodontal, endodontic, orthodontic, 
orthognathic, occlusal and temporomandibular joint exams, as well as a 
comprehensive physical evaluation or medical history (Box 27-3). To facilitate this 
diagnostic evaluation, a full-mouth series of periapical radiographs of teeth and 
residual ridges must be obtained. A panoramic radiograph, a cephalometric 
radiograph, and a dental computed axial tomography (CAT) scan36 are suggested if 
there is a need to help assess the bone quality and quantity, and supplement 
conventional dental radiography. 

Impressions should be taken and models correctly articulated. In most situations, it 
is suggested that two sets of the original casts be obtained—one to be kept as a 
permanent record and the other to be used as part of the treatment planning. After 
gathering the necessary data, the information must be collated into a comprehensive 
treatment program. 

Amsterdam1,2 has stated that although the situation truly requiring periodontal 
prosthesis traditionally has been one of advanced dental disease, it became apparent 
that with certain modifications, its philosophy, concepts, principles, and techniques 
could be applied to any therapeutic endeavor involving the natural dentition. 



Esthetic Treatment Approach 

When a patient's needs are primarily restoratively focused, such as veneering or 
crowning one or more teeth (Fig. 27-4), gingival aesthetic guidelines (Fig. 27-5) 
will be a significant component of the overall effort. In order to properly address the 
esthetic requirements of the patient, it is necessary to envision the desired outcome 
before performing the procedure.37 

Esthetics is fundamentally about tooth form, and it is therefore most predictably 
realized with the assistance of an intraoral diagnostic "mock-up" to improve incisal 
form, lip line esthetics, and gingival topography (Fig. 27-6). The outcome is the 
development of an intraoral esthetic blueprint. This results in dentist verification, 
improved laboratory communication, and patient affirmation. Molds of the 
improved intraoral anatomic form of the teeth should be poured in stone, and then 
enhanced further in the dental laboratory with the application of wax. Silicone 
impressions are fabricated by the laboratory and then returned to the clinician to be 
used to verify proper tooth reduction.37 

Box 27-3  Diagnosis 

Caries 

• Supragingival 

• Subgingival 

• Insufficient clinical crown height 

Endodontic Considerations 

• Symptomatic teeth 

• Separated endodontic instruments 

• Dystrophic calcifications 

• Fractured roots 

• Apical and lateral zones of osseous rarefaction 

• Status of existing posts/cores 

Esthetics 

• Smile analysis 

• Lip line analysis 

• Gingival topography assessment 



• Incisal plane assessment 

Malocclusion 

• Loss of occlusal vertical dimension 

Missing teeth 

• Without replacement 

• With delayed replacement 

Occlusal Trauma 

• Primary  

• Bruxism 

• Clenching 

• Retrograde wear 

• Secondary 

• Temporomandibular joint considerations 

Orthodontics 

• Tooth drifting or bite collapse 

Periodontal Disease107 

• Degree of bone loss 

• Topography of alveolar defect (potential impact of bone loss on adjacent 
teeth) 

• Classification of periodontal biotypes 

Size and Shape of Residual Deformed Bony Ridge Areas 

• The degree of resorption will influence the surgical and restorative 
ventures 

Medical Status 

• Systemic disorders 

• Psychologic concerns 



Traumatic Injury 

• Clinical crown deformity 

• Soft and hard tissue deformities 

• Facial deformity 

Developmental/Acquired Deformities 

• Cleft palate, cleft lip 

• Amelogenesis imperfecta, other deformities 

The incorporation of one single-tooth implant and crown, together with a series of 
all ceramic crowns or veneers for the adjacent natural teeth, creates a great 
challenge for the clinician and dental ceramist.9 Endosseous implant installation 
requires careful staging, in accordance with the healing time frames associated with 
tissue maturation. The addition of bone and soft tissue at or after tooth extraction, or 
tooth lengthening by restorative and/or surgical measures to achieve esthetic 
outcomes, requires even greater interdisciplinary planning (Box 27-4). 

DENTAL THERAPEUTICS: WITHOUT IMPLANTS 

Amsterdam1,2 has stated that "the correction or modification of the deformities 
created by the disease may be much more complicated in therapy than the treatment 
of the active disease process." 

To establish a diagnosis in more compromised situations, it is important to ascertain 
the patient's history of tooth loss. A host of etiologic factors may have contributed to 
tooth loss, such as caries, subsequent endodontic complications, traumatic injuries to 
teeth (and/or alveolus), periodontal disease, occlusal trauma, and iatrogenic dentistry. 

Many teeth may serve as strong viable abutments. However, teeth substantially 
affected by periodontal disease, caries, or endodontic problems must be identified 
early because they may have minimal value as abutments for either individual crowns 
or splinted restorations. These teeth also may represent a serious periodontal liability 
to adjacent teeth. 

Figure 27-4.   



 

A, Edge-to-edge maxillary incisor relation with crossbite at teeth #26, #27, and 
#28, demonstrating marked incisal wear. The dentoskeletal Class III arrangement 
(with thin lip form) exaggerates the flat facial profile. B, After performing a 
diagnostic composite mock-up, directed at creating anterior guidance, building 
out the teeth to enhance the facial profile, and improving the incisal edge relation 
to the lower lip, the maxillary teeth were prepared to receive ceramic veneers. The 
incisal edges of the mandibular teeth were reshaped by odontoplasty to create the 
proper overbite-overjet relation. C, Interim provisional acrylic veneer 
restorations. D–F, All ceramic veneers are on master stone model. G, Final 
ceramic veneers for the maxillary teeth, with restored occlusal function and 



improved dental esthetics and facial aesthetics. H, Preoperative smile profile. I, 
Final ceramic veneers with smile profile. 

Figure 27-5.   

 

A, Mottled enamel with marked discoloration and recurrent caries. B, Provisional 
acrylic restorations to restore form, function, and esthetics for the involved 
maxillary teeth. C, Smile photograph of the provisional acrylic restorations, 
creating both gingival and incisal balance with patient's lips and facial form. 

When sophisticated dental therapy can be managed without the use of endosseous 
implants, the approach to treatment can be subdivided into periodontal, 
orthodontic/orthognathic surgery, occlusal, and restorative phases. These phases are 
interdependent, even if one may initially have precedence over another, or if two or 
more of the phases are initiated concurrently (Box 27-5). 

The objective of periodontal therapy is directed toward eliminating the inflammatory 
process and establishing bone and soft tissue healing. Amsterdam1,2 has noted that 
this is most predictably accomplished for teeth of normal anatomic root lengths with 
probing depths not exceeding 4 to 7 mm as measured from the CEJ (Fig. 27-7). The 
added advantage with this osseous surgical approach has been to increase the clinical 
crown length, thereby providing a final crown design with sufficient biomechanical 
retention/resistance. 



When teeth require subgingival preparation to be treated with full coverage 
restorations, it is important to evaluate the mucogingival environment and determine 
the value of re-creating or enhancing the gingival tissues. Autogenous gingival grafts, 
subepithelial connective tissue grafts, and repositioning of an existing gingival 
complex are procedures commonly used. 

The orthodontic phase strives to improve tooth alignment, to erupt fractured or 
impacted teeth, or to facilitate the extrusion of teeth with infrabony defects.38 With 
these cases, it is prudent to consider a mucogingival procedure before tooth 
movement if a minimal zone of attached gingiva exists on the facial or lingual 
surface. This eliminates the concern regarding recession during orthodontic treatment. 

Figure 27-6.   

 

A, Preoperative worn dentition. B, Full view of composite mock-up. C, 
Composite mock-up of lip line smile. 

Box 27-4  Esthetic Considerations and Ceramic 

Restorations 

I. Emergency Treatment 

A. Restore Anatomic/Clinical Crowns 



• Fabrication of provisional acrylic restorations or application of composite 
bonding to restore form 

B. Endodontic Treatment 

• Fractured teeth 

• Pulpal involvement 

• Periapical infection 

II. Initial Therapy 

• Debridement of plaque and calculus deposits adherent to clinical crowns 
and roots of teeth or restorative materials both supra and subgingivally 

• Oral hygiene instruction 

III. Intraoral Digital Imaging and Diagnostic Mock Up37 

Enables the clinician, patient, and laboratory technician to evaluate: 

• The three dimensional appearance, form, and function of teeth 

• The actual size, shape, and form of teeth 

• Incisal length and incisal plane relative to lip profile108 

• Location and form of the gingival topography to compliment tooth form 
relative to smile profile 

IV. In Anticipation of Endosseous Implant Placement 

• Placement into recently or immediately extracted tooth root(s) sites 

• Augment the volume of bone and soft tissue before placing the implant 

V. Restorative Tooth Lengthening 

• Fabrication of post/cores for teeth with insufficient tooth length/retention 

VI. Surgical Tooth Lengthening 

• To improve the tooth's biomechanical profile 

• To enhance retention and resistance 

• To improve esthetic profile and length of tooth form 



VII. Installation of Endosseous Implants 

• To create an individual clinical crown 

• After tissue healing associated with clinical tooth lengthening 

• Use of surgical template to provide correct implant location and 
angulation 

• At time of tooth extraction, with immediate placement of the provisional 
restoration (without opposing tooth contact) 

VIII. Uncovering of Endosseous Implants: "Two-Stage" Protocol 

• Mucogingival therapy as needed 

IX. Fabrication of Implant-Supported Provisional Restoration 

X. Tooth Preparation and Impression 

• Performed using an index of the form of the teeth. On the basis of the 
diagnostic mock-up, the preparation of the teeth can be accurately performed; 
followed by a master impression technique that is predictable for the clinician. 

XI. Fabrication of Interim Provisional Restoration 

• From Bis-GMA or acrylic materials 

• To restore tooth form, function, and esthetics on an interim basis 

XII. Try-in/Insertion of Ceramic Restorations: 

• Check the individual and collective fit of the restorations. Adjust the 
contact point or contact areas, and then use radiographic verification of seating 
of the restorations, to help ensure successful luting, long-term function, and 
maintenance of the restorations. 

XIII. Adjustment and Installation of an Occlusal Guard or Bite Platform 
Appliance 

• When deemed necessary 

When orthodontic intervention is indicated, it generally precedes the provisional 
restorative phase. If the sequence is reversed, the clinical team may be involved with 
additional repairs and recementations. Cement washout places teeth at greater risk for 
development of caries, and the patient often may require a new provisional restoration 
before the impression phase of therapy. 



After the provisional restorations are fabricated and tooth stability is achieved, the 
restorations can be removed to better access the surgical field for correction of any 
hard and soft tissue reconstruction. Once tissue maturation has occurred and after the 
prognosis is established for all remaining teeth on both an individual and collective 
basis, subgingival preparation can be finalized and the provisional restorations 
relined. This is followed by completion of the fixed or fixed-removable prosthesis 
(Fig. 27-8). 

The resective periodontal surgical approach is a predictable one. However, 
experimental and clinical research has shifted the focus of periodontics toward 
increased use of guided tissue membrane techniques to regenerate desired attachment 
apparatus circumscribing the periodontally compromised root. This newer era of 
"regeneration" therapeutics represents a positive shift in treatment strategy.39 

Box 27-5  Dental Therapy Without Implants 

I. Emergency Treatments: (see Table 27-1) 

II. Scaling, Root Planing, Oral Hygiene Instruction 

Closed or open flap debridement 

• Mechanical debridement of calculus and plaque deposits adherent to 
clinical crowns and roots of teeth or restorative materials both supragingivally 
and subgingivally 

• Removal of all chronic granulation tissue 

III. Operative Dentistry 

• Conservative control of dental caries 

IV. Orthodontic Treatment (Partial or Full Therapy) 

• Level and align teeth 

• Erupt fractured or impacted teeth 

• Extrude teeth to correct infrabony defects and augment the bone and soft 
tissue topography 

• To support orthognathic correction 

V. Fabrication of Interim Provisional Restorations 

Guidelines51 

• Replace missing, or recently extracted teeth, or both 



• Maintain or reestablish interarch and intraarch harmony 

• Assess adequacy of tooth reduction 

• Determine the clinical crown profiles 

• Develop therapeutic occlusal arrangement 

• Control occlusal forces and assess function 

VI. Periodontal Surgical Treatments 

A. Osseous Therapy 

• Regeneration and augmentation  

• Regeneration of attachment apparatus of teeth 

• Regeneration and augmentation of ridge deformities 

• Ostectomy/osteoplasty  

• Improve bone morphology 

• Reduce pocket depth 

B. Mucogingival Therapy 

• Enhance the gingival complex around teeth and implants 

• Grafting procedures (e.g., subepithelial connective tissue grafts, allogenic 
dermal grafts, and others) 

VII. Reevaluation 

A. Establish the Prognosis of the Remaining Teeth 

• Function and esthetics 

• Occlusion 

• Phonetics 

• Mucogingival considerations 

• Emergence profiles 

VIII. Final Prosthetic Treatment 

• Fixed prosthesis 



• Fixed-removable prosthesis 

• Fabrication of an occlusal appliance after installation of the final 
prosthesis, when deemed necessary 

IX. Maintenance 

DENTAL THERAPEUTICS: WITH IMPLANTS 

Based on longitudinal studies, the viability40–46 of endosseous implants becomes an 
integral part of periodontal prosthesis. Implant stability and load-bearing capacity, 
when secured in alveolar bone, adequate in quality and quantity, will result in a 
functional fixed restoration. The damage associated with primary and secondary 
occlusal trauma on many teeth often can be reversed. Teeth that appear to have a 
guarded prognosis may be able to assume a useful role in the final prosthesis. 

During the past decade, implant restorations were reasonably acceptable from an 
esthetic perspective. However, in cases of advanced periodontal disease, the 
resorption of alveolar bone creates a significant challenge to achieve an esthetic, 
functional restoration. Placing implants in resorbed bone often results in long, 
unesthetic teeth with an adverse crown-to-implant ratio. Implant positioning is critical 
from faciolingual, mesiodistal, and incisoapical perspectives. It was quickly 
determined that the type of periodontium, whether thick-flat or thin-scalloped, 
significantly affects the esthetic outcome. The thin-scalloped type, with its friable 
gingival and osseous morphology, often results in tissue recession, ultimately 
exposing metal at the gingival crown margins. 

Therefore, biologic and anatomic limitations such as insufficient bone, location of the 
maxillary sinus and the alveolar nerve, and various bone and soft-tissue deformities, 
must be properly diagnosed before establishing a realistic treatment plan.47–50 This 
requires effective communication between the periodontal surgeon, the restorative 
dentist, and the lab technician. The dental team must try to anticipate the size and 
shape of the deformity that will be created by removal of the involved teeth.51 

Figure 27-7.   



 

A, Poorly adapted composite veneers for maxillary anterior teeth, with marked 
gingival inflammation and generalized probing depth in the 5- to 6-mm range. B–
D, Radiographic evidence of subgingival calculus accumulations and inconsistent 
bony margins. Resultant increase in crown-to-root ratios of maxillary anterior 
group of teeth. E and F, Splinted ceramo-gold-metal restorations, after healing 
from apically positioned mucoperiosteal flap surgery to eliminate the periodontal 
disease and create normal topographic form, with minimal probing depth 
throughout. (Periodontal surgical therapy performed by Dr. Garry Miller.) 

Figure 27-8.   



 

A and B, Class III malocclusion with severe periodontitis and occlusal trauma, as 
evidenced by significant loss of alveolar bone circumscribing many maxillary and 
mandibular teeth and associated widened ligament spaces and mobility patterns. 
C, Final ceramo-gold-splinted crownwork, restoring normal form, function, and 
esthetics. D–F, Left side view of dentition pretreatment with radiographic 
evidence of severe periodontal destruction. G–I, Final ceramogold restorations 
with postoperative radiographs. (Periodontal therapy performed by Dr. Michael 
Stiglitz.) 

Patients with advanced periodontal disorders may have compromised teeth that can 
be retained to offer short-term function with an interim fixed provisional prosthesis 



rather than forcing them to rely on a removable denture. In this way, the risk for 
prematurely loading the implant and inducing micromotion during the initial stages of 
healing is reduced.52 A well-designed and well-constructed interim provisional 
restoration is most important because the surgical procedures needed to establish the 
proper environment for the placement of implants increases the amount of time the 
patient needs to function with the provisional restoration.53–63 (Box 27-6). 

The compromised teeth that remain may be removed at a later stage in favor of 
additional endosseous implant support, as dictated by the biomechanical needs of the 
final restoration. Appropriate periodontal therapy is performed for all teeth that have 
a favorable prognosis. Either regenerative approaches38 or pocket reduction64–66 and 
clinical crown exposure procedures should be rendered before endosseous implant 
installation. 

Box 27-6  Dental Therapy with Implants 

I. Emergency Treatments (see Table 27-1) 

II. Scaling, Root Planing, Oral Hygiene Instruction 

Closed, Open Flap Procedures 

• Mechanical debridement of calculus and plaque deposits adherent to 
clinical crowns and roots of teeth or restorative materials both supragingivally 
and subgingivally 

• Removal of all chronic granulation tissue 

III. Operative Dentistry 

• Conservative control of dental caries 

IV. Orthodontic Treatment 

• Level and align teeth—improve tooth position 

• Erupt fractured or impacted teeth—rebuild/reposition bony complex 

• Extrude teeth to correct infrabony defects and augment the hard and soft 
tissue topography 

• To support orthognathic correction 

V. Fabrication of Interim Provisional Restoration 

Guidelines 

• Allow for extraction of hopeless teeth 



• Maintain or reestablish interarch and intraarch harmony 

• Assess adequacy of tooth reduction 

• Determine the clinical crown profiles 

• Develop therapeutic occlusal arrangement 

• Control occlusal forces and assess function 

• Allow for fabrication of "Diagnostic Template" with markers for 
radiographic analysis 

VI. Periodontal Surgical Treatments 

A. Osseous Therapy 

• Regeneration and augmentation  

• Regeneration of the attachment apparatus of teeth and bone augmentation 
of deformed alveolar ridges 

• Ostectomy/osteoplasty  

• Improve bone morphology 

• Reduce pocket depth 

B. Mucogingival Therapy 

• Enhance the gingival complex around teeth and implants 

• Grafting procedures (e.g., subepithelial connective tissue grafts, allogenic 
dermal grafts, and others) 

VII. Bone Grafting, Sinus Bone Augmentation Procedures 

• Dictated by the need to properly place implants 

VIII. Fabrication of Surgical Template 

• To guide implant placement—based on clinical and radiographic 
interpretation 

IX. Implant Placement 

• Existing alveolar bone sites or healed extraction sites 

• Bone augmentation sites (e.g., sinus, alveolar ridges) 



• Fresh extraction sites 

X. Interim Maintenance (to Facilitate Healing) 

A. Surgical Sites 

• Continue to evaluate the healing and treat any complications (e.g., 
exposed membranes, incision dehiscence, loose cover screws) 

• Interim provisional prosthesis 

• Repair broken acrylic joints 

• Replace soft reline materials 

• Maintain and monitor transitional implants 

XI. Transitional Implant-Assisted/Supported Restoration 

• Placement of transepithelial healing components at the second-stage 
procedure 

• Selection of implant abutments 

• Conversion of existing provisional to implant-assisted/supported 
restoration 

• Fabrication of new implant provisional restoration or new implant and 
tooth-assisted provisional restoration 

XII. Reevaluation 

• Stability of implants and remaining teeth 

• Occlusal vertical dimension 

• Phonetics 

• Esthetics 

• Proper emergence profiles of crowns for teeth and implants 

XIII. Prosthetic Treatment 

• Implant-assisted  

• Fixed prosthesis 

• Fixed-removable prosthesis 



• Implant-supported  

• Fixed prosthesis 

• Fixed-removable prosthesis 

• Fabrication of an occlusal appliance after the final prosthesis is installed, if 
deemed necessary 

XIV. Maintenance 

Orthodontic treatment may be necessary to establish adequate space before placing an 
implant. Therefore, tooth movement should be initiated during the early stages of 
treatment. In some situations, with flared maxillary anterior teeth and few posterior 
teeth, implants may be placed first and used as an anchorage mechanism to retract 
and align the remaining teeth. One must not minimize the value of orthodontics. After 
complete debridement of the root surface(s) adjacent to periodontal bony defects, 
mechanotherapy may help to reduce and to modify the size and shape of angular 
osseous deformities, often through eruption/extrusion.67–69 The improvement in hard 
and soft tissue topography allows the newly regenerated bone to successfully receive 
endosseous implants. Forced eruption of hopeless teeth is currently used to alter the 
soft and hard tissues before placing implants. Also, orthodontic extrusion is used to 
recreate lost interproximal papillae (see Chapter 28). 

Outcome-Based Planning 

Interim provisional restoration 

The interim restoration may be designed in several different ways. One approach 
is to modify an existing bridge or splint, reline the crowns on selected natural 
teeth, and convert other crowns to pontics as necessary. With a paucity of strong, 
well distributed natural teeth, the existing rigid metal framework can better resist 
normal occlusal forces and help to prevent prosthesis fracture. 

The removable interim prosthesis is less desirable for preserving masticatory 
function. It should be used when the support provided by the remaining teeth is 
compromised and the number and distribution of teeth is insufficient to allow for 
the use of a fixed prosthesis. If a removable prosthesis must be used, it is 
imperative that the restorative dentist evaluates the edentulous areas frequently 
and replaces the soft liner material when it becomes hard or brittle or precipitates 
a pressure ulceration of the soft tissue. Currently, there are "temporary" implant 
systems that preclude the use of the removable appliance. It allows the clinician to 
use a fixed "miniimplant" supported restoration throughout the phase of implant 
osteointegration.70–75 



Ideally, a fixed provisional restoration should be made from a diagnostic wax-up, 
incorporating all of the esthetic and functional characteristics. Any preexisting 
limitations should be corrected to allow the prosthesis to serve as a blueprint of 
the final prosthesis. (Fig. 27-9) 

With advanced periodontal disease, the maxilla generally resorbs apically and 
palatally; therefore, the mandible appears to be much larger than the maxilla. 
When all the maxillary teeth are eventually lost and the edentulous cast is 
mounted on an articulator, it appears as if the patient has a prognathic 
relationship. However, this is not a true prognathic arch profile, but rather a result 
of the bone resorption of the maxilla. And if the patient desires implants and a 
fixed restoration this76 becomes a surgical and restorative challenge. The 
clinician(s) must know before the implants are placed how this occlusal disparity 
will be corrected in the final prosthesis. In this situation, the volume of available 
bone is significant to the long-term survival of implants because of the 
exaggerated anterior-posterior discrepancy. 

It is wise and judicious to fabricate a temporary appliance simulating the final 
restoration before any surgical procedures. This is essential when the clinician is 
contemplating a change in the occlusal vertical dimension. This alteration will 
change the faciopalatal relationship of the mandible as it relates to the maxilla. 

The lip line esthetic diagnosis, as well as the lip support, will influence the 
decision to fabricate a fixed or removable prosthesis. A simple and effective way 
to make a reasonable esthetic appraisal of the final prosthesis is to evaluate the 
appearance of the patient's existing prosthesis. Assuming that it is acceptable to 
the patient and the dentist, it is wise to duplicate the existing prosthesis and 
evaluate the patient's profile. If the appearance is the same as the original 
restoration, it can be assumed that the teeth are supporting the lip. In this 
situation, it is likely that an acceptable fixed restoration can be made. Conversely, 
if the lip "collapses in", the final prosthesis will likely require some form of labial 
support, often necessitating a removable prosthesis. A fixed restoration would 
likely be unsatisfactory. 

The trends that have brought dentistry to its current level of esthetic sophistication 
require the clinician to predict the outcome before implants are placed. If the 
esthetic evaluation is inaccurate, the final result will be less than desirable to the 
patient and the dentist. 

Figure 27-9.   



 

A, Pretreatment Class II, division I malocclusion with failing crown and 
bridgework—a result of caries, post/core failures, and periodontitis. B–D, 
Pretreatment radiographs. 

Figure 27-9. cont'd   



 

E, Fabrication of acrylic provisional restorations. Note the marked anterior 
platform created to provide both centric holding area and necessary anterior 
guidance (socket preservation by Dr. Karl A. Rose). F–H, Radiographs of 
tooth preparations after fabrication of provisional restorations. Tooth 
preparations and temporary transitional implant abutments. I, After second 
stage surgical implant exposure, temporary titanium implant abutments are 
machined and connected to the implant bodies, followed by relining of the 
existing provisional restoration (socket preservation and subsequent implant 
placement performed by Dr. Karl A. Rose). J, Transitional acrylic provisional 
restorations supported by teeth and implant abutments. 
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K and L, Gold implant abutments screw-retained and sealed with gutta 
percha. M, Final gold implant abutments at former tooth sites #4 and #5. N, 
Ceramo-gold implant crowns and their relation to the implant abutments. O, 
Final gold implant abutments at former tooth sites #10, #11, and #12. P, The 
implant crowns at former tooth sites #10, #11, and #12 have been created with 
ceramic root form to address the loss of residual ridge height. The final 
prosthetic replacement of both the anatomic crown and anatomic root is 
classified by Misch as the FPII109 prosthesis. 
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Q, Occlusal views of the final ceramo-gold implant-supported and tooth-
supported restorations. R, Final ceramo-gold implant-supported and tooth-
supported crownwork. S and T, Final radiographic appearance of completed 
maxillary restoration. 

Diagnostic and Surgical Templates 

A diagnostic template with radiographic markers, like the surgical template, may 
be fabricated to assist the surgeon and restorative dentist in analyzing the 
available bone to place the implants. This is accomplished by using CAT 
radiography before implant surgery.77 

The surgical template, a guide to surgical implant placement, is fabricated from 
either a diagnostic wax-up or, preferably, a stone model of the functioning 
provisional restoration. 

After placing the provisional restoration intraorally, impressions are made of both 
the prosthesis and the underlying edentulous ridges and tooth preparations. Stone 
models are made and an acrylic shell of the restoration is cured on a model of the 
remaining prepared or unprepared teeth, or both. Locations and axial alignments 
are carefully planned with the surgeon and are carved into the acrylic template to 
anticipate implant placement. 



Although a lingual or palatal approach is commonly used to design the surgical 
guide, a facial approach also may be considered. This will provide the surgeon 
with an accurate visualization of the ideal implant sites, the desired path of 
abutment emergence, and the axis orientation in relation to the final prosthesis. 
The ability to perform surgical procedures demands direct access, which is 
provided by removal of the provisional interim restoration. The surgeon can orient 
the surgical template by securing it to the existing teeth, and prepare the 
osteotomy to properly position the implants. 

Significant progress in biotechnology, radiology, and computer technology have 
allowed for more accurate diagnosis and treatment planning. This has recently 
resulted in the construction of three-dimensional bone models, stereolithography78 
and navigational surgery to position endosseous implants with greater precision 
(Fig. 27-10). 

Considerations at the Surgical Phase 

The well-organized treatment plan may require various scenarios to place 
endosseous implants into bone where teeth still exist in areas of ridge deformity. 

Where implant placement is anticipated, the teeth to be extracted usually are 
removed when the provisional restoration is inserted. The newly formed bone in the 
recent extraction sites is considered to be an excellent source of pluripotential cells 
to promote successful osseointegration. Simultaneous extraction of the tooth and 
placement of the implant shortens the duration of treatment. 

In an effort to more precisely determine the quality of the alveolar bone for 
immediate implant placement and to minimize the overall maturation phase, the 
teeth may be sectioned horizontally at their gingival margins or at the height of the 
alveolus.79 The pulps should be extirpated, the canals medicated and sealed, and 
provisional restorations fabricated leaving these tooth roots for the surgeon to 
extract at the time of implant installation. This avoids interference with early socket 
healing and precludes the risk for additional crestal bone resorption of the healing 
socket.80 The surgeon will decide whether to extract and immediately place an 
implant into the socket. However, the surgeon may prefer to extract the tooth, place 
a bone graft and membrane, and allow it to heal 3 to 4 months before placing an 
implant. 

If an edentulous ridge is modestly deformed and the site has been planned for 
implant placement, the surgeon may elect to position the implants at an angle that 
corresponds to the ideal final restoration. If a dehiscence or fenestration occurs, it 
can be corrected by placing a bone graft and barrier membrane.81 

Figure 27-10.   



 

A, Premaxilla after LeFort I osteotomy, with inlay graft increasing ridge height 
by 7 mm. B, Diagnostic template using gutta percha markers and barium sulfate 
to locate endosseous implants in premaxillary region. C and D, Simulation of 
endosseous implant installation into four available premaxillary sites, as 
determined by evidence of bone on the computed axial tomography (CAT) scan 
images. 
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E, Creation of three-dimensional maxillary bone model from CAT scan 
imaging. F, Surgical template with titanium cylinders to locate the implant sites 
with surgical precision. 

Figure 27-10. cont'd   



 

G and H, Surgical endosseous implant placement based on CAT scan 
technology and stereolithography. 

Dental implant placement in the atrophic or deformed alveolar ridge can be a 
surgical challenge (see Chapter 26). Alveolar bone augmentation is currently 
accomplished with guided bone regeneration techniques,63,82,83 sinus bone 
augmentation,84 bone grafting,85–87 and alveolar distraction osteogenesis.88 Two or 
more surgical interventions are frequently required to correct a major ridge 
deformity.63,82,83 First, the ridge must be reconstructed to a more normal anatomic 
form and size,77 followed by implant placement and soft tissue augmentation89,90 
(Fig. 27-11). 

Depending on the extent of the original ridge deformity, the surgical bone 
augmentation procedure can be relatively successful at restoring the bony contour to 
the following levels: Class I, 1 mm to 2 mm apical to the cementoenamel junction 
(CEJ) level of the adjacent teeth; Class II, 3 mm to 4 mm apical to the CEJ level of 
the adjacent teeth; Class III, 5 mm or greater, apical to the CEJ level of the adjacent 
teeth.77 

In reconstructing the deformed ridge to a Class I bone level, a normal overlying 
soft-tissue profile will often be created. For the Class II bone level, where there is 
still some horizontal and vertical deficiency, soft-tissue augmentation by means of 
connective tissue grafts,89,90 autogenous grafts (free or pedicle), or repositioning of 
the gingival complex, may mask the bony deficiency and create the appearance of 
normal topography.77 

For the Class III level defect, prosthetic materials are frequently required to restore 
the hard-tissue and soft-tissue deformities and simulate the Class I reconstructed 
profile, which otherwise may be compromised in both height and width77 (Fig. 27-
12). 

Figure 27-11.   



 

A, Clinical preoperative view. B–D, Preoperative views and radiographs reveal 
severe loss of periodontal support with ridge deformities and deep infrabony 
defects. 

Figure 27-11. cont'd   



 

E and F, Preoperative view and radiographs show severe loss of periodontal 
support with ridge deformities. 

Figure 27-11. cont'd   



 

G–I, Preoperative views and radiographs show severely periodontally 
compromised teeth #5, #6, and #7. J, Fabrication of maxillary provisional 
acrylic restorations simultaneous with extraction of teeth #5, #6, #7, #9, and 
#13. K, Diagnostic template with gutta percha markers for CAT scan. L, 
Diagnostic template demonstrates the lack of available bone for endosseous 



implant placements, as evidenced by the voids on the stone model in the 
premaxilla and on the radiographic CAT scan. 
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M–O, Iliac crest bone grafting, mortised into the upper right and upper anterior 
residual ridges to restore horizontal and vertical component of bone loss 
(performed by Dr. Jeffrey Posnick). P and Q, Views of onlay graft of upper 
right side with fixation (performed by Dr. Jeffrey Posnick). 

Figure 27-11. cont'd   



 

R, Postoperative healing of onlay graft sites. S, Panoramic radiographic view of 
the onlay graft sites. T, Interim provisional restoration. U, Vertical relation of 
endosseous implants to surgical template. V and W, Preparation of onlay graft 
site to install endosseous implants. First, the surgical template is installed. 
Measurements taken relative to the template will locate the implants vertically 
in the onlay-grafted bone, relative to the cementoenamel junction of the 
adjacent teeth. Note the use of the second surgical template to define the rise 
and fall of the bony topography, relative to the vertical depth to which each 
implant is positioned. Implants installed to proper mesiodistal, buccopalatal, and 
vertical positions (performed by Dr. Garry Miller). 
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X, Soft tissue topography without demonstrating modest rise and fall to gingival 
topography. Y, Final ceramo-gold implant and tooth-supported restoration. Z–
BB, Final maxillary radiographic images. 

After the bony ridge has been reconstructed and the endosseous implants installed, a 
sufficient healing period must be observed to ensure a satisfactory "take." Bone 
remodeling adjacent to implant fixtures occurs over a period of at least a year, 
leading to more mature bone (compact lamellar bone) within which the implant can 
better tolerate the forces of occlusion.91 

The essential criteria for alveolar ridge reconstruction and successful implant 
placement are the following: (1) appropriate quantity of horizontal and vertical bone 
and adequate quality of bone; (2) sufficient keratinized tissue overlying the bony 
crest; and (3) adequate distance between implants.8 



Figure 27-11. cont'd   

 

CC–EE, Final ceramo-gold restorations demonstrating reasonably normal soft 
tissue topography. The adjacent endosseous implants minimize the potential to 
preserve the height of the interproximal papilla (as described by Tarnow and 
colleagues8). FF–HH, Preoperative mandibular radiographs. 
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II–KK, Final ceramo-gold tooth-supported restorations: mandibular 
radiographs. LL–NN, Final ceramo-gold tooth-supported mandibular 
restoration with root resected molars and extraction of hopeless teeth. 

Figure 27-12.   



 

A, Preoperative model view of residual ridge extending from former tooth site 
#17 through #26 inclusive—a result of the removal of a squamous cell 
carcinoma. B, Panoramic view of residual ridge extending from former tooth 
#17 through #26 inclusive. C, Provisional implant-supported restoration. D, 
Implant-supported (×5), fixed, ceramo-gold restorations, replacing the anatomic 
crown, root, and gingiva—the Misch FPIII109 classification for fixed implant 
prostheses (implant placement by Dr. Karl A. Rose). 

Transitional Implant-Assisted Restoration 

It is important to coordinate the schedules of the surgeon and the restorative dentist 
to begin the process of restoring the implants after an established healing period. 

The surgeon will perform a small gingival punch procedure to expose the head of 
the implant or a mucoperiosteal flap procedure to reposition the gingival complex 
around the implants. A transepithelial healing component is then secured to the 
implant. After soft tissue maturation,8,92–95 a high or low profile transepithelial 
abutment may be selected depending on the biologic dimension of tissues,96 and a 
provisional restoration is fabricated to restore form and function. For "one-stage" 
implants, the restorative dentist can begin the provisional restoration at the 
appropriate scheduled time. 

When multiple implants are exposed and angulation is a concern, it may be 
beneficial to take an impression that records the orientation of the fixture heads 



after early soft tissue healing. A new provisional restoration is then fabricated in the 
laboratory (Fig. 27-5), using temporary cylinders that are designed to mate directly 
with the implant body.97 

Frequently at the second stage, the existing interim provisional prosthesis is 
modified by shortening the undersurface of the pontics to provide room for the 
healing components. Later these components are removed, abutments of proper 
height are screwed into position and temporary crown cylinders are seated, 
shortened to contact the opposing occlusion, and incorporated into the existing 
provisional restoration. 

If there is any doubt as to the feasibility of accomplishing functional and esthetic 
alignment of the implant abutments, temporary crown cylinders are available from 
most implant manufacturers. They ensure an intimate fit to the titanium abutment or 
fixture head and allow the clinician to start developing the anticipated contours. 
Should the form require modification, the acrylic offers ample opportunity to make 
any modifications without jeopardizing the accuracy of the fit. 

Chiche and colleagues98 have pointed out that as a result of "surgical and anatomic 
limitations, implant placement may not correspond to the initial expectation set at 
the presurgical phase, and over-contouring the final restoration could create 
aesthetic and functional liabilities." They continue their explanation, stating that 
"the path of emergence of the fastening screw through the prosthesis may 
compromise part of the facial or occlusal morphology, especially if it passes 
through a primary centric occlusal contact, an interproximal embrasure" or the 
facial veneer. "Even minor discrepancies between an implant and crown axis may 
result in eccentric screws, since such deviations are magnified at the level of the 
occlusion." Here the transitional prosthesis is invaluable in diagnosing these 
prosthetic limitations. With this early awareness, a plan can be better anticipated 
involving the use of angled abutments, custom-angled abutments, the fabrication of 
an auxiliary substructure, and the application of pink ceramic to facilitate the 
prosthetic result by the dental laboratory. Some have conjectured that the implant-
assisted provisional restoration may provide a shock-dampening effect that may be 
beneficial during the first year of bone maturation adjacent to the implant fixtures. 

At this stage, a radiographic and clinical evaluation of the stability of the implant 
fixtures is made. The compromised teeth that were retained to support the interim 
prosthesis are extracted at this time.52 Some of the natural teeth may be removed in 
favor of additional implants or retained as indirect retainers in situations in which 
fewer implants are used in the overall support of the prosthesis. If a new transitional 
prosthesis has recently been fabricated, there may have been a change in the 
occlusal vertical dimension or the esthetic form, both of which would require 
further modification. In addition, it may be necessary to consider mucogingival 
treatment to enhance the complex of attached masticatory mucosa around selected 
teeth or implants.99 



A transepithelial collar of minimal height, shallow sulcus depth, and a 
circumscribed border of bound-down keratinized tissue are essential for 
conventional plaque-control measures around implant crowns. 

Final Prosthetic Phase of Treatment 

Now that the final prognoses for all teeth and implants have been established, the 
restorative dentist can use crown and bridge techniques to construct the final 
prosthesis. The dentist may proceed with final impressions of the natural teeth, 
relate them to the proper position of the implant fixtures or abutments, and fabricate 
a master model. To initiate the laboratory procedures, the case is carefully mounted 
on an appropriate articulator by means of a series of occlusal registrations. 

On the master model, a soft tissue marginal profile should be fashioned around each 
natural tooth die and implant analogue to simulate the gingival condition in the oral 
cavity. This allows for predictable abutment head selection in terms of proper 
height, angulation, and emergence profile. Technical choices are made concerning 
case design, case construction, the use of telescopic copings on retained natural 
teeth, or the use of precision "dovetail" slide attachments to interlock sections of 
teeth and implants, when indicated. When fixed implant-supported prostheses in 
combination with a removable partial denture are used, "stress-relieving" 
attachments may be considered. 

The primary substructure is fabricated and examined relative to the gingival margin 
placement; the fit of the copings is tested individually then collectively soldered, 
and the final ceramo-metal restoration is completed. Today it is possible for the 
computer to be used as a complementary or alternative technique to conventional 
impressions. Photogrammetry with digitized images, and laser/optical scanners can 
support computer-assisted design/computer-assisted manufacturing and 
computermilling techniques in the fabrication of titanium-implant frameworks and 
ceramic and zirconium-oxide implant frameworks.100 On delivery of the final 
prosthesis, a strong cement is used to secure the crowns on the remaining teeth. The 
fixture-assisted dental reconstruction is then seated with a temporary cement to 
create a hermetic seal at the interface of the abutment and superstructure. Retention 
and resistance to displacement may be enhanced by securing the prosthesis with set 
screws.101 Using carefully machined/milled abutments, the practitioner may choose 
to cement the prosthesis in lieu of screw retention.102 

Long-Term Maintenance/Professional Care 

The completed prosthesis and its supporting components (teeth and implants) are 
carefully monitored with a maintenance program, alternating visitations between 
the surgeon and the restorative dentist (Fig. 27-13). Any tissue changes or 
prosthetic problems can be detected early and addressed efficiently.35,103,104 
Periapical and panoramic radiographs are taken at appropriate intervals to ascertain 



any changes that may haven taken place at the bone/implant interface and around 
natural teeth. 

Mechanical failures (such as breakage of porcelain, solder joints, components, and 
implants) may occur long after the placement of the prosthesis, sometimes between 
5 and 10 years.105 According to Wiskott and colleagues,106 fatigue failure is a 
"result of the development of microscopic cracks in areas of stress concentration." 
Continual loadings result in the cracks fusing to an ever-growing fissure that 
insidiously weakens the restoration. Eventually catastrophic failure results from a 
final loading cycle that exceeds the mechanical capacity of the remaining sound 
portion of the material. Based on the occlusal indicators, there may be great value in 
fitting the patient's dentition with an occlusal appliance as part of the long-term 
preservation of the prosthesis. 

Figure 27-13.   





A, Pretreatment full-mouth radiographic series (year 2/1967) demonstrating 
missing teeth, severe periodontitis with furcation invasions, and marked areas of 
alveolar bone destruction around many maxillary and mandibular teeth. B, 
Posttreatment full-mouth radiographic series (year 9/1997) demonstrating 30 
years of clinical and radiographic follow-up. Note the long-term success and 
maintenance of the supporting teeth of the fixed splinted periodontal prosthesis 
(periodontal prosthetic treatment performed by Dr. Jeffrey Ingber). 

CONCLUSION 

The field of periodontal prosthesis has contributed much to our understanding of 
dental diseases and the methods of treating these problems. Periodontal prosthesis has 
truly been the hallmark of interdisciplinary care. Its future lies in all disciplines acting 
in concert to expand and enhance the accomplishments made during the last 50 years. 
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Orthodontic tooth movement may be a substantial benefit to the adult periorestorative 
patient. Many adults who seek routine restorative dentistry have problems with tooth 
malposition that compromise their ability to clean and maintain their dentitions. If these 
individuals also are susceptible to periodontal disease, tooth malposition could be an 
exacerbating factor that could cause premature loss of specific teeth. Orthodontic 
appliances have become smaller, less noticeable, and easier to maintain during 
orthodontic therapy. Many adults are seeking orthodontic therapy to improve the 
esthetics of their smile. If these individuals also have underlying gingival or osseous 
defects, these problem areas often can be improved during orthodontic therapy. In 
addition, implants have now become a primary method of tooth replacement for 
patients with congenitally absent, previously extracted, or hopeless teeth. In some of 
these situations, there is insufficient bone to support the implant. In other situations, 
adjacent teeth may have drifted into the implant space preventing proper placement of 
the implant. Orthodontic therapy not only can create sufficient space for the implant, 
but strategic tooth movement can result in implant site development to create sufficient 
bone for the implant and to avoid surgical ridge augmentation. However, the 
orthodontist must be aware of these situations and design the appropriate tooth 
movement for all of these adjunctive procedures. The purpose of this chapter is to 
illustrate how orthodontic therapy can enhance the periodontal health and restorability 
of teeth and implants. 

ORTHODONTIC MANAGEMENT OF GINGIVAL 

DISCREPANCIES 

Uneven Gingival Margins 

The relative level of the gingival margins of the six maxillary anterior teeth plays an 
important role in the esthetic appearance of the crowns.1,2 Four characteristics 
contribute to ideal gingival form. First, the gingival margins of the two central 



incisors should be at the same level or within 1 mm of the same level. Research has 
shown that lay people will regard a 1.5-mm discrepancy between central incisors as 
unesthetic.3 Second, the gingival margins of the central incisors should be 
positioned more apically than the lateral incisors and should be at the same level as 
the canines.4 Third, the contour of the labial gingival margins should mimic the 
contour of the cementoenamel junctions (CEJs) of the teeth. Last, there should be a 
papilla between each tooth, and the height of the tip of the papilla is usually 
halfway between the incisal edge and the labial gingival height of contour over the 
center of each anterior tooth. Therefore, the gingival papilla occupies half of the 
interproximal contact space, and the adjacent teeth form the other half of the 
contact. 

However, some patients may have gingival margin discrepancies between adjacent 
teeth (Fig. 28-1 and Fig. 28-2). These discrepancies could be caused by abrasion of 
the incisal edges or delayed migration of the gingival margins. When gingival 
margin discrepancies are present, the clinician must determine the proper solution 
for the problem: orthodontic movement to reposition the gingival margins or 
surgical correction of gingival margin discrepancies. 

To make the correct decision, it is necessary to evaluate four criteria.5 First, the 
relation between the gingival margin of the maxillary central incisors and the 
patient's lip line should be assessed when the patient smiles. If a gingival margin 
discrepancy exists, but the patient's lip does not move upward to expose the 
discrepancy, it often does not require correction. If a gingival margin discrepancy is 
apparent, the next step is to evaluate the labial sulcular depths of the two central 
incisors. If the shorter tooth has a deeper sulcus, excisional gingivectomy may be 
appropriate to move the gingival margin of the shorter tooth apically (Fig. 28-1). 
However, if the sulcular depths of the short and long incisors are equivalent, and the 
CEJ is at the depth of the sulcus, gingival surgery may not be appropriate, because 
it could expose the cementum of the shorter tooth. 

The third step is to evaluate the relation between the shortest central incisor and the 
adjacent lateral incisors. If the shortest central incisor is still longer than the lateral 
incisors, the other possibility is to extrude the longer central incisor and equilibrate 
the incisal edge. This will move the gingival margin coronally and eliminate the 
gingival margin discrepancy. However, if the shortest central were shorter than the 
lateral incisors (Fig. 28-2), this technique would produce an unesthetic relation 
between the gingival margins of the central and lateral incisors. 

The fourth step is to determine if the incisal edges have been abraded. This is best 
appreciated by evaluating the teeth from an incisal perspective. If one incisal edge 
is thicker labiolingually than the adjacent tooth, this may indicate that it has been 
abraded and the tooth has overerupted. In addition, if the incisal edge has a yellow 
or brown central region, this could indicate abrasion into the dentin of the tooth. In 
these situations, the best method of correcting the gingival margin discrepancy is to 
intrude the short central incisor (Fig. 28-2). This method will move the gingival 
margin apically and allow restoration of the incisal edges. The intrusion should be 



accomplished at least 6 months before appliance removal. This allows reorientation 
of the principal fibers of the periodontium and avoids reextrusion of the central 
incisor(s) after appliance removal.6 

Figure 28-1.   

 

This patient had fallen and injured the maxillary left central incisor. Root canal 
therapy was performed and a crown had been placed on the tooth (A). The 
original discrepancy in crown lengths between right and left central incisors (A 
and B) did not improve during orthodontic alignment. Periodontal probing 
showed that the sulcus depth over the right central incisor (C) was greater than 



over the left central (D). The diagnosis was altered passive eruption, and 
gingivectomy was performed to level the margins (E). The final crown on the 
left central now matches the length of the nonrestored right central incisor. 
Enameloplasty was performed on teeth #7, 8, and 10 (F). A gingivectomy 
approach was possible in this case because the distance from the 
cementoenamel junction to the crest of the bone was 3 mm on all incisors; thus, 
use of a gingivectomy did not violate the biologic width. 

Figure 28-2.   

 

This patient had a protrusive bruxing habit that had resulted in abrasion and 
overeruption of the maxillary right central incisor (A). The objective was to 
level the gingival margins during orthodontic therapy. Although gingival 
surgery was a possibility, the labial sulcular depth of the maxillary right central 
incisor was only 1 mm, and the cementoenamel junction was located at the 
bottom of the sulcus. Therefore, the best solution involved positioning the 
orthodontic brackets to facilitate intrusion of the right central incisor (B). The 
right central incisor has been intruded (C), permitting the restorative dentist to 
restore the portion of the tooth that the patient had abraded (D), resulting in the 
correct gingival margin levels and crown lengths at the end of treatment. 

Significant Abrasion and Overeruption 



Occasionally, patients will have destructive dental habits such as a protrusive 
bruxing habit that could result in significant wear of the maxillary and mandibular 
incisors (Fig. 28-3) and compensatory overeruption of these teeth. When the 
restorative dentist contemplates restoration of these abraded teeth, it is often 
impossible, because of the lack of crown length, to achieve adequate retention and 
resistance form for the crown preparations.5 Two options are available. One option 
is extensive crown lengthening by elevating a flap, removing sufficient bone, and 
apically positioning the flap to expose adequate tooth length for crown preparation. 
However, this type of procedure is contraindicated in the patient with short tapered 
roots, because it could adversely affect the final root-to-crown ratio, and it could 
potentially result in "black triangles" or open gingival embrasures between the 
anterior teeth. 

The other option for improving the restorability of these short abraded teeth is to 
orthodontically intrude the teeth and move the gingival margins apically (Fig. 28-3). 
It is possible for the orthodontist to intrude as many as four maxillary incisors by 
using the posterior teeth as anchorage during the intrusion process. This process is 
accomplished by placing the orthodontic brackets as close to the incisal edges of the 
maxillary incisors as possible. The brackets are placed in their normal position on 
the canines and remaining posterior teeth. The patient's posterior occlusion will 
resist the eruption of the posterior teeth, and the incisors will gradually intrude and 
move the gingival margins and the crowns apically. This creates the restorative 
space necessary to temporarily restore the incisal edges of these teeth (Fig. 28-3) 
and to eventually place the final crowns. 

Figure 28-3.   



 

This patient had a protrusive bruxing habit that had caused severe abrasion of 
both maxillary central incisors, resulting in loss of more than half of the crown 
length of these teeth (A and B). Two possible options existed for gaining crown 
length to restore the central incisors. One possibility was an apically positioned 
flap with osseous recontouring, which would expose the roots of the teeth. The 
less invasive option was to intrude the central incisors orthodontically, level the 
gingival margins (C and D), and allow the dentist to restore the abraded incisal 
edges (E and F). The orthodontic option was clearly successful and desirable in 
this patient. 



When abraded teeth are intruded significantly, it is necessary to hold these teeth for 
at least 6 months in the intruded position with the orthodontic brackets and/or 
archwires, or some sort of bonded retainer. The principal fibers of the periodontium 
must accommodate to the new intruded position,6 and this process could take a 
minimum of 6 months in most adult patients. Orthodontic intrusion of severely 
abraded and overerupted teeth is usually a distinct advantage over periodontal 
crown lengthening, unless the patient has extremely long and broad roots or has had 
extensive horizontal bone loss. 

Open Gingival Embrasures 

The presence of a papilla between the maxillary central incisors is a key esthetic 
factor in any individual.7,8 Occasionally, adults will have open gingival embrasures 
or black triangles between their central incisors. These unsightly areas often are 
difficult to resolve with periodontal therapy. However, orthodontic treatment can 
correct many of these open gingival embrasures, even in some adult periodontal 
patients. This space is usually due to one of three factors: tooth shape, root 
angulation, or periodontal bone loss.9 

The interproximal contact between the maxillary central incisors consists of two 
parts: one portion is the tooth contact, and the other portion is the papilla. The 
papilla-to-contact ratio is about 1:1; in other words, half the space is occupied by 
papilla and half is formed by the tooth contact.8 If the patient has an open 
embrasure, the first aspect that the clinician should evaluate is whether the problem 
is caused by the papilla or the tooth contact. If the papilla is the problem, then the 
cause is usually a lack of bone support caused by an underlying periodontal osseous 
defect. 

In some situations, a deficient papilla can be lengthened slightly with orthodontic 
treatment. By closing open contacts, the orthodontist can squeeze the interproximal 
gingiva and move it incisally. This type of movement can help to create a more 
esthetic papilla between two teeth despite alveolar bone loss. Another possibility is 
to erupt adjacent teeth when the interproximal bone level is positioned apically. 

Most open embrasures between the central incisors are caused by problems with 
tooth contact. The first step in the diagnosis of this problem is to evaluate a 
periapical radiograph of the central incisors. If the root angulation is divergent (Fig. 
28-4), then the brackets should be repositioned so the root position can be corrected. 
In these situations, the incisal edges may be uneven and require restoration with 
either composite or porcelain restorations. If the periapical radiograph shows that 
the roots are in their correct relation, then the open gingival embrasure is because of 
triangular tooth shape. 

If the shape of the tooth is the problem, two solutions are possible: one possibility is 
to restore the open gingival embrasure; the other option is to reshape the tooth (Fig. 
28-5), by flattening the incisal contact and then closing the space orthodontically. 



This will result in lengthening of the contact until it meets the papilla. In addition, if 
the embrasure space is large, closing the space will squeeze the papilla between the 
central incisors. This will help to create a 1:1 relation between the contact and 
papilla, and will restore uniformity to the heights between the midline and adjacent 
papillae. 

ORTHODONTICS AND THE IMPLANT PATIENT 

Implants are routinely used in dentistry. In some situations, orthodontic intervention 
could be advantageous to enhance the outcome of implant therapy. Three situations 
could require interaction between the orthodontist and the implant surgeon. First, 
implants are used commonly to replace congenitally missing teeth in adolescent 
orthodontic patients. In some of these patients, there is insufficient space for the 
implant, and the orthodontist must create the appropriate space for the surgeon. 
Second, there may be insufficient thickness of alveolar bone to house the implant. 
These situations could require alveolar bone grafting to create enough buccolingual 
width for the implant. However, strategic orthodontic movement of adjacent teeth 
also could create the necessary thickness of the alveolar ridge. Third, implants could 
be used as abutments for orthodontic anchorage. The orthodontist and implant 
surgeon must collaborate not only on the precise placement of the implant, but also 
the timing of implant placement. 

Congenitally Missing Second Premolars 

Often adolescent patients are congenitally missing mandibular second premolars. If 
the patient does not have an arch length deficiency with a satisfactory profile, 
extraction of teeth and space closure may be disadvantageous. In these situations, 
the space from the congenitally missing premolars must be maintained and restored 
with either a bridge or an implant. 

If an implant is planned for the congenitally missing mandibular second premolar, 
the space and bone support must be monitored and maintained.10 It is ideal to allow 
the mandibular primary molar to remain in position as long as possible to maintain 
the bone support. However, the primary molar may be too wide (mesiodistally) to 
occlude properly with the opposing dentition (Fig. 28-6). In this situation, it may be 
advantageous to reduce the width of the primary molar so it approximates the width 
of a second premolar (Fig. 28-6). 

Figure 28-4.   



 

This patient initially had overlapped maxillary central incisors (A), and after 
initial orthodontic alignment of the teeth, an open gingival embrasure appeared 
between the central incisors (B). Because the roots had been aligned already, the 
correct option for closing the open gingival embrasure was to reshape the mesial 
surfaces of the central incisors (C). This created a diastema between these teeth 
(D), which was closed orthodontically (E). Because the incisal edges of these 
teeth had worn unevenly before orthodontics, they required restoration after 
orthodontics (F). 

Figure 28-5.   



 

This patient initially had triangular-shaped central incisors (A), which produced 
an open gingival embrasure after orthodontic alignment (B). Because the roots 
of the central incisors were parallel with one another, the appropriate solution 
for the open gingival embrasure was to recontour the mesial surfaces of the 
central incisors (C). As the diastema was closed (D and E), the tooth contact 
moved gingivally, and the papilla moved incisally, resulting in the elimination 
of the open gingival embrasure (F). 

Figure 28-6.   



 

The mandibular right second premolar was congenitally missing (A), but the 
primary molar was still present (B). This young adolescent patient would 
eventually receive an implant after she completed facial growth, but the 
mesiodistal width of the primary molar was much larger than the missing 
premolar. Therefore, the primary molar crown was reduced in width to 
approximate the size of a premolar (C and D). To cover the exposed dentin, the 
primary molar was restored with a composite buildup approximately the size of 
a premolar crown (E). With the reduction in mesiodistal width, the primary 
molar could be fit into the correct occlusal relation with the maxillary arch (F) 



and remain in position and maintain the alveolar bone until facial growth is 
complete and the implant can be placed. 

After reduction of the primary molar, it is advantageous to cover the exposed dentin 
on the mesial and distal surfaces. This can be accomplished with a light-cured 
composite (Fig. 28-6). Then the composite restoration may be trimmed to simulate 
the shape and size of a mandibular premolar. In this way, the primary molar may be 
bracketed and remain in position to maintain the alveolar bone before implant 
placement. 

The age for implant placement in adolescent boys and girls is completely dependent 
on the completion of facial growth.11 As the mandibular ramus continues to grow, 
the posterior teeth erupt. If an implant is placed too early, before growth is 
completed, it will mimic an ankylosed tooth and become submerged in the alveolus. 
This could cause a periodontal defect between the implant and adjacent teeth. The 
most precise method for determining if facial or ramal growth is completed is to 
superimpose sequential cephalometric radiographs. If growth is continuing, the 
distance between nasion and menton will continue to increase, indicating that it is 
too early to place the implant. The implant should not be placed until there is no 
change in facial vertical dimension taken on two head films 1 year apart. In general, 
implants should not be placed in boys until after 21 years of age and in girls until 
after 17 years of age.11 

If an ankylosed primary molar is not extracted early, and a vertical ridge defect is 
produced, an option to improve the implant site and eliminate the defect is to move 
the mandibular first premolar into the second premolar position10 and to place the 
implant in the first premolar position (Fig. 28-7). Previous studies have shown that 
it is possible, within limits, to move a tooth into a narrower edentulous ridge12,13 to 
create an implant site. The bone that is created behind the moving tooth typically 
will be the width of the root of the tooth that was moved.10 This type of orthodontic 
movement may eliminate the need for a bone graft in the edentulous site. This type 
of tooth movement is called orthodontic implant site development. 

Congenitally Missing Lateral Incisors 

Another common congenitally missing tooth is the maxillary lateral incisor. A 
primary factor that the orthodontist must be aware of is the amount of mesiodistal 
space that should be created for the lateral incisor implant.10 First, if a contralateral 
incisor is present, the space for the missing lateral incisor crown should match the 
width of the natural lateral incisor. In general, this space should be at least 5.5 mm 
in width. If the contralateral lateral incisor is malformed or peg-shaped and is 
smaller than 5.5 mm, then the crown should be built up to a width that is 67% to 
75% the width of the central incisor. The width of most central incisors ranges from 
8 to 10 mm. Therefore, the width of the lateral incisor implant crown should range 
from about 5.5 to 7.0 mm. 



The width of the edentulous space should allow at least 1 mm between the implant 
and the adjacent teeth. If the distance between implant and tooth is less than 1 mm, 
the interproximal bone could be jeopardized,14,15 and the space for the papilla 
between the implant crown and the adjacent teeth will be constricted and could 
appear much shorter than the contralateral papillae.10 This will make the implant 
crown more obvious and appear less esthetic. 

The space between the roots of the adjacent central incisor and canine must be 
sufficient to permit placement of the implant (Fig. 28-8). As space is created 
between a central incisor and canine by pushing the crowns apart, the roots tend to 
move toward one another. This root proximity must be corrected before implant 
placement. This type of tooth movement is accomplished by progressively bending 
the archwires to move the apices of the roots in opposite directions. 

The labiolingual dimension of the alveolar ridge must be wide enough to place the 
implant in its proper position. If insufficient ridge width exists, a bone graft may be 
necessary before or during implant placement. However, a bone graft can be 
avoided if the central incisor and canine erupt adjacent to one another (Fig. 28-9). 
As the space is opened orthodontically for the future implant, bone is laid down 
along fiber tracks of the periodontal membrane. The labiolingual width of the 
alveolar ridge formed in this manner is generally stable over time. Therefore, if 
implant placement is delayed until an adolescent has completed facial growth, the 
ridge will not become narrower. 

Implant Anchorage during Orthodontics 

Occasionally, adult orthodontic patients may be missing several teeth. This could be 
a problem for the orthodontist, because adjacent teeth are necessary to provide the 
reciprocal anchorage necessary for orthodontic tooth movement. In these situations, 
if implants will be used to restore the edentulous spaces anyway, the implants could 
be placed before orthodontics16,17 and used initially as an anchor to facilitate tooth 
movement, and then as a restorative abutment to restore the edentulous space (Fig. 
28-10). In this situation, careful planning and collaboration are necessary between 
the orthodontist and implant surgeon to position the implant properly. A diagnostic 
wax-up is mandatory, because the implant is placed before orthodontic procedures 
are begun. The orthodontist must construct the set-up using specific guidelines that 
will simulate the eventual tooth movement. Then a plastic placement guide is 
constructed from the wax-up to provide the surgeon with the precise location of the 
implant. By locating the implant in this manner, it will be in the correct position not 
only for the orthodontist, but also for the restorative dentist. 

Figure 28-7.   



 

The mandibular left second premolar was congenitally missing, and the primary 
molar was ankylosed and submerged (A). After extraction of the primary 
second molar, the alveolar ridge narrowed significantly (B), and there was 
insufficient thickness of bone for an implant. To increase the ridge thickness 
and avoid a bone graft, the mandibular first premolar was moved distally (C and 
D). When a flap was elevated to place an implant, there was adequate bone in 
the implant site and also over the root of the first premolar (E), which permitted 
placement of the implant without the need for a bone graft (F). 

Figure 28-8.   



 

This patient was congenitally missing the maxillary right lateral incisor (A). As 
space was opened for the missing tooth, the roots moved toward one another as 
the crowns moved apart (B and C). The arch wire was adjusted to tip the roots 
apart (D) to create space for the implant (E). When sufficient space exists for an 
implant, gingival esthetics will be enhanced around the implant (F). 

Figure 28-9.   



 

Implant site development is a method of creating alveolar bone in which to 
place an implant. This is especially important in the esthetic zone. This patient 
is congenitally missing the maxillary right lateral incisor, but fortunately the 
canine erupted into the lateral position (A). This is ideal, because as the 
orthodontist moves the central incisor and canine apart (B) to open space for the 
lateral incisor implant, alveolar bone is created in the path of the tooth 
movement (C). This provides an ideal ridge in which to position the implant (D 
and E), to maximize the esthetic result when the crown is seated on the implant 
(F). 

Figure 28-10.   



 

Implants can be used for orthodontic anchorage. This patient was missing the 
mandibular right second premolar and first molar (A). Part of the space had 
closed. There was not enough space for two teeth, and too much space for a 
one-tooth prosthesis. Because implants were chosen as the method of 
restoration, the teeth were initially aligned (B), and an implant was placed in the 
position of the future second premolar (C). Then a provisional crown and 
bracket were placed on the implant (D). The implant was used as an anchor to 
drag the second molar mesially, without affecting the position of the first 
premolar. After orthodontic treatment, the same implant was restored as a 
second premolar (E and F). 



ORTHODONTIC MANAGEMENT OF OSSEOUS DEFECTS 

Hemiseptal Defects 

Hemiseptal defects are one-wall osseous defects. Often these are found around 
mesially tipped teeth (Fig. 28-11) or teeth that have supraerupted. Usually these 
defects can be eliminated with the appropriate orthodontic treatment. In the case of 
the tipped tooth, uprighting18,19 and eruption of the tooth will level the bony defect 
(Fig. 28-11). In the case of the supraerupted tooth, intrusion and leveling of the 
adjacent CEJs can help to level the osseous defect. 

It is imperative that periodontal inflammation be controlled before orthodontic 
treatment. This usually can be achieved with initial debridement and rarely requires 
any preorthodontic surgery. After the completion of orthodontic treatment, these 
teeth should be stabilized for at least 6 months and reassessed periodontally. Often 
the pocket has been reduced or eliminated and no further periodontal treatment is 
needed. It would be injudicious to do preorthodontic osseous corrective surgery in 
lesions such as these if orthodontics is a part of the overall treatment plan. 

Figure 28-11.   



 



This patient was missing the maxillary left second premolar and first molar. The 
second molar on that side had tipped mesially and had been used as a fixed 
partial denture abutment connecting the first premolar and second molar (A). A 
radiograph (B) confirmed the hemiseptal periodontal defect on the mesial of the 
second molar abutment, which was associated with a 7 mm pocket. 
Orthodontics was used to erupt this tooth and eliminate the defect. The pontic 
was sectioned (C), and a bracket was placed at an angle on the tipped molar 
abutment (D). As the tooth erupted (E), the mesial marginal ridge of the second 
molar extended coronal to the occlusal plane. The marginal ridge was 
equilibrated (F). The radiograph shows the positive effect that orthodontics has 
on leveling the periodontal defect (G), and providing for a better fixed partial 
denture restoration for the patient (H). 

In the periodontally healthy patient, orthodontic brackets are positioned on the 
posterior teeth relative to the marginal ridges and cusps. However, some adult 
patients may have marginal ridge discrepancies caused by uneven tooth eruption 
during orthodontic treatment. When the orthodontist encounters marginal ridge 
discrepancies, the decision where to place the bracket or band is not determined by 
the anatomy of the tooth. In these situations, it is important for the orthodontist to 
assess bitewing or periapical radiographs of these teeth to determine the 
interproximal bone level.20 

If the bone level is oriented in the same direction as the marginal ridge discrepancy, 
then leveling the marginal ridges will level the bone. However, if the bone level is 
flat between adjacent teeth, and the marginal ridges are at significantly different 
levels, correction of the marginal ridge discrepancy orthodontically will produce a 
hemiseptal defect in the bone. This could cause a periodontal pocket between the 
two teeth. 

If the bone is flat and a marginal ridge discrepancy is present (Fig. 28-12), the 
orthodontist should not level the marginal ridges orthodontically. In these 
situations, it may be necessary to equilibrate the crown of the tooth. For some 
patients, the latter technique may require endodontic therapy and restoration of the 
tooth because of the amount of reduction of the length of the crown that is required. 
This approach is acceptable if the treatment results in a more favorable bone 
contour between the teeth. 

In some patients, a discrepancy may exist between both the marginal ridges and the 
bony levels between two teeth. However, these discrepancies may not be of equal 
magnitude. In these patients, orthodontic leveling of the bone may still leave a 
discrepancy in the marginal ridges. In these situations, the clinician should not use 
the crowns of the teeth as a guide for completing orthodontic therapy. The clinician 
should level the bone orthodontically and equilibrate any remaining discrepancies 
between the marginal ridges. This method will produce the best occlusal result and 
will improve the periodontal health. 



In some patients, accidental or iatrogenic dental trauma may cause an osseous 
defect adjacent to the affected tooth (Fig. 28-13). In these situations, surgical 
correction of the osseous defect could require significant removal of bone from the 
adjacent healthy tooth to create an interproximal osseous relation that the patient 
can maintain. The other alternative in this situation is to erupt the tooth with the 
osseous defect to eliminate the vertical discrepancy in bone levels. If this were a 
two-wall defect, periodontal crown lengthening may be necessary after eruption, to 
level the bone on the nonperiodontally involved surfaces of the affected tooth (Fig. 
28-13). 

Figure 28-12.   

 



This patient had overeruption of the maxillary left first molar and second molars 
and a marginal ridge defect between the second premolar and first molar (A). A 
pretreatment periapical radiograph (B) showed that the interproximal bone was 
flat. The second molar was extracted. To avoid creating a hemiseptal defect 
between the first molar and second premolar, the occlusal surface of the first 
molar was equilibrated (C and D) and the malocclusion was corrected 
orthodontically (E and F). The opposing arch was subsequently restored. 

Figure 28-13.   

 



This patient had an 8-mm probing on the distal of the mandibular left canine 
(A), which was caused by a perforation on the root surface during previous 
endodontic therapy (B). This produced a two-wall defect, with loss of the labial 
and distal walls. To correct this defect, the orthodontic brackets were placed 
gingivally and the cusp tip was equilibrated (C). This permitted eruption of the 
tooth to level the distal defect (D). However, to eliminate the mesial and lingual 
bone level discrepancies created by the eruption, an apically positioned flap was 
performed. Also, a free epithelialized soft-tissue graft was used to correct the 
lack of sufficient keratinized tissue (E). This allowed the restorative dentist to 
maintain and restore this previously difficult endodontic/periodontic situation 
(F). 

During orthodontic treatment, when teeth are being extruded to level hemiseptal 
defects, the patient should be monitored regularly by the dentist or periodontist. 
Initially, the hemiseptal defect will have a greater sulcular depth and will be more 
difficult for the patient to clean. As the defect is ameliorated through tooth 
extrusion, interproximal cleaning becomes easier. The dentist or periodontist should 
recall the patient every 2 to 3 months during the leveling process to control 
inflammation in the interproximal region. 

Advanced Horizontal Bone Loss 

After orthodontic treatment has been planned, one of the most important factors that 
determine the outcome of orthodontic therapy is the location of the bands and 
brackets on the teeth. In a periodontally healthy individual, the position of the 
brackets is usually determined by the anatomy of the crowns of the teeth. Anterior 
brackets should be positioned relative to the incisal edges. Posterior bands or 
brackets are positioned relative to the marginal ridges. If the incisal edges and 
marginal ridges are at the correct level, the CEJs also will be at the same level. This 
relation will create a flat bony contour between the teeth. However, if a patient has 
underlying periodontal problems and significant alveolar bone loss around certain 
teeth, using the anatomy of the crown to determine bracket placement is not 
appropriate. 

In a patient with advanced horizontal bone loss, the bone level may have resorbed 
several millimeters from the CEJ. As this occurs, the crown-to-root ratio will 
become less favorable. By aligning the crowns of the teeth, the clinician may 
perpetuate tooth mobility by maintaining an unfavorable crown-to-root ratio. In 
addition, by aligning the crowns of the teeth and disregarding the bone level, there 
will be significant bone discrepancies between healthy and periodontally diseased 
roots. This could require periodontal surgery to ameliorate the discrepancies. 

The orthodontist can correct many of these problems by using the bone level as a 
guide to position the brackets on the teeth (Fig. 28-14). In these situations, the 
crowns of the teeth may require considerable equilibration. If the tooth is vital, the 
equilibration should be performed gradually to allow the pulp to form secondary 



dentin and insulate the tooth during the equilibration process.21 The goal of 
equilibration and creative bracket placement is to provide a more favorable bony 
architecture and a more favorable crown-to-root ratio. In some of these patients, the 
periodontal defects that were apparent initially may not require periodontal surgery 
after orthodontic treatment. 

Furcation Defects 

Furcation defects can be classified as incipient (Class I), moderate (Class II), and 
advanced (Class III). These lesions require special attention in the patient 
undergoing orthodontic treatment. Often the molars will require bands with tubes 
and other attachments that will impede the patient's access to the buccal furcation 
for home care and instrumentation at the time of recall. 

Class I defects are amenable to osseous surgical correction with a good prognosis. 
Class II furcation defects can be treated with grafting or regenerative therapy with 
barrier membranes, or both. Class III furcation defects are more difficult to treat, 
and use of grafting and membranes in these lesions is not as predictable. Treatment 
of Class III furcation lesions in the lower arch can range from open-flap curettage to 
create a through-and-through furcation for easier cleaning, to hemisection (Fig. 28-
15), or even extraction and replacement22 with an implant (Fig. 28-16). In the upper 
arch, Class II and III furcations can sometimes be treated with root resection. The 
most favorable root to remove is the distobuccal root of an upper molar. This 
treatment has a good prognosis. The disadvantage of root resection is that it requires 
endodontic therapy and a full-coverage restoration. Detailed discussion of furcation 
treatment is found in Chapter 24. 

Furcation lesions need special attention because they are the most difficult lesions 
to maintain and can worsen during orthodontic therapy. These patients will need to 
be maintained on a 2- to 3-month recall schedule. Detailed instrumentation of these 
furcations will help to minimize further periodontal breakdown. 

Regenerative therapy using membranes, bone grafting, or both has been successful 
in Class I and II furcations. However, in Class III furcations, the use of membranes 
has not produced consistently satisfactory results. Therefore, another method of 
treatment must be used for orthodontic patients with Class III furcations in the 
mandibular arch. 

If a patient with a Class III furcation defect will be undergoing orthodontic 
treatment, a possible method for treating the furcation is to eliminate it by 
hemisecting the crown and root of the tooth. This procedure, however, will require 
endodontic, periodontal, and restorative treatment. If the patient will be undergoing 
orthodontic treatment, it is advisable to perform the orthodontic treatment first. This 
is especially true if the roots of the teeth will not be separated or moved apart. In 
these patients, the molar to be hemisected remains intact during orthodontics. These 
patients would require 2- or 3-month recall visits with the periodontist to ensure that 



the furcation defect does not lose bone during orthodontic treatment. By keeping the 
tooth intact during the orthodontic treatment, it simplifies the finishing and tooth 
movement for the orthodontist. 

Figure 28-14.   

 

This patient had severe crowding and overeruption of the mandibular incisors 
(A). In addition, she had significant periodontal bone loss around the 
mandibular anterior teeth, but the bone level was flat between these teeth (B). 
To align the teeth, a diagnostic set-up showed that a mandibular incisor 
extraction (C) would produce a good occlusion. To maintain the flat bone levels 



and to improve the unfavorable crown-to-root ratio, the incisal edges of the 
overerupted teeth were reduced (D). In this way, after orthodontic treatment (E), 
porcelain veneer restorations were able to improve the unesthetic shape of the 
mandibular incisors (F). 

After orthodontic treatment, endodontic therapy must be performed on both roots of 
the tooth. Then, periodontal surgery is necessary to divide the tooth. Sulcular 
incisions are made, a flap is elevated buccal and lingual to the molar, and a fissure 
bur is used to divide the crown and roots of the teeth. In some situations, the 
process is more difficult if the furcation is positioned toward the apices of the tooth. 
After the tooth has been divided, the bone is recontoured around each of the roots 
and the tissue is allowed to heal. If the roots are short and tapered, the crowns that 
restore the two halves of the tooth could be splinted together. If the solder joint of 
the splinted teeth is positioned toward the occlusal, the patient can clean 
interproximally in the area of the previous furcation. 

Figure 28-15.   

 

Before orthodontic treatment, this patient had a Class III furcation defect in the 
mandibular left second molar (A). Because the patient had an edentulous space 
mesial to the molar, the tooth was hemisected (B), and the root fragments were 
separated orthodontically (C). After orthodontic treatment, the root fragments 



were used as abutments to stabilize a multiunit posterior fixed partial denture 
(D). 

In some patients requiring hemisection of a mandibular molar with a Class III 
furcation, it may be advantageous to push the roots apart during orthodontic 
treatment (Fig. 28-15). If the hemisected molar will be used as an abutment for a 
fixed partial denture after orthodontics, moving the roots apart orthodontically will 
permit more favorable restoration and splinting across the adjacent edentulous 
spaces.23 

In the latter situation, hemisecting the tooth, endodontic therapy, and periodontal 
surgery must be completed before the start of orthodontic treatment. After these 
procedures have been completed, the orthodontist may place bands or brackets on 
the root fragments and use a coil spring to separate the roots. The amount of 
separation is determined by the adjacent edentulous spaces and the occlusion in the 
opposing arch. About 7 or 8 mm may be created between the roots of the 
hemisected molar (Fig. 28-15). This process eliminates the original furcation 
problem and allows the patient to clean the area with greater efficiency. 

In some molars with Class III furcation defects, the tooth will have short roots, 
advanced bone loss, fused roots, or some other problem that prevents hemisection 
and crowning of the fragments. In these patients, it may be more advisable to 
extract the tooth with a furcation defect and place an osseointegrated implant (Fig. 
28-16). If this type of plan were adopted, the timing of the extraction and placement 
of the implant could occur at any time relative to the orthodontic treatment. In some 
situations, the implant could be used as an anchor to facilitate prerestorative 
orthodontic treatment. 

Figure 28-16.   



 

This patient was missing the mandibular right second premolar and first molar 
(A). Severe bone loss (B) and attachment loss on the second molar prevented its 
use as an abutment. Also, a Class III furcation invasion was present. Therefore, 
the second premolar and first molar were restored with an implant-supported 
fixed partial denture (C, D). 

Root Proximity 

When roots of posterior teeth are in close proximity, the ability to maintain 
periodontal health and accessibility for restoration of adjacent teeth may be 
compromised.7 However, if the patient is undergoing orthodontic therapy, the roots 
can be moved apart and bone will be laid down between the adjacent roots. This 
will open the embrasure beneath the tooth contact, provide additional bone support, 
and enhance the patient's access to the interproximal region. This generally 
improves the periodontal health of this area. 

If orthodontic treatment will be used to move roots apart, the orthodontist must be 
aware of this plan before bracket placement. It is advantageous to place the brackets 
so the orthodontic movement to separate the roots will begin with the initial 
archwires (Fig. 28-17). Therefore, brackets must be placed obliquely to facilitate 
this process. To determine the progress of orthodontic root separation, radiographs 
will be needed to monitor the status. Generally, 2 to 3 mm of root separation will 



provide adequate bone and embrasure space to improve periodontal health. During 
this time, the patient should be maintained by the restorative dentist or periodontist 
to ensure that a favorable bone response will occur as the roots are moved apart. In 
addition, these patients will need occasional occlusal adjustment to recontour the 
crown, as the roots are moving apart (Fig. 28-17). As this happens, the crowns may 
develop an unusual occlusal contact with the opposing arch. This should be 
equilibrated to improve the occlusion. 

Figure 28-17.   

 

This patient was missing the maxillary right second molar and both premolars 
(A). She had a large maxillary sinus, because the premolars were congenitally 
missing. The restorative treatment plan was a fixed prosthesis with the 
abutments on the first and third molars soldered together. However, the patient 
had root proximity and little bone between the first and third molar roots (B). 
Therefore, orthodontics was used to tip the roots of the first molar mesially (C), 
so when they were splinted together (D) there would be sufficient embrasure 
space apical to the soldered contact for the patient to maintain this area. 

Fractured Teeth/Forced Eruption 



Occasionally, an individual will traumatically injure a tooth. If the injury is minor 
and results in a small fracture of enamel, the tooth can be restored with light-cured 
composite or a porcelain veneer. However, in some situations, the fracture may 
extend beneath the level of the gingival margin and terminate at the level of the 
alveolar ridge. In these situations, restoration of the fractured crown is impossible, 
because the tooth preparation would extend to the level of the bone. This 
overextension could result in an invasion of the biologic width of the tooth and 
cause persistent inflammation of the marginal gingiva (Fig. 28-18). In these 
situations, it may be beneficial to erupt the fractured root out of the bone and move 
the fracture margin coronally, so that it can be restored without creating gingival 
inflammation.23 However, in some situations, if the fracture is too severe, it may be 
better to extract the tooth and replace it with an implant or fixed partial denture. The 
orthodontist, restorative dentist, and periodontist should evaluate six criteria to 
determine if the tooth should be erupted or extracted. 

The first criterion is root length. Is the root long enough so that a crown-to-root 
ratio of 1:1 will be preserved after the root has been erupted? To determine the 
answer to this question, the clinician must know how far to erupt the root. If a tooth 
fracture extends to the level of the bone, it must be erupted 4 mm. The first 2.5 mm 
will move the fracture margin far enough away from the bone to prevent a biologic 
width problem. The other 1.5 mm will provide the proper amount of ferrule for 
adequate resistance form of the crown preparation. Therefore, if the root is fractured 
to the bone level and must be erupted 4 mm, the clinician must evaluate a periapical 
radiograph and subtract 4 mm from the end of the fractured tooth root (Fig. 28-18). 
Then the length of the residual root should be compared with the length of the 
eventual crown on this tooth. The crown-to-root ratio should be about 1:1. If the 
ratio is greater than 1:1, too little root may remain in the bone for stability. In this 
situation, it may be more prudent to extract the root and place a fixed partial denture 
or implant. 

Figure 28-18.   



 



This patient had avulsed the mandibular left lateral incisor and had a severe 
fracture of the mandibular left canine (A) that extended apical to the level of the 
alveolar crest on the mesial (B). To restore the tooth adequately and avoid 
impinging on the periodontium, the fractured root was extruded (C). As the 
tooth erupted, the gingival margin followed the tooth (D). Gingival surgery was 
required to lengthen the crown of the canine (E–G) so that the final restoration 
(H) had sufficient ferrule for resistance and retention. 

Root form is the second criterion that determines whether forced eruption is 
feasible. The shape of the root should be broad and nontapering rather than thin and 
tapered (Fig. 28-18). A thin, tapered root will provide a narrower cervical region 
after the tooth has been erupted 4 mm. This could compromise the esthetic 
appearance of the final restoration. The internal root form also is important. If the 
root canal is wide, the distance between the external root surface and root canal 
filling will be narrow. In these situations, the walls of the crown preparation will be 
thin, which could result in early fracture of the restored root. The root canal should 
not be more than a third of the overall width of the root (Fig. 28-18, B). In this way, 
the root could still provide adequate strength for the final restoration. 

A third criterion that determines whether a fractured root should be erupted is the 
level of the fracture. If the entire crown is fractured 2 to 3 mm apical to the level of 
the alveolar bone, it is difficult if not impossible to attach to the root to erupt it. The 
fourth criterion is the relative importance of the tooth. If the patient were 70 years 
of age, and both adjacent teeth had prosthetic crowns, then it might be more prudent 
to simply construct a fixed partial denture attaching to the crowned teeth. However, 
if the patient were 15 years of age, and the adjacent teeth were not restored, then 
forced eruption would be much more conservative and appropriate. 

The fifth criterion to evaluate before beginning forced eruption of a fractured root is 
esthetics. If the patient has a high lip line and shows 2 to 3 mm of gingiva when 
smiling, then any type of restoration in this area will be more obvious. In this 
situation, keeping the patient's own tooth would provide much better esthetic results 
than any type of implant or prosthetic replacement. The sixth and final criterion to 
determine whether a tooth should be erupted is the endodontic/periodontal 
prognosis. If the tooth has a significant periodontal defect, it may not be possible to 
salvage the root. In addition, if the tooth root has a vertical fracture, then it is 
hopeless and must be extracted. 

If all of these factors are favorable, then forced eruption of the fractured root is 
indicated (Fig. 28-18). The orthodontic mechanics necessary to erupt the tooth can 
vary from elastic traction to orthodontic banding and bracketing. If a large portion 
of the tooth is still present, then orthodontic bracketing will be necessary. If the 
entire crown has fractured leaving only the root, then elastic traction from a bonded 
bar may be possible. The tooth root may be erupted rapidly or slowly. If the 
movement is performed rapidly, the alveolar bone will be left behind temporarily, 
and a circumferential fiberotomy may be performed to prevent bone from following 
the erupted root.24 However, if the root is erupted slowly, the bone will follow the 



tooth. In this situation, the erupted root will require crown lengthening and an 
apically positioned flap to expose the correct amount of tooth to create the proper 
ferrule, resistance form, and retention for the final restoration. 

After the tooth root has been erupted, it must be stabilized to prevent it from 
intruding back into the alveolus. The reason for reintrusion is the orientation of the 
principal fibers of the periodontium. During forced eruption, the periodontal fibers 
become oriented obliquely and stretched as the tooth root moves coronally.6 These 
fibers eventually will reorient themselves after about 6 months. Before this time, the 
tooth root can reintrude significantly. Therefore, if this type of treatment is 
performed, an adequate period of stabilization is necessary to avoid significant 
relapse and reintrusion of the root. 

As the root erupts, the gingiva will move coronally with the tooth (Fig. 28-18, C). 
As a result, the clinical crown length will become shorter after extrusion. In 
addition, the gingival margin may be positioned more incisally than adjacent teeth. 
In these situations, gingival surgery is necessary to create ideal gingival margin 
heights.25,26 The type of surgery varies depending on whether bone removal will be 
necessary. If bone has followed the root during eruption, the surgeon will elevate a 
flap and remove the appropriate amount of bone to match the bone height of the 
adjacent teeth. If the bone level is flat between adjacent teeth and adequate biologic 
width will remain, a simple excisional gingivectomy will correct the gingival 
margin discrepancy. 

After gingival surgery, an open gingival embrasure may exist between the erupted 
root and adjacent teeth. This space occurs because the narrower root portion of the 
erupted tooth has been moved into the oral cavity. This space may be closed in one 
of two ways9: one method involves overcontouring of the replacement restoration, 
and the other method involves reshaping of the crown of the tooth and movement of 
the root to close the space. This latter method often helps to improve the overall 
shape of the final crown on the restored tooth. 

Hopeless Teeth 

Patients with moderate to advanced periodontal disease may have specific teeth that 
are deemed hopeless and normally would be extracted before orthodontic treatment. 
However, these teeth can be useful for orthodontic anchorage, if the periodontal 
inflammation can be controlled. In moderate to advanced cases, some periodontal 
surgery will be necessary around a hopeless tooth. When the flaps are reflected, 
debridement of the roots of the hopeless tooth may be all that is necessary to control 
inflammation during the orthodontic process. The important factor is to maintain 
the health of the bone around the adjacent teeth. Rigidly enforced 3-month 
periodontal recall is imperative during the process. 

After orthodontic treatment, there is a 6-month period of stabilization before 
reevaluating the periodontal status. Occasionally, the hopeless tooth may be so 



improved after orthodontic treatment that it is retained. However, most of the time, 
the hopeless tooth will require extraction, especially if other restorations are 
planned in the segment. Again, these decisions need to be negotiated among the 
specialists, restorative dentist, and the patient. 

CONCLUSION 

This chapter has discussed and illustrated the benefits of integrating orthodontics and 
periodontics in the management of restorative patients with underlying periodontal 
defects. The key to treating these types of patients is communication and proper 
diagnosis before orthodontic therapy, as well as continued dialogue during 
orthodontic treatment. Not all periodontal problems are treated in the same way. 
Hopefully, this discussion of horizontal bone loss, intrabony defects, hemiseptal 
defects, furcation problems, root proximity, fractured teeth, uneven gingival levels, 
open gingival embrasures, periodontally hopeless teeth, single-tooth implants, and 
implant anchorage provides the clinician with a framework that will be helpful in 
treating these situations. 
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Occlusal analysis and therapy have been a part of periodontal treatment since the turn 
of the twentieth century when Karolyi1 postulated that there was a relation between 
occlusal stress and periodontitis. The relation of occlusion to the pathogenesis of 
periodontal lesions and to periodontal therapy, however, was not clear until more 
recently, and several theories were proposed to explain this relation. For example, early 
workers believed that excessive occlusal load on the dentition was a primary etiologic 
factor leading to pocket formation, gingival changes, and osseous and connective tissue 
destruction.2,3 These authors believed that occlusal trauma was, therefore, integral to 
periodontitis. Still others thought that occlusal stress led to angular bony defects or 
infrabony pockets by altering the pathway or spread of plaque-induced inflammation, 
and, therefore, that occlusal trauma was an aggravating factor in periodontal disease.4,5 
A third concept, proposed by Waerhaug,6 considered that excessive occlusal forces 
resulted in changes distinct from periodontitis and that there was little or no relation 
between occlusal trauma and the changes associated with inflammatory plaque-
associated periodontitis. According to this school of thought there was no rationale for 
treating occlusion as part of the management of periodontal disease. Research has put 
much of this controversy to rest and we now have a clearer understanding of the effects 
that occlusal forces have on the periodontium and the relation of these periodontal 
changes to plaque-induced inflammatory periodontitis. 

CHANGES IN THE PERIODONTIUM FROM OCCLUSAL 

TRAUMA 

Occlusal trauma is defined as an "injury resulting in tissue changes within the 
attachment apparatus as a result of occlusal forces"7 (Box 29-1). The periodontal 
attachment apparatus is the target for occlusal trauma and manifests clinical, 
radiographic, and histologic changes when excessive occlusal loads are placed on the 
attachment apparatus.8 Tooth mobility is a clinical hallmark of occlusal trauma. 
Excessive occlusal forces may result in radiographic changes, including widening of 
the periodontal ligament space, especially at the alveolar crest, which often is 
described as crestal funneling, alteration in furcation bone quality, and variations in 
the appearance of the lamina dura (Fig. 29-1). Clinical mobility depends on several 
factors. For example, it is affected by the height of the remaining alveolar bone 
around the tooth, the integrity of the surrounding tissues, and the level and 
repetitiveness of the force applied to the tooth. The shape of the tooth crown and the 
length, shape, and number of roots dictate crown-to-root ratios and, therefore, the 
mechanical resistance of the tooth to applied force. 

Box 29-1  Definitions of Occlusal Trauma7 



 

From 1999 International Workshop for a Classification of Periodontal Diseases 
and Conditions. Consensus Report: Occlusal trauma. Ann Periodontol 4:108, 1999. 

When subjected to a force on the occlusal surface, the tooth moves about a fulcrum 
point or rotational axis that is located within the clinical root and is determined by the 
height of the remaining supporting alveolar bone (Fig. 29-2). Within the periodontal 
ligament space, zones of pressure and tension are created. A tooth can move, 
however, only as far as the width of the ligament space allows, and then actual bone 
and possibly even tooth deformation occur. When occlusal forces become excessive 
because of their duration, magnitude, direction, distribution, or frequency, they may 
overwhelm the physical limitations of the periodontal ligament, which becomes 
traumatized. 

The periodontal ligament is highly vascularized with many vessels aligning 
themselves parallel to the long axis of the root and freely anastomosing with the 
blood vessels of the trabecular spaces (see Chapter 1). When the occlusal forces on a 
tooth exceed the ability of the principal fibers of the periodontal ligament to stretch, 
the tooth can actually create sufficient pressure on the ligament in the pressure zone 
to deform the alveolar crest. 

When injury occurs there is, at first, vascular embarrassment in the form of transient 
hemorrhage, edema, and thrombosis. This is followed by an increase in 
vascularization, with increased vascular permeability and extravasation of vascular 
elements. In addition, periodontal ligament fiber bundles become disorganized, 
collagen is destroyed, and there is an increased number of osteoclasts with resorptive 
bony areas within the ligament space and the marrow spaces (Fig. 29-3). These 
changes are seen in the pressure zone and result in widening of the periodontal 
ligament space at the expense of the socket wall. Occasionally, cemental resorption 
along the root surfaces also can be seen. The alterations in the periodontal tissues 
often are described as an adaptive response, with widening of the socket and 
periodontal ligament space, allowing movement of the tooth away from the excessive 
occlusal forces (Fig. 29-4). 

Figure 29-1.   



 

A, Radiograph of a patient with discomfort and awareness of mobility around a 
three-unit cantilever fixed partial denture. The patient was undergoing emotional 
stress and was aware of a bruxing habit. B, Radiographic appearance 4 months 
after clinical presentation. Treatment consisted of immediate removal of the 
cantilever unit followed by scaling and replacement of the fixed partial denture 
with two individual crowns. Note dramatic narrowing of periodontal ligature 
space. (Courtesy Dr. Richard Yamada, Chicago, Ill.; S. Potashnick, Chicago, Ill; 
and Leonard Abrams, Philadelphia, Pa.) 

Figure 29-2.   

 

Diagram of effects of occlusal forces. A, The tooth with vertical occlusal forces 
has a small area of periodontal ligament pressure (1) and an increased area of 
periodontal ligament tension (3). B, Horizontal occlusal force causes the tooth to 
rotate about an axis (2) and demonstrates an increase in area of periodontal 
ligament pressure (1) and a reduced area of ligament tension (3). Horizontal 



occlusal force causes a tipping motion and rotation around the rotational axis, 
with increased tension forces at the apex on the side opposite the force and at the 
crestal region on the same side as the force. The horizontal force causes 
periodontal ligament pressure at the crest on the side opposite the force and at the 
apex on the same side as the force. 

