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Why do patients avoid going to the dentist? According to a survey by the American Dental Associa-
tion,! fear of pain is the greatest factor that prevents patients from visiting their dentist. Additional
surveys?® have found that 90% of dentists have some anesthetic difficulties during restorative den-
tistry procedures. Because adequate pulpal anesthesia is a clinical problem, we and other authors
have performed a number of research studies on local anesthesia over the last 30 years. \We are
excited to present some of these findings in this book.

From the Latin word patiens, the word patient in English originally meant “one who suffers.” Unfor
tunately, some patients may still “suffer” when visiting the dentist. Our goal is to reduce pain and
manage it successfully. That being said, profound pulpal anesthesia is a cornerstone to the delivery
of dental care. Administration of local anesthesia is one of the most common procedures in clinical
practice. It is invariably the first procedure we perform, and it affects almost everything we do dur-
ing that appointment. If the patient is not adequately anesthetized and you have some extensive
restorative work planned, difficulties arise. The information in this book explains why problems oc-
cur and offers clinical solutions to help clinicians stay on schedule.

Fortunately, local anesthesia has evolved tremendously over the last 25 years just as the materials
and techniques have evolved in restorative dentistry and endodontics. The current technology and
drug formulations used for local anesthesia have made it so much easier to treat patients success-
fully. We now have the ability to anesthetize patients initially, provide anesthesia for the full appoint-
ment, and reverse some of the effects of soft tissue anesthesia if desired. Priceless!

This book covers the research-based rationale, advantages, and limitations of the various anes-
thetic agents and routes of administration. A special emphasis is placed on supplemental anesthetic
techniques that are vital to the practice of dentistry. However, this book does not cover the basic
techniques utilized for the delivery of local anesthetics because that information is readily available
elsewhere in textbooks and other publications.

In addition, this book emphasizes information for the restorative dentist and endodontist because
the requirements for pulpal anesthesia are different than those for oral surgery, implant dentist-
ry, periodontics, and pediatric dentistry. Eighty-five percent of local anesthesia teaching in dental
school is done by oral and maxillofacial surgery departments,* and while they do an excellent job, it
is sometimes difficult for oral surgeons to appreciate the requirements for pulpal anesthesia in re-
storative dentistry and endodontic therapy. Furthermore, we should value our experience. Whereas
education is what you get during your training, experience is what you get afterward. A young prac-
titioner knows the rules, but an older practitioner knows the exceptions. Experience is a wonderful
thing that enables us to recognize a mistake when we make it.

Throughout the book, the information has been divided into specific topics so it is understand-
able and easy to reference. When indicated, summary information has been provided. References
to published literature are included in the chapters because clinicians within the specialty of end-
odontics (of which we are members) communicate with each other by quoting authors and studies.
We also think it is important to credit the authors for their contributions to the literature on local
anesthesia.



This book is a clinical adjunct to help you successfully anesthetize patients using the newest tech-
nology and drugs available. Indeed, the information presented here will help you to provide painless
treatment. Pulpal anesthesia is emphasized throughout this book. That is, pulpal anesthesia is re-
quired by the restorative dentist and endodontist in order to perform painless treatment. We think that
is a worthy goal for the dental profession. However, as Will Rogers once said, to be successful, you
must know what you are doing, like what you are doing, and believe in what you are doing.
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Chinical Factors
Related to Local

Anesthesia

After reading this chapter, the practitioner should be able to:

¢ Discuss the clinical factors related to local anesthesia.

¢ Provide ways of confirming clinical anesthesia.

¢ Describe issues related to local anesthesia.

¢ Explain the effects anxiety has on local anesthesia.

¢ Discuss the use of vasoconstrictors.

e Characterize injection pain.

¢ Evaluate the use of topical anesthetics.

¢ Discuss alternative modes of reducing pain during injections.

Clinical pulpal anesthesia is dependent on the interaction of three major factors: (7) the
dentist, (2) the patient, and (3) local anesthesia (Fig 1-1). The dentist is dependent on the
local anesthesia agents as well as his or her technique. In addition, the dentist is dependent
on the interaction with the patient (rapport/confidence). How the patient interacts with the
administration of local anesthesia is determined by a number of clinical factors.

Confirming Pulpal Anesthesia in Nonpainful
Vital Teeth

Lip numbness

A traditional method to confirm anesthesia usually involves questioning patients by asking
if their lip is numb (Fig 1-2). Although lip numbness can be obtained 100% of the time,
pulpal anesthesia may fail in the mandibular first molar in 23% of patients.""® Therefore, lip
numbness does not always indicate pulpal anesthesia. However, lack of lip numbness for
an inferior alveolar nerve block (IANB) does indicate that the injection was “missed,” and
pulpal anesthesia will not be present.

IN CONCLUSION, /ip numbness does not always indicate pulpal anesthesia.



1 Clinical Factors Related to Local Anesthesia

Fig 1-1 The relationship of pulpal anesthesia to the patient,
dentist, and local anesthesia.
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Fig 1-2 Lip numbness does not guarantee pulpal anesthesia. Fig 1-3 A lack of patient response to mucosal or gingival
“sticks” is a poor indicator of pulpal anesthesia.

Soft tissue testing

Using a sharp explorer to “stick” the soft tissue (gingiva, mucosa, lip, tongue) in the area of nerve dis-
tribution (Fig 1-3) has a 90% to 100% incidence of success.?® Regardless, pulpal anesthesia may still
not be present for the mandibular first molar in 23% of patients.™'® Negative mucosal sticks usually
indicate that the mucosal tissue is anesthetized.

IN CONCLUSION, the lack of patient response to sharp explorer sticks is a poor indicator of pulpal
anesthesia.

Commencing with treatment

The problem with commencing treatment without confirming anesthesia is that there is no way to
know if the patient is numb until we start to drill on the tooth. This may create anxiety for both the
patient and the dentist. A typical scenario involving a crown preparation on a mandibular molar can
become problematic if the patient feels pain when the mesiobuccal dentin is reached with the bur. If
the patient reacts to the pain, the dentist may say, “Oh, did you feel that?” and then may try to con-
tinue with treatment. If the patient reacts again when the mesiobuccal dentin is touched with the bur,



Confirming Pulpal Anesthesia in Nonpainful Vital Teeth

Fig 1-4 A cold refrigerant may be used to test for pulpal an- Fig1-5 The cold refrigerant is sprayed on a large cotton pellet.
esthesia before the start of a clinical procedure. (Courtesy of
Coltene/Whaledent.)

the dentist may try to work around the pain the patient is feeling by saying, “I'll be done in a minute.”
Such a situation would not make a good day for the dentist or the patient.

IN CONCLUSION, commencing with treatment without confirming anesthesia may add apprehen-
sion for the dentist and patient because neither one knows if the tooth is anesthetized.

Cold refrigerant or electric pulp testing

A more objective measurement of anesthesia in nonpainful vital teeth is obtained with an application
of a cold refrigerant of 1,1,1,2-tetrafluoroethane or by using an electric pulp tester (EPT). Cold refriger
ant or the EPT can be used to test the tooth under treatment for pulpal anesthesia prior to beginning
a clinical procedure.”-2° A dental assistant could test the tooth to determine when pulpal anesthesia
is obtained and then inform the dentist that treatment can be started.

In a very anxious patient, the use of pulp testing may cause a very painful reaction. Apprehensive
patients can become sufficiently keyed up to react to even minimal stimulation. They may say, “Of
course | jumped, it hurts!” or “It's only normal to jump when you know it is going to hurt.”

IN CONCLUSION, pulp testing with a cold refrigerant or an EPT will indicate if the patient has pul-
pal anesthesia. For anxious patients, pulp testing may need to be postponed until the patient can be
conditioned to accept noninvasive diagnostic procedures.

Cold testing

A cold refrigerant tetrafluoroethylene (Hygenic Endo-Ice, Colténe/Whaledent) (Fig 1-4) can be used to
test for pulpal anesthesia before commencing drilling on the tooth. The technique for cold testing is
quick and easy; it takes only seconds to complete and does not require special equipment. Once the
patient is experiencing profound lip numbness, the cold refrigerant is sprayed on a large cotton pellet
held with cotton tweezers?' (Fig 1-5). The cold pellet is then placed on the tooth (Fig 1-6). If clinical
anesthesia has been successful, applications of cold refrigerant should not be felt. If the patient feels
pain with application of the cold, supplemental injections should be given. If no pain is felt with the
cold, it is likely that pulpal anesthesia has been obtained. Testing with a cold refrigerant is more con-
venient than with an EPT and gives a good indication of clinical anesthesia.
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Fig 1-6 The pellet with the cold refrigerant is applied to the
surface of the tooth.

Fig 1-7 An EPT may also be used to test for pulpal anesthesia Fig 1-8 The EPT probe is placed on the surface of the tooth.
before a clinical procedure is started. (Courtesy of SybronEndo.)

Pulp testing with a cold refrigerant can be performed effectively on gold crowns and porcelain-
fused-to-metal crowns. In fact, pulp testing is fairly easy to use in these situations because the metal
conducts the cold very nicely. Miller and coauthors?' also showed that pulp testing with a cold refrig-
erant is effective for all-ceramic crowns.

IN CONCLUSION, pulp testing with a cold refrigerant is a reliable way to confirm clinical pulpal
anesthesia, even in teeth with gold, porcelain-fused-to-metal, and all-ceramic crowns.

Electric pulp testing

In order to use the EPT (Kerr Vitality Scanner, SybronEndo) (Fig 1-7), the tooth should be dried with
a gauze pad or cotton roll. Toothpaste is applied to the probe tip of the pulp tester before placing the
tip on the middle of the labial surface (for anterior teeth) or buccal surface (for posterior teeth) of the
tooth to be anesthetized (Fig 1-8). The Kerr EPT automatically starts on contact with the tooth and
continues to apply current until the maximum output of a reading of 80 is reached. On removal from
the tooth, the EPT automatically resets to 0. Contemporary EPTs are easy to use and no longer rely
on the dentist to increase the current rate manually via a dial or to reset the unit manually.
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Kitamura and coauthors?? reported that the EPT was 99% accurate when testing teeth determined
to be vital. Dreven and colleagues’ and Certosimo and Archer'® showed that a lack of patient re-
sponse to an 80 reading with the EPT was an assurance of pulpal anesthesia in nonpainful vital teeth.

Certosimo and Archer'® demonstrated that patients who responded to EPT readings of less than 80
experienced pain during operative procedures in normal teeth. Therefore, using the EPT prior to be-
ginning dental procedures on nonpainful vital teeth will provide the clinician with a reliable indicator of
pulpal anesthesia. We have used the EPT experimentally in many of the studies outlined in this book
because it is easier to use for constant pulp testing over a period of 60 minutes.

IN CONCLUSION, the EPT is very reliable in determining pulpal anesthesia in nonpainful vital teeth.
Patient response to EPT readings less than the maximum output reading (80) indicate a lack of pulpal
anesthesia.

EPT and cold testing in clinical practice

Almost all of the studies outlined in this book can be duplicated in your office. That is, by pulp testing
teeth after giving different local anesthetic formulations and techniques, you can perform the same
tests in your office to evaluate pulpal anesthesia. VWWow!

Some may say that a negative response to pulp testing is not needed to perform restorative den-
tistry. This is true if you don’t mind the patient often experiencing pain during treatment.’ However,
our goal is to have the patient experience no pulpal pain. While patients may tolerate being hurt during
dental procedures, we think this is unnecessary in today’'s modern dental practice.

IN CONCLUSION, pulp testing is a very valuable tool to determine pulpal anesthesia in clinical
practice.

Clinical Local Anesthesia—Related Issues

Patient considerations

Pain versus pressure during treatment
The senior author remembers that when extracting painful teeth, | used to explain to patients that
they were only feeling pressure during treatment—not pain. The explanation was that, although the
local anesthetic was very effective at inhibiting the nerve fibers that transmit pain sensations, it did
not have much of an effect on the nerves that transmit pressure sensations. While this theory may
have some merit, it has never been proven, and the reason patients feel pain during treatment is much
more complicated (see chapters 2 and 4). For example, voltage-gated sodium channels (VGSCs) exist
on nerve membranes and differ in their roles in mediating peripheral pain.?*?® They are divided into
channels that are blocked by the toxin tetrodotoxin (TTX) and the channels that are resistant to the
toxin (TTX-R).?6 A number of TTX-R channels are found on pain receptors NaV 1.8 and NaV 1.9,2 and
these channels are somewhat resistant to local anesthetics.?”

IN CONCLUSION, pressure transmission is an incomplete explanation of why patients react to
dental treatment, and TTX-R channels are involved in resistance to local anesthetic action on nerves.

Patient reaction to local anesthetic injection

Brand and coauthors?® found that feeling tense (42%), clenching fists (14 %), and moaning (13%) were
the most common reactions to an IANB. Vika and coauthors? reported that about 17% of patients
indicated high fear to an injection during their last dental appointment, which may lead to avoidance
of necessary treatment in the future.

IN CONCLUSION, some patients react negatively to receiving an IANB.
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Patients who report previous difficulty with local anesthesia
In addition, patients who report having had difficulty with local anesthesia in the past are more likely
to experience unsuccessful anesthesia.® These patients will generally identify themselves with com-
ments such as, “Novocaine doesn’t work on me"” or “a lot of shots are needed to get my teeth numb.”
A good clinical practice is to ask the patient if he or she has had previous difficulty achieving clinical
anesthesia. If so, supplemental injections should be considered.

IN CONCLUSION, patients who report previous difficulty with anesthesia are more likely to expe-
rience unsuccessful anesthesia.

Dentist considerations

Dentist reaction to injections of local anesthetic

Simon and coauthors® found that 19% of dentists reported that the administration of local anesthetic
injections caused enough distress that they had at some point reconsidered dentistry as a career. And
6% considered it a serious problem. This study indicates that the administration of local anesthetic
injections might contribute to overall professional stress for some dentists.

Anxious patients may not be the only ones anxious about local anesthetic injections. Dower and
coauthors® found that two-thirds of dentists described anxious patients as the main source of their
anxiety, and 16% identified children as the main source of anxiety.

IN CONCLUSION, some dentists are stressed by giving a local anesthetic injection, and anxious
patients and children can be sources of anxiety for the dentist.

Compassion fatigue

Moreover, a type of emotional burnout called compassion fatigue may affect many health care work-
ers.®3* Although we become doctors because we want to help people, controlling pain on a daily
basis and performing treatment at a very high level of precision may take its toll. In fact, if patients feel
pain during restorative treatment, we sometimes internalize the feeling as failure.

As dentists and professionals, we provide an extraordinary service to our patients. Our ability to
provide exceptional treatment with a caring attitude is a most rewarding art. However, we also have
the ability to not accept failure because we have the means to prevent it. Dentists have been maligned
for many years because of pain. Unfortunately, some of the information that we have today that allows
us to prevent patient pain was not available in the past. This is particularly true with the IANB; this
injection fails often enough to present meaningful clinical problems. This book will outline the steps
you need to take to overcome failure with this block.

IN CONCLUSION, we should not accept clinical failure of pulpal anesthesia when we have the
means to prevent it from happening.

Anesthetic agents and dosages

Table 1-1 outlines the local anesthetic formulations available in the United States. The American Dental
Association has specified a uniform color code to prevent confusion among brands. The maximum
allowable dosage applies to complex oral and maxillofacial surgery procedures. The typical maximum
dosage is for adults (weighing 150 pounds) who are undergoing typical restorative and endodontic
procedures. Local anesthetic agents, common names, and milligrams per cartridge are presented in
Table 1-2.
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Table 1-1 Local anesthetics available in the United States®

Dental cartridge

Anesthetic Vasoconstrictor color code® MAD*® TMD¢
2% lidocaine 1:100,000 epinephrine Red 13 8
2% lidocaine 1:50,000 epinephrine Green 13 8
2% lidocaine plain No vasoconstrictor Light blue 8 8
2% mepivacaine 1:20,000 levonordefrin Brown M 8
3% mepivacaine plain No vasoconstrictor Tan 7 5%
4% prilocaine 1:200,000 epinephrine Yellow 5% 5%
4% prilocaine plain No vasoconstrictor Black 5% 5%
0.5% bupivacaine 1:200,000 epinephrine Blue 10 10
4% articaine 1:100,000 epinephrine Gold 7 7
4% articaine 1:200,000 epinephrine Silver

8The dosages were adapted from Malamed.®

bUniform dental cartridge color codes.

This table provides the maximum dosage in two formats. The maximum allowable dose (MAD) generally is approached only
with complex oral and maxillofacial surgical procedures. The typical maximum dose (TMD) is the usual upper limit of drug
dosage for most restorative and endodontic dental procedures. Both columns show the number of cartridges that would be

required for an adult weighing 150 pounds (67.5 kg).

Table 1-2 Local anesthetics, common names, and milligrams per cartridge

Local anesthetic agent Common name(s) Cartridge (mg)

2% lidocaine with 1:100,000 epinephrine Xylocaine (Dentsply) 36
Lidocaine

2% lidocaine with 1:50,000 epinephrine Xylocaine 36
Lidocaine

2% mepivacaine with 1:20,000 levonordefrin Carbocaine (Cook-Waite) 36

Polocaine (Dentsply)

3% mepivacaine plain (no vasoconstrictor) Carbocaine 54
Polocaine

4% prilocaine with 1:200,000 epinephrine Citanest Forte (Dentsply) 72

4% prilocaine plain (no vasoconstrictor) Citanest Plain (Dentsply) 72

0.5% bupivacaine with 1:200,000 epinephrine Marcaine (Cook-Waite) 9

4% articaine with 1:100,000 epinephrine Septocaine (Septodont) 72

Zorcaine (Cook-Waite)
Articadent (Dentsply)

4% articaine with 1:200,000 epinephrine Septocaine 72

Gray rubber stoppers
Most of the rubber stoppers of cartridges are colored gray (Fig 1-9). These rubber stoppers are not
color coded and are not indicative of the drug the cartridge contains.