The bone resorption can occur on the surface of the bony socket (called frontal 
resorption or direct bone resorption) or deeper in the marrow spaces behind the socket 
wall (called rear resorption or indirect bone resorption) (Fig. 29-5). Rear resorption 
probably occurs during extreme forces and is seen if the force is great enough to 
create necrosis of the periodontal ligament. During necrosis, hyalinization of the 
principal fibers occurs and there is disintegration of fiber matrix and cells. The rear 
resorption continues until it reaches the hyalinized tissue and the adjacent cells 
replace the damaged tissue. When orthodontic or occlusal forces create tipping 
movements, there are distinct areas of pressure and tension within the periodontal 
ligament (Fig. 29-2). Bone resorption occurs in the pressure zone, whereas the tension 
zone is accompanied by the deposition of new bone as if to reestablish the periodontal 
ligament space (Fig. 29-6). 

In the clinical situation of jiggling type ("back-and-forth") trauma caused by occlusal 
forces, the socket wall is usually destroyed in a "funnel-like" shape and there is no 
distinct tension or pressure side within the periodontal ligament (Fig. 29-7). 
Therefore, changes associated with both tension and pressure often are seen. 

Figure 29-3.   



 

A, Normal periodontal ligament seen in squirrel monkey. The periodontal 
ligament (PDL) is intact and the alveolar bone is free of resorptive areas on the 
socket surface and within the marrow spaces. (Courtesy of Dr. Alan Polson, 
Philadelphia, Pa.) B, The result of jiggling trauma in the squirrel monkey 
periodontium. There is a loss of bone volume with resorptive areas on the surface 
of the socket and in the marrow spaces. Note the disruption of the principal fibers 
and a loss of cellularity. (Courtesy of Dr. Alan Polson, Philadelphia, Pa.) C, 
Greater magnification of Figure 29-3B shows the large number of osteoclasts and 
altered periodontal ligament. 



With increased occlusal forces, a process of physiologic adaptation occurs within the 
periodontium. The adaptive response is the widening of the socket and periodontal 
ligament, allowing movement of the tooth out of trauma and a "cushioning" of the 
occlusal forces. When this occurs, there is no permanent vascular embarrassment to 
the ligament tissues. When traumatic forces are present, the tooth and the tissues of 
the attachment apparatus come to a level of accommodation that adapts to the chronic 
occlusal stress. Vasculitis resolves and osteoclastic activity returns to within normal 
limits. Mobility of the tooth remains, and the ligament is widened; however, mobility 
does not grow progressively worse. The tooth may be displaced within its socket 
without additional damage to the tissues of the periodontal ligament at this point (see 
Fig. 29-4B). If the degree or duration of occlusal forces is greater than the adaptive 
capacity of the periodontium, progressive destructive changes are seen. 

Figure 29-4.   



 



A, Example of adaptation to trauma made possible by the widened periodontal 
ligament space. Radiograph showing reduced osseous support in the mandibular 
central incisors and increased periodontal ligament space width. B, Autopsy 
section of the same individual showing a histologic picture of adaptation. The 
periodontal ligament is much wider on the central incisor to the reader's right than 
the other teeth, but is otherwise normal with no evidence of active tissue 
destruction. The surface of the bone is devoid of resorptive areas. (Courtesy of Dr. 
Jay Siebert, deceased.) 

Figure 29-5.   

 

An example of frontal or direct bone resorption (FR) along the surface of the 
socket and rear or indirect bone resorption (RR) deeper in the marrow spaces. 
(Courtesy of Dr. D.W. Cohen, Philadelphia, Pa.) 

Figure 29-6.   



 

The stretched ligament (tension zone) of a tooth that has received unilateral force. 
The periodontal ligament space is widened and newly formed bone is noted along 
the surface of preexisting alveolar bone. (Courtesy of Dr. D.W. Cohen, 
Philadelphia, Pa.) 

RESEARCH IN OCCLUSAL TRAUMA 

Wentz and coworkers9 demonstrated in monkeys that excessive occlusal forces 
caused the periodontal ligament space to widen up to three times the width of that 
seen in teeth without excessive forces. They stated, "at one point the damaging effect 
of jiggling trauma was nullified by the extreme width of the periodontal space and no 
future resorption occurred." The supracrestal tissues were unaffected and there was 
no apical migration of the sulcular epithelium. 

Figure 29-7.   



 

In jiggling trauma the direction of forces are multidirectional and the bony area of 
breakdown will be "funnel" shaped as the periodontal ligament (PL) widens on 
both sides of the tooth. This differs from changes seen in unidirectional 
orthodontic forces. 

There are two major research groups that performed extensive animal research during 
the 1970s and 1980s n the area of occlusal trauma: "the Gothenberg School" in 
Sweden and the "American Group" in Rochester, New York. The results of their 
research clarified many of the controversies surrounding the impact of occlusal forces 
on the periodontal tissues and on the pathogenesis of inflammatory periodontal 
diseases. 

A result similar to Wentz and coworkers9 was obtained by Svanberg and Lindhe,10 
who demonstrated that jiggling-type trauma applied to premolars in dogs created 
changes in the periodontal ligament including increased tooth mobility, widening of 
the periodontal ligament space, loss of crestal bone height, and a series of cellular 
alterations. The observed histologic alterations included vascular changes such as 
thrombosis, hemorrhage, and increased vascular permeability; destruction of 
collagen; and increased number of osteoclasts with bone resorption. If the dogs' 
mouths were kept clean by frequent plaque removal, the supracrestal tissues were free 
of inflammation. The changes in the periodontium occurred during the first 60 days of 
the experiment, after which all of the findings associated with occlusal force ceased, 
except for increased tooth mobility and periodontal ligament width, which remained 



constant. That is, in the absence of plaque-induced inflammation, excessive occlusal 
forces caused physiologic adaptation within the periodontium. Progressive destructive 
changes did not occur. Importantly, when plaque-induced inflammation was 
prevented, no loss of connective tissue attachment took place. 

A second Swedish study by Lindhe and Svanberg11 examined the ability for this 
physiologic adaptation to take place in the presence of plaque-induced experimental 
periodontitis. In animals with periodontal inflammation, superimposed on jiggling-
type trauma, the process of physiologic adaptation did not occur. Instead, there were 
progressively increasing tooth mobility, bone destruction, and vascular changes. The 
inference that can be drawn from this work is that the attachment apparatus may be 
inhibited in its ability to adapt to jiggling-type trauma in the presence of supracrestal 
plaque-induced inflammation. The same study also indicated that "…trauma from 
occlusion combined with experimental periodontitis accelerated periodontal 
breakdown characterized by continuous periodontal pocket formation and loss of 
fiber attachment."11 The periodontal pockets that formed were of an infrabony type, 
which may have been influenced by the tremendous intrusive forces that were applied 
by the hyperoccluded restorations used to induce occlusal trauma. 

In a study in which the periodontal attachment level of teeth in beagle dogs was 
reduced before the onset of jiggling-type trauma, researchers were able to 
demonstrate that jiggling-type trauma in a severely reduced periodontium that is free 
of plaque-induced inflammation will not cause further deterioration of the periodontal 
support.12 Thus, physiologic adaptation is independent of the level of bony support 
and attachment; it is dependent primarily on an absence of plaque-induced 
inflammation. 

One of the most important questions answered by animal research is: "Do occlusal 
forces increase the rate or degree of periodontal destruction during periodontitis?" 
Nyman and coworkers13 compared the degree of attachment loss caused by 
experimental periodontitis alone to the degree of loss caused by a combination of 
experimental periodontitis and excessive occlusal forces. Experimental periodontitis 
was induced in both test teeth and control teeth, and jiggling-type trauma was then 
applied only to the test teeth. A greater degree of attachment loss was seen in 80% of 
the test teeth compared with control teeth. Thus, excessive occlusal forces were 
shown to have the potential to increase the degree of periodontal destruction. The 
mechanism by which the jiggling forces increased apical migration of the infiltrated 
connective tissue and pocket epithelium is not known, especially because the distance 
between the apical border of the plaque and the apical border of the infiltrated 
connective tissue was the same in control and test sites. 

Increased tooth mobility, a hallmark of occlusal trauma, may be associated with 
changes in tissue resistance to periodontal probing. In one study, jiggling-type trauma 
was induced on the test teeth of dogs that also received frequent plaque removal.14 
Control teeth had plaque removed, but no jiggling forces were induced. After 
approximately 90 days, the periodontal ligament of the test teeth became wider and 
tooth mobility increased. Some bone was lost at the crest. These changes were not 



progressive, indicating that physiologic adaptation had taken place. The test and 
control teeth were free of plaque and had the same histologic connective tissue 
attachment levels. However, the supracrestal gingival tissue subjacent to the sulcular 
and junctional epithelium differed in that the test teeth contained less collagen and 
more cellular elements than did the gingiva of control teeth. The histologic distance 
from the cementoenamel junction (CEJ) to the bony crest was greater in test teeth 
because crestal bone loss had occurred. This resulted in a longer supracrestal 
connective tissue attachment area (distance from most coronal point of connective 
tissue attachment to the bony crest) in the test teeth than in control teeth because part 
of the supracrestal connective tissue in the test teeth included an area that was 
previously occupied by the periodontal ligament and crestal bone. Importantly, 
probing depths were approximately 0.5 mm greater in test teeth than in control teeth, 
despite a constant force on the probe. The increased probing depth was likely the 
result of less tissue resistance to probing force, caused by the increased supracrestal 
connective tissue attachment area and the decreased collagen content within this 
tissue. 

Using a monkey model, the U.S. group led by Polson and coworkers15,16 
demonstrated many of the same findings that the Swedish group identified in dogs. 
When traumatic forces were introduced in the premolars of squirrel monkeys without 
periodontal inflammation, characteristic changes occurred in the attachment 
apparatus: widening of the periodontal ligament space, increased tooth mobility, and 
loss of crestal bone height and bone volume (density). These changes ceased to 
progress once the process of physiologic adaptation was complete. No loss of 
connective tissue attachment occurred. After the traumatic forces were withdrawn and 
time was allowed for healing, much of the lost bone volume was restored, the width 
of the periodontal ligament decreased, and mobility diminished. Conversely, if 
plaque-retentive ligatures were placed and plaque-induced inflammation was 
permitted to take hold, there was no restoration of bone volume after the removal of 
traumatic forces. Bone volume was only restored when removal of occlusal forces 
was combined with elimination of plaque and inflammation. 

In one major area of research, findings from the U.S. group differed from those of the 
Swedish group. Whereas occlusal forces superimposed on plaque-induced 
experimental periodontitis had been shown to increase the degree of connective tissue 
attachment loss in dogs when compared with periodontitis alone, this was not true in 
the monkey model. In monkeys, there was no difference in connective tissue 
attachment loss between animals having experimental periodontitis alone and those 
having both periodontitis and excessive occlusal forces.17 

PRIMARY AND SECONDARY OCCLUSAL TRAUMA 

Occlusal trauma is defined as being either primary or secondary7 (Box 29-1). The 
term occlusal trauma is generally used as a diagnosis, whereas the term 
traumatogenic occlusion refers to the cause (etiology) and is defined as "an occlusion 
that produces forces that cause an injury to the attachment apparatus."7 



A tooth subject to excessive occlusal forces but otherwise exhibiting intact 
periodontal support and no loss of bone or connective tissue attachment is classically 
described as a tooth having primary occlusal trauma. In Figure 29-1, a tooth with 
primary occlusal trauma can be seen while traumatic forces are present (Fig. 29-1A) 
and after they have been removed (Fig. 29-1B). Teeth with primary occlusal trauma 
may reach a state of stability in which mobility is no longer increasing and the 
clinical, radiographic, and histologic changes do not worsen over time. This occurs 
through the adaptive remodeling process. 

The clinical signs of occlusal trauma, which include mobility, widening of the 
radiographic PDL space, and migration of teeth, can be reversible when the forces are 
removed or modified. Likewise, symptoms of occlusal trauma such as pain on 
mastication and sensitivity to cold stimuli also can be reversed when the forces are 
removed. Parafunctional activity is likely the main culprit in many cases of primary 
occlusal trauma. Other cases have an iatrogenic cause, such as placement of a "high" 
restoration (Fig. 29-8). Parafunctional habits can be classified according to what 
contacts the teeth18 (Box 29-2). Habits such as bruxism and clenching cause occlusal 
trauma mainly because of the increased duration of forces on the teeth. In people 
without such habits, actual tooth contact is limited to periods of chewing and 
swallowing. Conversely, in those with the habits of bruxism or clenching, the 
duration of tooth contact is greatly increased. In addition, the degree (magnitude) of 
force placed on the teeth during bruxism is much greater than during normal daily 
function. Some parafunctional habits are factitial injuries caused by biting on objects 
such as pipe stems (Fig. 29-9), pens or pencils, and fingernails (Fig. 29-10). These 
forces are generally localized to a few teeth, whereas bruxism and clenching often 
involve many or most of the teeth. Parafunctional habits are difficult to control and 
many tooth-to-tooth habits are best handled with occlusal appliances (occlusal splints, 
night guards). Factitial injuries must be identified by the clinician, and the patient 
should be strongly encouraged to eliminate the habit. 

Figure 29-8.   



 

A, Presenting appearance of a patient with a recently placed gold onlay on first 
premolar. Tooth was temperature sensitive and patient was aware of 
parafunctional action of the teeth. Note wear facet on canine and length of buccal 
cusp of first premolar. The tooth had increased mobility compared with ipsilateral 
second premolar and contralateral first and second premolars. B, Occlusal 
examination revealed working and balancing contacts. Onlay has "locked" tooth 
into position. C, After occlusal adjustment by selective grinding of first premolar, 
working and balancing contacts have been removed and centric contacts are 
present in central fossa, marginal ridge, and palatal cusp tip. Tooth is freed in 
lateral contacting movements while maintaining axially directed contact in 
maximum intercuspation. D, At initial presentation, depth of onlay on first 



premolar and widening at apex may easily be mistaken for changes of pulpal 
origin. However, the tooth was vital. Note widened ligament space at apex and at 
crestal region on distal aspect of first premolar. What appears to be a mesial 
vertical bony defect probes within normal limits. There is no attachment loss, 
despite crestal bone loss. E, Eight months after occlusal adjustment, on first 
premolar note narrowing of ligament space, resolution of apical widening, and 
change in crestal morphology. (From Potashnick SR, Abrams L: The significance 
of occlusal adjustment in periodontal therapy, Alpha Omegan 78:25–46, 1985.) 

Box 29-2  Classification of Parafunctional Habits on 

the Basis of Objects Touching the Teeth 

• Tooth to tooth  

• Bruxism 

• Clenching 

• Oral musculature to tooth  

• Lip biting 

• Tongue thrusting 

• Foreign object to tooth  

• Fingernail biting 

• Pipe or cigar biting 

• Other objects 

Figure 29-9.   



 

Foreign object to tooth habit in the form of pipe stem biting. Occlusal trauma 
limited to site of pipe stem. 

Before undertaking treatment it is necessary to distinguish between the periodontium 
that is in a state of adaptation and one that is in trauma. Teeth that have adapted to 
occlusal stress and are mobile but do not experience increasing mobility over time 
may not necessarily require treatment—that is, mobility itself can be accepted if there 
are no symptoms or if the tooth does not increase in mobility and the patient can 
function properly with the dentition. The changes of primary occlusal trauma, 
occurring in a healthy periodontium, are reversible when the trauma is removed. 

Secondary occlusal trauma is defined as occurring on a tooth having reduced 
periodontal support (Box 29-1; Fig. 29-11). The tooth often can be displaced in the 
remaining alveolus by any force applied to it, which might include the force of the 
tongue or lips or chewing food. Secondary occlusal trauma may occur with active 
periodontitis or may persist after the inflammatory periodontitis has been resolved—
that is, the clinician could encounter secondary occlusal trauma at the time a 
diagnosis of chronic periodontitis is made and before treatment has begun. Likewise, 
secondary occlusal trauma might be diagnosed after periodontitis has been treated and 
periodontal health reestablished, but with diminished support for the tooth or teeth. 
Again, the seriousness of the occlusal trauma depends on whether progressive 
changes are detected—that is, progressively increasingly mobility, bone loss, or 
widening of the periodontal ligament. In many cases of secondary occlusal trauma, 
especially when periodontal support is markedly reduced, splinting of the remaining 
teeth may be indicated if the teeth are to be retained (Fig. 29-12). 

Figure 29-10.   



 

Foreign object to tooth habit in the form of fingernail biting. Occlusal trauma 
limited to site of fingernail habit. 

Figure 29-11.   

 



Diagram of primary and secondary occlusal trauma. Primary occlusal trauma: A 
large nonaxial occlusal force causes the tooth to move and zones of pressure and 
tension to be created within the periodontal ligament. The tooth can only move a 
distance equal to the width of the periodontal ligament at the level of the osseous 
crest. Mobility is recorded by movement observed at the crown level. Secondary 
occlusal trauma: A smaller nonaxial occlusal force causes the tooth to move the 
same horizontal distance at the level of the osseous crest. However, the axis of 
rotation on the tooth has moved apically as the periodontal support has moved 
apically. Horizontal movement, therefore, will be greater at the crown level, and 
the mobility recording will be greater in teeth with reduced attachment levels. 
Because one has a different expectation of mobility for teeth with reduced 
support, it is helpful to record the approximate percentage of radiographic bone 
remaining. 

OCCLUSAL TRAUMA AND PLAQUE-INDUCED 

INFLAMMATORY PERIODONTITIS 

Excessive occlusal forces placed on a noninfected periodontium do not initiate 
gingival connective tissue attachment loss or pocket formation. Occlusal trauma, as 
described earlier, results in widening of the periodontal ligament space with loss of 
alveolar bone volume. Because the maximum compressive stress occurs just apical to 
the alveolar crest as the tooth is intruded into the socket, there may be loss of alveolar 
crestal height. Because the tooth is similar in shape to a truncated cone, pressure 
would be greatest at the rim of the alveolar socket. This often leads to the 
development of an angular bony defect noted on the radiograph. However, clinically, 
there is no pocket because there is no loss of connective tissue attachment or apical 
migration of the junctional or sulcular epithelium. The widening of the periodontal 
ligament space and vertical alveolar crestal bone loss (funnel-shaped lesion) are 
completely reversible once the excessive occlusal stress has been removed. The lesion 
of the periodontal ligament associated with primary occlusal trauma in the absence of 
inflammatory periodontitis does not cause changes in the gingival connective tissue 
or the epithelium, probably because there is structural and functional independence of 
the periodontal and gingival blood circulation.19 

Figure 29-12.   





A, Preoperative (top) and postoperative (bottom) radiographs of a patient with 
secondary occlusal trauma requiring splinting of the remaining mandibular teeth. 
B, Preoperative (top) and postoperative (bottom) radiographs of the maxillary 
right posterior sextant in the same patient. 

Is a tooth in occlusal trauma more susceptible to inflammatory periodontitis? It is 
clear that a tooth that is free of periodontal infection and has a widened periodontal 
ligament and alveolar crestal bone loss caused by occlusal forces is not more 
susceptible to plaque-induced inflammation and attachment loss. Connective tissue 
attachment loss around teeth with widened periodontal ligament spaces progresses at 
a rate that is independent of the mobility of the teeth and is unrelated to periodontal 
ligament width.20 Another way of stating this is that the loss of connective tissue 
attachment is not related to the absence or presence of the bony component of the 
periodontium.21 When a tooth with occlusal trauma loses bone in the absence of 
plaque-induced inflammation, the base of the sulcus remains in the same location on 
the tooth. This increases the dimension of the supracrestal connective tissue 
attachment area, because the bone has resorbed but the pocket has not deepened.14,21 

Furthermore, teeth that have lost supporting tissues because of previous periodontitis, 
but are currently free of inflammation, respond to occlusal forces in the same way as 
teeth with normal support—that is, physiologic adaptation may result in a widened 
periodontal ligament, tooth mobility, and crestal bone loss, but there is no additional 
loss of attachment.12 Indeed, it has been estimated that the reduction of alveolar bone 
height may have little effect on the degree of periodontal ligament stress until as 
much as 60% of the bone support has been lost.22 

Periodontitis is an inflammatory disease caused by bacterial infection of the 
subgingival area. The tissue loss in inflammatory periodontitis is seen mainly in the 
supraalveolar soft connective tissue, with loss of gingival connective tissue 
attachment to the tooth and migration of the junctional and sulcular epithelium apical 
to the CEJ (see Chapter 1). Histologically, the supraalveolar connective tissue is 
infiltrated primarily by inflammatory cells, collagen is destroyed, and the epithelium 
migrates, proliferates, and often ulcerates, forming a pocket wall. The resultant region 
of inflammation subadjacent to the subgingival plaque is separate and distinct from 
the underlying lesion of occlusal trauma. The two lesions often are divided by a cell-
poor, collagen-rich zone of connective tissue at or near the alveolar crest. 

When occlusal trauma is superimposed on plaque-induced inflammatory 
periodontitis, accommodation and adaptation of the vascular and connective tissue 
elements of the attachment apparatus do not occur.11,23 In this case, vascularity and 
osteoclastic activity remain increased, and tooth mobility and periodontal ligament 
width continue to increase without approaching a stable plateau. There is an enhanced 
loss of alveolar bone height and volume as compared with inflammatory periodontitis 
alone. There also may be an increase in the degree of connective tissue attachment 
loss; this was demonstrated in the dog model,11 but not in the monkey model.17 
Because such experimental studies would be unethical in humans, it is unknown 



whether superimposition of plaque-induced periodontitis and occlusal forces increase 
attachment loss in humans. 

Inflammation from the region of the periodontal pocket extends into the bone 
primarily along perivascular routes. Thus, the inflammatory process extends primarily 
toward the periosteal side of the bone, rather than apically into the periodontal 
ligament. When excessive occlusal forces are placed on the teeth, there is evidence 
that, occasionally, the inflammatory disease is exaggerated. This is the reason that 
occlusal trauma has been called a "codestructive" factor in the pathogenesis of 
periodontal destruction.5 One of the hallmarks of the codestructive process was 
considered to be the formation of infrabony pockets—that is, vertical bony defects. 
These defects supposedly formed because inflammatory cells migrated directly into 
the periodontal ligament, causing bone resorption along the ligament side. In fact, 
angular bony defects seen on the radiograph were considered the sine qua non of the 
codestructive lesion.4,24 The codestructive progress and the formation of intrabony 
defects remains a controversial topic. 

Human autopsy studies by Waerhaug6 called this concept into question when they 
revealed that angular bony defects were just as common adjacent to teeth without 
excessive occlusal forces as they were adjacent to teeth with these forces. Instead of 
being related to occlusal forces, angular bony defects were directly associated with 
the apical extension of bacterial plaque. Waerhaug6 stated that an angular defect 
forms when the subgingival plaque front on one tooth surface in an interproximal 
region advances further apically than does the plaque front on the adjacent tooth. The 
clinician also should recall that the appearance of angular bony defects on 
radiographs must be related to the position of the CEJ on adjacent teeth, because the 
bony crest in health follows a line running parallel to adjacent CEJs25 (Fig. 29-13) 
(see Chapter 9). 

Figure 29-13.   



 

Apparent angular bony defects are noted on the mesial of the second premolar and 
second molar. The defect angle parallels a line running from the cementoenamel 
junction (CEJ) of one tooth to the CEJ of the adjacent teeth. B, After orthodontic 
correction, the radiographic bony defects are eliminated. 

Several studies have shown that infrabony defects can exhibit osseous repair in the 
presence of hypermobility after removing only the plaque-induced inflammation, but 
not altering the occlusal forces.26,27 This suggests that the occlusal forces were not a 
primary etiologic factor in the initiation of the infrabony pockets. Despite the capacity 
of mobile teeth to exhibit periodontal repair, an 8-year longitudinal study on 1974 
teeth that received periodontal therapy showed a statistically significant relation 
between original tooth mobility before treatment and the change in clinical 
attachment level after treatment.28 Mobile teeth had less favorable probing depth and 
attachment level changes than did nonmobile teeth. The study concluded that mobile 
teeth do not respond as well to periodontal treatment. An important difference in 
these studies was the frequency of professional plaque control procedures. In studies 
where mobile teeth responded favorably to treatment, subjects received professional 
prophylaxis every 2 weeks,26,27 whereas patients in the study with less favorable 
treatment responses on mobile teeth had cleanings only once every 3 months.28 



Despite their differences, all of these studies concluded that mobile teeth have the 
potential to respond favorably to periodontal treatment. 

Stahl's29 human biopsy results were unique in that he had the opportunity to 
physically examine the dentition of four individuals for evidence of occlusal stress 
and gingival inflammation before the removal of block sections because of oral 
malignancy. Stahl29 observed that in most cases the inflammatory exudates spread 
from the connective tissue region subjacent to the apical plaque front into the crestal 
bony septum and not into the periodontal ligament space, even though the ligament 
space was altered because of occlusal forces. He concluded that the "prediction of 
altered pathology resulting from the combined periodontal insults is limited."29 

That there is contradictory evidence on the effect of occlusal trauma on the 
inflammatory pathway does not mean that there is no relation between the two 
destructive processes. Indeed, whether plaque-induced inflammation is present or 
absent, vascular permeability is increased in the supraaveolar connective tissue when 
trauma is present and tooth mobility is increasing.10,30 The extent to which vascular 
metabolic changes in the supraalveolar connective tissue during occlusal trauma 
affect adaptation or periodontal ligament lesions is unclear. However, clinical 
experience suggests that a small number of patients are highly susceptible to the 
destructive capacity of plaque-induced infection combined with excessive occlusal 
forces. Further research is needed to resolve this issue and to find means of 
identifying these susceptible patients. 

OCCLUSAL THERAPY AND PERIODONTAL 

INFLAMMATION 

When occlusal trauma is controlled in the presence of continued inflammation, a 
reduction in mobility often is noted. This occurs without restoration of lost alveolar 
bone volume or accommodation of the periodontal ligament. Removal of occlusal 
interferences and the subsequent reduction in mobility without control of periodontal 
inflammation will not, however, improve the level of attachment.27 It is clear that the 
presence of gingival inflammation inhibits the potential for alveolar bone 
regeneration, and that connective tissue attachment levels will remain unchanged 
unless the plaque-induced inflammatory lesion is treated. In experimental animal 
model systems, bone regeneration restoring volume and height of bone of the 
combined lesion (i.e., the lesion caused by occlusal trauma and periodontitis) does not 
occur when inflammation remains uncontrolled.31 

Repair of the periodontal ligament and alveolar bone regeneration can occur when 
both marginal infection and traumatogenic occlusal forces are controlled. This 
regeneration often does not result in complete restoration of the original height of the 
attachment; however, the periodontal ligament space of the remaining periodontium 
may return to within normal limits. Maximum repair of periodontal tissue is most 
likely to occur with the resolution of both inflammatory periodontitis and occlusal 



trauma in a patient proven to be susceptible to the combined effects of both processes 
(Fig. 29-14). 

The following are six reasonable occlusal assumptions:  

1. Supracrestal plaque-induced inflammation may inhibit the restoration of 
bone volume after the removal of jiggling forces.27 

2. Supracrestal plaque-induced inflammation may prevent adaptation to 
ongoing jiggling forces.11 

3. Infrabony pocket formation does not automatically imply occlusal 
trauma.6 

4. Healing of periodontal tissues (including infrabony pockets) can occur in 
the presence of hypermobility.26,27 

5. The true etiologic role of traumatogenic occlusion cannot be determined 
until plaque-induced inflammation has been eliminated.27 

6. In those instances where both traumatogenic occlusion and plaque-induced 
inflammation are operating in concert, the capacity for periodontal destruction can 
be greatly magnified in some patients.13 

In the past, during routine periodontal therapy, mobility was almost automatically 
addressed by some form of occlusal intervention. Currently, however, the belief is 
strongly held that correcting the existing occlusion should be done only if there is 
reasonable evidence that the given occlusal arrangement is a causative agent in the 
disease process. To determine this, the following questions must be answered:  

1. Is the mobility increased or increasing? 

2. Can the examiner show that the teeth in question are jiggled by the 
opposing teeth (positive fremitus or functional mobility)? 

3. Is there a rational method within reasonable cost-benefit ratios to correct 
the situation? 

4. Does the mobility interfere with the patient's comfort, function, level of 
esthetic satisfaction, or stability of the arch? 

A number of studies have attempted to clarify the relation between occlusal 
discrepancies and periodontal status. In some of these studies, teeth with nonworking 
contacts had deeper probing depths, greater tooth mobility, and greater bone loss than 
did teeth without nonworking contacts.32–34 In other studies, the periodontal status 
was similar in teeth with occlusal discrepancies compared with those without 
discrepancies.35,36 This has led to some confusion as to the role that occlusal 



discrepancies play in periodontal destruction and the need, or lack of need, for 
elimination of such discrepancies. 

In the most recent of these studies, recordings were made of the periodontal status of 
teeth that had or did not have occlusal discrepancies.34,37 Some of the patients who 
had occlusal discrepancies received occlusal adjustment as part of their periodontal 
treatment, whereas other patients did not have adjustments. The patients were 
followed over time to determine the effects of periodontal therapy. Teeth with 
untreated occlusal discrepancies had a small but significant increase in probing depth 
over time, when averaged on an annual basis. Teeth with treated occlusal 
discrepancies or without discrepancies at all had no significant increase in probing 
depth over time. The results of these studies suggest that treatment of occlusal 
discrepancies as part of the periodontal treatment plan may have beneficial long-term 
effects. However, the clinician may question the need to correct all occlusal 
discrepancies simply because they exist. Many studies have been conducted to show 
that occlusal discrepancies are widespread in the population.38–40 In fact, in some 
studies, more than half of the patients and half of all molar teeth had nonworking 
contacts.32,35 Clearly not all of these teeth require occlusal adjustment. Unless one can 
tie the occlusal discrepancies directly to the signs or symptoms in question, there is 
no rational periodontal therapeutic reason for adjusting them. 

Figure 29-14.   



 

A, Recording fremitus (functional mobility). Palpating the vibratory patterns of 
the teeth during occlusion. The patient is closed in the maximum intercuspal 
position and the teeth are palpated as the patient taps the teeth together. B, 
Assessing fremitus as the patient makes protrusive contacting movement. C, 
Assessing fremitus during working contacting movement. 

Burgett and coworkers conducted a randomized trial of occlusal adjustment in the 
treatment of periodontitis.41 Of 50 patients who received hygienic therapy, 22 
received occlusal adjustment. Selective grinding was performed to create stable 
contacts in centric relation with smooth gliding contacts in eccentric movements and 
the elimination of balancing interferences. All of the 50 patients were then subjected 
to surgical (modified Widman) and nonsurgical (scaling and root planing) therapy in 
a split-mouth design. The 22 patients with occlusal adjustment demonstrated a 
slightly (average, 0.4 mm) greater gain in clinical attachment level when compared 
with the nonadjusted subjects. There was no difference in probing depth reduction 
between the adjusted and nonadjusted patients. This study suggests that prophylactic 
occlusal adjustment is of little benefit as part of the periodontal treatment plan in most 
patients. Therefore, each patient must be evaluated individually to determine the 
presence of occlusal trauma, the role of traumatogenic occlusion in the pathogenesis 
of periodontitis, and the need for treatment of the occlusal relations. 



CLINICAL AND RADIOGRAPHIC SIGNS OF OCCLUSAL 

TRAUMA 

In examining the periodontal patient, clinical and radiographic parameters are 
evaluated to assess the role of occlusion in the patient's condition. Mobility, fremitus, 
the presence of plaque-induced inflammation, the quantity of remaining support, and 
the radiographic signs of occlusal trauma are assessed. 

Mobility 

Mobility is a measurement of horizontal and vertical tooth displacement created by 
the examiner's force. Blunt ends of two dental instruments are placed approximately 
at the buccal and lingual height of contour of the tooth, and forces are applied in the 
buccolingual direction (see Chapter 8). Mobility also should be assessed in a 
mesiodistal direction when possible (e.g., terminal teeth in the arch; teeth with no 
adjacent tooth present). The horizontal mobility is assessed by comparing a fixed 
point on the tooth against a fixed point on the adjacent tooth. It is designated as 
Class I, II, or III as follows:  

Class I: The tooth can be moved less than 1 mm in a buccolingual or 
mesiodistal direction. 

Class II: The tooth can be moved 1 mm or more in a buccolingual or 
mesiodistal direction, but it does not exhibit abnormal mobility in an 
occlusoapical direction. 

Class III: The tooth can be moved 1 mm or more in a buccolingual or 
mesiodistal direction and it exhibits abnormal mobility in an occlusoapical 
direction (i.e., it is depressible in the socket). 

Some mobility classification systems use the terms degree 1, 2, and 3, Class 1, 2, 
and 3, or grade 1, 2, and 3, rather than Class I, II, and III, and some of the 
parameters used to categorize teeth into the individual mobility categories differ. 
The clinician must determine which classification scheme he or she will use in 
practice and must ensure that referring and consulting dentists are familiar with that 
system so that all practitioners are "speaking the same language" when managing 
patients. 

Fremitus (Functional Mobility) 

Assessment of fremitus involves measurement of the vibratory patterns of the teeth 
when the teeth are placed in contacting positions and movements (Fig. 29-14). To 
measure fremitus, a finger is placed along the buccal and labial surfaces of the 
maxillary teeth. The patient is asked to tap the teeth together in the maximum 
intercuspal position and then grind systematically in lateral, protrusive, and lateral-



protrusive contacting movements. The teeth that are displaced by the patient in 
these jaw positions are then identified by palpation. Assessment of fremitus is 
relatively straightforward on the maxillary teeth; however, in cases of edge-to-edge 
occlusion or when there is little overlap of the teeth, mandibular teeth also can be 
assessed. The following classification system is used38:  

Class I fremitus: Mild vibration detected 

Class II fremitus: Easily palpable vibration but no visible movement 

Class III fremitus: Movement visible with the naked eye 

Fremitus differs from mobility in that fremitus is tooth displacement created by the 
patient's own occlusal force. Therefore, the amount of force varies greatly from 
patient to patient, unlike mobility, wherein the force with which it is measured tends 
to be similar for each examiner. Fremitus is a guide to the ability of the patient to 
displace and traumatize the teeth. If there is mobility but not fremitus, it is unlikely 
that there is sufficient movement of the tooth in the alveolus under occlusal loading 
to create the vascular embarrassment and other findings typical of occlusal trauma. 

Radiographic Assessment 

The clinician should assess the degree of bone loss relative to the length of the root 
(CEJ to apex). The width of the periodontal ligament space should be examined 
around each tooth. Crestal bone patterns should be assessed for angular bony 
defects. Not every tooth with a widened periodontal ligament space or an angular 
bony defect necessarily has occlusal trauma; however, the presence of these 
radiographic findings should lead the examiner to closely evaluate occlusal patterns 
and forces. 

Mobility and fremitus should be correlated with radiographic bone levels. As 
discussed earlier, teeth with reduced levels of bone support can be expected to 
exhibit a greater degree of mobility and fremitus with a given force than would a 
similar tooth with normal bone support. This is true because the tooth with reduced 
support has a fulcrum point located further apically, and therefore a greater degree 
of tooth deflection will occur when subjected to occlusal forces (Fig. 29-11). 

Occlusal Summary Chart 

When fremitus and mobility are correlated in both location and degree, there is 
reason to believe that the existing occlusal arrangement may be contributing a 
destructive role and that occlusal trauma is present. If fremitus does not correlate, 
either by location or degree, with mobility or with occlusal discrepancies, trauma 
from occlusion is less likely. When fremitus and mobility correspond, but they are 
both less severe than expected, occlusal trauma may still exist. In this situation, the 
percentage of remaining alveolar bone must be evaluated. Although radiographic 



signs may suggest an adverse response to occlusal forces, without fremitus it is 
impossible to indict occlusal contact as a causative agent. 

An occlusal summary chart (Fig. 29-15) is beneficial during initial occlusal 
assessment, because it provides a baseline from which future treatment decisions 
and responses to therapy can be determined.42 The summary chart is not intended to 
be a laborious exercise; rather, the clinician records the minimum amount of 
information needed to allow an assessment of the potential relation between 
occlusal forces and the periodontal status of the individual patient being evaluated 
(Fig. 29-16; Fig. 29-17). 

EFFECTS OF ANTIINFECTIVE PERIODONTAL THERAPY 

ON TOOTH MOBILITY 

The decision as to the presence of occlusal trauma, either primary or secondary, in a 
periodontal patient is not readily done in one appointment. It requires reevaluation 
after a sequence of initial therapeutic procedures. For example, mobility must be 
evaluated so that a distinction can be made between increased mobility and 
increasing mobility. Teeth that are mobile in the presence of plaque-associated 
inflammation often exhibit decreased mobility once the infection is resolved and 
inflammation decreases. This occurs without any occlusal adjustment (Fig. 29-18). 
The response of a patient to an appropriate sequence of therapy helps to distinguish 
between primary and secondary occlusal trauma and to determine the diagnosis and 
subsequent treatment needs. Unless there is overwhelming evidence of occlusal 
disease, such as tooth displacement or pain with an obvious occlusal discrepancy, 
there is no need for aggressive occlusal management during the early stages of 
periodontal therapy. Also, it is not reasonable to establish a diagnosis of secondary 
occlusal trauma and subsequent need to splint on the basis of some arbitrary 
hypothetical rule of percentage of alveolar bone remaining (Fig. 29-19; Fig. 29-20). 

Active assessment of the role of occlusion and whether it threatens the dentition 
cannot be determined in the presence of plaque-induced inflammation. Control of 
plaque-induced periodontitis begins with patient personal plaque control instruction 
and nonsurgical therapy (see Chapters 13 and 14). After this course of therapy, with 
resolution of inflammation and elimination or reduction of the pathogenic microbial 
challenge, reexamination of the occlusion is necessary because often there is marked 
reduction in fremitus and mobility (see Fig. 29-18). Other factors that may be 
contributing excess forces on the teeth also must be considered. For example, 
parafunctional habits or factitial injuries must be addressed (Fig. 29-21; Fig. 29-22). 

Surgical therapy generally should be avoided in the early stages of the treatment plan 
if occlusal trauma is suspected. Flap reflection and debridement may remove soft 
tissues just coronal to the crest of resorbed bone, where the periodontal ligament 
space is widened. These tissues may have osteogenic potential after elimination of 
excessive occlusal forces; removing the tissues through surgical debridement may 
reduce the potential for new bone formation. If after resolution of the plaque-induced 



inflammation and reevaluation of the occlusion there is still doubt as to the role the 
occlusal forces play, further occlusal analysis and longitudinal monitoring are 
indicated. At this stage, the clinician can begin to determine whether the mobility 
found at the baseline examination is stable or is progressively increasing. Fremitus, 
mobility, the degree of plaque-induced inflammation, and radiographic signs of 
trauma are recorded over a period of months, and possibly up to a year, to allow for 
full healing. This longitudinal record allows better evaluation of the role of trauma, if 
any, on the dentition. 

PHYSIOLOGIC AND PATHOLOGIC OCCLUSION 

Once a diagnosis of occlusal trauma is made, an evaluation of the occlusal 
arrangement is performed. Is it physiologic or pathologic? A physiologic occlusion is 
one that has demonstrated the ability to survive despite anatomic aberrations from the 
hypothetical normal or preconceived "ideal form" of occlusion and function. A 
physiologic occlusion may be an anatomic malocclusion, but it is a masticatory 
system functioning free of occlusally induced disease. 

Pathologic occlusions, however, show evidence of disease attributable to occlusal 
activity. A pathologic occlusion is a dentition that often requires therapeutic alteration 
of the existing occlusion. This diagnosis is made only after careful documentation of 
the signs and symptoms of occlusal disease. If occlusal trauma is documented, 
treatment of the intact dentition is directed toward the elimination of occlusal 
interferences, creation of a stable interarch relation, and axial loading of forces over a 
favorable distribution of teeth. Furthermore, the establishment of nonrestrictive 
mandibular movements with acceptable tooth guidance patterns that reduce and 
minimize fremitus is desirable. In a patient with previous periodontal disease, axial 
direction of force over a reasonable number of teeth is extremely important. The 
majority of the principal fibers of the periodontal ligament are obliquely oriented, and 
these fibers are best able to resist forces that are directed parallel to the long axis of 
the tooth. 

Figure 29-15.   



 

Sample Occlusal Summary Chart. 

Figure 29-16.  Occlusal Summary Chart for patient 

depicted in Figure 29-17. 



 

Figure 29-17.   



 

A, Maxillary posterior teeth of patient whose occlusal summary chart is shown in 
Table 29-2. The radiographs are mounted with the patient's right side on the 
reader's right. 1, Preoperative posterior maxillary radiographs. Arrows indicate 
location of infrabony pockets. 2, The same area after scaling, root planing, minor 
tooth movement, major occlusal adjustment, and splinted provisional restorations. 
Note the radiographic improvement of the angular bony defects. 3, After final 



restoration in which teeth were splinted for stabilization. B, Mandibular posterior 
teeth of patient whose occlusal summary chart is shown in Table 29-2. The 
radiographs are mounted with the patient's right side on the reader's right. 1, 
Preoperative radiographs of mandibular posterior teeth. Arrows indicate location 
of infrabony pockets. 2, Splinted provisional restorations were placed after 
scaling, root planing, minor tooth movement, and major occlusal adjustment. 3, 
After final restoration in which the teeth were splinted for stabilization. 

Figure 29-18.   

 

Occlusal Summary Charts for maxillary arch before and after multiple scaling and 
root planning procedures in a patient with plaque-induced periodontitis. 

Figure 29-19.   



 

A, Patient whose occlusal trauma is confirmed by a longitudinal analysis. Initial 
occlusal summary and follow-up summary chart 16 months later can be seen in 
Table 29-4. Maxillary right posterior radiographs at initial periodontal evaluation 
(1973); after periodontal evaluation, nonsurgical therapy, and a period of 
periodontal maintenance (1976); and at the time of provisionalization (1977). 
After nonsurgical therapy and maintenance, mobility and fremitus did not resolve 
and continued to increase. The diagnosis was secondary occlusal trauma. Major 
occlusal adjustment was done and splinting was performed with fixed partial 
dentures. The patient remained in provisional restorations for more than 12 
months. B, Maxillary right posterior radiographs at the time of final restoration 



(1979). Follow-up radiographs 3 years after restoration (1982). Compared with 
initial radiographs 9 years earlier (A), note the improved bone levels. C, 
Maxillary left posterior radiographs at initial periodontal evaluation (1973), after 
periodontal evaluation, nonsurgical therapy and a period of periodontal 
maintenance (1976), and at the time of provisionalization (1977). Therapy was the 
same as that in A. D, Maxillary left posterior radiographs at the time of final 
restoration (1979). Follow-up radiographs 3 years after restoration (1982). 
Compared with initial radiographs (C), note the improved bone levels. 

Figure 29-20.  Occlusal Summary Charts for maxillary 

arch for patient depicted in Figure 29-19. 

 

Figure 29-21.   





A, A 30-year-old woman with generalized aggressive periodontitis. Preoperative 
photograph showing the lower lip being trapped under the maxillary teeth. Patient 
has Class II malocclusion. The maxillary incisors have Class III mobility. 
Although they do not exhibit fremitus in maximal intercuspal position because of 
severity of overjet, incisors have Class III fremitus caused by the trapped lip. The 
occlusal summary charting can be seen in Table 29-5. B, Pretreatment 
radiographs of maxillary left posterior sextant. Note severe bone loss. C, 
Pretreatment radiographs of maxillary anterior sextant. Note severe bone loss. D, 
Pretreatment radiographs of maxillary right posterior sextant. Note severe bone 
loss. E, Posttreatment radiographs of maxillary left posterior sextant after scaling, 
root planing, systemic antibiotic therapy, orthodontic correction of malocclusion, 
and splinted provisional restorations. Note the improvement in bone levels. F, 
Posttreatment radiographs of maxillary anterior sextant. Significant bone loss is 
still present, but correction of malocclusion and trapped lip has eliminated 
fremitus. Apical scar can be seen on tooth #7. G, Posttreatment radiographs of 
maxillary right posterior sextant. Note the improvement in bone levels, especially 
between the molars and on #5 mesial. H, Posttreatment clinical view 
demonstrating correction of lip trap and improvement in esthetic appearance. 

Figure 29-22.  Occlusal Summary Charts for maxillary 

arch in patient whose radiographs are seen in Figures 29-

21 B and G. 

 



The 30-year-old patient had generalized aggressive periodontitis with severe bone 
loss and occlusal trauma from a "trapped lip" (seen in Figure 29-17a). The 
maxillary incisors had no fremitus in maximum intercuspal position, but did have 
Class III fremitus when the patient closed her jaws because of pressure on the 
teeth from a trapped lower lip (Class II malocclusion). The posterior teeth had 
practically no fremitus despite an occlusion that was locked by steep posterior 
cuspal anatomy. 

After establishing a stable maxillomandibular relation with axial loading and 
maximum distribution of force, excursive movements of the mandible must be 
evaluated and modified if necessary. Fremitus is an essential guide to the amount of 
correction necessary and to the distribution of force in contacting movements. The 
occlusal adjustment techniques used to modify guidance in contacting movements 
should reduce fremitus as much as allowed by the mechanical limitations of the 
dentition. It is not necessary to establish a predetermined occlusal pattern of cuspal 
anatomy. Anterior guidance in contacting movements with posterior disarticulation of 
the teeth is desirable. However, orthodontic malocclusions, missing anterior teeth, 
severely weakened anterior teeth, the need to reduce anterior crown-to-root ratios, or 
generalized fremitus patterns may require that patterns of group function in lateral 
contacting movements on the working side be modified. Cross-tooth working 
contacts and cross-arch balancing contacts are mechanically complicating and are to 
be avoided or eliminated. In addition to elimination of occlusal interferences, creation 
of a stable interarch relation and axial loading of forces over a favorable distribution 
of teeth, a major goal of occlusal intervention is to preserve or improve the esthetics, 
phonetics, and masticatory function of the patient. If successful, occlusal intervention 
will result in reduced mobility, with a narrowing of the periodontal ligament space 
and increased stability of the tooth. If secondary occlusal trauma is the diagnosis 
made after successful antiinfective treatment, then splinting often is necessary. 
Patients with parafunctional tooth habits may require occlusal night guards or splints 
to control force. 

Constant evaluation and reevaluation is required throughout treatment, and adequate 
time must be allowed for the attachment apparatus to respond before irreversible 
procedures are undertaken. Often, repair can be seen within the first several weeks; 
however, it is more reasonable to evaluate the occlusion after several months to 
determine whether changes are stable or transient. Before making major changes in 
the occlusal arrangement on the basis of perceived necessity for splinting, the 
clinician should be certain that occlusal trauma is indeed present and that the patient 
will respond to the splinting in a desirable fashion. 

Briefly then, occlusal trauma and plaque-induced inflammatory periodontitis often 
occur in the same patient. Control of both conditions is necessary for maximum 
resolution of the disease. Careful study is needed to determine if the two processes 
are interacting to determine the need for occlusal therapy. In those patients in whom 
the two processes are acting in concert, a rational approach involving evaluation of 
antiinfective therapy and evaluation of occlusal therapy is necessary in determining if 
the occlusal trauma is leading to a deteriorating situation. This concept can best be 



summarized by paraphrasing Nyman and coworkers43: The tooth or tooth segment 
with increased mobility can be tolerated as long as the mobility does not interfere 
with patient comfort, function, or esthetic satisfaction. When there is increasing 
mobility, however, it cannot be tolerated without a reliable judgment of an end-point 
to the increasing mobility. 
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30  Endodontic-Periodontal Considerations 

Louis E. Rossman 

The effects of pulpal disease on the periodontium, the effects of periodontal diseases on 
the pulp, classification of periodontal/endodontic problems, and their sequelae, 
diagnosis, and treatment are presented in this chapter. 

Inflammation of the supporting tissues with deep pockets along the side of the root, 
suppuration from these pockets, swelling and bleeding of the gingiva, fistula formation, 
tenderness to percussion, increased tooth mobility, and angular bone loss are most often 
associated with periodontitis, which begins at the margin of the gingiva and proceeds 
apically. However, these same signs and symptoms may be caused by pulpal infections 
that have entered the periodontal ligament either through the apical foramen, through 
the lateral canals, or through the dentinal tubules. Pulpal irritants and infections cause 
lesions that are often difficult to distinguish from those caused by marginal periodontal 
infections. Differentiation of pulpal infections is possible, because pulpal infections can 
be diagnosed through careful evaluation, testing, and diagnosis. In addition, 
radiographic changes or severe pain are usually localized to the tooth. Symptoms of 
plaque-associated periodontitis are usually nonexistent or minor, and signs of disease 
are confined to the marginal periodontium. When these lesions occur as combined 
lesions (i.e., pulpal infection proceeding to periodontal infection), they are more 



difficult to diagnose. Furthermore, periodontal disease and periodontal treatment may 
cause pulpal changes, and proper diagnosis of these is also important. 

DIAGNOSIS 

There are several signs and symptoms of pulpal and periodontal lesions that allow 
them to be distinguished. These include pain; swelling; periodontal probing; tooth 
mobility; percussion on palpation; pulp tests, including thermal, electric, and 
preparation of the test cavity; and radiographic interpretation. 

Pain 

Pain of endodontic origin is usually acute in onset and severe. It can occur 
spontaneously during the early stages of pulpal inflammation when there is poor 
localization, and the pain may be referred to other sites. Pain intensifies and 
localizes once the inflammation spreads to the periodontal ligament and 
surrounding osseous structures. Often, potent analgesics are not adequate to control 
endodontic pain, which can at times awaken the person from sleep. Endodontic pain 
often can be eliminated only by root canal treatment. 

Pain of periodontal origin is chronic and usually mild or moderate, responding to 
mild analgesics. If an acute flare-up occurs, creating a periodontal abscess, pain can 
be severe. This severe pain often regresses after drainage. It usually does not 
awaken a patient from sleep. 

Combined pulpal-periodontal infections usually exhibit minimal pain. Enough 
periodontal tissue loss occurs to open an avenue of drainage through the gingival 
sulcus, thereby minimizing pressure and pain. 

Swelling 

Swelling caused by endodontic infections often occurs in the mucobuccal fold or 
spreads to the fascial planes. Muscle attachments and root length determine the 
route of drainage. Swelling associated with periodontal problems is 
characteristically found in the attached gingiva and rarely spreads beyond the 
mucogingival line, and most often no facial swelling is involved. 

Probing 

The presence of a sinus tract often allows a diagnosis of the problem. A radiograph 
taken with a gutta-percha point or fine wire threaded into the orifice of the tract 
reveals the source. When the tracing goes to the apex of the tooth, the tract is 
usually of endodontic origin (Fig. 30-1). When the traced sinus tract goes to the 



midroot, furcation, or any other portion of the tooth, a lateral canal or periodontal 
problem is diagnosed 1,2 (Fig. 30-2). 

When endodontic problems develop into a periapical abscess, an escape route is 
made through a sinus tract or fistula. If the sinus tract occurs within the sulcus or 
periodontal pocket (Fig. 30-1), probing alone cannot clearly determine the origin of 
the tract, because periodontitis may also result in deep probing depths. Periodontal 
problems may cause progressive bone loss from the margin to the apex, creating 
periodontal attachment loss that may allow probing to the apex. Periodontal probing 
to the apex hence may not indicate a pulpal lesion. The results of pulp testing are 
necessary to diagnose the origin of such lesions, because if the lesion is periodontal 
in origin, the pulp is most often vital. 

Mobility 

When mobility is present around one isolated tooth, the source of the problem can 
be endodontic, periodontal, or occlusal. In the acute stage of an endodontic 
infection, mobility involves a single tooth. Generalized mobility, however, 
involving many teeth suggests periodontal or occlusal origin. 

Clinical Tests 

Percussion and Palpation 

Results of percussion and palpation tests are usually negative in an individual 
tooth with a periodontal problem. When a periodontal abscess is present, these 
clinical entities may be positive; however, other tests indicate a vital pulp. A tooth 
with an endodontic problem usually produces definite tenderness and pain on 
percussion and palpation. 

Figure 30-1.   



 

Primary endodontic lesion. A, Preoperative radiograph of mandibular first 
molar with radiolucency along distal root, giving appearance of periodontal 
disease with osseous breakdown in furcation. B, Fine gutta-percha point 
placed into deep periodontal pocket on direct buccal aspect, which was the 
only probeable tract. Thermal tests and test cavity confirmed necrotic pulp. C, 
Radiograph of fine gutta-percha point revealing root canal as source of 
draining abscess. Note that osseous destruction involves only this one tooth. 
D, Posttreatment radiograph. Periodontal pocket was completely resolved. No 



root planing was performed. E, View at 5 year recall after endodontic therapy 
only. Furcation and surrounding osseous structures about distal root have 
regenerated. (Restorative therapy by Dr. H. Silverstein.) 

Figure 30-2.   



 



Primary endodontic lesion. A, Preoperative radiograph of maxillary central 
incisor with fine gutta-percha point tracing a sinus tract. Note origin of sinus 
tract is at midpoint of root. No significant periodontal probing was observed. 
Vitality tests confirmed a necrotic pulp. B, Posttreatment radiograph. Note 
bifurcated root canal and presence of lateral canal at midpoint of root junction 
of apical and middle thirds of the root. Root canal filling material now 
occupies apparent source of the sinus tract. Healing is complete. 

Cold 

The normal response of a healthy pulp to cold testing is immediate and disappears 
when the stimulus is removed. If there is no response or the pain lingers once the 
stimulus is removed, the pulp is necrotic or irreversibly inflamed. This is a one-
time test because the pulp requires time to recover before it will respond again. 
1,1,1,2-tetrafluoroethane (Frigi-dent: Ellman International; Hewlett, NY) should 
be used because it creates rapid fluid movement in the dentinal tubules better than 
any other cold substance.3 This modality can also be used on teeth with metal 
crowns and often is effective with porcelain crowns.4 

Electric 

The electric pulp test is viewed as a "yes" or "no" response: there is vitality or 
there is no vitality. It does not indicate the status of the pulp. If there is no 
response, the pulp is necrotic and root canal therapy is required. However, one 
should not rely on only one pulp test. Rubber gloves will not allow the passage of 
current, and the circuit will not be completed; hence electric pulp tests should be 
carried out with an ungloved hand or with the patient holding the device to 
complete the circuit.5 

Heat 

The normal response of a healthy pulp to heat is pain that increases in intensity 
until the stimulus is removed. Once the heat is removed, the pain disappears 
immediately. Lingering pain indicates an irreversibly inflamed pulp. When pain 
persists after removal of the heat stimulus from periodontally involved teeth, a 
pulpitis should be suspected. Hot gutta-percha should be applied to the tooth 
coated with petroleum jelly to prevent the material from sticking to the tooth 
surface. If a crown is present, a rotating rubber prophylaxis cup can be run on a 
dried tooth to create heat. 

Test cavity 

Preparation of a test cavity should be done without anesthesia. A small access 
preparation is made through a crown or through the enamel to determine whether 



vitality is present in the pulp. No response indicates necrosis of the pulp. This test 
does not give information as to the status of the pulp other than whether it is vital. 
These results are similar to the results obtained with the electric pulp test. 

Radiographs 

Periodontal and endodontic problems can radiographically mimic each other; 
therefore pulp testing and periodontal probing must be used along with the 
radiograph. If bone loss exists around one tooth in an otherwise periodontally 
healthy patient and pulp tests are negative (i.e., nonvital), then this loss of bone may 
be of endodontic origin. The prognosis is excellent for regeneration of these 
structures after endodontic therapy. If there is periapical radiolucency and results of 
the pulp tests show necrosis, then the lesion may also be of endodontic origin. 

Periodontally susceptible patients may exhibit lesions that appear to be of pulpal 
origin but are not. When bone loss exists in this situation and pulp test results are 
normal, the lesion is of periodontal origin. Periapical radiographic lesions can 
sometimes be of periodontal origin. These may occur on teeth that have deep 
radicular grooves that provide a channel for apical downgrowth of plaque. Lesions 
of occlusal trauma can also be observed as radiolucencies around the apex of the 
tooth. The pulpal tissue in these teeth will usually prove to be vital. 

Radiographs are also helpful in determining the quality of a previous root canal 
treatment. If the etiology is questionable and there is any doubt as to the quality of 
previous root canal treatment, then re-treatment should be considered. 

EFFECTS OF PULPAL DISEASES ON THE 

PERIODONTIUM 

The functions of the dental pulp include formative, protective, and reparative 
responses. The protective response is mediated by the neural and vascular elements of 
the pulp. The best root canal filling is healthy pulp tissue, and every effort should be 
made to preserve its integrity and to avoid unnecessary endodontic procedures.6 

Sinus Tract 

A sinus tract is nature's way of allowing pus to escape when chronic apical or 
lateral periodontitis is present. Pus seeks the easiest way out of the bone, with the 
resulting sinus tract usually appearing on either the buccal or lingual mucosa. The 
tract often cannot be detected radiographically, because its path parallels the x-ray 
beam. When, however, the tract occurs along the periodontal ligament, the 
radiographic appearance may mimic an infrabony defect or furcation involvement 
because the osseous lesion, created by the bone erosion that is not masked by the 
root, is perpendicular to the x-ray beam (Fig. 30-1).7 



Pain is usually absent in the presence of a sinus tract, because the tract provides 
drainage. The diagnosis of its source can be aided by tracing the tract with a 
guttapercha point, fine orthodontic wire, or a silver point (Fig. 30-1 and Fig. 30-2).8 
A radiograph taken with the traced sinus tract reveals the source of the abscess. 
When the tract is traced to the radiographic apex, the endodontic etiology can be 
confirmed by failure of the tooth to respond to electric or cold test procedures. 
When the fistula is traced to the midroot, periodontal etiology or pulp necrosis in a 
lateral canal must be considered in the differential diagnosis (Fig. 30-2).1,2 When 
root canal treatment has already been performed, an incomplete root fracture or a 
perforation must be suspected.9 The latter suspicion is aroused when there is 
overzealous instrumentation with marked enlargement of the root canal or a large 
post. 

Periodontal abscesses can also drain through the gingival sulcus or periodontal 
pocket as a sinus tract. Tracing a tract of periodontal origin usually demonstrates 
that the apex of the tooth is not involved. A positive response to pulp testing usually 
indicates vitality.3,10 

Dentinal Tubules 

Dentinal tubules contain cytoplasmic extensions, the odontoblastic processes, which 
extend from the odontoblasts at the pulpal-dentin border to the dentinoenamel 
junction or dentinocementum junction. When dentin is cut, either by a bur or a 
curette, it reacts in the same manner as any other tissue in the body. There is an 
initial injury followed by an inflammatory response, concluding with a healing 
phase. Communication through dentinal tubules has been demonstrated in dogs and 
monkeys, in which peri-radicular changes in the periodontium were found after 
pulpotomy and placement of caustic agents in the pulp chamber.11 Communication 
in the other direction is demonstrated by the inflammatory reaction of the pulp to 
exposure of dentinal tubules after the protective layer of enamel or cementum has 
been removed with a bur or a curette.12 The effect of periodontal disease on the 
dental pulp was first described by Turner and Drew in 1919.13 In 1927, Cahn14 
described the presence of communicating channels, and these channels continue to 
be actively studied. 

A pathologic condition that illustrates this intercommunication between the pulp 
and the periodontal tissues is inflammatory root resorption. This occurs after 
avulsion or replantation of the tooth because of injury to the periodontal ligament 
and necrosis of the pulp with the presence of bacteria in the root canal system.15 
The result is quickly developing, large resorptive lacunae along the lateral aspect of 
the root despite the protection from the cementum. In immature teeth, with their 
wide dentinal tubules, removal of cementurn facilitates rapid movement of bacterial 
products from the necrotic pulp to the periodontal ligament, resulting in 
inflammatory root resorption. In mature teeth, the tubules are much narrower. If 
cementurn is experimentally removed, a new cementum layer can be formed.16 



The effect of direct dentinal communication can also be observed after free 
autogenous soft tissue grafts. In animal models, the graft failure rate was greater 
when grafts were placed over untreated teeth with necrotic pulps than when they 
were placed over teeth with vital pulps or after successful root canal therapy.17 The 
bacteria and their toxins in the root canal system most likely adversely affect the 
ability of the soft tissue to reattach to the root surface. Therefore careful assessment 
of pulpal status is critical for successful periodontal therapy. 

Another vivid example of the importance of dentinal tubules is hypersensitivity, in 
which the patient experiences pain to various stimuli such as cold and sweets. The 
use of a topical application of potassium oxylate solution causes crystal formation 
within the dentinal tubules, thereby clogging these channels to prevent fluid 
movement, which excites the sensory terminal nerve endings within the dentin-
predentin region.18 Calcium hydroxide burnished on the root surface produces the 
same result. Varnish can also be used, but it is governed by time until it wears off or 
is physically removed through brushing. 

Reducing the neuronal response to dentin hypersensitivity appears to be most 
effective to the chief compliant of cold. An application of 0.717% tin (II) fluoride 
(SnF2) works well.19 In addition, in a majority of cases, potassium nitrate-
containing dentifrices appear to be effective to reduce cold sensitivity. In a review 
of the literature, potassium nitrate-containing dentifrices were successful 60% of the 
time.20 

Lateral Canals 

The terms lateral canal and accessory canal are often used interchangeably. The 
glossary of the American Association of Endodontics21 makes the distinction that 
lateral canals run perpendicular to the main canal, whereas accessory canals are any 
branch of the canal or chamber that communicates with the root surface. Lateral 
canals are most often found in the apical third of the root and in the furcation area 
of multirooted teeth. Obliteration of these canals occurs naturally as part of the 
aging process as dentin and cementurn are produced. 

A large number of lateral canals exist in human teeth, and inflammation of the 
periodontal ligament can affect the dental pulp by way of these lateral canals.22 
Lateral canals rarely cause endodontic therapy failure.23 Indeed, if the lateral canal 
contains vital tissue, it will not appear on the post endodontic radiograph. It is 
sometimes possible to force cement or a filling material into a lateral canal if the 
tissue in the canal has become necrotic and large enough to allow penetration of 
filling material (Fig. 30-2, B). 

When the concentration of contaminants in a necrotic lateral canal is great enough, 
pain or radiographic evidence of breakdown on the lateral surface of the root can 
occur (Fig. 30-3). When the pulp tests indicate necrosis and a sinus tract can be 
traced to the lateral portion of the root, a lateral canal might be the cause of an 



endodontic-periodontal lesion.1 It is advisable to keep post preparations away from 
areas with demonstrated lateral canals to reduce the chance of leakage and 
contamination. 

Lateral canals in the floor of the furcation are found in up to 28% of multirooted 
teeth.24 These canals can supply much of the circulation to the pulp. Some clinicians 
have found when caustic compounds are placed in the chamber complete 
destruction of the furcation occurs. This stresses the importance of sealing the floor 
of the pulp chamber after root canal therapy. 

EFFECTS OF PERIODONTAL DISEASES ON THE PULP 

Bender and Seltzer25 found that periodontally involved human teeth have a much 
greater incidence of pulpal inflammation and degeneration than intact human teeth 
with no periodontal disease. This correlation has not been noted in animal studies, 
most likely because they lack lateral canals.10,26 The teeth of rice rats and some 
monkeys, for example, do not demonstrate any lateral canals. 

Atrophic Changes 

Teeth with caries or restorations that also have periodontal disease have more 
atrophic pulps than teeth with caries or restorations but no periodontal disease.25 A 
larger collagen content in the pulp, with more dentin and dystrophic calcification, is 
found in teeth with periodontal disease, and the canal space may be markedly 
narrowed.15 The cause of these atrophic changes is the disruption of blood flow 
through the lateral canals, which leads to localized areas of coagulation necrosis in 
the pulp. These areas eventually are walled off from the healthy pulp tissue by 
collagen and dystrophic mineralization. 

Root planing may have the same effect on the dental pulp and has been shown to 
increase the rate of reparative dentinogenesis.27 One possible explanation for this is 
that blood vessels leading into lateral canals are severed, causing localized areas of 
pulpal necrosis. Another explanation is that the removal of the protective layer of 
cementum exposes dentinal tubules, providing an avenue for pulpal irritation with 
subsequent reparative dentin deposition. 

In cases of slowly advancing periodontal disease, cementum deposition may act to 
obliterate a lateral canal before pulpal irritation occurs. This, along with the absence 
of lateral canals, may explain why not all periodontally involved teeth demonstrate 
pulpal atrophy and canal narrowing. 

MICROBIOLOGY OF PULPAL DISEASES 

Just as in other protected connective tissues, the enclosed, healthy, vital dental pulp is 
sterile. Thus infections of the pulp are almost always secondary to other tooth 



infections, iatrogenic causes, or in some rare cases, traumatic occlusion. This 
contrasts markedly with the other major dental infections, caries, and periodontal 
disease that are directly associated with dental plaque. Because of this, the organisms 
that are the direct antecedent of the inflammatory process associated with pulp 
infections are endogenous oral bacteria (bacteria normally present in the oral cavity) 
that gain access to the pulpal connective tissues. This hospitable environment 
provides them with the nutrition that allows them to multiply. More often than not, 
these bacteria lack or cannot express properties that can initiate invasion in their 
normal environment, and therefore they are usually considered of low virulence.28 
Their "virulence" is usually only expressed when they gain access to the connective 
tissues such as the dental pulp. For this reason they are called "opportunistic 
pathogens" and the infections they cause are called endogenous opportunistic 
infections. 

Figure 30-3.   

 

Mandibular first molar with lateral canal. A, Pretreatment radiograph. A previous 
dentist performed endodontic therapy 3 years earlier. Note radiolucency on lateral 
aspect of mesial root, amalgam in chamber, post in distal canal, and inadequate 
biomechanical instrumentation of root canals. B, Posttreatment radiograph with 
root canal filling material forced into a lateral canal because tissue had become 
necrotic and created osseous breakdown. Distal canal was not retreated 



conventionally, because of post. C, View at 6-year recall demonstrating complete 
regeneration of previous radiolucency. 

Among the factors affecting the kinds of bacteria that are isolated from root canal 
infection are the route of infection (e.g., extension of caries), mechanical exposure, 
trauma, and association with periodontal disease. The invasion of the pulp as a result 
of direct extension of dental caries is probably one of the most common routes of 
infection, particularly in younger patients. Studies in which samples have been 
obtained immediately after a "mechanical exposure" of a root canal indicate that the 
majority of organisms are nonhemolytic streptococci, the most prevalent organisms in 
the oral cavity. In patients with periodontal disease, accessory canals on the lateral 
surfaces of the tooth may become exposed to the plaque bacteria. These organisms 
can multiply in accessory canals resulting in inflammation and necrosis; eventually 
these organisms spread to infect the pulp chamber. Again proving that this avenue is 
an important source of infection is problematic, but it remains a real possibility. 
Certainly infection of accessory canals often is a cause of apparent failure of root 
canal therapy.1 

In addition to gram-positive streptococci, pulp infections have been associated with 
gram-negative organisms such as species of Neisseria, Bacteroides, Fusobacterium, 
and coliforms. Spirochetes were often observed in bacterial smears but at the time 
these studies were done, these strictly anaerobic organisms could not be grown in the 
laboratory. More recent studies have used sampling and growth methods that allow a 
better enumeration of the species originally present. Deepening periodontal pockets 
and infected pulpal tissues appear to favor anaerobic growth. The source of each of 
these infections is the same—the more than 400 bacterial species that are present in 
the oral cavity.29 

An organism that seems to be closely associated with root canal infection is 
Porphyromonas endodontalis.30 Originally described as a black-pigmented 
Bacteroides, it is believed to have pathogenic potential similar to those described for 
Porphyromonas gingivalis. Since its original isolation from root canals, the organism 
has been found in other ecologic niches within the oral cavity, suggesting that its 
appearance in the root canal again reflects a selective mechanism that allows this 
opportunist to grow. This organism is often found in acute suppurative infections of 
the root apex. 

Trowbridge12 has described inflammation of the dental pulp caused by bacterial 
products and toxins. When caries is removed, dead tracts that have been formed are 
sealed off by the remaining vital odontoblasts by elaborating reparative dentin. The 
dead tracts are not as highly mineralized as sclerotic dentin. In the presence of dead 
tracts, caries progresses more rapidly. 

Given the right combination of periodontal and cariogenic pathogens, root caries 
develops, often rapidly. Endodontic complications with root caries include 
calcification at the level of the caries, thereby blocking access into the canal, and an 
inability to isolate the tooth and create a sterile operating environment. The most 



difficult problems occur when an acute or chronic apical periodontitis occurs as a 
result of pulpal necrosis from root caries. 

Asymptomatic periapical areas around teeth with root caries are also often difficult to 
manage. Initiation of endodontic therapy can trigger an acute exacerbation of a 
chronic apical periodontitis, with pain and swelling. These abscesses are known as a 
recrudescent or "phoenix" abscess. The loss of pulpal vitality allows invading bacteria 
to penetrate the root canal and freely develop a periapical abscess. 

PERIODONTAL-ENDODONTIC PROBLEMS 

Different systems have been developed for classification of endodontic and 
periodontal problems.30–37 When examining and treating the combined or individual 
problems in endodontics and periodontics, one must bear in mind that teeth are often 
in their terminal stage and that successful treatment depends on a correct diagnosis.38 
Diagnosis and treatment methods are presented below. 

Primary Endodontic Lesion 

Sequelae 

A primary endodontic lesion is one that manifests a necrotic pulp with a chronic 
apical periodontitis and a draining sinus tract (Fig. 30-4, A and B, and Fig. 30-5). 
The sinus tract in these cases drains through the periodontal ligament or the 
gingival sulcus. Usually the radiograph reveals an isolated periodontal problem 
around an individual tooth. There is usually no associated generalized periodontal 
disease, and osseous destruction involves this one tooth only. If a buccal or 
lingual swelling appears, a lateral canal should be considered. Swelling in the 
mucobuccal fold is pathognomonic for endodontic disease. 

Tests 

Confirmation of the diagnosis comes from negative pulp vitality tests. The electric 
pulp test, thermal tests, and test cavity usually reveal no response. Periodontal 
probing is within normal limits throughout the patient's mouth. This type of lesion 
develops rapidly and presents a dramatic change, sometimes within a short period, 
even between regular dental appointments. Probing the gingival sulcus with a 
flexible probe, gutta-percha point, or fine silver point or wire often reveals the 
presence of a sinus tract. When the sinus tract is of endodontic origin, generally 
only one wire can be inserted, whereas if the lesion is of periodontal origin, 
multiple wires or diagnostic probes can be inserted. Conventional periodontal 
probes for this diagnosis are of limited value. Tracing the fistula often reveals that 
the origin is at the apex of the tooth. It also may go to the midroot, and a lateral 
canal may be involved. 



Treatment 

Treatment consists of conservative or conventional root canal therapy. Root canal 
therapy should be performed with multiple appointments so that a reevaluation of 
the healing process between the completion of root canal debridement and 
obturation visits can be made. A sinus tract usually heals after instrumentation 
and irrigation of the root canal. The closure of the tract and the elimination of 
probing depth indicate that the root canal has been properly cleansed, and the 
prognosis is excellent. 

Figure 30-4.   

 

Potential routes for development of endodontic-periodontal lesions. A, 
Endodontic lesion. The pathway of communication is evident through the 
periodontal ligament from the apex or a lateral canal. B, Communication 
through the apex or a lateral canal may cause bifurcation involvement. C, 
Primary endodontic lesion with secondary periodontal involvement. The 
existing pathway as in A is shown, but with the passage of time periodontitis 
with calculus formation begins at the cervical area. D, Periodontal lesion. The 
progression of periodontitis is toward the apex. Note the vital pulp (V). E, 
Primary periodontal lesion with secondary endodontic involvement, showing 
the primary periodontal lesion at the cervical margin and the resultant pulpal 



necrosis once the lateral canal is exposed to the oral environment. F, "True" 
combined lesion. The two separate lesions are heading to coalescence, which 
forms the "true" combined lesion. N, Necrotic pulp. (Redrawn from Simon JH, 
Glick DH, Frank AL: The relationship of endodontic-periodontic lesions, J 
Periodontol 43:202, 1972.) 

No root planing should be done when the sinus tract is along the periodontal 
ligament. It is important to preserve these fibers so that reattachment can occur. If 
root planing and curettage are performed, the likelihood of a good prognosis may 
be greatly reduced. 

Prognosis 

The prognosis is excellent. The radiographic and clinical healing that occurs is 
rapid and quite spectacular. Healing is usually accomplished within 3 to 6 months. 

Primary Endodontic Lesion with Secondary 

Periodontal Involvement 

Sequelae 

If the primary endodontic lesion with a sinus tract is not diagnosed and treated 
early, plaque and calculus often form in the draining sinus tract, creating a 
secondary periodontal problem (Fig. 30-4, C). This usually appears when healing 
with closure of the sinus tract does not take place. 

Tests 

Pulp vitality tests are negative. There is no response to the electric or thermal pulp 
test or test cavity. Probing the sinus tract reveals the presence of plaque and 
calculus in the pocket. Usually the coronal portion of the tract resembles a more 
chronic periodontal problem such as is observed in a periodontal pocket. 

Treatment 

Good, conservative endodontics must be performed. Periodontal therapy is 
necessary, usually in the form of root planing to eliminate the calculus and 
pathogenic flora. Root planing, however, should not be initiated until complete 
debridement of the root canal system has been performed. This will allow for 
maximal reattachment, and any remaining probing depth is usually a result of the 
periodontal flora and can be treated periodontally. 

Figure 30-5.   



 

Primary endodontic lesion. A, Preoperative radiograph of mandibular first 
molar with radiolucency at apex of mesial root and along distal aspect of 
mesial root, giving appearance of periodontal disease with osseous breakdown 
in furcation. A fine gutta-percha point placed into only probeable tract, a deep 
periodontal pocket on direct buccal aspect indicates the source root canal, 
fracture, or perforation. Note that osseous destruction involves only this one 
tooth. B, Posttreatment radiographs. Periodontal pocket completely resolved 
following instrumentation of the canals and prior to obturation. No root 
planing was performed. C, View at 25-year recall after endodontic therapy 
only. Furcation and surrounding osseous structures about distal root have 
regenerated. 

Prognosis 

The prognosis of the endodontic component is excellent, and regeneration of the 
attachment apparatus is limited by the periodontal prognosis. If root canal therapy 
alone is performed, only a limited healing capacity should be expected, because 
the periodontal component of the lesion will not have been treated adequately. 

Primary Periodontal Lesion 



Sequelae 

Primary periodontal lesions can sometimes mimic an endodontic problem both 
clinically and radiographically.39 This problem, however, develops over a longer 
period. Periodontal problems that are chronic in nature can also often be observed 
on other teeth, as opposed to endodontic problems, which are isolated to 
individual teeth. The former lesion is usually observed as a progressive 
periodontal problem extending to the root apex (Fig. 30-4, D). The borders of this 
lesion are usually wider at the gingival margin, whereas the endodontic lesion is 
usually wider at the root apex and narrower at the gingival margin. Minimal or no 
pain is usually experienced by the patient with periodontal disease. 

When pain is experienced, a coronal fracture that extends into the periodontal 
ligament can not be ruled out. Microscopic examination and diagnosis using a bite 
stick will help to determine the diagnosis. 

Tests 

Periodontal probing may reach the apex of an involved tooth. The differential 
diagnosis is made when the results of thermal and electric pulp testing of these 
teeth are within normal limits. The pulp invariably manifests vitality. 

Treatment 

Periodontal therapy is indicated. Root canal therapy is not indicated, unless pulp 
vitality test results change. Reevaluation must be performed periodically after 
therapy to check for possible retrograde endodontic problems. 

Prognosis 

The prognosis is entirely dependent on the periodontal therapy. Most teeth with 
periodontitis resulting in attachment loss to the apex do not have a favorable 
prognosis. 

Primary Periodontal Lesion with Secondary 

Endodontic Involvement 

Sequelae 

When periodontal involvement extends to the apex of the tooth, retroinfection of 
the pulp tissue may occur, and the patient can sometimes experience severe pain. 
Infection of the pulp can also follow the path through a lateral canal (Fig. 30-4, 



E). Dentinal abrasions and root planing can also contribute to the death of the 
pulp. 

Tests 

The tests are similar to those used in primary endodontic and secondary 
periodontal lesions. The patient often has generalized periodontitis. Pulp vitality 
test results can sometimes be mixed. The pulp can be necrotic, or there may be 
partial necrosis with one or more vital canals, especially in multirooted teeth. 
When the original diagnosis is strictly periodontal disease and therapy produces 
no healing, pulp vitality tests should be repeated. Cold is the preferred test for 
vitality. There should be little if any response as compared with control teeth. 
When the pulp is inflamed, the application of cold produces an immediate 
response followed by a prolonged recovery phase. However, when the pulp is 
necrotic, there is no response. 

Treatment 

Conservative root canal therapy is indicated. Periodontal therapy should already 
have been initiated and can proceed in conjunction with the endodontics. 

Prognosis 

The prognosis is dependent on the periodontal therapy. The healing response of 
the periapical lesion is not predictable, because of the periodontal communication. 
A favorable endodontic prognosis is obtained only when the tooth is in a closed 
and protected environment.40 The periodontal problem that exists in these cases 
allows for a direct communication with the oral environment. Failures also occur 
when a periodontal problem develops along a cementoenamel groove or fused 
roots in posterior teeth. These areas become a haven for the accumulation of 
plaque and calculus and reduce the possibility for reattachment. 

True Combined Lesion 

Sequelae 

True combined endodontic-periodontal lesions usually have significant 
periodontal involvement. The lesion is formed when pulpal and periodontal 
pathoses develop independently and unite (Fig. 30-4, F, and Fig. 30-6). This 
problem is similar to the previously described secondary endodontic involvement 
on a preexisting primary periodontal lesion. 

Differential diagnosis must include a vertical root fracture.41–43 Perforations and 
resorptive perforations can produce this true combined lesion. Aggressive 



instrumentation of the root canal can create perforation along the root canal, and 
this may initially mimic a lateral canal. If a perforation is created near the gingival 
sulcus, such as the furcation area, physical disruption of the periodontal ligament 
and adjacent alveolar bone results in an inflammatory response. Sulcular 
epithelium may migrate to this area, developing communication between the 
periodontal inflammation and the oral environment.44–46 The most severe 
reactions occur when perforations are not sealed, and the worst prognosis exists 
with perforations in the furcation region.47 These should be sealed as quickly as 
possible. 

Tests 

In the combined lesion, pulp testing gives negative results. The tooth in question 
will have periodontal probing depths at numerous sites. Confirmation of the 
periodontal involvement of the apex of the tooth can be demonstrated with 
radiographs by placing a periodontal probe, multiple gutta-percha points, or silver 
points into the sulcus and tracing them to the apex. If the probes are traced to any 
other area besides the apex, then it is possible that resorption, a perforation, or 
vertical root fracture is the source of the periodontal communication. 

A vertical root fracture can produce a "halo" effect around the tooth 
radiographically. Examination of the root surface should be done with a sharp 
explorer held perpendicular to the root surface to feel for any cracks. The 
fractured root can mimic the lesion of occlusal trauma, with localized loss of 
lamina dura, altered trabecular pattern, and widened periodontal ligament.6 

Treatment 

Treatment must not be initiated until the patient understands limitations of the 
prognosis. Good conservative endodontic treatment is performed to reduce the 
critical concentration of contaminants in the combined lesion. Periodontal therapy 
can be performed before, during, or immediately after the endodontic treatment. 

A number of periodontal and endodontic clinical approaches may be required, 
including hemisection or root resection.48,49 Advanced endodontic surgical 
intervention may also be indicated.50,51 Any tissue that is surgically removed 
should be examined histologically.52 

Internal resorption, if detected radiographically, must be treated immediately by 
extirpating the pulpal tissue. The multinucleated giant cells must be removed 
before the resorptive process perforates the canal wall and establishes 
communication with the periodontal ligament. The prognosis worsens 
significantly if this communication is established. Treatment then involves the use 
of long-term calcium hydroxide therapy.53 External root resorption is a 
completely different clinical entity. It is usually not implicated in the combined 
lesion.54 Differential diagnosis is made in two ways. First by changing the 



horizontal radiographic views, and secondly by examining the lesion in the 
radiograph. If the outline of the lesion is continuous with the canal walls, internal 
resorption exists. If the resorptive lesion is superimposed over the root canal, 
external resorption exists. 

Figure 30-6.   

 



True combined lesion. A, Preoperative radiograph of mandibular first molar 
with caries necessitating endodontic therapy. B, Root canal therapy was 
performed using silver points in mesial canals and gutta-percha in distal canal. 
C, View at 10-year recall demonstrating severe periodontal and periapical 
breakdown. A primary endodontic lesion was suspected; however, no 
reduction in gingival probing was observed after root canal debridement. A 
silver point probe could still be placed anywhere along buccal or lingual 
surfaces after complete instrumentation, however, the probe did not go 
directly to root apex. Deep periodontal probings were present along the entire 
buccal and lingual surfaces. D, Posttreatment radiograph after re-treatment 
obturation of canals with gutta-percha. The area was accessed surgically and 
thorough root debridement was performed to remove all plaque and calculus. 
E, Radiograph at 20-year recall demonstrating excellent regeneration of 
osseous structures. (Periodontal therapy by Dr. D.W. Cohen.) 

Fractures and complete bone loss are the two entities that condemn a tooth to 
extraction. Confirmation of the fracture can often be made through surgical 
exploration.9 In addition, a vertical root fracture often mimics occlusal trauma. 
Occlusal trauma is identified on the radiograph when there is a widened 
periodontal ligament, often with vertical bone loss adjacent to the root surface. 
There may also be a loss of the lamina dura and an altered trabecular pattern. 
Vertical root fractures may exhibit the same radiographic changes. Periodontal 
probing with a vertical root fracture exists along the fracture line from the 
gingival sulcus to the apical extent of the fracture, usually the apex of the tooth. 

If the fracture line does not travel through the epithelial attachment at the base of 
the gingival sulcus and does not communicate with the oral environment, then 
surgical removal of the fractured segment may produce a good prognosis. This 
can be observed with oblique and apical fractures. 

Root perforations must be sealed immediately; various locations require different 
approaches. The important factor is to close off the perforation as quickly as 
possible and leave options open, treating this as a weak link. The location of the 
perforation and its size and duration often dictate the material of choice. Cavit, 
amalgam, guttapercha, calcium hydroxide, and glass ionomer cements have all 
been used. 

Prognosis 

The prognosis for the combined endodontic and periodontal problem is dependent 
on the periodontal therapy. Obviously, the root canal therapy cannot be performed 
with any deviation from accepted standards. The greater the periodontal 
involvement, the poorer the prognosis is. Patients cannot be promised a favorable 
prognosis. As long as they understand this and are willing to undergo these 
procedures with the possibility of failure, advanced procedures can be tried (Fig. 
30-7). 



CLINICAL CONSIDERATIONS WITH COMBINED 

ENDODONTIC-PERIODONTAL THERAPY 

Endodontics has a success rate that exceeds 96%, with both vital and nonvital pulps 
showing no periapical radiolucency. Conversely, only 86% of endodontic cases with 
pulp necrosis and periapical radiolucency show apical healing.55 Re-treatment of 
previous root canal therapy has a much lower success rate, which is closer to 60%.55 
Therefore early diagnosis and treatment are paramount to success. There have been 
numerous recent advances in endodontic research, and development of new 
instruments has improved the quality of endodontic therapy. One of these instruments 
is the surgical operating microscope. Areas that could not be visualized or were not 
clinically obtainable are a thing of the past. Procedures and access to areas such as the 
apex, perforations, and extra canals are routinely achieved using this instrument. 

Figure 30-7.   

 

Endodontic-periodontal advanced procedures. A, Radiograph of mandibular first 
molar. Previous root canal therapy was inadequately performed using silver 
points. Large screw-type post appears to have perforated mesial surface of distal 
root. Note apical resorption of distal surface of mesial root and severe osseous 
destruction. No significant periodontal probing was obtained. Complete 
debridement of root canals and calcium hydroxide therapy was attempted with no 



success and no reduction of lesion over 6 months. B, A full-thickness flap 
revealed almost complete loss of buccal bone. Remaining crestal bone indicated 
that success was possible. C, Postsurgical radiograph after removal of partially 
resorbed apical half of mesial root. D, View at 12-year recall shows excellent 
regeneration of surrounding osseous structures. Maintenance and preservation of 
arch integrity have been obtained. Removal of only a portion of the mesial root 
was possible because the marginal periodontium was intact and the furcation 
lesion had no communication with the sulcus. Had such communication been 
present, treatment options would include complete root resection, hemisection 
with removal of the mesial half of the tooth, or extraction of the tooth. 

The importance of bacteria in the root canal system cannot be overemphasized. There 
is no question that bacteria play a role in root canal infection, necrosis, periapical 
pathosis, and endodontic failure. Infection of the root canal system reduces the 
success rate for endodontic treatment.55 Therefore every effort to completely 
eliminate bacteria from the root canal system must be made. This cannot be obtained 
in a one visit treatment because it is not possible to eradicate all infection from the 
root canal without the support of an interappointment antimicrobial dressing.56 If the 
root canal system is sterile, a single appointment endodontic procedure is acceptable. 
When endodontic failure is the diagnosis, re-treatment of the root canal system must 
be paramount in the development of a treatment plan and prognosis. The microbial 
flora in canals after failed endodontic therapy differs greatly from the flora of 
untreated teeth.57 Therefore every effort should be instituted to re-treat a failing root 
canal treatment. 

Failing root canal treatment occurs because of leakage. This leaking of bacteria into 
the filled root canal space can occur from the dentinal tubules, lateral canals, an 
inadequately debrided or sealed root canal, or a failing restoration. If gutta-percha is 
exposed to the oral environment for 1 week, dye studies have shown leakage 
throughout the root canal.58 Restorative dentists and endodontists alike have seen 
clinical examples of gutta-percha fillings exposed to the oral environment for 
extended periods. Re-treatment of these teeth is not always necessary. Diagnosis of 
coronal and periapical ends can help make the decision whether to retreat. The 
surgical operating microscope can allow visualization of the gutta-percha to detect for 
staining secondary to leakage. If the root canal filling was performed with silver 
points, then exposure to the oral environment commits it to re-treatment. This is 
because of the oxidative potential and corrosion of silver points. 

The quality of the coronal restoration adds to the success of endodontics. When 1010 
teeth were studied, those with a poor restoration and good endodontics showed a 
greater percentage of failure.59 If the root canal treatment and the coronal restoration 
were each poorly executed, then the greatest rate of failure was seen. Many of the 
newer bonding technique advocates blame the failure of the restoration on the 
eugenol used in the root canal sealer. This has not been demonstrated to be true. 
Studies show that pure eugenol and eugenol-containing cements do not affect the 
bond strength and shearing strength of composite to enamel or dentin.60,61 



Although endodontics is predictable, scientific and clinical development of implants 
has allowed the clinician to offer an alternative in those severely compromised 
periodontal situations. The prognosis of the endodontic-periodontal lesion worsens as 
the periodontal component increases. Consequently, to preserve the alveolar bone, 
those procedures that were once performed years ago might not be currently used. 
There are some patients that require a treatment plan designed to maintain their 
natural dentition. Their expectations are to keep their natural teeth as long as possible. 
These values may have been learned from parents or developed from personal 
desires. The emotional need to maintain the natural dentition should not be 
underestimated. For these patients, advanced endodontic and periodontal procedures 
may be indicated to retain a strategic tooth, even if the prognosis is less than 
favorable. However, in many cases, extraction of the involved tooth and placement of 
a dental implant may a more predictable procedure, and may be the best choice of 
therapy.62 (See Chapter 26.) 

Endodontics is predictable and if the endodontic-periodontal problem has a good 
prognosis, all efforts should be directed toward saving the natural dentition. Different 
problems call for different solutions, which may include surgery, root resection, or 
intentional replantation. If the natural tooth is saved through diagnosis and treatment, 
then restorative, periodontal, and endodontic misadventures can be minimized. There 
are some situations in which a tooth should be saved at any cost. A tooth with a thin 
scalloped periodontium may not provide the optimum esthetic result if an implant 
must be placed.63 Therefore, with this tissue type, every effort should be attempted to 
save the natural dentition. 

The percentage of success is always dependent on the expertise of the clinician. 
Molar teeth risk progression of periodontal disease more than any other tooth in the 
mouth. When these teeth are affected, the furcation may break down, creating a 
treatment dilemma as to whether a root resection will improve the prognosis or have 
the opposite effect. In some instances, implant therapy may be more predictable. 

CONCLUSION 

The endodontic-periodontal lesion often presents a diagnostic and treatment dilemma. 
Once periodontal disease progresses to involve the pulp, careful diagnosis and 
classification help determine the outcome and subsequent prognosis. Those teeth that 
appear to have a periodontal problem of endodontic origin have an excellent 
prognosis. As the periodontal disease progresses and becomes more chronic, the 
success rates decrease. In some cases, only endodontic therapy or periodontal 
treatment alone is indicated. In other cases, a combined approach is required. If the 
prognosis is questionable or poor even with good periodontal and endodontic 
treatment, extraction of the affected tooth may be indicated. The treatment rendered, 
and the subsequent success or failure of that treatment, is directly dependent on 
making an accurate diagnosis of the lesion. 
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The impact of systemic diseases and conditions on oral health is well recognized. The 
periodontium is an end-organ similar in many ways to other end-organs such as the skin 
and the glomerulus of the kidney. In this regard, conditions commonly affecting various 
end-organs throughout the body may also influence the periodontium. Other systemic 
disorders may affect the host immunoinflammatory response to oral pathogens, 
exacerbating certain periodontal conditions. Some systemic diseases increase the risk 
for gingivitis and periodontitis, or alter their presentation, progression, or severity. This 
chapter reviews the effects of systemic conditions on the periodontium. 

HORMONAL CONSIDERATIONS 

A number of hormonal conditions affect the periodontal tissues, including diabetes 
mellitus and fluctuations in female sex hormones associated with puberty, pregnancy, 
and menopause. Changes in corticosteroid and thyroid hormone homeostasis may 
also affect the oral cavity. Hormonal changes may directly alter the periodontal 
tissues or may change the way the host responds to accumulation of local factors such 
as plaque and calculus. In addition, the presence of certain hormonal conditions may 
require alterations in dental treatment. 

Diabetes Mellitus 

Epidemiology and Classification 



Diabetes mellitus is a hormonal disease characterized by changes in carbohydrate, 
protein, and lipid metabolism.1 The main feature of diabetes is an increase in 
blood glucose levels (hyperglycemia), which results from either a defect in insulin 
secretion from the pancreas, a change in insulin action, or both. A number of 
hormones affect glycemic homeostasis, but only one decreases blood glucose: 
insulin (Box 31-1). Insulin is required for transport of glucose from the 
bloodstream into the cells, where glucose is used for energy (Fig. 31-1). 
Quantitative decreases in insulin production or qualitative reduction in insulin 
action results in an inability or diminished capacity to transport glucose into cells. 
Glucose is retained within the bloodstream, causing hyperglycemia. Sustained 
hyperglycemia affects almost all tissues in the body and is associated with 
significant complications of multiple organ systems including the eyes, nerves, 
kidneys, and blood vessels (Box 31-2). The periodontium is also a target for 
diabetic damage, and periodontal disease has been suggested to be the sixth 
classic complication of diabetes.2 

Box 31-1  Hormones Affecting Blood Glucose 

Glucose decreasing hormone:  

• Insulin 

Glucose increasing hormones:  

• Glucagon 

• Catecholamines 

• Glucocorticoids 

• Growth hormone 

• Thyroid hormone 

Figure 31-1.   



 

Mechanism of insulin action. Carbohydrate is broken down in the gut after 
meals into glucose molecules, which are then absorbed into the bloodstream. 
The increase in blood glucose triggers the pancreas to release insulin. Insulin 
facilitates the transport of glucose into cells, especially muscle, where it is 
used for energy. Insulin also allows excess glucose to be stored in muscle and 
in the liver in the form of glycogen. Finally, insulin prevents the breakdown of 
stored glycogen into glucose. The net effect of insulin action is to decrease 
blood glucose levels. 

Diabetes is a huge public health problem in the United States and in other regions 
of the world. Approximately 16 million people in the United States (i.e., 7% of 
the population) have diabetes.3 Almost half of these individuals are unaware that 
they have the disease, and therefore are unable to do what is needed to prevent 
long-term complications. The prevalence of diabetes increases every year, as do 
the costs associated with its management and complications. In 1997, the health 
care costs associated with diabetes were estimated at $98 billion.4 The high 
prevalence of diabetes ensures that oral health care providers will frequently treat 
patients with this disease in their practices. 

Box 31-2  Complications of Diabetes Mellitus 

Five "Classic" Complications: 

• Retinopathy 

• Nephropathy 

• Neuropathy  

• Sensory 

• Autonomic 



• Macrovascular disease  

• Cerebrovascular 

• Cardiovascular 

• Peripheral vascular 

• Altered wound healing 

Proposed "Sixth" Complication: 

• Periodontal diseases 

The most commonly encountered types of diabetes are type 1, type 2, and 
gestational diabetes, although others exist5 (Box 31-3). Type 1 diabetes is caused 
by autoimmune destruction of the beta cells in the pancreatic islets of Langerhans. 
These cells normally produce insulin, and their autoimmune destruction renders 
the patient incapable of producing endogenous insulin. Type 1 diabetes most often 
occurs in children and young adults, hence its previous classification as "juvenile" 
diabetes. Only about 5% to 10% of all patients with diabetes have type 1. Because 
these patients lack the ability to produce insulin, they must inject exogenous 
insulin to maintain normal blood glucose levels. Poor glucose control may result 
in sustained hyperglycemia. During these conditions, patients with type 1 diabetes 
are highly prone to development of diabetic ketoacidosis, or DKA. In the absence 
of adequate insulin levels, glucose in the bloodstream cannot be transported into 
cells properly, leading to cellular starvation. This results in the breakdown of 
body fat through lipolysis, releasing large quantities of free fatty acids that 
accumulate in the bloodstream and are converted to ketones. Increased blood 
ketone levels result in their excretion, along with large volumes of water, causing 
dehydration. Accumulation of ketones in body fluids, dehydration and loss of 
electrolytes in urine, and changes in the bicarbonate buffering system lead to 
diabetic ketoacidosis. This life-threatening condition may result in coma or death 
if not treated immediately. Patients with type 1 diabetes are absolutely dependent 
on injection of exogenous insulin for survival; this is why type 1 was once called 
"insulin-dependent" diabetes. Patients with type 1 diabetes often demonstrate the 
classic symptoms associated with undiagnosed or poorly controlled diabetes: 
polydipsia (excessive thirst), polyuria (frequent urination), and polyphagia 
(excessive feeling of hunger). 

Box 31-3  Diagnosis and Classification of 

Diabetes Mellitus 

Type 1 diabetes (formerly insulin-dependent diabetes) 

Type 2 diabetes (formerly noninsulin-dependent diabetes) 

Gestational diabetes 



Other types of diabetes  

• Genetic defects in pancreatic β cell function 

• Genetic defects in insulin action 

• Pancreatic diseases or injuries  

• Pancreatitis, neoplasia, cystic fibrosis, trauma, pancreatectomy 

• Infections  

• Cytomegalovirus, congenital rubella 

• Drug-induced or chemical-induced diabetes  

• Glucocorticoids, thyroid hormone 

• Endocrinopathies  

• Glucagonoma, pheochromocytoma, hyperthyroidism, Cushing 
syndrome, acromegaly 

• Other genetic syndromes with associated diabetes 

From the American Diabetes Association: Report of the expert committee on the 
diagnosis and classification of diabetes mellitus, Diabetes Care 24(suppl 1):s5–
s20, 2001. 

In contrast to type 1, type 2 diabetes usually occurs in adults, and was once called 
"adult-onset diabetes." Because type 2 constitutes about 90% of all diabetic cases, 
it is the form most commonly encountered in the dental office.5 Type 1 is more 
common in white individuals, and type 2 occurs more frequently in Hispanic, 
American Indian, African American, and Pacific islander populations. Unlike type 
1, which has a sudden onset, type 2 diabetes may remain undiagnosed for years. 
In fact, dental health care providers may be the first to recognize signs and 
symptoms of undiagnosed type 2 diabetes. Until the past decade, type 2 was 
rarely seen in children. Unfortunately, the incidence of type 2 in children and 
teenagers has increased dramatically.3 Type 2 diabetes is closely associated with 
obesity.6,7 As the prevalence of obesity among young individuals in the United 
States has increased, so has the incidence of type 2 diabetes. Unlike type 1, where 
patients no longer produce insulin, patients with type 2 diabetes retain an ability 
to make insulin, although insulin production decreases as the duration of diabetes 
increases. Type 2 is characterized by increased glucose production in the liver, 
peripheral resistance to insulin, especially in muscle, and impaired insulin 
secretion. These changes lead to sustained hyperglycemia, with its accompanying 
complications. Diabetic ketoacidosis, a common threat in type 1 diabetes, is 



uncommon in patients with type 2 diabetes because their endogenous insulin 
production is sufficient to suppress ketone formation. 

The mainstays of type 2 diabetes management are weight loss and exercise, both 
of which improve insulin sensitivity (decrease insulin resistance) in peripheral 
tissues.1 Medications are often used to improve carbohydrate metabolism, 
increase pancreatic insulin production, or decrease insulin resistance (see Chapter 
37). Although patients with type 2 diabetes are not dependent on insulin injection 
for survival, they may inject exogenous insulin, especially if pancreatic insulin 
production has decreased significantly. Use of insulin injections alone does not 
mean that a patient has type 1 diabetes. Patients with type 1 diabetes always take 
insulin because their survival is dependent on it. Conversely, patients with type 2 
diabetes may take insulin to improve their glycemic state, especially when other 
medications have not been completely effective. Because type 2 diabetes is also 
closely associated with hypertension and hyperlipidemia, these patients are often 
taking multiple medications, many of which may affect the way dental treatment 
is provided. 

Gestational diabetes occurs in approximately 7% of pregnancies in the United 
States, resulting in more than 200,000 cases annually.8 It usually develops during 
the third trimester and significantly increases the risk for perinatal morbidity and 
mortality. Proper diagnosis and management of gestational diabetes improves 
pregnancy outcomes.9 Like type 2 diabetes, the pathophysiology of gestational 
diabetes is associated with increased insulin resistance. Most patients with 
gestational diabetes return to a normoglycemic state after parturition; however, 
type 2 diabetes will develop within 10 years in about 30% to 50% of women with 
a history of gestational diabetes. 

The conditions known as impaired glucose tolerance (IGT) and impaired fasting 
glucose (IFG) represent metabolic states lying between diabetes and 
normoglycemia.5 People with IFG have increased fasting blood glucose levels, 
but glucose levels are usually normal after food consumption. Those with IGT are 
normoglycemic most of the time, but can become hyperglycemic after large 
glucose loads. IGT and IFG are not considered to be clinical entities; rather, they 
are risk factors for future diabetes. The pathophysiology of IFG and IGT is related 
primarily to increased insulin resistance; endogenous insulin secretion from the 
pancreas is normal in most patients. Type 2 diabetes will develop in 
approximately 30% to 40% of individuals with IGT or IFG within 10 years after 
onset. 

Systemic Complications of Diabetes 

The major cause of the high morbidity and mortality rates associated with 
diabetes is a group of microvascular and macrovascular complications affecting 
multiple organ systems (Box 31-2). People with diabetes have a greatly increased 
risk for blindness, kidney failure, myocardial infarction, stroke, limb amputation, 



and a host of other maladies. Sustained hyperglycemia is strongly associated with 
the onset and progression of these complications.1 The incidence and severity of 
complications increase as the duration of diabetes increases. In addition to genetic 
predisposing factors, other disorders commonly seen in people with diabetes, such 
as hypertension and dyslipidemia, increase the risk for microvascular and 
macrovascular complications. In large blood vessels, diabetes is associated with 
an increase in lipid deposition, thickness of arterial walls, and atheroma 
formation. Microvascular damage results from proliferation of endothelial cells, 
alterations in endothelial basement membranes, and changes in endothelial cell 
function. 

The pathophysiology of diabetic complications is highly complex. Hyperglycemia 
plays a major role in both microvascular and macrovascular disease. 
Hyperglycemia dramatically alters the function of multiple cell types and their 
extracellular matrices, resulting in structural and functional changes in affected 
tissues. Research has focused on lipoprotein metabolism and on glycation of 
proteins, lipids, and nucleic acids as possible common links between the various 
diabetic complications.10–12 

The function of cell membranes is determined in large part by their phospholipid 
bilayer; thus changes in lipid metabolism can have major effects on cell function. 
Oxidation of circulating low-density lipoprotein in individuals with 
hyperglycemia increases oxidant stress within the vasculature.11 This induces 
chemotaxis of monocytes and macrophages into the vessel walls, where oxidized 
low-density lipoprotein causes changes in cellular adhesion and increased 
production of cytokines and growth factors. Stimulation of smooth muscle cell 
proliferation increases vessel wall thickness. Other changes include increased 
atheroma formation and development of microthrombi in large blood vessels, and 
alterations in vascular permeability and endothelial cell function in small vessels. 

Hyperglycemia also results in the glycation of proteins, lipids, and nucleic acids. 
Deposits of glycated proteins called advanced glycation end-products (AGEs) 
accumulate in the walls of large vessels and in the microvasculature of the retina, 
renal glomerulus, and endoneurial areas.12 Although all people form AGEs, their 
accumulation is much greater in individuals with diabetes, especially when the 
diabetic state is poorly controlled. AGE formation alters the structural and 
functional properties of the affected tissues. For example, AGE formation on 
collagen macromolecules impairs their normal homeostatic turnover. In the walls 
of the large blood vessels, AGE-modified collagen accumulates, thickening the 
vessel wall and narrowing the lumen. AGE-modified arterial collagen 
immobilizes circulating low-density lipoprotein, contributing to atheroma 
formation. AGE accumulation causes increased basement membrane thickness in 
the microvasculature of the retina and around the nerves, and increased thickness 
of the mesangial matrix in the glomerulus. The cumulative effect of these changes 
is progressive narrowing of the vessel lumen and decreased perfusion of affected 
tissues. 



AGE formation also has major effects at the cellular level, causing modifications 
in extracellular matrix components and changes in cell-to-matrix and matrix-to-
matrix interactions.10,13 Binding of AGEs to specific cellular receptors on the 
surface of smooth muscle cells, endothelial cells, neurons, monocytes, and 
macrophages results in increased vascular permeability and thrombus formation, 
proliferation of smooth muscle in vessel walls, and phenotypic alteration in 
monocytes and macrophages. The latter effect causes hyperresponsiveness of 
monocytes and macrophages on stimulation, with resultant increases in 
production of proinflammatory cytokines and certain growth factors. These 
cytokines and growth factors contribute to the chronic inflammatory process in 
the formation of atherosclerotic lesions. They also significantly alter wound 
healing events. Increased production of proinflammatory mediators results in 
increased tissue destruction in response to antigens such as the bacteria that cause 
periodontal disease. 

These changes in protein and lipid metabolism, induced by the increased plasma 
glucose levels characteristic of diabetes, may thus provide a common connection 
between the various diabetic complications, including those in the periodontium.14 

Oral Manifestations of Diabetes 

Oral conditions often associated with diabetes include burning mouth, altered 
wound healing, and increased incidence of infection.1 Enlargement of the parotid 
glands and xerostomia can occur. The frequency or severity of these conditions 
may be related to the overall level of glycemic control. People with diabetes often 
take medications not only for diabetes, but for other related or unrelated systemic 
conditions. These medications may have significant xerostomic effects; therefore 
the xerostomia seen in patients with diabetes may result more from medications 
than from diabetes itself. 

One of the classic complications of diabetes is neuropathy. Although this disorder 
usually affects the sensory nervous system, neuropathy of the autonomic system 
may cause changes in salivary secretion, because salivary flow is controlled by 
the sympathetic and parasympathetic pathways.15 Dry mucosal surfaces are easily 
irritated, and they are associated with burning mouth syndrome. They also 
provide a favorable ecologic niche for growth of fungal organisms. Some studies 
have shown an increased incidence of oral candidiasis in patients with diabetes, 
whereas other studies have not.16,17 

The effect of diabetes on dental caries is unclear. Some studies indicate increased 
caries in diabetes, which has been associated with xerostomia or increased 
gingival crevicular fluid glucose levels.18 Increased caries rates may be associated 
with poor glycemic control. Other studies have shown similar or decreased caries 
rates in patients with diabetes compared with individuals without diabetes.19 
Because most people with diabetes limit their intake of fermentable 
carbohydrates, their less cariogenic diet may serve to decrease caries incidence. In 



some studies of subjects with and without diabetes, no differences were seen in 
salivary flow rates, organic constituents of saliva, salivary counts of acidogenic 
bacteria (Streptococcus mutans and lactobacilli), or salivary counts of fungal 
organisms.15,20 Furthermore, coronal and root caries rates were the same for 
diabetic and nondiabetic study groups. These findings suggest that patients with 
diabetes as a group are similar to individuals without diabetes with regard to these 
oral conditions. 

Evidence suggests that diabetes is a risk factor for increased prevalence and 
severity of gingivitis.21–23 Diabetes is associated with increased gingival 
inflammation in response to bacterial plaque, but the degree of glycemic control is 
an important variable in this relationship. In general, patients with well controlled 
diabetes have a similar degree of gingivitis as individuals without diabetes who 
have the same level of plaque. Conversely, patients with poorly controlled 
diabetes have significantly increased gingival redness, swelling, or bleeding 
compared with both individuals without diabetes and patients with well controlled 
diabetes.24,25 

The risk for periodontitis is also increased when diabetes is present.21,23 In 21 
studies of children, adolescents, or adults with type 1 diabetes since 1968, 20 
studies found a greater prevalence, extent, or severity of periodontal disease 
parameters in patients with diabetes compared with nondiabetic control subjects.23 
In large epidemiologic studies, type 2 diabetes increased the risk for attachment 
loss and alveolar bone loss by approximately threefold compared with nondiabetic 
control subjects.26,27 Diabetes increases not only the prevalence and severity of 
periodontitis, but also the progression of bone loss and attachment loss over time. 
In fact, subjects with type 2 diabetes were shown to have a fourfold increased risk 
for progressive destruction compared with individuals without diabetes.28 

Periodontitis is similar to the classic complications of diabetes in its variation 
among individuals. Just as retinopathy, nephropathy, and neuropathy are more 
likely to be seen in patients with poorly controlled diabetes, progressive 
destructive periodontitis is more common in those with poor control. However, 
significant periodontal destruction does not develop in some patients with poorly 
controlled diabetes, just as the classic diabetic complications do not develop in 
some patients. Conversely, good metabolic control of diabetes decreases the risk 
for periodontal disease, to a level similar to that for individuals without diabetes. 
Yet, patients with well controlled diabetes may still experience periodontitis, just 
as individuals without diabetes may. Other risk factors for periodontitis such as 
poor oral hygiene and smoking play similar deleterious roles in individuals with 
or without diabetes. Clearly, the presence of diabetes increases the risk for 
periodontal disease; furthermore, as glycemic control worsens, the adverse effects 
of diabetes on the periodontium increase. That a patient has diabetes should 
increase the dental professional's index of suspicion, and should prompt him or 
her to carefully examine the patient's periodontium for signs of destructive 
disease. Likewise, a degree of periodontal destruction that is not commensurate 
with the level of local factors is often a clue to the presence of underlying 



systemic diseases such as diabetes (Fig. 31-2 and Fig. 31-3). Patients with poorly 
controlled or previously undiagnosed diabetes may have multiple periodontal 
abscesses, exophytic tissue extending from the periodontal pocket, mobile or 
displaced teeth, and severe bone loss (Fig. 31-4). 

Figure 31-2.   

 

A, Clinical view of maxillary/mandibular anterior region in a 46-year-old 
man. The patient has minimal local factors, slight plaque accumulation, 
relatively healthy gingival tissues, and generalized recession. B, Radiographs 



of maxillary/mandibular anterior region in the same patient. Clinical 
examination revealed severe bone and attachment loss. The patient had 
undiagnosed type 2 diabetes mellitus. 

Figure 31-3.   





A, Radiographs of right posterior sextants in a 45-year-old Hispanic man with 
generalized slight chronic periodontitis and generalized calculus visible on 
radiographs. The patient received scaling and root planing, but did not return 
for reevaluation. B, Same patient as in A 5 years later, demonstrating severe 
bone loss in both maxillary and mandibular sextants. Teeth #1 and #3 had 
been extracted. The patient had undiagnosed type 2 diabetes mellitus. 

Pathogenic Mechanisms: Diabetes and Periodontal 

Diseases 

The mechanisms by which diabetes influences the periodontium are similar in 
many respects to the pathophysiology of the classic diabetic complications. Early 
research focused on potential differences in the subgingival bacterial flora in 
people with diabetes as a likely explanation for increased periodontal destruction. 
However, the preponderance of research shows few differences in the subgingival 
microbiota between patients with periodontitis who have or do not have 
diabetes.29,30 This lack of significant differences in the primary bacteriologic 
agents of periodontal disease suggests that differences in host response may play a 
primary role in the increased prevalence and severity of periodontal destruction 
seen in patients with diabetes. 

Because gingival crevicular fluid is a serum transudate or exudate, hyperglycemia 
results in increased gingival crevicular fluid glucose levels.31 Increased gingival 
crevicular fluid glucose may significantly alter periodontal wound healing events 
by changing the interaction between cells and their extracellular matrix within the 
periodontium.32 

Vascular changes seen in the retina, glomerulus, and perineural areas also occur in 
the periodontium.33,34 Formation of AGEs results in collagen accumulation in the 
periodontal capillary basement membranes, causing membrane thickening.35 
AGE-stimulated smooth muscle proliferation increases the thickness of vessel 
walls. These changes decrease periodontal tissue perfusion and oxygenation. 
AGE-modified collagen in gingival blood vessel walls binds circulating low-
density lipoprotein, which is frequently increased in diabetes, resulting in 
atheroma formation and further narrowing of the vessel lumen.11 These changes in 
the periodontium may alter the tissue response to periodontal pathogens, resulting 
in increased tissue destruction and diminished repair potential. 

Diabetes has dramatic effects on the function of host defense cells, such as 
polymorphonuclear leukocytes, monocytes, and macrophages.11 An intact host 
immunoinflammatory response is critical to establishment and maintenance of 
periodontal health. In diabetes, polymorphonuclear leukocyte adherence, 
chemotaxis, and phagocytosis are impaired. Defects in this first line of defense 
against periodontopathic microorganisms may decrease bacterial killing, allowing 
proliferation of pathogenic bacteria and increased periodontal destruction. 
Another major cell line necessary for effective periodontal defense mechanisms is 



the monocytes/macrophage line. In individuals with diabetes these cells may be 
hyper-responsive to bacterial antigens.36 This up-regulation results in significantly 
increased production of proinflammatory cytokines and mediators, and it is likely 
related to the interaction between AGEs in the periodontium and cellular 
receptors on the surface of monocytes and macrophages. In response to endotoxin 
from Porphyromonas gingivalis, monocytes from patients with diabetes produce 
up to 32 times greater levels of the inflammatory mediator tumor necrosis factor-α 
compared with monocytes from individuals without diabetes.37 The 
proinflammatory mediators IL-1β and prostaglandin E2 are also increased in 
patients with diabetes.38 Thus the patient with diabetes may have a decreased 
ability for polymorphonuclear leukocytes to kill periodontal pathogens, resulting 
in their proliferation, combined with an exuberant proinflammatory and 
destructive monocyte/macrophage response that produces severe local damage to 
periodontal tissues. The net clinical effect of these host defense alterations is an 
increase in periodontal inflammation, attachment loss, and bone loss. 

Figure 31-4.   





A, Clinical view of lingual mandibular anterior region in a 65-year-old 
African American woman with poorly controlled type 2 diabetes (HbA1c = 
13.7%). She had four periodontal abscesses. Teeth #21 to #24 show enlarged, 
hemorrhagic gingival tissues with probing depths of 8 to 10 mm. B, 
Radiograph of mandibular anterior teeth reveals severe bone loss. Radiograph 
from 5 years previously showed no significant bone loss in this area. 

Collagen is the primary structural protein in the periodontium. Changes in 
collagen metabolism in patients with diabetes contribute to wound healing 
alterations and periodontal destruction. Production of matrix metalloproteinases, 
such as collagenase, increases in many patients with diabetes.39 Increased 
collagenase production readily degrades the newly formed collagen that is critical 
to healing of the periodontium. At the same time, AGE modification of existing 
collagen decreases its solubility. The net results of these changes in collagen 
metabolism are a combination of rapid dissolution of recently synthesized 
collagen by host collagenase and accumulation of older, AGE-modified collagen. 
Thus diabetes induces a shift in the normal homeostatic mechanism by which 
collagen is formed, stabilized, and eventually turned over, a shift that alters 
wound healing responses to physical or microbial wounding of the periodontium. 

Tetracycline antibiotics and chemically modified tetracycline agents reduce host 
collagenase production and collagen degradation through mechanisms that are 
independent of their antimicrobial activity.40 These drugs may have benefits in 
managing conditions such as periodontitis, arthritis, diabetes, osteoporosis, and 
others in which collagen metabolism is altered. (The periodontal management of 
patients with diabetes is discussed in Chapter 37.) 

Female Sex Hormones 

Sex steroid hormones (androgens, estrogens, and progestin) have modulatory 
effects on all periodontal tissues. However, female sex hormones exert the most 
clinically recognizable effects on periodontal tissues. The levels of female sex 
hormones and balance between them have been implicated as a modifying factor in 
the pathogenesis of periodontal disease. A relation has been observed between 
altered levels of sex hormones and variations in the degree of gingival 
inflammation. Women comprise at least half of the patients seen by the general 
dentist and even a larger percentage of those who are treated by the periodontist. 
Therefore clinicians should be aware and able to recognize the characteristic female 
sex hormone-associated changes in oral tissues. The effects of female sex hormones 
in periodontal tissues are examined here in different stages of the female life 
cycle—that is, puberty, menstruation cycle and oral contraceptive use, pregnancy, 
and menopause. 

Notably, the gingival changes associated with increased female sex hormone levels 
may appear similar to one another—that is, puberty gingivitis may appear similar to 
pregnancy gingivitis or gingival inflammation associated with oral contraceptives. 



The difference tends to be one of degree. These conditions associated with 
increased sex hormone levels differ from those associated with the diminished level 
of hormones seen in menopause. 

Puberty 

Secretion of gonadotropin (follicle-stimulating and leuteinizing) hormones by the 
anterior pituitary gland stimulates the ovaries to begin the cyclical production and 
secretion of female sex hormones (estrogen and progesterone). With the onset of 
estrogen production, development of sexual characteristics and maturation of 
reproductive organs takes place. Progesterone works synergistically with 
estrogen, contributing to maturation of breast tissue and the cyclical changes in 
the cervix and vagina. Female sex hormones also have effects on a number of 
other organ systems, including the oral cavity. A large body of evidence including 
in vitro and human studies suggests the periodontium is a target tissue for female 
sex hormones. Receptors for both estrogen and progesterone have been 
demonstrated in human gingiva,41,42 gingival fibroblasts,43 and periodontal 
ligament fibroblasts.44 In addition, inflammatory cytokines may alter the 
expression of steroid hormones, modulating the metabolism of circulating steroids 
and their effects on target tissues.45,46 Thus the effect of female sex hormones on 
periodontal tissues may be magnified by the inflammatory response to bacteria in 
dental plaque, resulting in greater hormone-related changes in all periodontal 
tissues. Classical clinical examples of this interaction are seen in puberty and 
pregnancy gingivitis. 

Gingivitis is virtually nonexistent in young children. With the onset of puberty 
there is a dramatic increase in the incidence and severity of gingivitis.47 Steroid 
hormones increase the permeability of blood vessels, thereby contributing to 
inflammation. In addition, dramatic changes in subgingival microbiota during 
puberty are also responsible for the sudden increase in gingivitis during this 
period. Longitudinal studies have examined the transformation of subgingival 
flora from prepuberty to puberty and have demonstrated a significant increase in 
the frequency of Eikenella corrodens, Prevotella intermedia, Bacteriodes 
melaninogenicus, Prevotella nigrescens, and other species commonly associated 
with gingivitis and gingival bleeding.48–50 It has been suggested that hormonal 
changes during puberty support growth of this emerging microbiota. Subgingival 
microorganisms appear to react to increased availability of hormones in oral 
fluids, especially crevicular fluid. Estradiol and progesterone may be used by 
certain bacterial species, such as Bacteroides, as a substitute for menadione 
(vitamin K), an important growth factor for black-pigmented Bacteroides.51 Thus 
it appears that the increase in circulating sex hormones during puberty has a 
modulatory effect in subgingival flora, favoring gram-negative anaerobic 
organisms associated with gingival inflammation. This transformation in 
subgingival flora mimics the transformation in vaginal bacterial flora from a 
facultative to a strict anaerobic gram-negative flora seen during puberty. 



Gingival tissues respond to the increased levels of circulating hormones and the 
related shift in subgingival flora with a greater degree of inflammation and 
gingival bleeding.47,50 The classical clinical presentation for puberty gingivitis is 
increased gingivitis and tendency for gingival bleeding in the presence of small 
amounts of plaque (Fig. 31-5, A). If plaque control is poor, these changes can be 
dramatic, resulting in spontaneous bleeding and severe inflammation (Fig. 31-5, 
B). The effects on gingival tissue from increased hormone levels during puberty 
are transient, suggesting that as sexual development progresses and hormonal 
levels stabilize so does the response of periodontal tissues to bacterial plaque.52 

Menstrual Cycle and Oral Contraceptives 

The cyclical pattern of hormonal fluctuation associated with the menstrual cycle 
has been associated with changes in gingiva and oral mucosa, such as increased 
gingival bleeding and presentation of aphthous ulcers. Despite a number of 
reports and multiple clinical observations of this association, dramatic 
inflammatory changes in gingival tissue associated with the menstrual cycle are 
rather infrequent. Most women experience virtually no variations in gingival 
status as a result of menstruation. On the contrary, gingival changes associated 
with the menstrual cycle include more subtle changes, such as an increase in 
gingival crevicular fluid that often occurs during ovulation.53 Female patients with 
irregular menstrual cycles may experience increased severity of gingivitis and 
tendency for gingival bleeding. The degree of gingival inflammation associated 
with hormonal imbalances appears incommensurate with the amount of dental 
plaque, although local plaque retentive factors may play a role. The clinical 
manifestations of gingivitis associated with hormonal imbalance generally present 
as bright red marginal gingivitis with excessive tendency in gingival bleeding. 

Oral contraceptives include the use of gestational hormones at a concentration to 
mimic pregnancy to prevent ovulation. Early studies report increased gingival 
inflammation associated with use of oral contraceptives.54,55 The dose of steroids 
in these early contraceptive formulations was quite high. A recent experimental 
gingivitis study in women using oral contraceptives did not demonstrate an effect 
of oral contraceptive in plaque accumulation, gingival inflammation, or gingival 
fluid volume.56 The substantially lower concentration of hormones in the most 
current formulations of oral contraceptives was proposed as a cause for the lack of 
effect on gingival tissues. However, the clinician will encounter women with 
marginal gingival inflammation that does not respond to debridement and home 
care (Fig. 31-5, A). In these cases, the clinician should question the patient about 
the use of oral contraceptives. 

Figure 31-5.   



 

A, Typical appearance of puberty gingivitis. Marginal and papillary gingival 
inflammation noted in presence of minimal plaque (most visible in #8 to #10 
and #22 to #23 regions). This same clinical presentation may occur in women 
taking oral contraceptives. In these women, gingival inflammation is often 
persistent even after scaling and polishing and tends to subside only with 
cessation of the oral contraceptive agent. A similar mild appearance also may 
be noted in pregnant women or in women with menstruation-associated 
gingivitis. B, More severe case of puberty gingivitis. The patient is a 13-year-
old girl with poor oral hygiene and large accumulations of plaque and 
calculus. A similar severe presentation may be seen in pregnancy, but would 
rarely be associated with oral contraceptive use or menstruation. 

Pregnancy 

The landmark study by Löe and Silness in 196357 describes one of the most 
widely used clinical indexes in dental research, the gingival index, and describes 
for the first time the condition defined as "pregnancy gingivitis." Elegant in its 
simplicity, this study shows that gingivitis increases progressively during 
pregnancy, independent of dental plaque accumulation, and returns to normal 
levels postpartum. This suggests that the gingival inflammatory response during 
pregnancy follows the hormonal cycle, increasing with increasing gonadotropin 
levels, maintaining high levels from 4 to 9 months as estrogen and progesterone 
levels continue to increase, and returning to prepregnancy levels as hormone 
secretion suddenly decreases at the end of pregnancy. Several cross-sectional and 
longitudinal studies report a prevalence rate for pregnancy gingivitis ranging from 
30% to 70%.57–59 Consistent findings from all these studies indicate that the 
prevalence and severity of gingivitis is increased during pregnancy compared with 
after pregnancy, even though plaque scores are not increased, suggesting that the 
gingival inflammatory response to bacterial plaque is accentuated during 
pregnancy as a result of increased hormone levels. Notwithstanding the severity 
of gingivitis during pregnancy, in the absence of pocketing and attachment loss 
the condition is self-limiting and reversible when hormonal balance is achieved 
(Fig. 31-6). However, bleeding on probing and gingival crevicular fluid are 
increased during pregnancy. Therefore thorough periodontal treatment and 



monitoring is absolutely important for all female patients during pregnancy, 
especially if they exhibit pregnancy gingivitis. Recent reports of periodontal 
disease being an important risk factor for preterm labor and low birth weight 
underscore the importance and relevance of oral and periodontal care as an 
essential component of prenatal care.60 (See Chapter 32.) 

Figure 31-6.   

 

Gingival inflammation associated with pregnancy. This a relatively severe 
case of pregnancy gingivitis, with generalized gingival enlargement, edema, 
and spontaneous bleeding. Most women with pregnancy gingivitis have more 
subtle changes. Pregnancy also may result in formation of pyogenic 
granulomas (see Chapter 35). 

The underlying mechanisms for the enhanced inflammatory response during 
pregnancy are varied. Increased progesterone levels increase membrane 
permeability, contributing to vascular permeability and edema of the gingival 
tissues.61 The severity of gingival inflammation correlates with the levels of 
estrogen and progesterone during pregnancy. In addition, a shift in subgingival 
flora from aerobic to strict anaerobic, with a 55-fold increase in proportions of P. 
intermedia, has been reported during pregnancy.62,63 A significant increase in the 
proportion of P. intermedia was observed during the fourth month of pregnancy, 
correlating with increasing levels of estradiol and progesterone in saliva.64 
Gingival inflammation and bleeding on probing increased concomitantly. Levels 
of hormones in saliva peaked at the ninth month of pregnancy. Thereafter, the 
proportion of P. intermedia decreased. P. intermedia and other Bacteroides 
species are able to substitute progesterone and estrogen for vitamin K, an essential 
growth factor.51 Increased progesterone levels, therefore, may play a major role in 
the microbial shift seen during pregnancy. Thus the increased levels of hormones 



in the gingiva combined with the microbial shift favoring an anaerobic flora 
dominated by P. intermedia are partly responsible for the exaggerated response to 
bacterial plaque in pregnancy. 

Immunoreactivity to periodontal disease-related microorganisms is also altered 
during pregnancy.65 An association has been reported between gingival response 
to dental plaque in pregnancy and components of the fibrinolytic system in 
gingival crevicular fluid. Plasminogen activator activates the fibrinolytic system, 
enabling connective tissue breakdown and spread of inflammation. Plasminogen 
activator inhibitor (PAI) attenuates this response. Lower plasminogen activator 
inhibitor (PAI-2) response in women with greater gingival inflammatory reactions 
during pregnancy has been reported, providing additional mechanisms to explain 
the basis of pregnancy gingivitis.66 

Menopause/Osteoporosis 

Menopause is defined by the complete cessation of menstrual flow (amenorrhea) 
for 1 year as a result of cessation in ovarian secretion of estrogen and 
progesterone. It usually begins when women reach their forties, with a mean age 
of 50 years, unless accelerated by hysterectomy or ovariectomy, and the average 
woman can expect to live one third of her life after her last menstrual period. At 
this stage, there is a dramatic decrease in circulating female sex hormones as 
ovarian function begins to fail. Progressive decrease in estrogen may lead to 
neuroendocrinal changes, urogenital atrophy, skin and hair changes, osteoporosis, 
and increased risk for cardiovascular disease. Menopause is also associated with 
adverse changes in oral and periodontal tissues. Postmenopausal women have 
decreased unstimulated saliva flow, which has been associated with increased 
dental caries and alterations in taste.67 Postmenopausal women may also 
experience a distinct change in gingival condition, almost of an atrophic nature, 
characterized by pale, shiny gingiva with absence of stippling (Fig. 31-7). 
Gingival recession and a general thinning of gingiva and oral mucosa are also 
frequent in postmenopausal women. These atrophic changes are likely related to 
the estrogen-deficient state associated with menopause. Management of these 
friable tissues may present a challenge during periodontal treatment, especially 
during surgical procedures and implant placement. 

Osteoporosis and increased risk for fractures is likely the most prevalent condition 
associated with the estrogen deficiency seen during menopause. This is 
demonstrated by evidence that women treated with supplemental estrogen 
experience less osteopenia and osteoporosis and a decreased risk for fractures. 
Whether the incidence and rate of progression of periodontal disease also 
increases after menopause has not been definitively established. However, several 
pieces of evidence suggest that this is the case. In other words, in a manner 
similar to systemic osteopenia and osteoporosis, estrogen deficiency increases the 
risk for mandibular bone loss and periodontal disease. Several studies have 
examined directly the relation between estrogen status/deficiency and periodontal 



disease. Less attachment loss and less gingival bleeding have been reported in 
postmenopausal women receiving estrogen replacement therapy (ERT) compared 
with estrogen-deficient postmenopausal women.68 A longitudinal study of women 
with surgical or natural menopause receiving ERT compared lumbar spine bone 
mineral density with mandibular bone mass and observed a significant correlation 
between mandibular and lumbar spine bone mass.69 ERT after surgical or natural 
menopause had a positive effect on bone mass not only of the lumbar spine but 
the mandible as well. In a longitudinal study, postmenopausal women who were 
not taking ERT had an overall decrease in alveolar bone density, whereas women 
taking ERT had a net gain in bone density.70 These results suggest that estrogen 
deficiency plays an important role in oral bone loss and may be an important 
factor in modifying the severity of periodontal disease in postmenopausal women. 

Figure 31-7.   

 

Gingival changes sometimes associated with menopause. Note the marginal 
tissue recession, thinning, and pallor of the gingival tissues. 

Several studies have examined the relation between osteopenia, osteoporosis, and 
periodontal disease. Kribbs and colleagues71 found that mandibular bone density 
correlated with radial and vertebral bone mass in postmenopausal women. 
Cortical thickness at the gonion was correlated with the number of remaining 
teeth. In addition, subjects with greater mandibular bone mass retained more teeth 
with deeper pockets. In a subsequent study, the same authors found that 
osteoporotic postmenopausal patients had less mandibular bone mass and density, 
thinner cortex at the gonion, and fewer teeth than a nonosteoporotic group of 
comparable age.72 However, there were no differences between osteoporotic and 
nonosteoporotic groups regarding periodontal attachment loss. This study 
concluded that osteoporosis had an adverse effect on mandibular bone mass and 
density. 



Wactawkski-Wende and colleagues73 report a significant relation between 
alveolar crestal height and skeletal osteopenia (femur and lumbar spine) in 
postmenopausal women controlling for dental plaque, years of menopause, and 
smoking. In addition, there was a relation between femoral osteopenia and 
probing attachment loss in this same group. Similarly, von Wowern and 
associates74 report significantly greater periodontal attachment loss in women 
with osteoporosis compared with healthy women. They found that women with 
osteoporosis had less mandibular bone mineral content compared with the healthy 
women. These studies collectively support an association between osteopenia, 
osteoporosis, and periodontal disease, which may be explained in part by estrogen 
deficiency.75 

An association also exists between estrogen status and tooth loss. In several 
longitudinal studies, the use of ERT has been associated with a decreased risk for 
tooth loss.76–78 In some of these studies, the risk for tooth loss decreased with 
increasing duration of ERT treatment, suggesting that long-term estrogen 
replacement therapy confers protection against tooth loss and reduces the risk for 
edentulism. 

Adrenal Insufficiency/Corticosteroids 

The clinical syndrome of glucocorticoid deficiency in humans is caused by 
inadequate production of a single hormone: cortisol. When this results from 
disorders involving destruction of the adrenal glands, such as granulomatous 
diseases, the disorder is termed primary adrenal failure, hypoadrenocorticism, or 
Addison's disease. If, however, the deficiency is caused by failure of 
adrenocorticotrophic hormone (ACTH) to stimulate cortisol production, the 
resulting syndrome is termed secondary adrenal failure. Two important distinctions 
between primary and secondary adrenal failure are noteworthy:  

1. Addison's disease, because it is caused by actual destruction of the adrenal 
gland, is commonly associated with loss of adrenal steroids other than cortisol. In 
particular, aldosterone production is reduced or absent; by contrast, secondary 
adrenal failure is not associated with aldosterone deficiency. 

2. Primary adrenal failure is accompanied by markedly increased levels of 
plasma ACTH as a physiologic feedback consequence of cortisol deficiency; 
conversely, plasma ACTH is low or undetectable in secondary adrenal failure. 

Adrenal failure occurs as either an acute or a chronic syndrome. The predominant 
feature of acute adrenal failure is hypotension (Box 31-4). Sudden, unexpected 
shock may be the only finding that prompts suspicion of the diagnosis. This 
commonly occurs during the course of a serious illness or other major 
physical/emotional stress. In Addison's disease, a lack of aldosterone, which 
normally mediates extracellular fluid volume and sodium concentration, leads to 
hypovolemia, hyperkalemia, and acidosis. 



Chronic adrenal failure develops progressively over months to years, the course 
being variable in duration and severity, depending on the destructive process. 
Weakness is a universal complaint, noted initially as easy fatigue, but increasing in 
time to profound exhaustion that limits normal activity. Weight loss is also a regular 
occurrence, usually accompanied by a poor appetite and sometimes by episodes of 
nausea and vomiting. Hypotension, particularly with upright posture, is frequently 
noted. Occasionally this is symptomatic, with episodes of dizziness occurring after 
standing. 

Hyperpigmentation is the single most characteristic clinical finding of primary 
adrenal failure. This pigmentation results from melanocyte stimulation induced by 
high levels of ACTH, and thus is absent in secondary adrenal failure. The skin 
darkening is generalized but is most intense in sun-exposed areas, sometimes 
described as a summer tan that never fades. Other involved areas, particularly in 
white individuals, reveal bluish black mottling of the lips, gingiva, buccal mucosa, 
palate, and ventral surface of the tongue. On the skin freckles and moles become 
more intense, the nipple areolae darken, recent scars are heavily pigmented, and the 
palmar and finger creases of the hand acquire pigmentation. Linear pigmented lines 
may appear on the fingernails, and the exterior (pressure) surfaces of the 
extremities, such as the elbows and knees, acquire a dirty brown color. 

Box 31-4  Signs and Symptoms of Acute Adrenal 

Insufficiency 

• Hypotension 

• Headache 

• Lethargy, weakness 

• Confusion, mental fatigue 

• Nausea and/or vomiting 

• Syncope 

• Severe abdominal pain 

• Vascular collapse and shock 

• Loss of consciousness 

Oral pigmentations appear as irregular spots that may vary in color and intensity, 
ranging from pale brown to gray or even black. They occur most frequently on the 
buccal mucosa but may be found on the gingiva, palate, tongue, or lips. 

Administration of corticosteroids is the usual treatment for Addison's disease and 
often leads to suppression of the individual's immune response. Consequently, 



patients receiving steroid therapy are more prone to development of bacterial, viral, 
and fungal infections. These infections may be difficult to treat with conventional 
therapy. Controlled clinical studies suggest that exogenous steroid use decreases 
clinical signs of gingival inflammation. Patients taking steroids do not appear to be 
at increased risk for periodontal disease.79,80 However, steroid use is clearly 
associated with osteopenia and osteoporosis in the systemic skeleton, and the 
clinician should be aware of this potential in the maxilla and mandible.81,82 

Dental management is similar for patients with primary or secondary adrenal 
insufficiency. Patients who have been taking exogenous steroids present two 
potential problems: an increased susceptibility to infection and the possibility of 
adrenal crisis. Dental patients taking corticosteroids may be at increased risk for 
development of severe dental infection, because corticosteroids alter the host's 
normal inflammatory response. The chance of infection can be minimized by using 
atraumatic and aseptic techniques and by adequate antimicrobial therapy. Stress 
induced by infection, trauma, surgery, and anesthesia may lead to adrenal crisis in 
any patient with adrenal insufficiency. 

In a healthy patient, stress activates the hypothalamic-pituitary-adrenal axis, 
resulting in an increased secretion of cortisol by the adrenal glands. Although 
cortisol is normally produced at a rate of 15 to 30 mg/day, during acute stress the 
rate increases up to 300 mg/day. Patients with primary or secondary adrenal 
insufficiency are unable to respond to stress with increased endogenous cortisol 
production, creating the potential for acute adrenal crisis. These individuals may 
require increased dosages of exogenous steroids during times of physical or 
emotional stress. Secondary adrenal insufficiency frequently occurs after 
administration of exogenous steroids to treat a variety of endocrine, autoimmune, 
respiratory, joint, intestinal, neurologic, renal, skin, liver, or connective tissue 
diseases. The degree of adrenal suppression depends on the dosage and duration of 
steroid use (Box 31-5). 

It has been common practice to administer prophylactic systemic steroids before 
dental treatment for patients who are taking or have recently taken exogenous 
steroids. However, such steroid supplementation may not be required for many 
procedures in patients with secondary adrenal insufficiency.83 Patients taking 5 to 
20 mg/day prednisone may maintain some adrenal reserve after termination of 
steroid therapy.84 Higher doses may suppress the adrenal glands to a greater degree. 
At one organ transplant center with patients receiving long-term steroid therapy, 
oral surgical procedures were performed without steroid supplementation for 3 
years without a single case of adrenal crisis.85 In a study of organ transplant patients 
taking a maintenance dose of 5 to 10 mg prednisolone daily, gingivectomies were 
performed either with or without steroid supplementation.86 No signs or symptoms 
of adrenocortical suppression were seen in any subject, either with or without 
steroid supplementation. Although exogenous steroids may suppress normal adrenal 
cortisol secretion for an extended period, the ability of the adrenal gland to respond 
to acute stress may return quickly after termination of steroid therapy. However, 
complete restoration of normal adrenal function may take a year or longer. 



The severe consequences of adrenal crisis suggest caution in patient management. 
People with primary adrenal insufficiency have no adrenal reserve, and thus have 
absolutely no means of increasing circulating cortisol levels for stressful situations 
other than by increasing exogenous steroid dosages. Before treating patients with a 
history of recent or current steroid use, physician consultation is indicated to 
determine whether the patient's dental needs and proposed treatment require 
supplemental steroids. A laboratory assay is available to determine the degree of 
adrenal reserve by measurement of serum cortisol levels 30 and 60 minutes after 
intravenous administration of synthetic corticotrophin.85 Use of a stress reduction 
protocol and profound local anesthesia may help minimize the physical and 
psychological stress associated with therapy and may reduce the risk for acute 
adrenal crisis. 

Box 31-5  Exogenous Corticosteroid Equivalent 

Doses (Equivalencies to 20 mg Cortisol) 

 

Despite all precautions, an acute adrenal crisis may occur, and the dentist should be 
able to recognize and initially manage the condition. Signs and symptoms of crisis 
include hypotension, weakness, nausea, vomiting, diarrhea, dehydration, severe 
abdominal cramping, progressive irritability, headache, and fever. Acute adrenal 
crisis is life-threatening, and immediate treatment consists of 100 mg 
hydrocortisone administered intravenously or intramuscularly. The patient should 
be transferred to a hospital facility as soon as possible. 

Hyperparathyroidism 

Parathyroid hormone affects both osteoblastic and osteoclastic activity, depending 
on its secretion level.87 When present in low levels, it can stimulate bone formation. 
However, the primary effect at physiologic or greater levels is to suppress bone 
formation and to increase bone resorption. In patients with hyperparathyroidism, 



increased bone resorption can occur rapidly and to a severe degree. Primary 
hyperparathyroidism is usually the result of a benign or malignant lesion in the 
parathyroid gland. Excess parathyroid hormone secretion releases calcium from 
bone during osteoclasis; multiple skeletal sites are often affected. The resorbed 
bone is replaced with fibrous tissue, a condition known as osteitis fibrosa cystica. 
The fibrous tissue is accompanied by numerous multinucleated giant cells. 

When hyperparathyroidism affects the maxilla and mandible, radiographs may 
demonstrate multilocular radiolucencies, the so-called brown tumors of 
hyperparathyroidism. The lesions can be mistaken for periapical pathology of 
endodontic origin; however, the teeth remain vital (Fig. 31-8). These lesions are 
actually giant cell granulomas, rather than tumors, and they may be associated with 
soft tissue swelling. The alveolar bone may also develop a "ground glass" 
appearance, with fine, closely compacted trabeculae; however, this radiographic 
appearance is not always present. The lamina dura may be lost around the teeth, 
although this finding is also inconsistent. 

Secondary hyperparathyroidism usually results when kidney disease allows excess 
excretion of calcium in the urine. A feedback mechanism stimulates parathyroid 
hormone secretion in an attempt to maintain normal serum calcium levels. Oral 
lesions are identical to those in primary hyperparathyroidism, but they are a late 
finding in both forms of the disease. 

HEMATOLOGIC CONDITIONS 

Red and white blood cells are the cornerstones of systemic health, and disorders of 
these cells may have profound effects on all organ systems. In the periodontium, red 
blood cells carry oxygen and nutrients to the tissues. Platelets are critical for 
hemostasis and for production of critical immunoinflammatory mediators. White 
blood cells protect the periodontium and oral mucosa from bacterial, viral, and fungal 
pathogens. These cells exist in an exquisite homeostatic balance. Disorders that 
disturb this balance may manifest within the periodontium or on other mucosal 
surfaces. Oral signs and symptoms may be the first clinical evidence of underlying 
blood disorders, and the dental health practitioner must pay careful attention to 
possible indicators of occult disease. 

Leukocyte Disorders 

The importance of an intact host immunoinflammatory response in maintaining 
periodontal health underscores the changes that may occur when patients have 
leukocyte disorders. The neutrophil or polymorphonuclear leukocyte is the first line 
of defense against periodontal pathogens. A defect in this cell line has clear 
negative consequences, often resulting in severe periodontal destruction at an early 
age. Although the clinician will not encounter these disorders on a routine basis, the 
severe periodontal destruction associated with neutrophil disorders can be 
overwhelming for both the patient and the provider. 



Neutrophils circulate within the bloodstream and must pass out of the vessels and 
into the tissues to defend against periodontal pathogens. Pathogens and host cells 
produce chemotactic agents that signal neutrophils to enter an area of infection. To 
be fully functional, neutrophils must be able to do the following:  

1. Slow down their flow within the vasculature—a process involving cell 
surface glycoproteins known as selectins on the surface of neutrophils and 
endothelial cells lining the blood vessels. Up-regulation of these selectins results 
in "rolling" of the neutrophils along the endothelial lining of the vessel. 

2. Adhere to the endothelial cells—a process involving interaction between 
receptors called integrins on the surface of neutrophils and receptors on the 
endothelial cell surface. 

3. Pass between the intercellular spaces of the endothelial lining to exit the 
vessel and to enter the perivascular tissues—a process known as diapedesis. 

4. Move toward the pathogens that they will attack—a process involving 
locomotion (movement) of the neutrophil toward the bacteria or host cells that are 
producing factors called chemoattractants. This is the process of chemotaxis 
(directed movement toward a chemoattractant). 

5. Bind to the pathogens, engulf them, and move them into the intracellular 
environment of the neutrophil—a process known as phagocytosis. 

6. Kill the offending pathogen—a process called degranulation, involving 
enzyme release from intracellular granules. Another method of killing involves 
release of free oxygen radicals. This process not only kills the offending pathogen 
but may result in host tissue damage, especially if the response is exuberant. 

Figure 31-8.   



 

A, Soft tissue swelling associated with teeth #17 and #18 in a 22-year-old man. 
Teeth were vital. B, Radiograph revealed periradicular radiolucency associated 
with the mesial root of #17, with loss of trabeculation in the alveolar crest distal 
to #17 and between #17 and #18. C, Biopsy revealed numerous giant cells in 
fibrous stroma, features of a classic giant cell granuloma. Systemic work-up 
disclosed hyperparathyroid state. (Courtesy Dr. Richard Day, Private Practice, 
Wasilla, Alaska; and Dr. Craig Fowler, Wilford Hall Medical Center, Lackland 
Air Force Base, TX.) 

Defects in the response of neutrophils to pathogens can occur at any step along this 
pathway.88 This results in an inability to clear a bacterial infection and allows 
bacteria and their products to continue to destroy host tissues. The clinical effect is 
usually a rapid loss of alveolar bone and attachment. 

Figure 31-9.   



 

Patient with generalized aggressive periodontitis. A, Clinical appearance of a 
12-year-old boy with generalized aggressive periodontitis resulting from 
leukocyte adhesion deficiency (LAD). B, Gingival tissues are fiery red, painful 
to touch, and bleed profusely on stimulation. C, Panoramic radiograph reveals 
severe bone loss at age 12 years affecting all permanent teeth. Teeth #23 and 
#26 exfoliated spontaneously. 

Leukocyte Adhesion Deficiency 

Leukocyte adhesion deficiency (LAD) is an inherited disorder that follows an 
autosomal recessive pattern. There have been just more than 600 cases described, 
each identified shortly after birth. More than 75% of children will die before the 
age of 5 years if they do not receive a bone marrow transplant. Leukocyte 
adhesion deficiency is caused by a deficiency in cell surface integrins that 
prevents the neutrophil from adhering to the vessel wall at the site of an infection. 
Neutrophils are unable to migrate into the affected tissues and remain within the 
vasculature. This prevents them from attacking bacterial pathogens. Patients have 
early loss of teeth, severe alveolar bone loss and attachment loss, and severely 
inflamed gingival tissues, often with ulceration and necrosis (Fig. 31-9). Both 
primary and permanent teeth are affected.89 Treatment is difficult, involving 
mechanical debridement, topical antimicrobials, and systemic antibiotics. 
Unfortunately, treatment rarely results in long-term retention of teeth. 



Chediak-Higashi Syndrome 

Chediak-Higashi syndrome is a rare autosomal recessive disorder that primarily 
affects neutrophils.88 The average lifespan for children with Chediak-Higashi 
syndrome is only 6 years, although some patients live into early adulthood. The 
syndrome becomes clinically evident early in life, resulting in frequent pyogenic 
infections and lymphadenopathy. Abnormalities of pigmentation, recurrent 
infections, and bleeding tendencies also occur. Albinism may affect the skin, 
eyes, and hair. Hair color is usually metallic silver, the skin color white to gray 
because of defective melanosomes, and the eyes demonstrate reduced 
pigmentation of the retina and iris. Infections usually present as skin abscesses, 
pneumonitis, otitis media, and sinusitis. Bleeding problems arise because of 
platelet abnormalities that inhibit normal clot formation. Oral findings include 
severe gingivitis, ulcerations of the tongue and buccal mucosa, and early-onset 
periodontitis. Bone loss is usually generalized and severe. Patients do not respond 
to periodontal therapy, leading to premature loss of both deciduous and permanent 
dentitions. 

The hallmark of Chediak-Higashi syndrome is the presence of large azurophilic 
inclusions within the cytoplasm of neutrophils. These large inclusions hinder 
neutrophil migration and their ability to phagocytize and digest microbes. A 
mutation in the LYST (lysosome trafficking regulation) gene—the only gene 
known to cause Chediak-Higashi syndrome—may be responsible for this 
phenomenon.90,91 Bone marrow transplantation appears to be the most effective 
treatment for correcting these neutrophil abnormalities. 

Chronic Neutropenia 

The normal adult absolute neutrophil count (ANC) is between 1800 to 8000 
cells/µl. Neutropenia (low ANC) is considered clinically significant when the 
ANC decreases to less than 1000 cells/µl. Chronic neutropenia is defined as a low 
ANC for greater than 6 months. The risk for infection caused by neutropenia is 
inversely proportional to the ANC. When the ANC is less than 500 cells/µl, 
control of endogenous microbiota is often impaired and the risk for serious 
infection increases. An ANC less than 200 cells/µl results in an inability to mount 
an inflammatory response. 

Chronic benign neutropenia (CBN) is characterized by a prolonged noncyclic 
neutropenia as the sole abnormality. The neutropenia is not associated with any 
underlying disease.92 CBN is the most common form of neutropenia in infants and 
children younger than 4 years. The clinical presentation is variable, ranging from 
benign to life-threatening; however, most people with CBN live a normal 
lifespan. An increased incidence of recurrent oral ulcerations, upper respiratory 
infections, otitis media, cellulitis, lymphadenopathy, pneumonia, and sepsis 
occurs as a result of the decreased neutrophil response. The risk for infection 
appears to decrease with age. Oral manifestations of CBN may include 



hyperplastic, edematous, and fiery red gingiva with areas of desquamation, 
although not all patients with CBN are similarly affected. Severe pocketing and 
bone loss may occur. Ulceration, chronic gingivitis, and chronic periodontitis also 
have been reported.93 Within the periodontal tissues, the chronic lack of 
neutrophils may be counterbalanced by increased antibacterial activity from 
monocytes. This may explain the milder periodontal findings in some patients 
with CBN. 

Cyclic neutropenia is characterized by periodic recurring symptoms of fever, 
malaise, mucosal ulcers, and possibly life-threatening infections related to 
cyclical fluctuations in the number of neutrophils.94 This disorder usually presents 
before age 10 years with episodes of fever, malaise, mood swings, and oral 
ulcerations that can last 3 to 6 days and recur approximately every 3 weeks. The 
interval between neutropenic episodes is not always clinically evident and may 
require frequent laboratory studies to identify. A complete blood count performed 
twice weekly for 6 weeks generally provides an accurate picture of the cycle. For 
most patients, the cycle is approximately 21 days, with a 3- to 10-day period of 
severe neutropenia. 

Cyclic neutropenia tends to improve with age. Its clinical presentation may vary 
widely among individuals. Although usually not fatal, death can occur due to 
pneumonia, cellulitis, gangrene, or peritonitis. Oral conditions associated with 
cyclic neutropenia may include recurrent severe gingivitis and oral ulcerations. 
Periodontitis may progress more rapidly than expected because of periodic 
diminishment of the neutrophil response. Unfortunately, even with the best of 
professional and home care, teeth are often lost because of advancing periodontal 
disease. Treatment to increase neutrophil levels has been successful using 
recombinant human granulocyte colony-stimulating factor (G-CSF) given three 
times per week.93 G-CSF is a hematopoietic growth factor that simulates the 
proliferation and differentiation of neutrophils. It has been widely successful in 
correcting chemotherapy-induced neutropenia in patients with cancer, greatly 
decreasing the risk for life-threatening infections during periods of 
immunosuppression. 

Congenital neutropenia, also known as Kostmann syndrome, is an inherited 
disorder manifesting in infancy and characterized by severe bacterial infections. 
Diminished ANC is the result of arrested neutrophil hematopoiesis. Oral 
symptoms are virtually universal in congenital neutropenia. Despite their young 
age, patient with this syndrome not only demonstrate severe gingivitis, but most 
also have periodontitis with significant alveolar bone loss.95,96 In the past, most 
patients with congenital neutropenia died within the first year of life; however, 
aggressive antibiotic therapy has more recently prolonged the lifespan of these 
children. Congenital neutropenia is now treated with G-CSF, which is effective at 
increasing the ANC to more than 1000/µl in most patients. Although G-CSF 
treatment improves symptoms, it is not curative and most patients demonstrate 
cyclic improvements followed by relapses in neutrophil levels. Even with G-CSF 



treatment, most of these patients have persistent gingivitis, which tends to wax 
and wane depending on their ANC. 

Agranulocytosis is characterized by a reduction or complete elimination of 
granular leukocytes (neutrophils, basophils, eosinophils). The decreased number 
of granulocytes can result from either a decreased production or an increased 
peripheral destruction of cells. Decreased production of granulocytes is often 
caused by bone marrow hypoplasia; however, it can also be the result of an 
idiosyncratic drug reaction. Patients with agranulocytosis are often febrile and 
may exhibit necrotizing nonpurulent lesions of mucous membranes, including 
oral, gastrointestinal, and vaginal membranes.88 Oral signs and symptoms include 
generalized, painful stomatitis, spontaneous bleeding, and necrotic tissue. Severe 
gingivitis, rapidly progressive bone loss, and tooth loss may appear at an early 
age. Cases related to drug idiosyncrasy usually occur in adulthood. 

Lazy leukocyte syndrome is a rare disorder characterized by quantitative and 
qualitative neutrophil defects.97 Deficiency in neutrophil chemotaxis combined 
with systemic neutropenia results in recurrent infections. Impaired neutrophil 
motility inhibits their migration into tissue sites of inflammation. In the few 
reported cases of lazy leukocyte syndrome, all have had oral manifestations. In 
addition to systemic signs and symptoms such as high fever, cough, pneumonia, 
and purulent skin abscesses, oral manifestations include painful stomatitis, 
gingivitis, recurrent ulcerations of the buccal mucosa and tongue, rapidly 
progressive bone loss, and tooth loss at an early age. 

Papillon-Lefèvre Syndrome 

Papillon-Lefèvre syndrome (PLS) belongs to a heterogenous group of 19 different 
skin diseases characterized by hyperkeratosis of the palms of the hands and soles 
of the feet (palmar-plantar hyperkeratosis).88,98 PLS is caused by mutations in the 
cathepsin C gene located on chromosome 11. Cathepsin C is a protease, normally 
found in high levels in epithelium and immune cells such as neutrophils, which 
acts to degrade proteins and activate proenzymes in immune cells. Patients with 
PLS have little or no cathepsin C activity. 

PLS differs from other members of this group of hyperkeratoses in that patients 
with PLS universally have generalized rapid destruction of the periodontal 
attachment apparatus resulting in premature loss of primary and permanent teeth. 
The presence of neutrophil defects in PLS is commonly noted. Diminished 
chemotaxis, phagocytosis, and intracellular killing of certain bacteria have been 
reported in some but not all cases. It is possible that neutrophil defects are not 
entirely responsible for the findings in PLS. Some authors have hypothesized that 
the hereditary defect in PLS is located in the epithelial barrier, which in the 
gingival sulcus may lead to a reduced defense against pathogenic bacteria.99 
Alterations in cementum, collagenolytic activity in the periodontal ligament, and 
osteoclastic activity have also been suggested in some patients with PLS. Taken 



together, these findings could explain the aggressive periodontal destruction seen 
in patients with PLS even in the absence of significant neutrophil abnormalities. 

The periodontal condition in PLS is difficult to treat, and use of conventional 
mechanical debridement rarely has been successful. Systemic administration of 
synthetic retinoids, when combined with meticulous plaque control, debridement, 
topical antimicrobials such as chlorhexidine, and systemic antibiotic therapy, may 
give the best chance for preventing progression of periodontitis and retaining 
teeth.100 

Down Syndrome 

Down syndrome (DS) is one of the most common causes of mental retardation in 
children. Periodontal diseases are practically universal in this disorder. In the 
deciduous dentition, gingivitis is almost always present and is often severe. As the 
patient with DS reaches puberty, periodontitis is a common finding. The 
prevalence of periodontitis is greater in DS than in many other types of mental 
retardation and is often quite severe.101 Plaque levels are greater in the DS 
population, yet the degree of periodontal destruction far exceeds that expected 
even with large accumulations of local factors. Endogenous factors may be 
involved in the pathogenesis of periodontitis in DS. The number of neutrophils in 
DS appears normal; however, neutrophil chemotaxis, phagocytosis, or 
intracellular killing may be inhibited. The release of tissue-destructive enzymes 
such as collagenase from salivary and gingival crevicular fluid neutrophils also 
may be increased.102 The evidence suggests a range of qualitative neutrophil 
defects in patients with DS that may help to explain the prevalence and severity of 
periodontal diseases in these individuals. 

Glycogen Storage Disease 

Glycogen storage diseases include at least 18 inherited disorders caused by 
abnormalities of enzymes that control glycogen synthesis and degradation.88 
Glycogen storage disease type 1 b is usually diagnosed in infancy or early 
childhood and includes features such as a "doll-like" facial appearance, stunted 
growth, hypoglycemia, ketosis, lactic acidosis, hyperlipidemia, gout, and bleeding 
episodes brought on by impaired platelet function. Patients with glycogen storage 
disease type 1 b often have qualitative and quantitative neutrophil defects, leading 
to an increased susceptibility to infection. Neutropenia may be either constant or 
cyclic, and is often accompanied by defects in neutrophil migration, chemotaxis, 
and bacterial killing.103 Oral disease, including mucosal ulceration, candidiasis, 
gingivitis, and periodontitis, is common in patients with glycogen storage disease 
type 1 b.103,104 Periodontitis may be generalized and aggressive in some patients. 
There are few reports of the success or failure of periodontal treatment. 

Anemias 



Anemias are qualitative or quantitative deficiencies of the blood, usually resulting 
from a decrease in the number of circulating red blood cells (erythrocytes) or in the 
amount of hemoglobin, or from a qualitative change in erythrocytes. The major 
categories of anemias include the following:  

• Normocytic-normochromic anemia 

• Macrocytic hyperchromic anemia 

• Microcytic hypochromic anemia 

• Sickle cell anemia 

Aplastic anemia is a form of normocytic-normochromic anemia that results from a 
lack of bone marrow production of erythrocytes and other blood cells. The disorder 
may be genetic or acquired. The acquired form usually follows exposure to certain 
drugs, toxic chemicals, or ionizing radiation. The severity of the clinical 
manifestations is directly dependent on the degree of pancytopenia. Because all 
bone marrow-derived cells are affected, including leukocytes and platelets, 
hemorrhage and infection are the major threats to patients with aplastic anemia. 
Oral manifestations include petechiae, gingival swelling and bleeding (often 
spontaneous), gingival overgrowth, and herpetic infections.105 Rapid bone loss has 
been reported, and periodontal infections have led to severe, life-threatening 
systemic infection. Fanconi's anemia is a rare form of aplastic anemia in which 
chromosomes break and rearrange easily. Most patients with Fanconi's anemia have 
birth defects involving multiple organ systems, and early-onset periodontitis may be 
seen.106 BMT may provide the best long-term outcome for individuals with aplastic 
anemia. 

Pernicious anemia, a form of macrocytic hyperchromic anemia, is caused by a lack 
of intrinsic factor, normally produced by the gastric mucosa. Intrinsic factor is 
essential to the absorption of vitamin B12 and to the formation of erythrocytes. The 
condition can vary in its clinical severity. Like many anemias, the complexion may 
appear pale. Gingival pallor is also common. The tongue is affected in more than 
75% of cases; atrophy of the papillae leaves the dorsal surface red, shiny, and 
smooth.107 It is often painful to eat. Pernicious anemia is treated with vitamin B12 
supplementation either orally or by injection. 

Iron deficiency anemia, a microcytic hypochromic anemia, is the most common 
form of anemia. In addition to the presence of hypochromic, microcytic red blood 
cells, it is characterized by low iron stores, low serum iron concentration, and low 
hemoglobin concentration or hematocrit. Iron deficiency anemia may result from 
blood loss, such as an occult gastrointestinal bleed or excessive menstruation. Oral 
signs and symptoms are similar to pernicious anemia and primarily affect the 
tongue and gingiva. Iron deficiency anemia is present in a disorder known as 
Plummer-Vinson syndrome and warrants particular attention. This syndrome is 
characterized by the glossitis seen in other forms of iron deficiency anemia, 



combined with enlargement of the tongue, ulceration of the oral and esophageal 
mucosa, and dysphagia (difficulty swallowing).108 Patients with Plummer-Vinson 
syndrome are at significantly increased risk for esophageal squamous cell 
carcinoma and should undergo frequent esophageal endoscopy.109 Iron 
supplementation is the key to management of iron deficiency anemia and may 
relieve the dysphagia associated with Plummer-Vinson syndrome. 

Sickle cell anemia is a hereditary hemolytic anemia that is found almost exclusively 
in black individuals. An abnormal hemoglobin gene is present. During conditions of 
decreased oxygen tension, the red blood cell changes shape and resembles a sickle. 
This can result in sickle cell crisis, in which the oxygen-carrying capacity of the 
erythrocytes is diminished and blood viscosity is increased. Sickle cell crisis is a 
life-threatening phenomenon. Sickle cell anemia may present with pallor of the 
gingiva and oral mucosa. Studies have not demonstrated an increased risk for 
gingivitis or periodontitis in individuals with sickle cell anemia.110 However, it is 
important for the clinician to thoroughly examine the periodontium of these 
patients, because acute periodontal infection may precipitate sickle cell crisis. 

Thrombocytopenia 

Thrombocytopenic purpura is a blood dyscrasia associated with a decrease in 
circulating platelets. Thrombocytopenia of clinical significance exists when the 
whole blood platelet count is less than 150,000/mm3, although the precise limits for 
normal vary slightly among laboratories. Excessive hemorrhage during or after 
invasive dental treatment is often seen with platelet counts less than 50,000/mm3. 
The most common manifestation of thrombocytopenic purpura is spontaneous 
hemorrhage into the skin and mucous membranes. The disease is also characterized 
by prolonged bleeding. Two major forms of thrombocytopenic purpura—primary 
and secondary—have been described. Primary (idiopathic) thrombocytopenic 
purpura (ITP) is of unknown etiology. This is a relatively common form of the 
disease and may be seen at any age. Secondary thrombocytopenia is caused by a 
known etiologic factor such as chemicals or drugs. 

Two forms of ITP are recognized: acute and chronic. Acute ITP is a self-limited 
disease that generally remits permanently without sequelae. The onset is usually 
sudden, with thrombocytopenia manifested by bruising, bleeding, and petechiae a 
few days to several weeks after an otherwise uneventful viral illness. Conversely, 
chronic ITP is usually a disease of adults and can be sudden or insidious in onset. It 
is more frequent in women than in men, and the course is characterized by 
remissions and exacerbations. In both acute and chronic ITP, thrombocytopenia and 
its manifestation are the only physical or laboratory abnormalities. 

The oral manifestations of thrombocytopenia may be the first clinical signs of the 
disease. Purpura, the most common oral sign, is defined as any escape of blood into 
subcutaneous tissues. Purpura includes petechiae, ecchymoses, hemorrhagic 
vesicles, and hematomas. These may appear on any mucosal surface and are often 



seen on the tongue, lips, and occlusal line of the buccal mucosa secondary to minor 
trauma. Purpura may be differentiated from vascular lesions by applying pressure 
directly to the area. Because purpura results from blood extravasated into the 
tissues, these lesions will not blanch. Other oral signs include spontaneous gingival 
hemorrhage and prolonged bleeding after trauma, toothbrushing, extractions, or 
periodontal therapy. Similar purpuric findings are seen on the skin. The patient may 
have a positive history of epistaxis (bleeding from the nose), hematuria (blood in 
urine), melena (darkening of feces caused by blood pigments), and increased 
menstrual bleeding. 

Good oral hygiene and complete removal of plaque and calculus help to minimize 
gingival inflammation and reduce gingival bleeding associated with 
thrombocytopenia. Gentle plaque control reduces the risk for bleeding. Periodontal 
therapy should be limited unless platelet counts exceed a minimum of 50,000/mm3, 
and surgery should be avoided until platelet counts are greater than 80,000/mm3. 
Any drug previously associated with the onset of thrombocytopenic episodes should 
be avoided. Aspirin and nonsteroidal antiinflammatory agents should also be 
avoided, because they may potentiate prolonged bleeding. 

Leukemias 

Leukemia is a neoplastic disorder of the blood-forming tissues, primarily affecting 
leukocytes. This heterogenous group of diseases arises from a neoplastic 
proliferation in the bone marrow. The replacement of normal bone marrow 
elements by leukemic cells causes decreased production of erythrocytes, normal 
white blood cells, and platelets. The clinical result is anemia, with weakness, 
fatigue, pallor of skin, and mucous membranes; thrombocytopenia with associated 
bleeding tendencies; and leukopenias resulting in increased susceptibility to 
infection. Leukemias are classified as either acute or chronic, depending on the 
presentation of the disease. They are further classified relative to the predominant 
cell affected as either lymphocytic or myelocytic.111 Monocytic leukemias form a 
subgroup of myelocytic leukemia. 

Oral involvement is common in leukemia and may represent the first sign of the 
disease. Dental professionals were responsible for initiating the diagnosis of 
leukemia in 25% to 33% of cases.112 Overall, 15% to 80% of patients with leukemia 
have oral manifestations, with the acute forms presenting oral signs in 
approximately 65% of cases, compared with only 30% in chronic leukemias. Oral 
petechiae or bleeding, mucosal ulceration, and gingival enlargement are the most 
common signs.113 Acute periodontal infection, pain, pharyngitis, and 
lymphadenopathy also may be seen. 

Gingival enlargement may be localized or generalized and represents an infiltration 
of leukemic cells into the gingiva, and less frequently into bone (Fig. 31-10). 
Gingival enlargement is most common in acute monocytic leukemia (67% of 
cases), followed by acute myelomonocytic leukemia (18.5%), and acute myelocytic 



leukemia (4%).114 The enlarged gingiva tends to be relatively firm in texture and 
most prominent in the interdental regions. The marginal tissues may be bluish-red 
or cyanotic. Gingival enlargement creates pseudopockets where plaque 
accumulates, stimulating a host response that may further exacerbate the swelling. 
Gingival bleeding is also common, and may be an early indicator of leukemia. Oral 
mucosal ulcers are a frequent finding in patients with leukemia. These lesions may 
result from bacterial invasion caused by severe leukopenia or from mucosal atrophy 
caused by a direct effect on epithelial cells of the chemotherapeutic drugs used to 
treat leukemia. Trauma from a dental prosthesis or teeth may result in large 
secondarily infected ulcers progressing to facial cellulitis and septicemia. 

Figure 31-10.   

 

Leukemic gingival enlargement in 33-year-old man. Biopsy of gingiva revealed 
large leukemic infiltrate. (Courtesy Dr. Craig Fowler, Wilford Hall Medical 
Center, Lackland Air Force Base, TX; and Dr. Robert Brannon, Louisiana State 
University School of Dentistry, New Orleans, LA.) 

Treatment for leukemia may include chemotherapy, radiation therapy, and BMT, 
each of which has the potential to produce a wide range of oral complications. 
Mucositis, xerostomia, and secondary infection with a variety of bacterial, viral, and 
fungal agents may occur.115,116 Candidiasis is almost universally seen in 
hospitalized patients with leukemia undergoing chemotherapy. Infections with 
unusual organisms (e.g., Pseudomonas and Klebsiella species) are common in this 
group of patients. Many drugs used for chemotherapy are neurotoxic and may cause 
intense oral pain, which is usually transient. These symptoms must be distinguished 
from pain of odontogenic origin. Patients undergoing BMT require special 
consideration because they receive very high-dose chemotherapy, often in 
combination with total body irradiation. The extreme immunosuppression 



experienced by patients with BMT predisposes to systemic spread of even mild 
infections. A large percentage of patients with BMT develop graft-versus-host 
disease, a condition where transplanted immunocompetent marrow cells recognize 
the host tissues as foreign and react against them, resulting in fever, mucosal 
ulcerations, skin erythema, and systemic involvement (Fig. 31-11). 

It is critical that dental needs be assessed as soon as a definitive diagnosis of 
leukemia has been rendered and a decision is made to initiate a radiation, 
chemotherapy, or BMT protocol. Unfortunately, oral care has been overlooked in 
the past, but aggressive promotion of dental intervention as a part of leukemia 
treatment protocols in recent years has dramatically decreased the incidence of oral 
complications.112 

During the acute phase of the disease only those procedures that are necessary to 
alleviate the discomfort and hemorrhaging should be performed. Conversely, during 
a period of remission every attempt should be made to achieve a state of periodontal 
health. The treatment should be conservative, consisting of the removal of all local 
irritants and instruction in good plaque control techniques. The distinct benefits of 
strict plaque control in severely granulocytopenic leukemia patients have been 
demonstrated: obtaining excellent gingival health and minimizing oral ulceration 
throughout chemotherapy.118 

Figure 31-11.   

 

Ulcerations on lips of a female patient with graft-versus-host disease (GVHD) 
after bone marrow transplantation. Severe intraoral ulcerations also were 
present on the buccal mucosa, the floor of mouth, and the ventral surface of the 
tongue. The patient died within 1 month of this photograph. (Courtesy Dr. Alex 
DePeralta, Wilford Hall Medical Center, Lackland Air Force Base, TX.) 



Severe gingival bleeding resulting from thrombocytopenia often can be managed 
successfully with localized treatment. The use of an absorbable gelatin sponge with 
topical thrombin or placement of microfibrillar collagen is often sufficient. Some 
authors report successful management of gingival bleeding with oral rinses of 
antifibrinolytic agents. If these measures are not successful in stopping blood flow 
from an oral site, platelet transfusions may be necessary. 

Management of oral ulcers in patients with leukemia should be directed toward 
preventing the spread of localized infection and bacteremia, promoting healing of 
the lesion, and decreasing pain. Oral ulcers or extensive tissue sloughing may serve 
as the source of life-threatening septicemia in patients with leukemia (Fig. 31-12). 
Topical antibacterial and antifungal medication should be used. Chlorhexidine 
mouth rinses are effective in reducing the severity of oral ulcerations, primarily by 
minimizing secondary infection of these lesions.119 Severe ulcers showing clinical 
signs of infection should be treated with a combination of topical medication and 
systemic antibiotics. 

Patients with myelosuppressed leukemia are at risk for a variety of viral infections, 
most commonly herpes simplex, varicella zoster, and cytomegalovirus (CMV; Fig. 
31-13). These infections may become severe and must be recognized early. Herpes 
simplex virus and varicella zoster virus respond well to systemic acyclovir or other 
antiviral agents, and many patients with leukemia undergoing chemotherapy are 
treated prophylactically to prevent infection. 

Figure 31-12.   

 

A 43-year-old male patient with severe myelosuppression secondary to 
immunosuppressive drug therapy. Sloughing of gingiva is apparent around all 
teeth and affects both marginal and papillary gingiva. 



Figure 31-13.   

 

Herpes zoster. A, Unilateral right palatal ulcerations noted in 68-year-old man. 
Lesions were acutely painful. Patient had no history of trauma in this region. B, 
Ulcerations also noted on labial mucosa of lower lip. Again, lesions were 
confined to the patient's right side. A diagnosis of herpes zoster was made. C, 
Within 1 week, this patient had major skin ulcerations on the right side 
extending across the entire distribution of the trigeminal nerve. The patient was 
treated with systemic acyclovir. The lesions resolved but resulted in significant 
and prolonged postherpetic neuralgia. 

Coagulation Disorders 

The predominant inherited coagulation disorders are hemophilia A, hemophilia B, 
and von Willebrand disease. Coagulopathies may also be acquired. Liver disease 
affects coagulation because most of the clotting factors are synthesized in the liver; 
thus the clinician should be wary of coagulation disorders in alcohol abusers and 
patients with hepatitis. Vitamin K deficiency, usually associated with long-term 
antibiotic usage or with malabsorption syndromes, can result in coagulation 
problems. Several of the clotting factors are dependent on vitamin K for their 
synthesis. The most common oral manifestation of coagulopathies, excessive 



bleeding, is generally associated with surgical therapy (see Chapter 37 for complete 
discussion). On occasion, a patient with a coagulation disorder will have 
spontaneous gingival bleeding. This is usually caused by accumulation of plaque, 
and its presence emphasizes the importance of excellent oral hygiene in these 
patients. 

INFLUENCES OF NUTRITION 

The relation between nutritional factors and maintenance of periodontal health, or the 
role of nutritional factors in the pathogenesis of periodontal disease, is controversial. 
Many practitioners are ardent supporters of the concept that nutrition not only 
influences the onset and progression of disease but is critical to proper periodontal 
therapy. Others decline to place much importance on the role of nutrition in either the 
pathogenesis of periodontal disease or its treatment. Most of the scientific evidence is 
derived from laboratory or animal studies. Because of inadequacies in study design, 
few controlled human studies exist on which to base conclusions about the effect of 
nutrition on periodontal health, disease, or treatment. Well designed population, 
observational, mechanistic, and intervention studies are needed to clarify this issue.120 
Although dental plaque is the major etiologic factor in periodontal disease, it is 
possible that inadequate nutrition may alter the host response to bacterial irritants and 
render the host more susceptible to establishment or progression of periodontal 
diseases.121 

Nutritional disorders are not only the result of inadequate dietary intake but also may 
be caused by disturbances in absorption of nutrients, economic and educational 
limitations, self-imposed dietary restrictions, and geographic isolation from an 
adequate food supply. The impact of nutrition on periodontal, oral, and overall 
systemic health can best be seen by examining extreme nutritional deprivation. This 
situation is uncommon in the developed world, which may explain the paucity of 
useful human data in the area of nutritional influences on the periodontium. 

Physical Dietary Factors 

In animals, the physical characteristics of food play a role in plaque accumulation 
and development of gingivitis. Soft diets contribute to accumulation of plaque and 
calculus, whereas hard or fibrous foods have a physical cleansing that decreases 
plaque accumulation and gingival inflammation. In fact, experimental gingivitis is 
often enhanced by placing animals on a soft diet to foster plaque accumulation. The 
nutritional adequacy of the diet appears to have little impact on gingivitis in 
animals, whether the food is soft or hard. In contrast, plaque accumulation and 
gingivitis in humans appears unrelated to the physical characteristics of the diet. 
Hard or fibrous foods are not associated with decreased plaque accumulation.122 
The difference in the physical effects of foods between animals and humans may be 
related to differences in study design. In animal studies of dietary characteristics, 



the subjects can be fed an exclusively hard diet. Humans, conversely, cannot be fed 
an exclusively hard diet for any significant length of time. 

Nutritional Deficiencies 

Nutritional deficiencies are most common in underdeveloped parts of the world. It 
is estimated that more than 150 million children, primarily in sub-Saharan Africa 
and southern Asia, are malnourished.123 In the United States and other developed 
countries, cases of malnutrition can be found primarily among the elderly, the poor, 
and abusers of alcohol and other drugs. 

The interactions between nutrition, the immune system, and infection may be of 
significance in the oral cavity.124 A vicious cycle may be present in some 
individuals when malnutrition suppresses the immune system, which may intensify 
infectious diseases; this may then lead to further malnourishment. In addition, there 
is evidence that malnutrition may increase the pathogenicity of certain infecting 
microorganisms, although this has not been demonstrated with periodontal 
pathogens. 

The starkest example of an association between nutrition and oral health is the 
presence of necrotizing gingivitis and noma in malnourished African children. The 
prevalence rate of necrotizing gingivitis among children in some African villages is 
as great as 15% to 25%.124 This disorder is uncommon in the developed world. 
Most of these children are malnourished, have poor oral hygiene, and have common 
tropical infections. Measles, a viral infection, often precedes development of 
necrotizing gingivitis and noma. Herpes viruses also have been associated with 
these maladies. A model has been proposed by which an initial viral infection 
cannot be eliminated by the immune system because of impaired host resistance 
derived from a malnourished state.124 When combined with poor oral hygiene, the 
impairment in host resistance allows viral replication in the mouth, impairs the 
integrity of the oral mucosal barrier, promotes selective growth of pathogenic 
bacteria, reduces T-cell and neutrophil function, and leads to necrotizing gingivitis. 
This condition, if unresolved, can lead to necrotizing periodontitis and even to 
noma. Noma is a severe gangrenous process that destroys the bone and soft tissues 
of the mouth and face. Noma can lead to death. 

The oral epithelial tissues are able to play a protective role by virtue of their 
capacity to replace cells rapidly and to act as a functional barrier. The epithelial 
lining of the gingival sulcus has one of the fastest turnover rates in the body and 
requires a continuous and adequate supply of nutrients. Dietary studies in 
experimental animals demonstrate that 70% to 80% calorie restriction or protein 
calorie malnutrition reduces mitotic activity in epithelial tissues, including the oral 
cavity.125 The barrier function of the oral epithelium and its permeability depend on 
the cumulative integrity of an intraepithelial barrier: the basement membrane and 
the plasma membrane of the epithelial cells. Such a barrier serves to limit the 
passage of antigenic material, such as bacterial endotoxins and other metabolic 



byproducts, from the surface into the underlying connective tissue. An increase in 
oral mucosal permeability may occur with ascorbic acid, folate, and zinc 
deficiencies. 

Inadequate nutrition may impair the host response to the bacterial etiology of 
periodontal diseases, thereby modifying the inflammatory process. The complex 
interactions among immune cells, cytokines, hormones, and other inflammatory 
mediators may be altered by nutritional deficiencies.121 Both cellular and humoral 
immune responses to bacterial challenge can be suppressed, and chronically 
malnourished individuals may be at increased risk for more rapid and advanced 
periodontal destruction. Neutrophil function may be adversely affected by certain 
nutritional deficiencies, especially vitamin C deficiency, and could play a role in 
enhanced periodontal destruction. The properties of salivary defense include 
adequate flow rate, buffering capacity, and antimicrobial activity. The antimicrobial 
activity stems from salivary immunologic and nonimmunologic constituents, and it 
may be impaired by malnutrition. These proteins perform the vital task of inhibiting 
bacterial adherence, growth, and colonization. 

The process of tissue repair, including repair of periodontal tissues, is influenced by 
several factors, notably integrity of the inflammatory immune response, hormones, 
and an adequate supply of nutrients, particularly immunoacids, ascorbate, 
riboflavin, folic acid, vitamin A, and zinc. The local nutrient requirement of the 
periodontal tissues may be considerably increased compared with other tissues. The 
gingival sulcus, because of the ever-present antigenic challenge, is in a state of 
continuous repair. It is conceivable that inadequate nutrient levels in this tissue may 
result in "end-organ" deficiency, causing impairment of the repair process and 
facilitating the progression of periodontal disease. 

Protein Deficiency 

Protein-energy malnutrition impairs cell-mediated immunity, the complement 
system, secretory antibody, phagocyte activity, and cytokine production.126 
Activity of helper and cytotoxic T cells is diminished. Serum cortisol levels are 
increased in protein-energy malnutrition, and the normal diurnal variations in 
serum cortisol levels are abolished. This inhibits the normal homeostatic diurnal 
variation in immune activity that is critical to an intact host defense. Increased 
serum cortisol levels may also increase local cortisol levels in gingival crevicular 
fluid. This inhibits macrophage function and decreases production of major 
cytokines involved in the immunoinflammatory response. Cytokines have both 
beneficial and deleterious effects, therefore the net effect of nutrition on various 
cytokine profiles is difficult to delineate clearly. For example, malnutrition may 
decrease circulating levels of both the antiinflammatory cytokine transforming 
growth factor-β and the proinflammatory cytokines tumor necrosis factor-α and 
interleukin-1 (IL-1).126,127 The acute-phase response also appears to be blunted in 
protein-energy malnutrition. The acute-phase response is a systemic response to 
infection characterized by release of acute-phase reactants such as fibrinogen and 



C-reactive protein from the liver. These reactants participate in immediate host 
defense against infection. Severe protein deficiency, known as kwashiorkor, may 
result in a shift to a more periodontopathic subgingival microbiota predominated 
by anaerobes not commonly seen in children, such as P. gingivalis, P. intermedia, 
Fusobacterium species, and spirochetes.128 The prevalence of fungal organisms 
and oral candidiasis is also increased in these children.129 Candidiasis is rare in 
children, except in cases of immunosuppression such as that seen during cancer 
chemotherapy. The high prevalence of candidiasis in malnourished children 
highlights the potential oral impact of severe protein deficiency. 

In animal studies, protein deficiency has been reported to cause osteoporosis of 
alveolar bone and a narrowing of the periodontal ligament fibers. In addition, 
protein deprivation in animals has been known to retard the healing of wounds 
and the repair of local tissue irritation. It does not initiate any local inflammatory 
reaction in the absence of bacterial or mechanical injury. Protein deprivation in 
the presence of periodontal tissue injury can decrease the rate of connective tissue 
and bone repair and can cause a breakdown of the healing wound.130 

In human studies, severe protein deficiency has been associated with a greater 
prevalence of chronic periodontitis, necrotizing gingivitis, and necrotizing 
periodontitis.124 Combinations of protein supplementation and mechanical 
periodontal therapy are more effective than either approach alone in restoring 
periodontal health.131 

Vitamin Deficiencies 

Vitamins are essential for systemic and periodontal health. Vitamins are classified 
as either fat soluble (A, D, E, and K) or water soluble (B and C). Fat-soluble 
vitamins are stored in the body, whereas water-soluble vitamins are excreted, 
primarily in the urine. 

Vitamin A is important in the synthesis and maintenance of epithelial cells in the 
skin and mucous membranes. It is also involved in synthesis of proteoglycans. 
Vitamin A deficiency may manifest in degenerative changes in epithelial tissues, 
with an alteration of the integrity of the barrier, and keratinization of normally 
nonkeratinizing cells. In animal studies, vitamin A deficiency results in 
hyperplasia and hyperkeratosis of the gingiva, proliferation of the junctional 
epithelium, and inhibition of gingival wound healing.132 Resorption of cementum 
also may be increased. Deeper periodontal pockets may develop in vitamin A-
deficient animals than in animals with normal vitamin A levels. There is little 
evidence available to evaluate the effect of vitamin A deficiency on the 
periodontium in humans. 

Vitamin B is actually a complex of water-soluble vitamins that includes thiamin 
(B1), riboflavin (B2), niacin, pyridoxine (B6), biotin, folic acid, and cobalamin 
(B12). Deficiency in just one of the B-complex vitamins in not common, and oral 



manifestations generally reflect a deficiency of multiple B vitamins. In the United 
States, vitamin B deficiencies are most often seen in alcoholics and drug abusers. 
The most common oral signs of vitamin B deficiency include glossitis with loss of 
lingual papillae, glossodynia (painful tongue), gingivitis, angular cheilitis, and 
generalized mucositis. Gingivitis results primarily from plaque accumulation, but 
the vitamin deficiency may exacerbate the signs of inflammation. 

Thiamin deficiency may lead to myelin degeneration in peripheral nerves and to a 
condition known as beriberi. Beriberi is characterized by peripheral paralysis and 
polyneuritis, cardiovascular changes, and loss of appetite. This disorder is more 
common in areas where rice is a diet staple and is uncommon in the United States. 
Oral manifestations of thiamin deficiency include generalized oral mucositis and 
small vesicular eruptions on the buccal mucosa, floor of mouth, and palate. 

A deficiency of riboflavin is associated with angular cheilitis, glossitis, and oral 
mucosal ulcerations. Seborrheic dermatitis may also be present. The dorsal 
surface of the tongue often appears bald and purple. In animals, riboflavin 
deficiency may cause severe gingival inflammation and ulceration, which may 
progress to necrotizing periodontitis and noma. These findings have not been 
demonstrated in humans. 

Severe deficiency of niacin results in pellagra, which was once common in some 
parts of the United States. People with pellagra usually have deficiencies of 
riboflavin and niacin. Pellagra is characterized by gastrointestinal symptoms such 
as loss of appetite, nausea, vomiting, and diarrhea; dermatitis presenting as thick, 
red, scaly skin, especially on the back of the hands and neck; and mental 
disturbances such as insomnia, anxiety, and depression. The oral signs of pellagra 
include glossitis, stomatitis, and ulceration of the mucosa. In animals, gingival 
inflammation, pocketing, and bone destruction may be seen, as may tissue 
necrosis, depending on the severity of niacin deprivation. In humans, necrotizing 
gingivitis may be seen. 

Long-term deficiencies in pyridoxine can result in anemia, dermatitis, and 
peripheral neuropathy. Like other B vitamin deficiencies, lack of pyridoxine can 
cause glossitis, stomatitis, and increased gingivitis. 