Orabloc articaine formulation

Orabloc (Patterson Dental) is an articaine local anesthetic containing a vasoconstrictor and is available
in two epinephrine formulations—1:200,000 and 1:100,000. Supposedly, itis a “purer” form of articaine
that has a 24-month shelf life at room temperature and very low manufacture-related degradation
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Fig 1-9 Gray anesthetic cartridge stoppers.

Fig 1-10 Articaine cartridge showing 1.7 mL of anesthetic Fig 1-11 Lidocaine cartridge showing 1.8 mL of anesthetic
solution. solution.

products, including articaine acid and epinephrine sulfonic acid, and it is sodium edetate free, meth-
ylparaben free, and latex free. As far as we are aware, no research has been performed on Orabloc in
comparison with other commercially available products.

IN CONCLUSION, the articaine formulation of Orabloc needs to be evaluated for clinical efficacy.

Media hype: “Local anesthetics cause tooth cell death”
Zhuang and coauthors,®® using pig teeth and young permanent tooth pulp cells, found that prolonged
exposure to high doses of local anesthetics interfered with the mitochondria of tooth cells and led to
cell death. The researchers noted that further clinical studies are required before there is enough data
to change clinical guidelines. They also urged parents not to be alarmed or withdraw their children
from treatment if they need it.

IN CONCLUSION, exposing pig teeth and pulp cells to high doses of local anesthetics does not
prove a correlation with clinical outcomes.

Cartridge volume—1.7 mL versus 1.8 mL
Robertson and coauthors®” measured the amount of anesthetic solution delivered with an aspirating
syringe, a standard syringe with a 27-gauge needle, and the contents of 50 articaine cartridges and 50
lidocaine cartridges into a graduated syringe with 0.01 milliliter—increment divisions. Even though the
articaine cartridge was marked externally as containing 1.7 mL (Fig 1-10), on average the anesthetic solu-
tion expressed was 1.76 mL. For the lidocaine cartridge, the amount was marked as 1.8 mL (Fig 1-11),
but on average the anesthetic solution expressed was 1.76 mL. In general, a small amount of anesthetic
solution remained in both cartridges after delivery of the solution with an aspirating syringe. The amount
of anesthetic solution expressed was basically the same for both articaine and lidocaine. Some manufac-
turers are now labeling cartridges as 1.7 mL even though the anesthetic solution expressed is 1.76 mL.
IN CONCLUSION, cartridges marked 1.7 mL and 1.8 mL express the same amount of anesthetic
solution.
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Fig 1-12 Will this woman with red hair be more difficult to
anesthetize?

Classification of local anesthetics and clinical implications
Generally, local anesthetic agents are classified as short, intermediate, or long-acting based on their pKa,
lipid solubility, and protein binding.*® Short-duration drugs include 3% mepivacaine and 4% prilocaine. A
long-acting drug is 0.5% bupivacaine with 1:200,000 epinephrine. Lidocaine, articaine, mepivacaine, and
prilocaine, all with vasoconstrictors, are considered intermediate in action. However, Pateromichelakis
and Prokopiou® found that studies on isolated nerves can be poor guides to the clinical comparisons of
local anesthetics. For example, clinical studies indicate that the duration of these drugs is different when
used in nerve blocks versus infiltration or intraosseous injections. A good example is anesthetic agents
like bupivacaine and etidocaine. While classified as long-acting agents, this duration only holds true
for nerve blocks—not for maxillary infiltration, intraligamentary, or intraosseous anesthesia."***' Short-
duration drugs like 3% mepivacaine and 4% prilocaine are effective for IANBs of at least 50 minutes* but
have a short duration for infiltration anesthesia in the maxilla.*?4

IN CONCLUSION, the overall classification of local anesthetics does not always correlate with
clinical effectiveness.

Factors influencing local anesthetic effectiveness

Genetics
Some patients may not respond adequately to local anesthetic administration. Various studies*-4
have related pain or ineffectiveness of local anesthetic to genetic factors. Perhaps, one day in the fu-
ture, we may be able to use genomic testing to improve the efficacy of local anesthetics by selecting
drugs that offer the most appropriate pharmacologic usefulness. However, the problem with the gene
pool is that there is no lifeguard.

IN CONCLUSION, genetics may play a role in anesthetic failure.

Red hair phenotype

Natural red hair color results from distinct mutations of the melanocortin-1 receptor (MC1R), which
may modulate pain pathways.*®%° Red hair color is the phenotype for MC1R gene, which is associated
with red hair, fair skin, and freckles in humans (Fig 1-12). Women with red hair have been reported to
be more sensitive to some types of pain and may be resistant to subcutaneous lidocaine.*® Liem and
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Fig 1-13 Incidence of pulpal anesthesia following an IANB for the central incisor (a), lateral incisor (b), first premolar (c), second
premolar (d), first molar (e), and second molar (f)as determined by lack of response to an EPT at maximum reading (percentage of
80 readings), at each postinjection time interval, for red-haired and dark-haired women. There were no significant differences in
anesthetic success for any of the teeth. Red hair was significantly linked to higher levels of dental anxiety but was unrelated to
success rates of the IANB in women with healthy pulps. (Reprinted from Droll et al*? with permission.)

coauthors® reported that the anesthetic requirement for desflurane was increased in redheads. In a
follow-up study, Binkley and coauthors® found that genetic variations associated with red hair color
were also associated with fear of dental pain and anxiety. However, Myles and coauthors®' found no
evidence that patient hair color affects requirements or recovery characteristics in a broad range of
surgical procedures.

Droll and coauthors®? investigated a possible link between certain variant alleles of the MCTR or
its phenotypic expression (red hair) and anesthetic efficacy of the IANB in women. They found that
neither red hair nor MC1R was significantly linked to success rates of the IANB in women with healthy
pulps (Fig 1-13). Importantly, women with red hair and women with two red hair color alleles reported
significantly higher levels of dental anxiety compared with women with dark hair or women with no
red hair color alleles. Women with red hair also reported greater pain on needle insertion during the
injection. It may be that the clinical impression of failed anesthesia in red-haired individuals is owed to
the higher anxiety levels perceived in this population. During dental treatment, this population may be
more likely to report nonpainful sensations (pressure, vibration, etc) as painful.

IN CONCLUSION, red-haired women do not have more failure with the IANB. However, red-haired
women report significantly higher dental anxiety.
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Gender differences

Authors have found that women try to avoid pain more than men, accept it less, and fear it more.5-%
Morin and coauthors® found that women find postsurgical pain more intense than men, but men are
more disturbed than women by low levels of pain that last several days. Anxiety may also modulate
differences in pain response between men and women.% Thus, we should be aware that women might
react differently to pain than men. Tofoli and coauthors®” found that injection discomfort and effective-
ness of local anesthetics were not related to phases of the menstrual cycle or use of oral contraceptives.
However, Loyd and coauthors®® reported that a sexually dimorphic peripheral mechanism may modulate
trigeminal pain processing and may be related to the luteal phase of the menstrual cycle.

IN CONCLUSION, women try to avoid pain more than men, accept it less, and fear it more.

Catastrophizing
Some patients may have an exaggerated negative mental set that occurs during an actual or anticipat-
ed painful experience.® This is called catastrophizing. That is, these patients are already predisposed
to have a painful experience during dental treatment.

IN CONCLUSION, clinicians may need to probe patients’ pain experiences and help them reap-
praise threats.

Pathways of dental fear
Five pathways related to dental fear have been recognized®: (7) The conditioning pathway occurs as
a result of direct traumatic experiences. (2) The parental pathway relates to dental fear learned from
parents or guardians. (3) The informative pathway is related to fearful experiences learned or heard
about from others. (4)The verbal threat pathway comes from parents using the dental environment as
punishment for bad behavior in children. (5) The visual vicarious pathway is caused by fearinducing
dental situations seen in the media. A recent study®® found that less fear was shown in older patients,
men were more likely to cancel dental appointments because of fear, and different ethnic backgrounds
adopt different pathways of fear.

IN CONCLUSION, there are different pathways of dental fear, and each has an influence on fear of
dentistry.

Pregnancy and breastfeeding
For pregnant patients, elective treatment should be deferred, particularly in the first trimester. How-
ever, if treatment involving a painful procedure is required, many of the commonly available local an-
esthetic agents are safe to use.® The United States Food and Drug Administration classifies articaine,
mepivacaine, and bupivacaine as category C drugs.® A category C classification means that “Either
animal-reproduction studies have revealed adverse effects and there are no controlled studies in wom-
en or studies in women and animals are not available. Drugs should be given only if the potential
benefit justifies the potential risk to the fetus.”3*6" Lidocaine and prilocaine are classified as category
B drugs. A category B classification means that “Either animal-reproduction studies have not demon-
strated a fetal risk but there are no controlled studies in pregnant women or animal-reproduction
studies have shown an adverse effect that was not confirmed in controlled studies in women in the
first trimester (and there is no evidence of a risk in later trimesters).”3®

The manufacturer drug monographs that accompany local anesthetic agents place warning state-
ments that these agents should not be used during pregnancy. These statements are placed for med-
icolegal reasons because the anesthetics have not been tested during pregnancy. To put things in per
spective, congenital anomalies occur in 3% of the general population, yet the causes can be determined
in less than 50% of these cases.®’ Hagai and coauthors®? evaluated the rate of major anomalies after
exposure to local anesthetics as part of dental care during pregnancy. They found that the use of local
anesthetics, as well as dental treatment during pregnancy, did not present a major risk for anomalies.
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In patients who are lactating, drugs do pass into the breast milk in very small quantities.®® If there is
concern, the patient may be comforted by electing to use a breast pump, discarding the milk, and then
providing the infant with formula or previously expressed milk for a day. If the practitioner is unsure about
the safety of a drug, he or she could consult the National Institutes of Health LactMed database. This
resource provides information on drug transference to breast milk, drug safety, and safe alternative drugs.

The most important aspect of care in the pregnant patient in pain is elimination of the source of pain
by performing the indicated treatment. This approach will reduce the need for systemic medications.®!

IN CONCLUSION, defer elective treatment for pregnant patients, particularly in the first trimester.
However, if treatment involving a painful procedure is required for the pregnant or lactating patient,
many of the commonly available local anesthetic agents are safe to use.

Elderly patients
Nordenram and Danielsson® found that elderly patients had significantly shorter onset times of anes-
thesia when compared with younger patients. In general, older patients may also be more tolerant of
pain than younger patients.%566

IN CONCLUSION, older patients may tolerate pain better than younger patients.

Alcohol addiction

Patients with alcoholism have been found to be more sensitive to painful stimulation, and those with a his-

tory of depression/unhappiness may also have shallower pulpal anesthesia.®”®® In contrast, patients in re-

covery for alcohol addiction may not be at increased risk for inadequate pain control with local anesthesia.®
IN CONCLUSION, patients with alcoholism who are not in recovery may be more difficult to anes-

thetize.

Allergies and local anesthetics

Local anesthetics
Generally, amide local anesthetics have a very low chance of allergic reactions.®® Batinac and coau-
thors” found that the most common symptoms related to administration of local anesthetics were
cardiovascular reactions (18%). True allergic reactions were rare (less than 1%). In patients who have
reported adverse reactions to local anesthetics, none had hypersensitivity reactions to the intradermal
injection of local anesthetics.®® However, there have been case reports of hypersensitivity reactions to
local anesthetics.%®78 Patients who have had anaphylactic reactions or serious idiosyncratic reactions
to administration of local anesthetics should be referred to a dental anesthesiologist or oral surgeon
for deep sedation or general anesthesia prior to restorative procedures.

IN CONCLUSION, patients who have had serious reactions to local anesthetics should be treated
in conjunction with a dental anesthesiologist or oral surgeon.

Latex in dental cartridges
Shojaei and Haas’ performed a literature review on latex allergies. They concluded that the medical
literature provides some evidence that latex allergen can be released into solutions by direct contact
with natural latex stoppers within the cartridges. However, they stated that there are no cases of doc-
umented allergy for dental local anesthetics. Recently, some manufacturers have introduced latex-free
dental cartridges for all of their product lines.

IN CONCLUSION, dental cartridges present little risk in latex allergy patients.

Sulfites

Sulfites are common additives to many food products and are present in small amounts in local an-
esthetic cartridges. The sulfites prevent the oxidation of the vasoconstrictor in dental formulations.
Smolinske’” felt that anaphylactic or asthmatic reactions caused by parenteral administration of sulfite
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agents were different than reactions caused by foods. The reactions were rapid and had no predilec-
tion for steroid-dependent asthmatics. As stated by Naftalin and Yagiela,’® the best way to avoid a reac-
tion in a patient with a true sulfite allergy would be to use a local anesthetic without a vasoconstrictor.

IN CONCLUSION, if a patient has a severe sulfite allergy, use an anesthetic solution without a
vasoconstrictor.

Reversing soft tissue numbness

Patients may feel that residual soft tissue numbness interferes with their normal daily activities in
three specific areas—perceptual (perception of altered physical appearance), sensory (lack of sensa-
tion), and functional (diminished ability to speak, smile, drink, and control drooling). Patients may com-
plain that they are unable to eat a meal or talk normally after their dental visit. Patients often do not
want to have lip and tongue numbness for hours after the appointment. Phentolamine mesylate (0.4
mg in a 1.7-mL cartridge; OraVerse, Septodont) is an agent that shortens the duration of soft tissue an-
esthesia (Fig 1-14). The duration of soft tissue anesthesia is longer than pulpal anesthesia and is often
associated with difficulty eating, drinking, and speaking.”®®' The greatest value of using OraVerse is
in the majority of dental procedures in which postoperative pain is not of concern. Clinical trials have
evaluated the use of phentolamine in patients undergoing routine nonsurgical operative or periodontal
procedures or implant placement and in asymptomatic endodontic patients.”®” These studies have
shown that phentolamine statistically reduces the time of soft tissue numbness when compared with
a sham injection. Saunders and coauthors® found that patients who experienced OraVerse reported a
reduced duration of numbness (92%) and an improved dental experience (84%), 83% of the patients
would recommend OraVerse to others, and 79% would have OraVerse used in future dental visits.

Fowler and coauthors® studied the use of OraVerse for reversal of soft tissue anesthesia in asymp-
tomatic endodontic patients. They found that patients experienced an 88-minute decrease in time to
return to normal maxillary soft tissue sensation, and a 47-minute decrease in time to return to normal
in mandibular lip sensation. Postoperative pain and complications were minimal. Many patients may
benefit from the use of a reversal agent when they have speaking engagements or important meet-
ings or perform in musical or theatrical events.

Elmore and coauthors® found that phentolamine significantly reduced duration of both pulpal and
soft tissue anesthesia when administered either at 30 or 60 minutes after an IANB (Fig 1-15). There-
fore, because pulpal anesthesia is also reversed fairly rapidly, phentolamine should be administered at
the end of the dental appointment.
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Fig 1-15 Incidence of pulpal anesthesia for the central incisor (a), lateral incisor (b), first premolar (c), second premolar (d), first
molar (e), and second molar (f) as determined by lack of response to an EPT at maximum reading (percentage of 80 readings), at
each postinjection time interval, for phentolamine/sham and sham/phentolamine injections. The injection of phentolamine at 30
minutes reversed pulpal anesthesia fairly rapidly. Phentolamine would be beneficial for patients who would like to experience a
faster return to normal soft tissue function and sensation after the administration of local anesthesia. However, pulpal anesthesia
is also reversed fairly rapidly. (Reprinted from Elmore et al® with permission.)

OraVerse is administered with a standard syringe using the same location and same technique (infil-
tration or nerve block) and in the same proportion (1 to 1) as was used initially for the local anesthetic
injection.

IN CONCLUSION, OraVerse is a safe product and would be beneficial for patients who would like
to experience a faster return to normal soft tissue function after the administration of local anesthesia.

Anxiety and Pain

Anxious patients may be harder to anesthetize. Although dental injections are an important aspect of
treatment for patients, injections can induce anxiety or fear and may be a reason for patients to avoid
dental treatment.®® Van Wijk and Hoogstraten® found that anxious patients felt more pain than that
reported by less anxious patients. Anxious patients also have a tendency to overestimate anticipated
pain.®" Vika and coauthors®? reported that about 17% of patients indicated high fear during their last
dental appointment.



Anxiety and Pain

Patients who are anxious have reduced pain tolerances.® Therefore, anxious patients may be harder
to anesthetize and may require supplemental techniques (articaine infiltration of mandibular teeth or
intraosseous or intraligamentary injections).

In addition, dental anxiety is less prevalent among older adults (over 50 years of age) than in young-
er patients.®*

Especially for dental students transitioning to the clinical years, one of the highest levels of anxiety
was associated with hurting patients.® When faced with specific clinical situations, students were
stressed by failed local anesthesia.®

However, Corah and coauthors® found that the dentist’s explicit dedication to prevent pain was the
most important dentist behavior to the patient to reduce patient anxiety and increase satisfaction.
Friendliness, working quickly, being calm, and giving moral support were important auxiliary behaviors.

IN CONCLUSION, anxious patients may be harder to anesthetize. However, dentist dedication to
preventing pain is the most important behavior to patients.

Oral conscious sedation

Patients in pain are often anxious and fearful of dental treatment.®” Patients reporting for emergency
treatment with pain are even more fearful. Therefore, in situations with anxious and fearful patients,
will the IANB be more successful if the patient is consciously sedated? Lindemann and coauthors®
determined the effect of the administration of a 0.25-mg sublingual does of triazolam (Halcion, Pfizer)
on the efficacy of the IANB in patients experiencing irreversible pulpitis. Success was defined as no
or mild pain upon endodontic access or initial instrumentation. The success rate for the IANB was
43% with triazolam and 57 % with the placebo. There was no significant difference between the two
groups. Likewise, Khademi and coauthors® found that the preoperative oral administration of 0.5 mg
of alprazolam did not improve the success of the IANB in mandibular molars in patients presenting
with irreversible pulpitis. Success (no or mild pain upon access or initial instrumentation) was 53%
with alprazolam and 40% with the placebo, with no significant difference between the two groups.
In conclusion, for mandibular posterior teeth, preoperative triazolam or alprazolam will not result in an
increase in success of the IANB in patients with irreversible pulpitis.

Thus, if a painful procedure is anticipated, conscious sedation with triazolam or alprazolam will not
reduce pain during dental treatment. Profound local anesthesia is still required. That is, conscious
sedation should not be used as a way to reduce pain during dental treatment! The results of these
studies should not be interpreted to mean that triazolam or alprazolam sedation should not be used to
reduce patients’ anxiety. Anxiety reduction may make the process of dental treatment more accept-
able to the patient.

IN CONCLUSION, oral conscious sedation with triazolam (Halcion) or alprazolam (Xanax, Pfizer) will
not reduce pain during dental treatment. Profound local anesthesia is still required.

Patient satisfaction with painful treatment

A dentist's caring manner relates to patient satisfaction even though painful treatment may be in-
volved. A number of studies in endodontics®19°-1%4 have found high satisfaction ratings (96 % to 100%)
despite the findings that most patients experienced moderate-to-severe pain during endodontic treat-
ment. Gale and coauthors,' Davidhizar and Shearer,'® Schouten and coauthors,” and Fletcher and
coauthors'® found that patient satisfaction is related to maintaining a positive and professional atti-
tude, practicing encouragement, exhibiting a caring manner, and avoiding defensiveness. Communi-
cative behavior of the dentist (rapport or “bedside manner”) is positively related to patient satisfaction
and explains why patients are satisfied with dental treatment even though pain may be involved. In
endodontics, high satisfaction ratings may also be related to the expectation that the patient’s pain
will be relieved.
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IN CONCLUSION, a dentist’s caring manner relates to patient satisfaction even though painful
treatment may be involved. In endodontics, high satisfaction ratings may be related to the expectation
that the patient’s pain will be relieved.

Nitrous oxide

Nitrous oxide has an impressive safety record and is excellent for minimal conscious sedation for ap-
prehensive patients.'® Nitrous oxide produces an analgesic effect"®""?and has been used to decrease
the pain of venipuncture and minor pediatric surgical procedures™ as well as the injection pain of
the initial IANB™® using a standard block, Gow-Gates, or Vazirani-Akinosi technique. It has also been
used to reduce the pain of IANB injections in children, resulting in improvement in behavior.™®

Stanley and coauthors™® determined the effect of nitrous oxide on the anesthetic success of the
IANB in patients experiencing symptomatic irreversible pulpitis. They found that nitrous oxide sedation
did increase the success of an IANB and was a useful technique in the treatment of painful teeth.
Furthermore, if a patient were to present with anxiety and request sedation, nitrous oxide sedation
may be preferable to oral sedation. Nitrous oxide sedation allows a titratable dosage, and the patient is
not sedated beyond the length of the treatment appointment, meaning the patient would not require
someone else to drive after the appointment.

IN CONCLUSION, nitrous oxide is very useful for minimal conscious sedation in apprehensive and
emergency patients because it has both analgesic and antianxiety effects.

Aromatherapy

Kiecolt-Glaser and coauthors™ studied aromatherapy and found that it failed to show any improve-
ment in pain control. However, lemon aroma did enhance positive moods, while lavender had no
effect on mood. Maybe we should dust with lemon-scented Pledge to enhance the mood of our
patients, assistants, and ourselves. Just kidding.

IN CONCLUSION, aromatherapy does not improve pain control in anxious patients.

Vasoconstrictors

Cardiovascular reactions

Several authors™®'22 have reported increases in heart rate with infiltration injections and nerve blocks
using 2% lidocaine with 1:100,000 epinephrine, while others''2¢ have reported no significant chang-
es in heart rate or reported that the changes were clinically insignificant. When specific information
was given on dosing and heart rate increases, five studies'®'?? found mean heart rate increases. Two
studies found increases of 4 beats per minute using approximately 20 ug of epinephrine (one cartridge
of 1:100,000 epinephrine contains 18 pg),"®'?° three studies recorded increases from 10 to 15 beats
per minute using 45 to 80 ug of epinephrine (approximately 2% to over 4 cartridges of 1:100,000 epi-
nephrine),’®120121 and one study found increases of approximately 21 beats per minute using 144 ug
of epinephrine (eight cartridges of 1:100,000 epinephrine).'?

Moore and coauthors found no differences in the cardiovascular profiles of 4% articaine with
1:100,000 or 1:200,000 epinephrine when using a one-cartridge volume. However, when using large
volumes (almost seven cartridges, which is the maximum allowable dose of 4% articaine), Hersh and
coauthors' reported that the 1:100,000 epinephrine produced significantly higher heart rates and
systolic blood pressure 10 minutes following injection. The increase in heart rate is caused by the
stimulation of the betal receptors. Therefore, increasing the amount of epinephrine in an infiltration
or block injection increases the likelihood of an increase in heart rate.



Vasoconstrictors

Intraosseous injections, but not intraligamentary injections, will increase heart rate when local an-
esthetics with vasoconstrictors are used 3129131 (see chapter 4 for a complete discussion).

IN CONCLUSION, using 1.8 mL of local anesthetic with vasoconstrictors for infiltrations and nerve
blocks generally will not increase heart rate. Increasing the volume will increase heart rate. Intraosseous
injections using local anesthetic agents with vasoconstrictors will almost always increase heart rate.

Considerations in patients with cardiovascular disease

Treatment should be individualized based on a comprehensive assessment of the patient and med-
ical consultation. Niwa and coauthors'™? concluded that 1.8 mL of 2% lidocaine with 1:80,000 epi-
nephrine was safe and had few, if any, hemodynamic consequences in patients with cardiovascular
disease. Likewise, Elad and coauthors™ found that dental treatment using 1.8 mL of 4% articaine
with 1:200,000 epinephrine or 2% lidocaine with 1:100,000 epinephrine was safe in medically com-
promised cardiac patients. Niwa and coauthors'™* reported that many patients with unstable angina
pectoris or acute myocardial infarction (within 6 months) tolerated tooth extraction and pulpectomy
under local anesthesia when appropriate stress-control measures were used.

IN CONCLUSION, medical consultation is advised before treating patients with cardiovascular disease.

Contraindications

Epinephrine is contraindicated in patients with untreated hyperthyroidism and pheochromocytoma.®®

Pheochromocytoma is a rare neuroendocrine tumor of the medulla of the adrenal glands causing
secretion of excessive amounts of catecholamines.’® Patients should be well aware that they have
this condition, and medical consultation is required. Because of the excessive secretion of catechol-
amines, they should not be given vasoconstrictors.

Hyperthyroidism is an increase in thyroid hormone production and may cause irregular heart
rhythms.™® In its most severe form, untreated hyperthyroidism may result in thyroid storm, a condition
involving high blood pressure, fever, and heart failure. Usually the symptoms of hyperthyroidism are
so gradual in their onset that patients do not realize the symptoms until they become more severe.
This means the symptoms may continue for weeks or months before patients fully realize that they
are sick. In older people, some or all of the typical symptoms of hyperthyroidism may be absent, and
the patient may just lose weight or become depressed. Therefore, patients may come into the dental
office with undiagnosed hyperthyroidism. Symptoms include patients often feeling hotter than those
around them because the body's metabolism is increased and slowly losing weight even though
they may be eating more.'™® Patients with hyperthyroidism usually experience fatigue at the end of
the day but have trouble sleeping. Trembling of the hands and heart palpitations may develop. These
individuals may become irritable and easily upset. When hyperthyroidism is severe, patients can suffer
shortness of breath, chest pain, and muscle weakness.'®

Moreover, Malamed® stated that vasoconstrictors should be avoided in patients with high blood pres-
sure (higher than 200 mmHg systolic or 115 mmHg diastolic), cardiac dysrhythmias, unstable angina,
severe cardiovascular disease, or patients who have experienced a myocardial infarction or cerebrovas-
cular accident within the last 6 months. It must be stated that these conditions are contraindications
to even routine dental treatment. Therefore, the contraindication to epinephrine, or levonordefrin, is not
the crucial issue in these patients; rather it is the safety of performing in-office dental treatment at all.

In addition, it is possible that patients may be allergic to the epinephrine in an anesthetic cartridge,
but this must be considered an extremely rare occurrence. Kohase and Umino™® reported two cases
of confirmed hypersensitivity to epinephrine (hydrochloride or bitartrate) in a 2% lidocaine formulation.
Although some patients may actually be allergic to exogenous epinephrine preparations, patients who
say they are allergic to epinephrine because of an increased heart rate or palpitations are only reacting
to the epinephrine released into their blood stream.
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IN CONCLUSION, serious medical conditions are contraindications to routine dental treatment. It
is possible that patients may be allergic to the epinephrine in an anesthetic cartridge, but this must be
considered an extremely rare occurrence.

Consultation with the patient’s physician

It is often best to contact the patient’s physician directly to discuss the proposed treatment. By doing
this, the physician can appreciate our concern for the patient and our rationale for treatment. We also
want to discuss that all injections are given only after repeated aspirations and are given slowly over
a 1-minute time period. It is best not to ask if it is safe to use epinephrine because many physicians
have been taught to use high doses of epinephrine to treat allergic reactions—giving 0.3 to 0.5 mg of
a 1:1,000 epinephrine solution. They are less familiar with the doses used in dental cartridges.

For IANBs, 3% mepivacaine is similar to 2% lidocaine with 1:100,000 epinephrine in efficacy and
duration of approximately 50 minutes. Supplemental intraosseous injections, but not intraligamentary
injections, will be successful with 3% mepivacaine. Therefore, 3% mepivacaine can be used in these
situations.

IN CONCLUSION, emphasize our anticipated treatment and the rationale for local anesthesia.

Plain anesthetic formulations

Historically, emphasis has been placed on the dangers of using vasoconstrictors with certain medical
conditions or drug interactions. While this is important, the clinician must also realize that local anes-
thetic solutions without vasoconstrictors contain more drug because of higher concentrations (3%
mepivacaine and 4% prilocaine). In thinking these drugs are safer than solutions without vasoconstric-
tors, clinicians may give larger amounts of these anesthetics, which can lead to toxicity and central
nervous system depression.™ \We have to remember that without the vasoconstrictor, the anesthetic
solution will be removed more rapidly from the injection site into the systemic circulation—causing
higher blood levels of the anesthetic.

IN CONCLUSION, anesthetic solutions without vasoconstrictors are not safer than anesthetic solu-
tions with vasoconstrictors and should not be given in large amounts.

Drug interactions

We should be cautious about administering a vasoconstrictor, or at least limit the amount of vasocon-
strictor, in certain patients taking systemic drugs, including antidepressants, beta-blocking agents,
medicines that treat Parkinson disease, and cocaine. For patients taking the majority of these drugs,
3% mepivacaine can be used for an IANB. For supplemental intraosseous injections, only 3% mepiv-
acaine should be used; intraligamentary injections with 3% mepivacaine are not effective.

Monoamine oxidase inhibitors

Epinephrine and levonordefrin are catecholamines metabolized by catechol-o-methyltransferase and
not monoamine oxidase (MAQ)."*® Therefore, patients on MAO inhibitors can receive either of these
vasoconstrictors.

Antidepressants
Fluoxetine (Prozac, Eli Lilly) selectively inhibits serotonin uptake and does not present a problem.™®
However, patients on tricyclic antidepressants may have cardiac arrhythmias that could be potentiat-
ed by vasoconstictors.”™ The number of cartridges containing epinephrine or levonordefrin should be
limited to one or two.



Injection Pain

Beta-blocking agents

Patients taking nonselective beta-blocking agents (eg, propranolol, nadolol) may have a sensitivity
to vasopressors, causing increases in blood pressure and reflex bradycardia.™® Caution in the use of
vasoconstrictors is prudent. Patients on selective betal blockers (atenolol, metroprolol) at normal dos-
es do not demonstrate the sensitivity to vasopressors.™ However, the amount of vasoconstrictors
administered should not be excessive.

Medicines treating Parkinson disease

Because of an exaggerated effect on blood pressure and heart rate due to drug interactions with
medicines to treat Parkinson disease (levodopa and entacapone), we should limit 2% lidocaine with
1:100,000 epinephrine to three cartridges per half hour.’® If the patient is receiving selegiline, no epi-
nephrine or levonordefrin should be used.™°

Cocaine
Cocaine produces a state of catecholamine hypersensitivity, causing dysrhythmias and other serious
cardiac problems.®® Local anesthetic with vasoconstrictors should never be administered to patients
who have used cocaine within the last 24 hours.®® Unfortunately, cocaine users may not be honest
when reporting their habit. We must be frank in asking patients if they have used cocaine, particularly
if we see physical signs of abuse: red bloodshot eyes, runny nose or frequent sniffing without allergies
or cold symptoms, increased blood pressure, dilated pupils, increased heart rate, or nosebleeds.
Additionally, Saraghi and Hersh'' cautioned practitioners to keep track of their lidocaine supplies
because of the potential that local anesthetics are being diverted from dental offices to be used as
cocaine adulterants (they augment the nasal numbness produced by inhaling cocaine).

Injection Pain

Like dental injections, medical injections also have the potential to be painful. One only has to watch
children receiving immunization injections; the reaction is usually painful. Perhaps medical injections
are sensitizing individuals to injection pain at an early age. Additionally, vaccines have no local anes-
thetic properties during the injection. Taddio and coauthors'? stated that pain interventions are not
commonly used during childhood vaccination, despite the fact that two-thirds of children are afraid of
needles and one-tenth are noncompliant with immunizations. The reason is cost and inconvenience.'®
The authors reported that managing vaccination pain is important and that analgesic interventions
(distraction techniques, topical anesthetics, and injection techniques) should be used routinely, there-
by promoting more positive attitudes and behaviors.

Taddio and coauthors™ compared the effectiveness of topical liposomal bupivacaine to vapocoolant
spray, nurse-administered tactile stimulation, or self-directed distraction (reading a magazine). The
authors found that liposomal bupivacaine was more effective than distraction but did not differ from
either vapocoolant spray or tactile sensation. They concluded that vaccinators should routinely offer
to mitigate pain during immunizations. Other medical injections, including venipuncture and cosmetic
and plastic surgery procedures, also have the potential to be painful.

Versloot and coauthors™* assessed the pain and distress by a pediatric patient, a dentist, and inde-
pendent observers during a dental injection. A correlation was found between the child’s self-reported
pain and the pain assessed by independent observers. The dentists’ pain assessment was the lowest.
Therefore, a dentist's assessment of a patient’s pain may not always be accurate.

We think we administer a relatively painless injection to the majority of patients. However, it is rare
that we actually have patients objectively rate the pain they experienced.
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Effect of operator and patient gender on injection pain

Experimental studies have shown that women have a lower acceptance of pain, fear pain more, and
avoid pain more than men.®® Perry and coauthors'® studied the effect of the gender of the operator
giving the injection on the pain of asymptomatic men and women receiving the injection. That is, they
evaluated operator gender and its influence on maxillary lateral incisor injection pain in males versus
females. The authors found that females reported higher pain ratings when a male operator adminis-
tered the anesthetic solution. Other pain interactions of male operator/male patients, female operator/
female patients, and female operator/male patients were not significant. One explanation as to why
a discrepancy in pain exists between men and women is a result of social expectations suggesting
that men are expected to behave in a more stoic manner. \We have all known men who do not know
the meaning of pain, but then again, some of them do not know the meaning of most words. | think
“macho law" prohibits some men from admitting things hurt in a public setting.

IN CONCLUSION, higher pain ratings may occur when a male operator gives an injection to a
female patient.

Phases of a dental injection and pain

Each dental injection has three phases: (7) initial needle placement through the alveolar mucosa, (2)
needle placement to the target site, and (3) deposition of the anesthetic solution at the target site.
Each phase has different requirements for controlling pain.

IANB injection pain

The IANB has been associated with pain in asymptomatic patients. For the needle insertion phase,
Nusstein and Beck™® reported an incidence of moderate-to-severe pain ranging from 14% to 22% in
a retrospective study of 1,635 IANBs. For needle placement to the target site, Nusstein and coau-
thors™ found that 39% to 54 % of the subjects reported moderate-to-severe pain. For the deposition
of the anesthetic solution at the target site, various authors?%'%16148 have reported the incidence of
moderate-to-severe pain ranging from 20% to 40%. The pain occurred despite the fact that anesthet-
ic solution was deposited over a 1-minute time period. Nusstein and coauthors™’ found that needle
placement to the target site was more painful than needle insertion pain or anesthetic solution depo-
sition pain for the IANB. Therefore, we need to develop methods to decrease the pain of the IANB.

IN CONCLUSION, the IANB has the potential to be a painful injection.