Vitamin B12 deficiency is associated with pernicious anemia, which inhibits 
absorption of the vitamin from the gut (see earlier). Epithelial thinning and 
ulceration can occur in the oral cavity, and the tissues may be at greater risk for 
epithelial dysplasia.133 Folic acid functions in concert with vitamin B12 and is 
critical to the proper formation of erythrocytes. Folic acid deficiency can lead to 
megaloblastic anemia, in addition to gastrointestinal changes causing diarrhea and 
malabsorption. In folate-deficient animals, necrosis of the gingival tissues and 
bone may occur. In humans, the most common oral changes are angular cheilitis, 
stomatitis, and glossitis with ulceration of the tongue. Folic acid supplements 
have been studied in humans to determine their effect on the periodontium. A 
reduction in gingival inflammation without a decrease in plaque accumulation has 



been seen after topical or systemic folate supplementation when compared with a 
placebo.134,135 In pregnant women, topical folate rinses were associated with 
reduced gingivitis, whereas systemic folate was not.136 Folic acid supplementation 
may also reduce the incidence and severity of phenytoin-induced gingival 
overgrowth, although not all studies demonstrate a significant effect.135,137 

Vitamin C deficiency has long been associated with oral changes and has been 
studied in the dental community more than any other vitamin deficiency.138 
Vitamin C is required for collagen synthesis and cross-linking; therefore, 
deficiency of this vitamin can adversely affect the periodontal tissues, wound 
healing, and vascular integrity. Furthermore, vitamin C accumulates in 
neutrophils and is important to normal immune function. Severe or prolonged 
deprivation of vitamin C results in scurvy. Scurvy is uncommon in the developed 
world, where it is most likely seen in alcohol or drug abusers. Scurvy is 
accompanied by periodontal changes that can be severe. Gingivitis occurs as an 
early sign of the disease. The tissues become highly inflamed and bleed easily, 
sometimes spontaneously. Excessive swelling and bleeding is caused by increased 
permeability of the sulcular epithelium and capillary fragility. Neutrophil 
chemotaxis and phagocytosis are hindered, preventing proper elimination of 
offending bacteria. As scurvy progresses, increased destruction of the periodontal 
ligament and bone result in tooth mobility. Because collagen synthesis is 
impaired, proper wound healing, including new bone formation, does not occur. 
Notably, scurvy does not occur unless vitamin C deprivation is prolonged for 
months. There is little evidence suggesting that mild vitamin C deficiencies have 
a major effect on initiation or progression of periodontal diseases. An analysis of 
epidemiologic data from more than 12,000 adults in the United States 
demonstrated only a weak relation between reduced dietary vitamin C intake and 
the presence of periodontitis.139 Although some clinicians suggest vitamin C 
supplements for their patients, there is little evidence that such supplementation 
significantly affects the risk for periodontal diseases. 

Vitamin D is composed of a group of steroid hormones that have a major role in 
maintaining calcified tissues throughout the body. Vitamin D is required for the 
absorption of calcium from the gut and for maintenance of the calcium-
phosphorous balance. Vitamin D3 forms within the skin in response to ultraviolet 
rays from the sun. Vitamin D3 concentrates in the liver and is converted in the 
kidneys to form the active hormones 1,25-vitamin D3 and 24,25 vitamin D3. 
These hormones regulate plasma calcium levels by promoting absorption from the 
gut, regulating calcium reabsorption in the kidneys, and (in conjunction with 
parathyroid hormone) controlling bone resorption and release of calcium from 
mineralized stores. Vitamin D deficiency alters normal bone homeostasis and 
turnover. Organic bone matrix is not properly mineralized, leading to fragility. 
This condition is called rickets when it occurs in children and osteomalacia in 
adults. Osteomalacia in older adults is generally caused by kidney or liver 
dysfunction. Rickets is characterized by defective formation of long bones and 
retarded skeletal development. The cortical plates of the maxilla and mandible 
may undergo thinning, and the trabecular pattern may be sparse.140 Because teeth 



require normal calcium-phosphorous homeostasis for proper formation, dental 
anomalies are common. Enamel and cementum hypoplasia, enlarged pulp 
chambers, and delayed development of the permanent dentition are noted. 
Osteomalacia may be accompanied by resorption of alveolar bone with 
replacement of bone by fibrous tissue, destruction of the periodontal ligament, 
and narrowing of the periodontal ligament space. These changes are similar to 
those that occur in hyperparathyroidism (see earlier). This type of secondary 
osteoporosis, resulting from vitamin D deficiency or hyperparathyroidism, must 
be distinguished from the primary osteoporosis commonly associated with aging. 
Treatment of vitamin D deficiency involves vitamin D supplementation and 
increased exposure to sunlight. 

Calcium metabolism is influenced not only by parathyroid hormone and vitamin 
D but by dietary calcium intake as well. In a large epidemiologic study of 
approximately 12,000 Americans, the risk for having clinical attachment loss was 
increased in men and women younger than 40 years who had a low dietary 
calcium intake compared with those with a normal recommended daily calcium 
intake (800 mg/day).141 The lower the daily intake, the greater the risk for 
attachment loss. This suggests that patients should follow the recommended 
guidelines for dietary calcium intake and that dental providers should encourage 
this in their practices. In a longitudinal trial of elderly adults comparing daily 
calcium supplementation with placebo, those subjects consuming at least 1000 mg 
calcium per day had a significantly smaller risk for tooth loss than did those 
consuming lower calcium levels.142 This suggests that calcium supplementation 
may have a beneficial effect on tooth retention; however, this study did not 
address the causes of tooth loss. 

Vitamin E is an antioxidant that reduces free oxygen radicals—toxic substances 
that can cause DNA mutations, peroxidation of lipid membranes, and cell death. 
Free radicals are involved in a host of diseases affecting multiple organ systems, 
and antioxidant therapy may be useful in disease prevention, although the use of 
antioxidant supplementation remains controversial in the medical literature. 
Vitamin E deficiency has its primary deleterious effects on cell membranes. There 
is a paucity of scientific data regarding the relation between vitamin E and the 
periodontium. 

Vitamin K is formed by bacteria present in the gut and is critical to the proper 
production of numerous clotting factors. Vitamin K deficiency usually results 
from disturbances of the normal gastrointestinal flora. This can be caused by 
malabsorption syndromes or long-term antibiotic usage. The result of vitamin K 
deficiency is an increased bleeding tendency that may be severe if dental surgery 
is performed. There is no evidence that vitamin K deficiency has a direct effect on 
the periodontium. 

Impact of Nutrition on Periodontal Health 



Published evidence related to the systemic influence of nutrition on the 
periodontium in health and disease has led to the following conclusions:  

1. Animal studies have demonstrated inconclusively that when a large 
number of nutrients are either withheld from the diet or ingested in excessive 
amounts, a deleterious effect may be seen. Animal experiments reside at the 
bottom of the evidence chain. They may give us a clue as to what to study in 
humans, but we cannot make conclusions about the pathogenesis of human 
periodontal disease solely from results obtained from animal experiments. 

2. Nutritional imbalance in humans does not cause periodontal disease 
without the presence of local factors. Deficiencies in nutrition appear to modify 
the severity and extent of periodontal disease by altering the host 
immunoinflammatory response and the potential for repair of the affected 
tissues. To date, evidence to support nutritional disorders as a major factor in 
the initiation of periodontal disease is scant. Some nutritional deficiencies (e.g., 
calcium, vitamin C) have shown a weak to moderate association with the risk 
for periodontitis, but further research is indicated. 

3. To date, intervention studies are lacking. Well-controlled nutritional 
studies in human subjects will be essential and helpful for definitive and valid 
assessment of the systemic role of nutrition in periodontal health and disease. 

It is clear that periodontal disease is primarily an infectious process involving an 
inflammatory response to local factors (e.g., bacterial plaque). Current knowledge 
suggests that the response can be conditioned by nutritional factors. However, 
prevention or reversal of this disease by short-term nutritional therapy has not 
been demonstrated. Thus the fundamental basis for patient counseling relative to 
diet, nutrition, and periodontal disease rests with instructing the patient to ingest a 
nutritionally adequate diet in the long term. If periodontitis responds positively to 
plaque control and conventional modes of treatment, existing evidence does not 
warrant nutritional supplementation. 

STRESS AND PSYCHOGENIC DISORDERS 

Stress comes in physical, emotional, and psychological forms. Emotional or 
psychological stress within the social environment may arise during periods of 
bereavement, strain or failure of relationships, major work- or school-related events, 
and periods of financial difficulty, to name a few. Periodontal diseases occur in 
susceptible individuals when certain pathogens colonize the periodontal environment. 
These pathogens are necessary for disease but are not sufficient to cause disease in all 
individuals. Rather, other intrinsic (e.g., genetic predisposition) or extrinsic factors 
(e.g., systemic disease and smoking) exist that increase the risk that a disease will 
develop in a given individual. Stress may act as a factor to increase the susceptibility 
to periodontal diseases. 



Stress/Depression 

Physical and mental stress are known to alter immune responsiveness and may 
increase the susceptibility to periodontal infection.143 Early case studies suggest a 
correlation between periodontal disease parameters and certain psychiatric disorders 
and major life event stressors. The most commonly studied periodontal disease in 
relation to stress is acute necrotizing ulcerative gingivitis (NUG). The incidence of 
NUG has been shown to increase during periods of stress.144,145 Stress has been 
suggested to be one of the greatest risk factors for NUG, especially in patients who 
smoke. 

Case-control studies support a relation between chronic periodontitis, life events, 
and social demographics.146 Individuals who were married, employed, and had few 
negative life events had less periodontitis compared with those who were 
unmarried, unemployed, and/or experienced negative life events. Other studies have 
confirmed that high work demands and low marital quality are associated with 
poorer periodontal status.147 Rapidly progressive forms of periodontitis have been 
shown to be associated with increased depression and loneliness compared with 
either chronic periodontitis or periodontal health.148 

A large epidemiologic study involving more than 1,400 subjects evaluated the 
relation between periodontitis and stress, but, importantly, also considered stress 
coping mechanisms.149,150 People with high levels of financial strain had more 
attachment loss than did people with low financial strain. Among the people with 
high financial strain, however, those individuals who showed adequate coping 
mechanisms (problem-based coping) had no greater risk for attachment loss than 
did those with little financial strain. Conversely, those people with inadequate 
coping mechanisms (emotion-focused coping) who had high financial strain levels 
had the greatest risk for attachment loss and bone loss. Occupational stress also has 
been associated with greater progression of periodontal destruction 
longitudinally.151 Over a 5-year period, people with low job satisfaction levels had 
greater loss of periodontal attachment than did those with high job satisfaction. 
When coping mechanisms were examined, subjects with an internal locus of 
control—those who believed that they had personal control over what happened to 
them—had less attachment loss than those who felt that their environment had more 
control than did they personally (external locus of control). The important 
conclusion of these studies is that one must consider not only the levels of stress 
and strain that a patient may experience but also the adequacy of their coping 
mechanisms in assessing the impact of stress on periodontal health. 

Stress also may impact the outcome of periodontal therapy. In a study of 700 
patients from a large health maintenance organization, individuals with clinical 
depression had a less favorable periodontal treatment outcome than did individuals 
without depression.152 This study was only a review of records, therefore its 
conclusions must be viewed with caution. However, the mechanisms that may 



explain the influence of stress on the periodontium might also influence the results 
of periodontal therapy. 

The effects of stress on the periodontium may be mediated through a number of 
pathways. Stress may simply increase other behaviors that negatively affect 
periodontal health. For example, people experiencing stress may have poorer oral 
hygiene, poorer compliance with dental care, and may smoke more than those 
individuals not under stress. Unlike recent studies,149,150 older studies frequently did 
not adjust for these behavioral factors when examining the impact of stress. Stress 
appears to have adverse potential effects that go beyond what can be explained 
simply by associated changes in behavioral factors. 

The central nervous system can influence the immune response through complex 
pathways that link the nervous, endocrine, and immune systems. The two main 
pathways that link the central nervous system and immune system are the 
hypothalamic-pituitary-adrenal axis and the direct neuronal connections from the 
autonomic nervous system.153 Stress mediates multiple changes in the endocrine 
system. Stress increases cortisol production in the adrenal cortex by stimulating 
increased release of ACTH from the pituitary gland. Salivary cortisol levels may be 
increased by stress and poor coping mechanisms. Cortisol depresses the immune 
response including neutrophil activity and production of IgG and secretory IgA, all 
of which are critical in the host immunoinflammatory response to periodontal 
pathogens. Secretory IgA may decrease initial colonization by pathogens, and IgG 
opsonizes bacteria so they can be phagocytized and killed by neutrophils. 
Suppression of the immune response by increased stress-induced cortisol levels 
increases the potential for pathogen-related periodontal destruction. 

Direct neural-immune interaction may also mediate the effects of stress on the 
periodontium. Neurotransmitters such as epinephrine, norepinephrine, neurokinin, 
and substance P that are released at neuroeffector junctions interact directly with 
cells of the immune system. Lymphocytes, neutrophils, monocytes, and 
macrophages all possess receptors for these neurotransmitters. Stress may increase 
neurotransmitter release, causing a shift in immune function from a protective 
response to a destructive one.153 This results in decreased immune cell response to 
antigens and a decrease in T-cell activity and antibody production. Cytokine 
production also may be altered, with a reduction in antiinflammatory cytokines and 
a shift toward proinflammatory profiles. Substance P and neurokinin levels have 
been shown to be increased in gingival crevicular fluid of patients with periodontitis 
compared with healthy control subjects, suggesting that increased neuropeptide 
levels are associated with disease.154 These physiologic changes in endocrine, 
nervous, and immune systems induced by stress may help explain the increased risk 
for periodontal diseases seen in many studies. 

Psychosomatic Disorders/Self-Injury 



Occasionally the clinician will encounter a patient with self-inflicted injury to the 
periodontium. This may involve habitual trauma induced by foreign objects (e.g., 
pencil, bobby pin, or pipes) or by fingers or fingernails, and is usually unintentional. 
Self-inflicted gingival injury has been described in children and adults. The lesions 
are usually isolated to one area of the mouth. These cases can be difficult to 
diagnose and the cause is usually found through the process of elimination. 
Treatment involves identification of the habit, patient education, and appropriate 
follow-up. 

More serious psychological problems can lead to bizarre oral presentations as well. 
Munchausen syndrome is a psychiatric disorder in which the patient may inflict 
injury on himself or herself to attract attention and garner concern.155 These patients 
often visit multiple practitioners or hospitals in search of provider concern. They 
may have a variety of symptoms and often have numerous scars and bruises. They 
may be willing to undergo multiple diagnostic procedures as the clinician searches 
for the cause of the patient's complaint. The self-inflicted injury may involve the 
periodontium. These cases are difficult to diagnose, which further satisfies the 
patient's desires because clinicians are likely to continue referring the patient to 
other practitioners in search of a diagnosis. 

HUMAN IMMUNODEFICIENCY VIRUS/ACQUIRED 

IMMUNE DEFICIENCY SYNDROME 

An unexplained acquired immunodeficiency syndrome was first reported in 1981 and 
was believed to be limited to homosexual males. Subsequently, the syndrome was 
identified in heterosexuals, usually those who engaged in unprotected sexual 
activities or who used illicit injected drugs. A viral pathogen was long suspected as 
the etiologic agent and ultimately was identified in 1984.156 By mutual agreement, 
scientists involved with this virus ultimately named it the human immunodeficiency 
virus (HIV). The debilitating and fatal condition the virus causes was designated as 
the acquired immune deficiency syndrome (AIDS). The virus attacks most cells in the 
human immune system, especially those that carry the CD4 cell surface receptor 
molecule. These cells include helper T lymphocytes, monocytes, macrophages, 
dendritic cells, and even neuronal and glial cells.157 The virus survives and multiplies 
within the cells, is transmitted to other similar cells, and ultimately induces death of 
the host cell. This results in the gradual elimination of host resistance to a wide 
variety of infectious processes and malignant changes. B lymphocytes and 
neutrophils are not infected, but as the disease progresses, there is marked secondary 
dysregulation of their function. These factors render the HIV-infected individual 
more susceptible to disseminated infections, malignancy, and adverse drug reactions. 

Epithelial cells of mucous membranes may become infected and allow access for the 
virus into the body. Available evidence, however, indicates that transmucosal viral 
entry primarily occurs through infection of circulating lymphocytes, macrophages, 
and dendritic cells.159,160 In most instances, mild to severe traumatic injury or 
percutaneous penetration of mucosa is necessary for an exposed individual to become 



infected. HIV has been found in most body fluids including saliva and breast milk. 
However, the greatest quantities of virus are found in blood, semen, and cerebrospinal 
fluid. Transmission of the infection primarily occurs by sexual contact or by reuse of 
infected needles by users of illicit injectable drugs. Exposure to contaminated blood 
and blood products in the health care setting was initially a means of transmission to 
individuals who required transfusions. However, blood banks in developed countries 
carefully screen blood donors and evaluate blood products and this risk has ceased to 
be of major concern. The problem, however, continues in undeveloped, third world 
countries. 

Transmission of HIV from infected mothers to infants takes place by fetal infection, 
infection at time of delivery, or by breastfeeding. Recent evidence indicates, however, 
that the risk for maternal transmission has been markedly reduced by early testing of 
expectant mothers and administration of antiretroviral drugs to the HIV-positive 
mother before and after parturition.161 

In the United States 807,075 AIDS cases have been reported as of December 31, 
2001.162 Although the numbers of patients with AIDS continue to increase in 
developed countries, death from this infection has decreased. This is primarily the 
result of inception of highly active antiretroviral therapy (HAART) that combines the 
use of antiretroviral and protease inhibitor drugs.163–165 The World Health 
Organization estimates that approximately 40 million individuals worldwide are 
infected by 1 of the 10 identified strains of HIV. The majority of these individuals are 
expected to die from lack of health care and unavailability of therapeutic drugs, 
complicated by nutritional deficiencies and the presence of other debilitating diseases. 
The AIDS epidemic constitutes the most severe medical crisis in world history. 

Transmission of the virus from infected health care workers to patients has been 
reported on only three occasions.166,167 One incident involved six patients who 
contracted the infection after treatment by one HIV-infected dentist.166 Conversely, 
health care workers are at greater risk for seroconversion if injured while managing 
HIV-infected patients. The degree of risk appears to be directly related to high levels 
of plasma viral bioload in the patient being treated, and most events result from 
inadvertent exposure to infected blood. Deep penetration of the injury is a usual 
feature, although contact with large quantities of infected blood on mucous 
membranes may be another source of viral entry. To date, 103 documented cases of 
HIV seroconversion because of occupational exposure have been reported in health 
care workers. No occupationally derived viral seroconversion has been documented 
among dental health care workers, although nine unconfirmed cases have been 
reported.166,168 The reduced risk in the dental office may relate to the use of small-
bore needles in dentistry and to the small amount of blood induced by most invasive 
dental procedures. Although injuries occur among dental workers, adherence to 
universal protective precautions provides additional safety in dental practice. 
Nevertheless, every effort should be made to prevent occupational injury. All dental 
offices should have a standardized protocol of action in event of injury to a patient or 
dental worker.169 



Human Immunodeficiency Virus/Acquired Immune 

Deficiency Syndrome Classification 

Under current Centers for Disease Control (CDC) guidelines, the presence of at 
least 1 of 25 specific clinical conditions constitute transition from HIV infection to 
AIDS170 (Box 31-6). These conditions include plasma CD4-T lymphocytes less than 
200/mm3 or CD4-T lymphocyte percentage less than 14% of total lymphocytes. 
More recently, the level of the HIV plasma bioload has been determined to 
significantly influence the severity and frequency of HIV-related diseases and the 
ability of an infected individual to transmit the infection to others. With the advent 
of HAART, people with AIDS may obtain markedly increased T4 lymphocyte 
counts and markedly reduced viral loads. In some individuals, the T4 count may 
reach normal levels and viral bioload may decrease below the level of detection.171 
These individuals, however, are still designated as patients with AIDS and may be 
infectious to others.172 Despite the success of therapy, the virus is latent somewhere 
in the body and will return if medications are discontinued or if viral resistance 
develops.173 

The acute phase of HIV infection occurs a few weeks to a few months after initial 
exposure. Although some individuals will not notice any symptoms, others will be 
affected by acute illness featuring malaise, fever, fatigue, myalgia, erythematous 
cutaneous eruptions, and possibly thrombocytopenia.174 This phase may last for 1 to 
2 weeks, but detectable seroconversion and antibody formation is delayed for 3 to 8 
weeks or more.175 The transition from HIV infection to outright AIDS signifies a 
gradual decrease in host immunity accompanied by increasing incidents of 
opportunistic infections. This transition has been markedly delayed with the advent 
of HAART and AIDS may not develop in many individuals for 15 or more years 
after initial infection.176 

Box 31-6  1993 CDC AIDS Surveillance Case 

Definition Conditions 

• Candidiasis of esophagus, bronchi, trachea, or lungs 

• Cervical cancer, invasive 

• Coccidioidomycosis, disseminated or extrapulmonary 

• Cryptococcosis, extrapulmonary 

• Cryptosporidiosis, chronic intestinal (>1 month in duration) 

• Cytomegalovirus disease (other than liver, spleen, or nodes) 

• Cytomegalovirus retinitis (with loss of vision) 

• Encephalopathy, HIV-related 



• Herpes simplex: chronic ulcer(s) (>1 month in duration) or bronchitis, 
pneumonitis, or esophagitis 

• Histoplasmosis, disseminated or extrapulmonary 

• Isosporiasis, chronic intestinal (1 month in duration) 

• Kaposi sarcoma 

• Lymphoma, Burkitt's lymphoma, immunoblastic, primary of brain 

• Mycobacterium avium complex, Mycobacterium kansasii, or other species, 
disseminated or extrapulmonary 

• Mycobacterium tuberculosis, any site (pulmonary or extrapulmonary) 

• Pneumocystis carinii pneumonia 

• Pneumonia, recurrent 

• Progressive multifocal leukoencephalopathy 

• Salmonella septicemia, recurrent 

• Toxoplasmosis of brain 

• Wasting syndrome because of HIV 

AIDS, Acquired immune deficiency syndrome; CDC, Centers for Disease Control; 
HIV, human immunodeficiency virus. Modified from the Centers for Disease 
Control: 1993 Revised classification system for HIV infection and expanded 
surveillance case definition for AIDS among adolescents and adults, MMWR 
41:RR-17, December 18, 1992. 

In the 1993 guidelines, the CDC established a surveillance case classification 
system on the basis of progressive loss of immunologic function.170 This new 
classification is based on three ranges of CD4 cell counts (<200/mm3, 200 to 
499/mm3, and ≥500/mm3), combined with three clinical categories to produce a 
total of nine separate categories. AIDS is now defined objectively by a CD4 count 
less than 200/mm3 or a CD4 percentage less than 14% of total lymphocytes. The 
AIDS definition based on CD4 percentage less than 14% was added to improve the 
accuracy of the classification system, because of the normal diurnal variation in raw 
numeric CD4 cell counts that may cause differences in CD4 counts in blood 
samples taken at different times of the day (Table 31-1). Not all individuals pass 
progressively through these stages and the usefulness of the classification may have 
diminished with modern treatment methods. It is important to understand, however, 
that many AIDS treatment centers continue to follow these guidelines in 
determining when to initiate or to discontinue HAART. This is because of the 



severe adverse side effects sometimes associated with antiretroviral or protease 
inhibitor drugs.177 

Oral Manifestations of Human Immunodeficiency 

Virus Infection 

Oral lesions are common in HIV-positive individuals, and their presence may 
represent the first manifestation of HIV infection. Several reports have identified a 
strong correlation between HIV infection and oral candidiasis, certain malignancies 
(Kaposi sarcoma and non-Hodgkin's lymphoma), oral hairy leukoplakia (OHL), and 
some types of atypical periodontal diseases.170,178–180 Other oral lesions found less 
commonly in HIV-infected individuals include mycobacterial infections, 
necrotizing stomatitis, oral ulcers of unknown origin, and viral infections such as 
herpes simplex, herpes zoster, and oral warts. There are also reports of a possible 
increase in incidence of recurrent aphthous stomatitis, bacillary angiomatosis 
(epithelioid angiomatosis), and less common viral infections such as CMV and 
molluscum contagiosum.170,181,182 With the advent of HAART, the occurrence of 
oral manifestations has markedly diminished.183–185 However, current HAART 
protocols delay the use of the drugs until immune suppression is relatively severe 
and discontinue their use once a satisfactory level of immune stability has been 
achieved. This new protocol suggests that orofacial opportunistic infections and 
other conditions related to decreasing immune competence may become more 
common than in the recent past. Therefore the dental practitioner must be aware of 
these lesions and their possible significance. 

HAART drugs may induce significant adverse side effects including lipodystrophy, 
increased insulin resistance, gynecomastia, blood dyscrasias, exfoliative cheilitis, 
and possible increased incidence of oral warts.186–188 Other side effects may include 
erythema multiforme, toxic epidermal necrolysis, oral lichenoid reactions, 
xerostomia, taste abnormalities, and perioral paresthesia. 

Oral Candidiasis 

Fungal infections of the oral cavity are common among HIV-infected individuals. 
On occasion, deep fungal infections may represent the first sign of HIV infection, 
but candidiasis is the most common lesion found in HIV-positive individuals.188 
Lesions may occur in the presence of only slight immunosuppression, but the 
incidence and severity increases as the patient becomes more severely 
immunocompromised and viral bioload increases.190 Candidal species are often 
found as normal commensal microorganisms in the oral cavity, and the organisms 
tend to overgrow in any circumstance in which host resistance is diminished. 
Candidiasis has been reported to be more prevalent in immunocompromised 
women than in men with similar viral bioload.191,192 In HIV-positive individuals, 
the incidence and severity of candidal overgrowth tends to increase in direct 
proportion to the degree of immunosuppression.193 In most instances, Candida 



albicans is the causative organism. At least 11 species of Candida have been 
identified, however, and nonalbicans infections may be increasing. Candidal 
species such as tropicalis, glabrata, krausei, kefyr, parapsilosis, inconspicua, and 
dubliniensis may be more common in immunocompromised individuals.194 

TABLE 31-1  CDC Classification System for HIV 

Disease 

AIDS, acquired immune deficiency syndrome; CDC, Centers for Disease 
Control; HIV, human immunodeficiency virus. 

From the Centers for Disease Control: 1993 Revised classification system for 
HIV infection and expanded surveillance case definition for AIDS among 
adolescents and adults, MMWR 41:RR-17, December 18, 1992. 

 

Candidal infection may occur in a variety of forms. Pseudomembranous 
candidiasis (thrush) is the form most often encountered in both HIV-positive and -
negative individuals. Some evidence indicates that its presence and severity are 
closely associated with low CD4 lymphocyte counts in HIV-infected people.195 It 
is characterized by the presence of creamy yellow-white, curdlike deposits that 
usually may be wiped away, leaving small punctate bleeding sites. It may occur 
anywhere in the oral cavity, and it may be asymptomatic (Fig. 31-14). On other 
occasions, patients may complain of burning discomfort or altered taste sensation. 

Erythematous (atrophic) candidiasis is characterized by a generalized or patchy 
erythema. Its presence may be more closely related to high HIV bioload.195 It may 



occur alone or simultaneously with the pseudomembranous form of the disease196 
(Fig. 31-15). It may affect the gingiva and may be clinically mistaken for 
desquamative gingivitis. On the tongue it may result in depapillation, and on 
occasion may be diagnosed as median rhomboid glossitis. 

Hyperplastic candidiasis is also white, but the surface lesion usually does not rub 
away. It may be symptomatic or asymptomatic, and it may be mistaken for OHL 
if it occurs on the lateral borders of the tongue. In HIV-infected individuals, the 
hard and soft palate may be the most common sites of occurrence. 

Figure 31-14.   

 

Pseudomembranous candidiasis on dorsum of tongue. A, The lesion may 
affect relatively small surface areas. This is a classic example of 
pseudomembranous candidiasis. B, A more widespread lesion of 
pseudomembranous candidiasis on the tongue. 

Figure 31-15.   



 

Erythematous candidiasis on the palate in a patient with human 
immunodeficiency virus who wore dentures. A smear was positive for 
Candida. 

Angular cheilitis affects the commissure of the lips, and it is often caused by 
candidal infection (Fig. 31-16). Lesions may present as erythematous areas on 
perioral tissue but cracking and fissuring also may be a common feature. These 
lesions also tend to cause burning discomfort. 

Diagnosis of oral candidiasis can be accomplished by culture, oral cytology, or 
biopsy. If available, cultures offer the advantage of speciation of the organisms 
present. Candidal hyphae and yeast forms may be identified in cytology and 
biopsy evaluation (Fig. 31-17). In most instances, however, a diagnostic method 
is not available to the clinician and diagnosis is based on the clinical features of 
the lesions. 

Severe candidiasis may also occur in HIV-negative individuals in the presence of 
predisposing factors such as xerostomia, mouth breathing, wearing of removable 
dental appliances, recent use of antibiotics or topical or systemic 
immunosuppressant drugs, and general debilitation caused by underlying systemic 
disease. In HIV-infected individuals, esophageal candidiasis is diagnostic for 
AIDS.170 

Figure 31-16.   



 

Severe angular cheilitis in a patient with xerostomia with acquired immune 
deficiency syndrome. 

Therapy for oral candidiasis may include the use of topical antifungal agents such 
as nystatin oral suspension or clotrimazole lozenges. However, these agents 
contain sucrose, and patients who require long-term therapy may be better treated 
by dissolving vaginal tablets in the mouth. Itraconazole oral suspension contains 
saccharin as a substitute for sucrose. However, itraconazole is contraindicated if 
patients are taking a number of drugs, and careful medical review is indicated 
before it is prescribed. Amphotericin B oral suspension also may be effective. 
Chlorhexidine products have been reported to have some antifungal properties, 
but those agents are probably best used for prevention rather than for treatment of 
established lesions. Systemic drugs useful in management of oral candidiasis 
include fluconazole, ketoconazole, itraconazole, and amphotericin B.197 Candidal 
resistance to antifungal agents can be reduced by administering high dosages of 
the medications for a short time.198 Although not all studies agree, some indicate 
that the advent of HAART has resulted in a decreased incidence of oropharyngeal 
candidiasis and resistance to antifungal agents.184,199,200 

Figure 31-17.   



 

Microscopic view of candidiasis in biopsy specimen. Note penetration of 
candidal hyphae into the epithelial cell layer. 

Oral Hairy Leukoplakia 

OHL classically presents as painless white lesions found most often on the lateral 
borders of the tongue (Fig. 31-18). However, OHL also has been identified on the 
gingiva, floor of mouth, soft palate, and labial or buccal mucosa (Fig. 31-19).201 
The lesions may have a shaggy (hairy), corrugated appearance and they do not rub 
off. They are often secondarily infected with candidiasis. The etiologic agent for 
OHL has been identified as the Epstein-Barr virus, a member of the herpes virus 
group.202 

Microscopically OHL presents with a hyperkeratotic surface and keratotic 
projections that resemble hairs. Beneath this surface, "balloon" cells resembling 
koilocytes are found. Koilocytes are most closely associated with infection by the 
human papillomavirus, and these "pseudo-koilocytes" created some initial 
confusion in identifying the causative agent. Acanthosis is also present but the 
inflammatory infiltrate is minimal.203 

OHL was originally believed to occur exclusively in HIV-positive individuals and 
to represent a marker for impending transition to AIDS.201,204 Later, OHL lesions 
were also identified in HIV-negative individuals who were recipients of solid 
organ transplants and in others who were taking immunosuppressant drugs.204 
OHL has also been found on rare occasions in HIV-negative, immune competent 
individuals, and pseudo-hairy leukoplakia has been reported in individuals who 
do not have Epstein-Barr virus. Nonetheless, a histopathologic diagnosis of OHL 
warrants investigation of the patient's HIV status, if that is unknown. 



Figure 31-18.   

 

Oral hairy leukoplakia in a patient infected with human immunodeficiency 
virus. The lesions may be fairly subtle, such as in this example, or more 
fulminating in appearance. 

OHL lesions are painless unless secondarily infected with candidiasis. Vigorous 
treatment is not necessary unless the lesion presents esthetic concerns. Lesions 
may be responsive to antiviral agents such as acyclovir, and some benefit has 
been reported with the use of topical podophyllin and possibly topically applied 
interferon. The condition tends to recur, however, if treatment is discontinued. 

Most reports suggest that HAART has resulted in a markedly decreased incidence 
of OHL in individuals who are responsive to the drugs being used.183,185 OHL that 
occurs despite HAART may signify either a severe immunodeficiency, a failure to 
take the prescribed medications, a declining dosage regimen of medications, or 
therapeutic failure. 

Figure 31-19.   



 

Oral hairy leukoplakia of right buccal mucosa. 

Figure 31-20.   



 

Kaposi sarcoma. A, Subtle appearance of oral Kaposi sarcoma on maxillary 
gingiva. B, Kaposi sarcoma of hard and soft palate. Note bluish-red 
discoloration. C, Large Kaposi sarcoma of labial gingiva in anterior maxillary 
region. D, Large Kaposi sarcoma affecting the palate and maxillary ridge. E, 
Kaposis sarcoma on the skin. 

Oral Malignancies 

Kaposi Sarcoma. 



Kaposi sarcoma (KS) is an angiomatous malignant neoplasm that affects skin, 
mucosa, or internal organs (Fig. 31-20). By definition, an HIV-positive 
individual with KS is designated as having AIDS.170,205 In recent years the 
presence of human herpes virus type 8 has been identified as necessary but not 
sufficient in itself to cause KS. Other factors, such as immunosuppression, play 
a major role.205,206 The virus appears to be sexually transmitted but transmission 
from mother to infant has been reported.207 KS is believed to be 7000-fold more 
likely to develop in HIV-infected individuals than in the general population.208 
Notably, however, approximately 30% of the HIV-negative adults in the United 
States may carry human herpes virus type 8 without complication unless the 
infected individual becomes immunocompromised.209 KS has been reported in 
HIV-negative patients with lupus erythematosus, in renal transplant patients, 
and in other individuals receiving corticosteroid or cyclosporin therapy.210 

Early oral lesions present as painless, flat, reddish purple mucosal macules, 
although occasionally the lesion may display normal pigmentation (Fig. 31-20). 
Lesions may subsequently become nodular in appearance and may mimic other 
vascular lesions such as hemangioma, hematoma, varicosity, or pyogenic 
granuloma. Diagnosis is based on histologic features.211 When other oral 
conditions such as candidiasis exist in conjunction with KS, diagnosis may be 
more difficult. 

With the advent of HAART the incidence of KS has been drastically reduced 
and existing lesions have been responsive to HAART therapy alone.212 
However, the lesions are still found in individuals who are unaware of their 
immunocompromised status, who have severe immunosuppression, or for 
whom HAART is failing. Systemic therapy with chemotherapy, radiotherapy, 
and/or immunotherapy may be necessary. 

Localized oral lesions may require treatment if they are cosmetically 
troublesome or if they interfere with function. Therapy may include laser 
ablation, cryotherapy, radiation therapy, or intralesional injections with 
vinblastine or sclerosing agents.212 

Non-Hodgkin's Lymphoma. 

Non-Hodgkin's lymphoma is also seen more frequently in immunocompromised 
individuals than in the general population, and its presence in an HIV-positive 
person places the individual in CDC Category C: AIDS.170 The cause is 
unknown. The Epstein-Barr virus has been found in some types of non-
Hodgkin's lymphoma, but an etiologic role for the virus has not been confirmed 
or supported by some studies.213 Although HAART has resulted in a slight 
decline in incidence of the tumor, the decline is far less than that reported for 
KS.214,215 However, the introduction of HAART has resulted in prolongation of 
overall survival rates among HIV-positive men even when the therapy is 
initiated after the diagnosis of a malignancy. Approximately 4% of individuals 



with non-Hodgkin's lymphoma will have oral lesions and, on occasion, the 
lesions are confined entirely to the oral cavity. The lesion usually appears as a 
rapidly expanding, painful, fungating mass (Fig. 31-21). The gingiva and palate 
are common sites, and diagnosis is made on the basis of histopathologic features 
of the malignancy. Identification of oral non-Hodgkin's lymphoma should lead 
to immediate medical referral and an extensive search for lesions elsewhere in 
the body. Systemic treatment may include radiation therapy or chemotherapy, or 
both, and the dental practitioner should be prepared to assist in management of 
patients subjected to this type of therapy. 

Squamous Cell Carcinoma. 

KS and non-Hodgkin's lymphoma represent approximately 95% of all 
neoplasms in patients with AIDS.216 However, immunosuppressed individuals 
are at risk for developing other oral malignancies and there is evidence 
suggesting that the incidence of squamous cell carcinoma is increased in 
individuals with AIDS.217 Oral squamous cell carcinoma comprises 2% to 3% 
of diagnosed malignancies in all patients in the United States, and evidence of 
an increased risk in patients with AIDS currently has not been confirmed.218 
Regardless, since the discovery of AIDS in 1981, there has been a progressive 
increase in the incidence of oral squamous cell carcinoma and anorectal 
carcinoma among homosexual men.219 There are numerous case reports and 
case series suggesting atypical squamous cell carcinoma in 
immunocompromised individuals including those with HIV infection and AIDS. 
Lesions occur in significantly younger HIV-positive patients than in the general 
population.220 To date, the effect of HAART on incidence of AIDS-associated 
squamous cell carcinoma is unknown. 

Bacillary (Epithelioid) Angiomatosis. 

Bacillary (epithelioid) angiomatosis (BA) is an infectious vascular proliferative 
disease that closely mimics KS in both clinical and histopathologic features. 
The condition is caused by rickettsia-like organisms such as Bartonellaceae 
henselae, Bartonellaceae quintana, Bartonellaceae bacilliformis, or 
others.221,222 Gingival BA lesions may manifest as red, purple, or blue 
edematous soft tissue lesions capable of destroying the periodontal ligament and 
alveolar bone.223,224 Differentiation of BA from KS is made on the basis of 
histopathologic appearance. Treatment with antirickettsial antibiotics may be 
effective, although BA lesions usually occur in individuals with very low CD4-
T lymphocyte levels and high HIV bioloads. 

Figure 31-21.   



 

Non-Hodgkin's lymphoma of the palate. 

Oral Hyperpigmentation. 

Oral or skin hyperpigmentation, or both, are relatively common in HIV-infected 
individuals, especially those receiving antiviral therapy.225 Pigmented spots or 
striations may be found anywhere in the oral cavity, but the tongue may be most 
frequently involved (Fig. 31-22). Drugs such as azidothymidine, zidovudine, 
ketoconazole, or clofazimine are associated with hyperpigmentation.226,227 
Presence of these lesions should alert the clinician to the possibility that the 
HIV-positive patient may have developed adrenocortical insufficiency. This 
could occur as a result of infection with Pneumocystis carinii or various viruses, 
but drug therapy appears to be a common etiologic factor.228,229 

Oral Ulcerations. 

Recurrent aphthous stomatitis has been described in HIV-positive individuals, 
possibly more frequently than in the general population.230,231 However, data are 
lacking regarding incidence rates in the two groups.181 Recurrent aphthous 
stomatitis lesions in immunocompromised individuals tend to be more severe 
and of longer duration, and they may require more vigorous treatment (Fig. 31-
23). Proven successful methods of treatment include application of topical or 
intralesional corticosteroids, chlorhexidine or other antimicrobial rinses, oral 
tetracycline rinses, or topical amlexanox. On occasion, systemic corticosteroid 
therapy is necessary to control the lesions and thalidomide has been reported to 
be successful in managing lesions resistant to other therapy.231–233 



Figure 31-22.   

 

Palatal hyperpigmentation in a patient with acquired immune deficiency 
syndrome taking zidovudine. The lesions were similar to those seen in 
patients with adrenal insufficiency. The patient did not have Kaposi 
sarcoma. 

Figure 31-23.   

 



Oral ulceration in patient with human immunodeficiency virus. Lesions may 
be deeper and of longer duration in immunocompromised individuals. 

Atypical oral ulcerations may manifest as single, deeply cratered lesions of 
irregular shape and without the erythematous borders associated with recurrent 
aphthae. Available evidence suggests that these lesions are more common in 
severely immunocompromised individuals. They often are the result of CMV 
infection or coinfection with herpes simplex virus, Epstein-Barr virus, and 
CMV.234,235 CMV is a member of the herpes family of viruses and at least one 
half of the general population is infected, but without clinical lesions. The 
outbreak of lesions appears to be associated with deterioration of immune 
competence. Extraoral sites of CMV lesions include the retina, colon, and 
esophagus. Diagnosis may require viral culture of a tissue biopsy, and treatment 
requires administration of potent antiviral agents such as valacyclovir, 
ganciclovir, foscarnet, or cidofovir. 

The presence of persistent atypical oral ulcers should always increase the 
clinician's suspicions of squamous cell carcinoma, tuberculosis, actinomycosis, 
syphilis, deep fungal infections, or a variety of rare infectious diseases236 (Fig. 
31-24). Histoplasmosis and cryptococcosis are the most common deep fungal 
diseases. Oral lesions may occur on the gingiva, tongue or buccal mucosa and 
usually feature granulomatous, soft, boggy tissues that may or may not be 
ulcerated. Individuals with diseases of this nature require immediate medical 
attention and a search for extraoral lesions. HIV-associated neutropenia should 
be suspected if oral ulcers persist or symptoms suggestive of NUG do not 
improve with therapy.237 Neutropenic ulcerations in HIV-positive individuals 
have been reported to be successfully treated using recombinant human G-CSF. 

Figure 31-24.   

 



Gingival histoplasmosis in an individual who did not know his human 
immunodeficiency virus status until developing this deep fungal disease. 

Oral ulcerations also may occur in association with infections by Penicillium 
marneffei, or enterobacterial microorganisms such as Klebsiella pneumoniae, 
Enterobacter cloacae, and Escherichia coli, although such infections are rare 
and are usually associated with systemic involvement.224 

Herpes Simplex Virus Infection. 

Primary or recurrent herpes simplex viral infections are common in the general 
population and in immunocompromised individuals. Approximately 10% of 
HIV-positive patients may experience oral lesions. The infection may be caused 
by herpes simplex virus type 1 or type 2, and sexual transmission may occur. 
Primary herpes simplex virus infection may induce a severe, generalized, fiery 
red gingivitis, with small punctate ulcerations of the gingiva and other oral 
tissues. It is accompanied by lymphadenopathy and fever. Recurrent herpetic 
stomatitis features multiple, small vesicles that quickly rupture to form 
ulcerations. On occasion, these ulcerations may coalesce and give the 
appearance of other types of oral ulcers. The herpetic lesions may persist for 
months in immunocompromised patients, and the CDC HIV classification 
system designates mucocutaneous herpes of more than 1 month in duration as 
diagnostic of outright AIDS.170 

Individuals who are severely immunocompromised may have larger, atypical 
herpetic lesions and viral culture is probably indicated for any ulcerative lesion 
occurring in an HIV-positive patient. Topical antiviral therapy for herpetic 
lesions of the lip may reduce the healing time, provided the medication is 
applied early in the onset of the lesions. Available topical drugs include 
acyclovir, penciclovir, or docosanol. Oral herpetic lesions are not responsive to 
topical therapy, and systemic antiviral agents such as acyclovir, valacyclovir, or 
famciclovir may be indicated.238 

Adverse Drug Effects 

A growing number of adverse effects have been reported related to the drugs used 
in management of patients with HIV infection. As mentioned earlier, oral and 
cutaneous hyperpigmentation is a common side effect of several drugs. Oral 
ulcerations have been reported in connection with use of foscarnet, interferon, and 
2'-3'-dideoxycytidine. Didanosine has been associated with development of 
erythema multiforme, and zidovudine and ganciclovir may induce oral ulcers and 
mucositis secondary to leukopenia.239 Other adverse drug reactions include: 
xerostomia, altered taste sensation, perioral paraesthesia, and lichenoid drug 
reactions.186,240 



Adverse systemic drug reactions have become more common with the advent of 
HAART. Lipodystrophy is an abnormal distribution of body fat that often results in 
gaunt facial features and increased abdominal fat. The condition also may be 
associated with hyperlipidemia and may contribute to development of heart disease 
and hypertension. Drug-induced insulin resistance may contribute to development 
of diabetes. Other common effects include nausea, development of kidney stones, 
and enlarged breast size (gynecomastia) in male individuals. Multidrug therapy may 
also accelerate liver cirrhosis in individuals who are coinfected with hepatitis C and 
HIV.241 Because of the many adverse effects associated with the newer 
recommended drug regimens, some physicians delay initiation of therapy until the 
HIV-positive patient begins to show signs and symptoms of significant 
immunosuppresstion.164 

Exfoliative Cheilitis 

Exfoliative cheilitis is an erythematous, edematous condition that affects the lips of 
some individuals with AIDS (Fig. 31-25). It features exfoliation of hyperkeratinized 
lip epithelium, crater formation, fissuring, erosions, and the formation of papules, 
vesicles and blisters.187 Perioral tissues also may be affected. 

Figure 31-25.   

 

Exfoliative cheilitis, a newly identified perioral complication of highly active 
antiretroviral therapy (HAART). 

Exfoliative cheilitis has been reported as a factitious injury related to a habit of 
excessive licking of the lips, possibly complicated by secondary infection with 



Candida species.242,243 It may be more common in individuals receiving 
chemotherapy or in those with AIDS, especially those being treated with HAART. 
It is highly likely that the condition is associated with drug-induced xerostomia and 
lip dryness, leading to chronic lip licking. No successful therapy has been 
described, but use of lip moisturizers and interruption of the licking habit could be 
of benefit. 

Human Papillomavirus Lesions 

More than 100 substrains of human papillomavirus have been identified and many 
of these substrains are associated with development of oral lesions in immune-
deficient individuals. Epithelial papilloma, focal epithelial hyperplasia, and 
condyloma acuminatum are the most common disorders. Each features the 
development of single or multiple, elevated, wartlike lesions. Any area of the oral 
soft tissues may be affected (Fig. 31-26). Condyloma acuminatum is a sexually 
transmitted human papillomavirus infection that is associated with genital and 
perianal exophytic growths. Individuals who engage in unprotected oral/genital sex 
are susceptible to this infection in the oral cavity, and its eradication is one of the 
most perplexing problems in management of oral disease in immunocompromised 
individuals. Antiretroviral therapy is generally unsuccessful in controlling these 
lesions, and available evidence indicates that HAART is associated with an 
increased incidence.188 

Figure 31-26.   

 

Human papillomavirus lesions. A, Lesions isolated to a few interproximal 
papillary areas. B, Lesions more widespread, affecting the maxillary gingiva 
and palatal mucosa. 

Treatment usually consists of removal using laser ablation, cryotherapy, 
electrocautery, or intralesional bleomycin injections. However, the human 
papillomavirus is not eliminated from the oral tissues by removal of lesions and 
reactivation of latent virus is common. Recently, some long-term success has been 
reported using interferon either systemically or for intralesional injection, but the 



treatment is very expensive.244 Periodic topical application of podophyllin appears 
to be beneficial in controlling genital and perirectal lesions, but the safety and 
efficacy of this drug in the oral cavity has not been adequately studied.245 Topical 
cidofovir shows promise, but studies are limited.246 

Salivary Gland Disease 

Xerostomia is a frequent finding in immunocompromised individuals, in part 
because of anticholinergic side effects of many drugs used to manage HIV 
infection.247 In the absence of normal salivary flow, oral tissues may be easily 
traumatized and candidiasis is prevalent. In one report, 29% of HIV-positive 
patients receiving medical treatment reported xerostomia. Individuals with a viral 
load greater than 100,000 cells/mm3 were 1.5 times more likely to experience dry 
mouth.248 Thus it appears that HIV infection and its treatment may induce 
xerostomia and the condition may be irreversible. 

Management of xerostomia is only partially successful but every effort should be 
made to alleviate HIV-associated oral dryness. Management principles include 
intake of copious amounts of water throughout the day. It may be possible to 
stimulate salivary flow by chewing sugarless gum and snacking on nonadherent 
foods such as raw carrots or celery. Systemic sialogogues such as pilocarpine or 
cevimeline may stimulate salivary flow, whereas artificial saliva substitutes may be 
of assistance to some individuals. Home and dental office use of topical fluorides is 
essential to prevent xerostomia-related dental caries. 

Bilateral enlargement of major salivary glands has been reported in HIV-positive 
individuals, and the virus may have a direct adverse effect on the saliva-producing 
cells of the glands.249 In addition, glandular enlargement is more common in 
patients receiving HAART.248 The parotid salivary gland is most often involved. 
The significance of this phenomenon is not yet fully understood. The enlarged 
glands are painless, but the condition may interfere with salivary flow, causing 
xerostomia. Lacrimal, gastrointestinal, and lung secretions also may be diminished. 
Currently, there is no known treatment for glandular enlargement, but it is essential 
to thoroughly evaluate involved glands by biopsy or radiographic examination to 
rule out the possibility of other infections or neoplasms. 

Delayed Wound Healing 

Numerous reports suggest that patients infected with HIV may experience 
significantly delayed wound healing after invasive medical or dental procedures. 
This risk may be greater in those who are severely immunocompromised. However, 
postoperative complications appear relatively uncommon after most invasive dental 
procedures.250–252 Currently, there are no reports of undue complications after 
periodontal procedures such as scaling and root planing, prophylaxis, periodontal 
surgery, or implant placement. Consequently, there appears to be no need for 
special precautions such as prophylactic antibiotic coverage on the basis of the 



patient's HIV status alone. However, the overall health status of each patient must 
be taken into consideration, and antibiotic coverage may be warranted when 
providing dental treatment for severely immunocompromised individuals. 

Periodontal Diseases 

Controversy exists over the relation of HIV infection to periodontal disease. 
Numerous studies suggest a correlation between the presence and severity of HIV 
infection and various forms of periodontal inflammation and disease. However, the 
majority of these studies do not take all confounding factors into consideration. 
Several reports have been based on findings in sexually transmitted disease clinics 
or dental institutions without HIV-negative control subjects. Other reports do not 
account for the varying degrees of immunodeficiency in the study population or for 
lifestyle factors such as intravenous drug use, poor oral hygiene, lack of dental care, 
nutritional deficiency, or tobacco smoking. In many instances, the oral diagnostic 
skills of examiners are subject to challenge and study participant selection is 
sometimes based on patient self-impressions of the presence of signs and symptoms 
of periodontal disease.253 Therefore only a few studies provide evidence-based data 
regarding periodontal diseases in individuals with HIV/AIDS infection. 

Chronic Periodontitis 

Some controlled longitudinal or prevalence studies have report that chronic 
periodontitis is more common and/or severe among HIV-positive individuals.254–

257 However, the microbial flora found in periodontal pockets of HIV-positive 
individuals is consistent with the putative periodontal pathogens found in 
conventional periodontitis.258,259 Accelerated periodontal pocket formation or 
attachment loss has been described by some, whereas others report the incidence 
and severity of chronic periodontitis to be similar in HIV-positive individuals and 
their HIV-negative control subjects.260,261 However, several studies report 
increased gingival recession or clinical attachment loss, or both, in HIV-infected 
patients, suggesting that accelerated periodontis does occur in this patient 
population.253,255–257,262 

On balance, the limited data available appear to affirm that periodontal 
destruction is more prevalent and somewhat more severe in HIV-positive 
individuals, and that this susceptibility may worsen as CD4-T cell counts decrease 
and as viral bioload increases.263,264 There is ample evidence, however, that an 
individual with AIDS may maintain periodontal health throughout his or her 
lifetime. In addition, the incidence of chronic periodontitis may be decreasing 
with the advent of HAART.265 

Human Immunodeficiency Virus-Associated 

Periodontal Diseases 



In 1993, the European Community Clearing House on Oral Problems Related to 
HIV Infection published a widely accepted classification and diagnostic criteria 
for oral lesions seen in association with HIV infection.181 Several periodontal 
conditions were among those reported to be strongly associated. These were linear 
gingival erythema (LGE), necrotizing (ulcerative) gingivitis, and necrotizing 
(ulcerative) periodontitis. Less commonly seen was necrotizing (ulcerative) 
stomatitis, a condition that may be an extension of the other necrotizing diseases. 
Notably, these conditions also occur in HIV-negative individuals with the same or 
greater frequency than in those who are HIV-positive. None of these periodontal 
diseases occurs exclusively in HIV-positive individuals regardless of their 
immune status or viral bioload and it is inappropriate to use terminology that 
gives this implication. The following discussion addresses these conditions. 

Linear Gingival Erythema 

LGE has been described as a linear, erythematous, sometimes painful gingivitis 
that may occur in three forms: (1) a linear pattern of erythema confined to the 
gingival margin, (2) punctate or diffuse erythema that extends into the attached 
gingiva, and (3) diffuse inflammation that extends from the gingival margin into 
the alveolar mucosa (Fig. 31-27). LGE may be found in the absence of normal 
quantities of bacterial plaque commonly associated with gingivitis, and a 
reduction in bleeding on probing has been reported.266 

The etiology of LGE is unclear. The microbial flora may be consistent with 
plaque-related marginal gingivitis or may be more typical of periodontitis.258 
Recent evidence indicates that on most occasions various subspecies of Candida 
can be identified in LGE lesions, and case reports describe complete or partial 
remission after administration of systemic antifungal therapy.267,268 In fact, the 
current classification system for periodontal diseases and conditions lists LGE as 
a gingival disease of fungal origin (see Chapter 2). 

LGE may be more common in children and young adults and is often resistant to 
conventional periodontal therapy.264 Conversely, it may undergo spontaneous 
remission.269 The condition was originally believed to be a possible precursor to 
necrotizing gingivitis or periodontitis. There is little evidence, however, to 
suggest that it is any more harmful to the periodontal supporting structures than 
plaque-related gingivitis.22,264,266 

Figure 31-27.   



 

Linear gingival erythema. A, Intense, well defined, fiery red band of gingiva 
along the facial aspect of the incisors. B, More diffuse redness in maxillary 
gingiva, with linear pattern in mandibular incisor region. 

Necrotizing Ulcerative Gingivitis 

Existence of a painful, easily bleeding, erythematous, ulcerative gingivitis has 
been described occasionally throughout recorded history. The condition is 
believed to occur in individuals who have diminished host resistance caused by a 
variety of factors such as smoking, emotional or physical stress, poor oral 
hygiene, or underlying systemic disease. It is logical to assume that the incidence 
of NUG is greater in immunocompromised individuals and most, but not all 
evidence, supports this impression. However, some studies report NUG to be 
more frequent in individuals with normal or only slightly diminished CD4-T cell 
counts.270,271 

Classically NUG involves destruction of interdental papillae but, if untreated, 
marginal gingiva may be affected as well (Fig. 31-28). The interdental area 
develops a "punched out" appearance and spontaneous bleeding may occur. It 
may be accompanied by fever, lymphadenopathy, and general malaise. The 
microbial flora includes fusiform bacilli, spirochetes, and putative periodontal 
pathogens such as P. intermedia. 

Figure 31-28.   



 

Necrotizing ulcerative gingivitis. A, Interproximal gingival necrosis noted in 
mandibular anterior region. B, More extensive necrosis with classic "punched 
out" interproximal papillae. If necrosis continues, patient will have necrotizing 
ulcerative periodontitis. 

Necrotizing Ulcerative Periodontitis 

A necrotizing ulcerative form of periodontitis (NUP) has been described that 
features rapid, mild to severe destruction of gingival tissues and alveolar bone 
(Fig. 31-29). The condition may be generalized, but more commonly it is 
localized to a few sites in the dental arches. Some evidence indicates that NUP is 
an extension of NUG.264 NUP usually begins in the interproximal areas and it has 
been described as exquisitely painful. In this event, immediate treatment is 
indicated. However, over time, individuals affected with NUP cease to have pain, 
and they sustain deep interproximal craters that may result in superimposition of 
conventional periodontitis in the NUP site.266 

Several studies indicate that the microbial flora of NUP is consistent with that 
associated with chronic periodontitis.270,272 Other studies, however, describe the 
presence of fuso-spirochetal microorganisms consistent with those found in 
NUG.262 The condition may serve as a marker for increased immune suppression 
in HIV-positive individuals.273 On occasion, it may be the first indication of the 
presence of an immunocompromising condition, and patients with NUP who are 
unaware of their HIV status should be encouraged to obtain serologic testing. 

Necrotizing Ulcerative Stomatitis 

Necrotizing ulcerative stomatitis is an acutely painful, severely destructive, fuso-
spirochetal condition that has occasionally been reported in HIV-positive 
individuals or others who are severely debilitated. Soft and hard tissues of the oral 
cavity may undergo extensive damage that is not self-limiting. Histopathologic 
and immunochemical evaluation indicate that ulceration, necrosis, histocytic 
vasculitis, and other changes are present in a reproducible pattern.274 Several case 
reports describe necrotizing ulcerative stomatitis as a continuation of NUG and 



NUP.262,275 A similar condition (noma, cancrum oris) has been described in 
children living in sub-Saharan Africa and may represent the same ulceronecrotic 
disease. Predisposing factors in the African children include poverty, 
malnutrition, poor oral hygiene, and infectious diseases such as measles or those 
caused by herpesviridae.124,276 

Figure 31-29.   

 

Necrotizing ulcerative periodontitis. Severe loss of bone and soft tissue. 

OTHER CONDITIONS AFFECTING THE PERIODONTIUM 

In addition to the conditions described earlier, a variety of other systemic disorders 
may impact the oral cavity, and particularly the periodontium. Most of these 
conditions have widespread systemic effects, and the periodontium is only one of 
many organs affected. 

Paget's Disease of Bone (Osteitis Deformans) 

Paget's disease of bone is a nonmalignant disease involving accelerated bone 
resorption followed by deposition of dense, chaotic, and ineffectively mineralized 
osseous matrix.277 The affected, poorly mineralized bones are often distorted. The 
bones most commonly affected are the long bones of the legs, the lower spine, 
pelvis, and skull. The origin of the disease is unknown. Paget's disease is frequently 
asymptomatic; however, the patient may present with symptoms depending on the 



bones involved. The most common symptom is pain in the affected bone. 
Complications may affect vision, hearing, the nervous system, and the heart. The 
disease is usually diagnosed radiographically as an incidental finding during 
examination for other problems. The incidence of Paget's disease increases with 
age, and there is a slight predominance for the male sex. Pain may be present before 
radiographic changes, and the diagnosis at that time is often missed. The pain is 
aggravated by weight bearing if the lower extremity or spine is involved. 

Headache, dizziness, and hearing loss result from Paget's disease in the skull. 
Cranial enlargement develops over many years. With marked involvement of the 
skull, patients may have cranial nerve compression. Other skeletal deformities can 
include distortion of the clavicles, multiple compression fractures, pagetic vertebrae 
resulting in severe kyphosis, and unexpected pathologic fractures. Patients who 
have one third or more of the skeleton involved can have increased cardiac output, 
only to increase vascularity of the bone lesions. This can ultimately lead to 
congestive heart failure. 

Jaw involvement in Paget's disease is common, with the maxilla more commonly 
targeted. Jaw involvement is usually symmetric, although unilateral lesions may 
occur. There is a gradual enlargement of the maxilla or the mandible, or both. This 
osseous enlargement in the edentulous patient often causes an inability to wear 
existing dentures, which may be the initial presenting sign of underlying disease. In 
patients with teeth, the expansion of the jaws results in spreading, flaring, and 
mobility of the dentition and the production of an abnormal occlusal pattern. 

The characteristic osteolytic, osteoblastic, and combined phases are evident in 
Paget's disease of the jaw. The initial demineralization is reflected by an increase in 
fine bony trabeculation and a ground glass appearance of bone. Radiolucent, ill-
defined, demineralized areas also may be apparent. The osteoblastic and combined 
phases produce the well known "cotton wool appearance" associated with the 
disease. Bone during the final "burnout" stage is extremely dense and radiopaque. 

A gradual encroachment by Paget's bone on the teeth is occasionally observed. 
Radiographic changes include a gradual loss of lamina dura, hypercementosis, and 
occasional calcification of pulp chambers. Increased periapical radiolucencies have 
been associated with involved teeth, with little or no differentiation between tooth 
and bone. Progressive root resorption may occur. 

Bisphosphonates are the most common treatment for Paget's disease.278 These 
drugs, such as alendronate and risedronate, concentrate selectively in the skeleton at 
active sites of Paget's disease and suppress osteoclastic bone resorption. 

Hypophosphatasia 

Hypophosphatasia is a rare familial disease caused by mutations in the alkaline 
phosphatase gene responsible for tissue nonspecific (liver, kidney, and bone) 
alkaline phosphatase production. The deficiency in this important enzyme results in 



abnormal mineralization of bone and cementum, resulting in skeletal abnormalities 
and cemental hypoplasia. The disease comes in a variety of forms, including a lethal 
form that is evident shortly after birth (congenital lethal hypophosphatasia), a 
severe form during infancy, and a milder form occurring later in childhood.93 
Cardinal features of the disease are rickets and/or osteomalacia of variable severity, 
with a low serum and bone alkaline phosphatase level and the excretion of 
excessive amounts of phosphoethanolamine in the urine. 

Dental abnormalities are common in hypophosphatasia, the first clinical symptom 
of which is often the premature loss of primary teeth.279 The teeth most frequently 
involved are the primary mandibular central and lateral incisors, followed by the 
maxillary incisors and, less commonly, the posterior teeth. Primary incisors are 
usually lost before 24 months of age. Permanent teeth may or may not be affected. 
The teeth are lost despite minimal signs of inflammation. Additional signs of 
hypophosphatasia include loss of alveolar bone, lack of periodontal ligament 
integrity, and reduced or complete absence of cementum. If the disorder affects the 
permanent dentition, the clinical presentation may be similar to localized aggressive 
periodontitis. 

Radiographic evidence of hypophosphatasia affecting the teeth consists of enlarged 
pulp chambers and root canals, sometimes giving the tooth a "shell" appearance; 
reduction in the thickness of the dentin and irregular dentin formation with large 
dentinal tubules and many areas of interglobular dentin; enamel hypoplasia; and 
irregular calcifications and lesions in the alveolar bone. The histologic features of 
the jawbone are similar to those of rickets and osteomalacia. 

Periodontal treatment in the primary dentition is usually futile; instead, extraction of 
mobile teeth should be performed to improve comfort. In the permanent dentition, 
more conventional periodontal therapy may be attempted. In one long-term study of 
three individuals who were diagnosed with hypophosphatasia as children and then 
managed over 15 years, the permanent teeth were all retained, despite poor oral 
hygiene.280 Thus the periodontal manifestations of hypophosphatasia are limited to 
the primary dentition in most cases and are not as likely to be seen in adults. 

Inflammatory Bowel Disease (Crohn's Disease and 

Ulcerative Colitis) 

Inflammatory bowel disease (IBD) is an inflammatory disease of the small or large 
intestine consisting of two chronic clinical entities: Crohn's disease and ulcerative 
colitis. The inflammation involves all layers of the gut, thus the term transmural 
colitis has been used to describe this disease in the colon. Whereas ulcerative colitis 
is usually contiguous, beginning in the rectum and extending retrograde to involve 
various portions of the colon, Crohn's disease is usually segmental, and there is 
normal intestine between areas of inflammation. Most commonly, the terminal 
ileum and colon are involved. Lesions also have been reported in the esophagus, 
stomach, and duodenum. Gross examination may reveal mucosal ulceration, 



aphthous ulcers within mucosa that appears normal, deep ulcers within areas of 
swollen mucosa, and long linear ulcers. Serpiginous areas of mucosal hemorrhage 
may alternate with areas of gross hemorrhage.281 Osteopenia and osteoporosis often 
are seen in Crohn's disease.282 

Although the onset of symptoms is not totally understood, IBD is likely caused by a 
complex combination of genetic, environmental, and bacterial triggering events that 
activate immune and nonimmune systems within the intestine. Cell-mediated and 
humoral immune systems are involved and a combination of antibodies, cytokines, 
growth factors, prostaglandins, leukotrienes, reactive oxidative metabolites, nitric 
oxide, and proteolytic enzymes culminate in chronic inflammation and tissue 
damage. Crohn's disease tends to undergo periods of exacerbation and remission. In 
fact, the onset and progression of IBD and periodontal diseases share similar 
pathophysiologic mechanisms involving chronic exposure to bacterial antigens and 
a persistent immunoinflammatory response.283 

Oral lesions have been found in approximately 6% to 20% of patients with Crohn's 
disease. They can occur at any time during the course of the disease and may be 
present before intestinal involvement is demonstrable. These lesions may recur in 
various forms in different locations in the same patient and may or may not be 
correlated with the exacerbation and remission of intestinal symptoms. Oral lesions 
occur more commonly in patients with disease involving the colon rather than those 
confined to the small bowel. Patients with extraintestinal manifestations of Crohn's 
disease, such as skin and joint lesions, have a greater chance of having oral 
manifestations. 

The oral lesions seen in patients with Crohn's disease are either "specific" or 
"nonspecific," as differentiated by clinical and histologic features. "Specific" oral 
lesions are histologically similar to the intestinal lesions of the disease. They most 
commonly occur in the mucobuccal fold or buccal mucosa, where they are 
described as having a lobulated, hypertrophic, fissured appearance, with or without 
linear ulcerations. The diffuse buccal lesions have a "cobblestone" appearance that 
is characteristic of Crohn's disease. Lesions on vestibular and retromolar mucosa 
are indurated and polypoid, often resembling denture granulomas (epulis 
fissuratum). Specific lesions of the gingiva, alveolar mucosa, and lips appear as 
areas of diffuse red swelling, sometimes accompanied by angular cheilitis. 
"Nonspecific" lesions are recurrent aphthous ulcers and are probably the most 
common oral sign of Crohn's disease. The onset of these ulcers, which are generally 
widespread and severe, may be concurrent with bowel symptoms. Oral lesions 
generally regress when intestinal symptoms are brought under control. Local 
steroids may reduce inflammation in some patients. 

A number of reports of periodontal disease in patients with IBD have been 
published, but most have examined small numbers of patients.284,285 Some of these 
reports suggest that more aggressive forms of periodontitis are seen in patients with 
IBD. Conversely, larger studies suggest no relation between IBD and 
periodontitis.286 



A link between periodontitis and neutrophil defects in patients with IBD has been 
proposed. Some researchers have identified depressed neutrophil chemotaxis in 
patients with IBD.287 Others have found neutrophil chemotaxis consistently 
suppressed in patients with periodontitis and ulcerative colitis, but not in those with 
periodontitis and Crohn's disease, or in patients with IBD without periodontitis.285 
Still other researchers suggest an exuberant neutrophil response in IBD, which may 
amplify the inflammatory response and increase tissue destruction.281,284 Currently, 
the relation between IBD and periodontal diseases remains unclear. 

Ehlers-Danlos Syndromes 

The Ehlers-Danlos syndromes (EDS) are a group of connective tissue disorders 
characterized by hypermobility of joints, hyperextensibility of skin, and increased 
tissue friability. For many years the disorder was thought to be a single entity, but it 
has since been shown to exhibit extensive heterogeneity with at least 10 types 
classified on the basis of clinical presentation and inheritance pattern (Table 31-
2).93 Dental abnormalities could serve as important diagnostic clues when 
associated with other features of EDS. Both hard and soft oral tissues can be 
affected in this disorder. Excessive fragility of the gingival tissues is apparent. 
Dental hard tissue findings include hypoplastic enamel and structural changes 
associated with the dentinoenamel and cementodentinal junctions, irregular dentin 
formation, and increased tendency for development of pulp stones. Several of these 
developmental pulpal aberrations result in calcification of pulp tissue or malformed, 
stunted roots, or both. Hypermobility of the temporomandibular joint can result in 
repeated joint dislocation in some individuals. 

The recognition of EDS is especially important in treating oral problems associated 
with wound healing.288 Many patients with EDS have a history of excessive or 
prolonged bleeding; therefore, the clinician must obtain a thorough bleeding 
history. It is possible to perform intraoral surgical procedures on most patients with 
EDS without any untoward effects, although special precaution must be taken to 
prevent postoperative hemorrhage. In addition, because of tissue fragility great care 
should be exercised in placing sutures to minimize tissue tearing. Wound healing 
may be considerably impaired.288 

TABLE 31-2  Classification of Ehlers-Danlos 

Syndrome Types 

AD, Autosomal dominant; AR, autosomal recessive; ED, Ehlers-Danlos; XL, X-
linked. 



 

EDS type VIII warrants specific discussion because the distinguishing feature of 
this disorder is aggressive early-onset periodontitis.288 Skin hyperextensibility and 
fragility, tendency to bruising with minor trauma, tissue scarring, and 
hyperextensible finger joints also may be present to varying degrees. In some cases, 
aggressive periodontitis is the first presenting sign of the underlying connective 
tissue disorder.289 The literature reveals numerous case reports of patients with EDS 
with severe periodontal destruction, often at an early age. Some cases demonstrate 
less severe bone and attachment loss. EDS types VIII and IV may appear very 
similar clinically, except that periodontal involvement is not usually seen in type 
IV.290 It is important for the clinician to distinguish between these two forms of the 
disease, because type IV has the potential to be life-threatening. In EDS type IV, 
there is a defect in formation of type III collagen, a major component of blood 
vessels and internal organs. This defect can lead to rupture of major blood vessels, 
the intestines, or the uterus. A skin biopsy to evaluate the structure and biosynthesis 
of collagen can help to distinguish EDS type IV from other phenotypically similar 
forms of the disease.93 



Sturge-Weber Syndrome 

Sturge-Weber syndrome, or encephalotrigeminal syndrome, consists of craniofacial 
angiomatosis and cerebral calcification.291 The cutaneous vascular nevus, often 
called a port wine stain, varies in size and shape and is present at birth. It is usually 
located along the course of the superior and middle branches of the trigeminal 
nerve. There is an associated meningeal hemangioma on the same side, with 
calcification and cortical atrophy of adjacent brain tissue, often resulting in 
contralateral Jacksonian convulsions, paralysis, sensory deficit, and mental 
retardation. Although the nevus is usually unilateral with a sharp border, it may be 
bilateral or midline. The oral mucous membranes may be affected on the same side, 
and glaucoma may be present in the ipsilateral eye. The cause of the Sturge-Weber 
syndrome is unknown. 

Characteristic calcification in the outer layer of the cerebral cortex may be seen in 
radiographs of the skull as sinuous, double-contoured lines ("tram lines") that 
follow the convolutions of the cerebral cortex on the affected side. It is 
demonstrated quite well with computed tomography scanning. Treatment is directed 
at the neurologic manifestations. Because the occurrence is sporadic and cannot be 
determined before birth, there are no preventive measures available. The diagnosis 
of Sturge-Weber syndrome should be suspected in all children with a typical facial 
nevus and neurologic symptoms. 

In addition to angiomas of the face, mucosal involvement may be seen. Oral 
involvement, seen in about 40% of patients, consists of a bluish red lesion that 
blanches on pressure and is found most commonly on the buccal mucosa and lips. 
Occasionally seen are lesions involving the gingiva and palate. When present on the 
gingiva, the angioma often causes gingival enlargement, which may range from 
slight vascular hyperplasia to extremely large masses that make closure of the 
mouth impossible.291,292 This complication of gingival enlargement may be caused 
by the increased vascular component or the phenytoin (Dilantin: Parke-Davis 
[Division of Warner-Lambert]; Morris Plains, NJ) therapy, or both, often used to 
manage the epileptic seizures common to the syndrome. The floor of the mouth and 
tongue are rarely involved. Alveolar bone changes rarely have been reported, 
although a few cases of bizarre bone resorption, widened bony trabeculation, and 
excessive tooth mobility may be seen. 

Because the angiomas of Sturge-Weber syndrome may involve oral tissues, 
periodontal and oral surgical procedures in the affected area may be associated with 
severe and at times fatal hemorrhage. The clinician must take hemostatic 
precautions such as splints, pressure dressings, antifibrinolytic agents, and 
hospitalization. Treatment of gingival enlargement has been accomplished by 
means of complete surgical excision, injection of sclerosing solutions, radiation 
therapy, carbon dioxide snow, and electrodissection. 

Wegener's Granulomatosis 



Wegener's granulomatosis is a disseminated granulomatous necrotizing vasculitis of 
the small vessels of the upper and lower respiratory tract. In the generalized form, 
glomerulonephritis is an important component of the disease process. Although a 
localized, limited form confined to the airways has been described, this probably 
represents an early stage of generalized disease before the development of 
detectable renal disease. The histologic features characteristic of Wegener's 
granulomatosis include necrotizing vasculitis of small arteries and veins with 
coexistent granuloma formation. 

The mean age at onset is 40 years. Early in the disease the clinical picture is 
dominated by upper respiratory tract signs, including rhinorrhea, paranasal 
discharge, septal perforations, saddle nose deformity, and otitis media. However, 
virtually any manifestation of the disease may be seen at the time of presentation. 
Patients frequently demonstrate persistent epistaxis (nosebleed) as an initial clinical 
presentation of the disease. Nonspecific pulmonary complaints may include cough, 
hemoptysis (bloody sputum), chest discomfort, and shortness of breath. It is not 
uncommon for asymptomatic pulmonary infiltrates to be seen on radiographs of the 
chest. Renal disease is characterized by focal and segmental glomerulonephritis. 
Virtually any organ system may be involved in Wegener's granulomatosis, but these 
manifestations are usually less dramatic in comparison with the respiratory tract and 
renal disease. Skin disease results from vasculitis with or without granuloma 
formation and is manifested in up to 50% of patients as petechiae, purpura, papules, 
vesicles, ulcerations, or subcutaneous nodules. 

A variety of oral lesions have been described in association with Wegener's 
granulomatosis.293 The most common is a distinctive hyperplastic gingivitis 
originating in the interdental papilla areas. The gingiva is generally described as 
granular and red to purple with many petechiae, and it has been termed strawberry 
gingivitis.294 The lesions extend to the labial and buccal aspects, eventually 
involving the entire gingiva and periodontium, resulting in tooth mobility and loss 
of teeth.295 Once the teeth are lost, extraction sites do not heal properly. 

Oral and other mucosal membrane ulcerations also can occur. There have been 
reports of extensive ulcerative stomatitis. In many cases these lesions are the initial 
manifestation of the disease. On biopsy, the distinct histologic feature of the 
gingival lesion is the unusual combination of well formed multinucleated giant cells 
in the midst of an acute inflammatory infiltrate in the absence of a demonstrable 
pathogen. 

Before the advent of chemotherapy, the prognosis was poor for patients with 
Wegener's granulomatosis. Early diagnosis and institution of treatment are 
important factors in determining survival. The gingival involvement diminishes 
after cytotoxic therapy in responsive patients. The dentist may play an important 
role in the early detection of Wegener's granulomatosis by associating the oral 
manifestations with other clinical signs and symptoms. 



Heavy Metal Poisoning 

Systemic absorption of certain heavy metals, such as mercury, bismuth, lead, and 
arsenic, can produce pigmentation or discoloration of oral mucosal surfaces, 
including the gingiva.296 These metals may come from environmental exposure or 
from certain medications. Although uncommon, heavy metal poisoning must be 
ruled out if unusual pigmentation is noted by the clinician. Typically, these metals 
produce a black or bluish line in the gingiva that follows the gingival margin. This 
pigmentation is more likely to be seen in areas where marginal gingival 
inflammation exists. Metals that have been absorbed systemically are carried in the 
bloodstream and then precipitated into the tissues from the blood vessels. Therefore, 
when inflammation is present and vascular permeability increases, the metals are 
more likely to be deposited into the gingival tissues. Periodontal therapy aimed at 
reducing gingival inflammation may result in disappearance of the pigmentation, 
even without discontinuation of metal exposure. 
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PERIODONTAL DISEASE AS A BIOFILM INFECTION 

Periodontal diseases involve the inflammatory destruction of tooth-supporting tissues 
in response to bacteria in subgingival plaque. Dental plaque (supragingival and 
subgingival) is a microbial biofilm, that is, "matrix enclosed bacterial populations 
adherent to one another and to surfaces or interfaces"1 (see Chapter 6). Bacterial 
growth in biofilms, unlike growth in a planktonic state, is aimed at growth and 
survival of the bacterial community as a whole. As such, bacteria growing in biofilms 
have developed sophisticated mechanisms to escape clearance either by the host or by 
antimicrobials. Bacteria growing in these complex biofilms are resistant to 
phagocytosis and killing by the host's immune system and to the effects of 
antimicrobial drugs. In this manner, bacterial biofilms are able to escape natural 
surveillance and clearance mechanisms, are preserved, and sustain continuous 
growth. Socransky and coworkers2 described the organization of dental plaque 
biofilms as conglomerates of "microbial complexes," whereby microbial species in 



dental plaque exist in communities that relate to one another in a specific fashion, 
referred to as "red, orange, yellow and green complexes" (Fig. 32-1) (see Chapter 4). 
Cluster and community ordination analysis, including 13,000 plaque samples from 
185 patients with periodontal conditions ranging from health to disease, revealed that 
Actinomyces naeslundii 2 (Actinomyces viscosus) appears closely related to members 
of the "yellow complex" (Streptococcus sanguis, Streptococcus mitis, Streptococcus 
gordonii and Streptococcus intermedius), "green complex" (Eikenella corrodens, 
Capnocytophaga gingivalis, Capnocytophaga sputigena), and "purple complex" 
(Veillonella parvula, Actinomyces odontolyticus), and appear to colonize the 
subgingival sulcus first. Thus, these organisms are associated with gingival health and 
are detected in healthy periodontal sites. These complexes are followed by members 
of the "orange complex" consisting of Eubacterium nodatum, Peptostreptococcus 
micros, and species from the genera Fusobacterium, Prevotella, and Campylobacter 
(Fig. 32-1). Members of the orange complex are associated with gingivitis and more 
specifically with the presence of gingival bleeding. The orange complex, in turn, is 
associated with the "red complex" consisting of Porphyromonas gingivalis, 
Tannerella forsythensis (formerly Bacteroides forsythus), and Treponema denticola. 
These organisms are found in significantly greater numbers in diseased sites, sites 
with deeper pockets, and more advanced lesions.3 Notably, these three organisms are 
commonly detected together in subgingival plaque samples. Thus, it appears that in 
the structure of the dental plaque biofilm there is a succession in microbial 
colonization with a dramatic shift in flora from health to disease and establishment of 
a gram-negative anaerobic flora in sites with periodontal pocketing.2 

Figure 32-1.   

 



Microbial complexes in subgingival biofilms. A total of 13,261 plaque samples 
from 185 subjects diagnosed as periodontally healthy, well-maintained elderly or 
with adult periodontitis were analyzed using checkerboard DNA-DNA 
hybridization. Microbial species exist in the subgingival biofilm in the specific 
complexes depicted in the figure. (Redrawn from Socransky S, Haffajee AD, 
Cugini MA et al: Microbial complexes in subgingival plaque, J Clin Periodontol 
25:134–144, 1998.) 

One of the salient features of bacteria growing in biofilm is the complex communal 
physiology, allowing for the survival of the entire microbial community. 
Coaggregation of P. gingivalis with other gram-negative or gram-positive organisms 
is mediated by specific outer membrane proteins, and as such, plays an important role 
in the maintenance of the subgingival biofilm. Bacteria growing in biofilms are 
notoriously resistant to clearance mechanisms such as phagocytosis and killing by the 
host's immune system or by antimicrobial drugs. This unique feature of bacterial 
biofilms underscores the recurrent nature of periodontal disease and the difficulty in 
eliminating periodontal infection. Probably the most significant consequence of 
bacteria growing on biofilms is the constant shed of bacterial products and byproducts 
into the neighboring environment. Significant virulence factors able to evade the 
host's clearance mechanisms and to participate in tissue destruction have been 
identified in P. gingivalis.4 They include a number of inhibitors of PMN chemotaxis 
and phagocytosis, capsule, fimbriae, and outer membrane proteins. In addition, 
bacteria within the subgingival biofilm are continuously releasing cell surface 
products into the gingival sulcus. The ulcerated pocket epithelium becomes a 
significant portal of entry of oral bacteria and their products into the general 
circulation. With apical and lateral extension of the bacterial biofilm along the root 
surface, the subgingival space becomes a niche of gram-negative organisms with the 
potential to seed oral bacteria at distant sites and into the general circulation in small 
and major blood vessels. The total surface area of periodontal ligament membrane in 
a complete dentition has been compared with the size of the palm of an adult hand. 
Thus, the potential for distant seeding of oral infections is ever present. In this 
manner, periodontal biofilm infection contributes not only to local inflammation 
resulting in destruction of tooth supporting structures, but to systemic inflammation 
as well. 

PERIODONTAL BIOFILM INFECTION AND CHRONIC 

SYSTEMIC INFLAMMATION 

A number of chronic conditions such as atherosclerosis, coronary heart disease 
(CHD), rheumatoid arthritis, type 2 diabetes, obesity, osteoporosis, and periodontal 
disease share a common pathophysiologic feature: chronic, sustained, exacerbated 
inflammatory response to a given stimulus. This exacerbated response is marked by 
increased production of proinflammatory cytokines, initially secreted to provide 
clearance of invading organisms and to repair tissue damage. This exacerbated 
proinflammatory response may result in excessive tissue damage rather than repair. A 



significant finding has been the determination that monocyte-derived cytokines such 
as tumor necrosis factor-α (TNF-α) and interleukins (IL-1β, IL-6, and IL-8) may be 
released in response to a series of stimuli secondary to periodontal infection.5 One of 
these potential stimuli, the endotoxin lipopolysaccharide (LPS) from gram-negative 
bacteria, is present in subgingival biofilm. LPS and other bacterial components can 
activate synthesis and secretion of these cytokines and an inflammatory cascade that, 
in turn, contributes to systemic inflammation, either through a direct action on blood 
vessel walls, or indirectly by inducing the liver to produce acute phase proteins.6,7 
LPS from the cell walls of these gram-negative organisms has both endotoxic and 
immunologic activities. Specifically, P. gingivalis LPS is a potent inducer of IL-1β, 
TNF-α, prostaglandin E2 (PGE2), and matrix metalloproteinases.5 The LPS and the 
inflammatory cytokines present in periodontal disease may also increase expression 
of leukocyte adhesion molecules such as inflammatory cell adhesion molecule or 
vascular cell adhesion molecule by endothelial cells.8–11 

Evidence indicates that P. gingivalis has the ability to invade endothelial cells. P. 
gingivalis can actively adhere to and invade bovine heart cells and aortic endothelial 
cells.12 Studies in animal models have shown that P. gingivalis LPS and its outer 
membrane vesicles are able to induce macrophages to engorge low density 
lipoprotein (LDL) to form large "foam cells" (an important characteristic of 
cardiovascular disease), monocyte chemotaxis from endothelial cells, and oxidation 
of LDL.13 Thus, LPS and cell surface products from P. gingivalis are able to recruit 
inflammatory cells into major blood vessels; activate the inflammatory cascade by 
direct effect on these inflammatory cells and secrete inflammatory mediators such as 
IL-1β and TNF-α on the vascular endothelium; and promote smooth muscle 
proliferation, platelet aggregation, fatty degeneration, and deposition on the vessel 
wall (Fig. 32-2). This cascade of events serves to narrow the vessel lumen and inhibit 
normal blood flow. In addition, proteolytic enzymes from P. gingivalis released in 
large quantities can activate factor X, prothrombin, and protein C, promoting a 
thrombotic tendency. Some investigators have proposed a direct effect on systemic 
inflammation of some of the bacteria found in dental plaque, which enter the 
bloodstream during episodes of dental bacteremiae.14,15 The oral gram-positive 
bacteria S. sanguis and the periodontal pathogen P. gingivalis have been shown to 
induce platelet activation and aggregation through the expression of collagen-like, 
platelet aggregation-associated proteins. The aggregated platelets may contribute to 
hypercoagulability and thrombosis, thus leading to thromboembolic events. 
Therefore, presence of these microorganisms in the bloodstream, derived from an oral 
source such as the periodontium, may increase the risk for thrombus formation and 
subsequent release of an embolus. 

Figure 32-2.   



 

Model for systemic spread of periodontal infection and effects on vasculature. 

LPS and other cell wall products from periodontal bacteria can indirectly stimulate 
the liver to produce the acute phase protein known as C-reactive protein (CRP). The 
acute phase response is part of innate immunity and is the initial response to a 
bacterial challenge. This highly reactive enzyme can, in turn, promote deposits on 
injured blood vessels if secreted in excess (Fig. 32-2). Specifically, CRP binds to 
damaged cells, fixes complement, and activates neutrophil chemotaxis. Moderately 
increased serum levels of CRP constitute a systemic marker of inflammation, a 
documented risk factor for cardiovascular disease. Increased levels of CRP have been 
proposed as a marker to predict future myocardial infarction and stroke. Significantly 
increased levels of CRP have been demonstrated in patients with chronic 
periodontitis.16 These increased CRP levels have been associated with body mass 
index, an indicator of obesity (a condition also associated with excessive 
inflammatory response), and periodontal disease in otherwise healthy middle-aged 
adults.17 Furthermore, levels of CRP in patients with periodontitis are related to the 
severity of periodontal disease and level of infection with P. gingivalis, T. 
forsythensis, and P. intermedia, thus implying a gradient of periodontal infection and 
systemic inflammation.18 People with periodontitis are also at risk for having 
increased levels of circulating fibrinogen.19,20 Increased fibrinogen is a risk factor for 
acute events such as myocardial infarction and stroke, because fibrinogen is 
associated with coagulation and with increased blood viscosity. The net effect of 
increased CRP and fibrinogen levels, especially when accompanied by increased 
platelet aggregation and narrowing of the blood vessel lumen, is an increased risk for 
major cardiovascular and cerebrovascular events. 



Direct evidence for the role of periodontal infection in systemic inflammation comes 
from the identification of periodontal pathogens in human carotid atheromas.21 About 
70% of atheromatous lesions removed from the carotid arteries of patients undergoing 
carotid endarterectomy had bacteria in the atheroma; 44% had one or more 
periodontal pathogens.21 Additional direct evidence that infection with P. gingivalis 
contributes to systemic inflammation comes from animal studies. P. gingivalis 
activates the acute phase response, increases blood lipid levels, and enhances 
atheroma lesion formation in mice. Infection of mice with P. gingivalis leads to 
calcification of aortic atherosclerotic plaques, with the amount of calcification 
increasing with the length of exposure to P. gingivalis infection. Therefore, the 
subgingival biofilm infection is a constant reservoir of LPS and other toxic bacterial 
products, which likely contribute to and sustain systemic inflammation and promote 
lesions in blood vessel walls. 

Evidence suggests that the presence of periodontitis dramatically increases the risk 
for endotoxin being transferred to the systemic circulation. Increased endotoxin levels 
in the vasculature can initiate the proinflammatory responses discussed earlier, 
resulting in changes to the vasculature. For example, one study showed that after 
chewing gum, there was a fourfold increase in the incidence of endotoxemia 
(endotoxin in the bloodstream) in patients with severe periodontitis compared with 
subjects with only mild or moderate periodontitis.22 Not only was the risk for 
endotoxemia greater, but the quantitative level of endotoxin was more than fourfold 
greater in the patients with periodontitis than in those subjects without periodontitis. 
Thus, the simple act of chewing can induce bacteria and their products such as 
endotoxin to enter the bloodstream, and the risk for this event is much greater in 
patients with periodontitis. 

PERIODONTAL INFECTION AND CARDIOVASCULAR 

DISEASE 

Tobacco smoking and high levels of LDL or "bad" cholesterol have long been 
associated with cardiovascular disease. More recently, increased levels of CRP have 
been identified as important risk factors for myocardial infarction, increasing its risk 
twofold to fivefold. A large body of evidence supports the hypothesis that periodontal 
disease is associated with cardiovascular risk factors including CRP and plasma 
fibrinogen. Using data from the Third National Health and Nutrition Examination 
Survey (NHANES III), a large epidemiologic study of the U.S. population, 
investigators found that individuals with periodontitis have increased systemic levels 
of CRP and fibrinogen after adjustment for dental calculus, ethnicity, education, sex, 
age, family size, poverty index, body mass index, family history of myocardial 
infarction, diabetes, and tobacco and alcohol use.19,20 This has been confirmed by 
others who showed that CRP levels were increased in patients with periodontal 
disease as compared with periodontally healthy individuals.16,23 This increase was not 
associated with seropositivity to Chlamydia pneumoniae, cytomegalovirus, or 
Helicobacter pylori in subjects with periodontal disease, thus eliminating these 



organisms not associated with periodontitis as the probable cause of the increase in 
CRP levels.23 Furthermore, treatment of periodontal patients is associated with a 
reduction of CRP levels 1 year after therapy.16 Antiinfective periodontal therapy, such 
as scaling and root planing and administration of subgingival doxycycline as an 
adjunct to scaling and root planing, results in a reduction in levels of CRP and 
fibrinogen to normal levels.24 In addition, periodontal maintenance therapy aimed at 
reducing levels of subgingival P. gingivalis maintains the levels of CRP and 
fibrinogen within normal values over time. Mechanical periodontal therapy combined 
with subgingival administration of minocycline reduced levels of CRP and TNF-α in 
patients with increased risk for atherosclerosis.25 Results from these studies have 
quite significant implications for management of periodontal infections in patients 
with periodontal disease and increased risk for cardiovascular disease. In this chapter, 
the evidence supporting an association between periodontal disease and 
cardiovascular disease is reviewed in relation to the different types of cardiovascular 
diseases. 

Periodontal Infection and Atherosclerosis 

Atherosclerosis, the primary cause of death and disability in the United States, is 
one of the chronic conditions associated with hyperinflammatory states. 
Atherogenesis is a multifactorial process resulting when endothelial cells and 
smooth muscle cells are subjected to excessive extracellular stimuli. Histologically, 
atherosclerotic plaques resemble healing inflammatory lesions, from which Dr. 
Russell Ross proposed a "response to injury" hypothesis for their formation.26 Of 
great significance in the pathogenesis of atherosclerosis are endothelial dysfunction, 
lipid deposition and oxidation in the subendothelial space, leukocyte chemotaxis, 
proliferation of smooth muscle cells, and, finally, plaque rupture. Intraplaque 
inflammation has been proposed to play a role in thinning of the fibrous cap, plaque 
rupture, and thrombosis and to precipitate the clinical events leading to myocardial 
infarction, unstable angina, stroke, and transient ischemic attacks. Recently, the 
theory of chronic inflammation in atherosclerosis and plaque rupture has gained 
considerable interest, both from the basic and applied research point of view, as 
well as patient management. Most of the newly developed drugs to manage 
cardiovascular disease exhibit significant antiinflammatory effects. 