Injection pain in the maxilla and mandible

Kaufman and coauthors™® found that the IANB resulted in more discomfort than infiltration, intraliga-
mentary injection, and mental nerve block. However, local infiltration in the maxillary anterior region
yielded the highest discomfort scores. Aminabadi and coauthors™® also found that maxillary anterior
infiltration had higher pain scores than IANB or mandibular infiltrations in children. Wahl and coau-
thors™' found that palatal injections caused significantly more pain than anterior or posterior maxillary
infiltrations or IANBs. Meechan and coauthors™? compared needle penetration in the anterior and
posterior palate and found that infiltration was more uncomfortable in the anterior palate than poste-
rior palate.

Maxillary infiltration anesthesia has the potential to be a painful injection. For the needle insertion
phase, Nusstein and Beck'#® reported an incidence of moderate-to-severe pain ranging from 18% to
21% in a retrospective study of 422 maxillary infiltrations in anterior teeth. Perry and coauthors®
found that needle insertion resulted in moderate-to-severe pain 32% to 44 % of the time. For maxillary
infiltrations in posterior teeth, Nusstein and Beck'® reported an incidence of moderate-to-severe pain
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Fig 1-16 Tribeveled 25-, 27-, and 30-gauge needles. Needle
gauge does not seem to matter in perception of pain in the
oral cavity.

ranging from 12% to 17% in a retrospective study of 279 injections. Topical anesthesia significantly
increased the odds of patients experiencing no pain upon needle insertion during maxillary anterior
infiltrations but not during maxillary posterior infiltrations.

For needle placement over the lateral incisor, Scott and coauthors'? reported that 20% to 28% of
the patients had moderate pain while 3% had severe pain. Perry and coauthors'® reported that needle
placement resulted in moderate-to-severe pain 25% to 46% of the time.

For deposition of 1.8 mL of 2% lidocaine with 1:100,000 epinephrine over the lateral incisor, Mike-
sell and coauthors™* and Scott and coauthors'® reported that 23% to 34% of the patients had moder
ate pain while 3% had severe pain. Perry and coauthors™® reported that solution deposition resulted in
moderate pain 35% to 53% of the time, with an incidence of 4% to 14% for severe pain. Mikesell and
coauthors™ reported that 9% of the patients had moderate pain over the first premolar site, and 6%
had moderate pain over the first molar site. The pain occurred despite the fact that anesthetic solution
was deposited over a 1-minute time period.

IN CONCLUSION, maxillary infiltration anesthesia has the potential to be a painful injection.

Needle size

Dentists may use smaller needles because they think they hurt less (Fig 1-16). However, Fuller and co-
authors™ found no significant differences in the perception of pain produced by 25-, 27-, and 30-gauge
needles in the retromolar fossa. Flanagan and coauthors'® found no significant difference for injection
pain between 25-, 27-, and 30-gauge needles, in 930 injections, for IANBs, maxillary buccal infiltra-
tions, and palatal injections. They coined the phrase “size doesn’t matter,” at least for dental injections.

McPherson and coauthors™’ investigated whether a larger internal bore needle reduced pain during
an IANB and long buccal nerve block. The enlarged bore (43% wider than a standard needle) suppos-
edly reduces the level of pressure during injection, thus reducing pain. However, the authors found
that the largerbore 27-gauge needle did not reduce injection pain compared with the standard-bore
27-gauge needle.

Meechan and coauthors'™? found that a needle used for a previous needle penetration for a palatal
injection in the same patient caused more discomfort in female patients. Perhaps it would be best to
use a fresh needle for additional injections in the palate.

IN CONCLUSION, needle gauge (25-, 27-, and 30-gauge) does not seem to matter in perception of
pain in the oral cavity.
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Injection discomfort with plain and epinephrine-containing solutions

Some authors have found that there is a reduction in injection pain when using plain anesthetic solu-
tions.™ The higher pH of the plain solutions is believed to contribute to this effect. However, Meechan
and Day™® did not find a difference between a plain solution and one containing epinephrine for a
palatal injection. Wahl and coauthors™ were unable to find a difference in the pain of injection when
using a plain or an epinephrine-containing solution for maxillary buccal infiltrations or IANB. In a later
study, Wahl and coauthors'® found that injection of prilocaine plain (Citanest Plain, Dentsply) produced
significantly lower pain scores than lidocaine with epinephrine, mepivacaine plain, or articaine with
epinephrine for maxillary buccal infiltration, palatal infiltration, or IANBs. However, needle insertion,
and to some extent needle placement, would not be affected by the anesthetic solution. While 4%
prilocaine plain may decrease solution deposition pain, it is not a painless injection.

Some clinicians initially administer 3% mepivacaine plain and then add 2% lidocaine with 1:100,000
epinephrine for IANBs. The rationale is that 3% mepivacaine has a higher pH because it does not
contain epinephrine. In theory, using 3% mepivacaine initially would decrease the pain of injection.
Lammers and coauthors'®? found that injection pain with the initial administration of 3% mepivacaine
plain (Carbocaine) followed by 2% lidocaine with 1:100,000 epinephrine was not significantly different
than that with the initial administration of 2% lidocaine with 1:100,000 epinephrine followed by 2%
lidocaine with 1:100,000 epinephrine for an IANB.

In the maxilla, infiltration of plain solutions without vasoconstrictors will only provide pulpal anesthe-
sia for 10 to 15 minutes. So an additional infiltration would be needed if anesthesia past 15 minutes
were required. In the IANB, plain solutions will provide at least 50 minutes of pulpal anesthesia for the
patients who achieve pulpal anesthesia.

Another consideration is whether 4% prilocaine or 3% mepivacaine decreases the pain of injection
with a standard syringe better than use of the computer-controlled local anesthetic delivery (CCLAD)
system.

IN CONCLUSION, injection pain of the IANB with 3% mepivacaine plain is the same as using 2%
lidocaine with 1:100,000 epinephrine. A 4% prilocaine plain solution may decrease the pain of the
IANB, but further study is needed. Factors other than pain, such as the efficacy of 4% prilocaine and
3% mepivacaine in the maxilla, need to be considered for their clinical use.

Articaine injection pain

Mikesell and coauthors,'™ Evans and coauthors,'®® Haase and coauthors,’® and Robertson and coau-
thors®” found no significant differences between a 4% articaine formulation with 1:100,000 epineph-
rine and a 2% lidocaine formulation with 1:100,000 epinephrine for the three phases of the injection.
Sumer and coauthors'™® studied 497 maxillary infiltrations or IANBs using an articaine formulation or
lidocaine formulation. They also found similar pain for both formulations.

IN CONCLUSION, injection pain is the same for an articaine formulation when compared with a
lidocaine formulation.

Injection techniques

Slow injection

Hochman and coauthors'™® and Kudo'® measured injection pressures of dental injections. Injecting
with low pressures (slow injection) significantly reduced pain and anxiety.'®” Therefore, a slow injec-
tion (deposition of anesthetic solution) decreases pressure and patient discomfort during injection.
Kanaa and coauthors'® found that a slow IANB injection (60 seconds) was more comfortable than a
rapid injection (15 seconds).



Injection Pain

Fig 1-17 Older CompuDent unit, formerly referred to as the
Wand. The handpiece assembly and microtubing are also
shown. (Courtesy of Milestone Scientific.)

One way to give a slow injection is to use the CompuDent (Milestone Scientific) CCLAD system—
formerly referred to as the Wand (Fig 1-17). The CompuDent CCLAD system delivers 1.4 mL of anes-
thetic solution over a time period of 4 minutes and 45 seconds (slow rate). There are also faster rates
available with the CompuDent. The majority of the literature on CCLAD systems has dealt with the
pain of injection with the delivery system compared with standard injections using a syringe.'6%19
From 20 studies, there is very good evidence that the CompuDent CCLAD unit decreases the pain of
injections and reduces disruptive behavior in children. -8 Four studies show no difference in pain, 9%
and one study shows higher pain ratings'* with the CCLAD unit. While the CCLAD unit decreases
pain of the injection, the system does not produce a painless injection.'6%-194

IN CONCLUSION, a slow injection is more comfortable than a rapid injection, and the CCLAD sys-
tem decreases the pain of injection.

Two-stage injection

A two-stage injection consists of an initial very slow administration of approximately a quarter car
tridge of anesthetic solution just under the mucosal surface. Once regional numbness occurs, the
remaining anesthetic solution is given to the full depth at the target site. Nusstein and coauthors™’
found that the two-stage injection, using a standard syringe, decreased the pain of needle placement
for the IANB but was only significant for female patients. This injection technique is indicated for
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Fig 1-18 Needles become barbed when they contact the man-
dibular bone during an IANB.
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apprehensive and anxious patients or pediatric patients but may be used on anyone. Sandeep and
coauthors™ found that the two-stage injection technique reduced the pain of nerve blocks in children.
IN CONCLUSION, a two-stage injection may be helpful in reducing the pain of injection.

Nerve injury following an IANB

Permanent nerve damage to the lingual and inferior alveolar nerve is a very rare occurrence. Pogrel
and Thamby'® reported the incidence at between 1 in 26,762 and 1 in 160,571. The lingual nerve is
affected in 70% to 79% of patients and the inferior alveolar nerve in 21% to 30%."9%"% A possible
cause for the predominance of injury to the lingual nerve may be the smaller number of fascicles,
when compared with the inferior alveolar nerve, at the site of the injection.'” Krafft and Hickel'®® re-
ported sensory disturbances to the lingual nerve in 18 out of 12,104 patients. In 17 of the 18 patients,
sensation recovered after 6 months.

Rout and coauthors™® and Stacy and Hajjar®®® found an incidence of 60% to 97 % barbed needle tip
damage when needles were examined following an IANB (Fig 1-18). The tips were damaged when
the medial surface of the mandibular bone was contacted during the injection. Stacy and Hajjar?®
speculated that the withdrawal of barbed needles might cause nerve damage to the lingual or inferior
alveolar nerve. It may be prudent to not contact bone when administering the IANB.

IN CONCLUSION, /ingual nerve injury occurs more often than injury to the inferior alveolar nerve.
However, permanent damage is rare. Furthermore, needles become barbed when they contact the
mandibular bone.

Broken needles

According to Pogrel,?®" most needle fractures occur when giving the IANB, often with a 30-gauge
needle, and in children who have moved suddenly during the injection. His recommendations are as
follows: (7) do not bury the needle to the hub, (2) avoid using 30-gauge needles for IANBs, and (3)
avoid bending the needles at the hub before insertion. (This last recommendation does not apply to
intraosseous anesthesia because the ultrashort needle is commonly bent to gain access in posterior
teeth.) While needle breakage is a rare occurrence with new disposable needles, the dentist should
be aware of these recommendations. It is always better to be safe than sorry.

IN CONCLUSION, to prevent broken needles for IANBs, do not use 30-gauge needles, bury the
needle to the hub, or bend needles at the hub.
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Topical Anesthetics

Fear of the needle is one of the major causes of apprehension in dental patients.??2%* Although some
authors?%2%® have demonstrated the effectiveness of topical anesthetics, others?%-2" have reported
no significant pain reduction with the use of topical anesthetic. However, a particularly important
area of the mouth where topical anesthesia has been shown to be helpful is in the maxillary anterior
region.’™® Nusstein and Beck™® reported that topical anesthesia significantly increased the odds of
patients experiencing no needle insertion pain during maxillary anterior infiltration.

Nusstein and Beck,'® along with other authors,?05207208212-214 found that 20% benzocaine (Hurri-
caine, Beutlich) requires at least a 1-minute application to be effective in the maxilla, but that increased
duration of application may still not be effective with an IANB. Lidocaine has been reported to be
effective at concentrations of 5%,2%%2152"7 10%, and 20% (via a patch).2%6218219 |neffectiveness of
5% lidocaine has been reported for 30-second applications.?®® A eutectic mixture of local anesthetic
(EMLA) containing lidocaine and prilocaine has been found to be successful after 2- and 5-minute
applications.?15216.220221 dg Freiras and coauthors??? compared the pain of injection of lidocaine using
topical benzocaine versus a placebo for the posterior superior alveolar nerve and greater palatine
nerve. The authors found the placebo and benzocaine to have similar effects. There was no statistical
difference in sex. Ghaderi and coauthors??® used topical anesthetic (benzocaine) or topical anesthetic
plus 1 minute of ice application to the buccal mucosa before injection in pediatric patients. While they
found a significant reduction in pain with the topical anesthetic plus ice (42 mm out of 100 mm on a
visual analog scale [VAS]) when compared with the topical anesthetic alone (58 mm out of 100 mm),
pain was still present during injection.

Franz-Montan and coauthors??* compared the effectiveness of liposome-encapsulated ropivacaine
with EMLA (2.5% lidocaine/2.5% prilocaine) and 20% benzocaine gel for topical anesthesia of the
maxillary canine region. The authors found the liposome-encapsulated ropivacaine to be equivalent
to EMLA for reducing pain during needle insertion. None of the topical anesthetics were effective for
pulpal anesthesia.

Al-Melh and coauthors??2?7 found that EMLA cream was better than benzocaine gel for palatal
canine infiltration and maxillary vestibular canine infiltration.

Martin and coauthors?' found that if patients thought they were receiving topical anesthetic, wheth-
er they did or not, they anticipated less pain. Therefore, the most important aspect of using topical
anesthetic may not be its clinical effectiveness but rather the psychologic effect on the patient, who
feels the practitioner is doing everything possible to prevent pain.

IN CONCLUSION, topical anesthetic is most effective in the maxillary anterior region. Topical an-
esthetic should be applied for at least T minute and before each injection to demonstrate that we are
doing everything possible to prevent pain.

Safety of compound topical anesthetics

Kravitz??® reviewed five compound topical anesthetics containing tetracaine, cocaine, prilocaine, and
lidocaine, with and without vasoconstrictors. He concluded that legitimate concerns exist regarding
their safety because they are unapproved drugs. He went on to say that until compound topical
anesthetics become federally regulated, any benefits for topical anesthesia may not outweigh their
risks to dental patients. Additionally, the amount of each topical agent may vary greatly in compound
anesthetics. Macdonnel??® also questioned the use of these compound topical anesthetics. While the
amount we administer orally would be small, the effectiveness of various compound anesthetics is
not well known.

IN CONCLUSION, compound topical anesthetics may contain varied amounts of drugs and are not
well studied.
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Palatal Anesthesia

Bhalia and coauthors?® found that topical 5% lidocaine reduced the pain of needle insertion if left on
the palatal mucosa for 2, 5, or 10 minutes, but it had no effect on clinical pain relief for local anesthetic
solution deposition. For palatal injections using a CCLAD system, Johnson and Primosch?" compared
infiltration pain using a topical anesthetic, pressure anesthesia using a cotton tip applicator, a combi-
nation of both methods, and use of neither method in the palate. They found no difference among the
various site preparation methods used and reported the pain as minimal, probably because of the use
of the CCLAD system at a slow injection rate. However, Jalevik and Klingberg?®' found that the pain
of a palatal injection was significantly lower with the CCLAD system than with conventional syringe
injection. Nusstein and coauthors'® found that the anterior middle superior alveolar (AMSA) injection
using the CCLAD system resulted in similar pain ratings for needle insertion as the conventional
syringe but statistically lower pain ratings for anesthetic solution deposition. However, the AMSA,
whether using the CCLAD system or a conventional syringe, has the potential to be a painful injection.

For a palatal injection of lidocaine, no difference in pain was found between the application of low-
intensity laser therapy, 20% benzocaine, or pressure.??

IN CONCLUSION, palatal anesthesia continues to be painful, and further studies are needed to
reduce pain. Use of the CCLAD system reduces pain but does not make the injection pain free.

Alternative Modes of Reducing Injection Pain

Warming anesthetic solution

Three studies found that warming local anesthetic solutions to body temperature, when compared
with room-temperature solutions, did not reduce the pain of subcutaneous injection.?32% However,
other studies found that warming anesthetic solution reduced the pain of local infiltration.?%6-2% Qikar-
inen and coauthors?® found that most subjects could not differentiate between anesthetic solutions
at room temperature (21°C) or body temperature (37°C). Volk and Gargiulo®°® questioned the use of
cartridge warmers because by the time the cartridge was removed from the warmer and placed in
the metal syringe, and the solution was expressed through the metal needle, the temperature was
almost at room temperature.
IN CONCLUSION, further research is needed on warming anesthetic solution.

Palatal anesthesia with cooling

In medicine, Hijazi and coauthors?*! found that topical vapocoolant spray reduced pain before venous
cannulation. Robinson and coauthors?*? reported that intradermal lidocaine was more effective at pain
reduction before venous cannulation than ethyl chloride topical spray. Hartstein and Barry?* failed to
find a topical skin coolant beneficial in venous cannulation.

In pediatric patients, precooling the soft tissues with ice helped to reduce the pain of local an-
esthetic injection.?* Harbert*® also described a technique utilizing topical ice to reduce the pain of
palatal injections. Kosaraju and Vandewalle?* compared injection pain of a 5-second application of a
cold refrigerant versus a 2-minute application of 20% benzocaine gel in the posterior palate. While the
cold refrigerant was better at reducing the pain of injections, there was no postoperative follow-up to
determine if tissue damage occurred from the application of cold.

Wiswall and coauthors?” found that the pain of a palatal injection over the greater palatine foramen
was no different using pressure alone, pressure and 20% benzocaine, and pressure and Endo-Ice
(10-second application). The pain of needle insertion was less than that of solution deposition. Howev-
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Fig 1-19 Postoperative palatal lesion
caused by the application of Endo-Ice.

er, over 80% of the subjects reported a sore on their palate (Fig 1-19) occurring 2 to 48 hours after cold
application and persisting for 1 to 10 days. The manufacturers of Endo-Ice caution that it should not be
applied to mucosal tissues because of freezing of the tissue and soft tissue damage.

IN CONCLUSION, using Endo-Ice or prolonged cold application to the palatal mucosa should not
be used clinically to achieve anesthesia.

Buffering anesthetic solutions to reduce injection pain

Local anesthetic agents with vasoconstrictors are acidic. A buffered local anesthetic has been pro-
posed to be less painful when injected because the pH of the solution is closer to the physiologic pH.
Systematic reviews in medicine have shown reduced injection pain with buffered anesthetics.?#-25
In dentistry, Al-Sultan and coauthors,?"%%? Kashyap and coauthors,?® Malamed and coauthors,?®* and
Bowles and coauthors?® have shown decreased injection pain with buffered lidocaine. Primosch and
Robinson, % \Whitcomb and coauthors,?*’ Balasco and coauthors,?*® Harreld and coauthors,?® Saatchi
and coauthors,?® Schellenberg and coauthors,’® Hobeich and coauthors,?®' Shurtz and coauthors,?6?
and Comerci and coauthors?® failed to establish a significant reduction in pain scores for buffered
lidocaine and articaine solutions. Buffering the formulation increased the pH of the anesthetic for
mulation but did not result in less pain during solution deposition. Theoretically, the higher pH should
have resulted in decreased pain of injection. However, the body intrinsically has an efficient buffering
system that maintains tissues at physiologic pH. The pH conversion buffering process, as reported by
Wennberg and coauthors,?* could occur within several minutes. Punnia-Moorthy?® reported a freshly
prepared 2% lignocaine with adrenaline formulation (pH 5.25) being converted to a pH of 717 within 3
minutes following an intradermal injection. This physiologic conversion may help explain why buffering
an anesthetic did not demonstrate any benefit in decreasing injection pain.

Another consideration is the initial pain of needle insertion and needle placement. These two as-
pects of the injection have proven to be painful. In fact, needle insertion pain in an IANB was reported
as moderate to severe in 14% to 22% of patients.™® Needle placement is the most painful part of the
injection, and 39% to 54% of patients reported moderate-to-severe pain.™” Neither of these would
be eliminated by buffering!

IN CONCLUSION, buffering local anesthetics does not reduce the pain of dental injections.
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Fig 1-20 Schematic drawing of a dental anes-
thesia sonophoresis device head with a silicone
cup to hold anesthetic. (Redrawn after Packer et
al?68 with permission.)

Soft silicone cup
with anesthetic

Ultrasonic gel

Hard plastic
head cover

Sonophoresis

Sonophoresis produces ultrasonic energy (Fig 1-20) that generates microchannels between the kera-
tinized cells of the stratum corneum—allowing topical anesthetic to penetrate this layer. Packer and
coauthors?® studied the application of sonophoresis and 5% lidocaine in the maxillary canine vesti-
bule of asymptomatic patients. The authors found no significant difference in pain perception using
sonophoresis and the control.

IN CONCLUSION, the application of sonophoresis/topical lidocaine does not seem to be effective
in reducing injection pain.

Jet injection

Intradermal needleless jet injection (J-Tip, National Medical Products) (Fig 1-21) has been shown to be
effective in medicine prior to intravenous cannulation.?9-27° |t has also been used for needleless vasec-
tomy.?”" Geenen and coauthors?”? reported that the Injex jet injector (Injex Pharma) may have some
value in pediatric dentistry. However, patients did not prefer the Injex system over the classical local
anesthetic injection with a needle. While Dabarakis and coauthors?”® found good soft tissue anesthesia
with Injex, the success rate for pulpal anesthesia of permanent maxillary lateral incisors was poor (13%
as judged by electric pulp testing). Arapostathis and coauthors?” also found the Injex not very effective
for infiltration anesthesia; 81% of patients required additional anesthetic for completion of routine dental
procedures. They also felt it was difficult to administer the Injex in some areas of the mouth.

Jet injectors may be useful for topical anesthesia but not for pulpal anesthesia. In addition, because
jet injectors inject the local anesthetic under pressure using carbon dioxide, their use can sound like
opening a pop can. In the mouth, this sound may surprise the patient or result in fear during admin-
istration 27327

IN CONCLUSION, jet injection may not be effective orally and does not provide consistent pulpal
anesthesia.

Counterstimulation and distraction

Counterstimulation (using finger vibration of oral tissue) and distraction (raising the right and left legs)
were found to reduce pain reaction in pediatric patients.?’® Nanitsos and coauthors?” also found that
vibration of tissue decreased the pain during local anesthetic administration. Furman and coauthors?’’
found that virtual reality distraction was better than a movie for pain control during periodontal scal-
ing and root planing. Dahlquist and coauthors?”® studied the effects of video game and virtual reality
distraction for cold pressor pain in children. They found that both methods equally improved pain
threshold and pain tolerance.
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Fig 1-21 J-Tip jet injectors inject the local
anesthetic under pressure after being loaded
with local anesthetic solution.

Fig 1-22 Patient using audio
sedation. (Courtesy of b-Calm.)

Noise-canceling devices such as b-Calm may help to soothe patients during treatment (Fig 1-22),
especially children with sensory challenges or autism. Studies are needed to evaluate the efficacy of
these devices.

IN CONCLUSION, counterstimulation and distraction methods may be effective, but further stud-
ies are needed.

Vibrating devices and their effect on pain

A study by Saijo and coauthors?”® used a vibrating local anesthetic attachment (VibraJect, Vibraject)
to potentially reduce injection pain. The concept is similar to the vibrating razors used in the shaving
industry. The small VibraJect battery-operated unit is clipped onto the barrel of a conventional syringe
and can be used for any injection technique (Fig 1-23). The device was not found to be clinically effec-
tive in decreasing pain scores on needle insertion or solution deposition.?”® Roeber and coauthors?®
studied the effectiveness of using VibraJect in reducing pain from dental injections in children. They
found that the use of vibration did not significantly reduce pain, pain-related disruptive behavior, or
subjective dentist ratings.
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Fig 1-23 VibraJect is a vibrating unit that is attached to a local Fig 1-24 The DentalVibe (a) creates vibrations in the tis-

anesthetic syringe. (Courtesy of Vibraject.) sues around the injection site as well as illumination while
anesthesia injections are administered (b). (Courtesy of Bing
Innovations.)

The DentalVibe (Bing Innovations) (Fig 1-24) vibrates, illuminates, and retracts the tissue during
a dental injection. Ching and coauthors?' found a significant reduction in self-reported pain in ado-
lescent patients during local anesthesia injection when using the DentalVibe versus a conventional
injection. DiFelice and coauthors?®? compared the effectiveness of topical anesthetic to a vibratory
device plus topical anesthetic for IANBs. They found that the vibratory device plus topical anesthetic
significantly reduced pain (21 mm VAS) compared with topical anesthetic alone (39 mm VAS). Elbay
and coauthors?® compared injection pain of the DentalVibe injection system to a traditional syringe
for IANBs in children. They found no statistically significant differences in pain. Patients preferred the
traditional procedure to the DentalVibe.

IN CONCLUSION, vibrating devices need further studies to determine if injection pain is decreased.

Electronic dental anesthesia and transcutaneous electrical nerve
stimulation

Various pediatric studies?®#?%® have found that electronic dental anesthesia (EDA) reduced discomfort
during local anesthetic administration in young, sedated dental patients and was effective in pain con-
trol. Meechan and Winter?® found that EDA was no more effective than a placebo for pain of palatal
injection. However, Meechan and coauthors?®’ did find that transcutaneous electrical nerve stimula-
tion (TENS) reduced injection discomfort better than 20% benzocaine for IANBs. Regarding operative
procedures, Yap and Ho?® found that local anesthesia was more effective than EDA. Modaresi and
coauthors®?® reported that EDA was no more effective than a placebo treatment and felt that EDA
probably worked by distracting the patient. Schafer and coauthors?® found that as an alternative to
local anesthetics, TENS would not be useful because it offered only minor advantages over a placebo.
IN CONCLUSION, EDA and TENS are not totally effective for pain control.
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Alternative Instruments

Lasers

Laser treatment has been advocated as a means of providing analgesia during dental cavity prepa-
ration. Hadley and coauthors?' studied lasers for cavity preparation and found that they decreased
the discomfort levels for the patients who declined to receive local anesthesia. Liu and coauthors??
found that laser cavity preparation was less painful than conventional methods in children. Whitters
and coauthors®® found a small increase in pain thresholds (as measured with the EPT) with laser
treatments. Poli and Parker?* performed single cavity preparation with an erbium, chromium: yttrium-
scandium-gallium-garnet (Er,Cr:-YSGG) laser. Approximately 80% of the patients felt no pain or
only a very slight sensation. Factors that promoted more pain were posterior teeth, greater caries
depth, greater use of higher power levels, and longer ablation time. It seems that the laser may help
decrease pain but not eliminate it.2%5-2%7
IN CONCLUSION, further research is needed to define the pain with laser treatment.

Rotary polymer bur

Allen and coauthors?®® found that a number of subjects preferred the rotary polymer bur with no local
anesthetic to a carbide bur with local anesthesia. However, the subjects reported more pain and pres-
sure when treated with the polymer instrument.

IN CONCLUSION, further research may define if a rotary polymer instrument is useful in clinical
practice.

Air abrasion

The use of air abrasion techniques for restorative dentistry has been advocated over conventional
techniques because of a reduced need for anesthesia. One study?® found that no anesthesia was
required when using air abrasion for removing occlusal fissure caries lesions in mandibular premolars.

IN CONCLUSION, further studies are indicated to objectively evaluate the use of air abrasion to
provide pain-free restorative treatment.

Final Thoughts

In conclusion, regarding clinical factors related to local anesthesia, we have to look at Evvie Nef's Law:
There is a solution to every problem; the only difficulty is finding it!
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Mandibular
Anesthesia

After reading this chapter, the practitioner should be able to:

¢ Describe success, failure, onset, and duration of pulpal anesthesia
using 2% lidocaine with 1:100,000 epinephrine for the inferior alveolar
nerve block (IANB).

¢ Discuss alternate anesthetic solutions for the |IANB.

* Evaluate alternate mandibular injection locations.

¢ Describe attempts to increase success of the |ANB.

¢ Explain mechanisms of failure with the IANB.

¢ Discuss why asymptomatic patients do not achieve pulpal anesthesia
with the IANB.

® Describe methods that have increased success of mandibular anesthesia.

Because failure occurs most often with the inferior alveolar nerve block (IANB), we will first
concentrate on mandibular anesthesia.” Additionally, while anesthesia requirements vary
among dental procedures, the following discussion will concentrate on pulpal anesthesia.
The technique for administering an IANB can be reviewed in available textbooks.

Conventional IANB

As a frame of reference, we will review the expected outcomes following administration
of a conventional IANB to pain-free patients using 1.8 mL of 2% lidocaine with 1:100,000
epinephrine.

Anesthetic success

One way to define anesthetic success for a nerve block is by the percentage of patients
who have no response to an electric pulp tester (EPT) (two consecutive 80 readings) within
15 minutes of injection and continuously sustain the 80 reading for 60 minutes.? ' In other
words, the objective is to achieve anesthesia within 15 minutes and have anesthesia that
lasts 1 hour, which is within range for the length of an appointment (most likely between
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Anesthetic success and failure rates using 1.8 mL of 2% lidocaine with

Ll 1:100,000 epinephrine for the IANB
Tooth Success rate?® (%) References Failure rate® (%) References
Second molar 65 6-8,11-13,15,16 17 6-9,11,21,22,24,28
First molar 51 2-8,10-18,23 23 4-9,11,21,22,24-26,28
Second premolar 58 6-8,11-13,15,16 19 6-9,11,21,22
First premolar 60 2-8,10-18 21 3,79,11,21,24,28
Canine 52 2,23 32 2,23
Lateral incisor 34 2-5,710-14,16-18,23 44 3-5,79,11,21-23,27
Central incisor 10 711,12,16,23 58 79,11,21-23,27

3Percentage of patients who have no response to two consecutive 80 readings with the EPT within 15 minutes and sustain
the reading for 60 minutes.
Percentage of patients who never achieve two consecutive 80 readings with the EPT within 60 minutes.

46 and 60 minutes?®) among general practitioners, and unless otherwise indicated, this will be the
standard definition of success throughout this chapter.

The objective of profound pulpal anesthesia is important to restorative dentistry but also has rele-
vance for endodontic treatment. Table 2-1 shows the percentage of success rates in various mandibu-
lar teeth. It is important to realize that 100% of the subjects in these studies had profound lip numb-
ness.z1921-23 Syccess occurs most often in the molars and premolars and less often in the incisors.

IN CONCLUSION, anesthetic success varies from 51% in the first molar to 10% in the central inci-
sor even though patients have profound lip numbness.

Anesthetic failure

Anesthetic failure is a factor in the total definition of anesthetic success. Anesthetic failure has been
defined as the percentage of patients who never achieve two consecutive 80 EPT readings at any
time during a 60-minute period. These patients have the highest potential for pain during a dental pro-
cedure. Table 2-1 also shows the percentage of failure rates in various mandibular teeth.?-1921-28 Again,
all of these subjects had profound lip numbness. While these patients did not achieve complete pulpal
anesthesia, their results are as expected from the population at large.

IN CONCLUSION, anesthetic failure varies from 23 % in the first molar to 58 % in the central incisor
even though patients have profound lip numbness.

How do we react to failure?
Failure to obtain pulpal anesthesia will occur in clinical practice (see Table 2-1). It happens to every
dentist. If we think every injection must result in 100% pulpal anesthesia, then we carry a significant
burden into clinical practice. Instead, when failure occurs, we need to be able to add the supplemental
techniques necessary to overcome initial failure.

IN CONCLUSION, failure of pulpal anesthesia occurs for every dentist.

Onset of pulpal anesthesia

In most cases, following the conventional IANB, the onset of pulpal anesthesia occurs within 5 to 19
minutes.?®'>* The onset of pulpal anesthesia is generally slower than the onset of lip numbness,
which usually occurs within 4.5 to 6 minutes.?®>'8 Table 2-2 shows the various onset times for the
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Approximate onset of pulpal anesthesia for the IANB

Time of onset® Occurrence of
Tooth (min) Reference(s) slow onset® (%) Reference(s)
Second molar 5.2 12,13 12 6,11
First molar 9.2 2-5,12-14 14 2-6,11
Second premolar 9.5 12,13 19 6,11
First premolar 9.9 3-5,12,13 20 3-5,11
Canine 13.6 2 20 2
Lateral incisor 13.8 2-5,12-14 20 2-5,11
Central incisor 19.2 12 16 "

aTime of first of two consecutive 80 readings with the EPT.
bPercentage of patients who achieve an 80 reading with the EPT after 15 minutes.

teeth after an IANB using 1.8 mL of 2% lidocaine with 1:100,000 epinephrine. Notice that the anterior
teeth have a slower onset than the posterior teeth. This is what happens in the majority of patients.

IN CONCLUSION, onset of pulpal anesthesia varies from approximately 9 minutes in the first molar
to 19 minutes in the central incisor.

Slow onset

In some patients, onset will be delayed. Slow onset is a factor in the total definition of success. Slow
onsetis defined as the percentage of patients who achieve an 80 EPT reading after 15 minutes. Table
2-2 also shows the percentage of slow onset of anesthesia, which occurs about 12% to 20% of the
time in mandibular teeth; approximately 8% of patients have onset after 30 minutes.?%192° \We have
all had patients who are not anesthetized during the restorative appointment but state, “I think my
teeth are starting to get numb,” as they walk out the door at the completion of the appointment. To
determine if pulpal anesthesia has been obtained, simply test the tooth for pulpal anesthesia with a
cold refrigerant.

IN CONCLUSION, about 12% to 20% of patients have slow onset of pulpal anesthesia.

Noncontinuous anesthesia

In addition to success and failure, there are other considerations in mandibular anesthesia such as
noncontinuous anesthesia, which is a factor in the total definition of anesthetic success. Noncontinu-
ous anesthesia means that the patient does not have a continuous duration of anesthesia during the
appointment and reports episodes of anesthesia followed by a lack of pulpal anesthesia. This may pos-
sibly relate to the action of the anesthetic solution on the nerve membrane (blocking and unblocking
of the sodium channels) and occurs about 12% to 20% of the time in mandibular teeth.2-61

IN CONCLUSION, patients may go in and out of pulpal anesthesia during an appointment.

Duration of pulpal anesthesia

Duration of pulpal anesthesia in the mandible is very good.?'®2'-2° Therefore, if patients are anesthe-
tized initially, anesthesia with a cartridge of 2% lidocaine with 1:100,000 epinephrine usually persists
for approximately 2.5 hours.™ Table 2-3 shows the duration of pulpal anesthesia for various anesthetic
formulations.
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Table 2-3 Approximate duration of pulpal and soft tissue anesthesia for the IANB

Local anesthetic agent (1.8 mL) Pulpal anesthesia Soft tissue anesthesia
2% lidocaine with 1:100,000 epinephrine 2 h 24 min™® Over 3 h™®

2% lidocaine with 1:50,000 epinephrine At least 60 min'® Not studied

2% mepivacaine with 1:20,000 levonordefrin At least 60 min® Not studied?®
3% mepivacaine plain At least 50 min* Over 3 h?

4% prilocaine with 1:200,000 epinephrine At least 60 min® Not studied?®
4% prilocaine plain At least 50 min* Over 3 h?
0.5% bupivacaine with 1:200,000 epinephrine 3to4h™ Over 8 h'®

4% articaine with 1:100,000 epinephrine At least 60 min™ Not studied?
4% articaine with 1:200,000 epinephrine Not studied Not studied

aTime should be similar to 2% lidocaine with 1:100,000 epinephrine.
Data extrapolated from Hersh et al®® and Fernandez et al™® data.