Direct evidence for the role of periodontal infection in atherosclerosis comes from 
the identification of periodontal pathogens in human carotid atheromas.21 Fifty 
carotid atheromas obtained at endarterectomy were analyzed for the presence of 
bacterial 16 S rDNA by polymerase chain reaction using synthetic oligonucleotide 
probes specific for the periodontal pathogens Actinobacillus 
actinomycetemcomitans, Tannerella forsythensis (Bacteroides forsythus), P. 
gingivalis, and Prevotella intermedia. Of the specimens, 30% were positive for 
Tannerella forsythensis (B. forsythus), 26% were positive for P. gingivalis, 18% 
were positive for A. actinomycetemcomitans, and 14% were positive for P. 
intermedia. Chlamydia pneumoniae DNA was detected in 18% of these atheromas. 
C. pneumoniae has long been associated with atherosclerosis. These studies suggest 



that periodontal pathogens may be present in arteriosclerotic plaques where, like 
other infectious organisms such as C. pneumoniae, they may play a direct role in 
the development and progression of atherosclerosis. 

Nuclear factor-kappa B (NF-κB) is an inducible nuclear transcription factor that 
controls multiple aspects of the inflammatory response. Stimulation of cells with 
various inflammatory stimuli (LPS, TNF-α, and IL-1β) results in nuclear 
translocation and transcription of NF-κB. In turn, NF-κB is responsible for 
macrophage activation and regulation of smooth muscle cell proliferation. A 
mechanistic pathway to explain the relation of periodontal infection and 
atherosclerosis is through constant activation of NF-κB by stimuli such as LPS, 
TNF-α, and IL-1β from chronic periodontal infection. This activation of NK-κB up-
regulates macrophages and induces them to secrete large quantities of 
proinflammatory cytokines, which further exacerbates inflammatory effects on the 
blood vessel wall. 

Another potential linking mechanism between periodontal disease and 
atherosclerosis involves immune responses that result in production of antibodies to 
periodontal bacteria, including antibodies to bacterial heat shock proteins that cross-
react with heat shock proteins of the heart. These autoreactive antibodies to heat 
shock proteins are found in patients with periodontal disease and may contribute to 
atheroma formation.27,28 

The clinical association between periodontal diseases and atherosclerosis has been 
evaluated by using coronary angiograms. In one study, there was a significant 
association between the severity of periodontal disease assessed radiographically 
and the degree of coronary atheromatosis.29 In another study, the extent and severity 
of periodontitis were significantly greater in people with stenosis of one or more 
epicardial arteries compared with individuals without arterial stenosis.30 However, 
when the data were adjusted to account for the effects of age and smoking, factors 
common to both periodontal disease and cardiovascular disease, the relation 
between the diseases was no longer statistically significant. This study serves to 
point out an important factor that must be considered when examining the evidence 
that relates periodontal diseases to other systemic conditions; namely, the 
confounding that may occur when risk factors are shared by the various diseases. 
For example, smoking and diabetes are risk factors for periodontitis and CHD. In 
determining the relation between periodontitis and CHD, it is important to 
understand the smoking status and diabetes status of the subjects examined in the 
various studies to ensure that the relation is between the two diseases and not 
between risk factors for those diseases. This is generally done through statistical 
analysis of the data, using tests that can account for such confounding factors and 
can provide support that a given risk factor (such as periodontal disease) is 
independent of other known risk factors (such as smoking). 

Periodontal Infection and Coronary Heart Disease 

(Myocardial Infarction) 



There is extensive evidence associating inflammatory factors such as CRP and 
fibrinogen with CHD. Systematic reviews of prospective studies demonstrate highly 
statistically significant associations between increased white blood cell counts and 
increased levels of acute phase proteins such as fibrinogen and CRP with a 
subsequent risk for cardiovascular disease.31 Increased CRP levels have been 
suggested to be valuable prognostic indicators of the risk for cardiovascular 
events.32,33 Periodontal infections may be associated with increased risk for 
atherosclerotic processes such as coronary artery disease and strokes, in part by 
their association with increased levels of CRP, as discussed earlier. 

A series of case-control and cross-sectional studies have shown a significant 
association among various indexes of poor dental health and CHD.34–38 For 
example, Arbes and colleagues37 evaluated the association between periodontal 
disease and CHD in NHANES III and found that the odds for a history of heart 
attack increased with the severity of periodontal disease. With the greatest severity 
of periodontal disease, the odds ratio was 3.8 (95% confidence interval [CI]; 1.5 to 
9.7) as compared with no periodontal disease after adjustment for co-risk factors for 
periodontal disease and heart disease such as age, sex, race, poverty, smoking, 
diabetes, high blood pressure, body mass index, and serum cholesterol. This study 
confirmed the association seen in other cross-sectional studies and also 
demonstrated a gradient response with high levels of periodontal disease associated 
with greater prevalence of reported heart attack. However, consistent with other 
cross-sectional studies, these results point merely to an association, because no 
temporal sequence is established. Data from longitudinal studies is needed to 
establish a temporal sequence between periodontal disease and heart disease. 

Longitudinal studies suggest that indicators of poor periodontal health precede 
cardiovascular events.39–43 Data from 9760 men and women examined in the first 
NHANES study (NHANES I) and again in its 16-year Epidemiological Follow-up 
Study showed that periodontal disease was a significant predictor of subsequent 
CHD disease.39 There was a 70% increase in the risk for hospitalization or death 
from a CHD-related event in individuals younger than 50 years who had 
periodontitis compared with similarly aged people without periodontitis. Again, the 
association was independent of all important co-risk factors. In addition to the 
consistent association between periodontal disease and heart disease, there appears 
to be a biologic gradient between periodontal infection and incidence of CHD. In an 
assessment of 921 men 21 to 80 years old who were free of CHD at baseline and 
were then followed for a period of approximately 18 years, investigators found a 
dose relation between various levels of bone loss (20%, 40%, 60%, and 80%) and 
cumulative incidence of angina and myocardial infarction41 (Fig. 32-3). A similar 
gradient was observed for fatal coronary disease and mean alveolar bone loss, again 
independent of all important co-risk factors. These longitudinal studies, in which 
the presence of periodontal disease is known to have preceded the CHD-related 
events, provide support for the concept that periodontal disease is a risk factor for 
CHD. 



The association of specific subgingival periodontal organisms with myocardial 
infarction has been assessed.44 In this study, 97 nonfatal myocardial infarction cases 
were compared with 233 control subjects. The adjusted odds ratio (95% CI) for 
myocardial infarction was 2.99 (1.40 to 6.35) for the presence of Tannerella 
forsythensis (B. forsythus) and 2.52 (1.35 to 4.70) for P. gingivalis. These findings 
support the notion that specific pathogenic bacteria found in periodontal disease 
may also be associated with myocardial infarction. 

Figure 32-3.   

 

Gradient relation between incidence of total coronary heart disease and different 
levels of alveolar bone loss. (Adapted from Beck J et al: Periodontal disease 
and cardiovascular disease. J Periodontol 67:1123–1137, 1996.) 

Periodontal Infection and Cerebrovascular Disease 

(Stroke) 

Case-control studies have shown poor dental health to be associated with an 
increased risk for cerebrovascular ischemia (CVA) and stroke.34 In men younger 
than 50 years, 25% of patients who experienced a stroke had significant dental 
disease, compared with only 2.5% of control patients without cerebrovascular 
disease. Grau and colleagues45 examined the dental status, including dental caries, 
periodontitis, and endodontic lesions, of more than 300 patients with CVA, brain 
infarction, and transient cerebral ischemia. An increased risk for CVA (odds ratio 
2.60 [95% CI; 1.18 to 5.70]) was associated with periodontitis and periapical 
lesions. The risk for CVA was not associated with dental caries. Analysis of 
NHANES I data showed that periodontal disease was a significant risk factor for 



nonhemorrhagic stroke, but not for hemorrhagic stroke.46 Nonhemorrhagic stroke is 
associated with atherosclerotic change and narrowing of the major arteries, whereas 
hemorrhagic stroke is generally associated with aneurysm formation and rupture. 
The relative risk for nonhemorrhagic stroke was 1.41 (95% CI; 1.30 to 3.42) for 
periodontitis, indicating a significant increased risk for stroke in patients with 
periodontitis. These associations were seen for white and black men and women. 
Periodontal disease was also associated with nonhemorrhagic stroke in the 
Physicians Health Study with similar odds ratios (1.33; 95% CI; 1.03 to 1.70).47 The 
finding that periodontal disease was not associated with hemorrhagic stroke in this 
national sample strengthens the association and points to mechanistic pathways that 
account for this association. That is, periodontitis increased the risk for those 
cerebrovascular events that are associated with narrowing of the arteries, and there 
is substantial evidence that periodontal infection may impact atherosclerosis. 
Conversely, there is no evidence that periodontal infection is associated with the 
mechanisms responsible for aneurysm formation, and likewise no clinical evidence 
that periodontal disease is associated with nonhemorrhagic stroke. 

PERIODONTAL INFECTION AND DIABETES MELLITUS 

Diabetes mellitus is a disease of dysregulation of carbohydrate and lipid metabolism 
following the inability of the pancreas to secrete insulin (type 1 diabetes) or a 
deficiency in insulin action or sensitivity (type 2 diabetes) (see Chapter 31). Type 2 
diabetes is by far the most common type of diabetes, accounting for almost 90% of 
diabetes cases. The prevalence of diabetes mellitus is increasing at alarming rates 
worldwide, entirely because of the increase in type 2 diabetes. This is mostly related 
to an epidemic increase in its primary risk factor: obesity. In the United States alone, 
the figures are staggering with a 30% increase, to the point of being considered the 
most significant lifestyle epidemic of modern times. This diabetes epidemic, as it has 
been defined, carries with it a significant burden to society in terms of morbidity, 
mortality, and associated health care costs. 

A large body of evidence supports the concept that diabetes is a risk factor for 
periodontal diseases (see Chapter 31 for detailed discussion). The following 
discussion is focused on the ways in which periodontal diseases may affect the 
diabetic condition. 

Effect of Periodontal Infection on Diabetes Mellitus 

Periodontitis has been determined to be a potential risk factor for poor glycemic 
control in patients with diabetes. In a longitudinal study of patients with type 2 
diabetes who demonstrated good glycemic control at baseline, 37% of subjects with 
severe periodontitis showed a worsening of glycemic control over time, compared 
with only 11% of subjects without severe periodontitis.48 Notably, in this study, the 
presence of periodontal disease was known to have preceded the worsening of 
blood sugar control. Further evidence for a relation between periodontal infection 



and diabetic control can be obtained through studies of other diabetic 
complications, such as retinopathy, nephropathy, and macrovascular complications 
such as cardiovascular, cerebrovascular, and peripheral vascular disease. In one 
such study, patients with diabetes and severe periodontitis were shown to have a 
much greater incidence of macrovascular complications during a 1- to 11-year 
period than did a control population of patients with diabetes but without 
periodontitis.49 Only 21% of patients without periodontitis had one or more 
macrovascular complications, compared with 82% of patients with severe 
periodontitis. 

Periodontal therapy in patients who also have diabetes may have a beneficial impact 
on glycemic control and periodontal health. More than 40 years ago, the benefit of 
periodontal therapy was recognized in a group of young people with type 1 diabetes 
who also had severe periodontitis.50 After these patients received treatment, which 
included systemic antibiotics, extraction of periodontally hopeless teeth, scaling and 
root planing, and gingivectomy when indicated, there was a reduction in the amount 
of insulin needed to control blood sugar levels. More recently, the combination of 
scaling and root planing plus systemic doxycycline therapy (100 mg/day for 14 
days) was shown to improve glycemic control in conjunction with improvement in 
periodontal health.51 Interestingly, in this study, those patients who had minimal 
improvement in periodontal health after therapy also showed no improvement in 
glycemic control. In a randomized, placebo-controlled, clinical trial of periodontal 
therapy in subjects with type 2 diabetes, the combination of scaling and root planing 
plus systemic doxycycline was associated with short-term improvement in glycemic 
control; conversely, scaling and root planing combined with a placebo (i.e., without 
adjunctive antibiotic therapy) was not associated with significant changes in 
glycemic control.52 This study suggests that antibiotic therapy using systemic 
tetracycline antibiotics such as doxycycline may be an important component of 
periodontal treatment for these patients. Other research would support this 
contention. For example, in studies of people with diabetes and periodontal disease 
in which periodontal therapy consisted only of mechanical debridement (scaling 
and root planing), without systemic antibiotic therapy, there has been no 
demonstrated beneficial effect on glycemic control.53–55 Many of the patients in 
these studies already had good glycemic control at the baseline examinations; 
therefore, one might expect less dramatic changes in glycemic control with any type 
of therapy. Although routine use of systemic antibiotics is not justified for most 
patients with periodontitis, patients with diabetes may constitute one group in 
whom such therapy is indicated. The effect of periodontal therapy on diabetic 
control is more likely to be evident in patients who have more advanced 
periodontitis and poorer glycemic control before therapy, compared with patients 
who have less severe periodontitis and better glycemic control before treatment. 

Mechanisms of Interaction between Periodontal 

Infection and Diabetes Mellitus 



The mechanisms by which periodontal infection influences glycemic control have 
not yet been fully elucidated. However, evidence from studies of other systemic 
conditions provides important clues. It is clear that systemic infections such as viral 
or bacterial respiratory infections have a major impact on glycemic control because 
they increase insulin resistance.56,57 Virtually every cell in the body (except brain 
cells) has cell surface insulin receptors that act as loading elements signaling the 
cells' need for glucose uptake. When energy requirements are increased or if blood 
glucose levels are increased, insulin receptors are displayed on the cell surface and 
glucose is loaded and transported intracellularly. In this manner, excess glucose is 
removed from circulation and stored intracellularly, mostly in adipose tissue. Cells 
can become resistant to the action of insulin. When they do, the pancreas increases 
production of insulin in an attempt to "force" glucose into the cells. This is known 
as insulin resistance. Tissues affected the most by insulin resistance include the 
liver, muscle, and adipose. As a result of the compensatory increase in insulin 
production, there is a state of prolonged hyperinsulinemia. Increased levels of 
insulin have a direct damaging effect on coronary arteries contributing to 
atheromatous plaque formation, abnormalities in lipid metabolism, and 
hypercoagulability. Some of these abnormalities include increased production of 
fibrinogen, high levels of triglycerides (the body's main fat storage particles), and 
decreased levels of high-density lipoprotein. Individuals affected by insulin 
resistance also will exhibit hyperlipidemia, increased cholesterol, and triglycerides. 
Increase in circulating lipids leads to excessive lipid oxidation, deposition of these 
oxidated fractions on the vascular wall, and atherosclerosis. 

Because systemic infections increase the resistance of the tissues to the action of 
insulin, the pancreas must then increase insulin secretion to overcome the insulin 
resistance. In individuals with type 1 diabetes, who produce no endogenous insulin, 
such insulin resistance requires the injection of increased amounts of insulin. In 
patients with type 2 diabetes, who already have increased insulin resistance, 
increased resistance associated with infection serves to further exacerbate 
hyperglycemia. Importantly, insulin resistance persists in the tissues even after the 
patient recovers from the systemic illness; tissue sensitivity to insulin often does not 
return to normal for many weeks or months after the illness. 

It is possible that periodontal infection results in similar increases in insulin 
resistance, which would then result in poorer glycemic control. Periodontal therapy, 
aimed at reducing the microbial bioburden and associated inflammation, may serve 
to restore insulin sensitivity and thereby improve glycemic control.58,59 In this way, 
periodontal infection is related to another important risk factor for type 2 diabetes: 
obesity. 

Obesity is a leading cause of insulin resistance, a condition that is becoming more 
and more prevalent in the Western world and is a significant risk factor for type 2 
diabetes mellitus, hypertension, and cardiovascular disease. A significant 
association was found between obesity and periodontal disease in young adults.60 
Adipocytes, once believed to be essentially fat storage cells, have been identified as 
extremely metabolically active cells. Adipocytes are highly active in production of 



molecules important in regulating energy expenditure such as leptin and 
adinopectin. Adipocytes also are active in production of TNF-α. Blood levels of 
TNF-α are increased in obese patients and are decreased after weight loss. They 
also are increased in people with diabetes, especially in those with periodontal 
disease. Monocytes from patients with diabetes produce 24 to 32 times the level of 
TNF-α when stimulated by periodontal pathogens than do monocytes from subjects 
without diabetes.61 Dumping of TNF-α into the systemic circulation in patients with 
diabetes may contribute to insulin resistance, and periodontal therapy may reduce 
the levels of circulating TNF-α and reduce the index of insulin resistance.62 

TNF-α is an antagonist to the cell surface insulin receptor substrate (IRS-1). It 
inhibits phosphorylation and translocation of the insulin receptor.63,64 In doing so, 
TNF-α blocking of the insulin receptor inhibits intracellular glucose transport and 
insulin action, contributing to insulin resistance. Recent evidence suggests that 
chronic periodontal infection also contributes to insulin resistance.65 Chronic up-
regulation of TNF-α in response to LPS and other cell surface toxins from bacteria 
in the subgingival biofilm is likely a mechanism contributing to the state of insulin 
resistance in individuals at risk. Figure 32-4 presents a model proposing how 
periodontal infection and chronic up-regulation of inflammatory cytokines in 
response to periodontal bacteria aggravates the state of insulin resistance, 
precipitating and sustaining metabolic abnormalities. This will, in turn, predispose 
susceptible individuals to either type 2 diabetes or cardiovascular disease. Thus, 
excess circulating insulin, as occurs in insulin-resistant states, may function as a 
common link between chronic periodontal infection and worsening of systemic 
conditions such as cardiovascular disease or type 2 diabetes. Systemic inflammation 
and excessive synthesis and secretion of TNF-α appear to be possible mechanisms 
accounting for the two-way relation between diabetes mellitus and periodontal 
disease. 

Figure 32-4.   



 

Model to describe insulin resistance as a possible mechanism common to 
periodontal infection and systemic complications such as type 2 diabetes and 
cardiovascular disease. Insulin resistance (often initiated or exacerbated by 
obesity) results in hyperinsulinemia and hyperglycemia, which worsens 
glycemic control. Hyperglycemia may then increase the risk for periodontal 
disease. Insulin resistance is also associated with hyperlipidemia (CH, 
cholesterol; TG, triglycerides). Increased tumor necrosis factor (TNF-α) levels 
associated with obesity may result in increased C-reactive protein (CRP) 
production by the liver, further exacerbating hyperlipidemia. Increased lipid 
levels, particularly low-density lipoprotein and triglyceride, increase the risk for 
heart disease and may play a role in the pathogenesis of periodontal disease. 

PERIODONTAL INFECTION, PRETERM BIRTH, AND 

LOW BIRTH WEIGHT 

Preterm birth (PTB) infants born before the thirty-seventh week of gestation and low 
birth weight (LBW) infants born at term but weighing less than 2500 g are significant 
perinatal problems in all developed countries. In the United States alone, this 
accounts for 6% to 9% of all births and 70% of all perinatal deaths. Substantial 
morbidity and long-term neurologic sequelae are also associated with LBW, resulting 
in great costs to the individual, family, and society. Traditional treatment for PTB has 
been mostly symptomatic-that is, the use of drugs to arrest premature contractions. 
Despite widespread use of such drugs, there has been no decrease in LBW or PTB in 
the last 20 years. Therefore, attempting to understand the underlying causes leading to 
more specific therapies is the more desirable approach. Evidence points to 



symptomatic genital infections as a primary etiologic factor for PTB. Nongenital 
infections such as acute pyelonephritis and pneumonia also have been recognized as 
causes of PTB. Some other known risk factors include smoking, drug or alcohol use 
during pregnancy, low socioeconomic status, diabetes, and poor prenatal care. 
Although one or more risk factors is present in most cases of PTB/LBW, none of the 
known risk factors is present in about 25% of cases.66 In recent years, subclinical and 
chronic infections such as periodontal disease have been proposed to play a role in 
premature birth, and they significantly increase the risk for both LBW and PTB. 

The mechanism explaining the hypothesis of chronic infection and premature birth is 
that microorganisms or their products and toxins, such as LPS, enter the uterine 
cavity either through the ascending route in genitourinary tract infections or through 
the circulation in nongenital infections. Once the microorganisms or their products 
have gained access to the uterine cavity, they can stimulate an inflammatory cytokine 
cascade, with increased production of proinflammatory mediators such as IL-1β and 
TNF-α. These eventually lead to elevated prostaglandin synthesis, which causes 
uterine muscle contraction, cervical dilation, and premature rupture of membranes. 

Three lines of evidence support the infectious theory of PTB. Studies in animal 
models have shown that bacteria and their products are able to induce PTB. Positive 
cultures of amniotic fluid and membranes are often detected in patients with PTB, and 
antibiotic treatment has decreased the number of PTB in some clinical trials. Bacterial 
vaginosis, the most common vaginal disorder in women of reproductive age, is a 
known risk factor for preterm labor, premature rupture of membranes, and LBW.67 In 
bacterial vaginosis, the normal vaginal microflora predominated by facultative 
lactobacilli is replaced by more anaerobic organisms, many of which produce potent 
endotoxins (LPS). Presence of these organisms in the chorioamnion may result in the 
inflammatory cascade discussed earlier, resulting in preterm labor and rupture of 
membranes. Treatment of bacterial vaginosis with metronidazole in pregnant women 
has been shown to decrease PTB rates when compared with treatment with a 
placebo.68 Women who have preterm labor often have culture-positive amniotic fluid, 
even when no clinical infection is evident. Usually, the organisms cultured are those 
associated with genitourinary tract infections such as bacterial vaginosis. But in some 
occasions, organisms not normally found in the genitourinary tract are cultured. It is 
possible that these organisms colonized the chorioamnion from a hematogenous 
route. In women with periodontitis, the oral cavity may be a source of such 
organisms. In animal models, oral organisms such as P. gingivalis implanted 
subcutaneously have been shown to result in increased amniotic TNF-α and PGE2 
levels.69 This infection caused a decrease in fetal birth weight and an increase in fetal 
deaths. 

The findings from animal studies have resulted in examination of the effects of 
periodontal infection on pregnancy outcomes in humans. In a case-control study of 93 
women having a LBW delivery and 31 women having normal birth weight delivery, 
investigators determine that the women with LBW delivery had significantly more 
severe clinical attachment loss.70 In fact, the presence of severe periodontitis resulted 
in a 7.5-fold increased risk for LBW, a greater risk factor than smoking or alcohol use 



during pregnancy. These results have been confirmed in a large prospective study of 
more than 1300 women who were examined at 21 to 24 weeks gestation.71 The 
presence of generalized periodontitis at this point in gestation was associated with a 
marked increase in risk for PTB (odds ratios, 4.45 to 7.07). Periodontal disease at 
antepartum and both the incidence and progression of periodontal disease during 
pregnancy are associated with greater incidence of PTB and smaller birth weight for 
gestational age after adjusting for race, parity, and the neonate's sex.72 The increased 
risk for LBW and PTB in women with periodontitis also has been confirmed in 
populations from other countries.73,74 As the severity of periodontal disease increases, 
the birth weight and gestational age at delivery decrease.74 

In utero exposure of the fetus to periodontal microorganisms or their products is 
demonstrated by a 2.9-fold increase in cord blood immunoglobulin M (IgM) titers to 
these organisms in preterm neonates compared with neonates delivered at term.75 In 
addition, maternal IgG antibody to periodontal organisms appeared protective against 
both fetal exposure and PTB. No significant differences in the frequency of putative 
periodontal pathogens were seen between preterm and full-term mothers. 

Intervention trials have been performed to determine whether periodontal treatment 
during gestation can affect pregnancy outcome in women with periodontitis. In one 
such study, the incidence of PTB or LBW was 10.1% in women with periodontal 
disease who did not receive periodontal therapy until after parturition.76 Conversely, 
women who received scaling and root planing during the second trimester followed 
by frequent prophylaxis until delivery had a PTB or LBW rate of only 1.8%. These 
results are similar to a study in which pregnant women with periodontitis who had 
scaling and root planing during pregnancy had a lower rate of PTB (0.8%) compared 
with women who did not receive periodontal treatment until after parturition 
(6.3%).77 Taken together, these studies indicate that women who have periodontitis 
are at increased risk for adverse pregnancy outcomes, and that treatment of the 
periodontal condition with mechanical debridement and oral hygiene instruction may 
reduce the risk for such outcomes. The potential public health implications of these 
findings are incalculable. 

PERIODONTAL DISEASE AND RESPIRATORY DISEASES 

The upper respiratory tract often contains microorganisms derived from the nasal, 
oral, and pharyngeal areas. The lower airway is usually free of microorganisms. 
Pneumonia is an inflammation of the lung tissue caused by bacteria, fungi, or viruses. 
Pneumonia may be either community acquired or hospital acquired (also called 
nosocomial pneumonia). Most cases of community-acquired bacterial pneumonia are 
caused by aspiration of oropharyngeal organisms such as Streptococcus pneumoniae, 
Haemophilus influenzae, and Mycoplasma pneumoniae.78 Community-acquired 
bacterial pneumonia has a low mortality rate and generally responds well to 
treatment. There is no evidence that periodontal disease or oral hygiene alters the risk 
for community-acquired pneumonia. 



Conversely, hospital-acquired pneumonia has a mortality rate of about 25%.79 
Hospital-acquired pneumonia is not caused by the same organisms that cause 
community-acquired pneumonia; rather, it usually results from infection with 
organisms that do not normally colonize the oropharynx, such as Klebsiella 
pneumoniae, Pseudomonas aeruginosa, Staphylococcus aureus, and Escherichia coli. 
These organisms, called potential respiratory pathogens (PRPs), are generally found 
in the gastrointestinal tract, but may be passed into the oropharynx through 
esophageal reflux. If subsequently aspirated, the PRPs may initiate pneumonia. Oral 
colonization with PRPs increases during hospitalization, and the longer a patient is 
hospitalized the greater their prevalence.80–82 A patient with PRPs colonizing the 
mouth and oropharynx is at increased risk for pneumonia. Bacterial plaque associated 
with the teeth can serve as reservoirs for PRPs, particularly during prolonged 
hospitalization. Poor oral hygiene is common in hospitals or nursing home settings, 
especially in patients who are quite ill.80,83 Colonization of dental plaque and the oral 
mucosa by PRPs is much more common in patients in the intensive care unit 
compared with patients in an outpatient dental clinic setting.82,84 The risk for 
pneumonia was found to be nine times greater in patients in the intensive care unit 
whose dental plaque was colonized by PRPs compared with those not colonized by 
these organisms.85 

A number of intervention studies have shown that improved oral hygiene measures 
can reduce the incidence of hospital-acquired pneumonia. Application of the 
antimicrobial chlorhexidine to the teeth, gingiva, and other oral mucosal surfaces has 
been shown to significantly decrease the risk for pneumonia, especially in patients 
who are on ventilators.86,87 In a systematic review of the evidence, Scannapieco and 
coworkers88 determined that oral hygiene interventions can reduce the rate of 
hospital-acquired bacterial pneumonia by approximately 40%. 

Chronic obstructive pulmonary disease (COPD) encompasses emphysema and 
chronic bronchitis and is characterized by obstruction of air flow. Tobacco smoking is 
the primary risk factor. In COPD, the mucous glands of the bronchi enlarge, and 
inflammatory cells such as neutrophils and macrophages accumulate within the lung 
tissue. Because COPD and periodontal diseases are both chronic inflammatory 
diseases and they share certain pathophysiologic features, the relation between the 
two diseases has been investigated. Large epidemiologic studies have revealed a 
significant association between COPD and poor oral hygiene, alveolar bone loss, and 
smoking.89,90 In an analysis of data from the NHANES III study, patients with COPD 
had significantly more clinical attachment loss than did subjects without COPD.91 
These studies demonstrate an association between periodontal diseases and COPD, 
but they do not show causation. Additional longitudinal studies would be required to 
validate the associations, and intervention trials are needed to determine if periodontal 
therapy can reduce the risk for COPD. 

CONCLUSION 



It is important when examining the relations between periodontal diseases and 
various systemic conditions for the clinician to consider the public health 
ramifications of such relations. For example, the associations between periodontal 
diseases and CHD-related events, although statistically significant, are relatively 
moderate. That is, the extent to which periodontal disease affects the risk for an event 
such as myocardial infarction is likely to be somewhat less than smoking or increased 
LDL levels. However, even a slight to moderate increase in risk, when it is associated 
with a disease such as cardiovascular disease, can have major public health impact. 
Because cardiovascular diseases are so prevalent in the population, a slight increase 
in risk may account for literally millions of new cases. The same can be said for the 
economic costs of such as association. The costs associated with diabetes, low birth 
weight, cardiovascular and cerebrovascular events, and respiratory infections are 
high. Identification of risk factors for such conditions may allow intensified efforts at 
controlling those risk factors and hopefully reducing the incidence and prevalence of 
these conditions. 

Treatment of periodontal diseases has evolved to a model similar to the medical 
model of disease management. The whole arena of periodontal medicine is directed 
toward treating periodontal disease as one would any other risk factor. When an 
overweight patient with hypertension and increased LDL cholesterol levels sees his or 
her physician, the physician treats these risk factors for acute cardiovascular and 
cerebrovascular disease. Treatment of stroke and myocardial infarction is directed 
toward treatment of the factors that put the patient at risk for such events in the first 
place. The patient may be placed on a diet and exercise regimen conducive to 
cardiovascular health. Medications may be prescribed to improve blood pressure and 
decrease cholesterol levels. Likewise, periodontal therapy is directed toward 
treatment of periodontal infection as a modifiable risk factor for a number of systemic 
conditions. No claims are made that treatment of a patient's periodontal disease will 
eliminate the risk for having a stroke or a myocardial infarction. Rather, periodontal 
treatment is presented as another means of managing a modifiable risk factor for 
those conditions. 

Patient education and education of our professional colleagues is critical. Subgingival 
biofilms, as in periodontal infection, are self-maintaining, self-perpetuating, microbial 
communities, and as such are a continuous source of bacterial products and toxins 
into the surrounding gingival tissues and general circulation. The continuous spillover 
of bacterial toxins into the circulation results in chronic activation of the 
inflammatory cascade, leading to chronic inflammation at distant sites and tissues 
including inflammatory cell infiltrates of the blood vessel walls. The chronic up-
regulation of inflammatory cytokines by periodontal bacteria appears to contribute 
significantly to increased insulin resistance, which, in turn, aggravates the 
inflammatory abnormalities on the blood vessel walls. The systemic spread of 
periodontal infection underscores the need for specific treatment of the subgingival 
biofilm infection. Evidence from treatment of chronic periodontal infection in 
patients at high risk for systemic complications such as diabetes, cardiovascular 
disease, or LBW indicates that effective elimination of subgingival infection has the 
potential to reduce the systemic spread of this oral infection in patients at high risk. In 



some patients, a combined treatment approach may be needed—that is, the use of 
antibiotics combined with mechanical removal of biofilm infection. Clearly, there is a 
need for patient-based treatment, targeted to both the host and the microbial pathogen. 
Additional research will undoubtedly strengthen this knowledge base and become the 
basis for clinical practice and patient management. The ultimate goal is evidence-
based treatment of periodontal infection in patients at risk for systemic spread to 
reduce the burden of oral disease and ameliorate the morbidity associated with these 
chronic diseases. 
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Patients seeking periodontal therapy often have diseases or conditions for which 
medications are prescribed. Although these prescribed medications benefit the overall 
health of the patient, consideration must be given to the effects of some of these drugs 
on the severity and management of periodontal diseases. This chapter reviews the 
medications that directly affect periodontal tissues (gingiva and alveolar bone) or 



increase the risk for periodontal diseases. A review of medications that may impact the 
dental management of patients is included in Chapter 37. 

MEDICATIONS THAT AFFECT GINGIVAL TISSUE 

A number of medications may affect gingival tissue, causing gingival enlargement. 
These include phenytoin, calcium channel blockers, and cyclosporine. Although 
phenytoin was the first drug reported to have this effect,1 gingival enlargement is 
most commonly associated with calcium channel blockers, because of the widespread 
use of this class of medications. Hypertension is the most prevalent medical condition 
reported in epidemiologic studies of the U.S. population,2 and calcium channel 
blockers are often prescribed for this condition. Patients taking medications 
associated with gingival enlargement may need adjunctive plaque-control agents and 
more rigorous monitoring of the status of the periodontal tissues. Other local factors 
such as mouth breathing and defective restorations must be considered in the 
diagnosis and management of medication-induced gingival enlargement. 

Drug-induced gingival enlargement may be localized or generalized, and it ranges 
from mild increase in the size of the interproximal papillary gingiva to severe 
enlargement of marginal and papillary tissues. In its initial stages, gingival 
enlargement may appear as fibrotic, pebbly papillae that are only slightly enlarged. 
These are most often seen in the maxillary and mandibular anterior regions, with 
posterior papillae less frequently affected (Fig. 33-1). As the condition worsens, the 
papillae and marginal gingiva may enlarge considerably, as may the marginal 
gingiva, and may coalesce with adjacent areas of enlargement (Fig. 33-2 and Fig. 33-
3). In severe cases, the patient's ability to function may be adversely affected (Fig. 33-
4, A and B). 

Phenytoin 

Phenytoin (Dilantin: Parke-Davis [Division of Warner-Lambert Co.]; Morris Plains, 
NJ) is an anticonvulsant drug commonly used for the prevention of seizures. A 
common side effect of phenytoin therapy is gingival enlargement, occasionally so 
severe that it requires surgical intervention. The reported prevalence rate of 
phenytoin-induced gingival enlargement is about 50% of the estimated two million 
patients who take this medication for prevention of seizures.3,4 Although the 
occurrence of gingival enlargement with phenytoin has been well established, the 
cellular and molecular mechanisms of action are still being fully elucidated.4 
Studies both in vitro and in vivo have demonstrated that macrophages are the 
predominant cell type in the connective tissue of phenytoin-induced gingival 
enlargement.5 Gingival macrophages exposed to phenytoin secrete increased 
amounts of platelet-derived growth factor-B (PDGF-B).6 Additional studies have 
demonstrated that phenytoin regulates macrophage phenotype, expression of the 
growth factor PDGF-B, and secretion of the proinflammatory cytokine IL-1β in 
inflamed tissues.7 In addition, phenytoin may stimulate osteoblast proliferation, 



differentiation, and maturation leading to bone formation.8 Thus it appears that 
phenytoin-induced PDGF secretion stimulates proliferation not only of gingival 
connective tissue cells but also of alveolar bone cells. This effect on bone 
metabolism could explain in part why patients who take phenytoin tend to have 
inflamed gingival tissue but do not have much alveolar bone loss compared with an 
age-matched population.9 Clinical observations and experimental studies show that 
phenytoin-induced gingival enlargement is often associated with dental plaque and 
poor oral hygiene, where accumulation of inflammatory cells such as monocytes 
and macrophages is increased. This observation has been further supported by 
studies where patients are enrolled in strict programs of oral hygiene within 10 days 
of phenytoin therapy and the occurrence of gingival enlargement can be 
reduced.10,11 

Figure 33-1.   

 

Gingival enlargement is localized to the facial and interproximal tissues in the 
mandibular incisor region. This patient was taking phenytoin (Dilantin; Parke-
Davis, Morris Plains, NJ). 

Figure 33-2.   



 

Pebbly appearance of tissues in the maxillary and mandibular anterior and 
premolar areas. Gingival bleeding is indicative of increased inflammation. The 
patient was taking a calcium channel blocker (nifedipine). 

Figure 33-3.   

 

Enlargement of the entire zone of keratinized tissue in the mandibular anterior 
region, extending to the mucogingival junction. The enlargement covers 
approximately two thirds of the anatomic crowns of the teeth. The patient was 
taking cyclosporine. 

Figure 33-4.   



 

Severe enlargement of facial and palatal tissues in a patient taking phenytoin 
(Dilantin). A, Occlusal view shows severe enlargement interfering with patient 
speech and function. B, Facial view shows inflammatory changes in addition to 
gingival enlargement. Proper oral hygiene is impossible for this patient. 

Calcium Channel Blockers 

Calcium channel blockers are antianginal and antihypertensive medications. They 
inhibit the movement of calcium ions across the membrane of cardiac and arterial 
muscle cells, resulting in depression of cardiac impulse formation, slowing the 
velocity of conduction of cardiac impulses, and dilation of coronary arteries, 
arterioles, and peripheral arterioles. Gingival enlargement has been associated with 
calcium channel blockers including nifedipine (Procardia: Pratt Pharmaceuticals 
Division, Pfizer Inc.; New York, NY), verapamil (Calan: G.D. Searle & Co.; 
Chicago, IL), diltiazem (Cardizem: Marion Merrell Dow Inc.; Kansas City, MO), 
and felodipine (Plendil: Astra/Merck; Wayne, PA). Studies indicate that gingival 
enlargement occurs in an average of 30% to 40% of patients taking these 
medications.12 Nifedipine is the calcium channel blocker most often associated with 
gingival enlargement; however, it is also the most frequently prescribed. 
Theoretically, gingival overgrowth might occur with any of the medications in this 
class. Histologically, the enlargement associated with nifedipine resembles the 
inflammatory-type described by Hassell4 for phenytoin in which numerous 
inflammatory cells replaced collagen in connective tissue.13 It appears that 
nifedipine-induced alterations of the intracellular calcium level in gingival cells, in 
combination with local inflammatory factors, result in gingival enlargement in some 
individuals. In a manner similar to phenytoin-induced gingival enlargement, 
nifedipine-induced enlargement did not recur after gingivectomy when thorough 
plaque control was maintained.13 This again supports the significant role of 
inflammation and dental plaque as important cofactors modulating drug-induced 
gingival enlargement.14 Furthermore, a clinical study suggests that nifedipine-
induced gingival enlargement can be reversed with aggressive oral hygiene 
treatment and switching antihypertensive therapy to isradipine, a different 
dihydropyridine derivative with low incidence of gingival enlargement.15 



Regardless of the molecular mechanisms of drug-induced gingival enlargement, the 
role of dental plaque in aggravating the inflammatory response and the clinical 
presentation of this medication-induced condition cannot be overemphasized. Thus 
patients receiving these medications need to be placed in effective and rigorous 
programs of oral hygiene and dental plaque control. This is a critical message that 
the dental community needs to communicate to medical students and also 
physicians in practice. 

Cyclosporine A 

Cyclosporine is an immunosuppressant drug widely prescribed to control rejection 
of solid organ transplantation and autoimmune disease with or without low doses of 
systemic corticosteroid. Gingival enlargement also has been reported as a common 
side effect of cyclosporine treatment with a prevalence of 25 to 40 percent.16–18 The 
occurrence of cyclosporine-induced gingival enlargement has been studied in 
humans19 and experimental animals,20 as well as the in vitro cellular response to the 
drug.21 

Although the exact histopathologic mechanism of gingival enlargement is not fully 
elucidated, the role of local etiologic factors and cyclosporine dosage are of great 
significance. Three major lines of evidence support the histopathology of 
cyclosporine-induced gingival enlargement, namely dose-related, plaque-
associated, and direct effects on cellular targets. A positive correlation was found 
among cyclosporine dose, plasma levels of the drug, and severity of gingival 
enlargement in 100 patients during the first 6 months after heart, liver, or kidney 
transplantation.22 In a longitudinal study, cyclosporine-induced gingival 
enlargement was present in 21% of adult patients with multiple sclerosis and was 
associated with cyclosporine levels greater than 400 ng/ml.23 In addition, retention 
of dental plaque appears to magnify the severity of gingival enlargement.24 
Although intensive plaque control does not appear to prevent the development of 
cyclosporine-induced gingival enlargement, it does improve the gingival 
condition.25 Thus dental plaque appears to be a cofactor in the development of 
cyclosporine-induced gingival enlargement. 

A third line of evidence in the pathogenesis of this condition is related to direct 
effects of the drug on specific cell populations and on the extracellular environment. 
Cultured monocytes/macrophages exhibit a significant increase in PDGF-B in 
response to cyclosporine stimulation.26 An inflammation-independent increase in 
the growth factor PDGF-B and the proinflammatory cytokine IL-1β is observed in 
hyperplastic tissues.7 Furthermore, a specific subpopulation of PDGF-B-producing, 
proliferative macrophages is activated after stimulation by cyclosporine.7 
Cyclosporine-induced gingival enlargement may be, in large part, caused by 
disturbance of the intricate balance between synthesis and degradation of the 
extracellular matrix of the gingival tissues.27,28 Production of collagen by gingival 
fibroblasts is normally balanced by the breakdown of existing collagen through 
production of matrix metalloproteinase (MMP) enzymes. Cyclosporine appears to 



decrease production of these collagen-degrading enzymes, allowing an 
accumulation of collagen and resultant gingival enlargement. It is likely that a 
combination of drug dosage, plaque, and direct cellular effects are operative in the 
pathogenesis of this condition. 

Management of cyclosporine-induced gingival enlargement is complicated by the 
lack of substitute medications. The major drug alternative, tacrolimus, can be 
substituted in some cases by the patient's physician, although cyclosporine and 
tacrolimus each have specific indications for use. Drug-indued gingival 
enlargement is uncommon in patients taking tacrolimus.29,30 

Early intervention can prevent or minimize severe gingival problems associated 
with cyclosporine.25 As with other drugs causing gingival enlargement, meticulous 
plaque control early on in therapy can minimize the enlargement, although the 
impact of plaque control may be less impressive with cyclosporine than with 
phenytoin or calcium channel blockers. It is recommended that patients be placed 
on strict oral hygiene programs before the onset of transplant surgery, rather than 
waiting until the medication treatment is begun. 

MEDICATIONS WITH HOST MODULATING EFFECTS 

Evidence suggests that the host immunoinflammatory response to the bacterial 
challenge posed by periodontal pathogens is a significant component of the net tissue 
destruction seen in periodontal diseases. The understanding of the host-parasite 
interactions leading to chronic inflammation and destruction of periodontal tissues 
has led the way to a novel concept—that is, modulation of the host response to 
periodontal infection. Such host modulation may be directed toward decreasing the 
susceptibility of the patient to periodontal destruction, as well as treating that 
destruction when it occurs. Therefore, although it is clear that periodontal diseases are 
fundamentally infectious in nature and that treatment will rely heavily on an 
antimicrobial approach, a new approach toward preventing and treating periodontal 
diseases is emerging. This approach targets the immunoinflammatory response and is 
often called host modulation therapy. 

A number of medications can be included within the category of host modulating 
agents. The two major categories are nonsteroidal antiinflammatory drugs (NSAIDs) 
and inhibitors of MMPs. 

Nonsteroidal Antiinflammatory Drugs 

Local inflammation from the host response to periodontal bacteria results in tissue 
destruction and production of free arachidonic acid, which can be metabolized 
through the cyclooxygenase (COX) pathway. Cyclooxygenase-1 (COX-1) is the 
constitutive form of COX. COX-1 has clear physiologic functions and is protective 
to cells, including those of the gastric system. Cyclooxygenase 2 (COX-2) is the 
inducible isomer, which is up-regulated by proinflammatory cytokines and is 



involved in inflammation.31 Prostaglandins, especially prostaglandin E2, are final 
products of the COX pathway, amplifying inflammation. Expression of COX-2 
enzyme has been induced during experimental periodontitis in the rat model and has 
been demonstrated to play an important role in gingival inflammation and alveolar 
bone destruction.32 Induction of COX-2 and production of prostaglandin E2 in 
periodontal ligament cells also has been reported in alveolar bone resorption 
associated with occlusal trauma.33 NSAIDs block COX production and reduce 
prostaglandin synthesis. NSAIDs have been evaluated as inhibitors of alveolar bone 
resorption. A number of NSAIDs including ibuprofen,34 flurbiprofen,35 
indomethacin,36 and naproxen37 have been shown to inhibit gingivitis and ligature-
induced periodontitis in animal models. Selective inhibition of COX-2 also has 
been shown to reduce alveolar bone resorption in ligature-induced periodontitis in 
experimental animals.38 

The effects of NSAIDs in human periodontal tissues are less clear.35,39,40 These 
agents have been used systemically and topically.41 Although some reduction in 
bone loss rates over time have been seen with systemic NSAIDs, the effect lasts 
only as long as the patient continues taking the drug, requiring chronic drug 
administration. Further studies are needed before incorporation of these host 
modulating agents into daily clinical practice. 

Adverse effects of prolonged use of NSAIDs include gastrointestinal upset and 
bleeding and hepatic alterations. Although these adverse effects are seen fairly 
frequently with nonselective COX inhibitors, selective COX-2 inhibitors have less 
frequent adverse effects. Selective COX-2 inhibitors are proving to be widely 
prescribed for management of chronic inflammatory conditions and chronic pain. 
Therefore dentists should be familiar with the effects of these drugs on periodontal 
tissues. 

Inhibitors of Matrix Metalloproteinases 

MMPs are a family of proteolytic enzymes secreted by a number of periodontal 
cells: recruited (neutrophils, macrophages) and resident cells (epithelial, fibroblast, 
osteoblast, osteoclast). The primary functions of MMPs are the degradation of 
extracellular matrix components (collagen, laminin, fibronectin), therefore they are 
important in tissue remodeling. Although periodontal pathogens produce MMPs, 
including collagenase, endogenous (host) MMPs are primarily responsible for tissue 
destruction associated with periodontal disease. Synthetic MMP inhibitors 
extensively studied include the family of tetracycline antibiotics, which inhibit host-
derived MMPs by mechanisms independent of their antimicrobial properties.42,43 
Tetracyclines appear to inhibit MMP activity and extracellular matrix destruction 
by nonantimicrobial mechanisms, including chelation and inhibition of latent forms 
of these proteases enzymes.44,45 Tetracyclines inhibit the release of collagenase by 
polymorphonuclear leukocytes and inhibit collagenase activity.43 In so doing, they 
can increase host resistance to connective tissue destruction. 



Subantimicrobial doses of the tetracycline antibiotic doxycycline have been used in 
treatment of patients with chronic periodontitis. The dose of doxycycline in this 
drug (20 mg) is below the effective antibiotic dose level; therefore, the agent has no 
antimicrobial effect. Subantimicrobial dose doxycycline is designed to be used for 
its potent anti-MMP effects, decreasing the levels of host collagenase and other 
proteolytic enzymes within the periodontal tissues. This agent has been associated 
with greater probing depth reduction when used in conjunction with scaling and 
root planing, compared with scaling and root planing alone.46 The safety of 
subantimicrobial dose doxycycline also has been demonstrated.47 More extensive 
study of subantimicrobial dose doxycycline is warranted to determine its place in 
the periodontal treatment armamentarium. 

MEDICATIONS THAT CAUSE XEROSTOMIA 

Xerostomia, or dry mouth, is a side effect of approximately 400 medications.48 
Xerostomia is most commonly seen in patients using antihypertensives, analgesics, 
sedatives, tranquilizing agents, antihistamines for allergies, and drugs for Parkinson's 
disease. Dentists must consider whether the xerostomia is caused by medications or 
some other health condition. For example, xerostomia also is seen in patients with 
Sjögren syndrome, endocrine disorders, nutritional deficiencies, stress, or depression. 
Xerostomia is common in patients who have undergone radiation therapy or 
chemotherapy. Clinicians also need to recognize the possibility that complaints 
associated with perceived salivary dysfunction may be psychogenic.49 In each case, 
the cause of the xerostomia needs to be understood to avoid prescribing unnecessary 
treatment. 

Xerostomia is a concern of dental professionals for several reasons. First, oral 
candidiasis is one of the major side effects of drugs that dry the mouth. Candidiasis 
associated with xerostomia may be subtle and may affect the gingival tissues. 
Gingival candidiasis may present as gingivitis that does not resolve after mechanical 
debridement of the teeth to remove plaque and calculus. Second, xerostomia increases 
the risk for caries, especially smooth surface and root caries. Root caries may be 
difficult to restore and may require periodontal surgical therapy to gain access to 
affected root surfaces. Finally, patients with dentures may have severe denture 
retention problems as a consequence of decreased saliva. 

For patients with xerostomia, a number of products can be applied to the root surfaces 
for both sensitivity and anticaries effects, such as the fluoride varnish Duraphat 
(Colgate-Palmolive; New York, NY) and Fluor Protector C (Ivoclar Vivodent Inc.; 
Amherst, NY). Other professional fluoride products, such as PreviDent 5000 Plus, a 
prescription dentifrice, have been shown to be beneficial for daily use in patients with 
xerostomia. Fluoride mouth rinses available over-the-counter are beneficial. Saliva 
substitutes can be used to a limited extent, in addition to sugarless lozenges, and 
prescription medications such as pilocarpine. However, topical agents are preferable 
because of the many side effects that can develop with systemic products. 



MOOD-ALTERING MEDICATIONS 

Mental health conditions such as depression and bipolar disorder can affect oral 
health.50,51 Likewise, some of the medications used to treat these disorders have 
effects that may exacerbate oral disease. For example, many serotonin reuptake 
inhibitors result in significant xerostomia, with all of the potential adverse oral effects 
described earlier.52 

Antianxiety and antidepressant drugs are some of the most widely prescribed 
medications currently in use, and it is likely that dental health professionals will 
encounter on a daily basis patients taking these drugs. Some medications used to treat 
anxiety and depression are also used to manage headaches, obesity, and other 
conditions. In patients who are depressed or anxious, the medications often elevate 
their moods. Conversely, in patients who are not experiencing depression, such as 
patients receiving treatment for headaches, these medications may depress their 
moods. Drugs that are used to treat hypertension decrease blood pressure, but they 
may also have slightly depressive effects in some patients. Commonly used 
antihypertension medications with such effects include Vasotec (Merk & Co.; West 
Point, PA) (enalapril), Capoten (Bristol-Meyers; New York, NY) (captopril), and 
Norvasc (Pfizer Labs; New York, NY) (amlodipine). 

Mood-altering medications can reduce patient selfmotivation to perform oral hygiene. 
They can compromise the manner and frequency with which patients use 
toothbrushes, interdental cleaning aids, mouth rinses, and other oral hygiene products. 
They also make it more difficult for the clinician to motivate patients by giving them 
a "care less" attitude about daily activities, including performing adequate oral 
hygiene. The astute clinician must be aware of these potential drug effects. Patients 
who take mood-altering medications may need more frequent dental recall visits. 
They also may need adjunctive oral hygiene products that help make home oral 
hygiene easier and more effective. (See Chapter 13.) 

CONCLUSION 

Medications can have many adverse effects on a patient's oral health. Therefore 
dentists must find new approaches to diagnosing and treating patients. Manufacturers, 
clinicians, and researchers need to guide practitioners and patients to the products that 
will best help them in their overall oral and systemic health. 

We all have a role in solving these medication-related dental problems. 
Pharmaceutical manufacturers must design medications with delivery mechanisms 
and composition that are not harmful to patients' oral health. Dental practitioners must 
be aware of the potential effect that some medications may have on the patient's 
dental caries and periodontal disease, and they must develop the appropriate treatment 
plans accordingly. Patients must understand the need for informing their health 
professionals, both medical and dental, of their medical conditions and the 
medications they take regularly. Patients must also understand the importance of 



using medications in the prescribed manner. Finally, physicians, dentists, and 
pharmacists must warn patients about all possible side effects, including those that 
affect the oral cavity, associated with any prescription or over-the-counter medication 
that they recommend to patients. 
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34  Effect of Tobacco Smoking and Alcohol Use on 

Periodontal Diseases 

Sara G. Grossi 

ORAL AND SYSTEMIC EFFECTS OF CIGARETTE 

SMOKING AND ALCOHOL USE 

Alcohol and tobacco are frequently used together and scientific research supports the 
popular observation that "smokers drink and drinkers smoke." Approximately 70% of 
alcoholics are heavy smokers (smoke >20 cigarettes/day) compared with 10% of the 
general population. Likewise, smokers are 1.3 times more likely to consume alcohol 
compared with nonsmokers. Despite increasing public awareness of the risks 
associated with tobacco and alcohol use and education programs to discourage their 
use, cigarette smoking and alcohol consumption remain highly prevalent among the 
adult population, high school students, and even pre-teens. The unfortunate 
consequence is that many of these children will go on to become chronic users of 
cigarettes, alcohol, or both, placing themselves at significant risk for a multitude of 
health consequences from long-term use of either of these two drugs. Few youths 
appreciate the addictive properties of nicotine and alcohol or the health consequences 
of their use. 

Smoking and excessive alcohol use are risk factors for cardiovascular disease, 
obstructive lung disease, and some forms of cancers. Notably, two of these 
conditions, cardiovascular disease and chronic pulmonary obstruction, also are 
associated with periodontal disease (see Chapter 32). The risks for cancer of the oral 
cavity, throat, or esophagus for individuals who smoke and drink are greater than the 
sum of the individual risks; that is, the relative risks for oral and throat cancer are 7 
times greater for smokers, 6 times greater for drinkers, and 38 times greater for 
smokers/drinkers compared with nonsmokers and nondrinkers. Cigarette smoking 



continues to be the leading cause of death in the United States. From 1995 to 1999, 
more than 440,000 deaths/year in the United States alone were attributed to smoking. 
Likewise, alcohol abuse contributes to a significant amount of mortality and 
morbidity in U.S. society. Indeed, the economic costs of alcohol abuse can be 
estimated, although not measured precisely. These costs come in various forms—first 
and foremost, loss to society because of premature death from alcohol use, loss from 
treating alcohol-related medical conditions, loss in productivity in the workplace, and 
costs from treatment of fetal alcohol syndrome. Additional costs to society are health-
related costs of alcohol abuse to family life; effects on spouses, children, and family 
members; and costs involving the criminal justice system, social welfare system, and 
property losses. Periodontal diseases, the most common chronic infections of 
humankind, are yet one more health consequence of tobacco smoking and alcohol 
use. Therefore, thorough assessment of smoking and alcohol use as part of the overall 
periodontal examination is fundamental for adequate diagnosis and development of a 
treatment plan. As discussed later in this chapter, success of periodontal therapy 
depends greatly on appropriate identification and modification of these two important 
factors contributing to disease severity and progression. 

EVIDENCE SUPPORTING SMOKING AND ALCOHOL AS 

RISK FACTORS FOR PERIODONTAL DISEASE 

Early studies on the association of smoking and periodontal disease reported that the 
negative effect of tobacco smoke on the periodontium was mostly because of effects 
on oral hygiene and accumulation of local factors. 1,2 Thus, it was expected or 
justified that smokers would present with more severe periodontal destruction, 
because they also exhibited greater amounts of local factors; that is, dental plaque and 
calculus. Consequently, for decades tobacco smoking was largely ignored or 
overlooked as a significant factor in periodontal disease. A major milestone in 
periodontal research was the recognition of periodontal disease as multifactorial and 
that specific risk factors modulate the susceptibility of the host to periodontal 
infection and affect disease clinical outcome and severity.3 The identification in the 
early 1990s of cigarette smoking as quite possibly the most significant risk factor for 
periodontal disease triggered a considerable amount of research examining the 
relation between smoking and periodontal disease. As a result, observational studies 
rather consistently reported that cigarette smoking increases the severity of 
periodontitis measured either as pocket depth or clinical attachment level independent 
of oral hygiene status.4–11 These large-scale studies established unequivocally that 
tobacco smoking increases the overall risk for severe periodontal disease by 2.8 times 
compared with nonsmokers independent of the confounding effects of dental plaque 
and calculus (Fig. 34-1). The effect of cigarette smoking on clinical attachment level 
is clinically evident with 10 cigarettes/day or more, and each extra cigarette smoked 
daily increases gingival recession values by 2.3%, pocket depth by 0.3%, and 
attachment loss values by 0.5%.6 In addition, the negative effect of cigarette smoking 
on the periodontium is cumulative and dose dependent. The severity of attachment 
loss is directly related to the amount of smoking measured either as pack-years (Fig. 



34-2)5 or number of cigarettes per day (Fig. 34-3)9—that is, the more cigarettes 
smoked per day and the longer the individual has smoked, the more severe the level 
of attachment loss. A similar dose-response relation is seen between amount of 
cigarette smoking and severity of alveolar bone loss.12–14 Cigarette smoking 
significantly increases the risk for tooth loss by 70%,15 as well as the risk for being 
totally edentulous.16 The overwhelming evidence gathered in the 1990s dispelled the 
confusion and established definitively that cigarette smoking is an independent risk 
factor for periodontal disease. Although most of the evidence supporting tobacco use 
as a risk factor for periodontal disease is from cigarette smoking, cigar and pipe use 
also are significant risk factors for loss of periodontal attachment and for total 
edentulism.8,10,17 This fact supports the notion that no tobacco product is safe or free 
of significant health risks. 

Figure 34-1.   

 

Summary of evidence for tobacco smoking as a risk factor for periodontal disease. 
Bars indicate the 95% confidence intervals for the depicted odds ratios. Summary 
data from the individual cited references. All studies demonstrate that tobacco use 
is an independent risk factor for the presence of periodontitis. 

In a manner similar to tobacco smoking, early studies assessing the effect of alcohol 
on periodontal tissues suggest that periodontal disease was the result of self-neglect 
and increased accumulation of dental plaque.18 Again, similar to tobacco use, for a 
number of years alcohol use was overlooked as an independent factor contributing to 
periodontal disease. A cross-sectional study of 780 Finnish subjects 55 years of age 
and older showed that alcohol consumption of 3.5 drinks or more per week was 
significantly related to pocket depth greater than 3 mm after adjusting for smoking 
and tooth brushing frequency.19 The role of alcoholism and cirrhosis also was 



examined in relation to periodontal disease. Presence of cirrhosis was significantly 
associated with increased attachment loss, after controlling for smoking and oral 
hygiene.20 The Erie County Study, a study to determine risk factors for periodontal 
disease, included alcohol use as one of the potential risk factors.21 Alcohol 
consumption was significantly related to clinical attachment loss and gingival 
bleeding independent of the confounding effects of plaque and periodontal 
microorganisms. Indeed, individuals consuming 5 or more drinks/week were 65% 
more likely to have greater gingival bleeding and 36% more likely to have severe 
clinical attachment loss compared with those consuming less than 5 drinks/week.21 
The effect of alcohol on periodontal disease was further examined in the third 
National Health and Nutrition Epidemiological Survey (NHANES III), a large 
epidemiologic study of health in the United States.22 Analysis of the data obtained 
from this sample representative of the entire U.S. population supported the results 
from the Erie County Study that alcohol use is significantly associated with more 
severe attachment loss, and demonstrated that similar to tobacco smoking and 
periodontal disease, the association between alcohol and severity of periodontitis was 
dose dependent. The odds for severe periodontitis increased with increasing numbers 
of alcoholic drinks per week (Fig. 34-4) independent of the confounding effects of 
age, sex, education, income, smoking, and visits to the dentist.22 However, unlike 
cigarette smoking, where no amount of smoking is associated with health or is 
considered safe, moderate alcohol consumption appears to have protective effects for 
certain chronic diseases, such as cardiovascular disease. Although a protective effect 
for moderate or social drinking and periodontal disease has not been observed, this 
level of drinking does not appear to increase the risk for periodontal disease; there is 
simply no difference compared with nondrinkers. 

Figure 34-2.   

 

Dose-dependent effect of cigarette smoking and severity of attachment loss. For 
every 10 pack-year increment, there is a 1-mm increase in mean attachment loss. 
(Adapted from Grossi SG, Zambon JJ, Ho AW et al: Assessment of risk for 



periodontal disease. I. Risk indicators for attachment loss, J Periodontol 65:260–
267, 1994.) 

Figure 34-3.   

 

Dose-dependent effect of cigarette smoking and risk for periodontal disease. 
Among current cigarette smokers there was a significant dose response between 
number of cigarettes per day and presence of periodontitis. (Adapted from Tomar 
S, Asma S: Smoking-attributable periodontitis in the United States: findings from 
the NHANES III, J Periodontol 71:743–751, 2000.) 

Figure 34-4.   

 



Association between alcohol consumption and clinical attachment loss. Bars 
indicate 95% confidence intervals for the depicted odds ratios. Odds ratios and 
their 95% confidence intervals were derived from multiple logistic regression 
analysis adjusting for age, sex, race, education, smoking, diabetes, and gingival 
bleeding. (Adapted from Tezal M, Grossi SG, Ho AW, Genco RJ: Alcohol 
consumption and periodontal disease: the third National Health and Nutrition 
Survey, J Clin Periodontol 2004 [in press].) 

Figure 34-5.   

 

Mechanisms for the negative effects of cigarette smoking on periodontal tissues. 
Diagrammatic representation of local and systemic effects of cigarette smoking 
leading to severe periodontal disease. 

Although all criteria required for the definition of cigarette smoking as a risk factor 
for periodontal disease have been fulfilled,23 the evidence for alcohol use increasing 
the risk for periodontal disease is only at the level of observational cross-sectional 
studies; that is, purely an association has been established between alcohol 
consumption and greater severity of periodontal attachment loss. Therefore, tobacco 



smoking is indeed a true risk factor, whereas alcohol use is a risk indicator for 
periodontal disease prevalence and severity. Longitudinal and treatment studies are 
needed to establish alcohol use as a true risk factor for periodontal disease. 

Mechanisms of Tobacco and Alcohol Toxicity to the 

Periodontium 

Another important research question arising from the substantial evidence 
implicating smoking as an etiologic factor for periodontal disease is whether the 
toxic effect of tobacco smoke on the periodontium is a local or systemic one. The 
answer to this question is not one or the other, but both; that is, local and systemic 
mechanisms account for tobacco's toxicity to the periodontium (Fig. 34-5). There 
are at least 2550 known compounds in tobacco and more than 4000 compounds in 
tobacco smoke. Primary tobacco biohazards include at least 43 carcinogens such as 
the nicotine nitrosamines and alpha-emitting radionuclides such as Polonium 210. 
Tobacco smoke contains carbon monoxide, thiocyanate, herbicide, fungicide and 
pesticide residues, tars, and many other substances that promote disease and impair 
body functions. Toxic substances in tobacco smoke affect virtually every cell type 
of the periodontium. First and foremost, smoking has an immunosuppressive effect 
on the host, adversely affecting host-parasite interactions. Polymorphonuclear 
leukocyte motility, chemotaxis, and phagocytosis are significantly reduced in 
smokers.24–27 Thus, this important first line of defense against subgingival bacteria 
is compromised in smokers. Specific immunity also is compromised, as 
demonstrated by reductions in antibody production, especially opsonizing IgG2 and 
immunoregulatory T-cell subset ratios.28,29 In this manner, both innate and acquired 
immune mechanisms are compromised in current smokers, allowing periodontal 
bacteria to escape host clearance and establish themselves as subgingival 
inhabitants. Cigarette smoking increases bacterial adhesion to epithelial cells30 and 
has a differential effect on bacterial colonization, favoring growth of gram-negative 
bacteria.31 In addition, alterations in the subgingival environment, such as decreased 
oxygen tension, allow, in turn, the overgrowth of an essentially anaerobic flora and 
overgrowth of opportunistic pathogenic microbial species (Fig. 34-5).32,33 
Periodontal pocket oxygen tension (PO2) was significantly less in smokers 
compared with nonsmokers and was not influenced by gingival oxygen 
sufficiency.34 

Studies of experimental gingivitis report that smokers developed greater dental 
plaque accumulation compared with nonsmokers.2 Observational studies also report 
greater levels of dental plaque, calculus, and oral debris in smokers.1 The 
unfortunate conclusion from these early studies is that smoking had an effect 
primarily on calculus, oral debris, and poor oral hygiene. Indeed, for approximately 
two decades, this conclusion dominated clinical practice. The specific effect of 
smoking on subgingival microorganisms did not become evident until the research 
methodology clearly distinguished between current smokers, former smokers, and 
never smokers, and accounted for varying amounts of smoking. Controlling for the 



severity of periodontal disease, current smokers were 3.1 times more likely to be 
infected with Actinobacillus actinomycetemcomitans, 2.3 times more likely to be 
infected with Bacteroides forsythus (now reclassified as Tannerella forsythensis), 
and 1.5 times more likely to be infected with Porphyromonas gingivalis than were 
former and never smokers with comparable levels of disease.35 In a manner similar 
to the risk for severity of attachment loss, a biologic gradient was observed also for 
the risk for infection with periodontal organisms; that is, the risk for being 
colonized with one of the specific periodontal pathogens increases with increasing 
amount of cigarette smoking. An increased risk for periodontal infection was 
evident in 21- to 35-year-old periodontitis-free subjects.36 The number of bacterial 
species recovered from subgingival plaque was proportional to the number of pack-
years smoked. Periodontitis-free subjects who had smoked 5 or more pack-years 
were 18 times more likely to be infected by pathogenic bacteria than periodontitis-
free nonsmokers.36 Current smoking also was associated with significantly greater 
numbers of P. gingivalis, T. forsythensis, and C. recta in subjects with early-onset 
periodontitis.37 A significant positive relation was demonstrated between smoking 
and frequency of colonization by the periodontal pathogens P. gingivalis, T. 
forsythensis, and Treponema denticola.38,39 All three organisms are members of the 
so-called red complex, whose members have been considered as etiologic factors in 
periodontal disease, and were significantly more prevalent in current smokers 
compared with nonsmokers.40 In summary, current smokers are significantly more 
likely to be infected with pathogenic periodontal bacteria and have a greater number 
of bacterial species compared with former or nonsmokers with comparable levels of 
periodontal disease. The number of pathogenic periodontal bacteria in current 
smokers increases with increasing number of cigarettes smoked per day. This direct 
local effect of smoking on subgingival bacteria has great significance in the 
outcome of periodontal therapy, especially with regard to removal of subgingival 
infection in current smokers. 

Cigarette smoking also was associated with increased levels of TNF-α in crevicular 
fluid compared with nonsmokers.41 Neutrophil elastase activity, levels of 
prostaglandin E2 (PGE2), and matrix metalloproteinase-8 (MMP-8) were increased 
in smokers compared with nonsmokers.42–44 Nicotine, in addition, up-regulates 
lipopolysaccharide-mediated monocyte secretion of PGE2 and IL-1β.45 Generation 
of free oxygen radicals from neutrophils also is increased in smokers compared 
with nonsmokers. Levels of metallothionein, a free radical scavenger, are increased 
in gingival tissues of smokers compared with nonsmokers.46 This increased defense 
against free radicals in gingival tissue of smokers suggests that inflammation is 
much greater in smokers compared with nonsmokers regardless of periodontal 
status. Therefore, smoking appears to favor a pathogenic subgingival flora, 
decreases specific immunity against periodontal organisms, and also aggravates the 
inflammatory cascade in response to this chronic infection, leading to greater 
severity of periodontal disease and impaired wound healing (Fig. 34-5). 

Several studies have demonstrated the absorption of nicotine in periodontal tissues. 
Nicotine has been detected on root surfaces of smokers with periodontal disease.47 
Cotinine, the major metabolite of nicotine, is found in serum, saliva, and gingival 



crevicular fluid of smokers.48 Fibroblasts exposed to nicotine have shown reduced 
proliferation, migration, and attachment to root surfaces.30,49,50 In addition, 
fibroblasts have been shown to nonspecifically bind and internalize nicotine.51 This 
could, in turn, result in an alteration of cell metabolism including collagen synthesis 
and protein secretion. 

Biologic plausibility for mechanisms of alcohol toxicity on periodontal tissues bears 
some similarities to those for tobacco smoke. First, alcohol is a well recognized 
toxic compound and, similar to tobacco smoke, has a negative effect on periodontal 
tissue by decreasing host defense mechanisms. Neutrophil function and activity is 
reduced in excessive alcohol users. In addition, impaired host defense appears also 
to be associated with altered cytokine production and altered T-lymphocyte 
functions.52,53 Complement activity also is reduced, and clotting mechanisms such 
as prothrombin production and vitamin K activity are altered. Bone metabolism, 
with increased bone resorption and decreased bone formation, also is affected. 
Wound healing is decreased with specific decreases in vitamin B complex and total 
protein. In summary, cigarette smoking and alcohol consumption appear to trigger a 
cycle of impaired immune response, anaerobic subgingival infection, and 
connective tissue cytotoxicity leading to greater severity of periodontal disease and 
impaired wound healing. 

CIGARETTE SMOKING AND RESPONSE TO 

PERIODONTAL THERAPY 

Another milestone in periodontal research during the 1990s was the overwhelming 
number of studies supporting the negative effects of cigarette smoking on response to 
periodontal therapy. Scientific evidence has demonstrated that virtually all modalities 
of periodontal therapy are less predictable and have poorer outcomes in smokers 
compared with nonsmokers, indicating that smoking impairs periodontal wound 
healing. The shadow of confusion and uncertainty has been lifted, and we now know 
conclusively that cigarette smoking is not only a major risk factor for periodontal 
disease, but adversely affects the response to therapy as well. 

Nonsurgical Therapy 

Periodontal intervention studies consistently demonstrate that smokers have a less 
favorable response to nonsurgical periodontal therapy compared with nonsmokers. 
The short-term clinical outcomes of periodontal therapy—that is, reduction in 
pocket depth and gain in clinical attachment level—are significantly reduced in 
current smokers compared with nonsmokers.54–56 All these studies combined former 
smokers and never smokers into the "nonsmoker" study group. One clinical trial 
examined the effect of nonsurgical therapy in smokers compared with former and 
never smokers.57 The clinical response of former smokers to mechanical periodontal 
therapy was comparable to never smokers and was significantly better than that of 
current smokers, providing indirect evidence of the benefits of smoking cessation in 



restoring the host's healing capacity to levels comparable to never smokers. The 
greatest differences between smoking groups were evident in sites with initially 
deep probing depths—that is, probing depths of 5 or more mm. On average, current 
smokers reported 0.8 mm less reduction in mean pocket depth at 3 months after 
nonsurgical therapy. Not only did current smokers show a reduced clinical response 
to nonsurgical therapy, the microbial response also was significantly impaired. 
Current smokers continued to harbor subgingival T. forsythensis and P. gingivalis 
after scaling and root planing (SRP) compared with former and never smokers.57 
Prevalence of T. forsythensis, Peptostreptococcus micros, and C. recta were 
significantly greater in current smokers after nonsurgical therapy compared with 
nonsmokers.56 This suggests once again that current smoking promotes a gram-
negative anaerobic flora and that mechanical periodontal therapy is less successful 
at significantly reducing this pathogenic flora in smokers compared with 
nonsmokers. 

Nonsurgical Therapy Combined with Topical or 

Systemic Antibiotics 

To compensate for the poorer treatment response of smokers to SRP, randomized 
clinical trials have investigated the potential benefit of adjunctive local or systemic 
antibiotics. In a manner similar to SRP alone, systemic metronidazole 200 mg three 
times a day for 7 days combined with SRP, or subgingival application of 25% 
metronidazole gel combined with SRP, resulted in less reduction in pocket depth in 
smokers compared with nonsmokers.58 Paralleling the poorer short-term outcome to 
SRP alone, smokers exhibited, on average, 0.7 mm less reduction in pocket depth 
compared with nonsmokers, regardless of topical or systemic administration of 
adjunctive metronidazole. A poorer long-term (5 years) clinical response to SRP 
and systemic metronidazole was seen in smokers compared with nonsmokers.59 The 
poorer clinical response, defined as persistence of inflamed sites with probing depth 
of 5 or more mm, was accompanied by persistence of subgingival infection with A. 
actinomycetemcomitans, P. gingivalis, P. intermedia, and spirochetes.59 A study 
comparing three different systems of antibiotic delivery, including 2% minocycline 
gel, 25% tetracycline fibers, and a 25% metronidazole gel, reports similar adverse 
outcomes for current smokers.55 Again, mean pocket depth reduction was in the 
order of 0.8 mm less in smokers compared with nonsmokers.55 Interestingly, the 
clinical response to SRP combined with subgingival doxycycline was no different 
for smokers and nonsmokers; however, in the group treated with SRP alone, 
smokers again responded less favorably than nonsmokers.60 Doxycycline and other 
antibiotics of the tetracycline family have been shown to inhibit activation of latent 
MMPs and to neutralize products of the neutrophil oxidative burst.61,62 As such, 
doxycycline may counteract some of the deleterious effects of cigarette smoking on 
activation of the inflammatory cascade and healing process. 

Surgical and Regenerative Therapy 



Current cigarette smoking impairs wound healing after surgical periodontal therapy 
to a greater extent than after nonsurgical therapy. Smokers who underwent 
periodontal surgery with either modified Widman flap or mucoperiosteal flap 
reflection had significantly less reduction in pocket depth and gain in clinical 
attachment levels compared with nonsmokers.63 A difference of 1 mm in reduction 
of pocket depth or gain in attachment between smokers and nonsmokers was 
observed in sites with initial probing depths of 7 or more mm.64 Pocket depth 
reduction and gain in alveolar bone after modified Widman flap surgery also was 
greater in former and never smokers compared with current smokers.65,66 Smokers 
also had significantly less gain in clinical attachment at 1, 2, and 5 years after flap 
surgery and grafting with demineralized freeze-dried bone allografts compared with 
nonsmokers.67 Cigarette smoking also has been associated with a reduced healing 
response after guided tissue regeneration therapy in deep intrabony defects.67,68 An 
80% failure rate in treatment of furcation defects using regenerative therapy has 
been seen in smokers.69 The long-term (5 years) response to guided tissue 
regeneration surgery also is dependent on smoking status. In a longitudinal study, 
100% of the patients showing loss of attachment over time were current smokers.70 
Current smoking also decreases the percentage of root coverage that takes place 
after soft tissue grafting.71 Treatment of gingival recession with guided tissue 
regeneration was again impaired in smokers compared with nonsmokers.72 Smokers 
showed significantly less reduction in gingival recession and root coverage (57%) 
compared with nonsmokers (78%). In summary, current smoking is by far the most 
significant factor responsible for impaired periodontal wound healing and poor 
clinical outcome after flap and regenerative surgery. 

Implant Therapy 

With the ever increasing use of dental implants to replace missing teeth, a number 
of studies have examined factors associated with implant success and failure. 
Cigarette smoking has been identified as a significant factor associated with implant 
failure at different stages of the implant procedure. Current smokers were 2.6 times 
more likely to have an implant failure between the time of implant uncovering and 
the time of restorative loading.73 Current smokers had the greatest implant failure 
rate in all regions of the mandible or maxilla; however, the greatest differences in 
implant failure rates between smokers and nonsmokers are seen in the maxilla. 
Statistically significant differences were seen in the anterior maxilla where smokers 
had a 16.8% failure rate versus 3.6% in nonsmokers.73,74 Implant failure rates for 
smokers were significantly greater than nonsmokers when examined based on the 
number of implants that failed and on the number of patients who had one or more 
implant failures.75 It must be stated, however, that implant therapy can be successful 
in smokers. In some of the studies cited earlier, implant success rates in smokers 
were approximately 93%, whereas in nonsmokers, the success rates were close to 
97%. Thus, although the failure rate in smokers (7%) was significantly greater than 
that in nonsmokers (3%), the large majority of implants placed in smokers were 
successful. 



Smoking may influence postimplant surgery healing and the long-term health of 
periimplant tissues. Current smokers had more problems with periimplant soft 
tissue health76 and greater bleeding scores77 compared with nonsmokers. In a 15-
year prospective study of mandibular implant prostheses, current smoking was more 
strongly associated with marginal bone loss around implants than was poor oral 
hygiene.78 Of current smokers undergoing intraoral bone grafting and simultaneous 
implant placement, 80% showed impaired wound healing, defined as loss of bone 
or implant, compared with only 10% of nonsmokers.79 In a manner similar to 
severity of periodontal attachment loss, incidence of minor and major complications 
after implant therapy was significantly associated with both the amount and 
duration of smoking.80 Similar to the response to nonsurgical periodontal therapy, 
smokers who followed a smoking cessation protocol in the 8-week period after 
implant placement had implant failure rates significantly less than current smokers 
and comparable to never smokers.81 These results suggest once again the significant 
benefit to be gained from discussing with patients the oral health risks associated 
with smoking and encouraging them to enroll in a smoking cessation program. 

Periodontal Maintenance Therapy and Need for 

Retreatment 

The effect of cigarette smoking on long-term response to periodontal maintenance 
therapy also has been investigated. Independent studies consistently report that 
smokers have a less favorable response to maintenance compared with 
nonsmokers.55,63,82 Only a small percentage of patients showed a high incidence of 
sites breaking down, and they were mostly smokers.83 Again, a biologic gradient 
was seen between smoking and long-term response to periodontal maintenance; that 
is, heavy smokers (i.e., >20 cigarettes/day) responded less favorably than light 
smokers (≤20 cigarettes/day) to long-term maintenance.82 These studies again 
report the encouraging finding that former smokers respond to maintenance in a 
manner similar to those who never smoked. Of the patients diagnosed with 
refractory periodontitis or failure to respond to conventional periodontal therapy, 
90% were current smokers.27 Thus, not only does smoking result in reduced 
response to all modalities of periodontal treatment and less favorable outcome, 
susceptibility to recurrence and need for retreatment also are increased. Again, the 
case is made for the importance of incorporating smoking counseling and assistance 
in smoking cessation as an integral procedure in any dental practice. 

ALCOHOL USE AND ITS RELATION TO PERIODONTAL 

THERAPY 

No studies have examined the effect of alcohol on healing of periodontal tissues after 
therapy. However, indirect evidence supporting a negative effect of chronic alcohol 
use on periodontal healing comes from a study of reduced healing of buccal mucosal 
ulcers.84 Acetaldehyde, a toxic intermediate in the metabolism of alcohol, has 



significant toxicity even at low doses. Acetaldehyde has shown cytotoxicity on buccal 
epithelial cells and human gingival fibroblasts.85 Although much more research is 
needed in this area, current findings support the possibility of a negative effect of 
chronic alcohol use on periodontal healing as well. 

SMOKING CESSATION AND ALCOHOL COUNSELING IN 

THE PERIODONTAL OFFICE 

The reasons for providing clinical tobacco and alcohol intervention services in the 
dental office are compelling.86 Overwhelming evidence indicates that tobacco is 
harmful to oral health and that smoking status is an important factor in the outcome of 
all modalities of periodontal therapy. Although the evidence for alcohol and 
periodontal disease is less abundant compared with tobacco smoking, one cannot 
dispute the harmful effect of chronic alcohol use on oral health. Thus, helping 
patients to quit smoking and to reduce alcohol use is not only professionally 
indicated, it is an ethical obligation. Smoking cigarettes kills half of those who smoke 
regularly, and half of those who die of a tobacco-related disease will die prematurely, 
losing, on average, two decades of life. Chronic alcohol abusers are at increased risk 
for chronic diseases, depression, and premature death. Clinical tobacco and alcohol 
intervention services are cost-effective. Long-term tobacco users develop chronic 
conditions that often become time-consuming patient management problems. 
Smokers and drinkers are often ill, frequently leading to problems with appointments, 
medical considerations, and significantly greater risk for requiring emergency visits 
for acute problems. 

Dentist's Role in Treating Nicotine Addition and 

Chronic Alcohol Abuse 

Of all health professionals, dentists are without a doubt the ones with the greatest 
chance to significantly encourage and affect the patient's desire to want to quit 
smoking.87 First and foremost, a concrete and tangible ill consequence of tobacco 
smoking (periodontal disease) is at hand for the patient to consider. The presence of 
periodontal pockets, tooth mobility, suppuration, and other problems offer the 
dentist the unique opportunity to connect the patient's smoking habit to a disease 
process that has already taken place, as opposed to the eventual possibility of a life-
threatening condition in some distant future. Thus, the patient is confronted with a 
health consequence of tobacco smoking that is a reality rather than a probability. 
Second, a patient sees the dentist far more often than he or she sees a physician. 
Third, dentists are among health professionals most trusted and respected by 
patients, and whose opinions and recommendations are most valued. A randomized 
clinical trial reports a smoking cessation of 13% in a group of patients receiving 
periodontal treatment, oral hygiene instruction, and advice in smoking cessation 
compared with 5% cessation in the nontreatment control group.88 Many 
professional organizations have developed support systems that help clinicians to 



integrate cessation services into their practices. For example, several dental 
organizations have adopted tobacco-related clinical policies. The American Dental 
Association has published and distributed a guide to therapeutics titled "Tobacco 
Counseling for the Control and Prevention of Oral Disease," established a service 
code for tobacco counseling (01320), and included tobacco questions in its standard 
Health History Form. Educational guidelines have been developed for dental 
education institutions. Such infrastructure developments ease the integration of 
clinical tobacco intervention services into practice.89,90 

A practical routine should be integrated into every clinical practice. Basic steps are 
known as the "5 As": Ask, Advise, Assess, Assist, and Arrange (Box 34-1). First 
proposed by Glynn and Manley91 of the National Cancer Institute, the steps have 
remained the core of successful clinical programs for smoking cessation programs. 
These steps have been adapted to allow management of alcohol reduction programs 
(Box 34-2). The basic steps are detailed in the following sections. 

Box 34-1  Basic Steps of Successful Smoking 

Cessation 

 

Ask 

Identify the tobacco and alcohol use status of every patient: "Do you use 
tobacco?" and "Do you consume alcohol?" This information should be considered 
a vital sign. Inquiry can be integrated within existing patient questionnaire 
systems. Inasmuch as nicotine dependency is chronic and relapsing, it is 
important to ask this question at every encounter. Tobacco and alcohol users must 
be asked about the duration and intensity of their use, past experience with 
quitting, and especially about their desire to stop: "How interested are you in 
quitting now?" and "How interested are you in reducing your alcohol 
consumption?" 

Advise 

The advising step focuses on building patient's motivation to be tobacco- and 
alcohol-free. Although brief and simple, building motivation is one of three basic 



clinical intervention services. Commend never-users and ex-users on the wisdom 
of their behavior. 

First, advise all tobacco/alcohol users in clear language that you think they should 
quit tobacco use and quit or reduce alcohol consumption. Patients place great 
weight on such advice by clinicians. 

Second, associate use with existing patient oral and periodontal conditions. When 
possible, show the patient his or her own tobacco-related conditions; for example, 
a deep infrabony defect, a furcation involvement, tooth mobility, or suppurating 
pocket. Patients should understand the health and oral risks of tobacco use. 
Showing them existing lesions brings the reality of tobacco- and alcohol-related 
disease into the present. Discuss with the patient the increased risk for oral and 
throat cancer in smokers and drinkers. Point to mucosal lesions to demonstrate the 
patient's alcohol-related conditions. 

Box 34-2  Basic Steps of Successful Alcohol 

Reduction 

 

Assess 

Assess the patient's willingness to quit smoking or to reduce alcohol use. Ask 
each patient for his or her own reasons for wanting to quit smoking or alcohol use. 
Expressing those reasons helps strengthen them, even though many have little to 
do with health. The patient's reasons provide clues on which the clinician can add 
motivating ideas and perspectives that help dispel unwarranted hesitancy. 
Emphasize the benefits of eliminating these habits in terms that are specific to 
each patient's interests, circumstances, and culture. 

Many patients will not be interested in quitting or abstaining immediately, but the 
"Advise" step strengthens the decision-making process that individuals must 
progress through to initiate a behavior change. The discussion clarifies in the 
patient's mind the opinion of a respected individual. Discussion helps individuals 
who are generally interested in quitting to begin thinking more seriously about 



what they are doing to themselves and about their prospects for living tobacco- 
and alcohol-free. A clinician's advice to quit can trigger the decision to act. The 
patient's desire for successful and enduring clinical therapy can influence his or 
her desire to quit. 

Patients who are not interested in quitting at the moment should be offered 
assistance in the future: "When (not 'if') you are ready, I'll be glad to help." In 
addition, patients should be given motivational literature that is appropriate to 
their interests, circumstances, and, if possible, culture. 

Assist 

Although Ask, Advise and Assess are routine steps for all tobacco and alcohol 
users, the Assist step is used with a subset of patients who are ready to quit or to 
reduce alcohol use. This step focuses on helping patients cope with the quitting 
process. The clinician acts as a caring, skilled facilitator because, of course, the 
primary responsibility remains with the individual who must quit. 

The most basic component of the Assist phase is to set an actual quit date. The 
clinician asks the patient who has decided to quit to set a specific date. Once the 
patient has set a date, the clinician should suggest that the patient inform friends 
and family members of that date. This will enable them to become an integral part 
of the patient's support system. The patient should plan, and the support network 
should reinforce, the removal of all tobacco or alcohol products from the patient's 
home, work, car, or other accessible sites. The clinician can provide literature on 
the quitting process. Such booklets are readily available from organizations such 
as the National Cancer Institute and American Heart Association. They describe 
coping strategies, motivational tools, and methods to manage the effects of 
cessation, such as nicotine withdrawal and weight gain. 

Arrange 

Establish a schedule for follow-up contacts, either in person or by telephone. This 
is a key component to cessation. Although some increase in patient quit rates can 
be anticipated from a single encounter, long-term abstinence is dramatically 
improved (threefold to fourfold) when there is timely follow-up. 

The recommended postquit date follow-up contact schedule is four to seven 
contacts over a 3-month period. The first follow-up contact should be within 2 
weeks of the quit date, preferably within the first week. The second, third, and 
fourth contact should be near the end of the first, second, and third months. 

Providing clinical intervention services requires a team approach. Clinic 
personnel, the office environment, and the management system need a few simple 
adjustments for services to be provided efficiently, effectively, and pleasantly. 
First, an individual, usually not the primary care provider, needs to be responsible 



for the service operation. All members of the clinical team need to understand the 
objectives and methods used. The Ask step is usually managed by 
reception/receiving staff, including recording of the patient's tobacco use status. 
This is verified when other vital signs are taken and initial workup is begun. 
Diagnosis and treatment planning must include the Advice step. Assist often is 
begun by the primary clinician or other provider. Other staff may provide more 
detailed help for the patient who commits to a quit date and may ensure that the 
Arrange step is done so that follow-up will occur. 

CONCLUSION 

Substantial evidence supports the concept that tobacco smoking has a profound 
negative effect on periodontal disease severity, prevalence, incidence, and 
progression. Chronic alcohol abuse may also be associated with periodontal diseases. 
Tobacco smoking has a negative effect in all forms of periodontal therapy, leading to 
less favorable treatment outcomes, in the short- or long-term, or both. Tobacco 
smoking and chronic alcohol abuse also have a profound negative effect on the health 
and well-being of users, society, and clinical practice. Tobacco use and alcohol abuse 
are preventable negative lifestyle habits. Adoption of scientifically sound clinical 
tobacco cessation and alcohol reduction services is a professional obligation, a moral 
imperative, and a practical matter. Three to five minutes of cessation assistance 
integrated into other clinical services is a potentially life-saving service that benefits 
patients, community, and practice. Periodontal health and prognoses for periodontal 
therapy substantially improve when patients quit smoking and reduce alcohol 
consumption. 

REFERENCES 
1. Sheiham A: Periodontal disease and oral cleanliness in tobacco smokers, J 
Periodontol 42:259–263, 1971. 
2. Bastian RJ, Wait IM: Effect of tobacco smoking on plaque development 
and gingivitis, J Periodontol 49:480–482, 1978. 
3. Genco RJ: Risk factors for periodontal diseases, J Periodontol 67:1041–
1049, 1996. 
4. Haber J, Wattles J, Crowley M et al: Evidence for cigarette smoking as a 
major risk factor for periodontitis, J Periodontol 64:16–23, 1993. 
5. Grossi SG, Zambon JJ, Ho AW et al: Assessment of risk for periodontal 
disease. I. Risk indicators for attachment loss, J Periodontol 65:260–267, 1994. 
6. Martinez-Canut P, Lorca A, Magan R: Smoking and periodontal disease 
severity, J Clin Periodontol 22:743–749, 1995. 
7. Dolan T, Gilbert G, Ringelberg M et al: Behavioral risk indicators of 
attachment loss in adult Floridians, J Clin Periodontol 24:223–232, 1997. 
8. Albandar J, Streckfus C, Adesanya M, Winn D: Cigar, pipe and cigarette 
smoking as risk factors for periodontal disease and tooth loss, J Periodontol 
71:1874–1881, 2000. 



9. Tomar S, Asma S: Smoking-attributable periodontitis in the United States: 
findings from the NHANES III, J Periodontol 71:743–751, 2000. 
10. Beck J, Koch G, Rozier R, Tudor G: Prevalence and risk indicators for 
periodontal attachment loss in a population of older community-dwelling blacks 
and whites, J Periodontol 61:521–528, 1990. 
11. Haber J, Kent RL: Cigarette smoking in a periodontal practice, J 
Periodontol 63:100–106, 1992. 
12. Grossi SG, Genco RJ, Machtei EE et al: Assessment of risk for 
periodontal disease. II. Risk indicators for alveolar bone loss, J Periodontol 
66:23–29, 1995. 
13. Mullally B, Breen B, Linden G: Smoking and patterns of bone loss in 
early-onset periodontitis, J Periodontol 70:394–401, 1999. 
14. Hildebolt C, Pilgram T, Crothers N et al: Alveolar bone height and 
postcranial bone mineral density: negative effects of cigarette smoking and parity, 
J Periodontol 71:683–689, 2000. 
15. Randolph W, Ostir G, Markides K: Prevalence of tooth loss and dental 
service use in older Mexican Americans, J Am Geriatr Soc 49:585–589, 2001. 
16. Krall E, Hughes B, Papas A, Garcia R: Tooth loss and skeletal bone 
density in healthy postmenopausal women, Osteoporosis Int 4:104–109, 1994. 
17. Jette AM, Feldman HA, Tennstedt S: Tobacco use: a modifiable risk 
factor for dental disease among elderly, Am J Public Health 83:1271–1276, 1993. 
18. Larato DC: Oral tissue changes in the chronic alcoholic, J Periodontol 
43:772–773, 1972. 
19. Sakki TK, Knuutila MLE, Vimpari SS, Hartikainen MSL: Association of 
lifestyle and periodontal healh, Community Dent Oral Epidemiol 23:155–158, 
1995. 
20. Novacek G, Plachetzky U, Potzi R et al: Dental and periodontal disease in 
patients with cirrhosis: role of etiology of liver disease, J Hepatol 22:576–582, 
1995. 
21. Tezal M, Grossi SG, Ho AW, Genco RJ: The effect of alcohol 
consumption on periodontal disease, J Periodontol 72:183–189, 2001. 
22. Tezal M, Grossi SG, Ho AW, Genco RJ: Alcohol consumption and 
periodontal disease: the third National Health and Nutrition Survey, J Clin 
Periodontol 2004 (in press). 
23. Gelskey SC: Cigarette smoking and periodontitis: methodology to assess 
the strength of evidence in support of a causal association, Community Dent Oral 
Epidemiol 27:16–24, 1999. 
24. Kenney EB, Kraal JH, Saxe SR, Jones J: The effect of cigarette smoke on 
human oral polymorphonuclear leukocytes, J Periodont Res 12:223–234, 1977. 
25. Fredriksson MI, Figueredo CM, Gustafsson A et al: Effect of periodontitis 
and smoking on blood leukocytes and acutephase proteins, J Periodontol 
70:1355–1360, 1999. 
26. Corberand J, Laharraghe P, Nguyen F et al: In vitro effect of tobacco 
smoke components on the function of normal human polymorphonuclear 
leukocytes, Infect Immun 30:649–655, 1980. 