Time course of pulpal anesthesia

The information discussed thus far should be complemented by looking at specific graphs.

As stated by Fiedler's Rule: Always state your results using complex, detailed graphs—this proves
you have a sense of humor.

In the following graphs of time course of pulpal anesthesia, the incidence of pulpal anesthesia was
defined by the percentage of patients who did not respond to an 80 stimulus (maximum output) with
the EPT over time for 60 minutes.

First and second molars

Figures 2-1 and 2-2 depict the time course for complete pulpal anesthesia of asymptomatic first and
second molars. As one can see, the majority of patients achieved pulpal anesthesia within 15 minutes.
However, some patients (12% to 20%) had slow onset as indicated by the sloping plateau of anesthe-
sia after 15 minutes. The duration of anesthesia was very good for at least 1 hour, but the success rate
was not 100% because of anesthetic failure. The second molar, while similar to the first molar, had a
slightly higher incidence of pulpal anesthesia.

First and second premolars

Figures 2-3 and 2-4 depict the time course for complete pulpal anesthesia of asymptomatic first and
second premolars. The time course of pulpal anesthesia is similar to that for the first molar with a
slightly higher incidence of pulpal anesthesia.

Canines and central and lateral incisors

Figures 2-5 to 2-7 depict the time course for complete pulpal anesthesia of asymptomatic canines
and central and lateral incisors. The success rate is lower for the canines than the premolars and is the
lowest for the lateral and central incisors.
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Fig 2-1 Incidence of mandibular first molar anesthesia follow-
ing an IANB. Results determined by lack of response to an EPT
at maximum reading (80 reading) across 60 minutes.

Fig 2-2 Incidence of mandibular second molar anesthesia fol-
lowing an IANB. Results determined by lack of response to
an EPT at maximum reading (80 reading) across 60 minutes.

100 1
w
2
5 751
o
g
8
« 50
°
o
g
Tt 25 —— 1.8 mL of 2% lidocaine with
9 1:100,000 epinephrine
)
[
o
O T T T T T T T T T T T T T T T
1 9 177 25 33 41 49 57
Time (min)

100 -
wn
o
£
T 754
g
o
@
% 504
[
g
;C: 25 | —- 1.8 mL of 2% lidocaine with
I 1:100,000 epinephrine
&

0

1 9 17 25 33 41 49 57

Time (min)

Fig 2-3 Incidence of mandibular first premolar anesthesia fol-
lowing an IANB. Results determined by lack of response to
an EPT at maximum reading (80 reading) across 60 minutes.

Fig 2-4 Incidence of mandibular second premolar anesthesia
following an IANB. Results determined by lack of response to
an EPT at maximum reading (80 reading) across 60 minutes.
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Fig 2-5 Incidence of mandibular canine anesthesia following
an IANB. Results determined by lack of response to an EPT at
maximum reading (80 reading) across 60 minutes.

Fig 2-6 Incidence of mandibular lateral incisor anesthesia fol-
lowing an IANB. Results determined by lack of response to
an EPT at maximum reading (80 reading) across 60 minutes.
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Soft tissue anesthesia

The presence of soft tissue anesthesia (usually measured by lip numbness or lack of mucosal respon-
siveness to a sharp explorer) does not adequately indicate pulpal anesthesia.?'%2'-2° However, the lack
of soft tissue anesthesia is a useful indicator that the block injection was not administered accurately
for that patient. Missed blocks occur less than 10% of the time with experienced clinicians and should
prompt readministration of the nerve block before continuing with treatment.” If successful lip numb-
ness is achieved after administering an IANB, do not change technique. That is, be careful in trying
to improve the IANB, because there is an old saying: If it isn't broke, fix it until it is and really be in
trouble. You, along with the majority of practitioners, are accurately locating the inferior alveolar nerve.
However, not all patients achieve pulpal anesthesia. This is completely normal.

IN CONCLUSION, /ip numbness or soft tissue sticks do not indicate pulpal anesthesia, and not all
patients achieve pulpal anesthesia after achieving lip numbness.

Missed blocks

A missed block is defined as not obtaining profound lip numbness within 15 to 20 minutes after an
IANB.3" No pulpal anesthesia will be present with a missed block. A missed IANB is mostly likely due
to placing the anesthetic solution outside the pterygomandibular space. The missed block differs from
a failed IANB, where lip numbness is achieved but not pulpal anesthesia. Malamed® discusses the
factors for failure as technical errors (needle insertion below the mandibular foramen, needle inser
tion too far anteriorly, needle insertion too far posteriorly) and anatomical variation. The occurrence of
missed IANBs occurs often with inexperienced operators (for example, dental students). However,
Krediet and coauthors® found that even experts missed intraneural injections for regional anesthesia.

We have all been in the position where we have missed three blocks in a row and have other pa-
tients waiting to be treated. We have no rationale for this but have observed it clinically. Add another
cartridge of 2% lidocaine with 1:100,000 epinephrine to decrease the incidence of missed block.

In a study of 2,450 asymptomatic subjects, Fowler and coauthors®' found that missed blocks oc-
curred 6% of the time with a one-cartridge volume of lidocaine with epinephrine and 4% of the time
with a two-cartridge volume. Using a two-cartridge volume significantly decreases the incidence of
missed IANBs. A missed IANB should prompt readministration of the nerve block because pulpal
anesthesia will not be obtained without lip numbness.
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IN CONCLUSION, missed blocks occur in asymptomatic patients from 4% (two-cartridge volume)
to 6% (one-cartridge volume) of the time. Using a two-cartridge volume significantly decreases the
incidence of missed IANBs.

Onset of lip anesthesia
Onset of lip anesthesia using 1.8 mL of 2% lidocaine with 1:100,000 epinephrine for the IANB will
range from 4.5 to 6 minutes.?>'® However, the onset of lip numbness may not indicate the onset of
pulpal anesthesia.

IN CONCLUSION, onset of lip numbness is usually within 4.5 to 6 minutes.

Duration of lip numbness
Table 2-3 shows the approximate duration of lip numbness for various local anesthetic formulations.
Dentists commonly believe that plain 3% mepivacaine and 4% prilocaine formulations provide a short-
er duration of lip numbness than 2% lidocaine with 1:100,000 epinephrine for IANBs.*° However,
Hersh and coauthors®® found no reduction in the length of lip numbness for the three anesthetic
formulations. Therefore, there is no advantage to using a plain solution to decrease lip numbness
duration for an IANB.

IN CONCLUSION, duration of lip numbness does not seem to be different for plain solutions ver
sus 2% lidocaine with 1:100,000 epinephrine.

Buccal nerve anesthesia with an IANB
The contribution of buccal anesthesia from the IANB would not normally be expected without a sepa-
rate long buccal injection.? However, Vreeland and colleagues? showed that buccal soft tissue anes-
thesia could be obtained 30% to 63% of the time with only an IANB using 1.8 to 3.6 mL of lidocaine
with epinephrine. Goldberg and coauthors™ found an 81 % incidence of buccal nerve anesthesia when
using 3.6 mL of 2% lidocaine with 1:100,000 epinephrine for an IANB. Regardless of the incidence
reported in these studies, buccal nerve anesthesia was not 100%.

IN CONCLUSION, a separate long buccal injection should be given when soft tissue anesthesia is
required in the molars.

Positive aspirations

Aspiration before administration of local anesthetics reduces the incidence of adverse reactions.
Various authors®-%° have found that positive aspirations occur from 4% to 16% of the time. Delgado-
Molina® found a positive aspiration rate ranging from 3.6% to 22% in 14 previous publications from
1957 to 1995.

IN CONCLUSION, positive aspirations occur from 4% to 22 % of the time with an IANB.

Trismus

Studies of postoperative trismus following an IANB using 2% lidocaine with 1:100,000 epinephrine have
shown an incidence of 2% to 9%.""224° Add another cartridge of 2% lidocaine with 1:100,000 epineph-
rine to decrease the incidence of missed block. Improvement usually occurs over a few days.
Generally, trismus is treated by the application of heat, muscle stretches, analgesic medications,
possibly muscle relaxants, and a physical therapy referral.*' The severity and duration of the trismus
will dictate the scope of therapy.
IN CONCLUSION, trismus may occur after an IANB but generally improves over a few days.
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Fig 2-8 Incidence of mandibular first molar anesthesia: compari-
son of 3% mepivacaine, 4% prilocaine, and 2% lidocaine with
1:100,000 epinephrine in an IANB. Results determined by lack
of response to an EPT at maximum reading (80 reading) across

Fig 2-9 Incidence of mandibular first molar anesthesia: com-
parison of 2% mepivacaine with 1:20,000 levonordefrin, 4%
prilocaine with 1:200,000 epinephrine, and 2% lidocaine with
1:100,000 epinephrine in an IANB. Results determined by lack of

60 minutes. No significant difference among the three solutions
was noted. (Reprinted from McLean et al* with permission.)

response to an EPT at maximum reading (80 reading) across 60
minutes. No significant difference among the three solutions was
noted. (Reprinted from Hinkley et al® with permission.)

Alternate Anesthetic Solutions for the IANB

Plain solutions: Mepivacaine and prilocaine

MclLean and coauthors* have shown that 3% mepivacaine plain (Polocaine, Dentsply) and 4% pri-
locaine plain (Citanest Plain, Dentsply) are as effective as 2% lidocaine with 1:100,000 epinephrine
in an IANB for 50 minutes (Fig 2-8). In a clinical study of patients with irreversible pulpitis, Cohen
and coauthors® also found that 3% mepivacaine and 2% lidocaine with 1:100,000 epinephrine were
equivalent for IANBs.

IN CONCLUSION, 3% mepivacaine plain and 4% prilocaine plain are equivalent to 2% lidocaine
with 1:100,000 epinephrine for pulpal anesthesia of approximately 50-minute duration.

Importance of using 3% mepivacaine (Carbocaine)
Plain anesthetic solutions are indicated when medical conditions or drug therapies suggest caution
in administering epinephrine-containing solutions, and 3% mepivacaine can be used as an alternative
for the IANB.

IN CONCLUSION, 3% mepivacaine is an excellent alternative for the IANB when medical condi-
tions or drug therapies suggest caution in administering epinephrine-containing solutions.

Prilocaine with epinephrine and mepivacaine with levonordefrin

In an experimental study, Hinkley and coauthors® have shown that 4% prilocaine with 1:200,000
epinephrine (Citanest Forte, Dentsply) and 2% mepivacaine with 1:20,000 levonordefrin (Carbocaine
with Neo-Cobefrin, Cook-Waite) are equivalent to 2% lidocaine with 1:100,000 epinephrine in achiev-
ing pulpal anesthesia for an IANB (Fig 2-9).

IN CONCLUSION, 4% prilocaine with 1:200,000 epinephrine and 2% mepivacaine with 1:20,000 le-
vonordefrin are equivalent to 2% lidocaine with 1:100,000 epinephrine for pulpal anesthesia in an IANB.
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Fig 2-10 Incidence of pulpal anesthesia following an IANB for the central incisor (a), lateral incisor (b, first premolar (c), second
premolar (d), first molar (e), and second molar (f) as determined by lack of response to an EPT at maximum reading (percentage of
80 readings), at each postinjection time interval, for the mepivacaine/lidocaine and lidocaine/lidocaine combinations. There were
no significant differences between the two combinations for any of the teeth. (Reprinted from Lammers et al*® with permission.)

Combinations of plain solutions and lidocaine with epinephrine

Some clinicians initially administer 3% mepivacaine plain and then add 2% lidocaine with 1:100,000
epinephrine for IANBs. The rationale is that 3% mepivacaine has a higher pH because it does not
contain epinephrine and has more anesthetic molecules than 2% lidocaine because of its higher
concentration.® In theory, using 3% mepivacaine initially would provide a quicker onset of anesthesia,
increase anesthetic success, and possibly potentiate the effect of giving a second cartridge of 2%
lidocaine with epinephrine for IANBs. Two studies found that 3% mepivacaine was equivalent to 2%
lidocaine with 1:100,000 epinephrine for an IANB.*%? Rood and coauthors* found that there was no
potentiation of lidocaine with epinephrine by adding 4% prilocaine plain for dental extractions.

Lammers and coauthors® found that onset times and anesthetic success with the initial administra-
tion of 3% mepivacaine plain (Carbocaine) followed by 2% lidocaine with 1:100,000 epinephrine were
not significantly different than those from initially administering 2% lidocaine with 1:100,000 epineph-
rine followed by 2% lidocaine with 1:100,000 epinephrine for an IANB (Fig 2-10). The mean pH of the
mepivacaine formulation averaged 6.7, and the mean pH of the lidocaine formulation averaged 4.3.

IN CONCLUSION, there is no clinical advantage in initially administering 3% mepivacaine plain fol-
lowed by 2% lidocaine with epinephrine for IANBs.

Levonordefrin as a vasoconstrictor

The manufacturer of 2% mepivacaine with 1:20,000 levonordefrin (Neo-Cobefrin, Cook-Waite) states
that it is a vasoconstrictor that causes less cardiac and central nervous system stimulation than epi-
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nephrine. This is true for the basic pharmacology of the drug. Levonordefrin has 75% « activity and
only 25% p activity while epinephrine has 50% a activity and 50% p activity.*®> However, levonordefrin
is marketed as a 1:20,000 concentration in dental cartridges, which is five times the concentration of
1:100,000.% Clinically, the higher concentration of levonordefrin makes it equipotent to epinephrine in
clinical and systemic effects.®>?® Guglielmo and coauthors® measured the heart rate (pulse rate) after
the intraosseous injection of 1.8 mL of 2% mepivacaine with 1:20,000 levonordefrin and 1.8 mL of 2%
lidocaine with 1:100,000 epinephrine. They demonstrated that both anesthetic formulations increased
heart rate (mean increase of approximately 23 to 24 beats per minute from baseline) in 80% of the
subjects, with no significant difference between the two anesthetic formulations. Because Guglielmo
and coauthors? found no difference in heart rate and Hinkley and coauthors® found no difference in
anesthetic success between 1.8 mL of 2% mepivacaine with 1:20,000 levonordefrin and 1.8 mL of
2% lidocaine with 1:100,000 epinephrine, it would appear that 1:20,000 levonordefrin offers no clinical
advantage over 1:100,000 epinephrine.

IN CONCLUSION, 7:20,000 levonordefrin offers no clinical advantage over 1:100,000 epinephrine.

Articaine

Articaine was cleared for use in the United States in April 2000.%¢ The formulation is known as Septo-
caine (Septodont), Articadent (Dentsply), and Zorcaine (Cook-Waite) and is available as a 4% solution
with 1:100,000 and 1:200,000 epinephrine. Articaine is classified as an amide and contains a thiophene
ring instead of a benzene ring like other amide local anesthetics.*® Being an amide and not an ester of
para-aminobenzoic acid (PABA), there is no concern for cross-allergy to PABA derivatives. A second mo-
lecular difference between articaine and other amide local anesthetics is the extra ester linkage incorpo-
rated into the articaine molecule, which results in hydrolysis of articaine by plasma esterases.*® Because
of this, articaine has a shorter half-life than lidocaine (lidocaine requires hepatic clearance).

Safety

A number of studies have evaluated articaine and concluded that it is safe when used in appropriate
doses.*®% Both lidocaine and articaine have the same maximum dose of 500 mg (recommended
dose of 6.6 to 7.0 mg/kg) for an adult patient.*® Because articaine is marketed as a 4% solution, the
maximum manufacturer recommended dose for a healthy 70-kg adult would be 7 cartridges of a 4%
articaine solution compared with 13 cartridges of a 2% lidocaine solution*® (see Table 1-1). (See chap-
ter 1 for a discussion of cartridge volumes [1.8 mL versus 1.7 mL].)

IN CONCLUSION, articaine is a safe local anesthetic agent.

Paresthesia and methemoglobinemia

Articaine, like prilocaine, has the potential to cause methemoglobinemia and neuropathies.*® While
the incidence of methemoglobinemia is rare, dentists should be aware of this complication in patients
who are at an increased risk of developing this condition, for example patients with breathing prob-
lems (asthma, emphysema).%’

Haas and Lennon®® and Miller and Lennon® investigated the incidence of local anesthetic—induced
neuropathies. The incidence of neuropathies (ones that involved the lip and/or tongue) associated
with articaine and prilocaine was approximately five times that found with either lidocaine or mepi-
vacaine.®®% |n the Haas and Lennon retrospective study,®® the incidence of paresthesia was only 14
cases out of 11 million injections or approximately one in 785,000 injections.

Gaffen and Haas® and Garisto and coauthors®' found that articaine and prilocaine had a higher
incidence of paresthesias: one in 2,070,678 injections for prilocaine, one in 4,159,848 injections for
articaine, and one in 181,076,673 injections for lidocaine. Therefore, according to these retrospective
studies, the paresthesia incidence is higher for articaine and prilocaine but is still a clinically rare event.
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Pogrel? evaluated patients referred with a diagnosis of damage to the inferior alveolar and/or lingual
nerve that could only have resulted from an IANB. He found that 35% were caused by a lidocaine
formulation and 30% were caused by an articaine formulation. He concluded that there was not a
disproportionate nerve involvement from articaine. In an update, Pogrel® found that permanent nerve
involvement of the IANB occurred in 25% of cases with lidocaine, in 33% with articaine, and in 34%
with prilocaine.

Therefore, fear of paresthesia should not limit the clinical use of articaine. However, with any pares-
thesia, documentation of the patient's reported area of altered sensation, the type of altered sensa-
tion (eg, anesthesia, paresthesia, or dysesthesia), and regular follow-up are important.