27. MacFarlane GD, Herzberg MC, Wolff LF, Hardie NA: Refractory 
periodontitis associated with abnormal polymorphonuclear leukocyte 
phagocytosis and cigarette smoking, J Periodontol 63:908–913, 1992. 
28. Tew JG, Zhang J-B, Quinn S et al: Antibody of the IgG2 subclass, 
Actinobacillus actinomycetemcomitans and early-onset periodontitis, J 
Periodontol 67(Suppl):317–322, 1996. 
29. Costabel U, Bross KJ, Reuter C et al: Alterations in immunoregulatory T-
cell subsets in cigarette smokers: a phenotypic analysis of bronchoalveolar and 
blood lymphocytes, Chest 90:39–44, 1986. 
30. Venditto MA: Therapeutic considerations: lower respiratory tract 
infections in smokers, J Am Osteopath Assoc 92:897–900, 1992. 
31. Ertel A, Eng R, Smith S: The differential effect of cigarette smoke in the 
growth of bacteria found in humans, Chest 100:628–630, 1991. 
32. Loesche WJ, Gusberti F, Mettraux G et al: Relationship between oxygen 
tension and subgingival bacterial flora in untreated human periodontal pockets, 
Infect Immun 42:659–667, 1983. 
33. Mettraux G, Gusberti F, Graf H: Oxygen tension (pO2) in untreated human 
periodontal pockets, J Periodontol 55:516–521, 1984. 
34. Hanioka T, Tanaka M, Takaya K et al: Pocket oxygen tension in smokers 
and non-smokers with periodontal disease, J Periodontol 71:550–554, 2000. 
35. Zambon JJ, Grossi SG, Machtei EE et al: Cigarette smoking and 
subgingival infection, J Periodontol 67:1050–1055, 1996. 
36. Shiloah J, Patters MR, Waring MB: The prevalence of pathogenic 
periodontal microflora in healthy young smokers, J Periodontol 71:562–567, 
2000. 
37. Kamma JJ, Nakou M, Baehni PC: Clinical and microbiological 
characteristics of smokers with early onset periodontitis, J Periodont Res 34:25–
33, 1999. 
38. Kazor C, Taylor GW, Loesche WJ: The prevalence of BANA-hydrolyzing 
periodontophatic bacteria in smokers, J Clin Periodontol 26:814–821, 1999. 
39. Darby I, Hodge P, Riggio M, Kinane D: Microbial comparison of smoker 
and non-smoker adult and early-onset periodontitis patients by polymerase chain 
reaction, J Clin Periodontol 27:417–424, 2000. 
40. Haffajee A, Socransky S: Relationship of cigarette smoking to attachment 
level profiles, J Clin Periodontol 28:283–295, 2001. 
41. Bostrom L, Linder LE, Bergstrom J: Smoking and crevicular fluid levels 
of IL-6 and TNF-alpha in periodontal disease, J Clin Periodontol 26:352–357, 
1999. 
42. Soder B: Neutrophil elastase activity, levels of prostaglandin E2, and 
matrix metalloproteinase-8 in refractory periodontitis sites in smokers and non-
smokers, Acta Odont Scand 57:77–82, 1999. 
43. Pauletto NC, Liede K, Nieminen A et al: Effect of cigarette smoking on 
oral elastase activity in adult periodontitis patients, J Periodontol 71:58–62, 2000. 
44. Ryder MI, Fujitaki R, Lebus S et al: Alterations of neutrophil L-selectin 
and CD18 expression by tobacco smoke: implications for periodontal diseases, J 
Periodont Res 33:359–368, 1998. 



45. Payne JB, Johnson GK, Reinhardt RA et al: Nicotine effects on PGE2 and 
IL-1 beta release by LPS-treated human monocytes, J Periodont Res 31:99–104, 
1996. 
46. Katsuragi H, Hasegawa A, Saito K: Distribution of metallothionein in 
cigarette smokers and non-smokers in advanced periodontitis patients, J 
Periodontol 68:1005–1009, 1997. 
47. Cuff MJ, McQuade MJ, Scheidt MJ et al: The presence of nicotine on root 
surfaces of periodontally diseased teeth in smokers, J Periodontol 60:564–569, 
1989. 
48. McGuire JR, McQuade MJ, Rossman JA et al: Cotinine in saliva and 
gingival crevicular fluid of smokers with periodontal disease, J Periodontol 
60:176–181, 1989. 
49. Tanur E, McQuade MJ, McPherson JC et al: Effects of nicotine on the 
strength of attachment of gingival fibroblasts to glass and non-diseased human 
root surfaces, J Periodontol 71:717–722, 2000. 
50. Raulin LA, McPherson JC III, McQuade MJ, Hanson BS: The effect of 
nicotine on the attachment of human fibroblasts to glass and human root surfaces 
in vitro, J Periodontol 59:318–325, 1988. 
51. Hanes PJ, Schuster GS, Lubas S: Binding, uptake and release of nicotine 
by human gingival fibroblasts, J Periodontol 62:147–152, 1991. 
52. Szabo G: Consequences of alcohol consumption on host defense, Alcohol 
Alcohol 34:830–841, 1999. 
53. Christen AG: Dentistry and the alcoholic patient, Dent Clin North Am 
27:341–361, 1983. 
54. Preber H, Begström J: The effect of non-surgical treatment on periodontal 
pockets in smokers and nonsmokers, J Clin Periodontol 13:319–323, 1986. 
55. Kinane DF, Rafvar M: The effects of smoking on mechanical and 
antimicrobial periodontal therapy, J Periodontol 68:467–472, 1997. 
56. Van Winkelhoff AJ, Bosch-Tijhof CJ, Winkel EG, van der Reijden WA: 
Smoking affects the subgingival microflora in periodontitis, J Periodontol 
72:666–671, 2001. 
57. Grossi SG, Zambon J, Machtei EE et al: Effects of smoking and smoking 
cessation on healing after mechanical periodontal therapy, J Am Dent Assoc 
128:599–607, 1997. 
58. Palmer RM, Matthews JP, Wilson RF: Non-surgical periodontal treatment 
with and without adjunctive metronidazole in smokers and non-smokers, J Clin 
Periodontol 26:158–163, 1999. 
59. Soder B, Nedlich U, Jin LJ: Longitudinal effect of non-surgical treatment 
and systemic metronidazole for 1 week in smokers and non-smokers with 
refractory periodontitis, J Periodontol 70:761–771, 1999. 
60. Ryder MI, Pons B, Adams D et al: Effects of smoking on local delivery of 
controlled-release doxycycline as compared to scaling and root planing, J Clin 
Periodontol 26:683–691, 1999. 
61. Ramamurthy NS, Vernillo A, Greenwald RA et al: Reactive oxygen 
species activate and tetracyclines inhibit rat osteoclast collagenase, J Bone 
Mineral Res 8:1247–1253, 1993. 



62. Golub LM, Sorsa T, Lee HM et al: Doxycycline inhibits neutrophil 
(PMN)-type matrix metalloproteinases in human adult periodontitis gingiva, J 
Clin Periodontol 22:100–109, 1995. 
63. Ah MK, Johnson GK, Kaldahl WB et al: The effect of smoking on the 
response to periodontal therapy, J Clin Periodontol 21:91–97, 1994. 
64. Scabbia A, Cho KS, Sigurdsson TJ et al: Cigarette smoking negatively 
affects healing response following flap debridement surgery, J Periodontol 
72:43–49, 2001. 
65. Preber H, Bergström J: Effect of cigarette smoking on periodontal healing 
following surgical therapy, J Clin Periodontol 17:324–328, 1990. 
66. Bostrom L, Linder L, Bergström J: Influence of smoking on the outcome 
of periodontal surgery, J Clin Periodontol 25:194–201, 1998. 
67. Rosen PS, Marks MH, Reynolds MA: Influence of smoking on long-term 
clinical results of intrabony defects treated with regenerative therapy, J 
Periodontol 67:1159–1163, 1996. 
68. Tonetti MS, Pini-Prato G, Cortellini P: Effect of cigarette smoking on 
periodontal healing following GTR in infrabony defects: a preliminary 
retrospective study, J Clin Periodontol 22:229–234, 1995. 
69. Rosenberg ES, Cutler SA: The effect of cigarette smoking on the long-
term success of guided tissue regeneration: a preliminary study, Ann R Austral 
Coll Dent Surg 12(4):89–93, 1994. 
70. Cortellini P, Paolo G, Pini-Prato G, Tonetti MS: Long-term stability of 
clinical attachment following guided tissue regeneration and conventional 
therapy, J Clin Periodontol 23:106–111, 1996. 
71. Miller PD Jr: Root coverage with the free gingival graft: factors associated 
with incomplete coverage, J Periodontol 58:674–681, 1987. 
72. Trombelli A, Kim C, Zimmerman G, Wikesjö U: Retrospective analysis of 
factors related to clinical outcome of guided tissue regeneration procedures in 
intrabony defects, J Clin Periodontol 24:366–371, 1997. 
73. Lambert P, Morris H, Ochi S: The influence of smoking on 3-year clinical 
success of osseointegrated dental implants, Ann Periodontol 5:79–89, 2000. 
74. Bain CA, Moy PK: The association between the failure of dental implants 
and cigarette smoking, Int J Oral Maxillfac Implants 8:609–615, 1993. 
75. Gorman L, Lambert P, Morris H et al: The effect of smoking on implant 
survival at second-stage surgery: DICRG interim report No. 5, Implant Dent 
3:165–168, 1994. 
76. Weyant R: Characteristics associated with the loss and peri-implant tissue 
health of endosseous dental implants, Int J Oral Maxillofac Implants 9:95–102, 
1994. 
77. Haas R, Haimböck W, Mailath G, Watzek G: The relationship of smoking 
on peri-implant tissue: a retrospective study, J Prosthet Dent 76:592–596, 1996. 
78. Lindquist LW, Carlsson GE, Jemt T: A prospective 15-year follow-up 
study of mandibular fixed prosthesis supported by osseointegrated implants, Clin 
Oral Implant Res 7:329–336, 1996. 



79. Jones JK, Triplett RG: The relationship of cigarette smoking to impaired 
intraoral wound healing: a review of evidence and implications for patient care, J 
Oral Maxillofacial Surg 50:237–240, 1992. 
80. Schwartz-Arad D, Samet N, Samet N, Mamlider A: Smoking and 
complications of endosseous dental implants, J Periodontol 73:153–157, 2002. 
81. Bain CA: Smoking and implant failure-Benefits of a smoking cessation 
protocol, J Oral Maxillfac Implants 11:756–759, 1996. 
82. Kaldahl WB, Johnson GK, Patil KD, Kalkwarf KL: Levels of cigarette 
consumption and response to periodontal therapy, J Periodontol 67:675–681, 
1996. 
83. Kaldhal WB, Kalkwarf KL, Patil KD et al: Long-term evaluation of 
periodontal therapy: II. Incidence of sites breaking down, J Periodontol 67:103–
108, 1996. 
84. Slomiany BL, Piotrowsky J, Slomiany A: Suppression of endothelin-
converting enzyme-1 during buccal mucosal ulcer healing: effect of chronic 
alcohol ingestion, Biochem Biophys Res Commun 271:318–322, 2000. 
85. Vaca CE, Nilsson JA, Fang JL, Grafstrom RC: Formation of DNA adducts 
in human buccal epithelial cells exposed to acetaldehyde and methylglyoxal in 
vitro, Chem Biol Interact 108:197–208, 1998. 
86. Tomar SL, Husten CG, Manley MW: Do dentists and physicians advise 
tobacco users to quit? J Am Dent Assoc 127:259–265, 1996. 
87. Dolan TA, McGorray SP, Grinstead-Skigen CL, Mecklenburg RE: 
Tobacco control activities in U.S. dental practices, J Am Dent Assoc 128:1669–
1679, 1997. 
88. MacGreggor ID: Efficacy of dental health advice as an aid to reducing 
cigarette smoking, Br Dent J 180:292–296, 1996. 
89. Mecklenburg RE: Tobacco: addiction, oral health, and cessation, 
Quintessence Int 29:250–252, 1998. 
90. Somerman M, Mecklenburg RE: Cessation of tobacco use. In Ciancio SG, 
editor: ADA guide to dental therapeutics, Chicago, 1998, ADA Publishing 
Company, 505–516. 
91. Glynn TJ, Manley MW: How to help your patients stop smoking: a 
National Cancer Institute manual for physicians. U.S. Department of Health and 
Human Services, Public Health Service, National Institutes of Health, NIH 
Publication No. 90–3064, 1989. 

(Rose, Louis F. Rose. Periodontics: Medicine, Surgery and Implants. Elsevier, 2004. 34).  
<vbk:0-8016-7978-8#outline(34)> 
 

35  Selected Soft and Hard Tissue Lesions With 

Periodontal Relevance 

Alfredo Aguirre 

Jose Luis Tapia 



The soft and hard periodontal tissues are susceptible to not only inflammatory changes 
but also benign and malignant conditions. The clinical presentation of soft tissue lesions 
affecting the periodontium may generate diagnostic challenges for the dentist. The 
formulation of a sound differential diagnosis is essential for proper patient 
management. Although most of the soft tissue lesions affecting the periodontium can be 
accurately diagnosed at the microscopic level with conventional laboratory procedures, 
sometimes histochemistry, immuno-histochemistry, or immunofluorescence evaluations 
are needed to arrive at a precise diagnosis. In bone lesions that affect the periodontium, 
imaging studies in combination with microscopic evaluation of a biopsy specimen are 
essential to render a precise diagnosis. 

The purpose of this chapter is to provide an overview of selected soft and hard tissue 
conditions that have periodontal relevance. When appropriate, algorithms developed to 
facilitate the diagnostic process are presented. 

SOFT TISSUE LESIONS 

Desquamative Gingivitis 

The term chronic desquamative gingivitis (DG) describes a peculiar condition 
characterized by intense erythema, desquamation, and ulceration of the free and 
attached gingiva. Although 50% of DG cases are localized exclusively in the 
gingiva, it is not unusual to see additional oral involvement.1 The term 
desquamative gingivitis is rather unspecific and comprises a gingival response 
associated with a variety of conditions.2–5 

Approximately 75% of DG cases have a dermatologic origin and are mainly 
associated with mucous membrane pemphigoid (MMP), lichen planus (LP), and, to 
a lesser degree, pemphigus vulgaris (PV) in more than 95% of the cases.1,6 
However, chronic ulcerative stomatitis (CUS), bullous pemphigoid, linear IgA 
disease, lupus erythematosus, and dermatitis herpetiformis can also present as DG.7 

Therefore to properly diagnose the condition responsible for DG, clinical 
examination coupled with a thorough medical history and routine histologic and 
immunofluorescence studies are warranted.8 Immunofluorescence analysis include 
both direct (DIF) and indirect (IIF) studies. DIF is performed on biopsies of tissue 
specimens that are placed into a special medium (not formalin). Immunofluorescent 
staining is directly visualized in the microscopic sections. IIF is performed on 
serum from a patient's blood specimen and detects circulating antibodies. Despite a 
thorough evaluation, the cause of DG remains elusive in up to one third of the 
cases.9 Although the differential diagnosis of DG is extensive, the current 
discussion is limited to four conditions: erosive LP, MMP, PV, and CUS. However, 
the histologic, DIF, and IIF features of other lesions that may present clinically as 
DG are found in Table 35-1. Figure 35-1 illustrates an approach to elucidate the 
genesis of DG. 



Lichen Planus 

LP is a relatively common, chronic cutaneous condition. Oral lichen planus (OLP) 
presents in 0.1% to 4% of the population.10 Most of the patients with OLP are 
middle-aged and older women (2:1 ratio of females to males), and children are 
rarely affected. There are several clinical forms of OLP such as reticular, patch, 
atrophic, erosive, and bullous forms; the most common are the reticular and 
erosive subtypes. Typically, the buccal mucosae show reticular and asymptomatic 
bilateral lesions. Up to 10% of patients with OLP have lesions restricted to the 
gingival tissue, which may occur as keratotic, erosive/ulcerative, 
vesicular/bullous, or atrophic subtypes (Fig. 35-2).11 

Microscopically, hyperkeratosis, hydropic degeneration of the basal layer, "saw-
toothed" configuration of the rete ridges, and a dense "bandlike" infiltrate 
primarily of T lymphocytes in the lamina propria are observed (Fig. 35-3). 
Colloid bodies (Civatte bodies) may be seen at the epithelium-connective tissue 
interface. DIF of both lesional and perilesional OLP biopsy specimens reveal 
"shaggy" deposits of fibrin in the basement membrane zone, along with 
immunoglobulin-staining colloid bodies in the upper areas of the lamina propria 
(Fig. 35-4). IIF is negative in LP. A clinical-histopathologic-immunofluorescence 
correlation has to be made to arrive at a diagnosis of LP. Lupus erythematosus, 
CUS, cicatricial pemphigoid, PV, and linear IgA disease should be included in the 
differential diagnosis of erosive LP. 

The erosive, bullous, or ulcerative lesions of OLP are treated with high-potency 
topical steroids (for example, 0.05% fluocinonide ointment applied to lesions 
three times daily). Alternatively, systemic steroids can also be used but require 
close follow-up by a dermatologist because of their potentially deleterious side 
effects. It is important to closely follow-up patients with a diagnosis of erosive LP 
because the malignant potential of OLP is still a controversial issue. 12–16 

Mucous Membrane Pemphigoid (Cicatricial 

Pemphigoid) 

MMP (also known as cicatricial pemphigoid) is a chronic, vesiculobullous 
autoimmune disorder that predominantly affects women in their fifth decade of 
life, and occasionally young children.17 As the name implies, MMP 
predominantly affects a variety of mucous membranes; however, in about 20% of 
cases, the skin may also be involved. The target antigens identified in MMP 
include the bullous pemphigoid antigens 1 and 2 (BPAg1 and BPAg2), laminins 5 
(epiligrin) and 6, type VII collagen, β4-integrin subunit, and additional unknown 
proteins.18,19 



TABLE 35-1  Histologic and Immunofluorescence 

Findings in Lesions Presenting as Desquamative 

Gingivitis 

ANA, Antinuclear antibody; DIF, direct immunofluorescence; IIF, indirect 
immunofluorescence. 

 



Figure 35-1.   

 

Desquamative gingivitis. Illustration of the diagnostic steps required to 
accurately diagnose a patient with signs of "desquamative gingivitis." 

Currently, at least five subtypes of MMP—oral pemphigoid, antiepiligrin 
pemphigoid, anti-BP antigen mucosal pemphigoid, ocular pemphigoid, and 
multiple antigens pemphigoid—are recognized.17 An important aspect of MMP is 
ocular involvement that warrants referral to an ophthalmologist for evaluation. 
Symblepharon, ankyloblepharon, and vesicular lesions on the conjunctiva may 
eventually produce severe scarring, corneal damage, and blindness.20 

DG is the most typical oral presentation and is characterized by the presence of 
areas of gingival erythema, desquamation, and ulceration (Fig. 35-5).21,22 In 
addition, numerous vesiculobullous lesions may occur elsewhere in the mouth.22 
Rupture of the vesiculobullous lesions leave serpiginous ulcerations that may take 
3 weeks or longer to heal. 

Figure 35-2.   



 

Erosive lichen planus. Intense erythema and ulceration of the gingiva with a 
delicate reticular white pattern that is more obvious in the interdental gingiva 
of #9 and #10. 

Microscopically, subepithelial clefting occurs with separation of the epithelium 
from the underlying lamina propria, leaving an intact basal layer. A mixed 
inflammatory infiltrate consisting of lymphocytes, plasma cells, neutrophils, and 
scarce eosinophils is observed in the stroma (Fig. 35-6). Direct 
immunofluorescence reveals deposits of IgG and C3 restricted to the basement 
membrane (Fig. 35-7). Less than 25% of patients show positive IIF finding.23 PV, 
bullous pemphigoid, bullous LP, dermatitis herpetiformis, linear IgA disease, 
erythema multiforme, herpes gestationis, and epidermolysis bullosa acquisita 
should be considered in the differential diagnosis of MMP. 

Figure 35-3.   



 

Lichen planus. Typical microscopic features of lichen planus with prominent 
interface mucositis in a "bandlike" configuration and "saw-tooth" rete pegs. 

Figure 35-4.   

 

Lichen planus. Direct immunofluorescence shows a strong signal of fibrin 
deposition in the epithelial basement membrane with a characteristic linear-
fibrillar pattern. 



When the oral lesions of MMP are confined to the gingival tissues, vacuum-
formed custom trays can be used for delivery of fluocinonide (0.05%) or 
clobetasol propionate (0.05%) three times a day.17 Meticulous oral hygiene is 
essential to decrease the gingival inflammatory response. It is not uncommon for 
extreme gingival recession with ensuing dentinal hypersensitivity to develop in 
patients with MMP. To alleviate root surface sensitivity and to improve esthetics, 
connective tissue grafting has been used successfully after the MMP lesions are 
eradicated and under control.24 Referral to a dermatologist is indicated for 
recalcitrant, unresponsive lesions that require systemic corticosteroids. Currently, 
the drug of choice is dapsone (25 to 200 mg daily). However, caution should be 
exercised in elderly patients and patients with G6PD deficiency, where this drug 
is contraindicated. Alternative effective therapeutic agents include 
sulfamethoxypyridazine, sulfapyridine, tetracyclines, and nicotinamide.18,20,25,26 
Close follow-up of the patients is warranted because all these medications have 
serious potential side effects. All patients with a diagnosis of MMP should be 
referred to a physician for ophthalmologic examination. 

Figure 35-5.   

 

Mucous membrane pemphigoid. Large areas of ulceration and erythema that 
clinically present as "desquamative gingivitis." This clinical appearance also 
could be seen with lichen planus and pemphigus, reinforcing the need for 
histologic and immunofluorescence studies to determine a diagnosis. 

Figure 35-6.   



 

Microscopic features of mucous membrane pemphigoid. Small subepithelial 
clefting resulting from a clean detachment of the epithelium from the 
subjacent connective tissue. The basal cell layer remains attached to the 
epithelium. 

Figure 35-7.   



 

Direct immunofluorescence of mucous membrane pemphigoid. Characteristic 
deposition of C3 along the basement membrane. The subepithelial cleft occurs 
in this region of C3 deposition. 

Pemphigus Vulgaris 

PV is an autoimmune blistering disease characterized by the presence of 
circulating IgG antibodies against the cadherin-type adhesion molecules 
desmoglein 3 (Dsg3) and desmoglein 1 (Dsg1).27 PV is a potentially lethal 
chronic condition with a 10% mortality rate and predilection for women after the 
fourth decade of life.28 Rarely, PV may present in young children and even 
newborns.28–30 

Oral lesions are the first sign of the disease in approximately 60% of patients and 
may present one year or more before the cutaneous lesions.31 The oral lesions of 
PV range from small vesicles to large bullae that have an ephemeral life. The 
Nikolsky sign is positive in PV.32 This clinical test is performed by using either an 
air syringe to blow air on the perilesional tissue or by gently rubbing the 
perilesional tissue with a finger. If the surface layer of mucosa separates from the 
underlying tissue, the patient is said to exhibit a positive Nikolsky sign. This sign 
may be positive not only in PV, but in other desquamative lesions as well. Once 
the bullae rupture, the lesions coalesce to form extensive areas of ulceration. The 
soft palate is the site most frequently affected followed by, in descending order of 



frequency, the buccal mucosa, tongue, and lower labial mucosa. Rarely, the only 
manifestation of PV may be manifested as desquamative gingivitis (Fig. 35-8).33 

Microscopically, PV lesions demonstrate a characteristic intraepithelial clefting 
above the basal cell layer with a characteristic "tombstone" appearance to the 
basal cells and acantholysis.34,35 Rounded acantholytic "Tzanck cells" are often 
visible in the cleft.36 The subjacent stroma usually exhibits a mild to moderate 
chronic inflammatory cell infiltrate. DIF of perilesional unfixed, frozen sections 
gives a strong intercellular and intraepithelial IgG signal (Fig. 35-9). IIF is less 
sensitive than DIF and may be negative in early stages of the disease. 
Nevertheless, in most cases, the IIF titers are valuable to monitor disease activity 
and thus have prognostic value. If the oral lesions of PV are restricted to the 
gingival tissues, the differential diagnosis should include erosive LP, MMP, linear 
IgA disease, and CUS. 

Figure 35-8.   

 

Pemphigus vulgaris. Discrete areas of ulceration and hemorrhage are seen on 
the attached and marginal gingiva. This clinical appearance of desquamative 
gingivitis could also be seen with other diseases described in this chapter. 

PV is treated with systemic corticosteroids.31 Tapering of the medication is done 
as soon as possible to minimize its side effects. "Steroid-sparing" therapies 
combine small doses of steroids plus any of the following: azathioprine, 
cyclophosphamide, cyclosporine, dapsone, gold, methotrexate, 
photoplasmaphoresis, or plasmaphoresis.23 Topical antifungal medication may be 
needed to eliminate iatrogenic Candidiasis, which often arises when topical 
steroids are used intraorally.37 Meticulous oral hygiene and periodontal care are 
essential for the overall management of patients with PV. Patients in the 
maintenance phase may require prednisone before professional oral prophylaxis 
and periodontal surgery.28 



Chronic Ulcerative Stomatitis 

CUS presents mainly in women in their fourth decade of life as chronic oral 
erosions and ulcerations, with only few cases exhibiting concurrent cutaneous 
lesions.38–40 

Figure 35-9.   

 

Pemphigus vulgaris. Direct immunofluorescence reveals an intraepithelial and 
intercellular deposition of IgG that involves the entire thickness of the 
epithelium. The "split" occurs within the epithelium and distinguishes this 
disease from lichen planus and pemphigoid. 

The oral lesions consist of small blisters and erosions with surrounding erythema 
and pain mainly on the gingiva and the lateral border of the tongue. A clinical 
diagnosis of DG is not unusual for these patients. A remarkable similarity with 
erosive LP is seen at the microscopic level where hyperkeratosis, acanthosis, 
liquefaction of the basal cell layer and areas of subepithelial clefting are 
consistently seen. The subjacent lamina propria contains a lymphohistiocytic 
infiltrate in a "bandlike" configuration. DIF of normal and perilesional tissues 
reveal the presence of stratified epithelium-specific antinuclear antibodies, 
consisting of deposits of IgG with a speckled pattern, mainly in the basal 
epithelial cell layer. In addition, fibrin deposits are visualized at the epithelial-
connective tissue interface. IIF studies also reveal the presence of circulating 



stratified epithelium-specific antinuclear antibodies. Because CUS is clinically 
similar to other desquamative lesions, erosive LP, PV, cicatricial pemphigoid, 
linear IgA disease, bullous pemphigoid, and lupus erythematosus must be 
included in the clinical differential diagnosis. DIF and IIF studies are needed to 
arrive at a correct diagnosis. 

Mild cases of CUS are treated with topical steroids (fluocinonide, clobetasol 
propionate). Alternatively, topical tetracycline may also be used. Clinical 
improvement is observed with topical medications, but recurrences are common.41 
A high dose of systemic corticosteroids may be used to achieve transient 
remission. Hydroxychloroquine sulfate at a dosage of 200 to 400 mg/day seems to 
be the treatment of choice to produce a long-lasting remission.42–44 Unfortunately, 
the initial response to chloroquine may end after several months or years of 
treatment.38 In those cases, a combined therapeutic approach (small doses of 
corticosteroids and chloroquine) might be indicated. 

Reactive Nodular Lesions of the Gingiva 

The gingival mucosa is continuously facing a wide variety of challenges. The 
response of the gingival tissues to pathogenic factors such as dental plaque, 
calculus, ill-fitting prosthetic devices, and thermal and chemical agents may lead to 
reactive, hyperplastic changes. These changes are distinctive and can be segregated 
into four clinical lesions: fibrous hyperplasia, pyogenic granuloma, peripheral 
ossifying fibroma, and peripheral giant cell lesion. Although these lesions may 
show subtle clinical features that permit their clinical distinction, microscopic 
examination is imperative because of the different biologic behavior that they 
exhibit. In addition, biopsy is warranted because peripheral odontogenic lesions, 
benign, malignant, metastatic neoplasms, and a variety of other lesions may 
clinically resemble reactive nodular lesions of the gingiva. Figure 35-10 shows an 
algorithm illustrating a number of selected conditions that must be segregated. 

Reactive Fibrous Hyperplasia (Peripheral fibroma, 

traumatic fibroma, irritation fibroma, focal fibrous 

hyperplasia) 

Peripheral fibroma is typically an asymptomatic, domeshaped nodule with either a 
sessile or pedunculated base. The nodule is usually less than 1.0 cm in diameter 
and exhibits a smooth surface with a pale pink color.45 If traumatized, the surface 
may ulcerate and alter the typical pale pink color of the lesion. 

At the microscopic level, the peripheral fibroma is surfaced by parakeratinized 
stratified squamous epithelium with or without focal hyperkeratinization. The 
main feature of the specimen is the presence of hyperplastic collagen fibers 
arranged in intersecting fascicles with a varied amount of blood capillaries.46,47 



This lesion is managed by surgical excision and has an excellent prognosis with a 
low recurrence rate. 

Pyogenic Granuloma (florid granulation tissue, 

exuberant granulation tissue, pregnancy tumor) 

Pyogenic granuloma is a nodular, purple to red, hemorrhagic circumscribed 
friable polypoid lesion that bleeds easily and is often ulcerated (Fig. 35-11).45 
Microtrauma from toothbrushing and local irritants such as dental plaque and 
calculus seem to be the etiologic factors of this condition.48 Pyogenic granuloma 
is painless, occurs mainly in women during the second and fifth decades of life 
and usually in the anterior mandibular or maxillary gingiva.49,50 The so-called 
pregnancy tumor is a clinical term used to identify a pyogenic granuloma that 
occurs in pregnant women.51 

Microscopically, this lesion exhibits ulceration of the surface epithelium and, 
characteristically, a fibroendothelial proliferation of the stroma amidst acute and 
chronic inflammatory cells (Fig. 35-12).46 

Surgical excision is the preferred treatment of choice, with removal of local 
irritants to prevent recurrence. For pregnancy tumor, a conservative approach is 
recommended. In the absence of significant esthetic or functional problems, or 
both, the lesion should not be excised because it may resolve after parturition. 
Local irritants such as plaque and calculus should be removed. Those lesions 
failing to resolve should be surgically excised. Follow-up of the patient is needed 
because pyogenic granuloma exhibits a tendency to recur. 

Peripheral Ossifying Fibroma 

Peripheral ossifying fibroma usually presents as a polypoid, pink lesion in the 
interdental papilla (Fig. 35-13).45 Clinically, this lesion may be impossible to 
distinguish from a pyogenic granuloma (Fig. 35-11). In some cases, an astute 
clinician may make a clinical diagnosis of peripheral ossifying fibroma by taking 
a periapical film of the suspicious area that reveals the presence of radiopacities in 
the gingival lesion. However, calcifications within the lesion may not always be 
visible radiographically. Peripheral ossifying fibroma may appear from the first to 
the sixth decade of life with a peak incidence in the second decade of life. About 
60% of the cases involve the anterior segment of the dental arch with a 1:1 ratio 
between the mandibular and the maxillary gingivae and a definite predilection for 
female over male individuals (4:1).49 

Figure 35-10.   



 

Selected peripheral gingival lesions. 

Figure 35-11.   

 



Pyogenic granuloma. Nodular ulcerated and hemorrhagic lesion involving the 
attached and marginal gingiva of a young woman. (Courtesy Dr. Maria de los 
Angeles Limonchi, Acapulco, Mexico.) 

Microscopically, the surface epithelium may or may not be ulcerated, but if it is, 
associated granulation tissue is observed. The main microscopic feature is the 
presence of either bone metaplasia or dystrophic calcification in the fibrous 
connective tissue stroma of the lesion (Fig. 35-14).52 When strands and islands of 
odontogenic epithelium are found in the stroma of the specimen, the diagnosis of 
peripheral odontogenic fibroma is appropriate. 

Figure 35-12.   

 

Pyogenic granuloma. Numerous blood capillaries of various calibers are seen 
amidst a proliferating fibrous connective tissue with interspersed 
inflammatory cells. 

Surgical excision down to the periosteum and periodontal ligament with thorough 
root planing is the mainstay of treatment for peripheral ossifying fibroma.53,54 
However, an 8% to 20% recurrence rate is typically observed and justifies follow-
up of the patient.49,55 

Peripheral Giant Cell Lesion 

Peripheral giant cell lesion presents as a gingival nodule with a sessile base and a 
red to purple discoloration that may sometimes produce displacement of teeth 
(Fig. 35-15).56 In rare occasions, it may be seen in the alveolar mucosa of 
edentulous areas.57 The lesion is not always as dramatic as that in Figure 35-15, 



and it is often indistinguishable clinically from a pyogenic granuloma (Fig. 35-11) 
or a peripheral ossifying fibroma (Fig. 35-13). Local etiologic factors such as 
trauma, calculus, food debris, and ill-fitting dental restorations/prosthesis seem to 
play a significant role in the development of this lesion.58 

Figure 35-13.   

 

Peripheral ossifying fibroma. Nodular erythematous lesion with a 
pedunculated base on the buccal gingiva of the central and lateral maxillary 
incisors. 

Figure 35-14.   



 

Peripheral ossifying fibroma. The presence of considerable amounts of bone 
metaplasia separates peripheral ossifying fibroma from pyogenic granuloma. 

Close to 60% of the peripheral giant cell lesions are confined to the anterior 
segment of the jaws with an equal distribution between maxilla and mandible. 
They can occur from the first to the eighth decade of life with a mean age of 35 
years. A 2:1 female-to-male ratio is routinely observed.49 Radiographic evidence 
of superficial resorption of the subjacent alveolar bone is common.56 

Microscopically, the surface epithelium may or may not show areas of ulceration. 
The underlying fibrous connective tissue exhibits the presence of conspicuous, 
distinct nodules of multinucleated giant cells amidst spindle mesenchymal cells 
and numerous vascular channels (Fig. 35-16).59 In some cases, the nodules may 
be confluent. Hemosiderin granules, hemorrhage, and, in some occasions, 
dystrophic calcifications, osteoid, and even frank bone metaplasia may also be 
observed. In those cases, the presence of multinucleated giant cells helps 
distinguish this lesion from the peripheral ossifying fibroma, where such cells 
may be absent, or present only in small numbers. 

Figure 35-15.   



 

Peripheral giant cell lesion. Large nodular lesion on the anterior mandibular 
gingiva with focal areas of bluish discoloration. The lesion has produced 
migration of the anterior mandibular teeth. (Courtesy Dr. Beatriz Aldape, 
Universidad Nacional Autonoma de Mexico, Mexico City, Mexico.) 

Surgical excision is the treatment of choice for peripheral giant cell lesions. A 
10% recurrence rate is typical and thus warrants follow-up of the patient to 
monitor proper healing.49 

Peripheral Odontogenic Lesions 

Although a rare occurrence, the gingival tissues of the maxilla and mandible have 
the potential to develop any type of peripheral odontogenic cysts or tumors. There 
are no particular features that may aid to render an accurate clinical diagnosis for 
any of the peripheral odontogenic cysts or tumors. It is only after examination of a 
biopsy specimen that the identity of the lesion is unveiled. This chapter discusses 
only the most common of the rather infrequent peripheral lesions: gingival cyst and 
peripheral ameloblastoma.60–62 

Gingival Cyst 

The gingival cyst of adults is a rare odontogenic lesion with a slight predilection 
for men in their fifth to sixth decade of life. The majority of these lesions (75%) 
are located in the labial attached or free gingiva of the mandible in the premolar-
canine-incisor area.63 



Figure 35-16.   

 

Peripheral giant cell lesion. Numerous multinucleated giant cells of the 
osteoclastic type are seen amidst a vascularized stroma and extravasated red 
blood cells. 

Clinically, a single, small raised lesion reminiscent of a vesicle shows a bluish 
discoloration. Interestingly, this bluish discoloration with fluid content is 
suggestive of mucocele (Fig. 35-17). However, gingival tissues do not normally 
contain minor salivary glands and only rarely are ectopic gingival salivary glands 
observed. Typically, radiographs of the area show only normal structures.64 On 
rare occasions, multiple unilateral or bilateral gingival cysts may be present.65 

Microscopically, the gingival cyst is typically lined by a thin epithelium with or 
without focal intraluminal budding and a noninflamed cyst wall. Surgical excision 
is the preferred treatment, and, in some cases, superficial saucerization of the 
alveolar bone may be seen during surgery.66 If incompletely excised, recurrence 
of the lesion is feasible. 

Peripheral Ameloblastoma 

Peripheral ameloblastoma presents as a painless, sessile growth with a firm 
consistency. The surface is usually smooth and similar in color to the surrounding 
mucosa, but in some cases it has been described as erythematous, papillary, or 
even warty (Fig. 35-18). In rare occasions, the lesion is ulcerative rather than 



exophytic.67 Peripheral ameloblastomas are about 1 cm in diameter, and they 
occur more frequently in men during the fifth and sixth decades of life.61 Close to 
60% of peripheral ameloblastomas occur in the mandibular, canine, and incisor 
gingiva and, distinctly, half of them are located in the lingual gingiva of the 
canine-premolar area.62 

The microscopic features of peripheral ameloblastoma are identical to those seen 
in the central ameloblastoma. The most common histologic patterns are the 
follicular and acanthomatous patterns (Fig. 35-19).60,68 

Figure 35-17.   

 

Gingival cyst. Classic presentation of a gingival cyst in the anterior mandible 
as a fluid-filled mass with a bluish discoloration. Racial pigmentation is also 
observed in this patient. 

Figure 35-18.   



 

Peripheral ameloblastoma. Hemorrhagic polypoid soft tissue mass on the 
maxillary edentulous alveolar border. The right side of the figure shows the 
left buccal mucosa; on the left side, part of the hard and soft palate are 
observed. The patient reported that a dentist had diagnosed the lesion as a 
"pyogenic granuloma" and that two neighboring molars were extracted with 
the hope of eliminating the lesion. 

Surgical excision with adequate margins is the treatment of choice. Recurrence 
(rate: 16% to 19%) is thought to be caused by incomplete removal. Although the 
prognosis is excellent, long-term follow-up is warranted because recurrences may 
take place several years later, even in cases of adequate surgical removal.60 In 
addition, some peripheral ameloblastomas may show malignant potential and 
long-term follow-up is indicated in view of a report of a squamous cell carcinoma 
arising in a conventional peripheral ameloblastoma.69,70 

Benign Lesions of the Gingiva 

Papillary Epithelial Lesions 

A variety of conditions with a papillary and verruco/papillary appearance may 
present in the gingival tissues. Figure 35-20 illustrates selected conditions that 
require microscopic examination to be diagnosed with accuracy. 

Human Papillomavirus Warts. 

Human papillomavirus (HPV), a small DNA virus with more than 100 subtypes, 
can induce oral lesions.70–73 Depending on clinical, histologic, and in situ 



hybridization studies, HPV warts of the oral cavity can be segregated into 
squamous papilloma, verruca vulgaris, and condyloma acuminatum. 

Clinical distinction of squamous papilloma from verruca vulgaris can be 
difficult at times.74 However, oral verruca vulgaris is most common in children 
and young adults, whereas squamous papilloma appears often during the third to 
fifth decades of life.74–78 Squamous papilloma can affect any oral surface but the 
most common sites in order of decreasing frequency are: soft and hard palate, 
tongue, lips, and gingiva.75 For verruca vulgaris, the most common sites in order 
of decreasing frequency are: the vermillion border, lips, hard and soft palate, 
tongue, buccal mucosa, and gingiva.74,78,79 Clinically, both lesions have a white 
papillary surface (Fig. 35-21).75,80 However, a "cauliflower" appearance is more 
typical of a verruca vulgaris. 

Figure 35-19.   

 

Peripheral ameloblastoma. Islands of ameloblastic epithelium showing 
polarization, hyperchromatism, and vacuolization of the cytoplasm of basal 
cells are shown. The ameloblastic epithelium originated from the surface 
gingival epithelium. 

Microscopically, both lesions consist of papillary vascularized fibrous 
connective tissue cores surfaced by hyperkeratinized stratified squamous 
epithelium (Fig. 35-22). Focal cellular atypia and koilocytes (HPV-altered 
epithelial cells) may be present in the epithelium.75,76 However, verruca vulgaris 
exhibits rete pegs with distinctive bending inward, toward the center of the 
specimen, a feature not shown by squamous papilloma.74,76,79,81 In situ 
hybridization studies have demonstrated the presence of HPV subtypes 6 and 11 
in squamous papilloma and subtypes 2, 4, and 40 in verruca vulgaris.76,80 



Surgical excision is the preferred treatment for both conditions and recurrence is 
uncommon.76 

Condyloma acuminatum is a sexually transmitted disease with a slight 
predilection for teenagers and young adults where HPV subtypes 2, 6, 11, 53, 
and 54 are commonly identified.82–84 Upper lip, lingual frenum, dorsum of the 
tongue, lower lip, ventral part of tongue, and gingiva (in decreasing order of 
frequency) are the most common locations for condyloma acuminatum.85 Single 
or multiple oral lesions may be observed.84 The early stages of oral condyloma 
acuminatum consist of multiple small, fleshy nodules that proliferate and 
eventually coalesce.86 Longstanding oral condylomas are larger than squamous 
papilloma and verruca vulgaris and exhibit a broad-base and a fleshy surface 
with blunted papillary projections.76 

Microscopically, oral condyloma acuminatum shows papillary projections 
covered by stratified squamous epithelium with prominent acanthosis, deep 
crypts lined with parakeratin, and increased mitotic activity with koilocytes in 
the upper spinous cell layer. The rete pegs are often bulbous.85 The mainstay of 
treatment for intraoral condyloma is surgical excision; however, topical 
podophyllin and laser ablation have also been advocated.76 

Figure 35-20.   

 

Selected papillary and verruco-papillary lesions of the gingival tissue. 



Mesenchymal Exophytic Lesions 

A number of benign mesenchymal tumors may develop on the gingival tissues. 
They are usually asymptomatic (unless traumatized), exophytic, sessile 
nonulcerated lesions with the same color as the adjacent gingival tissues. A 
number of cases with a diverse cell lineage such as neurofibroma, fibrolipoma, 
leiomyoma, myofibroma, and bilateral symmetric lymphangiomas of the gingiva 
have been documented in the literature.87–94 

Figure 35-21.   

 

Typical warty appearance of a papilloma situated in the palatal gingiva 
between the maxillary central incisors. 

Figure 35-22.   



 

Papillary epithelial fronds with hyperkeratosis and connective tissue cores. 

It is practically impossible to make an accurate clinical diagnosis of any type of 
benign mesenchymal tumor of the gingiva because all of them exhibit clinical 
features that are similar to conventional inflammatory lesions. Microscopic 
examination of these lesions is indispensable to establish a proper diagnosis and 
suitable management. 

Malignant Lesions of the Gingiva 

Proliferative Verrucous Leukoplakia 

In 1985, Hansen95 described for the first time a unique form of leukoplakia in a 
cohort of 30 patients. Because of its clinical appearance, consisting of expanding, 
verrucous white lesions, the term proliferative verrucous leukoplakia (PVL) was 
used.96 A total of 80% of patients with PVL are women, with a mean age of 65 
years. The mean age at the time of diagnosis for men is 49 years.96 A significant 
absence of risk factors is observed in patients with PVL. 

Clinically, the early lesions of PVL appear as a deceptive solitary homogeneous 
leukoplakia (Fig. 35-23). Despite its innocuous appearance, the leukoplakia recurs 



and relentlessly spreads over time resulting in diffuse, multifocal, and exophytic 
or verrucous type of oral lesions.97 The most common site is the buccal mucosa 
followed by the gingiva and the tongue. However, the gingiva exhibits the 
greatest malignant transformation rate, usually 7 years after the initial diagnosis. 

At the microscopic level, an array of changes occur over time and range from 
simple hyperkeratinization, verrucous hyperplasia, verrucous carcinoma, and at 
the end of the spectrum, invasive squamous cell carcinoma (Fig. 35-24).97 

Surgical eradication and laser vaporization of the lesions is difficult given the 
widespread nature of the condition, and render disappointing results with repeated 
recurrences. In cases in which PVL may be associated with HPV, a combination 
of surgery and a synthetic antiviral seem to be promising.98 Close follow-up of the 
patients with early aggressive treatment and regular long-term follow-up are 
warranted.99 

Figure 35-23.   

 

Proliferative verrucous leukoplakia. White verrucous and corrugated lesion 
with distinct borders. 

Figure 35-24.   



 

Proliferative verrucous leukoplakia. Verrucous hyperkeratosis with prominent 
granular cell layer and elongated rete pegs. 

Squamous Cell Carcinoma 

Squamous cell carcinoma is the most common malignancy of the oral cavity and 
oropharynx. Every year, 31,000 new cases of oral cancer are diagnosed in the 
United States. The gingiva (alveolar ridge included) is the third most common site 
for intraoral squamous cell carcinoma and represents about 15% to 25% of the 
oral epithelial malignancies.100–102 Mandibular gingival squamous cell carcinomas 
are more common than their maxillary counterparts (2:1 ratio) and 
characteristically exhibit a wide spectrum of clinical presentations, sometimes 
deceptively mimicking innocuous inflammatory conditions (Fig. 35-25).101,103,104 

Microscopically, infiltrative cords, islands, and sheets of malignant keratinocytes 
invade the connective tissue and exhibit cellular pleomorphism, hyperchromatism, 
and aberrant mitosis. The well differentiated squamous cell carcinomas show 
keratin pearl formation that facilitate their identification, whereas the poorly 
differentiated carcinomas may have to be subjected to immunocytochemical 
examination to be properly diagnosed (Fig. 35-26). 

Early diagnosis and treatment of squamous cell carcinoma of the gingiva leads to 
a 77% 5-year survival rate (stage I). In contrast, only 24% 5-year survival rates 
are observed in advanced stages (stage IV).105 Thus biopsy of gingival lesions that 
fail to resolve within 2 weeks is warranted.106 Gingival mandibular carcinomas 



exhibit a tendency to invade the underlying alveolar bone; however, the size of 
the tumor is more important than mandibular invasion in predicting local disease 
control.107 

Figure 35-25.   

 

Squamous cell carcinoma. Nodular mass on the mandibular right gingiva 
exhibiting a deceptively innocuous appearance. Results of a biopsy revealed 
the presence of a squamous cell carcinoma. (Courtesy Dr. Carl Allen; Ohio 
State University, Columbus, Ohio.) 

The mainstay of treatment for gingival squamous cell carcinoma is surgical 
resection with or without postoperative radiotherapy.108 Flow cytometry can be 
used to determine cellular phenotypic presentations (diploid and aneuploid cells). 
The presence of a large percentage of aneuploid signals in a squamous cell 
carcinoma heralds a poor prognosis.109 

Melanoma 

Melanomas originate from two types of neural crest cells: melanocytes and nevus 
cells. Melanocytes are dendritic cells that reside in the epithelium and show 
contact inhibition. In contrast, nevus cells reside in the subjacent connective tissue 
and tend to aggregate in clusters. Oral melanoma accounts for 0.5% of all oral 
malignancies.110 

Figure 35-26.   



 

Squamous cell carcinoma. High magnification view of pleomorphic 
keratinocytes infiltrating striated muscle fibers. 

Although the most common site for oral melanoma is the palate (40%), gingival 
melanomas represent close to one third of these tumors. Oral melanoma is more 
frequent in men than in women and is diagnosed during the fifth to sixth decade 
of life (age range, 40 to 90 years).111,112 Clinically, oral melanoma may exhibit 
three presentations: either a pigmented macule, a pigmented nodule with or 
without areas of ulceration, or a nodule with similar color to the surrounding oral 
mucosa (amelanotic melanoma) (Fig. 35-27). When the clinical presentation is a 
pigmented macule, lesions that should be included in the differential diagnosis 
include amalgam tattoo, oral melanotic macule, junctional nevus, and melanoma. 
(Fig. 35-28). It is not unusual for the nodular gingival melanoma to be 
asymptomatic and to be preceded by an area previously occupied by a long-
standing (months to years) pigmented macule. Alternatively, oral melanoma may 
appear de novo as a rapidly growing mass.111 Although the presence of 
pigmentation in a rapidly growing mass is an ominous sign suggestive of 
melanoma that will certainly prompt the clinician to take a biopsy, the lack of 
pigmentation of some melanomas (amelanotic melanoma) may not alert the 
practitioner to the seriousness of this lesion. Thus any rapidly growing lesion, 
either pigmented or not, requires a biopsy without delay.112 

Microscopically, the pigmented nodular type of melanoma is the most common 
(73%), consisting of proliferating atypical, pleomorphic, spindle-shaped, or 
epithelioid tumor cells containing melanin with frequent mitotic figures.113,114 



Figure 35-27.   

 

Melanoma. Solitary pigmented mass of the gingiva representing a vertical 
growth of a melanoma. 

Figure 35-28.   

 



Amalgam tattoo. Prominent pigmentation of the attached and marginal 
gingiva next to a large amalgam restoration. 

The treatment of choice for oral melanoma is surgical excision with adequate 
negative margins. Radiotherapy and chemotherapy are palliative interventions 
that may be used in addition to the surgical excision.110,115 The prognosis for 
gingival melanoma is quite poor and the 5-year survival rate stands at 18%. The 
survival rate is negatively affected by the presence of lymph node involvement at 
the time of diagnosis.110 

Sarcomas 

Intraoral soft tissue sarcomas (STS) are extremely rare, and there is an even 
greater paucity of STS affecting the periodontal tissues.116 Consequently, there is 
little clinical information regarding their occurrence. Most of the knowledge 
available in the literature about STS has been derived from case reports. Usually, 
STS are diagnosed in patients older than 20 years with no sex predilection. 

Cases of malignant peripheral nerve sheath tumor, angiosarcoma, 
rhabdomyosarcoma, leiomyosarcoma, liposarcoma, fibrosarcoma, and malignant 
fibrous histiocytoma have been reported involving the periodontium, especially 
the gingival tissues.116–129 Clinically, oral STS are exophytic, infiltrative masses 
that may exhibit rapid growth and may or may not be painful.116 

Because the clinical features are not specific, the precise final diagnosis is based 
on the histologic features of the tumor. Distant metastasis of intraoral STS is not 
uncommon.116 

Metastatic Gingival Lesions 

Metastasis to the gingival tissues is uncommon.130 However, more than half (55%) 
of the metastases restricted to the oral soft tissues involve the gingiva.131,132 

Clinically, some gingival metastatic lesions present as asymptomatic benign pink 
enlargements, whereas other lesions may closely simulate localized inflammatory 
reactive lesions that are misdiagnosed as pyogenic granuloma, giant cell granuloma, 
or peripheral fibroma.133 A more ominous presentation includes rapidly growing 
exophytic, erythematous, or hemorrhagic masses that may be pedunculated or 
sessile, rubbery to firm or fixed (Fig. 35-29). They usually exhibit large areas of 
ulceration producing marked halitosis and, in some cases, paresthesia of the lower 
lip. An equal distribution of mandibular and maxillary gingival metastatic lesions is 
observed.131 Circulating malignant cells show a proclivity to becoming entangled in 
the rich capillary network of the chronically inflamed gingiva.134 This notion is 
suggested by the observation that in 79% of dentate patients the oral metastases 
were located on the gingiva, whereas in edentulous patients, the metastases were 
located mainly in the tongue and the alveolar mucosa.131 



A biopsy is necessary to unveil the metastatic character of a gingival lesion.135 
Microscopic examination of the excised gingival tissue reflects the cytologic 
features of the primary tumor. Large cell carcinoma of the lung, osteosarcoma, 
angiosarcoma, Ewing's sarcoma, choriocarcinoma, multiple myeloma, 
hepatocellular carcinoma, transitional cell carcinoma, renal cell carcinoma, 
pancreatic carcinoma, prostate adenocarcinoma, breast carcinoma, neurosarcoma, 
and malignant fibrous histiocytoma have been reported as primary malignancies 
capable of producing metastasis to the gingival tissues.130,132–146 

Removal of gingival metastases is warranted because of the discomfort and 
bleeding that they produce.132 The prognosis for these patients is grim; death 
usually occurs a few months after the diagnosis of metastasis to the gingiva.147 

Figure 35-29.   

 

Metastatic adenocarcinoma. Lobular erythematous and hemorrhagic mass in the 
left mandibular gingiva. An incisional biopsy revealed a metastatic 
adenocarcinoma. 

HARD TISSUE LESIONS 

Similar to the gingival tissues, the mandible and maxilla are prone to development of 
odontogenic and nonodontogenic lesions. Imaging studies and microscopic 
examination play a central role in the proper diagnosis and management of these 



lesions. Figure 35-30 illustrates a selected number of bone lesions that must be 
separated on the basis of their microscopic characteristics. 

Odontogenic Lesions 

Cysts 

The list of central odontogenic cysts and tumors is extensive. Several 
comprehensive review articles and monographs on odontogenic cysts and tumors 
have been published.148–150 This section deals with a selected number of central 
odontogenic lesions that may present clinical or radiographic features affecting 
periodontal structures. 

Buccal Bifurcation Cyst. 

A variant of odontogenic cysts with specific clinical and radiographic features is 
the buccal bifurcation cyst. Clinically, a completely erupted and vital molar 
tooth presents buccal tipping of the crown, which is readily seen with an 
occlusal film. The most commonly affected tooth is the mandibular first molar, 
and less frequently the mandibular second molar.151 Imaging studies reveal the 
presence of a unilocular radiolucency at the bifurcation of a molar tooth (Fig. 
35-31). 

Microscopically, a cystic process with epithelial lining may or may not present 
chronic inflammation. Enucleation of the cyst with preservation of the involved 
teeth is the preferred treatment.152 

Lateral Periodontal Cyst. 

The lateral periodontal cyst (LPC) is an odontogenic cyst that originates from 
rests of dental lamina.153 LPC is more common in adults during the fifth to 
seventh decades of life. This lesion shows no sex predilection. 

The majority of these lesions are located in the mandibular canine to premolar 
areas and are usually discovered during a routine radiographic examination.154 
An important aspect that allows their segregation from inflammatory 
odontogenic cysts is that the neighboring teeth are vital.155 Expansion of the 
buccal or lingual alveolar plate with normal-appearing or slightly blanching 
surface mucosa may be observed in some cases. Pain is not a common feature of 
LPC. Radiographically, a well defined oval to teardrop, corticated radiolucency 
flanks two contiguous teeth, along their lateral root surfaces and between the 
alveolar crest and the root apices (Fig. 35-32).156 



Microscopically, a single cystic cavity lined by a thin layer of epithelium with 
focal budding is seen alternating with clear, glycogen-rich cells (Fig. 35-33). 
Nests of dental lamina rests are also seen in the cyst wall. A conspicuous 
absence of inflammatory cells is typical of LPC. The botryoid odontogenic cyst 
is a variant of LPC that exhibits a gross, radiographic, and microscopic 
polycystic appearance.157 The lesion may appear like a cluster of grapes 
radiographically and histologically. Unlike LPC, the botryoid odontogenic cyst 
exhibits the potential to recur.158 

Because other types of cysts and neoplasms may mimic the clinical and 
radiographic presentation of LPC, it is important to establish the final diagnosis 
of LPC on the basis of histopathologic, radiographic, and clinical 
information.159 Complete surgical removal of LPC with preservation of the 
neighboring teeth is the most appropriate treatment. 

Odontogenic Keratocyst. 

The odontogenic keratocyst (OKC) originates from remnants of dental lamina, 
occurs during the second and third decades of life, and affects the mandible 
twice as much as the maxilla. The most common location for OKC is the 
posterior body of the mandible and the ramus. Swelling or pain, or both, may be 
the only manifestations of OKC.160 OKC typically presents as a corticated 
unilocular radiolucency, although multilocular radiolucencies have been 
reported. In some occasions, the unilocular radiolucency is located between the 
roots of vital premolar mandibular teeth, thus simulating the radiographic 
presentation of a conventional LPC (Fig. 35-34). 

Microscopically, a cystic lining of highly uniform thickness, usually 6 to 8 
layers in thickness, is surfaced by parakeratin with a corrugated profile and 
palisading of the basal cells (Fig. 35-35). Detachment of the epithelium from the 
subjacent connective tissue and absence of rete pegs are seen.161 Inflammation 
is characteristically absent in the cystic connective tissue wall. However, if 
secondarily inflamed, the typical microscopic features of OKC are lost. 

Surgical removal with peripheral ostectomy is recommended because of the 
10% to 30% recurrence rate that OKC exhibits.162 Some authors advocate the 
use of Carnoy's solution before enucleation of the cyst.163 

Tumors 

Ameloblastoma. 

Ameloblastoma is the second most common odontogenic tumor and originates 
from any sort of odontogenic epithelium including dental lamina rests, epithelial 
rests of Malassez, reduced enamel epithelium, and cystic epithelial lining. 



Ameloblastoma exhibits no sex predilection and occurs in the mandible and the 
maxilla of adults at about their fourth decade of life.164 Most ameloblastomas 
occur in the mandibular molar area, are usually asymptomatic, and are 
discovered during a routine radiographic examination or during the exploration 
of a painless jaw swelling. 

Figure 35-30.   

 

Selected odontogenic and nonodontogenic bone lesions. 

Figure 35-31.   

 

Buccal bifurcation cyst. Computed tomography scan showing bilateral 
radiolucencies involving the bifurcation of the first mandibular molars. 
(Courtesy Dr. Lee Slater, Armed Forces Institute of Pathology, Washington, 
D.C.). 



Radiographically, ameloblastomas present as unilocular or multilocular 
corticated radiolucencies; however, the most common radiographic presentation 
of ameloblastoma is a unilocular radiolucency with corticated borders.165 When 
ameloblastoma presents in the mandible in an interradicular location in the area 
of premolars, distinction of LPC and OKC can only be done through 
microscopic examination of the lesion. 

Microscopically, ameloblastoma exhibits a variety of patterns, but the more 
common ones are the follicular and plexiform types. Palisading and nuclear 
hyperchromatism with reverse polarization and vacuolization of basal cells 
characterize ameloblastoma.166 Surgical excision with margins free of tumor is 
the treatment of choice.167 Conservative treatments such as enucleation and 
curettage are unacceptable and result in extremely high recurrence rates.164 

Figure 35-32.   

 

Lateral periodontal cyst. Periapical film showing an interradicular corticated 
radiolucency that has produced separation of neighboring teeth. 

Figure 35-33.   



 

Lateral periodontal cyst. The cystic space is lined by a thin epithelium with 
focal intraluminal budding. 

Adenomatoid Odontogenic Tumor. 

Adenomatoid odontogenic tumor is typically identified in the anterior jaws 
(mainly in the maxilla) of young individuals usually in their second decade of 
life. A definitive predilection for female individuals is observed.168 

Figure 35-34.   



 

Odontogenic keratocyst. Periapical film showing an interradicular corticated 
radiolucency that simulates the radiographic findings of lateral periodontal 
cyst. (Courtesy Dr. Jeffrey Meltzer, Fayetteville, N.Y.) 

Figure 35-35.   



 

Odontogenic keratocyst. Classic microscopic features of odontogenic 
keratocyst with very uniform thickness of epithelial lining, corrugated 
parakeratinization, and palisading of the basal cell layer. 

This lesion is characterized by a painless swelling with radiographic evidence of 
the presence of a unilocular radiolucency that sometimes shows focal 
radiopacities and is associated with an impacted tooth. However, some 
adenomatoid odontogenic tumors may present as an interradicular, unilocular 
radiolucency in the anterior jaws mimicking a LPC.169 

Microscopically, typical ductlike structures alternate with spindle-shaped to 
cuboidal epithelial cells that form nests or rosette-like structures with 
interspersed eosinophilic amorphous material and scattered calcifications (Fig. 
35-36).170 The adenomatoid odontogenic tumor is treated by simple enucleation 
and the prognosis is excellent with no recurrences anticipated.162 

Odontoma. 

Odontoma is the most common odontogenic tumor.171 Two types of odontomas 
are recognized. The compound odontoma is characterized by the presence of 
hard and soft dental tissues that have a tendency to recreate the shape of teeth 
(denticles). In contrast, complex odontoma is the result of a haphazard 
configuration of hard and soft dental tissues. Compound odontomas exhibit a 
predilection for the anterior maxilla, whereas complex odontomas are usually 
located in the posterior areas of the maxilla and mandible.172 

Figure 35-36.   



 

Adenomatoid odontogenic tumor. Figure illustrates two characteristic 
ductlike structures composed of cuboidal epithelial odontogenic cells. 

The majority of odontomas are associated with an unerupted tooth and are 
diagnosed during childhood and adolescence in the course of a routine 
radiographic examination. Radiographically, an odontoma in an early stage 
appears as a well defined radiolucency. However, once mineralization is 
established, compound odontomas exhibit radiopaque toothlike structures 
surrounded by a peripheral thin radiolucency (Fig. 35-37). The complex 
odontoma consists of a radiopaque mass. 

Microscopically, enamel matrix, dentin, pulp, and reduced enamel epithelium 
are observed. Enucleation is the preferred treatment and the prognosis is 
excellent. 

Nonodontogenic Lesions 

Benign 

Bone Exostosis. 

Exostoses are localized peripheral overgrowths of bone. Depending on their 
location in the jaws, they are identified as torus mandibularis (lingual 
mandibular plate) or torus palatinus (hard palate). Sometimes, several bony 
overgrowths occur on the vestibular alveolar bone and are simply called 
multiple exostosis (Fig. 35-38). 



A peculiar condition consisting of bone exostosis has been reported to occur in 
some patients after undergoing either a skin graft vestibuloplasty or an 
autogenous free gingival graft.172–174 A slowly growing exostosis develops at the 
recipient site of the gingival graft. A definitive female sex predilection is 
characteristic of this condition, which usually presents in the canine-premolar 
area of the mandible or maxilla. 

Figure 35-37.   

 

Odontoma. Periapical film reveals a compound odontoma associated with 
the crown of a central incisor. 

Figure 35-38.   



 

Exostosis. Multinodular exostosis of the vestibular alveolar bone. On 
palpation, its bony nature is confirmed. 

Microscopically, the bone exostosis consists of lamellar or woven bone, or both, 
surrounded by fibrous connective tissue with or without scarce inflammatory 
cells.175,176 Surgical removal of this lesion is indicated if interference with a 
removable prosthetic appliance occurs or if esthetic concerns emerge.177 
Patients receiving a free gingival graft should be informed about the potential 
for development of a bone exostosis at the surgical site.176 

Osteoma. 

Osteomas of the jaw bones are usually diagnosed in the second to fourth decade 
of life during a routine radiographic examination and are more common in the 
mandible.178 Radiographically, they appear as radiopaque masses and well 
defined lesions. The presence of multiple osteomas in the mandible may 
represent the first sign suggesting a diagnosis of Gardner syndrome.179 

Microscopically, osteomas consist of either dense lamellar bone with scarce 
connective tissue stroma or lamellar trabecular bone with accompanying 
fibrofatty marrow. Surgical excision is reserved only for symptomatic cases and 
the prognosis is excellent. 



Malignant 

Osteosarcoma. 

Osteosarcoma is a malignant tumor characterized by the direct formation of 
bone or osteoid tissue by the tumor cells.180 Although the literature seems to 
indicate that osteosarcomas of the jaws have a slight female sex predilection, 
some series report a greater incidence in male individuals.180–183 Osteosarcoma 
of the jaws can appear throughout a wide age spectrum, but it is usually 
diagnosed during the third to fourth decade of life, and it seems to affect 
mandible and maxilla at similar rates.184 More specifically, the body of the 
mandible is the most frequent primary site for osteosarcoma, followed by the 
symphysis, angle, and ascending ramus. In the maxilla, the alveolar ridge and 
the maxillary antrum are the most frequent sites.185 

Clinically, swelling, pain, and paresthesia are the most common signs and 
symptoms.186 Paresthesia is an ominous symptom that is associated with a poor 
prognosis.187 The typical scenario involves a rapidly growing firm or hard tumor 
that may cause loosening and migration of the teeth.183 In some cases, swelling 
without pain or accompanying neural deficit may be the only complaint.186 A 
variant of osteosarcoma, the so-called juxtacortical osteosarcoma, can arise on 
the alveolar bone of dentate patients and may mimic the clinical appearance of 
"pyogenic granuloma."188 

Radiographically, osteosarcoma presents as radiolucent, radiopaque, or mixed 
lesions. Most osteosarcomas show a mixed (radiopaque-radiolucent) density 
with irregular margins and only a small number shows well defined borders 
without cortication. The classic "sunburst" appearance of osteosarcoma may be 
seen in about half of the cases.189 A symmetric widening of the periodontal 
ligament space is a significant feature of osteosarcoma. This finding may 
present as the initial radiographic sign in close to a third of osteosarcomas of the 
jaws and is best demonstrated with periapical films. If the periodontal ligament 
widening affects all the teeth, scleroderma (systemic sclerosis) should be 
considered in the differential diagnosis. The mandibular canal may show 
indistinct and irregular borders when the tumor is in close proximity to it. A 
comprehensive radiographic assessment including periapical, occlusal, and 
panoramic films can be extremely valuable to establish an early diagnosis of 
osteosarcoma.182,189 

Microscopically, osteosarcoma is composed of malignant stromal cells that 
form osteoid or primitive bone. A predominance of a fibroblastic, osteoblastic, 
or chondroblastic component may be observed in osteosarcoma.185 

Surgical excision is the treatment of choice. Hemimandibulectomy is 
recommended for lesions of the ascending ramus. For body of the mandible and 
parasymphyseal tumors, a wide surgical excision with clear surgical margins 



greater than 5 mm is imperative to improve 5-year survival rates. For maxillary 
tumors, maxillectomy with orbital preservation is preferred.181 Five-year 
survival rates range from 10% to 85%.181 Patients receiving coadjuvant 
chemotherapy seem to have better survival rates.187 

Chondrosarcoma. 

Chondrosarcoma is a malignant tumor characterized by the formation of 
cartilage by the tumor cells.190 Chondrosarcoma of the jaws presents equally in 
male and female individuals with a peak incidence in the third to fifth decades 
of life and shows predilection for the maxilla.191,192 The most common sign of 
chondrosarcoma is the presence of an enlarging mass that produces cortical 
expansion with concomitant resorption and exfoliation of neighboring 
teeth.192,193 

The typical radiographic appearance consists of an ill-defined radiolucency with 
mottled areas of calcification. Sometimes, a "sunburst" pattern similar to that 
seen in osteosarcoma is observed. In addition, widening of the periodontal 
membrane of teeth involved by the tumor may be demonstrated in periapical 
radiographs.193 

At the microscopic level, chondrosarcoma shows identifiable cartilage with 
different degrees of maturation, cellularity, nuclear pleomorphism, and 
binucleation, with a distinctive lobular pattern of growth.194 

The preferred treatment for chondrosarcoma of the jaws is radical surgery. 
Although chondrosarcomas are slow growing and metastasize later in their 
course, they are locally aggressive and exhibit a 5-year survival rate that ranges 
from 32% to 80%.193,194 Long-term follow-up is warranted as some 
chondrosarcomas may recur 10 to 20 years later.192,193 

Lymphoma. 

Lymphomas are malignant neoplasms of the lymphoreticular system that can be 
divided into two main categories: Hodgkin's disease, characterized by the 
presence of Reed-Sternberg cells, and non-Hodgkin's lymphoma (NHL).195 
Hodgkin's lymphoma rarely presents in the oral cavity, and thus is not discussed 
in this section. 

The head and neck represent the second most common site for primary 
extranodal NHL.196,197 Most cases of NHL in the oral cavity are secondary 
rather than primary lesions. However, when the oral cavity is the primary site, 
NHL tends not to spread to other sites.198 NHL of the oral cavity is most 
commonly diagnosed in adults after the sixth decade of life and shows a 2:1 
male-to-female ratio.199,200 The favored intraoral soft tissue sites for NHL are 
the palate and gingiva.199 Clinically, a mass or an ulcerated mass similar to 



squamous cell carcinoma or salivary gland tumor is observed.201 However, NHL 
may also appear as a benign swelling. 

When intraosseous, NHL exhibits an ill-defined radiolucency with alveolar 
bone loss and tooth mobility that may resemble aggressive periodontitis or 
periodontal abscesses.195,201,202 Perforation of the cortical bone with ensuing 
swelling, pain, numbness, and an exophytic soft tissue mass is observed in long-
standing central lesions.201 

At the microscopic level, NHL is segregated into follicular and diffuse types. A 
variety of immunocytochemical probes have revealed that most NHLs have a B-
cell make-up and only a minority are T-cell lymphomas.200,203 The treatment of 
lymphoma varies according to the type of tumor. Radiotherapy, chemotherapy, 
and surgery are commonly used.198 

Multiple Myeloma. 

Multiple myeloma is a malignant neoplasm characterized by a monoclonal 
proliferation of plasma cells involving multiple bone sites that is accompanied 
by increased levels of immunoglobulins in serum or light chains in urine (Bence 
Jones protein). Serum electrophoretic analysis reveals a monoclonal expansion 
of either IgG- or IgA-producing cells.204,205 Multiple myeloma occurs most 
frequently in adults after their fourth decade of life, mainly in African-
Americans, and exhibits a slight male sex predominance.206,207 

Multiple myeloma may affect any bone, but the vertebrae, ribs, skull, pelvis, 
jaw bones, femur, clavicles, and scapulae are the most commonly affected 
sites.208 Jawbone involvement often occurs in advanced stages of the disease 
and is more common in the posterior mandible and the premolar and molar 
region.205,208,209 Although an asymptomatic swelling of the mandible is the most 
common sign, pain, numbness, mobility of the teeth, a gingival mass, and 
pathologic fractures are not uncommon.205,209 

Radiographically, multiple "punched out" osteolytic lesions are observed.205 
Multifocal areas of alveolar bone loss may resemble periodontal disease.208 
Sometimes, solitary bone lesions (plasmacytoma) or soft tissue lesions 
(extramedullary plasmacytoma) may present without bone marrow involvement. 
Nevertheless, they may progress, eventually involve the bone marrow, and 
follow the typical course of multiple myeloma.206 

A not uncommon complication of multiple myeloma is amyloidosis, which may 
result in macroglossia.210 Chemotherapy is the treatment of choice for multiple 
myeloma. The prognosis is poor with a 5-year survival rate of only 25%.207 

MISCELLANEOUS 



Giant Cell Fibroma 

Giant cell fibroma is a lesion commonly seen in young individuals with definitive 
predilection for the mandibular gingival tissues.211 This lesion is usually 
pedunculated and presents a nodular surface. 

The microscopic features are characteristic and consist of hyperplastic fibrous 
connective tissue with interspersed large stellate and multinucleated fibroblasts that 
conglomerate mainly in the vicinity of the epithelial-connective tissue interface but 
can be seen throughout the lesion.212 Simple surgical excision is the preferred 
treatment.213 

Retrocuspid Papilla 

The retrocuspid papilla is a small sessile (occasionally pedunculated) nodular lesion 
on the lingual gingiva, adjacent to the mandibular canine, usually 1 mm below the 
free gingival margin.214 The retrocuspid papilla is bilateral, asymptomatic, more 
common in children and young adults, and, in some cases, it may disappear with 
age. The mean age at the time of diagnosis is around 26 years. This lesion displays 
a firm consistency, pinkish-white color, and measures approximately 0.5 cm in 
diameter. 

Microscopically, a striking resemblance to giant cell fibroma is observed.215 This 
lesion is considered by most authors to be a "normal variation," whereas others 
deem it an hamartomatous condition.216 

Once a sound clinical diagnosis is established on the basis of bilateral distribution, 
clinical appearance, and location, biopsy is unnecessary. However, in those few 
cases where the retrocuspid papilla exhibits a reddish discoloration, biopsy is 
warranted to rule out a pathologic process.215 

Gingival Fibrous Nodule 

Gingival fibrous nodule represents a variation of normal oral structures. Clinically, 
single or multiple asymptomatic nodules, 2 to 4 mm in diameter, are located on the 
anterior labial mucogingival region. They exhibit white-pink to pink color and are 
firm but not bony hard. 

Microscopically, these nodules consist of hyperplastic dense fibrous connective 
tissue with sparse fibroblasts and scattered lymphocytes. The differential diagnosis 
of gingival fibrous nodule includes fibroma, papilloma, focal epithelial hyperplasia, 
multiple hamartomas, gingival cyst, and exostosis.217 Because this is a variation of 
normal oral structures, no treatment is indicated and a biopsy is necessary only if 
there is clinical uncertainty. 



Langerhans Cell Disease 

Langerhans cell histiocytosis is a proliferative disorder of the reticuloendothelial 
system with a suspected underlying neoplastic etiology.218,219 Langerhans cell 
histiocytosis includes three clinical entities: Letterer-Siwe disease (acute 
disseminated histiocytosis), Hand-Schüller-Christian disease (chronic disseminated 
histiocytosis), and eosinophilic granuloma (chronic localized histiocytosis).220 
These variants have different clinical features but considerable overlap is observed 
among them. The following discussion focuses on the oral involvement of 
eosinophilic granuloma. 

Eosinophilic granuloma may present as a monostotic or polyostotic bone disorder, 
and rarely it may be restricted to oral soft tissues, mainly the gingiva.218,221–223 Pain, 
jaw swelling, and tooth mobility are common clinical features.220,221 
Radiographically, a "scooped-out" radiolucency with well defined borders is 
typically observed.224 Severe destruction of the supporting alveolar bone can 
produce displacement of the teeth and may mimic advanced periodontal disease.220 
In extreme cases, the radiologic appearance of teeth "floating in air" is observed.221 
Oral soft tissue involvement is usually manifested as swelling or ulceration of the 
gingiva.218,223 

The microscopic features of eosinophilic granuloma consist of sheets of 
mononuclear cells with pale cytoplasm and vesicular lobulated nuclei with a "coffee 
bean" appearance (Langerhan's cells) and abundant eosinophils. The definitive 
diagnosis of eosinophilic granuloma requires the identification of Langerhan's cells 
by either immunohistochemistry (CD1 or S-100 antisera) or electron microscopy 
(cytoplasmic Birbeck's granules).225 

Therapeutic interventions include surgery, radiation, or chemotherapy. Intralesional 
injection of corticosteroids (prednisone) in solitary lesions has been reported to be 
effective.218,226 The prognosis for eosinophilic granuloma is good. However, long-
term follow-up is mandatory, because progression and dissemination of the disease 
with subsequent visceral involvement can occur and has a poor prognosis.227 

Oral Focal Mucinosis 

Oral focal mucinosis is an uncommon condition of unknown etiology.228 This 
condition occurs in a wide age range (16 to 61 years) with a mean age around 40 
years and exhibits a 2:1 female-to-male ratio. A marked predilection for gingival 
tissues is characteristically seen.229 Oral focal mucinosis appears as a smooth 
surface nodular mass that rarely may exhibit a lobular surface and that it is usually 
clinically diagnosed as a "fibroma." This lesion is asymptomatic and varies in size 
from 0.3 to 2.0 cm, but most are about 1 cm in diameter. 

Microscopically, oral focal mucinosis is characterized by the presence of a localized 
area of myxomatous connective tissue that may or not be circumscribed by a dense 



fibrous connective tissue stroma. A homogeneous mucinous material separating 
collagen fibrils interspersed with fusiform, stellate, or ovoid fibroblasts occupies the 
core of the myxomatous area.230 Histochemical stains suggest that the mucinous 
material is hyaluronic acid produced by fibroblasts. 

The treatment for oral focal mucinosis is surgical excision. The prognosis is 
excellent and no recurrence has ever been reported. 

Gingival Hyperplasia Associated With Plasminogen 

Deficiency (Amyloid-like gingival hyperplasia) 

Plasminogen is the precursor of plasmin, the main fibrinolytic enzyme, which plays 
an important role in wound healing. A quantitative or qualitative deficiency of 
plasminogen results in the accumulation of fibrin in the oral mucosa, in particular, 
in the gingival tissues. This condition has a predilection for female individuals and 
is clinically characterized by gingival enlargement composed of nodules, papules, 
plaques, and ulcerations (Fig. 35-39).231,232 Although these lesions usually develop 
within the first two decades of life, there is a report of an individual developing the 
typical gingival lesions at age 59 years.233 A small number of these patients may 
show synchronous ligneous ("woodlike") conjunctivitis.234 

Microscopically, the stratified squamous epithelium is acanthotic with hyperplastic 
rete pegs, severe neutrophilic exocytosis, and ulceration. The papillary lamina 
propria contains numerous pools of acellular, eosinophilic, homogeneous material 
that stains positively for fibrin with Fraser-Lendrum histochemical stain and 
antifibrin antibodies with direct immunofluorescence.233,235 

Surgical excision of the enlarged tissue followed by meticulous oral hygiene is the 
preferred treatment. Unfortunately, the excised lesions show a tendency to recur 
swiftly. Replacement therapy with lys-plasminogen holds great promise once it 
becomes widely available.236 

Verruciform Xanthoma 

Verruciform xanthoma is a benign and uncommon lesion of unknown etiology with 
predilection for the masticatory mucosa. At least one third of verruciform 
xanthomas occur in the gingival tissues.237 Typically, this lesion is small (0.2 to 2.0 
cm), asymptomatic, and has a "warty" surface of normal to slightly reddish or gray 
color, usually with a sessile base.238,239 Most patients with verruciform xanthoma 
are middle-aged individuals in their fourth to fifth decades of life. 

Microscopically, the lesion shows a verrucous surface with hyperkeratinization that 
extends down in a cryptic pattern among elongated rete pegs. The uniformity of 
depth of the rete pegs is quite distinctive and the papillary lamina propria is filled 



by characteristic foamy macrophages.238 Simple surgical excision is the treatment of 
choice.240 

Figure 35-39.   

 

Gingival enlargement associated with plasminogen deficiency. Gingival 
enlargement with ulcerations. 

Gingival Salivary Gland Choristoma 

The presence of normal-appearing tissue in an abnormal location is known as 
choristoma. A number of gingival salivary gland choristomas have been 
documented. They present as sessile or pedunculated smooth nodular lesions on the 
attached gingival tissues. The subjacent bone is intact as indicated by the 
appropriate imaging studies. 

Microscopic examination reveals the presence of fibrous connective tissue 
containing mucous producing acinar cells and associated excretory ducts. This 
lesion is managed surgically and has an excellent prognosis with no recurrences 
ever reported.241–244 

Wegener's Granulomatosis 

Wegener's granulomatosis (WG) is a systemic disease of unknown etiology 
characterized by the formation of necrotizing granulomas of lower and upper 
respiratory tract, generalized necrotizing vasculitis of small arteries and veins, and 
necrotizing glomerulonephritis.245 WG has no sex predilection and it is more 



common in white individuals. WG occurs in a wide age range with a mean age of 
about 40 years.246–248 

Three clinical variants of WG have been described: classic, limited, and superficial. 
The classic form of WG affects upper and lower respiratory tracts exhibiting rapid 
disseminated necrotizing vasculitis that without treatment progresses and may lead 
to kidney failure and death.245,249 The limited variant of WG is characterized also by 
upper and lower respiratory tract lesions, but without a fatal renal outcome.249 The 
superficial variant affects only mucosal or cutaneous tissues. Although this variant 
of WG may also evolve to pulmonary or renal involvement, or both, it shows a slow 
progression and better prognosis.249 

Oral lesions are the initial manifestation in about 6% to 13% of patients with WG. 
Alternatively, the oral lesions may appear concurrently with or shortly after upper 
respiratory tract, pulmonary, and renal involvement.245,247,250 The oral lesions 
consist of a characteristic focal or generalized gingival enlargement with a red 
granular surface referred to as "strawberry gums or strawberry gingivitis" (Fig. 35-
40).247,250 The gingival enlargement usually begins in the interdental papilla and 
eventually produces periodontal destruction and tooth loss.247,251 WG patients may 
also present ulcers, especially in the palate (by extension from a nasal involvement), 
poor healing of extraction sites, and oral-antral fistulae.250 Rare salivary gland 
involvement has also been reported.252,253 

Microscopically, the oral lesions consist of a mixed infiltrate of acute and chronic 
inflammatory cells with microabscess formation and occasional multinucleated 
giant cells. In addition, necrotizing vasculitis, hemorrhage, pseudoepitheliomatous 
hyperplasia, or epithelial ulceration are also present.250 Although these microscopic 
features are unspecific, evaluation by immunofluorescence of cytoplasmic 
neutrophil anticytoplasmic autoantibodies in the patient's serum has been proven to 
be highly specific for WG.254 

Figure 35-40.   



 

Wegener's granulomatosis. The maxillary and mandibular gingiva show the 
classic "strawberry gingivitis" associated with Wegener's granulomatosis. 

WG is best treated with the systemic administration of prednisone and 
cyclophosphamide.248 Intralesional infiltration with corticosteroids has been 
reported to induce a prompt resolution of gingival lesions.247 Early diagnosis and 
treatment of WG greatly improves its prognosis. Therefore familiarity with the oral 
manifestations of WG is crucial. 
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A thorough evaluation of the patient's dental and medical history is fundamental for 
accurate diagnosis, appropriate treatment planning, and proper management of the 
patient's periodontal condition. The importance of obtaining and evaluating a complete 
medical and dental history cannot be overemphasized. There is a rapidly growing 
segment of the population whose physical or psychosocial problems may complicate 
dental treatment. The elderly or medically compromised patient may require special 
consideration before undergoing dental treatment. Identification of potential systemic 
disorders is a prerequisite to assessing the impact of such conditions on dental care. The 
significance of medical history and current medical status to periodontal diagnosis and 
treatment planning is even more relevant in light of the substantial evidence linking 
periodontal disease to systemic conditions (see Chapters 31 and 32). It is through this 
information that the clinician is made aware of previous or current medical conditions, 
which may directly affect the severity and extent of periodontal disease and the ability 
to treat the patient's periodontal needs. In addition, a major goal of dental care is to 
provide a safe treatment environment and to prevent in-office medical emergencies. 
Medically compromised patients present the greatest risk for such emergencies. The 
medical history and physician consultation, when indicated, provide the best means of 
preventing perioperative medical emergencies in the dental office. 

Taking the medical and dental history includes eliciting information regarding the 
patient's past and current medical and dental status. This is done by administering a 
questionnaire to the patient, where systemic health is self-reported, followed by 
interviewing the patient. The degree of effectiveness in eliciting and gathering 
information on the medical status depends both on the clarity of the questionnaire 
administered and the quality of communication between the dentist and the patient. It is 
important to determine the patient's reason for seeking dental care by eliciting his or her 
chief complaint (Box 36-1). Establishing the chief complaint allows the dentist's initial 
focus to be on what the patient perceives to be his or her main problem. Although 
patients are typically asking the clinician to resolve their chief complaint, the dentist 
first needs to evaluate the patient health as a whole. It is through a thorough assessment 
of the information obtained that the health care provider makes a decision to either treat 
the patient's presenting symptom immediately or to first investigate the medical status 
further. 

MEDICAL HISTORY 

The goal of the medical history evaluation is to assess all physiologic systems and to 
identify all prescription and nonprescription medications being taken by the patient.1,2 
The clinician must critically evaluate the patient's medical history and determine its 
relevance and impact on the care that is needed. If the patient is undergoing treatment 
for any current illnesses or medical conditions, it is generally of greater relevance to 
treatment than past illnesses, although this may not always be true depending on the 
nature of the past condition. 

Box 36-1  Establishing the Patient's Chief Complaint 



Questions to ask include:  

• Is there a problem? 

• Is the problem acute or chronic? 

• If the problem is chronic, what is the duration of the problem? 

• Is the patient experiencing pain? If so, what is the level of severity? (A 
visual analog scale of 1 to 10 or 1 to 100 may be useful for determining the 
degree of pain.) 

• Does the patient have a sense of urgency? 

• Has the patient received prior treatment for this problem? 

History taking is a technique for eliciting subjective information. These data are 
organized logically to convey the patient's physical and emotional status. Diagnosis 
of a specific systemic condition may require consultation with a physician. 
Approximately 25% of patients in population studies of dental schools require 
medical consultation.2 The medical history puts the physical and dental examination 
into perspective by supplying information that should alert the clinician to suspected 
abnormalities. A proper evaluation of the patient includes recording a complete 
medical history, recording appropriate findings from physical examination, ordering 
and interpreting laboratory studies, when indicated, and initiating medical 
consultation as needed. 

Recording the Medical History 

The two basic steps in obtaining a medical history include a written questionnaire 
and a personal interview. Both steps are an absolute requirement. The personal 
interview augments the written questionnaire; significant findings may be elicited 
by a detailed interview, even in patients whose written questionnaire is essentially 
negative. The questionnaire helps the patient recall frequently used medications and 
various symptoms that may indicate an underlying systemic disorder. It can also 
assist the dentist in focusing the personal interview and identifying areas to explore 
in further depth. The questionnaire, completed in privacy, can alleviate 
embarrassment in answering questions related to habits or addictions, sexual 
preferences or risks for sexually transmitted diseases, and other sensitive topics. 
The dentist must always keep patient confidentiality and sensitivity in mind when 
conducting the personal interview. 

In some dental practices, the medical and dental history forms are sent to the patient 
for completion before the first appointment. By receiving the form before the first 
visit a patient may have access to information that may not be available to them if 
they were filling out the form in the waiting room. The information that they may 
need to look up includes their physician's name, address, and phone number; a list 



of medications that they are currently taking with appropriate dosages; a list of any 
drug allergies; and the dates of prior illnesses and hospitalizations. If the patient 
arrives at the dental office with a completed form with all of this information at the 
initial visit, it provides the dentist with an ideal starting point for a verbal interview 
to ensure that it is safe to proceed with dental examination and treatment. 

Medical and dental history forms are available from the American Dental 
Association (Fig. 36-1) and from numerous private companies, or one may prefer to 
prepare an individualized form tailored to their specific practice. This form should 
include biographical data such as the patient's name, address, weight, age, sex, 
social security number, and emergency contacts, along with an assessment of his or 
her own medical health and dental health. This "self-assessment" of health will 
provide the practitioner with another means by which to assess the patient's 
readiness and capability of having dental treatment performed. The name, address, 
and telephone number of the patient's physician should be obtained, along with any 
medical treatment being received, the reasons for treatment, the frequency of care, 
and the time elapsed since the last visit to the physician. The medical history and 
evaluation should be updated during each maintenance visit after active periodontal 
therapy (e.g., every 3 to 6 months). During protracted periods of active therapy, 
frequent updates are also indicated, because the patient's physical condition can 
change significantly between visits. 

A list of current medications, dosages, and their indications should be obtained. The 
dentist should determine if the medication is being used for a chronic condition or 
for a current or acute need. Self-medication with herbs, vitamins, and over-the-
counter products should be assessed because they can interfere with other 
medications or treatment, and a patient may not report self-medication unless 
specifically asked. 

Social History/Habits 

Taking a social history may assist in determining the patient's response to the 
demands of daily life. The social history may help explain the patient's attitudes 
toward his or her health problems and the dentist's treatment recommendations. For 
example, an alcoholic patient may be unwilling to follow recommendations about 
diet and oral health regimens. Patients should be questioned regarding alcohol and 
recreational drug use including what is consumed, frequency of use, and quantity. 
Patients who abuse these substances may be poor risks for certain types of 
treatment, because of either the acute effects of these drugs or the long-term effects 
of chronic abuse. 

Tobacco use is a lifestyle habit with direct impact on the successful outcome of 
treatment of periodontal disease, and it is an important part of the social history (see 
Chapter 34). Tobacco use is an important risk factor in the prevalence, severity, and 
progression of periodontitis.3 Information on tobacco use should not be restricted to 
a simple "yes" or "no" answer. The medical history should include specific 



questions on type of tobacco product used—for example, cigarettes, cigars, pipe, or 
smokeless tobacco, or any combination of these different products—and the 
frequency of use, both in terms of number of times per day and years of use. This 
will give the dentist information on the severity of the nicotine dependency of the 
patient and also will allow an estimate of the possible outcome of different 
modalities of periodontal therapy. Patients should be counseled on the risks of 
tobacco use and on its detrimental effect on periodontal health and on any 
periodontal therapy rendered. Thus patients should be asked specific questions on 
their desire to quit using tobacco and on any past efforts to quit. 

Review of Systems 

A review of medical systems should be performed to clarify any positive responses 
from either the questionnaire or from the verbal interview. Questions that may be 
useful for a review of the cardiovascular and cerebrovascular systems are included 
in Box 36-2. The medical history should specifically ask about each of these 
conditions, and follow-up questions should be asked during the interview.4 Data 
should include how long the condition has been present and what limitations the 
patient may have as a result of that condition. Cardiac conditions should be assessed 
and may or may not require additional consultation with the patient's physician, but 
it is desirable to investigate the relevance of the condition before treatment. 

If there is a history of stroke, the type of stroke, the time since the stroke, history of 
repeated strokes, and the level of deficit and recovery should be determined. If there 
is a history of ischemic stroke, patients frequently have some degree of medically 
necessary anticoagulation. It may be necessary to obtain information on their 
International Normalized Ratio (INR) values before treatment to assess the 
possibility of bleeding (see Chapter 37). It is likely that the level of anticoagulation 
necessary for scaling and root planing would be different from that which would be 
needed for surgical therapy. Frequent interaction with the patient's physician may 
be required for treatment of these patients. 

Figure 36-1.  American Dental Association medical 

history form. 