Note that because some attorneys are aware of the proposed association between articaine and
paresthesia with nerve block, and because there is no difference in anesthetic success between lido-
caine and articaine formulations for nerve blocks,™ it seems reasonable to use articaine for infiltrations
and other solutions for nerve blocks.

IN CONCLUSION, paresthesias with articaine are rare.

Irritation
Hoffmeister,® Leuschner and Leblanc,% and Ribeiro and coauthors® found that articaine was not cy-
totoxic to nerves and was similar to other anesthetic agents (mepivacaine, bupivacaine, and lidocaine)
in tissue tolerance. Baroni and coauthors® evaluated the toxicity of articaine (using histology) in rat
mental nerve injections. The authors found that articaine was not toxic to the nervous structures.

IN CONCLUSION, articaine is similar to other local anesthetic agents regarding tissue tolerance
and toxicity.

Mechanism of action of articaine

A number of studies have shown the superiority of 4% articaine with 1:100,000 epinephrine over 2%
lidocaine with 1:100,000 epinephrine when used as a primary buccal infiltration of the mandibular
first molar®-%® and as a supplemental buccal infiltration of the first molar following an IANB.7°7" The
exact mechanism of articaine’s increased efficacy is not known. Borchard and Drouin’ found that a
lower concentration of articaine was sufficient to block an action potential when compared with other
amide anesthetics. Potocnik and coauthors,” in a study of sensory nerve conduction in rats, found
that both 2% and 4% articaine were superior to 2% lidocaine in blocking nerve conduction. It may be
that factors other than the concentration are responsible for articaine’s clinical efficacy. For instance,
the unique chemical structure of articaine (the thiophene ring), which is not possessed by other local
anesthetic agents, may facilitate better diffusion of the anesthetic solution.” One study suggested
that it is the intramolecular hydrogen bond that gives articaine its favorable properties.”

Nydegger and coauthors” determined if the 4% concentration was responsible for articaine ef-
fectiveness by comparing the degree of pulpal anesthesia obtained with 1.8 mL of 4% articaine with
1:100,000 epinephrine, 4% lidocaine with 1:100,000 epinephrine, and 4% prilocaine with 1:200,000
epinephrine as a primary buccal infiltration in the mandibular first molar. The success rates were 55%,
33%, and 32%, respectively (Fig 2-11). They found that the 4% articaine with epinephrine formula-
tion (pH of 3.3) was statistically better than both 4% lidocaine with epinephrine (pH of 6.1) and 4%
prilocaine with epinephrine (pH of 4.0) formulations. Rather than a 4% concentration or pH, it is likely
the chemical structure of articaine that results in better anesthesia for mandibular buccal infiltrations.

IN CONCLUSION, factors other than concentration are responsible for articaine’s clinical efficacy.

Insurance carrier warning
A letter was sent to thousands of US dentists by the insurance company Emery and Webb/ACE USA
stating:
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Fig 2-11 Incidence of mandibular first molar pulpal anesthesia
as determined by lack of response to an EPT at maximum read-
ing (percentage of 80 readings), at each postinjection time in-
terval, for the articaine, lidocaine, and prilocaine formulations.
A 4% articaine formulation was statistically better than both
4% lidocaine and 4% prilocaine formulations. However, the
success rate of 55% is not high enough to support its use as

Fig 2-12 Incidence of mandibular first molar anesthesia: com-
parison of 4% articaine with 1:100,000 epinephrine to 2%
lidocaine with 1:100,000 epinephrine in an IANB. Results de-
termined by lack of response to an EPT at maximum reading (80
reading) across 60 minutes. No significant difference between
the two formulations was noted. (Reprinted from Mikesell et
al™ with permission.)

a primary buccal infiltration technique in the mandibular first
molar. (Reprinted from Nydegger et al”® with permission.)

We at Emery and Webb have had a recent increase in anesthetic related malpractice incidents.... We have no-
ticed an increase in reversible and, in some cases, nonreversible paresthesias (with articaine).... We are writing
you to alert you to these events in hopes that you will not fall victim to one of these incidents.”®

Knowledgeable dentists and educators communicated their concerns, and a notice of retraction
was issued:

Unfortunately, we at Emery and Webb discovered upon further review, and subsequent to the mailings, that
both documents contained inaccuracies and an alarmist tone, which was not warranted. . . . Emery and Webb
has not noted an increase in malpractice claims or lawsuits in connection with articaine. . . . It should be made
clear that Emery and Webb has not conducted any scientific investigation, sampling, testing, or other investiga-
tion of the articaine anesthetic, and has no independent knowledge or data which would restrict the use of the
product.”®

IN CONCLUSION, dentists should consult authoritative sources for correct information regarding
articaine.

Clinical effectiveness for IANBs

Articaine has a reputation of providing an improved local anesthetic effect.”” The available literature
indicates that articaine is equally effective for an IANB when statistically compared with other local
anesthetics."%%788\When comparing the anesthetic efficacy of 4% articaine with 1:100,000 epineph-
rine and 2% lidocaine with 1:100,000 epinephrine for IANBs, Mikesell and coauthors™ found that the
two formulations were not significantly different (Fig 2-12).

Tofoli and coauthors® found that 4% articaine with 1:100,000 epinephrine was equivalent to 4%
articaine with 1:200,000 epinephrine in IANBs. Moore and coauthors® also found no difference in
clinical efficacy between 4% articaine with 1:100,000 and 1:200,000 epinephrine in clinical studies.
Brandt and coauthors® and Kung and coauthors® performed a meta-analysis of articaine versus lido-
caine in dentistry. The authors found that articaine was not better than lidocaine for IANBs.

IN CONCLUSION, articaine and lidocaine are equivalent for IANBs.
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Fig 2-13 Incidence of mandibular first molar anesthesia: com-
parison of 0.5% bupivacaine with 1:200,000 epinephrine to 100~ - 2% lidocaine with 1:100,000
2% lidocaine with 1:100,000 epinephrine in an IANB. Results " ep':ephr'f‘e o
determined by lack of response to an EPT at maximum read- 2 - Sﬁf’eﬁﬁﬁ'ﬁca'”e it 1:200.000
ing (80 reading) across 60 minutes. The bupivacaine solution -s';g 754
showed a longer duration of anesthesia than the lidocaine é
solution. (Reprinted from Fernandez et al'® with permission.) % 50|
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Long-acting anesthetic agents

Bupivacaine and etidocaine

Clinical trials with bupivacaine (Marcaine, Cook-Waite; Vivacaine, Septodont) and etidocaine (Dura-
nest, AstraZeneca) have been performed in oral surgery,®®" endodontics,®*% and periodontics.*%
Etidocaine has been withdrawn from the market by Dentsply.

Fernandez and coauthors™ compared 0.5% bupivacaine with 1:100,000 epinephrine to 2% lidocaine
with 1:100,000 epinephrine in an IANB and found a similar success rate for the first molar between
the two formulations. However, a lower success rate was found for the second molars, premolars,
and lateral incisors with bupivacaine. A portion of the lower success rate with bupivacaine was related
to a slower onset of pulpal anesthesia.’”®* The bupivacaine formulation had an average duration of pulpal
anesthesia of 4 hours while the lidocaine formulation averaged 2 hours and 24 minutes™ (Fig 2-13).

Duration of mandibular lip anesthesia will be significantly prolonged with bupivacaine when com-
pared with lidocaine.™ Other studies have reported similar results.92996-19% \\/hile lip numbness lasts
longer than pulpal anesthesia, there is little advantage to having lip numbness for extended periods
of time. Difficulty in eating and speaking and the possibility of soft tissue trauma are viewed as
nuisances by the patient. Rosenquist and Nystrom'® found that 34% of patients commented that
the long-acting anesthesia produced by a bupivacaine solution was unpleasant. In a follow-up study,
Rosenquist and coauthors™ found that some patients were willing to sustain some pain after oral
surgery if lip sensation was regained sooner. Therefore, patients should be questioned regarding their
preference for extended lip anesthesia and not be given a long-acting anesthetic routinely.

It is well known that bupivacaine prolongs the analgesic period following an IANB.®5:102.105107 \\/hjle
bupivacaine reduces initial postoperative pain and the need for analgesics, it does not completely
eliminate pain or the need for any analgesic medication.%29310%-105.1%¢ Therefore, the longevity of the
postoperative pain should also be considered when extending the analgesic period with bupivacaine.
Neal and coauthors™ found that a significant decrease in pain occurred on the first postoperative day
when bupivacaine was used compared with lidocaine. However, on subsequent days, lidocaine and
bupivacaine pain scores were comparable. Rosenquist and Nystrom'® found that pain scores were
lower for a bupivacaine solution when compared with a lidocaine/diflunisal regimen at 2 and 3 hours
postoperatively, whereas at 6 hours the bupivacaine solution had higher pain scores. This means that
the analgesic period does not usually extend long enough to cover the whole time of postoperative
discomfort and that prescribing analgesic medication for the entire postoperative period would be
warranted when using a bupivacaine solution.

In maxillary endodontic surgery, Meechan and Blair'® found that a long-acting anesthetic used for
infiltration anesthesia did not decrease postoperative pain or analgesic intake when compared with a
lidocaine solution. The authors also found that the lidocaine solution provided better anesthesia and
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Fig 2-14 Incidence of maxillary lateral incisor anesthesia:
1007 Ronivacaine with eni ) comparison of 0.5% bupivacaine with 1:200,000 epinephrine
opivacaine with epinephrine . . . . AR L

to 0.5% ropivacaine with 1:200,000 epinephrine in an infiltra-
tion injection. Results determined by lack of response to an
EPT at maximum reading (80 reading) across 60 minutes. No
significant difference between the two solutions was noted.
(Reprinted from Kennedy et al''® with permission.)
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Fig 2-15 The Onpharma Onset system consists of a neutralizing additive (8.4% sodium bicarbonate) (a), an Onset cartridge connec-
tor (b), and an Onset mixing pen (c). (Courtesy of Onpharma.)

less hemorrhaging than the bupivacaine solution. Therefore, bupivacaine is less effective for maxillary
endodontic surgery using infiltration.

IN CONCLUSION, bupivacaine has a slower onset of pulpal anesthesia and prolongs the duration
of pulpal anesthesia when compared with lidocaine. Soft tissue anesthesia is prolonged with bupiva-
caine when compared with lidocaine.

Other long-acting agents
A long-acting local anesthetic is ropivacaine. It is a structural homologue of bupivacaine. A number
of studies have demonstrated that ropivacaine has a lower potential for central nervous system and
cardiovascular toxic effects than bupivacaine.”® Kennedy and coauthors™ concluded that 0.5% ropiva-
caine with 1:200,000 epinephrine was equivalent to 0.5% bupivacaine with 1:200,000 epinephrine in
pharmacologic action (Fig 2-14). EI-Sharrawy and Yagiela™ found that 0.5% and 0.75% concentrations
of ropivacaine without epinephrine were effective for IANBs. Another study evaluated levobupivacaine
(a long-acting local anesthetic) for IANBs and found that it was equivalent to bupivacaine."? Therefore,
ropivacaine and levobupivacaine have the potential to replace bupivacaine in clinical dental practice
due to the decreased potential for cardiac and central nervous system toxicity.

IN CONCLUSION, other long-acting anesthetics may sometime in the future replace bupivacaine
in dental practice.

Buffering of anesthetic solutions

Two systems are commercially available to buffer local anesthetics: the Onset system (Onpharma)
and the Anutra system (Anutra Medical). The Onset system buffers a local anesthetic solution using a
unigue dispensing system (Fig 2-15) and includes an Onset mixing pen, an Onset cartridge connector,
and an Onset sodium bicarbonate neutralizing additive solution. The Anutra system (Fig 2-16), consists
of a dispenser, a 5>-mL multiple-dose syringe, and a cassette.
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Fig 2-16 Anutra buffering sys-
tem. The dispenser (a) and i
syringe (b) are shown. (Cour-
tesy of Anutra Medical.)
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Fig 2-17 Incidence of mandibular first molar anesthesia: com-
parison of buffered 2% lidocaine with 1:100,000 epinephrine
to 2% lidocaine with 1:100,000 epinephrine in an IANB. Re-
sults determined by lack of response to an EPT at maximum
reading (80 reading) across 60 minutes. No significant differ-
ence between the two solutions was noted. (Reprinted from
Whitcomb et al''® with permission.)

Fig 2-18 Incidence of mandibular first molar pulpal anesthesia
as determined by lack of response to an EPT at maximum read-
ing (80 reading), at each postinjection time interval, for the
buffered and nonbuffered formulations. Anesthetic success
for buffered articaine and nonbuffered articaine were 71%
and 65%, respectively. There was no significant difference
between the formulations. (Reprinted from Shurtz et al''® with

permission.)

Buffering an anesthetic should in theory increase anesthetic success by providing a greater number
of deionized, uncharged base anesthetic molecules. With a greater number of base molecules, more
anesthetic should be able to penetrate the nerve sheath and block the sodium channels. Galindo'
used pH-adjusted local anesthetic solutions (pH of 74) in epidurals, peripheral nerve blocks, and re-
gional anesthesia. He found that higher pH solutions established anesthesia of better quality.

In dentistry, while buffering lidocaine has been shown by Al-Sultan and coauthors™*'® to improve
efficacy for extractions and periapical surgery, Whitcomb and coauthors™® did not find an increased ef-
ficacy with buffered lidocaine for asymptomatic subjects with the IANB (Fig 2-17), nor did Saatchi and
coauthors™ or Schellenberg and coauthors™® find a significant difference for IANBs in patients pre-
senting with symptomatic irreversible pulpitis. Shurtz and coauthors™ did not find a buffered articaine
solution superior to a nonbuffered articaine solution for buccal infiltration of the mandibular first molar
(Fig 2-18). Additionally, Balasco and coauthors' and Harreld and coauthors™' did not find decreased
pain for an incision and drainage procedure with a buffered lidocaine formulation.
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Regarding onset of anesthesia, some authors'+"15122123 have found a faster onset with buffered
lidocaine formulations, while others have not."6"%'2¢ Malamed and coauthors'?® proposed that the
clinician could administer an IANB and go to work immediately. This belief was based on a study of
the IANB in 18 subjects. The authors found an onset of pulpal anesthesia of around 2 minutes for a
buffered lidocaine formulation and around 6% minutes for the nonbuffered lidocaine. Wow! How-
ever, these times did not include onset of lip numbness. That is, pulpal anesthesia was measured
after lip numbness occurred. Lip numbness times were not included in the study by Malamed and
coauthors.' Therefore, we would still have to wait for lip numbness, which could range from 4% to
6 minutes, adding additional waiting time. Besides lip numbness, failure of pulpal anesthesia for an
IANB (estimated to be around 23% for the first molar) and slow onset of anesthesia (which occurs
around 14% of the time) will also occur. Because of the small number of subjects sampled, neither
of these events occurred.

Theoretically, the higher pH should have resulted in faster onset of anesthesia and a higher success
rate. However, the body intrinsically has an efficient buffering system that maintains tissues at physio-
logic pH. The pH conversion buffering process, as reported by Wennberg and coauthors,'?® could occur
within several minutes. Punnia-Moorthy'?® reported a freshly prepared 2% lignocaine with adrenaline
formulation (pH 5.25) being converted to a pH of 7.17 within 3 minutes following an intradermal injec-
tion. This physiologic conversion may help explain why buffering an anesthetic did not demonstrate
any benefit in increasing anesthetic success.

Some clinicians think buffering is better for IANBs. | think that if they were to compare a buffered
solution with a nonbuffered solution and objectively evaluate success of the block (blind the solutions),
the results would be surprising.

IN CONCLUSION, buffering anesthetic solutions does not seem to increase success or speed the
onset of pulpal anesthesia.

Alternate Injection Locations

Gow-Gates and Vazirani-Akinosi techniques

The Gow-Gates technique' (Fig 2-19) has been reported to have a higher success rate than the con-
ventional IANB.%'2 However, experimental studies have failed to show that the Gow-Gates technique
is superior'*29.129-132 (Fig 2-20).

Akinosi introduced his technique for mandibular anesthesia in 19773 while Vazirani had also
described a similar technique in 1960,"** so the name was changed to reflect both contributions.*®
The Vazirani-Akinosi*>'* technique (Fig 2-21) has also not been found to be superior to the standard
IANB.4129135-137 Goldberg and coauthors' compared the degree of pulpal anesthesia obtained with the
conventional, the Gow-Gates, and the Vazirani-Akinosi techniques in vital, asymptomatic teeth using
3.6 mL of 2% lidocaine with 1:100,000 epinephrine. They found that for the subjects who achieved lip
numbness, the conventional IANB was similar to the Gow-Gates and Vazirani-Akinosi techniques re-
garding anesthetic success (Fig 2-22). However, the Gow-Gates and Vazirani-Akinosi techniques had a
slower onset of pulpal anesthesia when compared with the conventional technique. These techniques
do not replace the conventional IANB.

When a patient presents with trismus or limited mandibular opening, the Vazirani-Akinosi technique
can be used because the mouth is closed during the injection. Neither technique is better than the
conventional IANB in reducing the pain of injection.#129.130.138

IN CONCLUSION, neither the Gow-Gates technique nor Vazirani-Akinosi technique is better than
the conventional IANB.
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Fig 2-19 (a) Extraoral landmark for the Gow-Gates technique:
the lower border of the tragus of the ear and the corner of the
mouth. (b) Intraoral target site for the Gow-Gates technique:
the neck of the mandibular condyle.
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Fig 2-20 Incidence of mandibular first molar anesthesia: com- Fig 2-21 Vazirani-Akinosi technique. This closed-mouth tech-
parison of the IANB and Gow-Gates techniques. Results deter- nique has the landmark for needle insertion on line with the

mined by lack of response to an EPT at maximum reading (80 mucogingival junction of the maxillary second molar.
reading) across 60 minutes. No significant difference between

the two techniques was noted. (Reprinted from Goldberg et

al™ with permission.)
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Fig 2-23 Incisive nerve block. The needle is directed distal to
the long axis of the second premolar in an anterior-inferior ori-

entation.
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Fig 2-24 Incidence of mandibular first premolar (a)and second premolar (b)anesthesia for the incisive nerve block. Results determined
by lack of response to an EPT at maximum reading (80 reading) across 60 minutes. (Reprinted from Nist et al” with permission.)