 

Box 36-2  Pertinent Questions Relative to 

Cardiovascular and Cerebrovascular Disease 

Does the patient have a history of any of the following:  

• Myocardial infarction (heart attack) 



• Angina (chest pain) 

• Bypass surgery 

• Congestive heart failure 

• Heart valve defects 

• Mitral valve prolapse 

• Heart murmur 

• Rheumatic heart disease 

• Hypertension 

• Coronary artery disease 

• Implantable pacemaker 

• Implantable defibrillator 

• Cerebrovascular accident (stroke) 

• Transient ischemic attack 

Respiratory concerns that should be addressed when taking a medical history are in 
Box 36-3. A positive response to questions about these conditions warrants 
additional investigation.2 For example, if the patient has asthma, what induces the 
reaction? How often does the patient have an asthma attack? Does the attack 
respond readily to treatment? If the patient has emphysema, is supplemental oxygen 
required? If a patient is positive for tuberculosis and the disease is active, this may 
contraindicate treatment other than palliative or emergency care. Active 
tuberculosis requires the provider to use special mask protection to prevent 
inhalation of the infective agent. If the patient is under medical treatment for any of 
these conditions, what is the patient being treated with, for how long, and what is 
the current disease status? If there is any uncertainty about the patient's respiratory 
status, a physician consult is indicated. 

Box 36-3  Pertinent Questions Relative to 

Respiratory Disease 

Does the patient have a history of any of the following:  

• Asthma 

• Emphysema 

• Chronic bronchitis 



• Chronic obstructive pulmonary disease (COPD) 

• Upper respiratory disease  

• Sinusitis 

• Hay fever 

• Seasonal allergies 

• Tobacco use 

For upper respiratory problems, the dentist should ascertain the frequency and 
severity of the condition, and if any etiologic factors, such as dust, mold, or pollen 
are associated with the condition. The influence of upper respiratory conditions and 
their relation to facial pain could be of importance in the differential diagnosis of a 
patient's chief complaint. The symptomatology of a sinus infection may closely 
mimic odontogenic pain, and a history of previous sinusitis may assist the dentist in 
arriving at a correct diagnosis and avoiding treatment errors. The presence of 
chronic sinusitis may also be a relative contraindication for sinus elevation 
procedures. 

A major risk factor in the progression of periodontal disease is a history of diabetes 
mellitus2,5–7 (see Chapter 31). Signs of diabetes mellitus should be evaluated in 
patients that deny a history of the disease. If the patient confirms the presence of 
some of these signs, such as thirst, fatigue, increased frequency of urination, and 
loss of weight in a nondieting situation, a referral to the physician may be indicated. 
Patients who report a positive family history of diabetes mellitus and exhibit any of 
the above signs and symptoms should be referred immediately for physician 
evaluation of possible undiagnosed diabetes. In patients with a history of diabetes, 
the presence of either type 1 or type 2 diabetes should be determined (see Chapter 
37). The method of control of their blood glucose and medication dose should be 
determined. The methods could include diet, oral medication, insulin, or a 
combination of these methods. The dentist should review the patient's level of 
glycemic control, the frequency of blood sugar testing, and the range of blood 
glucose values obtained. It is common for the dentist to contact the patient's 
physician for an objective assessment of the patient's metabolic control. 

For hepatic disease, the dentist should inquire about any episodes of jaundice or 
hepatitis. If a positive response is obtained, the clinician should determine what 
type of hepatitis was contracted, when it occurred, whether the patient is a carrier, 
and the treatment provided. Because the liver is responsible for the production of 
numerous clotting factors, there may be a need to evaluate for possible bleeding 
concerns during treatment (see Chapter 37). The dentist should also exercise 
caution in prescribing medications metabolized by the liver such as aspirin, 
acetaminophen, ibuprofen, tetracycline, and metronidazole. 



Patients may have a history of either osteoarthritis or rheumatoid arthritis. These 
patients often are being treated with nonsteroidal antiinflammatory drugs or 
steroids, or both. Nonsteroidal antiinflammatory drugs could lead to increased 
bleeding because of their effects on platelets. Steroid use may induce adrenal 
suppression, mask oral infection, or impair wound healing.2 The increased stress of 
an acute oral infection, odontogenic pain, or significant dental treatment may induce 
an adrenal crisis. The physician should be consulted for patients taking steroids on a 
long-term basis, or patients taking high doses of steroids even on a short-term basis. 
Patients with arthritis should be questioned as to their ability to perform adequate 
oral hygiene. They may have difficulty in holding a toothbrush or using dental floss, 
and instruction on proper use of dental aids may be needed to help them obtain 
optimal oral hygiene. For patients with symptomatic arthritis, appointments may 
need to be kept short and the patient allowed to make frequent changes in position. 

Renal disease can manifest itself as a variety of conditions.8 These could range from 
a history of kidney stones (renal calculi) to end-stage renal failure. Because the 
kidney is involved in excretion of many medications, one must be certain that the 
patient will adequately eliminate any medication prescribed, to avoid any 
undesirable complications. Caution should be used with the recommendation of any 
nephrotoxic medications. 

Joint replacement is being seen at an increasing frequency with more than 100,000 
major joint prostheses being placed annually. Microbial infection is the major cause 
of prosthetic joint failure. It is necessary to determine what joints have been 
replaced, the reason why this was indicated, the length of time since placement, and 
any cautions the patient has received from the physician. It is generally 
recommended that the patient be premedicated before dental procedures that may 
induce bleeding for at least the first 2 years after joint replacement.9 The organisms 
most frequently implicated in infection are Staphylococcus aureus and 
Staphylococcus epidermidis, which are rare inhabitants of the oral flora. If there is 
any uncertainty, the patient's physician should be contacted for clarification and/or 
recommendations in providing treatment. 

Bleeding disorders may manifest during a broad range of conditions2 (see Chapter 
37). The bleeding tendency could be caused by hereditary conditions such as 
hemophilia or von Willebrand's disease, an autoimmune disease such as 
thrombocytopenia, liver problems such as cirrhosis, or by design such as a patient 
on daily aspirin or warfarin (Coumadin) therapy. Patients should be questioned 
about possible bleeding problems. Have they received transfusions for their 
problem. If yes, was it one instance or more frequently? When they cut themselves, 
can they stop the bleeding themselves or do they need medical assistance? If they 
are on anticoagulant therapy, do they receive frequent monitoring and do they know 
their current INR value? The underlying cause of the bleeding tendency should be 
ascertained and the level of treatment that may be provided may best be determined 
by consultation with their physician. With appropriate medical management, most 
periodontal therapy can be provided to these patients. 



A patient may have a past or current history of cancer (Box 36-4). Depending on 
the type of cancer and the treatment provided, there is a wide variation in the effect 
it may have on dental treatment (see Chapter 37). 2,10–13 Cancer of the head and 
neck treated with radiation may greatly limit what treatment can be provided. 
Xerostomia often develops in these patients, with an increased incidence of dental 
caries, and osteoradionecrosis also may develop. Periodontal surgical therapy may 
be contraindicated in these patients. Cancer located at distant sites may have a 
minimal to a major influence on dental care. The immune status of the patient and 
the type of treatment administered to control the cancer can impact dental treatment 
and its results. The dentist should obtain information on the type of cancer, the 
staging, and the treatment. Did the patient receive chemotherapy, radiation therapy, 
or a combination of approaches? If the patient received radiation therapy for head 
and neck cancer, it is critical to determine the total radiation dose and the exact 
anatomic locations that were irradiated. The physician should be consulted to obtain 
this information. The physician can also help in determining the appropriate timing 
for dental treatment if the patient is receiving active cancer treatment. 

More and more patients are seeking dental treatment while also being treated with 
immunosuppressive medications (see Chapter 37). Some have received organ 
transplants and are being treated to prevent tissue rejection, whereas others could be 
receiving treatment for an autoimmune disease. It is important to know what 
medications are being prescribed and what level of immunosuppression is present. 
Is the patient more susceptible to infection and will he or she require premedication 
for dental care? Is there a greater risk for bleeding? What side effects could develop 
that are detrimental to oral health? For example, patients being treated with 
cyclosporine are at a greater risk for development of gingival enlargement. These 
are just some of the questions that can be evaluated in consultation with the patient's 
physician. 

Box 36-4  Pertinent Questions Relative to Cancer 

Therapy 

Has the patient had radiation therapy? 

• What was the total radiation dose? 

• Exactly what regions were irradiated? 

• Will dental treatment be performed in the irradiated area? Will this dental 
treatment increase the risk for osteoradionecrosis? 

• How long ago was the radiation treatment done? 

Has the patient had chemotherapy? 

• How long has it been since the last chemotherapy treatment? 

• Is the patient still under active chemotherapy? 



• Is there an increased risk for oral infection? 

• What is the patient's white blood cell count? 

• What is the patient's absolute neutrophil count? 

• Is there an increased risk for oral bleeding? 

• What is the patient's platelet count? 

Patients should be asked about the presence of any current infections and what 
treatment is being provided to treat the infection. Infections could range from acute 
respiratory infection, to chronic osteomyelitis, to sexually transmitted diseases, to 
human immunodeficiency virus infection. An entire gamut of infection is possible, 
and knowledge of current or past infections and past and present treatment helps 
provide appropriate care. 

Female patients may present with circumstances unique to their sex. The dentist 
should be informed when the patient is pregnant or nursing. This could modify 
dental treatment in a variety of ways.2 Exposure to radiation should be minimized in 
pregnant patients. The use of medications is often modified in women who are 
pregnant or are nursing. Women may also be using oral contraceptive therapy. 
Pregnancy or use of oral contraceptives may modify the patient's response to plaque 
leading to an increase in gingival inflammation (see Chapter 31). Knowing that a 
woman is pregnant early in gestation allows the dentist to provide a thorough 
periodontal examination and appropriate care to reduce the presence of periodontal 
pathogens and level of periodontal inflammation, possibly decreasing the risk for 
adverse pregnancy outcomes14,15 (see Chapter 32). 

A history of any allergies should be obtained and reviewed for their ability to 
modify dental treatment. The clinician should determine if there are any allergies to 
environmental agents, medications, local anesthetics, iodine, or latex. The type of 
reaction that occurred with respect to the allergen should be elicited. Some 
responses may be caused by a side effect and may not be a true allergy, whereas 
others may indeed be a serious allergic reaction. Patients should be questioned 
about the presence of hives or itching, any difficulty breathing, and the presence of 
any anaphylactic reaction. Any medication used previously to treat reactions or 
relieve symptoms should be determined and documented in the patient's dental 
chart. 

Review of Medications 

The patient should provide the dentist with a list of current medications. This 
should include all prescription medication, over-the-counter medication, vitamins, 
and herbal preparations. The indication for each medication should be determined 
and medications should be reviewed for their possible influence on dental care. 
Patients can then be advised of possible interactions or influences of their 



medications on their dental health and care. Likewise, any potential interactions 
between medications currently being taken by the patient and those the dentist 
considers prescribing can be determined. 

DENTAL HISTORY 

After obtaining an adequate medical history, the clinician can then proceed to the 
dental history. A detailed dental history will help to better define treatment 
approaches to the patient's dental needs by evaluating his or her past dental care along 
with the current dental concerns and perceptions. Again the initial focal point is 
evaluation of the patient's chief complaint. Was the patient referred for treatment? If 
so, by whom and for what specific reasons? Additional information should be 
obtained about any history of dental treatment and about the patient's level of 
compliance. Does the patient have any history of oral injury, serious oral infection, or 
radiation therapy to the head and neck region? If there is a history of extractions, were 
there any problems with pain, bleeding, infection, or anesthesia? Positive responses 
will require additional data gathering. Were the teeth extracted because of caries, 
periodontal problems, or some other reason? Has the patient worn prostheses to 
replace missing teeth? If so, is the patient still wearing these prostheses? If not, why 
not? Was the patient dissatisfied with the function or esthetics of the prostheses? 
When discussing past dental experiences, the dentist should determine if past 
experiences were pleasant or unpleasant, and if the patient has been satisfied with 
prior treatment. If the patient has seen 10 dentists in the past 10 years and none of 
them was "good," it is highly likely that the twelfth dentist will find out that the 
eleventh dentist was also poor. By knowing the patient's past experiences and current 
expectations, the clinician can better develop an individualized approach to the 
patient's treatment. 

Past periodontal therapy and current oral hygiene practices should be evaluated. For 
oral hygiene evaluation, what do the patients use to clean their teeth, how frequently 
and for how long? Do they brush for 10 seconds or for 10 minutes? The effectiveness 
of their oral hygiene habits can be confirmed visually during the initial examination. 
Does the cleanliness of their mouth seem to be in agreement with their methods of 
oral hygiene and does the stated time allotted to oral hygiene seem reasonable for the 
observed clinical appearance? For past periodontal therapy, what was the nature of 
treatment, how long ago was the treatment, were they satisfied with their past care, 
and how readily did they comply with the previous dentist's treatment 
recommendations? Did they receive maintenance therapy? If yes, with what recall 
frequency, and with what level of compliance? What is their impression of their 
current periodontal health? Are they aware of increased bleeding when flossing, 
drifting teeth, increased mobility, recession, or pain, or do they feel that their status is 
stable or showing improvement? Patients' answers will help the dentist to plan the 
course for their future care. 

The patient should be asked about the presence or absence of tooth hypersensitivity. 
If the teeth are sensitive, the patient could have a restorative, endodontic, or 



periodontal problem, or a combination of problems. Is the observed pain elicited by 
cold, hot, sweets, or other stimuli? Is the pain transient or persistent? If persistent, is it 
of a long or short duration? Is the sensitivity localized to a given tooth or teeth, or is it 
more generalized in nature? 

The patient should be asked about episodes of clenching or bruxism, which can be 
confirmed by the presence of wear facets, fremitus, and other patterns of mobility. 
Other parafunctional habits that may be uncovered by questioning and examination 
could include using teeth as tools, such as holding pins, biting thread or fingernails, or 
opening bottles. Can the patient open as widely as they would like or do they have 
concerns about being able to open adequately during dental visits? The patient should 
be asked about past cold sores or herpetic lesions and about canker sores or aphthous 
ulceration. If positive response is obtained, the dentist should ask about the frequency 
and locations of the lesions, and if the patient is aware of any trigger that could lead 
to lesion recurrence. 

Patients should be questioned about changes in their overall stress level and any 
changes in their daily routines.16 Do they feel that stress has affected their oral health? 
Has stress affected any other behaviors such as alcohol or tobacco use? The dentist 
should attempt to discover the value that the patient places on maintaining his or her 
teeth and oral health. Patients who are not concerned about losing many or all of their 
teeth would most likely agree to a different treatment plan than patients who want to 
maintain all of their teeth. Finally, the dentist should look for familial trends in oral 
disease patterns or health behaviors. Does the patient have parents and/or siblings 
with a history of periodontal disease? If yes, were they treated and how successful 
was their care? 

In summary, to provide the best periodontal treatment to our patients, dentists, dental 
hygienists, and ancillary personnel must know their patients. We should know their 
medical and dental history, and update these on a frequent basis. We should know 
what the patient expects from treatment and at what end-point they wish to arrive. By 
first getting to know each patient through his or her medical and dental history, we 
will be able to develop and individualize the proper treatment plan for that patient. 
This will better allow both the patient and the dentist to achieve their desired goals in 
the provision of periodontal care. 
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37  Periodontal Treatment of the Medically 

Compromised Patient 
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Brian L. Mealey 

Many patients seeking treatment from dental health professionals have systemic 
conditions that may alter the provision of dental care. This may result from changes in 



overall systemic stability of the patient and in the patient's ability to tolerate dental 
therapy. Furthermore, patients may be taking a variety of medications as part of their 
medical management that may affect oral health and dental treatment. While Chapter 
31 focuses on systemic conditions affecting the periodontum, this chapter reviews 
conditions that may require alterations in the normal pathways and practices of dental 
therapy. 

HORMONAL CONSIDERATIONS 

Dental Treatment of the Patient with Diabetes 

Proper dental management of patients with diabetes requires a thorough 
understanding of the diagnostic testing and medical management currently in use. 
Patients with undiagnosed diabetes may present with one or more signs and 
symptoms (Box 37-1). The diagnosis of diabetes is based on the presence of these 
clinical signs and symptoms together with specific laboratory findings. The 
diagnostic guidelines were most recently published by the American Diabetes 
Association in 2003 (Box 37-2).1 Under these guidelines, the primary laboratory 
tests used for diagnosis of diabetes are the fasting glucose and casual (nonfasting) 
glucose. The diagnosis of diabetes is not made until the patient has exceeded 
threshold glucose levels on two separate occasions. Urinary glucose analysis is no 
longer used in establishing the diagnosis of diabetes. If the clinician suspects that a 
patient has undiagnosed diabetes, the patient should be asked questions related to 
the classic signs of diabetes such as:  

• How many times do you get up to go to the bathroom at night? (polyuria) 

• Does your mouth often feel dry? Do you often feel thirsty, even shortly 
after you've had something to drink? (polydipsia) 

• Do you get hungry again not long after you've eaten? (polyphagia) 

• Have you had any changes in your vision recently? 

• Have you lost weight recently or had any unexplained weight loss in the 
past? 

If any of these questions further substantiate a suspicion of diabetes, the patient 
should be referred for appropriate laboratory testing and physician consultation. 

When a patient is known to have diabetes, the clinician must establish the degree of 
glycemic control before beginning periodontal therapy. Patients with diabetes and 
periodontal disease respond well to periodontal therapy when their blood glucose is 
well controlled.2,3 In fact, the patient with well controlled diabetes should generally 
receive the same type of periodontal therapy that would be appropriate for a patient 
without diabetes. Conversely, when glucose control is poor, the response to 



periodontal therapy is often poor as well.4 For this reason, the patient with poorly 
controlled diabetes should receive treatment for acute periodontal problems, but 
should not have extensive therapy until blood glucose is controlled. Research has 
shown that thorough debridement through scaling and root planing may not only 
improve periodontal health, but may also improve glycemic control in many 
patients with diabetes. (See Chapter 32.) This is most likely to occur in a patient 
with poorly controlled diabetes who receives scaling and root planing in 
combination with systemic tetracycline antibiotics, such as doxycycline, for 14 
days.5–8 

Box 37-1  Signs and Symptoms of Undiagnosed or 

Poorly Controlled Diabetes 

• Polydipsia (excessive thirst) 

• Polyuria (excessive urination) 

• Polyphagia (excessive hunger) 

• Unexplained weight loss 

• Changes in vision 

• Weakness, malaise 

• Irritability 

• Nausea 

• Dry mouth 

• Ketoacidosis* 

Box 37-2  Criteria for Diagnosis of Diabetes 

• Diabetes may be diagnosed by any one of three laboratory methods. 
Whatever method is used must be confirmed on a subsequent day by using any 
one of the three methods:  

1. Symptoms of diabetes plus casual (nonfasting) plasma glucose ≥200 
mg/dl. Casual glucose may be drawn at any time of day without regard to time 
since the last meal. 

2. Fasting plasma glucose ≥126 mg/dl. Fasting is defined as no caloric intake 
for at least 8 hours. 

3. Two-hour postprandial glucose ≥200 mg/dl during an oral glucose 
tolerance test. The test should be performed using a glucose load containing 
the equivalent of 75 g anhydrous glucose dissolved in water.* 



• Categories of fasting plasma glucose (FPG) include:  

1. FPG <110 mg/dl = normal fasting glucose 

2. FPG ≥110 mg/dl and <126 mg/dl = impaired fasting glucose 

3. FPG ≥126 mg/dl = provisional diagnosis of diabetes (must be confirmed 
on subsequent day) 

• Categories of 2-hour postprandial glucose (2hPG) include:  

1. 2hPG <140 mg/dl = normal glucose tolerance 

2. 2hPG ≥140 mg/dl and <200 mg/dl = impaired glucose tolerance 

3. 2hPG ≥200 mg/dl = provisional diagnosis of diabetes (must be confirmed 
on subsequent day) 

From American Diabetes Association: Report of the expert committee on the 
diagnosis and classification of diabetes mellitus, Diabetes Care 26(suppl 1):s5–
s24, 2003. 

How does the clinician establish the degree of glycemic control? Asking the patient 
how well controlled he or she is can be worthwhile; however, this method often 
provides an inaccurate assessment. The best method of determining glycemic 
control in a known diabetic patient is through the glycated, or glycosylated, 
hemoglobin assay (also called the glycohemoglobin test).8 This test allows 
determination of blood glucose status over the 30 to 90 days before collection of the 
blood sample. This is in contrast to the fasting and casual plasma glucose tests, 
which provide a determination of glucose levels at only a single moment in time; 
namely, at the time the blood sample is collected. As glucose circulates in the 
bloodstream, it becomes attached to a portion of the hemoglobin molecule on red 
blood cells. The greater the plasma glucose levels over time, the greater the 
percentage of hemoglobin that becomes glycated. There are two different glycated 
hemoglobin assays in use: the hemoglobin A1 test (HbA1) and the hemoglobin A1c 
test (HbA1c), with the HbA1c being used most often. Because these tests measure 
two different portions of the hemoglobin molecule, the normal range for the test 
results differs. The normal HbA1 is less than approximately 8%, whereas the 
normal HbA1c is less than 6.0% (Box 37-3). The American Diabetes Association 
recommends that individuals with diabetes attempt to achieve a target HbA1c of 
less than 7%, whereas an HbA1c greater than 8% suggests that a change in patient 
management may be needed to improve glycemic control.9 The HbA1C assay 
became available as an at-home test in 2002. If at-home use becomes widespread, it 
will simplify assessment of this important parameter of glycemic control. 

Box 37-3  Evaluation of Glycemic Control in Patients 

with Diabetes Using HbA1c 



 

Self-blood glucose monitoring has revolutionized patient management of diabetes.10 
Development of small, handheld glucometers has allowed the patient with diabetes 
to take much greater control of his or her disease. Glucometers use a small drop of 
capillary blood from a finger-stick sample to assess glucose levels in seconds to 
minutes (Figs. 37-1 through 37-3). Almost all patients with diabetes that use insulin 
have a glucometer, as do many taking oral agents. There are a variety of different 
glucometers available. The frequency with which the patient tests his or her blood 
glucose depends on that patient's individual treatment regimen. Some patients test 
once a day or even less often. Others, especially those taking insulin, test multiple 
times each day. As a general rule, more intensively managed patients with diabetes 
use self-blood glucose monitoring more frequently than less intensively managed 
individuals. 

Medical management of diabetes involves a combination of diet, exercise, weight 
reduction, and medications. The goal of diabetic management is to maintain blood 
glucose levels as near to the normal range as possible. Several long-term studies 
have clearly documented the tremendous reduction in diabetic complications that 
can be achieved through good glucose management.11–16 Patients with diabetes are 
now much more rigorously controlled than they were before these studies. The oral 
health care provider must have a clear understanding of each individual patient's 
medical regimen to provide safe and proper dental care. 

Figure 37-1.   



 

Use of glucometer for self-blood glucose monitoring. A lancet is used to prick 
the finger and a small drop of blood is obtained. 

Figure 37-2.   



 

Use of glucometer for self-blood glucose monitoring. Drop of blood is placed 
on a strip inserted into the glucometer. 

In particular, the clinician must know exactly which medications the patient takes to 
control his or her diabetic condition. All patients with type 1 diabetes take insulin 
by injection, as do many with type 2 (Table 37-1). Insulins are classified as rapid-, 
short-, intermediate-, or long-acting.8,17 Each type of insulin has its own time of 
onset, peak activity, and duration. In addition, the pharmacodynamics of insulins 
vary widely among individuals. Oral agents are commonly used in management of 
diabetes. There are five major classes of oral agents: sulfonylureas, biguanides, 
meglitinides, thiazolidinediones, and alpha-glucosidase inhibitors (Table 37-2). The 
mechanism of action differs among these drug classes, as does the propensity for 
patients taking them to develop hypoglycemia—episodes of low blood glucose that 
can be life threatening. 



TABLE 37-1  Types of Insulin 

 

Figure 37-3.   

 

Use of glucometer for self-blood glucose monitoring. The glucometer takes 
several seconds to determine blood glucose, and the value is displayed on the 
screen. In this case, the blood glucose is 170 mg/dl. 

Periodontal treatment of the patient with diabetes depends on both the periodontal 
diagnosis and on the patient's degree of glycemic control. Patients with gingivitis 
should receive thorough home care instructions and complete debridement of the 
teeth. The response to therapy may not be as favorable in patients with poor 
glycemic control (HbA1c >10%) as it is in those with better control (HbA1c <8%). 
Patients with poorly controlled diabetes may continue to exhibit gingival redness 
and bleeding, despite improved plaque control. 



For patients with periodontitis, the type of periodontal therapy is highly dependent 
on glycemic control (Fig 37-4). Once a diagnosis of periodontitis has been 
established, the clinician should determine the level of glycemic control through 
evaluation of recent glycated hemoglobin values and physician consultation, as 
indicated. If the patient has well controlled diabetes (HbA1c <8%), periodontal 
therapy can generally be provided in a fashion similar to a nondiabetic person with 
periodontitis. This includes nonsurgical, surgical, and maintenance care. During 
maintenance, it is important for the clinician to not only assess the state of the 
periodontium, but also to continuously evaluate the patient's glycemic control. Once 
a relationship has been established with a patient and his or her physician, this is a 
simple matter of obtaining HbA1c values whenever they are accomplished. 
Comparison with past values can provide knowledge of the stability of the patient's 
diabetic condition. A patient with diabetes and periodontitis has two chronic 
diseases, each of which impacts on the other. Therefore, ongoing assessment of 
both diseases is critical to successful patient management. Because periodontal 
therapy usually involves multiple office visits over extended periods, the dentist and 
hygienist are in the perfect position to encourage patient compliance and control. 

TABLE 37-2  Oral Agents for Diabetes 

Management 

 

Figure 37-4.   



 

Pathways of periodontal therapy for patients with diabetes. 

If diabetes is poorly controlled (HbA1c >10%), therapeutic pathways may need 
modification. The clinician should provide treatment for any emergent periodontal 
condition, such as a periodontal abscess. If an infection is associated with systemic 
signs or symptoms such as increased temperature or lymphadenopathy, a systemic 
antibiotic also may be indicated. Management of acute lesions should be followed 
by thorough scaling and root planing to remove plaque and calculus. A systemic 
antibiotic such as doxycycline (100 mg/day for 14 days), used in combination with 
scaling and root planing, may help improve glycemic control. Meticulous plaque 
control should be emphasized, as should the importance of improving glycemic 
control. Physician consultation is often indicated to describe for the physician the 
extent of the patient's periodontal condition and any therapy planned. After scaling 
and root planing, a period of 2 to 3 months should be allowed before reevaluation. 
At this time, the periodontal condition should be assessed for response to initial 
debridement. Home care should be evaluated. In patients who require further 
periodontal therapy, another HbA1c should be requested to determine any changes 



between initial therapy and reevaluation. The clinician must recall that the HbA1c 
evaluates glucose control over a 30- to 90-day period. Therefore, at least 60 days 
should be allowed to lapse between evaluations of HbA1c. If glycemic control 
remains poor, the patient should be placed on frequent maintenance intervals, with 
continued periodontal supportive care given. Glycemic control can be evaluated 
periodically in consultation with the physician to determine the patient's glycemic 
status. Only when glycemic control has improved should further periodontal 
therapy, such as surgical care, be considered. Otherwise, the response to treatment 
may be less than favorable. 

The patient with moderate glycemic control (HbA1c between 8% and 10%) 
presents a treatment planning challenge. As with all patients, acute periodontal 
problems should be managed and thorough debridement should be accomplished. 
The clinician must pay particular attention to the patient's response to scaling and 
root planing and home care instruction. If the patient responds well to initial therapy 
and surgical treatment is indicated, the clinician should perform this treatment 
carefully. Smaller areas of surgical access may be indicated, allowing extended 
healing periods before proceeding with other areas of surgery. In this way, the 
individual patient response to surgical care can be determined. 

The use of dental implants in patients with diabetes has not been thoroughly 
evaluated. Although there is some evidence in animals that poorly controlled 
diabetes can decrease the degree of osseointegration of dental implants,18–20 there 
are no human data to support this contention. Human clinical studies have 
demonstrated slightly greater long-term failure rates for dental implants among 
patients with diabetes compared with individuals without diabetes, but the results 
were not definitive.21,22 Until further evidence is presented, it is recommended that 
good glycemic control be established before dental implant placement. 

In addition to the level of glycemic control, important considerations related to 
periodontal therapy for patients with diabetes include diet modification, stress 
reduction, and appointment timing. Periodontal treatment may result in 
postoperative discomfort that can limit dietary intake. To the patient with diabetes, 
food is medicine, and dietary intake is closely matched to medication regimens. 
Any changes in the ability to eat must be taken into account by the patient and 
clinician. Whereas some patients with diabetes are very knowledgeable about 
modification of diet and medications, others are not. Consultation with the 
physician may be indicated. 

Stress reduction and adequate pain control also are important. Stressful situations 
increase production of endogenous catecholamines and cortisol, which increase 
blood glucose levels. Minimizing patient apprehension, providing profound 
anesthesia, and reducing postoperative discomfort through use of analgesics will 
help reduce fluctuation in blood glucose levels.23 

Appointment timing is often a function of the patient's medication regimen. 
Although some have recommended seeing patients with diabetes in the morning, 



this may not be an appropriate schedule for all patients. When possible, 
appointments should be timed so that they do not coincide with peak insulin 
activity. This decreases the risk for perioperative hypoglycemia. The clinician 
should review the patient's medication regimen to establish when these peaks will 
occur. In some cases, however, it is difficult to avoid peak insulin activities because 
they are not always predictable. In these cases, the clinician simply needs to be 
aware of the potential for hypoglycemia. 

Prevention of perioperative hypoglycemia is paramount when providing dental care 
to the patient with diabetes. Signs and symptoms of hypoglycemia range from mild 
to severe (Box 37-4). Although hypoglycemia may occur in patients taking oral 
agents such as sulfonylureas, it is much more common in those using insulin. The 
intensified treatment regimens for diabetes currently in use increase the risk for 
hypoglycemia about threefold compared with regimens common in the past.24,25 
Signs and symptoms of hypoglycemia are most common when blood glucose levels 
decrease to less than 60 mg/dl, but may occur at greater levels in patients with 
chronic poor metabolic control. 

Box 37-4  Signs and Symptoms of Low Blood 

Glucose Levels (Hypoglycemia) 

• Confusion 

• Agitation 

• Anxiety 

• Sweating 

• Shakiness 

• Tremors 

• Tachycardia 

• Dizziness 

• Feeling of "impending doom" 

• Seizures 

• Loss of consciousness 

The two best means of preventing hypoglycemia are patient questioning and 
assessment of capillary blood glucose. Before each dental appointment, patients 
should be asked what medications they have taken in the last 12 hours, what they 
have had to eat that day, and when they last checked their blood glucose. They also 
should be questioned about any history of hypoglycemic episodes. One of the most 



common causes of hypoglycemia in the dental office is a patient taking their normal 
medication regimen, but then reducing or eliminating a meal before the 
appointment. Because several medications increase insulin levels, including 
sulfonylureas and injected insulin, the patient must not skip meals or snacks that 
they would normally consume. To have an accurate, up-to-the-minute assessment of 
blood glucose, patients with diabetes should be instructed to bring their glucometers 
to the dental office. Before treatment, patients can assess their blood glucose in a 
matter of seconds (Figs. 37-1 through 37-3). If they are at or near the lower limits of 
normal blood glucose (about 70 to 90 mg/dl), patients can be given carbohydrates 
orally to increase the glucose level before commencing treatment. Likewise, if 
symptoms of hypoglycemia develop in the patient during the appointment, they can 
immediately assess their blood glucose level using their glucometer. 

If hypoglycemia develops during dental treatment, it should be treated immediately 
(Box 37-5). If the patient is able to take food by mouth, about 15 g oral 
carbohydrates should be given. If the oral route cannot be used, emergency drugs 
may include 50% dextrose given intravenously, or 1 mg glucagon given 
intravenously, intramuscularly, or subcutaneously. Glucagon causes immediate 
release of stored glucose from the liver into the bloodstream. The patient should 
respond to either agent within 10 to 15 minutes, and should check the blood glucose 
again to confirm recovery. The patient should then remain in the office for 
approximately 1 hour to ensure stability before release. 

* Ketoacidosis is usually associated with severe hyperglycemia and occurs 
primarily in type 1 diabetes. 
* The third method is not recommended for routine clinical use. 

Puberty, Pregnancy, and Oral Contraceptives 

Puberty 

Periodontal changes associated with alterations in human sex hormone levels have 
been recognized for many years (see Chapter 31). A surge of the sex hormones 
estrogen, progestin, or more rarely, testosterone, may induce an exaggerated 
response to the presence of bacterial plaque resulting in development of 
erythematous, edematous, hemorrhagic, hyperplastic gingivitis in circumpubertal 
adolescents. The condition appears to stabilize after the body adjusts to the new 
hormone levels, and there is no evidence that this hyperplastic gingivitis leads to 
periodontitis if effective plaque control is established and maintained. 

Box 37-5  Treatment of Perioperative 

Hypoglycemia 

• Establish blood glucose with patient's glucometer, if possible 



• If patient can take food by mouth, give approximately 15 g of 
carbohydrate:  

• 4 to 6 ounces of fruit juice or sugared soda 

• 3 to 4 teaspoons of table sugar 

• Glucose tablets (carried by many patients with diabetes) or hard candy 

• If patient cannot take food by mouth and intravenous access is present:  

• 25 to 30 ml of 50% dextrose (D50) given intravenously 

• 1 mg glucagon given intravenously 

• If patient cannot take food by mouth and intravenous access is not present:  

• 1 mg glucagon given intramuscularly or subcutaneously 

• Monitor patient for 1 hour 

• Call emergency medical services if patient does not respond 

When pubertal gingivitis occurs, several therapeutic decisions are required. 
Because the condition generally represents an edematous response, nonsurgical 
periodontal debridement and establishment of meticulous oral hygiene is the 
preferred treatment. In more severe cases, microbial culturing, the use of 
antimicrobial mouthrinses, and local delivery of antimicrobial agents may be 
beneficial.26 Occasionally, the degree of gingival enlargement may be sufficient to 
hamper normal occlusal function, and surgical intervention may be required if the 
patient fails to respond to more conservative therapy. The patient should be 
managed closely during this period, and conservative treatment should be 
provided as often as necessary to sustain a relatively good level of periodontal 
health. After stabilization of peripubertal gingival changes, reevaluation is 
indicated to determine if acceptable gingival contours have been reestablished. If 
not, surgical intervention may be necessary to eliminate sites in which the 
improper contours may create an esthetic concern or the potential for impairment 
of localized plaque control. 

Pregnancy 

Hyperplastic, edematous, erythematous, easily bleeding gingivitis with or without 
an increase in occurrence of pyogenic granuloma (pregnancy tumor) in response 
to the presence of minor irritants such as subgingival calculus or a faulty 
restoration margin may develop in patients who are pregnant. The gingival 
response usually begins during the second month of pregnancy when hormonal 
increases first become evident. It peaks during the eighth month, and 



subsequently begins to diminish in severity. This coincides with the peak during 
the eighth month of progesterone and subsequent reduction of hormonal levels 
during the ninth month and postpartum. On many occasions, gingivitis and any 
pyogenic granulomas present return to prepregnancy levels a few months after 
parturition. These transient changes may occur without an increase in plaque 
levels being noted before, during, or after the pregnancy.27 

Gingivitis associated with pregnancy tends to occur most commonly on the facial 
marginal gingiva and interdental papillae. Increased tooth mobility has been 
noted, perhaps as a result of the inflammatory process or as a result of increased 
levels of relaxin, a water-soluble polypeptide hormone found in the corpus luteum 
during pregnancy. Relaxin appears to contribute to relaxation of the pubic 
symphysis. It has been hypothesized that this substance also exerts its effect on 
the connective tissue fibers of the periodontal ligament.28 Increased periodontal 
pocket depths have been reported in animals and by case report in humans, but 
this is not a common finding.29 Evidence indicates that advanced periodontal 
disease in pregnant patients may result in an increased risk for neonates with low 
birth weight and premature births (see Chapter 32). Consequently, periodontal 
health and appropriate periodontal therapy are extremely important during 
pregnancy. Women with periodontal health before pregnancy can generally 
sustain that health by preventive periodontal therapy and effective oral hygiene 
procedures. Others with periodontitis that precedes their pregnancy may require 
extensive scaling and root planing, frequent recall intervals, and excellent home 
care. Except in acute situations, it is generally believed that nonsurgical 
periodontal therapy is the preferred treatment. However, in event of acute 
infection, surgical intervention may create a smaller risk than allowing the 
infection to continue unabated.30 

Several therapeutic principles have evolved regarding dental and periodontal 
management of patients who are pregnant. The medical history should include 
information regarding complications during the pregnancy, previous miscarriages 
or early delivery, and any signs or symptoms suggestive of potential miscarriage 
or premature delivery. Medical consultation may be necessary if extensive 
periodontal therapy is required. Effective oral hygiene measures should be 
initiated as soon as possible and maintained throughout the pregnancy.26 

It is usually recommended that any necessary dental treatment be provided during 
the second trimester. The organogenesis occurring during the first trimester may 
cause the fetus to be especially susceptible to environmental stimuli. Most 
pregnant individuals are uncomfortable in the dental chair during the third 
trimester, and, in the later stages of this trimester, the patient may be especially 
prone to premature delivery. However, emergency dental treatment should be 
provided whenever necessary. 

Conservative periodontal therapy may be provided during pregnancy, and should 
include scaling and root planing in the patient with periodontitis or severe 
gingival inflammation, but elective periodontal procedures usually can be 



postponed until after delivery. Cardiac output and heart rate are increased during 
pregnancy, and as the size of the uterus increases the patient is susceptible to 
developing the supine hypotension syndrome if reclined in the dental chair. This 
is the result of partial blockage of venous return through the vena cava, and it may 
be associated with decreased perfusion of the fetus. This syndrome can be 
avoided by placing the patient on her left side during dental treatment or by 
raising the right hip several inches. Pressure on the diaphragm in the supine 
position may increase the risk for patient or fetal hypoxia. For these reasons, the 
supine position in the dental chair should be avoided, and the patient should 
remain semi-reclined. 

The dental practitioner should remain aware that several systemic complications 
can develop in the pregnant patient and be alert to signs and symptoms suggestive 
of these. Gestational diabetes mellitus may occur in individuals who are at risk for 
this condition, and increased renal clearance associated with pregnancy may 
necessitate greater doses of some drugs to achieve optimal therapeutic levels. At 
the same time, it is important to remember that most drugs cross the placental 
barrier and may also be present in breast milk. Most drug reference texts classify 
prescription drugs regarding their relative safety for use during pregnancy. Such a 
reference should be available in all dental offices. 

Judicious use of local anesthetic agents such as lidocaine with 1:100,000 
epinephrine is safe during pregnancy, but excessive quantities of anesthetics could 
affect the physiologic state of the fetus. Certain other drugs should be avoided. 
Penicillin and cephalosporin may be used if necessary, but tetracyclines can have 
adverse fetal effects that may result in tooth discoloration. Prolonged tetracycline 
use may inhibit bone growth and fetal development. Although some mycin drugs 
are generally safe for use in pregnancy, clarithromycin is not, and erythromycin 
estolate should be avoided because it can induce hepatotoxicity. The effects of 
amoxicillin, antibiotics containing clavulanic acid, and metronidazole have not 
been adequately studied in humans and are generally avoided.25 

If short-term pain medication is necessary in managing a dental condition, 
acetaminophen is usually considered the drug of choice. However, its safety in 
humans has not been extensively studied.31 In most instances, it is prudent to 
confer with the patient's physician before prescribing any medication other than a 
local anesthetic. 

Some controversy exists regarding the safety of taking dental radiographs for 
pregnant individuals. Extensive exposure to radiation can be quite harmful to the 
developing fetus. However, dental radiographic equipment does not emit large 
quantities of radiation, and safety precautions have been established for dentistry. 
As a rule of thumb, elective radiographs should be avoided. However, radiographs 
necessary for diagnosis or management of a dental condition or emergency may 
be obtained safely, provided a lead apron shield is used. 



Oral contraceptives 

Oral contraceptives consist of various combinations of female sex steroid 
hormones that mimic pregnancy. In the past, use of oral contraceptives has 
occasionally resulted in gingival changes suggestive of pregnancy gingivitis, often 
in the first months after initiation of the drug. In recent years, however, the sex 
steroid hormone levels of oral contraceptives have been markedly reduced and it 
is currently not known whether the newer agents adversely affect gingival 
response to bacterial plaque. Some reports suggest that chronic gingivitis may 
occur in association with long-term use of the drug. Other studies have reported, 
however, that the associated susceptibility to gingivitis diminishes over time.32 If 
gingivitis does occur in conjunction with these agents, appropriate periodontal 
therapy should be provided. Effective oral hygiene measures, more frequent recall 
intervals, and professional scaling and debridement should be sufficient to control 
the gingival condition; and the patient is a candidate for any necessary invasive 
periodontal therapy. An increased incidence of alveolar osteitis (dry socket) has 
been reported to occur after extractions in women using oral contraceptives.33 
This issue is somewhat controversial and additional studies are needed. 

It has been suggested that administration of antibiotics to individuals taking oral 
contraceptives could lead to unwanted "break-through" pregnancy. The drugs 
indicted include antihistamines; anticonvulsants; some analgesics; and antibiotics 
such as penicillin, ampicillin, rifampicin, or tetracyclines. However, this risk may 
have been overstated. Evidence for and against this concept is primarily anecdotal 
and the practitioner must decide whether to forewarn female patients about this 
possible risk. If the decision is made to do so, the patient should be encouraged to 
use alternative or multiple forms of birth control during the menstrual cycle in 
which the antibiotics were taken.26,30,33,34 A recent position statement by the 
American Dental Association (ADA) recommends that women who use oral 
contraceptives should be advised of the potential risks if antibiotics are 
prescribed. They also should be encouraged to maintain compliance with oral 
contraceptives when using antibiotics concurrently and advised to seek medical 
advice regarding use of an additional nonhormonal method of contraception.35 

Adrenocortical Insufficiency/Corticosteroid 

Medications 

Impaired function of the adrenal cortex (hypoadrenalism) can have profound effects 
on the ability of the host to withstand emotional or physical stress. The condition 
may be precipitated by a number of systemic disorders including blood dyscrasias, 
lupus erythematosus, Sjögren syndrome, progressive systemic sclerosis, Crohn's 
disease/inflammatory bowel disease, and AIDS.36 In addition, reduced adrenal 
cortex function may result from administration of large dosages of 
immunosuppressive drugs or prolonged use of these drugs even in low dose.37,38 



Patients afflicted with impaired adrenal gland function may be in danger of 
developing systemic toxemias from localized infections, such as periodontal 
diseases.39 It seems logical to assume that individuals with adrenal suppression may 
be more susceptible to localized periodontal disease because of suppression of the 
host immune response. Currently, however, periodontal disease has not been found 
to be more common or severe in individuals receiving long-term 
immunosuppressive drugs than in the general population.40 However, immune 
suppression may mask the clinical signs and symptoms of gingivitis and 
periodontitis while subtle clinical attachment loss occurs.41 

Severe adrenal insufficiency (Addison's disease) may induce hyperpigmentation of 
the skin and oral mucosa. In the oral cavity, the lips, buccal mucosa, palate, gingiva, 
and ventral surface of the tongue may be affected.42 When these clinical changes 
are noted, the cause should be evaluated before performing extensive 
dental/periodontal treatment. Other conditions may cause similar hyperpigmented 
oral lesions including pregnancy (melasma), smoking, excessive supplementation of 
female sex hormones, and oral contraceptives.43,44 Some drugs such as tetracycline, 
silver compounds, and azathioprine also can precipitate these changes. Drug-
induced hyperpigmentation is probably most commonly associated with the 
administration of azathioprine to patients with AIDS. However, AIDS itself may 
cause adrenal cortex hypofunction.43 In the presence of this type of oral 
hyperpigmentation, definitive periodontal treatment should not be initiated until the 
presence or absence of hypoadrenalism has been determined. 

Prolonged or high dose-administration of corticosteroids may induce a reduction in 
production of adrenocorticotropic hormone secretion leading to atrophy of the 
adrenal cortex.45 In general, any patient who has received a glucocorticoid dose 
equivalent to 20 mg or more of prednisone daily for more than 5 days is at risk for 
adrenal suppression. Lower dosage levels that are closer to the physiologic range 
may also induce suppression, but a longer treatment time is required.46 If adrenal 
suppression is present, it may adversely influence the ability of an affected 
individual to withstand emotional or physical stress to include periodontal therapy, 
especially surgical procedures. Occasionally, a stressful event can induce adrenal 
shock and even death. 

Other adverse effects of high-dose or long-term systemic corticosteroid therapy 
may include secondary diabetes mellitus, hypertension, osteoporosis, 
gastrointestinal ulcers, and impaired wound healing.25 The dental practitioner 
should be alert for signs and symptoms of these conditions among patients 
receiving this medication. 

Several management principles have been suggested when providing dental therapy 
to individuals who are receiving corticosteroid therapy. Medical consultation is 
important to fully understand the underlying condition that afflicts the patient, the 
degree of control achieved by the drug regimen and the need for corticosteroid 
supplementation when these individuals receive dental treatment. Some have 
suggested that individuals who take exogenous steroids and who require periodontal 



or other oral surgical procedures should receive corticosteroid supplementation 
immediately before the procedure. Although there is little danger in following this 
proposed protocol, it may not always be necessary. Patients receiving low dose, 
long-term steroid therapy may be at risk for adrenal shock. For example, 5 mg 
prednisone is the equivalent of the 25 to 30 mg cortisol normally produced by the 
body on a daily basis.47,48 Consequently, reduced adrenal steroid output might occur 
at this dosage and cortisol reserves may not be present. In this event, corticosteroid 
supplementation may be indicated. Conversely, individuals receiving daily dosages 
of 10 mg or more of prednisone (or its equivalent) theoretically have an adequate 
corticosteroid load to withstand most stressful dental situations and supplementation 
may not be required.48 It is imperative, however, that the proposed treatment and 
planned management of adrenal function be discussed with the patient's physician 
and medical permission acquired.46 

Thyroid Dysfunction 

Thyroid hormones regulate the biochemical activities of most body tissues. Their 
release is controlled by release of thyroid-stimulating hormone (thyrotropin) from 
the anterior pituitary gland and by the intrathyroidal iodine level. Release of 
thyroid-stimulating hormone is largely determined by circulating thyroid hormone 
levels in blood (homeostatic feedback mechanism). Thyroxine and other thyroid 
hormones contribute greatly to maintenance of metabolic homeostasis. The body is 
adversely affected by either an excess or deficiency of these hormones. 

Hyperthyroidism 

Hyperthyroidism accelerates metabolic activity and may initiate an acute response 
under emotional or physical stress. The most common cause is Graves disease 
(diffuse toxic goiter). The condition usually occurs in middle-aged individuals 
and it is far more common in women than men (5:1). Affected individuals may 
demonstrate extreme nervousness, anxiety, emotional instability, proptosis 
(exophthalmos), eyelid lag, loss of weight, alopecia, or heat intolerance 
accompanied by excessive perspiration. The cardiovascular system may be 
significantly affected and individuals may experience heart murmur, tachycardia, 
hypertension, and increased pulse pressure (widening between systolic and 
diastolic sounds). In untreated or severe cases, cardiac enlargement may occur.49 

In managing hyperthyroid patients with periodontal diseases, treatment should be 
performed with great caution because individuals with uncontrolled 
hyperthyroidism are subject to a severe exacerbation known as thyroid storm. 
This may be precipitated by superimposed infection, surgery, or stress. It is 
characterized by severe manifestations of conditions associated with 
hyperthyroidism, and if not controlled can lead to dehydration, shock, and even 
death. 



Dental patients who display signs and symptoms suggestive of undetected or 
uncontrolled hyperthyroidism should be referred to a physician for evaluation as 
quickly as possible. Elective treatment procedures should be deferred pending 
medical evaluation, and treatment in the hospital environment should be 
considered if emergency invasive dental care is needed. General anesthesia may 
be appropriate. 

Individuals with a history of hyperthyroidism should be carefully questioned 
about their disease, including its etiology and severity. Medical consultation 
should be obtained if extensive periodontal therapy is anticipated. 

Dental infections may precipitate a thyroid crisis; therefore, optimal oral health is 
a highly desirable goal. Infections, including those present in severe periodontal 
disease, should be controlled with antibiotics and other conservative, noninvasive 
methods until medical stability has been achieved. The presence of comorbid 
conditions such as heart disease or diabetes mellitus should be taken under 
consideration when planning treatment. Dental treatment should be provided in 
short, minimally stressful appointments. Adequate preoperative sedation may be 
necessary for the anxious patient and epinephrine is contraindicated in local 
anesthetics and gingival retraction cord. Vital signs should be closely monitored 
throughout the dental procedure.50,51 

Hypothyroidism 

Hypothyroidism (myxedema) also has a predilection for female individuals (6:1 
over males). It is characterized by lack of production of thyroid hormones. The 
most common etiologic factor is chronic thyroiditis (Hashimoto's thyroiditis) or 
ablative therapy for hyperthyroidism. Secondary hypothyroidism may result from 
pituitary hypofunction. It may also be drug induced or result from radiation 
therapy to the head and neck. The condition is far more common than 
hyperthyroidism, and a large number of individuals older than 50 years receive 
thyroid supplementation because of evidence of the disease. The signs and 
symptoms of myxedema vary widely, but it is characterized by a lack of energy, 
lethargy, mental dullness, weight gain, and nonpitting edema of tissues. The skin 
may be scaly and dry. Sensitivity to cold is common. 

Hypothyroidism has been associated with increased incidence of dental diseases, 
but this effect may relate to the mental dullness and lethargy of the affected 
patient. Xerostomia is often present, possibly increasing susceptibility to caries 
and periodontitis. There are no contraindications to dental treatment including 
implant placement in the controlled patient.52,53 However, bleeding diatheses may 
occur in individuals with moderate to severe hypothyroidism, sometimes 
secondary to acquired von Willebrand's disease. Consequently, blood studies may 
be appropriate before surgical procedures and the affected patient managed as 
described for others with hemorrhagic diatheses. Patients suspected of having 
undiagnosed or poorly controlled hypothyroidism should be referred to a 



physician for diagnosis, evaluation, and control. Currently, there is no cure for 
hypothyroidism, although thyroid hormone supplementation is successful in 
controlling the disease. Conversely, the dental practitioner should be alert for 
evidence of possible overdosing with synthetic thyroid hormones that could lead 
to signs and symptoms suggestive of hyperthyroidism. 

Hyperparathyroidism 

The parathyroid glands serve in coordination with vitamin D to control calcium 
levels in bone and extracellular fluids. Primary hyperparathyroidism occurs when 
an excess of parathyroid hormone is produced as a result of a parathyroid adenoma, 
hyperplasia, or malignancy. Secondary hyperparathyroidism occurs when renal 
dysfunction leads to excessive calcium or magnesium excretion in urine and 
retention of serum phosphorus. This initiates a reactive parathyroid hyperplasia. 
Both primary and secondary hyperparathyroidism lead to the leaching of calcium 
from bone reservoirs in an effort to maintain physiologic homeostasis between 
serum calcium and phosphorus.54 

In the oral cavity, hyperparathyroidism may result in development of a multilocular, 
radiolucent jaw lesion (the brown tumor of hyperparathyroidism) that is 
indistinguishable radiographically or histologically from a central giant cell 
granuloma.55 The reduced calcium levels in bone associated with primary or 
secondary hyperparathyroidism may make the patient more susceptible to rapid 
alveolar bone destruction in the presence of plaque-induced periodontitis, but it 
does not directly induce loss of marginal alveolar bone.56 Mobility and drifting of 
teeth has been described in the absence of significant periodontal disease; 
consequently, occlusal appliances or fixed splints may be indicated. 

Periodontal treatment for individuals with primary hyperparathyroidism should be 
deferred until the condition is corrected. However, chronic secondary 
hyperparathyroidism may develop in patients with renal disease. In these 
individuals, periodontal therapy should be provided as necessary to prevent 
excessive periodontal destruction or tooth loss. Conservative therapy is preferred, 
excellent oral hygiene is essential to success, and frequent maintenance recall visits 
are usually required. Minimally invasive surgical therapy can be provided if 
necessary to arrest the periodontal disease process. Prophylactic antibiotics may be 
considered to minimize the effect of orogenic bacteremias. 

HEMATOLOGIC CONDITIONS 

Coagulation Disorders 

Postsurgical hemorrhage or even prolonged and excessive bleeding after scaling 
and root planing procedures are occasional complications of periodontal therapy. 
Although generally manageable with conservative measures, it is desirable to avoid 



this complication. In most cases, an adequate medical/dental history will identify 
patients with a potential bleeding diathesis. Most hemorrhagic incidents are related 
to local factors occurring as a part of the treatment received. However, there are a 
number of drugs and systemic conditions that may be associated with prolonged or 
excessive hemorrhage. These should be identified in advance of treatment whenever 
possible.57,58 

Hemostasis occurs through a complex mechanism of platelet aggregation to form a 
clot, activation of the coagulation factor cascade to strengthen the clot, and, finally, 
clot degradation. Any condition that disrupts this mechanism can result in excessive 
or prolonged bleeding. 

As a rule, patients suspected of having a bleeding disorder can be evaluated using 
only a few clinical and laboratory procedures. A thorough medical history can lead 
to a proper diagnosis in the majority of patients. Certain laboratory tests are helpful 
in screening patients for a deficiency of clotting factor(s), a platelet deficiency or 
dysfunction, or other systemic disorders that might interfere with adequate blood 
clotting. A complete blood count with differential will help identify platelet 
deficiencies; the Ivy bleeding time or a platelet function analyzer will identify 
abnormalities in platelet aggregation; and a prothrombin and partial thromboplastin 
test will help evaluate patients for deficiencies in the extrinsic and intrinsic clotting 
factors.59 The results of these tests may necessitate medical consultation before 
definitive periodontal therapy to rule out specific bleeding disorders.60 Table 37-3 
illustrates the use of screening laboratory tests for hemorrhagic disorders. 

This section describes several diseases most often associated with clotting factor 
deficiencies and discusses principles of management in the dental office. These 
management principles can be modified to compensate for other factor deficiencies. 
Management of the patients with liver disorders is discussed in a separate section 
and patient management of those receiving anticoagulant therapy is discussed in the 
section on cardiovascular diseases. 

Hemophilia 

Hemophilia A is the most common type of hemophilia. It occurs because of a 
deficiency of the intrinsic clotting factor VIII (antihemophilic globulin). It is 
transmitted as a sex-linked (X-linked) recessive trait that is carried by female 
individuals, although they are only rarely afflicted with the disease. Susceptible 
male offspring, however, often have the deficiency. If undetected, this condition 
can be life threatening. 

Hemophilia B occurs because of a deficiency in clotting factor IX (plasma 
thromboplastin component). It also is inherited as an X-linked recessive trait and 
is more commonly found in male individuals, although female individuals may 
also be affected. 



Management principles are the same for these two variants of hemophilia. 
Medical consultation should be sought. The diseases are considered to be 
relatively mild if 30% or more of the circulating factor levels are present, but 
supplementation with the appropriate factor often is indicated before dental 
therapy. This may be accomplished by the use of fresh frozen plasma. However, 
recombinant factor VIII or IX reduces the potential for posttransfusion viral 
infections. It is important that excellent oral health is achieved and maintained in 
afflicted individuals. Effective oral hygiene is an essential component in reaching 
this goal, but plaque removal should be as atraumatic as possible. A soft bristle 
toothbrush is preferred, and flossing should be performed carefully to prevent 
tissue laceration. 

TABLE 37-3  Laboratory Testing for Bleeding 

Disorders 

Modified from Rees TD: Dental management of the medically compromised 
patient. In McDonald RE, Hurt WC, Gilmore HW, Middleton RA, editors: 
Current therapy in dentistry, vol 7, St. Louis, 1980, Mosby, p. 12. 

PT, prothrombin time; PTT, partial thromboplastin time. 

 

Even conservative periodontal therapy may place the hemophiliac at risk for 
excessive hemorrhage. Scaling and root planing and injection of local block 
anesthesia can result in severe bleeding unless factor supplementation is 
accomplished before treatment. Even then, gentle probing and debridement is 
preferred. If the patient has mild deficiency, it may be more appropriate to remove 
local irritants progressively in short, multiple appointments to avoid inducing a 
bleeding diathesis. One should be prepared to manage postoperative hemorrhage 
using local hemostatic agents such as oxidized cellulose soaked in thrombin or 
fibrin sealant.61 Administration of clot-stabilizing agents, such as desmopressin 
acetate or aminocaproic acid, may be an acceptable alternative to factor 
supplementation. 

Most surgical procedures should be performed in the hospital in close 
coordination with the patient's hematologist. Ideally, some means should be 
available for estimating the volume of blood loss during and after the procedure. 
Preoperative and postoperative hematocrit and hemoglobin assessments may be of 
some benefit in evaluating hypovolemia. 



Care should be taken after surgery to avoid administration of analgesic agents 
such as aspirin, nonsteroidal antiinflammatory drugs, or even acetaminophen 
because of their potential to prolong postoperative hemorrhage.62,63 

von Willebrand's disease 

von Willebrand's disease is sometimes referred to as vascular hemophilia. It is 
transmitted by an autosomal gene to both sexes. A deficiency or abnormality in 
von Willebrand factor (vWF) alters platelet adherence and aggregation and can 
lead to a prolonged bleeding time. The factor also may complex with factor VIII 
and interfere with its activation. This creates clinical features similar to 
hemophilia. In most instances, the deficiency is relatively mild, although patients 
with severe deficiency may experience spontaneous gingival bleeding, epistaxis, 
and ecchymosis. 

Patients with von Willebrand's disease may or may not be aware of their 
condition. It is the most common of the inherited bleeding disorders, and it should 
be suspected in individuals who report previous moderate to severe postoperative 
bleeding after periodontal surgical or nonsurgical procedures. 

For invasive dental procedures, the vWF should ideally be greater than 80% of 
normal. This can be achieved with factor supplementation. However, in more 
severe cases, patients may also benefit from administration of desmopressin 
acetate, which stimulates release of endogenous vWF from endothelial cells. 
Supplemental doses of vWF or desmopressin may be required after surgery to 
ensure clot stabilization. Aminocaproic acid mouthrinses also can be used for this 
purpose.57,60 

Thrombocytopenia 

Thrombocytopenia is a decrease in the number of circulating platelets caused by 
decreased cell production or increased destruction, or both. It may be precipitated 
secondary to use of myelosuppressive drugs or radiation therapy for treatment of 
neoplasias, or it may represent an idiopathic hypersensitivity to various drugs 
including salicylates, barbiturates, phenylbutazone, sulfonamides, meprobamate, 
diphenhydramine, ethanol, antiepileptics, diuretics, or nonsteroidal 
antiinflammatory drugs. It may also be induced by infection or myelodysplastic 
conditions such as aplastic anemia or leukemia. Hypersplenism can result in 
accelerated destruction of platelets, inducing the deficiency. Interestingly, 
thrombocytopenia often is idiopathic. 

Normal platelet count ranges from 150,000 to 400,000 cells/mm3. Platelet 
deficiencies can induce spontaneous bleeding when the count decreases to less 
than 10,000/mm3. However, essential periodontal procedures, including surgery, 
can usually be performed when the platelet count exceeds 50,000/mm3. 



Medical treatment is directed toward identification and elimination of the 
etiologic factors, when possible, and with infusion of packed platelets as 
necessary. Elective dental procedures should be deferred until the condition 
improves. Emergency care should be provided in the hospital with close medical-
dental coordination. 

Individuals who have slowly progressive or partially controlled thrombocytopenia 
may receive routine dental care after medical consultation. The dental care should 
be directed toward elimination of oral conditions that might predispose to 
hemorrhage. These include faulty restorations, carious lesions, or calculus 
accumulations. Small areas should be treated and local hemostatic agents used to 
control bleeding. Oral hygiene should be meticulously maintained using gentle 
toothbrushing and flossing and frequent oral prophylaxis. The drugs used in 
treatment of the platelet disorder should be taken under consideration. For 
example, systemic corticosteroids are often used for idiopathic thrombocytopenia. 
Patients taking these medications may be predisposed to oral infection and their 
response to physical or emotional stress may be compromised.25,62 

Blood Dyscrasias 

Red blood cells 

Patients seeking periodontal therapy may be affected by deficiency in red blood 
cells (erythrocytes). This deficiency may be especially likely in elderly or 
malnourished individuals. In some cases, anemia may be associated with oral 
manifestations such as glossitis, cheilitis, or pallor of the mucous membranes. 
However, most often the periodontium is not affected.64 In general, anemia is a 
manifestation of a variety of underlying red blood cell disorders. It may occur 
because of blood loss, iron deficiency, decreased production of erythrocytes 
(pernicious anemia and folic acid deficiency), increased destruction of red blood 
cells (hemolytic anemia), or defective red blood cells (sickle cell anemia). 
Periodontal surgical procedures may be contraindicated in patients who are 
severely anemic because abnormal bleeding and delayed wound healing may 
occur. When the condition is suspected the patient should be referred to his or her 
physician for evaluation or screening laboratory tests should be performed. These 
usually include a complete blood count with differential, hemoglobin, and 
hematocrit. 

Hemolytic anemia. 

Although rare, hemolytic anemia may be precipitated by drugs such as dapsone, 
aspirin, phenacetin, chloramphenicol, sulfonamides, and methylene blue, 
especially if the individual taking the drugs has an enzymatic deficiency of red 
blood cells. The most common of these is glucose-6-phosphate dehydrogenase 
(G6PD) deficiency. This X-linked recessive trait has been reported to be present 



in approximately 10% of black male individuals. Under drug-induced oxidant 
stress, hemolysis may occur. Occasionally, the red blood cell destruction is not 
self-limiting and can even be fatal. Hemolysis may also be precipitated by 
dental infection and the dentist should manage patients with G6PD deficiency 
with great caution.60 

Sickle cell anemia and sickle cell trait. 

Sickle cell anemia may also induce hemolysis. The condition results from 
abnormalities in the hemoglobin molecule (hemoglobin S) leading to 
malformation of erythrocytes under oxidant stress. It occurs almost exclusively 
in black individuals, and those with a severe form of the disease may die in 
childhood. In sickle cell disease, more than 75% of hemoglobin is the S form, 
whereas in sickle cell trait, 20% to 50% of hemoglobin is the S type. Afflicted 
individuals with more than 50% normal hemoglobin (type A) may often be 
asymptomatic unless exposed to hypoxia or increased blood pH. In this event, 
an increase in formation of hemoglobin S occurs and may result in hemolysis or 
blood stasis.65 

Clinical manifestations of sickle cell anemia may include pallor, jaundice, and 
cardiac failure. When abnormal erythrocytes plug blood vessels, ischemic 
necrosis may result. This tissue destruction may occasionally include 
periodontal structures. In the oral cavity, sickle cell disease may result in 
delayed tooth eruption in children and dentinal hypoplasia. Bone marrow 
hyperplasia may occur, causing formation of a thin trabecular pattern in the jaws 
with the trabeculae aligned in horizontal rows. Skull radiographs may reveal 
coarse trabeculae aligned perpendicular to the outer plate (the "hair on end" 
effect).65,66 The dentist is more likely to encounter individuals who carry the 
sickle cell trait than individuals with sickle cell anemia. In patients with the 
sickle cell trait, sickling crisis is much less likely, but can occasionally occur, 
especially at greater altitudes. Dental treatment should not be performed during 
periods of exacerbation, and elective periodontal surgical procedures should not 
be scheduled unless the patient's normal hemoglobin is 70% or more. General 
anesthesia is contraindicated as are any drugs likely to induce respiratory 
depression. Carefully administered nitrous oxide/oxygen conscious sedation 
may maintain adequate tissue oxygenation, but the patient should be monitored 
with a pulse oximeter or other device to ensure stability. Treatment procedures 
should be brief and infiltration with local anesthetics with vasoconstrictors 
should be used with extreme caution to prevent ischemic necrosis peripheral to 
the injection site. In surgical procedures, every effort should be made to obtain 
complete soft tissue coverage of wound sites because osteomyelitis is a risk in 
this patient population.60,66 

Dental and periodontal infections can initiate a sickling crisis, therefore good 
oral health is imperative. If surgical procedures are performed, prophylactic 
antibiotic coverage as recommended by the American Heart Association (AHA) 



is probably indicated. Renal and hepatic dysfunction may be present; therefore, 
penicillin is probably the drug of choice in patients who are not allergic, 
because any antibiotic taken is likely to remain in the blood system for a 
prolonged period and penicillin is one of the least toxic antibiotics available.60 

Aplastic anemia. 

Aplastic anemia is an acute myelogenous disease that causes defective 
formation or deficiency of most blood cells formed in the bone marrow. It is 
characterized by susceptibility to infection and hemorrhage. Patients with this 
disorder should be managed as described later for the individual with acute 
leukemia. 

White blood cells 

As discussed in Chapter 31, deficiency or defective formation of white blood cells 
may have a profound adverse effect on periodontal health. Quantitative 
deficiencies (neutropenia, agranulocytosis) may significantly impact the patient's 
ability to ward off infections including gingivitis and periodontitis. Functional 
leukocyte disorders (Chediak-Higashi syndrome, chronic granulomatous disease, 
leukocyte adhesion deficiency, and others) may have a similar effect. The 
underlying systemic disorder may vary from mild to severe. The severity of the 
disorder may represent the greatest determinant of the dentist's ability to control 
plaque-induced periodontal destruction.67,68 Dental therapy is directed toward 
management of oral lesions and preservation of the teeth and supporting 
structures. Good oral hygiene must be meticulously maintained. Frequent 
maintenance intervals with prophylaxis and gentle scaling and root planing are 
usually appropriate. Although clearcut therapy protocols have not been 
established, it is recommended that antibiotics such as tetracyclines, amoxicillin 
plus clavulanic acid, or a combination of amoxicillin and metronidazole should be 
prescribed before or during periodontal treatment procedures. However, it may be 
more appropriate to use microbial culture and sensitivity testing to select the most 
effective antibiotic. Administration of low-dose tetracycline or local delivery of 
intrasulcular antibiotics or antimicrobials may be beneficial, although the 
usefulness of these agents has not yet been adequately evaluated.69 At a minimum, 
prophylactic antibiotic coverage is indicated during invasive periodontal therapy. 
Some reports suggest that early removal of teeth with severe periodontal lesions 
may alter the oral microbial flora and improve the prognosis for remaining teeth.68 
Currently, the appropriateness of implant placement in this patient population is 
unknown. 

Leukemia. 

Acute leukemia may run a rapid course and often only palliative treatment can 
be provided. However, when possible, oral health assessment and management 



should be accomplished before initiation of medical therapy.69 Gingival 
enlargement is a common finding, often induced by infiltration of malignant 
cells or by soft tissue hemorrhage.70 Oral infections are found in approximately 
one third of individuals with acute or active chronic leukemia. Oral mucosal 
lesions are also common as an adverse effect of chemotherapy. Before and after 
chemotherapy, oral mycotic (fungal) infections should be controlled, and the 
use of topical anesthetics or warm, mildly alkaline mouthrinses may help to 
make patients more comfortable. Every effort should be made to maintain good 
oral health, but gingival bleeding and infection are a constant threat. The 
frequency and severity of infections increase with the duration and severity of 
granulocytopenia. Patients with leukemia should be encouraged to maintain 
optimal oral health. Often, however, the course of dental treatment is affected 
by the patient's overall health status and only conservative therapy can be 
provided. Any dental disease likely to cause infection or gingival irritation 
should be managed before medical therapy whenever possible. Gingival 
inflammation, faulty restorations, and subgingival calculus can precipitate 
gingival bleeding that may be difficult to control. Careful coordination with the 
patient's hematologist is necessary. Advance knowledge of the patient's blood 
cell levels may necessitate that fresh frozen plasma or packed platelets are 
administered before dental therapy. If unanticipated bleeding occurs, local 
measures such as applied pressure on the site, use of local hemostatic agents 
such as oxidized cellulose, or the application of topical thrombin should be 
attempted. Individuals with acute leukemia may undergo chemotherapy or bone 
marrow transplantation (BMT). These individuals require special care as 
discussed extensively later in this chapter. 

Chronic leukemias are more likely to occur in individuals older than 40 years. 
They represent approximately one third of all reported leukemias. Any cell type 
may be involved, but the cells are generally more mature and some cell function 
may be retained. The condition progresses more slowly and periods of 
remission may occur with or without medical treatment. Consequently, 
individuals with chronic leukemia may anticipate a reasonably normal lifestyle 
and lifespan. 

Periodontal treatment should be avoided in patients with chronic leukemia 
during periods of exacerbation. If emergency care is necessary, tissue 
lacerations should be avoided. Aspirin, other nonsteroidal antiinflammatory 
drugs, and acetaminophen should not be prescribed because these drugs may 
adversely affect platelet function. Dental treatment can be performed during 
periods of remission. The criteria for remission should be determined by the 
hematologist. During remission, all potential local irritants should be removed 
and conservative periodontal therapy performed. Prophylactic antibiotic 
coverage should be considered and it is probably required if the absolute 
granulocyte count decreases to less than 1500/mm3.60 

CARDIOVASCULAR DISEASES 



Remarkable strides have been made in recent years in the prevention, diagnosis, and 
treatment of cardiovascular diseases (CVDs). Despite this progress, these diseases 
continue to be the most serious and common health problem in the United States. 
Sudden cardiac arrest takes more than 350,000 adult lives each year and more than 
6,000,000 Americans are estimated to have hypertension. The evolution of newer 
diagnostic and treatment techniques, the increase in the geriatric population in the 
United States, and the increase in the number of dentate elderly individuals clearly 
indicate that the dental practitioner will be expected to provide periodontal therapy 
for an ever-expanding number of individuals with CVD. 

Although a causal relation between poor periodontal health and the risk for CVD has 
not been established, evidence does suggest that individuals with CVD may have 
more advanced dental/periodontal disease than age- and sex-matched control 
subjects71 (see Chapter 32). Successful periodontal management of any patient with 
CVD is dependent on acquiring a thorough medical history, being aware of signs and 
symptoms of CVD, routine monitoring of vital signs in the dental office, adherence to 
accepted treatment principles, and appropriate medical consultation. This section 
provides practical information regarding safe and effective periodontal therapy for 
individuals with a variety of CVDs. 

Rheumatic Fever and Rheumatic Heart Disease 

Rheumatic fever is a streptococcal infection that most commonly affects children 
between the ages of 5 and 15 years. It is characterized by onset of a sore throat 
followed a few weeks later by an acute febrile illness and pain in multiple joints of 
the body. The disease usually lasts from 6 to 12 weeks and after-effects are 
minimal. Acute cardiac inflammation may occur in approximately 50% of afflicted 
individuals, and in some instances an autoimmune phenomenon is induced by 
antibodies against the streptococcal microorganisms that are cross-reactive with 
valvar (valvular) tissue of the heart. As an aftermath to this cross-reactivity, 
vegetative valvar lesions representative of chronic rheumatic heart disease may 
gradually but progressively develop. Rheumatic heart disease features progressive 
fibrosis, calcification, stenosis, and incompetence (regurgitation) of heart valves, 
especially the mitral or aortic valves. It was once considered to be the most likely 
cause of valvar heart damage in young individuals, but timely use of antibiotics and 
other treatment modalities have markedly reduced the incidence in Western 
countries. Presence of rheumatic heart disease with valvar lesions and chronic 
valvar regurgitation may lead to congestive heart failure and also place the afflicted 
patient at risk for acute or subacute infectious endocarditis (IE). These conditions 
are discussed later in this section.72 

Congenital Heart Defects 

Congenital heart defects currently represent the most common type of heart disease 
in children. They occur in approximately 1% of live births. Although the condition 



was often fatal in the past, new developments in cardiac surgical interventions have 
markedly improved the prognosis for individuals born with these defects. 

Congenital defects may affect portions of the heart or adjacent vessels. The cause is 
unknown but a genetic etiology is suspected, although embryonically acquired 
rubella and cytomegalovirus infections may also be implicated. Failure of the heart 
to perform its physiologic function may lead to death, whereas cyanosis and 
clubbing of the fingers are described in those who survive without surgical repair. 
Pulmonary hypertension may occur and the right ventricle may become 
hypertrophic. 

Ventricular septal defects result in inappropriate backflow from the left to the right 
ventricle leading to right ventricular hypertrophy. Atrial septal defects are the most 
common form of congenital heart deformities. Fortunately, these defects have 
minimal effect on heart function, although they may lead to embolus formation and 
also ultimately result in right ventricular hypertrophy. 

Patent ductus arteriosus is an opening between the aorta and pulmonary artery. The 
condition is associated with both systolic and diastolic murmurs, and the risk for IE 
is great. Pulmonary stenosis interferes with normal blood flow to the lungs and 
leads to breathlessness and subsequent right ventricular failure. 

Coarctation of the aorta results in hypotension of the lower portion of the body, 
whereas the head, neck, and upper body experience hypertension. This occurs 
because the narrowing of the aorta is usually found beyond the origin of the 
subclavian arteries. In this condition, development of an aneurysm is a constant 
threat. 

The tetralogy of Fallot represents multiple congenital defects, specifically 
ventricular septal defects, pulmonary stenosis, improper blood flow into the aorta, 
and compensatory right ventricular hypertrophy. If the condition is not surgically 
corrected, heart failure is a common outcome. 

Valvar calcifications may occur as the result of the presence of congenital defects 
and further promote the risk for endocarditis for this group of individuals. 
Congenital conditions such as ventricular septal defects, pulmonary stenosis, the 
tetralogy of Fallot, and a patent ductus arteriosus previously presented the patient 
with a grim prognosis because of heart failure or infective endocarditis. Currently, 
however, with successful cardiac surgery, patients often can anticipate a normal life 
expectancy. Appropriate dental management of patients who have experienced 
these defects is discussed in the section regarding IE. 

Congenital mitral valve prolapse is inherited as an autosomal dominant trait. It is a 
genetically derived condition of the chordae tympanae of the mitral valve that can 
result in incomplete valve closure. It may occur in otherwise healthy individuals, 
but it is also a characteristic feature of Marfan syndrome, the Ehlers-Danlos 



syndromes, and panic disorder. It may be more common among young female than 
male individuals.72 

If untreated, congenital cardiac defects may lead to early death dependent on the 
severity of the condition. In milder cases, tooth eruption may be delayed, enamel 
hypoplasia is evident, and the teeth are often malposed. IE is a constant risk, and 
bleeding may occur after invasive dental procedures because of abnormal platelet 
function and increased fibrinolytic activity. In contrast, individuals with surgically 
repaired congenital defects usually can anticipate a normal or near normal life 
expectancy, although in some cases an increased risk for development of IE persists 
throughout life.73 

Congestive Heart Failure 

Congestive heart failure (CHF) occurs when the heart muscle is unable to pump an 
adequate supply of oxygenated blood to the body. It most commonly occurs as a 
result of coronary artery disease, hypertension, valvar heart disease, diabetes 
mellitus, or cardiomyopathy.74 The condition may induce ventricular arrhythmias 
and sudden death. Heart transplantation may be the only way to cure the disease, 
but new treatment techniques help assure significant prolongation in life of 
individuals with CHF. 

Signs and symptoms of undiagnosed or poorly controlled CHF include shortness of 
breath at rest or with minimal exercise, cyanosis, and nocturnal heart pain 
(angina).75 Patients with poorly controlled CHF are not candidates for elective 
dental treatment and any necessary emergency dental care should be as conservative 
as possible (analgesics and antibiotics). In some cases, dental treatment should only 
be performed in the hospital environment. 

Currently, it is often possible for patients to achieve and sustain satisfactory levels 
of cardiac output and prolonged life. In this circumstance, some individuals may be 
candidates for elective periodontal therapy, to include surgical procedures, with 
some modifications to the dental treatment protocol. Dental appointments should be 
short and every effort should be made to establish a nonstressful treatment 
environment. This may require the use of conscious sedation or relaxation 
techniques, or both. Supplemental oxygen should be available as needed, and the 
dental chair should be positioned in an upright or semi-reclined position to ensure 
that peripheral blood returns to the central circulation and that the decompensated 
myocardium is not further impaired.76 

The goal of medical treatment of CHF is to increase contractile force of the heart 
muscle to increase cardiac output. To achieve this, most patients with CHF are 
treated with diuretics or with various combinations of digitalis, diuretics, beta-
blocking agents, calcium channel-blocking agents, and angiotensin-converting 
enzyme inhibitors. The dental practitioner should familiarize himself or herself with 
the potential side effects of these drugs and remain alert for signs and symptoms 



suggestive of adverse drug effects. These may include altered cardiac rhythm, 
anorexia, diarrhea, fatigue, headache, dizziness, or delirium.75 

The long-term use of calcium channel-blocking agents may result in gingival 
enlargement (see Chapter 33). Available evidence suggests that drug-induced 
gingival enlargement occurs in association with inadequate plaque control and 
every effort should be made to ensure that the patient maintains excellent oral 
hygiene and that he or she is scheduled for frequent periodontal maintenance 
visits.77,78 

Cardiac Arrhythmias 

Cardiac arrhythmias may be caused by reversible physiologic events such as 
hypoxia, diminished or excess serum potassium levels, or electrolyte imbalances. 
Most arrhythmias, however, are associated with conditions such as myocardial 
ischemia, hypertension, valvar heart disease, or CHF.79 

Sudden cardiac arrest is a constant threat in individuals with severe arrhythmia. 
Prevention of sudden cardiac arrest has markedly improved, however, with the early 
use of automated external cardiodefibrillator devices, and it is strongly suggested 
that these devices be available in the dental office.80 

Patients with chronic arrhythmias are frequently maintained with antiarrhythmic 
drugs such as amiodarone, beta-blocking agents, and calcium channel-blocking 
agents. Adverse effects of these drugs may include blood dyscrasias, xerostomia, 
and gingival enlargement, any of which may be associated with poor periodontal 
health.77 

The proper protocol for use of local anesthetics containing vasoconstrictor agents is 
controversial in this patient population and in those with hypertension and some 
other types of CVD. Vasoconstrictors (epinephrine, levonordefrin) may 
occasionally increase blood pressure or even induce ventricular arrhythmias if used 
in excessive quantity. It is beyond the scope of this text to fully address this issue, 
but adherence to certain principles can help to avoid a medical crisis during dental 
treatment. Vasoconstrictors are desirable in local anesthetics to facilitate profound 
anesthesia and prevent release of endogenous epinephrine by the patient. However, 
the quantity of vasoconstrictor administered should be carefully controlled. 
Intraosseous and intraligamental injections with local anesthetics containing 
vasoconstrictors are contraindicated.81 Local anesthetics should be slowly and 
carefully administered using aspiration to prevent an untoward reaction, and it is 
probably prudent to limit the total epinephrine administered to 0.04 mg per dental 
appointment. This is the equivalent of 2 carpules of lidocaine with 1:100,000 
epinephrine or 4 carpules of 1:200,000 epinephrine. For obvious reasons this 
precaution limits invasive periodontal therapy to small areas and short 
appointments.82 



Placement of implanted cardiac pacemakers has become common in treatment of 
cardiac arrhythmias. The devices are usually placed in the upper chest wall and 
inserted into the heart chambers through the transvenous route. These devices are 
often inserted into both the atrium and ventricle (dual chamber). The presence of 
these devices creates a slightly increased risk for IE, but the AHA does not 
recommend prophylactic antibiotic coverage when performing dental procedures 
for these patients.83 

In rare instances, cardiac pacemakers may be disrupted by external electromagnetic 
fields. Patients with these devices should avoid exposure to powerful magnets, and 
magnetic resonance imaging is contraindicated. The function of older, poorly 
shielded pacemakers may be disrupted by airport security devices and even cellular 
telephones.84 It is important, therefore, for the dental practitioner to determine the 
type of pacemaker and when it was placed. Newer pacemakers are shielded against 
the adverse effects of minor external electrical fields. One study, however, 
evaluated the effect of 14 electrical dental devices on shielded pacemakers. The 
authors report that electrosurgical equipment, ultrasonic instrument baths, and 
magnetorestrictive ultrasonic instruments may slightly disrupt pacemaker function 
if used in close proximity to the implanted device. Should this occur, the external 
device should be removed or disconnected. If this is done, the pacemaker will return 
to normal function.85 

Automatic implanted cardioverter defibrillators are often used to manage patients 
with persistent cardiac arrhythmias, and combination pacemaker/defibrillator 
devices may be beneficial. Individuals with these implanted devices are not 
considered to be at increased risk for IE and prophylactic antibiotic coverage is not 
required for invasive dental procedures unless other risk factors are present.83 

In most instances, the presence of implanted pacemakers or defibrillators is not 
considered to be a contraindication to dental treatment. It is probably prudent to 
exercise some precautions when treating individuals with implanted defibrillators. 
These devices are programmed to provide an electrical shock to the patient in event 
of a ventricular arrhythmic event that cannot be stopped by a cardiac pacing 
function. When shocked, patients are likely to experience an involuntary movement 
that could lead to injury to themselves or to the dentist. The dentist and patient 
should discuss this before treatment. If an arrhythmic event occurs, newer 
defibrillator models will attempt to reverse the arrhythmia by a pacing mechanism. 
This usually lasts from 10 to 20 seconds and the shock mechanism is not activated 
unless the pacing has failed to stop the dysrhythmia. Patients are usually aware 
when they are experiencing an arrhythmic episode and they should forewarn the 
dentist in time to remove dental instruments before the shock, should it occur. It is 
prudent to use a mouth prop when performing dental treatment to provide further 
protection for the patient and dentist. If possible, a local anesthetic without 
vasoconstrictor should be used. However, to prevent discomfort and release of 
endogenous epinephrine, a local anesthetic containing a vasoconstrictor often is 
necessary. However, the total dose of 0.04 mg per appointment should not be 
exceeded, as discussed earlier.86 



Ischemic Heart Disease (Coronary Artery Disease) 

Ischemic heart disease is the leading cause of sudden death in the United States. It 
can occur at any age and may induce atrial or ventricular fibrillation, angina 
pectoris, or myocardial infarction (MI).74 The underlying condition represents a 
narrowing of one or more of the coronary arteries because of atherosclerotic plaque 
formation as a result of vascular injury. This injury may be derived from a variety 
of etiologic factors, possibly including long-standing severe periodontitis.71,87 

Angina pectoris 

Angina pectoris is the result of a discrepancy between the oxygen demands placed 
on the myocardium and the ability of the coronary arteries to meet these demands. 
It most commonly occurs because of narrowing of the lumen of the coronary 
arteries and is characterized by a sensation of pain or pressure in the retrosternal 
area. This discomfort may radiate into the shoulder, arms, or side of the neck, 
mouth, and face.88 Consequently, angina pectoris may occasionally be mistaken 
for pain of dental origin. 

Stabile angina is defined as pain from exertion, and it usually subsides with rest or 
administration of vasodilator drugs such as nitroglycerin. Patients with diagnosed 
stabile angina are often treated with drugs such as nitrates, calcium channel-
blocking agents and beta-blocking agents. 

Dental patients with stabile angina can usually receive routine periodontal therapy 
to include necessary surgical procedures. This is predicated, however, on the use 
of a stress reduction protocol. Appointments should be short, and late morning or 
early afternoon appointments are preferred. This represents a change from 
previous dental protocols that called for early morning appointments. The change 
is based on the observation that endogenous epinephrine may increase the risk for 
vascular constriction and that endogenous epinephrine levels peak during the 
early morning hours. Local anesthetics containing a vasoconstrictor are probably 
indicated in treating these patients to prevent an increase of endogenous 
epinephrine levels. However, the quantity of vasoconstrictor administered should 
be controlled as described for other CVDs. 

If angina occurs during dental treatment, the procedure should be terminated and 
the patient placed in a semi-supine position; 100% oxygen should be 
administered, and a 0.32- or 0.4-mg nitroglycerin tablet placed sublingually. 
Previous recommendations suggest that the patient's own nitroglycerin would be 
best to use. However, nitroglycerin has a relatively short shelf-life and it may be 
more appropriate to use tablets from the dental office medical emergency kit 
provided it is being properly maintained and expired drugs are being replaced in a 
timely manner. 



Nitroglycerin should be repeated at 5-minute intervals if pain persists, but the 
minimal dose required should be used because excessive amounts of the drug may 
induce hypotension. Pain that persists for longer than 15 to 20 minutes or other 
signs and symptoms of MI dictate that the patient be transferred to the hospital 
emergency room. These signs and symptoms may include diaphoresis, nausea, 
syncope, or hypertension.86 

Throughout the course of managing the medical emergency, vital signs should be 
monitored and oxygen administered. If pain is severe or if the patient is extremely 
anxious, 5 to 10 mg morphine sulfate may be given intravenously. In event of 
cardiac arrest, resuscitative measures should be initiated to include application of 
automatic external cardiofibrillation. External cardiofibrillation should not be 
administered to a conscious patient.89 

Unstable angina is an intermediate stage between stabile angina and MI. The 
patient may experience chest pain and radiating pain at rest and there may be an 
increase in the frequency and/or severity of angina. Unstable angina may not be 
responsive to nitrates. Afflicted patients are not candidates for routine dental care, 
and emergency dental treatment should be provided only after medical 
consultation. Use of local anesthetics with vasoconstrictors is generally 
contraindicated, and the hospital is usually the best site for performing necessary 
dental therapy.88 

Variant angina (Prinzmetal's angina) may occur in an otherwise healthy heart as a 
result of coronary artery spasm. The condition is usually quickly relieved by 
administration of nitrates, but life-threatening arrhythmias may accompany the 
angina. Coronary artery spasm may be idiopathic, but it also has been reported to 
occur in association with cocaine abuse. The emergency steps described above are 
appropriate for variant angina, and definitive dental care should be deferred until 
the etiologic factor is identified and controlled. Vasoconstrictors should be used 
with extreme caution in patients known to have this type of angina.86 

Myocardial Infarction 

MI occurs when the coronary arteries are markedly occluded, with possible necrosis 
of the portion of the myocardium distal to the point of blockage. Thrombus 
formation is a common cause and thrombus breakup may place the patient at risk 
for a cerebrovascular event. Patients usually describe the discomfort associated with 
MI as a severe crushing substernal pain that may radiate to the neck, jaws, or left 
arm. The greatest risk associated with MI is ventricular fibrillation, and most deaths 
occur within 12 hours of the event. Individuals who have survived an MI are at 
increased risk for recurrence for the first 6 months after the event. Consequently, 
elective dental therapy is usually contraindicated during this period, although 
emergency dental care can probably be safely provided, if necessary.90 



Six months after an MI, routine dental care can usually be provided, but physician 
consultation is recommended. A stress reduction protocol should be followed to 
include a calm relaxing atmosphere within the dental office, profound local 
anesthesia, and conscious sedation, if indicated. Vital signs should be closely 
monitored. Once again, the dental practitioner should be alert for signs and 
symptoms of adverse drug reactions or interactions. 

Hypertrophic Cardiomyopathy 

Hypertrophic cardiomyopathy is a genetically derived condition featuring 
significant heart muscle enlargement, reduced cardiac output, restricted movement 
of the septal leaflets of the heart valves, and susceptibility to cardiac arrest. 
Exercise-induced sudden death may occur and afflicted patients should be treated 
with caution in the dental office. Patients with cardiomyopathy are at risk for 
infective endocarditis, and appropriate prophylactic antibiotic coverage is indicated 
for any invasive periodontal procedures. Medical consultation is imperative before 
treating patients with this condition. Profound local anesthesia is needed before 
dental treatment, but epinephrine should be used with caution. Nitroglycerin or 
other vasodilating drugs are contraindicated.91 Consequently, early activation of the 
medical emergency response system may be necessary if the patient develops 
medical complications. Oxygen should be administered if the patient develops 
cardiac symptoms and the practitioner must be prepared to administer 
cardiopulmonary resuscitation if necessary. 

Valvar (Valvular) Heart Disease 

Many pathologic processes can damage heart valves in individuals of all ages. 
Congenital heart defects, rheumatic fever, Kawasaki's disease, systemic lupus 
erythematosus, ischemic heart disease, and mitral valve prolapse may create valve 
defects or create blood turbulence that can put the individual at risk for IE. Even 
heart transplantation may place patients at risk for IE caused by calcification or 
scarring of heart valves. IE itself may cause valve damage and anyone with a 
history of IE should be considered at risk for recurrence.83,92 

Individuals with damaged heart valves are at increased risk for heart failure, cardiac 
arrhythmias, and IE. Consequently, dental patients with a history of any of the 
conditions mentioned above should be carefully questioned regarding any known 
adverse cardiac effects from their disease or disorder. Under ideal circumstances, 
any patient who reports a medical history of heart murmur should obtain medical 
evaluation before making decisions regarding dental treatment.72 Echocardiographic 
examination or magnetic resonance imaging are very accurate in identifying valve 
defects that require prophylactic antibiotic coverage before invasive dental 
procedures including most periodontal therapy. 

Mitral valve prolapse is a common condition that occurs when the valve leaflets 
have lost their tissue tone, resulting in incomplete valve closure. It is common in the 



general population, especially in young women, and previous use of the weight 
control drug combination fenfluramine-phentermine may create a low risk for 
mitral valve prolapse. Currently, individuals with mitral valve prolapse are only 
considered to require prophylactic antibiotic coverage for dental procedures if 
regurgitation (heart murmur) is detected.93 

Infectious Endocarditis 

Blood-borne microorganisms may lodge on damaged heart valves or perivalvar 
endocardium inducing an IE that is potentially life threatening. Individuals with 
prosthetic heart valves are at the greatest risk should this occur, because of the 
potential loss of the artificial valve.94 In an effort to minimize the risk from 
bacteremias during dental treatment, the AHA has developed guidelines concerning 
dental management of patients at risk.83 Invasive dental treatment procedures that 
involve manipulation of oral soft tissues and bleeding may induce transient 
bacteremias and theoretically increase the potential for developing IE. These 
invasive procedures include periodontal therapy such as pocket probing, scaling and 
root planing, surgical therapy, and the administration of intraligamental local 
anesthetics. Even the use of oral irrigators or air-abrasive polishing devices has 
been reported to induce transient bacteremias and, at least theoretically, may 
increase the risk for IE.95 

Transient bacteremias also occur in conjunction with daily activities such as bowel 
movements, tooth brushing, and chewing.72,96 This has caused some individuals to 
question the necessity for prophylactic antibiotic coverage for dental procedures. It 
would appear to be far more imperative that individuals at risk achieve and sustain a 
high level of periodontal health. This concept is supported by the observation that 
bacteremias are more frequent and severe in the presence of periodontal 
infection.25,66,97 

In 1997, the AHA revised its recommendations for dental management of patients 
at risk for IE. Prophylactic antibiotic coverage is recommended for certain dental 
treatment procedures in individuals at risk for IE. Notably, the AHA 
recommendations specifically address prevention of IE associated with exposure to 
Streptococcus viridans, an organism commonly found in the oral cavity. Decisions 
regarding the risk from bacteremias by putative periodontal pathogenic 
microorganisms are left to the dental practitioner.83 At the time of this publication, 
it is anticipated that the AHA will soon publish new guidelines indicating a further 
reduction in conditions in which prophylactic antibiotic coverage is required. 

The AHA recommends rinsing with an antimicrobial agent such as chlorhexidine 
gluconate or povidone-iodine before manipulating periodontal tissues, but long-
term home use of these rinses is not recommended because resistant strains of oral 
microorganisms might develop.83 



According to the AHA, any periodontal or other dental procedure likely to induce 
significant bleeding should be preceded by prophylactic antibiotics in patients at 
risk for IE. If multiple dental appointments are required, an interval of 9 to 14 days 
between appointments is recommended to reduce the risk for antibiotic resistance. 
Low-risk dental procedures usually do not require antibiotic coverage, but if 
unanticipated bleeding should occur during dental treatment, administration of 
antibiotics within 2 hours of the procedure may offer some protective benefit.83 

Professional judgment is often required in managing at-risk patients with 
periodontal disease. Tetracyclines often are prescribed in treatment of some types of 
periodontitis, but they are contraindicated for prophylactic use in prevention of IE. 
Some authorities suggest that patients with periodontal infection induced by 
tetracycline-susceptible organisms such as Actinobacillus actinomycetemcomitans 
might be best treated using a 2-week course of tetracyclines, followed by a 1-week 
delay period, and then periodontal therapy using the AHA-recommended 
antibiotics.98 Perhaps another more appropriate antibiotic regimen would be to add 
metronidazole to the amoxicillin recommended by the AHA. This regimen should 
offer prophylactic protection for IE, yet also be effective against putative 
periodontal pathogens. 

In recent years, a variety of locally delivered timed release antimicrobial substances 
have been developed for use in periodontal therapy.99 Several of these products are 
new to the dental market since the AHA recommendations of 1997. At that time the 
AHA recommended prophylactic antibiotic coverage when these materials were 
used because of the possibility of creating a transient bacteremia during insertion. 
Currently, however, there are no case reports or studies describing IE complications 
from these procedures. Insertion of some newer, locally delivered agents is far less 
invasive than for previous devices, and the risk for creating significant bacteremias 
appears to be quite low. 

As discussed earlier, patients with prosthetic heart valves have a high morbidity and 
mortality rate if IE occurs.72 Consequently, these individuals require certain special 
considerations. Ideally all potential oral foci of infection should be eliminated 
before placement of the prostheses. Unfortunately, this is not always possible 
because many of these individuals have serious heart conditions before surgical 
placement of the prosthesis. Routine periodontal or other dental treatment is not 
recommended for 6 months after valve prosthesis placement, and periodontal health 
is essential for the lifetime of the patient.83 Boxes 37-6 and 37-7 outline the degree 
of risk for IE associated with specific diseases or disorders; Boxes 37-8 and 37-9 
provide outlines for dental procedures that do or do not require prophylactic 
antibiotic coverage according to the AHA. Table 37-4 summarizes the AHA 
recommendations for specific prophylactic antibiotic regimens. 

Anticoagulant Therapy 



Patients with prosthetic heart valves and those who are at risk for thromboembolic 
events often receive anticoagulant therapy administered either during the acute 
phase of their condition or for their lifetime.83 In addition, many people take aspirin 
daily to prevent intravascular clotting, and a number of other drugs are also 
available that specifically alter platelet aggregation. A daily dose level up to 325 mg 
aspirin is not usually associated with significant hemorrhage. It is probably prudent, 
however, to have the dental outpatient discontinue aspirin, nonsteroidal 
antiinflammatory drugs, ticlopidine, clopidogrel bisulfate, tirofiban, low molecular 
weight heparin, or other platelet aggregation inhibitors for 1 week before a 
significantly invasive periodontal procedure and for 2 days afterward.25,58 

Box 37-6  Cardiac Conditions Requiring Antibiotic 

Prophylaxis Before Periodontal Therapy 

High Risk 

• Prosthetic cardiac valves 

• Previous infective endocarditis 

• Complex congenital cardiac defects 

• Systemic/pulmonary shunts 

Moderate Risk 

• Acquired valvar dysfunction 

• Hypertrophic cardiomyopathy 

• Mitral valve prolapse with regurgitation 

• Noncomplex congenital cardiac defects 

Modified from Dajani A, Taubert KA, Wilson W et al: Prevention of bacterial 
endocarditis. Recommendations of the American Heart Association, Circulation 
96:358–366, 1997. First published in JAMA 277:1794–1801, 1997. 

Although heparin and low molecular weight heparin are sometimes used in 
management of outpatients receiving hemodialysis, in individuals with valve 
prostheses, warfarin (coumarin) remains the most commonly used outpatient 
anticoagulant drug. Warfarin inhibits use of vitamin K, and therefore has a 
depleting effect on the vitamin K-dependent clotting factors II (prothrombin), VII, 
IX, and X.58,100 

The dosage of warfarin varies according to the extent to which the patient requires 
prevention of coagulation. Serum levels are monitored by measurement of 
prothrombin time using the International Normalized Ratio (INR). Prothrombin 



levels in an outwardly healthy patient have an INR value of 1.0. In most cases, 
therapeutic levels range from 2.0 to 3.5.58 The higher the INR, the greater the risk 
for bleeding complications. Home use INR monitoring devices are available to 
enable the patient to self-evaluate their levels daily and to sustain target INR 
levels.101 

Box 37-7  Cardiac Conditions Not Requiring 

Antibiotic Prophylaxis Before Periodontal Therapy 

• Secundum atrial septal defects 

• Surgically repaired septal defects without residua beyond 6 months 

• Previous coronary artery bypass 

• Mitral valve prolapse with no regurgitation 

• Physiologic or functional heart murmurs 

• Previous rheumatic fever or Kawasaki disease without valvar damage 

• Cardiac pacemakers and automatic implanted cardioversion defibrillators 

Modified from Dajani A, Taubert KA, Wilson W et al: Prevention of bacterial 
endocarditis. Recommendations of the American Heart Association, Circulation 
96:358–366, 1997. First published in JAMA 277:1794–1801, 1997. 

Box 37-8  Dental Procedures That May Induce 

Significant Bacteremias 

• Extractions 

• Implant placement 

• Tooth reimplantation 

• Periodontal procedures likely to cause bleeding (including surgery, scaling 
and root planing, and probing) 

• Endodontic surgery or instrumentation beyond the root apex 

• Intraligamentary injections 

• Placement of subgingival antibiotic fibers or strips* 

Modified from Dajani A, Taubert KA, Wilson W et al: Prevention of bacterial 
endocarditis. Recommendations of the American Heart Association, Circulation 
96:358–366, 1997. First published in JAMA 277:1794–1801, 1997. 



Before periodontal treatment it is important for the dental practitioner to be aware 
of the INR of patients taking warfarin. Current evidence indicates that limited 
periodontal surgical procedures and extractions can be performed without 
significant postoperative bleeding at an INR range of 1.0 to 3.0. Greater INR levels 
may result in some increase in hemorrhage, but localized bleeding is usually 
manageable by using atraumatic surgical techniques, achieving adequate wound 
closure, application of postsurgical pressure, and application of topical clotting 
agents such as foamed gelatin, oxidized cellulose, thrombin, or synthetic collagen. 
When performing emergency treatment for patients with high INR levels (4.0 to 
5.0), tranexamic acid oral rinses may be effective in further controlling hemorrhage. 
Certain antibiotics (tetracycline, erythromycin, clarithromycin, and metronidazole) 
are contraindicated in these patients because their use may increase the likelihood 
of hemorrhage.102 

Box 37-9  Dental Procedures That Create a Low Risk 

for Bacteremias 

• Restorative procedures with or without placement of retraction cord 

• Injection of local anesthetics 

• Rubber dam placement 

• Suture removal 

• Placement or adjustment of orthodontic appliances 

• Placement or adjustment of removable prosthodontic appliances 

• Dental impressions 

• Treatment with topical fluorides 

• Oral radiographs 

• Shedding of primary teeth 

Modified from Dajani A, Taubert KA, Wilson W et al: Prevention of bacterial 
endocarditis. Recommendations of the American Heart Association, Circulation 
96:358–366, 1997. First published in JAMA 277:1794–1801, 1997. 

TABLE 37-4  Recommendations for Antibiotic 

Prophylaxis 

Reproduced with permission from Dajani A, Taubert KA, Wilson W et al: 
Prevention of bacterial endocarditis. Recommendations of the American Heart 



Association. JAMA 277:1794–1801, 1997. First published in Circulation 
96:358–366, 1997. Copyright 1997 American Heart Association. 

 

Conservative periodontal therapy including surgery that is expected to result in mild 
to moderate bleeding can be performed on patients receiving anticoagulants with 
the cooperation of the patient's physician. Reduction of the INR level to less than 
3.0 should enable uneventful periodontal treatment. It is generally not advisable to 
stop the anticoagulant altogether. The physician may suggest a reduced dosage, and 
it may take between 3 and 5 days to achieve the target INR because of the long half-
life of warfarin. It is prudent to have the patient check his or her INR level on the 
day of treatment to ensure that the desired reduction has been achieved. The 
decreased level should be sustained for 24 to 48 hours after surgery. Because it 
takes several days to return to the normal level of anticoagulation after resumption 
of warfarin, many practitioners have the patient resume taking their warfarin the 
same day as the periodontal surgery. In event of prolonged postoperative bleeding, 
blood transfusion, infusion of packed platelets, or infusion of fresh frozen plasma is 
occasionally necessary.58,102 

* Statement does not address placement of other types of subgingival 
antimicrobial agents. 

Hypertension 

High blood pressure is endemic in the United States with an estimated 15% to 20% 
of adults being affected.103 Hypertension is one of the leading risk factors for CVD, 
stroke, and end-stage renal disease.104 It has been estimated that one third of 
individuals with hypertension are not aware of their condition and that one-third are 
not compliant with prescribed treatment. Consequently, dental health care workers 
may play an important role in detecting and assisting in managing individuals with 
hypertension. Monitoring vital signs should be a routine component of dental 



practice, especially for patients undergoing surgical procedures or conscious 
sedation. All patients previously identified as having hypertension should be 
monitored at each dental appointment, and emergency dental therapy should be as 
conservative as possible for uncontrolled or untreated hypertensive individuals. In 
contrast, there are no contraindications to providing dental care for patients with 
well controlled hypertension. 

In a series of reports, the Joint National Committee on Prevention, Detection, 
Evaluation and Treatment of high blood pressure has established guidelines and 
clarified definitions regarding blood pressure findings.103,105 Increase of either 
systolic or diastolic blood pressure is of concern. Individuals with a systolic blood 
pressure of 120 to 139 mm Hg or a diastolic reading of 80 to 89 mm Hg are now 
classified as prehypertensive and health-promoting lifestyle modifications are 
recommended when applicable. However, in individuals older than 50 years, a 
systolic pressure greater than 140 mm Hg is a more important risk factor for CVD. 
Hypertension is considered to be present if the blood pressure reaches or exceeds 
140 mm Hg systolic or 90 mm Hg diastolic. Values should be averaged from at 
least two follow-up visits after baseline measurements to establish the diagnosis or 
to determine the need for medical referral from a dental office. An individual 
reading in excess of 160 systolic/100 diastolic mm Hg (hypertension stage 2) 
should warrant immediate medical referral, whereas emergency care should be 
provided for individuals with blood pressure levels of 180 systolic or 110 diastolic 
mm Hg or greater (hypertension stage 3) (Box 37-10). 

Individuals who are taking antihypertensive medication should be considered 
hypertensive even if their blood pressure readings are within normal range. 
Multidrug therapy is common, although a report indicates that diuretic monotherapy 
may often be at least as effective as combined drug regimens currently in use.105 
Postural hypotension is one of the unwanted side effects of antihypertensive 
medications and dental patients who have been reclined should first have their chair 
returned to the upright position, be allowed to sit quietly for a minute or so, then 
stand carefully while being observed. Illicit drugs such as cocaine or amphetamines 
or prescribed drugs such as mineralocorticoids and anabolic steroids may increase 
blood pressure readings. When possible, individuals who take these drugs should be 
identified in the dental office and treated with care.104 

Box 37-10  Classification of Adult Blood Pressure 

 



From: The seventh report of the Joint National Committee on Prevention, 
Detection, Evaluation, and Treatment of High Blood Pressure, Bethesda, MD, 
2003. National Institutes of Health/National Heart, Lung, and Blood Institute. 
NIH Publication 03-5233. (See reference 103.) 

Considerable controversy exists regarding the use of vasoconstricting agents in 
local anesthetics administered to patients with hypertension. Available evidence 
indicates that the judicious use of vasoconstrictors is permissible unless the systolic 
blood pressure exceeds 180 mm Hg or the diastolic blood pressure exceeds 110 mm 
Hg.104,106 As discussed previously, however, the quantity of local anesthetic with 
vasoconstrictor should probably be limited to 0.04 mg epinephrine or its equivalent 
per appointment. Several reports indicate that epinephrine in local anesthetics does 
not significantly alter blood pressure levels but, notably, minimal dosages of 
epinephrine were used in all of these studies.86,107,108 

Treatment principles for the patient with hypertension include profound local 
anesthesia, adequate aspiration to prevent intravascular injection, application of 
psychosedation techniques, and use of conscious sedation, if necessary. Outpatient 
general anesthesia is not recommended and epinephrine should not be used on 
retraction cord. The primary goal of management of the patient with hypertension in 
the dental office is to prevent undue increase in the patient's baseline blood pressure 
values.25,109 

Vascular Stents 

Angioplasty with insertion of vascular stents has assumed an increasingly important 
role in management of individuals with coronary artery disease. Although medical 
consultation is indicated for dental patients with stents, their presence alone is not a 
contraindication to dental treatment. Prophylactic antibiotic coverage is not 
necessary, although some cardiologists recommend prophylaxis if emergency dental 
treatment is necessary within the first 4 to 6 weeks after insertion of the stent. 
Individuals with coronary artery stents may take anticoagulant medications for the 
remainder of their lifetime. In that event, the therapeutic modifications discussed 
earlier would apply.110,111 

Heart Transplantation 

Heart transplantation has become a relatively routine therapeutic procedure in 
management of a variety of cardiovascular conditions including those discussed in 
this section. No firm dental management protocols have been established, however, 
for individuals who receive heart transplants. Whenever possible, periodontal and 
dental health should be achieved before transplantation, although the underlying 
cardiac condition may limit the type of dental therapy that can be provided.86 

Postoperative complications are common in heart transplant recipients and infection 
is a constant risk, in part because of the use of antiinflammatory and 



immunosuppressive drugs necessary to prevent organ rejection.112 Therefore, 
periodontal health may be extremely important to recipients, yet the 
immunosuppressive drugs may mask early signs and symptoms of infection. 
Meanwhile, if cyclosporine is used to prevent organ rejection, the risk for gingival 
enlargement is present.86 For these reasons, meticulous oral hygiene and a frequent 
recall periodontal maintenance schedule is indicated. Prophylactic antibiotic 
coverage is probably indicated for the first 6 months after organ placement in all 
recipients, whereas those who do not achieve maximal cardiac function or who 
experience other complications may continue to require prophylactic coverage. The 
guidelines established by the AHA are probably sufficient unless more stringent 
antibiotic usage is requested by the patient's cardiologist. 

Cerebrovascular Accidents 

Stroke and other cerebrovascular accidents (CVAs) can occur at any age. However, 
the pathophysiologic changes associated with age create a greater risk among the 
elderly.113,114 Stroke occurs when blood flow to the brain is blocked, causing 
ischemia and loss of function of the affected area.25 Transient ischemic attacks 
(TIAs) represent a milder form of CVAs in which ischemia causes temporary 
disorientation or loss of memory or speech. Although these episodes are not life 
threatening, they may serve as a warning of pending stroke.115,116 

CVAs may occur in two fashions: (1) disruption of a cerebral blood vessel with 
ensuing cerebral hemorrhage and formation of a subdural hematoma; or (2) 
blockage of a cerebral artery by thromboemboli related to coronary artery disease or 
carotid artery stenosis. Hypertension is the most frequent cause of hemorrhagic 
stroke, whereas coronary artery disease, atrial fibrillation, carotid artery stenosis, 
chronic thrombophlebitis, or drug-induced intravascular clotting are associated with 
thromboembolic or calcific blockage of cerebral blood vessels.117 Severe 
periodontal disease has been linked to an increased incidence of stroke, but no 
cause and effect association has been established113,118,119 (see Chapter 32). 

The dentist has a responsibility for detecting individuals at risk for CVAs or those 
with signs or symptoms suggestive of stroke. Patients with a history of CVAs or 
those with diabetes mellitus, cardiac or peripheral vascular disease, or hypertension 
should be carefully observed during dental therapy. Women who take oral 
contraceptives may also be at increased risk, as are those who experience chronic 
atrial fibrillation. Panographic radiographs may be of particular value in detecting 
the presence of carotid artery stenosis. 

Signs and symptoms of stroke range from mild pain or loss of extremity function to 
sudden death. If an individual survives the original acute episode he or she may 
experience complete or partial recovery, although the patient may continue to be at 
risk for recurrence. Facial paralysis may create difficulty in chewing and 
swallowing of food. This may lead to a significant alteration in diet and possible 
nutritional deficiency. Food particles may accumulate in the oral cavity, leading to 



an increased susceptibility to dental caries, periodontal disease, and halitosis. These 
oral problems may be compounded by medications that the patient takes that are 
associated with xerostomia.25 

Dental office management of patients after a CVA or patients who are at high risk 
for such an incident includes the following:  

1. Medical consultation should be sought, as necessary. 

2. Careful monitoring of vital signs is important. Do not treat if alarming 
signs or symptoms of a CVA are evident. 

3. Elective dental procedures should be avoided during the recovery phase 
but oral health is of great importance during the poststroke phase. Patients may 
have a heightened gag reflex so optimal head positioning and adequate aspiration 
are essential. 

4. Maintain the patient in a calm, comfortable, pain-free mode. Avoid 
stressful episodes in the dental office and use conscious sedation when 
appropriate. Deep sedation or general anesthesia should be avoided because these 
may induce pronounced hypotension that may lead to further cerebral ischemia if 
vessels of the brain are already occluded. 

5. Consider medications the patient may be taking. Patients at high risk or 
after stroke often receive potent anticoagulant medications on a daily basis and 
may be at increased risk for posttreatment hemorrhage after periodontal therapy. 
The principles described for management of patients using anticoagulants 
apply.119 

6. Maintain the best possible state of oral health. Individuals with partially 
occluded cerebral vessels may be at increased risk for development of brain 
abscesses. Some case reports suggest that these abscesses may occasionally be 
associated with microorganisms commonly found in severe periodontal disease. 
This risk appears to be relatively minor but use of prophylactic antibiotics should 
be considered. If the decision is made to prescribe antibiotics, the 
recommendations of the AHA would be appropriate. Currently, no controlled 
studies have been reported that link periodontal diseases to brain abscesses.120 

7. Assist the patient with oral physiotherapy. Stroke victims may have facial 
paralysis or weakness and loss of manual dexterity. Anxiety and depression are 
common in this patient population. This may lead to a reduction in motivation to 
perform routine preventive oral hygiene measures. Long-term use of antimicrobial 
mouthrinses may be indicated, and special oral hygiene devices such as electric 
toothbrushes, specifically modified manual toothbrushes, floss holders, or 
mechanical flossing instruments and oral irrigation devices may be beneficial. In 
severely afflicted individuals, daily oral hygiene measures must be performed by 
care providers. Frequent recall visits are essential whenever circumstances 
permit.59,109 



PROSTHETIC JOINT REPLACEMENT 

In recent years, prosthetic joint replacement for damaged body joints has become 
common in medical practice. Currently, it is feasible to prosthetically replace 
virtually any joint of the body. Patients undergoing total joint replacement surgery are 
at risk for postsurgical infection that could lead to rejection of the prosthesis and other 
complications including death. The incidence of surgically related infections has been 
markedly reduced, however, by administration of perioperative prophylactic 
antibiotics. To further decrease this risk, good dental and periodontal health is 
important to minimize orogenic bacteremias. 

Late infections of total joint replacements is also a risk, and some case reports suggest 
that bacteremias associated with dental treatment may have caused prosthetic joint 
infection by the hematogenous route.121 Currently, however, no scientific evidence 
has been presented to support this concept. Nevertheless, maintenance of good oral 
health is theoretically important in minimizing the risk from oral bacteremias and this 
should be emphasized to patients with total joint replacements. In view of the low risk 
for joint infection from dental bacteremias, some authorities suggest that the risks 
associated with prophylactic administration of antibiotics exceed the risk for 
prosthetic joint infection.122 

Delayed prosthetic joint infections are most frequently caused by gram-positive 
staphylococci (Staphylococcus epidermidis and Staphylococcus aureus) or by 
Pseudomonas aeruginosa, a gram-negative organism. These organisms are not 
common inhabitants of the oral cavity and they are rarely, if ever, found as 
components of transient bacteremias associated with dental treatment. In addition, 
those microorganisms commonly found in orogenic bacteremias do not present a 
great risk for inducing late joint prosthesis infection.25 

In an effort to resolve this controversy, a panel of experts from the ADA and the 
American Association of Orthopedic Surgeons have issued advisory statements, most 
recently in 2003.123,124 The panel concluded that antibiotic prophylaxis for dental 
treatment is not necessary for individuals with orthopedic pins, plates, or screws; it 
also is not indicated for most dental patients with total joint replacements. However, 
maintenance of effective oral hygiene and oral health is important in individuals who 
undergo total joint replacement and for some high-risk individuals who have 
previously received joint prostheses. This serves to minimize significant bacteremias 
that occur in conjunction with dental or periodontal infections or daily life events 
(bowel movement, chewing, bruxing, toothbrushing, and flossing).83 

Because it is at least theoretically possible that oral bacteremias may contribute to 
infection of recently placed joint prostheses, the advisory panel recommended 
prophylactic antibiotic coverage for dental treatment within 2 years after joint 
replacement. After that time, if no replacement complications have occurred, routine 
dental antibiotic prophylaxis is probably not necessary. Dental antibiotic prophylaxis 
should still be considered, however, for patients with a history of joint replacement 
infection or for those with a compromised immune system. The latter would include 



patients with inflammatory joint disease or those who have received radiation therapy 
or who are taking immunosuppressive drugs. Other circumstances that may warrant 
dental antibiotic prophylaxis include malnutrition, blood dyscrasias, HIV infection, 
diabetes mellitus, and active malignancies. 

Invasive dental procedures may place patients at greater risk for bacteremias and 
subsequent joint infection. These procedures include extractions, periodontal therapy, 
implant placement, tooth reimplantation, and other procedures previously identified 
by the AHA as creating a greater risk for infective endocarditis.83 If the decision is 
made that dental prophylactic antibiotic coverage is appropriate, cephalexin, 
cephradine, or amoxicillin, 2 g orally 1 hour before the dental procedure, are 
recommended if the patient is not allergic to penicillin. In event the patient is unable 
to take oral medication, administration of 1 g cefazolin or 2 g ampicillin 
intramuscularly or intravenously is suggested. Individuals allergic to penicillin may 
receive 600 mg clindamycin orally or intravenously 1 hour before the dental 
procedure.124 

PERIODONTAL DISEASE IN HIV-INFECTED 

INDIVIDUALS 

The incidence and severity of oral lesions associated with HIV infection appears to 
have diminished in recent years with the advent of highly active antiretroviral therapy 
(HAART). However, this therapy is associated with severe adverse effects and not all 
HIV-infected patients can tolerate the drugs. In addition, some medical experts 
advocate withholding HAART until the infected individual becomes significantly 
immunocompromised. As a result of these factors, the dental practitioner must still be 
prepared to recognize and treat common oral lesions associated with a compromised 
immune status.125,126 

As discussed in Chapter 31, certain periodontal diseases (linear gingival erythema 
[LGE], necrotizing ulcerative gingivitis [NUG], and necrotizing ulcerative 
periodontitis [NUP]) occur more frequently in severely immunocompromised 
individuals, whereas plaque-induced periodontitis may or may not be more common 
or severe in these individuals. Nonetheless, all practitioners should expect to 
encounter some HIV-positive patients with periodontal disease. 

Treatment concepts do not necessarily differ in an immunocompromised patient. 
However, the goals of therapy may vary depending on the patient's overall health 
status. HIV-associated mucosal diseases should be controlled when possible, and 
acute dental and periodontal infections should be eliminated. Oral health is important 
to the patient's well-being, and dental evaluation and treatment should be a routine 
component of medical management of individuals with HIV infection. 

Universal precautions and strict adherence to proper infection control procedures are 
mandatory for all patients in keeping with the recommendations of the Centers for 
Disease Control and Prevention and the ADA.127,128 Just as with any other medically 



compromised individual, the overall health status of an HIV-infected patient is 
potentially of importance in making therapeutic decisions. For example, a severely 
immunocompromised patient with AIDS who is in the hospital is not a candidate for 
elective periodontal surgical procedures. However, if this same patient has advanced 
periodontitis, transient bacteremias associated with chewing, performance of oral 
hygiene measures, or bruxing could have a significant impact on his or her systemic 
health. Consequently, HIV-infected individuals should be educated regarding the 
importance of periodontal health to their overall health and they should be 
encouraged to seek periodontal care, if needed, early in the progression of their 
underlying systemic disease. 

This discussion is limited to management of the HIV-positive individual likely to be 
encountered as a dental outpatient. Such individuals may or may not be aware that 
they are infected with HIV. Consequently, the dental practitioner must remain alert 
for the oral signs and symptoms of a compromised immune system (see Chapter 31). 

Several authorities have offered guidelines for proper evaluation and management of 
individuals known to be HIV-posititive.125,126,128 It is important to know the CD4+ T4 
lymphocyte level and viral load of the patient and the length of time in which he or 
she has been known to be HIV-positive. Marked changes in CD4 counts and viral 
load may be especially important in patient evaluation. In many instances, individuals 
with a stable but low CD4 count will be able to undergo periodontal treatment 
without difficulty. No significant delay in wound healing or increased risk for 
postoperative infection need be anticipated.128 In contrast, a high viral load (greater 
than 50,000) may indicate that the patient's health status is deteriorating and that the 
patient is potentially at increased risk for opportunistic infections.129–131 

Current and previous medical treatment for HIV or the myriad of opportunistic 
diseases associated with HIV should be reviewed. It is especially important to be 
informed if the patient has a history of previous or current drug abuse, chronic 
hepatitis B or C, thrombocytopenia, neutropenia, or adrenocorticosteroid 
insufficiency. It is equally important to know the medications the patient is taking to 
identify possible adverse oral reactions to the medications and to avoid adverse drug 
interactions during dental treatment. New drugs for treatment of HIV infection often 
become available and the dental practitioner should seek a source of information 
regarding these drugs and their potential adverse effects. Close coordination with the 
patient's physician is important and medical laboratory testing may be indicated to 
monitor the patient's health status.126,132 

A careful and complete oral examination will determine the dental and periodontal 
treatment needs of the patient and will detect mucosal lesions, adverse drug reactions, 
or evidence of other systemic diseases. Acute periodontal and dental infections must 
be managed and every effort made to assist the patient in achieving good oral health. 
Conservative nonsurgical periodontal therapy is a treatment option for most HIV-
positive individuals and elective procedures including periodontal surgery and 
placement of dental implants can be safely and effectively performed for many 
individuals, depending on their overall health status. Decisions regarding elective 



periodontal therapy require the informed consent of the patient and appropriate 
medical consultation. 

If the patient is periodontally healthy, maintenance recall intervals can be consistent 
with those associated with routine periodontal treatment protocols. However, it is 
often desirable to encourage periodontal maintenance recall visits at short intervals (2 
to 3 months) and to treat any progressing or recurring periodontal disease as 
aggressively as the patient's health status will allow. Systemic antibiotic therapy 
should be used with caution to minimize the risk for development of antibiotic 
resistant microorganisms or opportunistic fungal infections that may cause severe 
illness in these individuals. If antibiotic therapy is required, it may be appropriate to 
also prescribe an antifungal agent such as nystatin oral suspension as a preventive 
measure. 

Despite the progress in medical management of HIV-positive individuals, the 
presence of this condition may have a profound psychological impact on the 
patient.133 Coping with AIDS or HIV infection may cause excessive anxiety or 
depression, or both, and many HIV-positive individuals are taking prescription 
antianxiolytic or antidepressant drugs. Occasionally, the emotional strain of the 
patient may manifest as irritability or anger with the dentist or dental staff, and all 
dental care providers should demonstrate empathy and concern regarding the patient's 
situation. It is imperative that dental treatment be provided in a calm, relaxed 
atmosphere and physically or emotionally stressful dental procedures may require 
application of conscious sedation techniques. 

Dentists should be prepared to interact with HIV-infected individuals who are 
unaware of their disease status. It is important to remember that early diagnosis and 
treatment of HIV infection can markedly affect the quality of life and life expectancy 
of infected individuals, and the dentist should be prepared to advise and counsel 
patients regarding the process by which testing can be obtained. Individuals with oral 
lesions suggestive of HIV infection should be informed of these findings and testing 
should be encouraged. Although self-testing or anonymous testing in public health 
facilities is available, it may be best to encourage testing in a physician's office or 
other facility where immediate counseling can be provided if the tests are positive. It 
is, however, within the purview of the dentist to request appropriate testing provided 
specific informed consent is obtained. 

As previously discussed, some periodontal conditions are more common in HIV-
positive individuals, although the same conditions also occur in the general 
population. LGE may occur as a separate inflammatory condition or in conjunction 
with NUG. It has been reported to be refractory to treatment, although spontaneous 
remission may occur. The condition often can be successfully managed, however, 
using conservative, nonsurgical periodontal therapy. The involved gingival area(s) 
should be thoroughly scaled and polished. Subgingival irrigation with chlorhexidine 
or povidone-iodine has been recommended and meticulous oral hygiene should be 
encouraged. Evidence suggests that LGE may sometimes represent an unusual 
manifestation of oral candidiasis.134 Consequently, if lesions are not responsive to 



conservative periodontal therapy, a course of treatment with topical or systemic 
antifungal agents, or both, may be indicated. Patients with LGE should be placed on a 
frequent periodontal maintenance program until the condition is controlled. 

The incidence of NUG appears to increase among HIV-positive individuals or others 
with a compromised immune system. However, treatment of the condition is 
consistent with that recommended for any patient with NUG. NUG is extremely 
painful, which must be taken into consideration during therapy. At the initial visit, the 
affected areas should be gently debrided after application of a topical anesthetic 
agent. The patient should be encouraged to rinse frequently with warm water, 
chlorhexidine, or another antimicrobial mouthrinse twice daily. Use of tobacco, 
alcohol, and spicy condiments should be avoided. Metronidazole or amoxicillin may 
be prescribed if the patient is experiencing moderate to severe soft tissue destruction, 
lymphadenopathy, fever, or other symptoms of toxemia. If antibiotics are used, 
topical or systemic antifungals may also be prescribed to prevent secondary 
candidiasis. Metronidazole has a narrow spectrum, which targets gram-negative 
anaerobes, precisely those organisms commonly found in NUG, and is thus less likely 
to cause secondary fungal overgrowth. 

Treatment scheduling recommendations vary markedly in the dental literature. 
However, the best effect appears to be achieved if the patient is seen daily or every 
other day with treatment repeated until patient comfort is achieved. As healing 
progresses, plaque control procedures can be gradually reintroduced. The gingival 
destruction produced by NUG may result in gingival deformities that can cause 
difficulty in plaque removal. This may promote recurrence of the acute infection 
and/or chronic gingivitis or periodontitis. Consequently, reevaluation is necessary 
approximately 4 to 6 weeks after therapy. If permanent tissue damage has occurred, 
further therapy may be necessary.126 

NUP should be treated as early as possible to prevent irreversible loss of periodontal 
structures and ultimate extraction of the involved teeth. Therapy should include local 
debridement, scaling and root planing as necessary, and in-office irrigation with 
chlorhexidine gluconate or povidone-iodine. Meticulous oral hygiene should be 
encouraged and chlorhexidine mouthrinse prescribed for home use during the initial 
phase of therapy. If necessary, metronidazole should be prescribed. When possible, 
periodontal defects should be surgically corrected after control of the acute phase of 
the condition.126,129,130 

Necrotizing ulcerative stomatitis is a severely destructive, acutely painful condition 
that may result in extensive damage to oral soft tissues and underlying bone. The 
condition may represent an extension of NUP that involves adjacent soft tissue and 
results in osseous exposure.129,135,136 Necrotizing ulcerative stomatitis should be 
treated aggressively with an antibiotic such as metronidazole, with antimicrobial 
mouthrinses, and by surgical removal of necrotic bone to promote adequate wound 
healing.129,135 



It should be emphasized that plaque-induced gingivitis or periodontitis or necrotizing 
oral diseases can occur in otherwise healthy individuals. However, these diseases may 
also serve as harbingers of decreasing immune competency and their presence may 
occasionally represent the first evidence that an individual is HIV-positive. Medical 
consultation is probably indicated when the patient's HIV status is unknown or he or 
she is not currently receiving medical care. 

PERIODONTAL MANAGEMENT OF THE PATIENT WITH 

CANCER 

In recent years significant improvements have occurred in medical management of 
patients with cancer, and posttreatment life expectancy has continued to increase. 
This, coupled with improved diagnostic techniques and increased emphasis on early 
cancer detection, suggests that the dentist will be called on with increasing frequency 
to treat patients currently undergoing cancer treatment or with a history of cancer 
treatment. Ironically, the incidence of death from oral cancer has not been markedly 
reduced, suggesting that there must be more emphasis on early cancer detection by all 
health care providers. 

General principles of dental management of cancer patients are straightforward. 
Under ideal conditions, the dentist should be consulted before initiation of cancer 
therapy. Patients with cancer may be scheduled to undergo chemotherapy, radiation 
therapy, BMT, surgical excision, or combinations of these procedures, and oral health 
is an important component in improving morbidity and mortality rates. Interceptive 
dental treatment should be accomplished to ensure that dental foci of infection are 
eliminated before cancer therapy and to promote dental health during and after 
treatment.137 

At the initial evaluation, the dentist should perform a complete clinical and 
radiographic examination, obtain a complete medical and dental history, and evaluate 
the patient's level of oral hygiene. It is important that the dentist be aware of the 
cancer treatment plan including information regarding the diagnosis and staging of 
the condition, and the type and timing of the planned cancer therapy. The patient's 
dental awareness should be evaluated, together with his or her motivation and ability 
to perform effective oral hygiene measures. Baseline dental and periodontal charting 
should be recorded, and existing oral pathoses should be eliminated to the extent 
possible. Nutritional counseling should be provided, if needed, to enable the patient to 
avoid an increase in incidence of dental caries and soft tissue trauma and to minimize 
the adverse effects of xerostomia that may result from the cancer therapy.138 

If circumstances allow, prophylactic procedures and any needed periodontal scaling 
and root planing should be performed before cancer therapy. Faulty dental 
restorations should be replaced, repaired, or the involved teeth extracted to prevent 
subsequent soft tissue irritation or periapical infection in the midst of the cancer 
therapy. Periodontally questionable or hopeless teeth and those with advanced caries 
should be extracted or endodontically treated, as appropriate, before cancer treatment. 



When possible, extractions should be performed 1 week or longer before initiation of 
the cancer therapy to ensure adequate wound healing. Extractions should be as 
atraumatic as possible, sharp osseous ledges should be reduced, and maximal soft 
tissue closure achieved. Elective periodontal surgery should be avoided because it 
requires a prolonged healing period and maintenance of meticulous oral hygiene 
measures during healing. Patients receiving cancer therapy may or may not be 
permitted to continue with their routine oral hygiene protocol depending on the type 
of therapy they will receive.139 

The Irradiated Dental Patient 

Radiation is cytotoxic to malignant cells and also to normal cells in the area(s) of 
exposure. This is a limiting factor in the radiation dosage administered at one time; 
therefore, therapy is usually performed at intervals (fractionalization) to maximize 
cancer cell death yet minimize damage to normal tissues. Radiotherapy may be 
administered by an external beam or by implantation of radioactive substances into 
the tissue requiring treatment. The unit of measure of radiation exposure is the 
centigray (cGy), and head and neck exposure is often fractionalized at a rate up to 
1000 cGy per week, with a total exposure of 5000 to 6000 cGy. This dosage often 
results in significant complications. Severe dermatitis and loss of hair follicles may 
occur on exposed external facial areas, and oral mucositis, xerostomia, and loss of 
taste sensation (dysgeusia) are common. Loss of vascularity of bone and soft tissue 
may ensue, and fibrosis and trismus of the muscles of mastication may follow. 
Damaged oral tissues may become hyperpigmented (postinflammatory 
hyperpigmentation) and these tissues are very susceptible to opportunistic infections 
with fungal, viral, or bacterial microorganisms.139,140 

Radiation mucositis features dry, erythematous, and possibly ulcerated soft tissues. 
It usually appears 5 to 7 days after radiation therapy and its severity increases in 
relation to the total radiation dose received. Dental management of mucositis is 
usually palliative in nature. Rinsing with lukewarm saline or sodium bicarbonate 
(5%) in water may be of some benefit, and use of a soothing mixture of kaolin and 
diphenhydramine (Benadryl) is sometimes recommended. However, a systematic 
review of the literature reported that most topical agents are of little benefit in 
reducing discomfort from mucositis. Only allopurinol mouthwash and vitamin E 
were reported to be of weak benefit in a review of randomized controlled studies.141 
Topical anesthetic agents such as lidocaine hydrochloride may partially reduce 
discomfort. All sources of soft tissue irritation or infection should be eliminated if 
this has not been accomplished before initiation of radiotherapy. Patients should be 
advised to avoid use of irritating substances such as alcohol, tobacco products, or 
spicy foods. Some authorities have recommended the use of mouthrinses containing 
chlorhexidine gluconate or 0.5% povidone-iodine solution to reduce risk for 
secondary infection. However, commercially available chlorhexidine mouthrinses 
contain alcohol and their use may increase patient discomfort. Povidone-iodine is 
contraindicated in individuals with a history of allergy to iodine. 



Oral candidiasis is a frequent complication of mucositis and xerostomia. It may 
present in its classic pseudomembranous, hyperplastic, or atrophic forms, but 
atypical ulcerations may also occur. Candidal sepsis may occasionally be fatal. 
Treatment and prevention of oral candidiasis may be accomplished using topical 
antifungal agents such as nystatin, clotrimazole, amphotericin B, or fluconazole, 
whereas systemic antifungal drugs such as ketoconazole, fluconazole, itraconazole, 
or amphotericin B may also be indicated.141,142 

In the past, some authorities have recommended curtailment of most oral hygiene 
procedures immediately after head or neck radiation therapy to reduce the risk for 
tissue injury. However, the need for maintenance of optimal oral health is obvious 
and effective oral hygiene is essential to this goal. It may be necessary, however, to 
resort to the use of gentle oral hygiene measures such as dental sponges or 
mouthrinses, immediately after radiation therapy, with a gradual return to routine 
oral hygiene measures. Postradiation outpatients should be encouraged to maintain 
oral hygiene using ultrasoft toothbrushes, mild toothpastes, and dental floss. 

Gingiva is sensitive to irradiation and postradiation gingival recession has been 
reported in the absence of significant periodontal inflammation. Dental or 
periodontal infections may pose a significant risk for patients after irradiation. 
Hypovascularity (obliterative endarteritis) may cause soft tissue ischemia and 
compromise wound healing. In addition, the risk for osteoradionecrosis is increased. 
Osseous hypovascularity can result in severe osseous destruction in the presence of 
periodontal infections. Susceptibility to osteoradionecrosis may persist for the life 
of the patient.143 

After recovery from the immediate effects of radiation therapy, the cautious use of 
nonsurgical therapy is permissible in the area(s) of exposure. Great care should be 
taken to treat the tissues gently. If extractions are necessary in the zone of 
irradiation, the use of hyperbaric oxygen therapy is strongly recommended. 
However, routine periodontal therapy including surgery can be performed in 
portions of the dental arches outside the zone of radiation.144 

Trismus of the muscles of mastication may result as a consequence of radiation-
induced hypovascularity. Once present, it may be irreversible and patients should be 
strongly encouraged to perform prophylactic muscle stretching exercises before, 
during, and after radiation therapy.145 

Salivary gland function may be permanently impaired if the glands are located 
within the zone of radiation focus. This is especially likely if total radiation exceeds 
6000 cGy. Two drugs, pilocarpine and cevimeline, have been demonstrated to 
increase salivary output in some patients after irradiation, especially if prescribed 
for use before and during the therapy.146 Under ideal circumstances, initial baseline 
salivary flow should be evaluated before prescribing the agents to assess their 
benefit or lack thereof. Alcohol, tobacco products, and caffeine-containing products 
should be avoided. Artificial salivary substitutes may be of some benefit for patient 



comfort and patients should be encouraged to consume copious quantities of 
water.147 

Xerostomia may result in an increased tendency for plaque accumulation and also a 
decrease in the pH of residual saliva. These factors markedly increase susceptibility 
to dental caries and extensive preventive effort should be made. Soft, custom-made, 
dental carrier trays may be useful to deliver topical fluorides to the natural 
dentition. Some evidence indicates that neutral sodium fluoride may be preferred to 
partially neutralize salivary acidity. Patients should adhere to a bland semi-soft diet 
that is not acidic or cariogenic. If necessary, foods can be thinned with sauces, milk, 
or gravy to facilitate swallowing. 

The Dental Patient Receiving Chemotherapy 

Chemotherapeutic drugs may be used alone or in combination with radiation, 
surgery, or BMT to destroy or suppress malignant cells. Because these agents may 
also destroy normal tissue cells that are metabolically active, the kidneys, heart, 
skin, immune system, and the gastrointestinal track (including the oral cavity) may 
be adversely affected. Oral tissues are continually exposed to injury (physical, 
chemical, thermal, and microbial) and the mouth is often the primary site of 
complications associated with chemotherapy.148 

Xerostomia, dysphagia, altered taste perception, mucositis, soft tissue ulceration, 
and infection are common adverse oral effects. Onset of mucositis usually occurs 
within 5 to 7 days of initiation of therapy and the condition may last for days to 
weeks. Lesions may be more severe and last longer if combination drug therapy or 
chemoradiotherapy is used. However, some newer anticancer drugs do not induce 
the degree of mucositis previously experienced by many patients. Chemotherapy-
associated mucositis should be managed palliatively as described earlier for 
radiation-induced mucositis.25,149 

Gingivitis may be the second most common oral complication, perhaps as the result 
of secondary pancytopenia associated with drug-induced myelosuppression. 
Symptoms of myelosuppression may include gingival hemorrhage and increased 
susceptibility to infections. This condition may profoundly affect decisions 
regarding oral hygiene procedures and periodontal therapy. Viral infections are 
common during the most severe stages of myelosuppression, and severe oral 
ulceration or even disseminated viral infections with agents such as herpes simplex 
virus are not uncommon. Oral ulcers should be cultured for viral, bacterial, or 
fungal origin and treated appropriately once the causative agent is identified.25,148 

Dental management of the patient receiving chemotherapy is similar to that of the 
patient receiving head and neck radiation therapy. However, chemotherapy is 
usually administered for 3 to 5 days with recovery intervals of 21 to 28 days before 
the next therapy. This provides a window in which dental treatment can be safely 
rendered during the latter stages of the recovery interval. Drug-induced 



thrombocythemia and leukocytopenia are a constant concern, and careful 
coordination is required between the dentist and the patient's oncologist. The state 
of the patient's drug-induced thrombocytopenia may determine the appropriate time 
for performing any necessary nonsurgical periodontal therapy. Some authorities 
recommend curtailment of oral hygiene measures when platelet counts decrease to 
less than 50,000/mm3, whereas others suggest that gentle oral hygiene measures 
may be continued as long as the platelet count is greater than 20,000/mm3. Any 
ensuing gingival hemorrhage can usually be controlled using local measures such as 
pressure, placement of a periodontal dressing, or application of topical hemostatic 
agents. Prolonged gingival bleeding may require platelet supplementation.150 

Leukocytopenia may predispose a chemotherapy patient to orogenic bacteremias 
that may lead to sepsis and even death. Consequently, periodontal therapy and 
vigorous mechanical cleaning should be avoided when the white blood cell count is 
less than 2000 cells/mm3 or the absolute granulocyte count is less than 1500 
cells/mm3. If emergency periodontal therapy is required, prophylactic antibiotic 
coverage is indicated after consultation with the patient's oncologist to select the 
most appropriate antibiotic. Many cancer therapy protocols require the cessation of 
all oral hygiene measures at this point, although several authorities believe that the 
risk for plaque-associated bacteremia necessitates continuation of gentle oral 
hygiene measures throughout the cancer therapy. These may include wiping of the 
teeth using cotton swabs or sponges and/or the use of brushing sticks (toothettes) 
dipped in an antimicrobial agent such as chlorhexidine digluconate. Gentle, 
frequent professional removal of plaque and calculus often is indicated to assist the 
patient in maintaining optimal oral hygiene and oral health.151,152 

Some chemotherapeutic agents may have a neurotoxic effect on peripheral, 
autonomic, or central nerves. Plant alkaloids such as vincristine sulfate are more 
commonly associated with this effect and may induce oral pain that mimics pain of 
periodontal or dental origin. In the event that this occurs, the condition should be 
managed by use of analgesic medications. Neurologic effects generally subside 
after chemotherapy has been completed. 

Bone Marrow Transplantation 

Bone marrow transplantation (BMT) is used for individuals with hematologic 
malignancies or conditions that are unresponsive to chemotherapy or radiation 
alone. It is often the treatment of choice for leukemia, lymphoma, multiple 
myeloma, neuroblastoma, some solid tumors, several types of anemia, and other 
conditions.148,153 

Whenever possible, BMT grafts are taken from the patient's own marrow 
(autologous graft) or from an identical twin (syngeneic graft). Often, however, the 
BMT is obtained from any donor whose marrow cells are reasonably 
histocompatible with the patient's marrow (allogenic graft). Weak 
histocompatibility between the donor and patient may result in development of 



graft-versus-host disease (GVHD), a condition in which the new donated marrow 
cells attempt to reject the host. 

Before BMT, chemotherapy and total body irradiation are used to destroy the 
patient's malignant marrow cells. This chemoradiation therapy is usually performed 
1 to 2 weeks before marrow transplantation. The BMT recipient is extremely 
susceptible to opportunistic infections immediately after chemoradiation and 
infusion of donor marrow cells (pancytopenic phase). The patient is usually isolated 
for 3 to 4 weeks until adequate engraftment has taken place and host defenses are 
partially reestablished with the absolute neutrophil count exceeding 500 
cells/mm3.153 However, neutropenia may continue to place the patient at risk for 1 
to 2 months.148 During the pancytopenic and recovery phase, the patient is at risk 
from even minor infections. Consequently, the importance of minimizing potential 
oral sources of infection cannot be overstated.154 

During the pancytopenic phase, the BMT patient may experience severe ulcerative 
oral mucositis and xerostomia.155–157 The patient is also highly susceptible to fungal, 
viral, and bacterial infections including infection with microorganisms commonly 
found in periodontal diseases.157–159 Patients may be especially susceptible to NUG 
and necrotizing stomatitis. When marrow suppression is severe, these conditions are 
probably best treated with an antibiotic such as metronidazole. During early 
recovery (neutropenic phase), gentle debridement, removal of necrotic bone, use of 
chlorhexidine mouthrinses, antibiotics, and frequent recall intervals should be used 
after consultation with the patient's oncologist.148 

GVHD is a potentially life-threatening immunologic phenomenon that may affect 
up to 45% of BMT patients. Acute lesions usually occur within the first month after 
engraftment. Target organs include the liver, lungs, and gastrointestinal tract. The 
exocrine glands, skin, and mucosa also may be affected, and the oral cavity is 
usually involved. Oral signs and symptoms are similar to those encountered in lupus 
erythematosus, lichen planus, scleroderma, or Sjögren syndrome.160 GVHD is 
classified as chronic if signs and symptoms persist for longer than 100 days, but 
chronic GVHD also may appear de novo several months to years after 
engraftment.148 

Diagnosis of GVHD is based on abnormal liver function tests or the appearance of 
skin and mucosal lesions. A wide variety of oral changes may occur ranging from 
mild mucosal erythema to severe mucositis. Gingivitis, desquamation of oral 
tissues, ulcerations, and xerostomia are common.161 Occasionally, a salivary 
retention phenomena results in formation of saliva-filled vesicles. Atypical 
pyogenic granulomas may occur in response to trauma.148,162 

Immunosuppressant drugs such as cyclosporine, tacrolimus, or mycophenolate 
mofetil are usually prescribed in patients with BMT to prevent and treat GVHD. 
Among these drugs, only cyclosporine has been found to induce gingival 
enlargement in patients with inadequate dental plaque control. Cyclosporine also is 



associated with an increased incidence of skin and oral squamous cell carcinoma, 
lymphoma, and Kaposi sarcoma.163–165 

Drug-induced gingival enlargement is managed by discontinuation of the causative 
drug when possible, surgical therapy, and establishment of meticulous oral hygiene 
techniques and frequent maintenance recall visits. However, for reasons that have 
not yet been elucidated, drug-induced gingival overgrowth rarely occurs in BMT 
patients. 

Periodontal management before and after BMT is consistent with that described for 
other patients with cancer who receive radiation or chemotherapy.166 Brushing and 
flossing usually should be sustained until white blood cell and/or platelet counts 
decrease to less than the minimally acceptable levels (1500 absolute 
neutrophils/mm3 or 20,000 platelets/mm3). At this point, cotton swabs, gauze 
sponges, soft sponge sticks, and chlorhexidine rinses are appropriate for oral 
cleansing until sufficient recovery of marrow cells has been achieved.148,164,167 
Patients are then managed as described for individuals receiving chemoradiation 
therapy. Oral GVHD can usually be controlled using topical and/or systemic 
corticosteroids and other immunosuppressant drugs, and by maintenance of 
meticulous oral hygiene coupled with frequent dental visits.160 

RENAL DISEASE 

Several diseases of the kidney can result in serious complications including end-stage 
renal disease (ESRD) and organ failure. The classic phases of kidney dysfunction 
include inflammation, fibrosis, atrophy, and failure. Acute glomerulonephritis was 
once the leading cause of renal failure. It may result from infection, complement 
deficiency, adverse reaction to medications, or other reasons. It also has been 
described secondary to infective endocarditis or infected ventroatrial shunts.168 The 
syndrome of kidney degeneration (nephrotic syndrome) features marked edema, 
proteinuria, hypoalbuminemia, and increased susceptibility to infection. It may occur 
in association with systemic conditions such as amyloidosis, systemic lupus 
erythematosus, diabetes mellitus, and severe or progressive hypertension. 

ESRD and renal failure may result in retention of blood urea nitrogen, creatinine, and 
other metabolic waste products. This uremic syndrome is characterized by azotemia 
(increased nitrogen-type waste products in the blood) and metabolic acidosis. It may 
cause secondary CVDs, neuropathy, encephalopathy, osteoporosis, 
hyperparathyroidism, and bleeding disorders.169 It may also feature development of 
grey to bronze discoloration of skin and deposition of a fine white uremic powder 
(uremic frost) on skin and mucosa.170 

Oral manifestations of renal failure include an increase in deposition of salivary 
calculus; a decreased caries rate (because of increased salivary urea nitrogen); severe 
xerostomia; spontaneous gingival hemorrhage; secondary candidiasis; other fungal, 
bacterial, or viral infections; increased mobility of teeth; increased periodontal 



destruction in the presence of periodontal diseases; and tooth loss. ESRD in children 
may result in enamel hypoplasia and brown discoloration of the teeth coupled with 
narrowing of dental pulps.171 Secondary hyperparathyroidism associated with ESRD 
may initiate deposition of granular calcific deposits in oral soft tissues. Osteopenia 
reduces the radiographic density of bone (ground glass appearance) and increases 
susceptibility to jaw fractures.171,172 

Patients with renal failure are not candidates for dental therapy other than necessary 
emergency treatment. If teeth must be extracted, delayed wound healing should be 
expected and any condition that is conducive to bacteremia can result in serious, life-
threatening complications. In addition, several drugs used in dentistry may induce 
acute renal failure and create a risk for individuals known to have renal disease. 
These drugs include acyclovir, acetaminophen, aminoglycoside antibiotics, 
tetracyclines, and sulfonamides. Ironically, this creates a situation in which 
periodontal diseases and their treatment may place the patient at serious risk. 
Consequently, periodontal health and meticulous oral hygiene measures may be 
essential to patient survival.173 

Patients with reversible or irreversible ESRD may be managed by hemodialysis. This 
procedure is designed to eliminate or minimize accumulation of uremic nitrogen and 
other waste products in blood and to regulate acid-base balance. The procedure is 
performed every 2 to 3 days and may require 3 to 5 hours per session. Vascular 
access is necessary and heparinization is required to prevent blood clotting and 
disruption of blood flow during the procedure. During hemodialysis the patient's 
blood is passed from the patient's body through a filtering membrane and back into 
the blood system after purification. In emergency situations this is accomplished by 
placement of a double lumen catheter into the femoral, internal jugular or subclavian 
vein. Often, however, an arteriovenous shunt is created in the arm by anastomosis of 
the radial artery and cephalic veins.174 

In contrast to hemodialysis, peritoneal dialysis is accomplished by creation of 
abdominal ports and infusion of the dialysate solution into the peritoneal cavity. After 
a sufficient time has passed, the toxic waste products are collected. This procedure 
may be performed on a continuous or periodic basis and it offers several advantages. 
For example, it can be performed at home, heparin is not needed, and blood pressure 
is not affected as it is with hemodialysis. The primary complication of this dialysis 
method is infection of the port. On occasion, this infection has been caused by 
putative periodontal pathogens.174,175 

Long-term hemodialysis has a mortality rate of 20% to 25%, with various CVDs 
(stroke, MI, hypertension, IE) and sepsis representing the most frequent 
complications. Currently, the procedure often is used as a temporary measure before 
organ transplantation from a suitable donor.174 

Renal transplantation is a highly successful means of managing ESRD provided the 
organ donor and recipient share compatible blood and antigen types. 
Immunosuppressant drugs are required to prevent organ rejection, with the quantity 



and duration dependent on the degree of donor-recipient type matching. On occasion, 
these drugs may be used for life. This places the recipient at risk for toxemia from 
bacterial, viral, and fungal infections. Graft rejection is the ultimate complication, 
although CHF, hypertension, IE, or cardiac arrhythmias are among the leading causes 
of posttransplant death.176 

Oral complications are most often related to the medications used to prevent organ 
rejection. A variety of oral infections may occur, yet they often do not present with 
the typical features associated with their presence.177 Cyclosporine remains the 
antirejection drug used most often, although use of alternative agents such as 
tacrolimus, sirolimus, mycophenolate mofetil, and others is increasing. Cyclosporine 
may influence gingival enlargement but this has not yet been reported in conjunction 
with other immunosuppressants. Genetic susceptibility may influence the severity of 
cyclosporinerelated gingival enlargement, when it occurs.178 Long-term use of 
cyclosporine also has been associated with development of opportunistic infections, 
oral hairy leukoplakia, and increased susceptibility to oral malignancies including 
lymphoma, squamous cell carcinoma, and Kaposi sarcoma.179 

Dental Management 

No firm protocols have been established for dental management of individuals with 
chronic or end-stage renal disease, or for recipients of renal transplants. Potential 
medical complications usually can be identified by a thorough medical and dental 
history and evaluation of vital signs, coupled with medical consultation and 
appropriate laboratory screening tests. Oral infections including periodontal 
diseases may place the patient with renal disease at risk and appropriate measures 
should be taken to eliminate or to decrease this risk.173,180 Dental therapy must be 
closely coordinated with the patient's physician. Heparin is a short-acting 
anticoagulant administered during the hemodialysis procedure to facilitate blood 
flow and elimination of toxic waste products. Heparin administration and the 
periodic elimination of toxic waste products may significantly influence the timing 
of invasive dental procedures including periodontal therapy. It is usually 
recommended that periodontal treatment be performed the day after hemodialysis to 
minimize the risk for systemic infection, although postoperative hemorrhage may 
result from residual heparin accumulation. Care should be used in prescribing 
medications that are metabolized in the kidney because the drugs will be retained in 
the bloodstream for prolonged periods and may reach toxic levels. These drugs 
include analgesic agents such as aspirin and most nonsteroidal antiinflammatory 
drugs. Acetaminophen, codeine, and local anesthetics are metabolized in the liver 
and therefore are safe to use. Some antibiotics such as aminoglycosides, 
tetracyclines, and polypeptides (bacitracin and polymyxin) are potentially 
nephrotoxic, and potassium penicillin should be avoided to avoid excessively high 
serum potassium salt levels. Conversely, other forms of penicillin are well tolerated. 
Although non-potassium-containing penicillins are metabolized in the kidney, 
accumulation of high quantities of these drugs in serum is generally not toxic.171,180 



Monitoring of vital signs is a recognized standard for dental therapy. One should be 
cautious, however, with patients receiving dialysis. If these individuals have an 
anastomosis site in an arm, care must be taken to avoid trauma to the area, and the 
portal should not be used to administer intravenous drugs. In addition, blood 
pressure measurements and injection of intravenous or intramuscular drugs are 
contraindicated in that arm.171,181 

Whenever possible, the dentist should participate in treatment planning for 
individuals scheduled to receive dialysis or organ transplantation. Ideally, all 
potential oral foci of infection should be eliminated or controlled. Hopeless and 
questionable teeth should be extracted, although endodontic therapy may be 
appropriate on some occasions without placing the patient at undue risk. Effective 
oral hygiene measures should be taught and reinforced, and antiseptic mouthrinses 
such as those containing chlorhexidine gluconate may be beneficial. 

Oral infections can be life threatening unless detected and treated early in their 
course. Any oral lesion suggestive of infection should be evaluated by appropriate 
measures including cytologic examination, culture, and/or biopsy, when 
indicated.173 It should be remembered that immunosuppressant drugs may suppress 
and mask the usual signs and symptoms of infection and inflammation including 
clinical evidence of active periodontal disease.169 

Dental or periodontal therapy should be conservative and noninvasive when 
possible, especially for the first 3 months after transplantation. If invasive 
procedures are required, prophylactic antibiotic coverage should be considered 
using the recommendations of the AHA in prevention of IE. Infective endocarditis 
may occur in transplant patients who do not have a history of valvar damage.171 
Currently, however, there are no clinical studies that validate the benefits of 
prophylactic antibiotic coverage in this patient population. 

LIVER DISEASE 

Hepatic disease is of growing concern in medicine. In recent years, there has been a 
marked increase in the incidence of both acute and chronic hepatic disease, and the 
conditions are often associated with severe complications. Acute hepatitis may be 
caused by various viruses (hepatitis A, B, C, D, E, F, and G), toxins, or drugs, and it 
may or may not be reversible. Acute hepatitis is characterized by malaise, fatigue, 
nausea, vomiting, and possibly jaundice. Gradual recovery usually occurs after viral 
hepatitis, but chronic infections may persist. Infection with the hepatitis B virus 
(HBV) may lead to chronic liver disease, liver failure, and malignant transformation 
in a small but significant number of infected adults and in the majority of infected 
children. The virus may be transmitted by means of the fecal-oral and parenteral 
routes. In recent years, the incidence of HBV infection has been reduced in developed 
countries because of development of an anti-HBV vaccine and application of 
universal protective methods in the health professions. In addition, improved 



treatment methods have served to reduce the potential for transition into chronic liver 
disease.173,182 

In contrast, the incidence and significance of hepatitis C virus (HCV) infection has 
continued to increase. This virus is primarily transmitted parenterally, and, currently, 
no vaccine has been developed. Blood transfusion was once the major source of 
transmission; however, this risk has been markedly reduced by screening potential 
blood donors to identify HCV carriers. HCV may also be transmitted by intravenous 
drug abuse and occupational exposure to blood and blood products among health care 
professionals. Coinfection with HIV may markedly influence the severity of HCV-
related illness.183 A growing amount of evidence indicates that HCV may be sexually 
transmitted, and transfer of the virus by household exposure has been suggested. 

Signs and symptoms of acute hepatitis C infection may include fever, jaundice, 
malaise, nausea, vomiting, and fatigue, but asymptomatic infection also is common. 
Urticaria, cutaneous and oral lichen planus, and Sjögren syndrome may sometimes 
represent a marker for undiagnosed hepatitis C infection.184 Hepatitis D appears to 
occur only as a coinfection with HBV and its presence may contribute to a fulminant 
hepatitis. In the United States it is found most often in intravenous drug users. 
Hepatitis E virus may be responsible for acute or chronic disease in developing 
countries. The existence of the hepatitis F virus has not been clearly confirmed but 
hepatitis G may be present as a coinfection with HCV.185 Recently, a previously 
unidentified transfusion-transmitted viral hepatitis has been reported in a Japanese 
population but its role in inducing chronic hepatitis is unclear.186 

The application of universal infection control precautions has assured that individuals 
with acute infectious hepatitis can be safely treated in the dental office. However, 
regardless of its etiology, acute hepatitis may markedly impair liver function and 
elective dental treatment should be deferred until the patient has been medically 
evaluated and cleared for dental treatment.185,187,188 

Chronic liver disease may occur as a result of acute infection, as an autoimmune 
phenomenon, because of adverse reactions to a variety of prescription or illicit drugs, 
and because of alcohol abuse. Chronic liver disease is defined as hepatic 
inflammation of more than 6 months in duration. When signs and symptoms are 
present they may include fatigue, malaise, jaundice, and abdominal pain. Serum 
aminotransferase levels may be increased and many patients using drugs associated 
with liver damage are monitored periodically with liver function tests to ensure early 
detection of adverse reactions.188–190 Evidence suggests an association between 
chronic HCV infection and oral lichen planus. Although this association varies in 
certain geographic locations, patients with oral lichen planus who are unresponsive to 
established treatment measures should be considered for HCV screening.191 

Liver cirrhosis is characterized by scarring and fatty infiltration of liver tissues. It 
may markedly disrupt normal liver function. Although the condition is traditionally 
associated with alcohol abuse, it may also result from acetaminophen overdose, abuse 
of illicit drugs, or as an adverse reaction to a wide variety of prescription medications. 



Because of the potential risk from invasive periodontal treatment procedures in 
individuals with liver cirrhosis or end-stage hepatic disease (ESHD), the prudent 
practitioner should remain alert to clinical features suggestive of the condition. No 
specific clinic signs or symptoms have been identified that are indicative of liver 
damage. However, some clinical features should elevate the practitioner's suspicions 
regarding possible excessive use of alcohol by the patient. These features include 
palmar erythema, spider nevi, rhinophyma, skin bronzing, and alcohol halitosis. 
Additional signs such as angular cheilitis or loss of papillae on the dorsum of the 
tongue may suggest an associated nutritional deficiency.173,190 

Liver transplantation represents the standard of care for individuals with many types 
of ESHD. Posttransplant dental management is similar to that described for 
management of individuals receiving renal transplants. Compromised liver function 
may be a continuing finding after transplantation, and transplant recipients are at risk 
for graft rejection or potentially fatal systemic sepsis. Despite these potential 
complications after transplantation, the 5-year survival rate exceeds 80%. 

Dental Management 

Individuals with severe liver disease should be treated with caution in dental 
practice. Medical consultation is strongly recommended to determine the extent of 
liver damage and to discuss possible contraindications to dental treatment. The liver 
is the site of metabolism of many drugs, including some that are often used in 
conjunction with dental treatment. Agents such as acetaminophen, narcotics, local 
anesthetics, benzodiazepines, barbiturates, and some antibiotics such as 
erythromycin and ampicillin are retained in the blood system for prolonged periods 
if liver function is defective, and the potential for toxic overdose is increased. In the 
presence of liver disease, alternative drugs should be considered or normal dosages 
reduced to minimize this risk.173 

Individuals with liver disease are also at risk for excessive bleeding because several 
coagulation factors (II, VII, IX, and X) are manufactured in the liver. 
Thrombocytopenia may also occur because of secondary bone marrow cell 
suppression. Clot fibrinolysis may be accelerated, possibly affecting wound 
stabilization and healing. 

Patients with liver dysfunction who are scheduled for invasive periodontal or other 
surgical procedures should be screened using appropriate blood tests to anticipate 
and prevent possible bleeding complications (Table 37-3). These tests should 
include a complete blood count with differential, platelet count, bleeding time, 
prothrombin time, and partial thromboplastin time.192 Abnormal test results may 
warrant medical consultation and modification of the proposed therapeutic plan. It 
is important that precautions be taken to minimize the likelihood of postsurgical 
hemorrhage. Wound sites should be kept relatively small, and close tissue 
approximation with adequate suture placement is desirable. Firm pressure should be 
applied to the surgical site and the use of local hemostatic agents may be indicated. 



If extensive bleeding is anticipated, an oral rinse containing tranexamic acid may be 
beneficial.193 In individuals with ESHD and diminished platelet production, routine 
periodontal surgical procedures can usually be performed as long as the platelet 
count remains greater than 50,000/mm3.62 

Abnormal protein metabolism and accumulation of toxic levels of serum ammonia 
is a major concern in patients with a failing liver. In a worse case scenario, 
ammonia accumulation is associated with seizures, encephalopathy, coma, or death. 
The dental practitioner should be alert for early signs or symptoms of ESHD. These 
may include marked personality changes, mood alterations, confusion, and tonic or 
clonic muscle hyperactivity. Even in early states of organ failure, increased levels 
of serum metabolic end products may interfere with normal healing.172 

Compromised liver function may result in accumulation of varying amounts of fluid 
in the peritoneal cavity (ascites). This may increase the risk associated with 
periodontal infection if extensive orogenic bacteremias occur. The risk for orogenic 
infection may also be greater in individuals taking immunosuppressant drugs to 
prevent organ transplant infection and rejection. 

The need for prophylactic antibiotic coverage during invasive dental procedures is 
controversial in patients with hepatic disease or liver transplants. There are no 
controlled studies that affirm that prophylactic antibiotics decrease the likelihood of 
systemic sepsis or organ infection in this patient population. If the decision is made 
to use antibiotic coverage, the recommendations of the AHA regarding prevention 
of bacterial endocarditis are most often suggested.192 

It should be clear, however, that untreated oral infections may increase the potential 
for life-threatening systemic sepsis in all individuals with organ transplants who are 
taking immunosuppressant medications. Consequently, affected individuals and 
their physicians must be aware of the importance of good oral health to survival. 
Hopeless and questionable teeth should be extracted, although endodontic therapy 
appears to be feasible, if needed, without undue risk to the patient. Surgical or 
nonsurgical periodontal therapy should be performed as necessary to achieve oral 
health. Patients must be instructed in performance of effective oral hygiene 
procedures, and a periodontal recall system should be established sufficient to 
maintain maximal oral health. In most instances 2- to 3-month recall intervals 
appear to be satisfactory. 

DISEASES OF THE RESPIRATORY SYSTEM 

Acute Upper Respiratory Tract Infections 

Dental patients often present for treatment with partial upper airway obstruction or 
acute upper respiratory infections (URI). These may include the common cold, 
influenza, tonsillitis, enlarged adenoidal tissue, sinusitis, allergic rhinitis (hay 
fever), or other conditions. Although these conditions do not necessarily preclude 



dental treatment, it may be important to take their presence under consideration 
when caring for affected individuals. The application of the universal occupational 
safety precautions recommended by the ADA and the Centers for Disease Control 
and Prevention will protect the practitioner, the dental staff, and other patients from 
contracting infectious diseases.194 However, the use of prescribed or over-the-
counter medications by patients to treat their URI may impact on dental therapy. 
Antihistamines and nasal decongestants may cause xerostomia. In addition, these 
drugs may adversely interact with analgesics or sedatives that may be used as a part 
of dental therapy. For example, antihistamines can potentiate the response to 
analgesics, sedative, or tranquilizers. In addition, excessive use of nasal 
decongestants may increase the risk for hypertension, and ephedrine use may result 
in an exaggerated response to local anesthetics containing epinephrine or other 
vasoconstrictor agents. 

When patients with URI seek dental care, the practitioner should question them 
carefully regarding the signs and symptoms they are experiencing and any 
medications they are taking. The patient should be observed for evidence of active 
infection such as sinusitis, tonsillitis, laryngitis, or streptococcal throat infection, 
and medical referral should be provided if appropriate. 

Patients who are experiencing drug-induced xerostomia should be cautioned to 
avoid mouthrinses with high alcohol content and to use sugarless gum, salivary 
substitutes, and frequent sips of water. If the patient must frequently take 
xerostomia-inducing medications, the daily use of home fluoride products is 
probably indicated for their anticaries effects.192 

Maxillary sinusitis pain may simulate dental pulpitis or periapical abscess in 
maxillary posterior teeth. The operator should be cautious to avoid overly zealous 
dental treatment in this situation. Panographic radiographs are of benefit in 
identifying the maxillary sinus cloudiness often associated with severe sinusititis.60 

URI often necessitates mouth breathing in afflicted patients. The superficial 
xerostomia induced by this may result in localized gingivitis, most commonly in the 
maxillary anterior facial region. Thorough professional debridement and excellent 
daily home care will help to alleviate the gingivitis, but the patient may also require 
topical application of lubricating agents such as petroleum jelly or lubricating gels. 
Currently, there is little evidence that mouth breathing gingivitis can be eliminated, 
but the condition can usually be controlled sufficiently to prevent development of 
periodontitis.195,196 

Patients with URI who have to breath through their mouth may encounter some 
difficulty when receiving dental treatment. It is important that the airway remains 
open throughout the procedure. The use of a rubber dam or throat pack is 
contraindicated for this reason, as is nitrous oxide/oxygen conscious sedation. 

Pulmonary Diseases 



Special treatment considerations may be required for the patient with asthma or 
chronic obstructive pulmonary diseases (COPD) such as emphysema or chronic 
bronchitis. Epidemiologic data suggest that there is an association between poor 
periodontal health and COPD, but the nature of this relation is yet to be 
determined.197 

Patients with asthma may experience bronchial spasm as a result of allergic 
reactions to drugs such as aspirin or some local anesthetics, food, or even oral 
hygiene products and dental restorative materials.198 Symptoms may include 
wheezing, coughing, and labored breathing. Emotional or physical stress and viral 
infections may also trigger such a reaction, as can certain medications such as 
aspirin. This means that the patient with asthma is at constant risk for experiencing 
a severe asthmatic attack in the dental office. In this event, use of an inhaled 
corticosteroid or a beta-agonist such as albuterol is widely recommended.199 A 
typical dose of albuterol is 2 puffs a few minutes apart and 1 or 2 additional puffs if 
the patient does not respond well within 5 minutes.62 If available, a pulse oximeter 
can be used to monitor oxygen saturation. The dentist must have an oxygen source 
and injectable epinephrine available in the event that the symptoms do not subside. 
Epinephrine at a concentration of 1:1000 can be administered subcutaneously or 
intramuscularly. Preloaded syringes that contain 0.6 ml of this dilution are 
available. The preferred quantity to be administered is 0.2 to 0.4 ml per injection 
and the same dosage can be repeated if necessary at 30- to 60-minute intervals. It is 
probably inappropriate to assume that improvement from emergency treatment has 
adequately controlled the attack. More serious exacerbation may be imminent and 
patients may require transportation to the hospital for follow-up monitoring and 
care as necessary.200 

Frequent use of corticosteroid or beta-agonist inhalers tends to dry oral mucosa and 
to make the patient susceptible to candidiasis. Patients who use these inhalers also 
may be susceptible to dental caries and periodontal disease, and excellent oral 
hygiene coupled with frequent maintenance visits is imperative.201 

COPD is characterized by difficulty in obtaining adequate oxygenation and 
perfusion of body tissues during normal breathing. It may occur secondary to 
chronic bronchitis or emphysema, or both. The result may be development of 
cyanosis, cardiac enlargement, and tissue edema. Compensatory erythrocytosis may 
also occur that can interfere with normal blood coagulation. Oxygen depletion may 
be worsened by episodes of emotional stress or bronchial edema. 

Chronic bronchitis is often associated with smoking and it may induce a productive 
mucous-producing cough. Emphysema represents a distention of the alveolar spaces 
of the lungs and it is often the aftermath of chronic bronchitis. Symptoms include 
wheezing, dyspnea, and cough. Individuals with emphysema may require constant 
oxygen supplementation, another circumstance that can induce xerostomia and its 
concurrent oral problems. 



A thorough medical history is essential and medical consultation may be necessary 
in dental management of patients with asthma or COPD. A stress reduction protocol 
should be applied and sedatives or tranquilizers may be useful to ensure patient 
comfort and to prevent apprehension. Carefully administered conscious sedation 
using midazolam or other tranquilizing agents appears to be safe for the individual 
with asthma, but inhalation sedation is usually contraindicated because it may 
interfere with oxygenation and precipitate an acute asthmatic attack.202 Treatment 
procedures should be short and every effort must be made to maintain a patent 
airway. Barbiturates and narcotics or other central acting drugs should be used with 
caution because they may depress the respiratory centers of the brain and further 
endanger respiratory efficiency. 

Special attention should be paid to control of hemorrhage during invasive dental or 
periodontal procedures. Excessive bleeding may interfere with breathing comfort. 
Adequate suctioning and minimal use of water or saline spray is an important 
consideration for individuals at risk.203 In addition, alterations in the clotting 
mechanism is possible in emphysemic individuals. Consequently, blood studies are 
often indicated before performing surgical periodontal procedures. As a minimum, 
bleeding time and clotting tests should be requested along with a complete blood 
count with differential and platelet aggregation tests. 

Tuberculosis 

Tuberculosis is caused by the bacillus, Mycobacterium tuberculosis. Typically it 
gives rise to a granulomatous disease that can affect several systems of the body. 
The incidence of tuberculosis is low in developed countries of the world, but the 
prevalence of the disease has increased since the onset of the HIV/AIDS epidemic. 
Individuals with compromised immunity for any reason are at increased risk, as are 
institutionalized patients.204 

There are at least five types of tubercle bacilli, all of which are capable of causing 
infection in humans. Pulmonary tuberculosis is usually contracted by inhalation of 
infected sputum droplets. Primary exposure to the tubercle bacilli may lead to 
subclinical infection but only about 10% of those exposed develop the disease. 
Individuals with the infection may remain asymptomatic for years, and then the 
infection will be activated (secondary tuberculosis).204 Tuberculosis is a life-
threatening disease, but early symptoms may be very mild. These symptoms include 
weight loss, easily fatigability, mild cough, and anorexia. Later, the classic 
symptoms of persistent cough and bloody sputum can develop in the infected 
individual. Once the infection is present, it can be spread to bone and the 
genitourinary tract by the hematogenous route. 

Oral lesions are rare, but they can be acquired either by primary inoculation or by 
spread of the pulmonary disease. Lesions most commonly manifest as painless 
ulcerations on the dorsum of the tongue. Other sites include the palate, gingiva, 



tooth extraction sockets, buccal mucosa, and lips. Tubercular osteomyelitis can 
develop from direct spread of surface oral lesions. 

Diagnosis is usually made on the basis of medical history, physical examination, 
sputum culture, chest radiography, and a positive delayed hypersensitivity 
(tuberculin) skin reaction. The tuberculin test may remain positive in individuals 
with a history of exposure to the organism, and positive sputum culture remains the 
most reliable means of diagnosis. Tuberculosis is usually managed by long-term 
administration of two or more chemotherapeutic drugs. These most commonly 
include isoniazid, rifampin, ethambutol thiacetazone, paraaminosalicylic acid, 
pyrazinamide, and ethionamide. The patient is considered infectious until sputum 
cultures are negative.205 

With the advent of AIDS and other conditions that compromise the immune system, 
a number of nontuberculosis mycobacterial infections have become relatively 
common. These may include the Mycobacterium avium-intercellular complex, 
Mycobacterium chelonae, Mycobacterium kansasii, and Mycobacterium 
scrofulaceum. Ulcerative oral lesions are uncommon with these infections, and 
diagnosis is made by culture of the organisms from tissue biopsy. M. scrofulaceum 
is associated with tuberculous infection of cervical lymph glands (scrofula).204 

Tuberculosis is of concern in dental and medical practice because the organism(s) is 
very resistant to surface disinfectants, and routine infection control personal 
protective gear will not always prevent cross-infection of the practitioner, the staff, 
or other patients.194,206 Face shield masks are recommended for maximum 
protection against aerosol-associated infections. Protective respirators should be 
worn when treatment is provided for individuals ill with the pulmonary form of the 
disease and treatment in an isolated, hospital environment is appropriate. Despite 
these precautions, infection of health care workers in tuberculosis treatment 
facilities is common. In addition, with the advent of HIV/AIDS, multidrug-resistant 
forms of the mycobacteria have evolved. As a preventive measure, many health 
care facilities now require biannual tuberculin testing for all employees. Anyone 
who tests positive must receive multidrug therapy even if they remain 
asymptomatic. Failure to do so can result in loss of treatment privileges or 
employment.207 

Despite these cautionary statements, it should be noted that the disease has not 
reached epidemic proportions in the United States, and routine dental/periodontal 
care generally can be provided for individuals with a history of tuberculosis who 
have been successfully treated and released into the general population. 

DRUG ABUSE 

Mood-altering drugs have been used since ancient times as components of religious 
ceremonies, to increase endurance, to relieve hunger and fatigue, for relaxation, and 
for medical purposes. Cocaine was once used in dentistry as a local anesthetic, and 



alcohol in low doses is sometimes recommended for prevention of heart disease and 
to reduce stress. Unfortunately, however, mood-altering drugs are most commonly 
used for social purposes and their excessive use has plagued mankind for at least 
2000 years. 

The illicit use of drugs has reached staggering proportions in the United States. It has 
been reported that more than 25,000,000 Americans have used cocaine or heroin at 
least once, yet alcohol and cannabis (marijuana, hashish) use is even more 
common.208,209 At least 150 drugs have been identified as substances of abuse and 
artificial "designer" drugs are continually being created. Drugs of abuse can be 
classified as stimulants, depressants, hallucinogens, and solvents or inhalants. The 
dental practitioner is extremely likely to be asked to provide dental care for 
individuals who are addicted to or who use illicit drugs or alcohol. In addition, a high 
percentage of users of mood-altering drugs also use tobacco products.208 

Many medical disorders are more common in individuals who abuse drugs, including 
AIDS, hepatitis, liver failure, pulmonary disease, skin infections, venereal diseases, 
diabetes mellitus, gastrointestinal disorders, and CVDs.208 For example, acute cocaine 
toxicity may induce a variety of CVDs such as angina pectoris, MI, and death. 

Illicit drugs have been associated with adverse oral manifestations. Opiates (e.g., 
heroin, cocaine, OxyContin), stimulants (e.g., amphetamines), sedatives (e.g., 
barbiturates), hallucinogens (e.g., Peyote), cannabis, and alcohol all may induce 
xerostomia, potentially leading to an increased susceptibility to accumulation of 
bacterial plaque, dental caries, and periodontal diseases.210 

Controlled release oxycodone hydrochloride currently is a major drug of abuse 
because of its intense, rapid, and prolonged effect.211 The dental practitioner should 
remain alert for signs and symptoms associated with a physiologic need for opiates, 
including rhinorrhea, increased lacrimation, and dilated pupils. 

Hallucinogenic or stimulant drugs include lysergic acid diethylamide (LSD), 
mescaline, (Peyote), phencyclifin (PCP), psilocybin, and a variety of "designer" 
drugs. These substances generally do not induce a physiologic addiction, although a 
psychologic need may develop. Drugs of this nature may induce a toxic psychosis 
leading to bizarre behavior, inordinate excitement, or panic attacks.212 A wide variety 
of these drugs have become popular among teenagers and young adults because of 
their stimulant and euphoric effects. The abuse of "designer" or "club" amphetamines 
such as 3,4-methylenedioxymethamphetamine (MDMA; Ecstasy, Adam), 3',4-
methylenedioxyamphetamine (MDA; Love), 3,4-methylenedioxyethylamphetamine 
(MDEA; Eve), prolintane, and 10% nitrite psilocybin is increasing on a worldwide 
basis, and polydrug use of designer agents and alcohol is common and dangerous.213 
For example, Ecstasy may induce severe water intoxication. Death has been reported 
due to subsequent ingestion of as little as one glass of water.214 Other reports link 
Ecstasy with acute aortic dissection and facial acneiform dermatosis. Ketamine (an 
anesthetic), gamma-hydroxybutyrate (GBA), and flunitrazepam (Rohypnol—a fast 
acting benzodiazepine) are the drugs most often associated with "date rape."215 



Cannabis (marijuana, hashish, hashish oil) may be the most frequently used illicit 
drug in the Unites States. It induces euphoria and it may be smoked as a cigarette or 
in a pipe. The active ingredient of cannabis is delta-9-tetrahydrocannabinol (delta9-
THC), and potency of the substance is dependent on the THC concentration. 
Sinsemilla is a form of marijuana with an especially high THC content, and it has 
been suggested that the THC concentration in cannabis products has gradually 
increased in recent years.216 This may result in increased adverse side effects when 
this drug is used. It is known that excessive and prolonged use of cannabis may 
impair the immunologic system. Reduced mental function and memory loss also have 
been reported, and cannabis contains nearly twice as many potential carcinogens as 
equivalent amounts of tobacco. Prescription of marijuana, however, has been 
promoted by some to alleviate pain and anxiety among terminally ill individuals with 
cancer or AIDS. 

Cannabis use is associated with xerostomia, edema and erythema of the uvula, 
leukoplakia, oral cancer, and even gingival enlargement. Use of normal amounts of 
local anesthetics, retraction cord, and other dental agents containing epinephrine may 
exaggerate the sympathomimetic effects of individuals who are under the influence of 
cannabis and may induce tachycardia and peripheral vasodilation. It has been 
suggested that dental patients who acknowledge frequent use of cannabis should be 
advised to discontinue its use for a least 1 week before dental treatment.208 

Cocaine use and abuse has been described throughout recorded history. The drug 
possesses local anesthetic properties when applied to mucous membranes. It is 
available as a white crystalline powder that can be absorbed through the mucous 
membranes of the oral cavity, nasal passages, vagina, or rectum. It also may be mixed 
with liquid and injected subcutaneously or intravenously. Perhaps it is most 
frequently used today when prepared in solid form (crack) and smoked. Cocaine 
abuse may induce severe psychosis (delirium, paranoia, anxiety, depression, or 
schizophrenia). Atypical angina, myocardial ischemia, MI, and death have been 
reported as a result of cocaine overdose or its use in combination with other drugs. 

Application of cocaine to mucous membranes may induce mucosal irritation and even 
ischemic necrosis if used in excess. Resultant ulceration or perforation of the nasal 
septum has been reported, and similar effects can occur when the substance is applied 
to oral tissues. Long-term oral use has been associated with epithelial desquamation, 
with gingival erythema and ulceration and with irreversible destruction of alveolar 
bone.217,218 

Stimulants such as amphetamines are sympathomimetic agents and they may induce 
tachycardia, vasoconstriction, elevated blood pressure, vasculitis, and renal failure. 
Amphetamine derivatives may be available by prescription (diethylpropion, 
phendimetrazine tartrate) or over-the-counter (ephedrine) as appetite suppressants and 
to prevent sleepiness. 



Methamphetamines can be swallowed, injected intravenously, or smoked (ice, crystal, 
MDMA, Ecstasy, XTC, Adam, Eve, Love). Symptoms of intoxication include 
headache, nausea, tremor of extremities, anorexia, and dilated pupils. 

Nitrous oxide is a mood-altering inhalant sometimes abused to achieve euphoria. It 
may be a major drug of abuse among dentists and others who have access to 
equipment necessary to administer nitrous oxide/oxygen conscious sedation. 
However, the substance is also used as a propellant in whipping cream and other 
products and its abuse is relatively common in younger individuals. On occasion, 
uncontrolled inhalation has been associated with peripheral nerve damage, mitotic 
poisoning of bone marrow, psychosis, and mental impairment.219 

Alcoholism is a chronic, progressive, and potentially fatal malady that is associated 
with numerous adverse effects on body systems and in the oral cavity. Ingestion of 
alcohol induces a transient stimulant effect, followed by central nervous system 
depression. Susceptibility to excessive use of alcohol may be inherited or precipitated 
by psychologic factors such as loneliness and depression. Alcohol abuse is one of the 
leading causes of liver disease, nutritional deficiency, white blood cell anomalies, 
bleeding diatheses, diminished immune system function, and CVDs. Fetal alcohol 
syndrome may be found in children of mothers who consume excessive amounts of 
alcohol during pregnancy. This syndrome is characterized by growth retardation, 
mental retardation, and facial developmental anomalies. The use of alcohol during 
pregnancy also is associated with premature births and delivery of neonates with low 
birth weight. The harmful effects of alcohol are compounded if the expectant mother 
also uses tobacco products.220 

Skin conditions such as spider angiomata and acne rosacea may be associated with 
excessive alcohol ingestion, and the presence of associated hepatic disease may 
induce a yellow or dirty gray pigmentation of the skin (biliary melanoderma). 

Excessive alcohol ingestion may cause drying or inflammation of oral tissues 
resulting in a magenta hued discoloration. Involuntary tongue tremor may occur. 
Salivary gland function may be impaired and asymptomatic enlargement of the 
parotid or submandibular salivary glands has been described. Candidal infection and 
angular celitis may be related to nutritional deficiency and xerostomia.221 It is likely 
that the cellular changes associated with alcohol abuse may predispose this group of 
individuals to periodontal disease and destruction, but this has not been adequately 
studied.222 It is clear, however, that alcoholism is often associated with increased 
incidence of dental caries, periodontal diseases, and tooth loss, possibly because of 
indifference to performing effective oral hygiene measures and failure to seek dental 
treatment.220,222,223 Alcoholic patients may develop increased tolerance to local 
anesthetics and to agents used in conscious sedation. This patient group may also be 
especially prone to delayed wound healing and postoperative bleeding or infection. 

Dental Management 



The prudent dental practitioner should remain alert for signs or symptoms of 
possible substance abuse among patients from all walks of life. Written health 
questionnaires and verbal interviews should provide patients with the opportunity to 
identify an existing or past drug-related problem. It is appropriate to question 
patients regarding the possibility of misuse of mood-altering drugs of all types. If 
past or current drug use is acknowledged, the patient should be questioned 
regarding the substance(s) used, whether the use is current, and any known adverse 
physical effects.224 

Patients who abuse drugs may be more anxious than the general population 
regarding dental treatment and this may prompt them to use their drug of preference 
before a dental appointment. In this event, awareness of signs and symptoms of 
drug intoxication and avoidance of a medical emergency in the dental office 
become the issues of primary importance. Local anesthetics containing epinephrine 
or another vasoconstrictor should be administered with caution if the practitioner is 
suspicious that cocaine or a related substance has been used. If emergency treatment 
is necessary, benzodiazepine conscious sedation may be appropriate because these 
drugs are often used in management of cocaine toxicity.208,225 

When possible, elective dental surgical procedures should be avoided in alcoholic 
patients. If misuse of alcohol is suspected, some screening blood tests may be 
appropriate before scheduling the patient. A complete blood count with differential 
along with platelet count, prothrombin time, and partial thromboplastin time may be 
useful to detect the potential for postsurgical hemorrhage. A screening blood panel 
for liver disease should include total serum protein, serum albumin, and liver 
transaminase enzymes. Individuals with abnormal blood test results should be 
referred to their physician for evaluation before extensive dental procedures. 
Although laboratory blood testing may be important in individuals who are 
alcoholics to prevent complications to dental treatment, these tests are unreliable in 
identifying individuals who misuse alcohol. Careful questioning of the patient 
appears to be the most reliable means of detecting alcohol misuse, but no clear 
diagnostic methodology currently exists. 

Analgesics should be used cautiously in current or past users of drugs of abuse, 
especially if they experience physiologic adverse effects. Aspirin, acetaminophen or 
nonsteroidal antiinflammatory drugs may be contraindicated in individuals with 
gastrointestinal disorders, liver dysfunction, or blood dyscrasias. Pain medication 
should be prescribed only in the amount necessary to achieve patient comfort. In 
event of severe pain, the use of a mild narcotic agent such as codeine may be 
necessary. Should this be required, use of the medication should be carefully 
monitored by a family member or responsible friend. Intravenous conscious 
sedation or administration of nitrous oxide/oxygen sedation should be avoided 
when possible because of their potential to induce significant depression of 
cardiovascular and respiratory function.225,226 

Individuals affected by drug-induced xerostomia should be advised to avoid the use 
of mouthrinses containing alcohol. It has also been suggested that use of 



mouthrinses with high alcohol content might precipitate relapse in abstaining 
alcoholic patients or those with a history of polydrug use that includes alcohol. This 
concept has not been adequately studied to date. Other measures to control 
xerostomia include copious ingestion of water, avoidance of substances that contain 
caffeine (coffee, tea, colas), use of sugarless chewing gum, and chewing of healthy 
firm foods such as raw carrots and celery to stimulate natural salivary flow. 
Notably, however, ingestion of water by an individual under the influence of 
amphetaminelike substances may result in severe water intoxication and possible 
death. 

Artificial saliva substitutes may be of some benefit if used frequently, and two 
systemic drugs (pilocarpine and cevimeline) have been reported to increase 
salivation in some individuals. These drugs, however, should only be prescribed 
after careful evaluation of the patient's overall health status and with knowledge of 
other medications currently being taken. 

Parenteral drug users are at increased risk for HIV and hepatitis B and C infections. 
IE is more common among this group, and causative microorganisms may include 
those not commonly associated with occurrence of IE. Appropriate infection control 
methods should be used in dental practice to minimize the risk for transmission, to 
others and the dental practitioner should be thoroughly versed regarding the signs 
and symptoms of these diseases. 

It is usually possible to manage the dental needs of patients who abuse drugs by 
application of the principles described above. Consideration of the overall health 
status of the patient is important to ensure safe dental treatment and close 
medical/dental corporation is essential in management. Periodontal treatment may 
sometimes be limited to nonsurgical therapy, but surgical therapy is not 
contraindicated for all patients in this category. Maintenance of a high level of 
personal oral hygiene must be emphasized, and recall intervals should be 
established as necessary to sustain oral health.208,227,228 
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