Incidence of buccal nerve anesthesia
Gow-Gates™” and Akinosi™ state that a separate buccal injection is not required for soft tissue anesthesia
with their technigues. Goldberg and coauthors™ reported the incidence of buccal nerve anesthesia at 84%
with the Gow-Gates technique and 80% with the Vazirani-Akinosi technique using 3.6 mL of 2% lidocaine
with 1:100,000 epinephrine. Previous studies have found an incidence of 62%,"™° 68%,'%? 77%,'?¢ 78%,°
20%,™° and 89% "' for buccal nerve anesthesia with the Gow-Gates technique. For the Vazirani-Akinosi tech-
nique, previous studies have found that buccal nerve anesthesia occurred 80%%° and 71%'! of the time.
Generally, some buccal nerve anesthesia can be obtained with these techniques because the long buccal
nerve can be anesthetized as it crosses the anterior border of the mandibular ramus™? if anesthetic solution is
deposited as the needle is inserted or withdrawn or if enough volume is injected to diffuse to the nerve. Re-
gardless of the incidence reported for these techniques, buccal nerve anesthesia was not 100%. Therefore,
a separate long buccal injection should be given when soft tissue anesthesia is required in the molar teeth.
IN CONCLUSION, buccal nerve anesthesia is not complete with the Gow-Gates or Vazirani-Akinosi
technique.

Incisive nerve block at the mental foramen

Nist and coauthors,” Joyce and Donnelly,™* and Whitworth and coauthors™* demonstrated that the
incisive nerve block (Fig 2-23) alone is reasonably successful in anesthetizing premolars whether the
mental foramen is entered or not. The duration of pulpal anesthesia was 20 to 30 minutes”™ (Fig
2-24). Batista da Silva and coauthors™® demonstrated that a 4% articaine formulation was better than
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Fig 2-25 Incidence of mandibular lateral incisor (a) and central incisor (b) anesthesia for the incisive nerve block as determined
by lack of response to an EPT at maximum reading (80 reading) across 60 minutes. (Reprinted from Nist et al” with permission.)

a lidocaine formulation for the incisive nerve block but only used a volume of 0.6 mL, which resulted
in a duration of anesthesia of approximately 10 minutes.

Nist and coauthors” and Whitworth and coauthors™* showed that this technique did not effectively
anesthetize the mandibular lateral and central incisors (Fig 2-25). Additionally, Nist and coauthors’
found no difficulty entering the foramen, while Joyce and Donnelly™?® found that the foramen could be
located only 57% of the time. Jaber and coauthors™® studied the effects of soft tissue massage (60
seconds) on the efficacy of the mental and incisive nerve block. The authors concluded that soft tissue
massage did not influence success or onset of an incisive/mental nerve block.

Phillips™ stated that the incisive nerve block is more painful than the traditional technique; how-
ever, Pampush™® found that it is less painful than the traditional IANB. Nist and coauthors’ found that
needle insertion into the foramen is mildly discomforting (5% to 8% moderate pain) whether given
alone or following an IANB. They showed that solution deposition for the incisive nerve block alone
resulted in an incidence of moderate-to-severe pain 18% of the time. The IANB had a 25% incidence
of moderate-to-severe pain. Therefore, according to this study, the incisive nerve block is less painful
than the IANB.

Joyce and Donnelly'® recorded low pain ratings and no difference in pain perception whether the
injection is given inside or outside the mental foramen. Whitworth and coauthors™* found that a slow
incisive nerve injection (60 seconds) is less painful than a fast injection (15 seconds).

Northrop™® felt there is more postoperative discomfort with the incisive nerve block than the IANB.
Nist and coauthors’ found that the incisive nerve block had less potential for postoperative pain (2%
moderate pain) than the IANB (17% moderate pain) and also recorded no paresthesias, whereas
Joyce and Donnelly™® had two patients with altered mental nerve sensations.

IN CONCLUSION, the incisive nerve block is somewhat successful in the premolars, but the dura-
tion is around 20 to 30 minutes.

Incisive nerve block plus a repeat articaine infiltration

Dressman and coauthors™° determined the degree of pulpal anesthesia obtained with a primary in-
filtration of one cartridge of articaine in the incisive/mental nerve region of the mandibular second
premolar as well as the anesthetic efficacy of a repeat articaine infiltration 20 minutes following the
primary infiltration. In a randomized, single-blind study, 100 asymptomatic adults received two sets
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Fig 2-26 Incidence of pulpal anesthesia for the central incisor (a), lateral incisor (b), canine (c), first premolar (d), second premolar
(e), and first molar (f) as determined by lack of response to an EPT at maximum reading (80 reading), at each postinjection time
interval, for initial infiltration of one cartridge of 4% articaine with 1:100,000 epinephrine plus a repeat infiltration at 20 minutes of
one cartridge of 4% articaine with 1:100,000 epinephrine or a mock infiltration. The initial infiltration in the incisive/mental nerve
area was not effective in anesthetizing the first molar, canine, or incisors and was only moderately successful in the premolars.
While the repeat infiltration significantly increased success and duration of pulpal anesthesia in the premolars, the initial infiltra-
tion success rates were too low to make this regimen useful as an alternate anesthetic technique. (Reprinted from Dressman et
al™ with permission.)

of injections: (7) a primary mandibular second premolar infiltration of one cartridge of 4% articaine
with 1:100,000 epinephrine, and then (2) either a repeat infiltration 20 minutes later (using the same
volume of articaine) or a mock repeat infiltration. These injections were given in two separate appoint-
ments scheduled at least 1 week apart. An EPT was used to test the first molar, premolars, canine,
and incisors for anesthesia in 4-minute cycles for 120 minutes.

For the first molar, canine, and incisors, success rates for the initial infiltrations ranged from 19% to
59% (Fig 2-26). Success rates for the premolars were higher (80% to 87%), but anesthesia declined
after 20 to 25 minutes. The repeat infiltration given at 20 minutes significantly increased success (92 %
to 94%) and duration of pulpal anesthesia for the premolars. Despite these moderate success rates
with repeat infiltration, the initial infiltration success rates were too low to make this regimen useful
as an alternate anesthetic technique.

IN CONCLUSION, the initial infiltration of articaine was not effective in anesthetizing the first molar,
canine, or incisors and was only moderately successful in the premolars. While the repeat infiltration
increased success and duration of pulpal anesthesia in the premolars, the initial infiltration success
rates were too low to make this regimen useful as an alternate anesthetic technique.
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Fig 2-28 Incidence of mandibular lateral incisor (a)and central incisor (b) anesthesia: comparison of the combination IANB and incisive
nerve block to the IANB alone. Results determined by lack of response to an EPT at maximum reading (80 reading) across 60 minutes.
The combination technique improved anesthesia, but anesthesia was not 100%. (Reprinted from Nist et al” with permission.)

IANB plus the incisive nerve block
Nist and coauthors’ found that the combination of the IANB plus the incisive nerve block resulted in
good success rates in the premolars (Fig 2-27) but not in the central and lateral incisors (Fig 2-28).
Although Nist and coauthors’ demonstrated an increased success rate in the first molar when the
incisive nerve block was combined with the IANB, an infiltration of a cartridge of 4% articaine with
1:100,000 epinephrine or an intraosseous injection would be a better choice for supplemental anes-
thesia of the first molar if the IANB fails.

IN CONCLUSION, combining the incisive nerve block with an IANB is effective for pulpal anesthe-
sia in the premolars.

Mandibular infiltrations

Lidocaine infiltrations
Labial or lingual infiltration injections of a lidocaine solution alone are not very effective for pulpal
anesthesia in mandibular teeth881.151.152 (Fig 2-29). Meechan and coauthors™® found that using 1.8 mL
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Fig 2-29 Incidence of mandibular lateral incisor anesthe-
sia: comparison of labial infiltrations of 2% lidocaine with
1:100,000 and 1:50,000 epinephrine and a lingual infiltration
of 2% lidocaine with 1:100,000 epinephrine. Results deter-
mined by lack of response to an EPT at maximum reading (80

Fig 2-30 Incidence of mandibular lateral incisor anesthesia:
comparison of a labial plus lingual infiltration to a labial infil-
tration using 4% articaine with 1:100,000 epinephrine. Results
determined by lack of response to an EPT at maximum reading
(80 reading) across 60 minutes. Significant differences were

shown from 4 to 58 minutes for the combination infiltrations.
(Reprinted from Nuzum et al"™ with permission.)

reading) across 60 minutes. All anesthetic solutions had pulpal
anesthesia below 50% and showed a declining duration of an-
esthesia over the hour. (Reprinted from Yonchak et al’® with
permission.)

of 2% lidocaine with 1:100,000 epinephrine for either a buccal or buccal plus lingual infiltration of the
mandibular first molar resulted in low success rates (no patient response to the EPT) of 32% to 39%.
IN CONCLUSION, /idocaine infiltrations alone are not very effective for mandibular anesthesia.

Labial and lingual infiltrations of articaine for anterior teeth

Nuzum and coauthors™* found that the labial infiltration of a cartridge of 4% articaine with 1:100,000
epinephrine plus a lingual infiltration of a cartridge of 4% articaine with 1:100,000 epinephrine sig-
nificantly improves the success rate (no patient response to two consecutive 80 readings with the
EPT) to 98% compared with a labial infiltration of a cartridge of the same articaine formulation (76 %
success).”™ The combination of labial and lingual infiltrations did not provide pulpal anesthesia for 60
minutes (Fig 2-30).

Jaber and coauthors™® found that 4% articaine was more effective than 2% lidocaine (both with
1:100,000 epinephrine) in anesthetizing mandibular incisors after labial or labial plus lingual infiltra-
tions. However, neither solution sustained anesthesia for 45 minutes.

IN CONCLUSION, buccal and lingual infiltrations of an articaine formulation in anterior teeth pro-
vide predictable pulpal anesthesia, but anesthesia declines over 60 minutes.

Lidocaine infiltration of anterior teeth following an IANB
Adding a labial infiltration (1.8 mL of 2% lidocaine with 1:100,000 epinephrine) to a conventional IANB
increases the success of anterior pulpal anesthesia, but success is not 100%% (Fig 2-31). However,
adding a labial and a lingual infiltration of articaine to an IANB or using a supplemental intraosseous
injection should result in a higher success rate.®'

IN CONCLUSION, adding a labial infiltration of lidocaine to an IANB increases success in anterior
teeth over an infiltration alone, but adding a labial and a lingual infiltration of articaine or using a supple-
mental intraosseous injection should result in a higher success rate.
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Fig 2-31 Incidence of mandibular lateral incisor anesthesia:
comparison of a combination IANB plus labial infiltration of
1.8 mL of 2% lidocaine with 1:100,000 epinephrine to an IANB
alone. Results determined by lack of response to an EPT at
maximum reading (80 reading) across 60 minutes. The labial
infiltration improved pulpal anesthesia, but success was not
100%. (Reprinted from Clark et al”® with permission.)

Fig 2-32 Incidence of mandibular first molar anesthesia: com-
parison of the IANB alone, the IANB plus buccal infiltration,
and the IANB plus lingual infiltration using a cartridge of 2%
lidocaine with 1:100,000 epinephrine. Results determined by
lack of response to an EPT at maximum reading (80 reading)
across 60 minutes. No significant difference among the three
techniques was noted. (Reprinted from Foster et al'® with per-

mission.)

Lidocaine infiltration of the first molar following an IANB
Foster and coauthors™ found that adding a buccal or lingual infiltration injection, using 1.8 mL of 2%
lidocaine with 1:100,000 epinephrine, following an IANB did not significantly result in more profound
pulpal anesthesia in the first molar (Fig 2-32). If the mylohyoid nerve contributed to failure of first mo-
lar anesthesia, a lingual infiltration of 1.8 mL of a lidocaine solution would be expected to significantly
increase the success of IANB. Because this did not occur, it is unlikely that the mylohyoid nerve con-
tributes significantly to posterior teeth innervation. Clark and coauthors® also studied the contribution
of the mylohyoid nerve to mandibular pulpal anesthesia and found no significant support for an active
role of the mylohyoid nerve in pulpal anesthesia.

IN CONCLUSION, adding a buccal or lingual infiltration of the first molar using a lidocaine formula-
tion following an IANB will not predictably increase pulpal anesthesia over the IANB alone.

Articaine infiltration of the first molar

Kanaa and coauthors® showed that a cartridge of 4% articaine with 1:100,000 epinephrine was sig-
nificantly better than a cartridge of 2% lidocaine with 1:100,000 epinephrine for a primary buccal
infiltration of the mandibular first molar. However, articaine only had a 64% success rate (no patient
response to two consecutive 80 readings with the EPT). Jung and coauthors™® and Corbett and coau-
thors™ also used a primary first molar buccal infiltration of an articaine formulation and found success
rates of 54% and 64% to 70% (no patient response to two consecutive 80 readings with the EPT),
respectively. Robertson and coauthors® found an 87% success rate (no patient response to two
consecutive 80 readings with the EPT) for a primary articaine buccal infiltration of the mandibular first
molar versus a 57% success rate (no patient response to two consecutive 80 readings with the EPT)
for a lidocaine solution. The superiority of articaine over lidocaine may be related to the intramolecular
hydrogen bonding allowing better bone penetration.” Pabst and coauthors™® found a 64% to 69%
success rate (no patient response to two consecutive 80 readings with the EPT) for a primary buccal
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Fig 2-33 Incidence of mandibular first molar anesthesia using a Fig 2-34 Proximity of the incisive canal to the first molar buccal
buccal infiltration of a cartridge of 4% articaine with 1:100,000 infiltration site.

epinephrine. Results determined by lack of response to an EPT

at maximum reading (80 reading) across 60 minutes. Pulpal

anesthesia did not reach 70%. (Reprinted from Pabst et al'®

with permission.)

infiltration of an articaine formulation in the first molar (Fig 2-33). The duration of pulpal anesthesia de-
clined over 60 minutes. Meechan and coauthors™® found that a buccal first molar infiltration of 1.8 mL
of 4% articaine with 1:100,000 epinephrine was more successful (65% success rate) than a lingual
infiltration (10% success rate) of the same amount of anesthesia.

Robertson and coauthors® found that onset of pulpal anesthesia was faster with the articaine for
mulation compared with the lidocaine formulation. They also found that adjacent teeth were anesthe-
tized by the buccal infiltration of the first molar. The anesthetic solution appeared to move anteriorly
from the first molar site; ie, a higher success rate was recorded in the premolars and first molar than
in the second molar for both anesthetic formulations. Additionally, the authors speculated that the an-
esthetic solution may have entered the mental foramen, which led to the higher success rates in the
premolars and first molar. They also found a high incidence (98% to 100%) and duration (60 minutes)
of unilateral lip numbness with both formulations, which indicates that a buccal infiltration of a car
tridge over the first molar can result in subjective lip numbness. However, because pulpal anesthesia
was not always obtained, lip numbness should not be considered an indicator of pulpal anesthesia for
a buccal infiltration of the first molar. The most likely reason for subjective lip numbness is the close
proximity of the mental nerve to the first molar injection site (Fig 2-34).

Robertson and coauthors® also found that the pain of the three phases of the buccal infiltration
injection were not different between the articaine and lidocaine formulations. Likewise, Kanaa and
coauthors® found no significant difference in injection discomfort between articaine and lidocaine
formulations for mandibular buccal infiltrations of the first molar. The pain ratings of the three phases
of injection were generally reported as faint to weak. Kanaa and coauthors,® Pabst and coauthors, s
and McEntire and coauthors' also found the pain of buccal infiltrations of the first molar to be in the
mild range when using articaine or lidocaine formulations.

Robertson and coauthors® found that postoperative pain was reported as faint pain, and there was
no difference in pain ratings between articaine and lidocaine formulations. Pabst and coauthors'™®and
McEntire and coauthors™ reported postoperative pain as faint to mild, with no significant differences
between articaine formulations with 1:100,000 and 1:200,000 epinephrine. There were no reports of
paresthesias in any of the patients in these three studies.
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Fig 2-35 Incidence of mandibular first molar pulpal anesthesia
as determined by lack of response to an EPT at maximum read-
ing (80 reading), at each postinjection time interval, for 1.8
mL and 3.6 mL of 4% articaine with 1:100,000 epinephrine.
Significant differences between the anesthetic volumes oc-
curred between 7 and 49 minutes. The anesthetic efficacy of
the 3.6-mL volume was better than that of the 1.8-mL volume,

Fig 2-36 Incidence of mandibular first molar anesthesia:
comparison of a buccal infiltration using 4% articaine with
1:100,000 and 1:200,000 epinephrine. Results determined by
lack of response to an EPT at maximum reading (80 reading)
across 60 minutes. No significant difference between the two
solutions was noted. Pulpal anesthesia did not reach 70%.
(Reprinted from McEntire et al'® with permission.)

but the success rate of 70% is not high enough to support its
use as a primary injection technique in the mandibular first
molar. (Reprinted from Martin et al’®" with permission.)

Brandt and coauthors® and Kung and coauthors® performed a meta-analysis of articaine versus
lidocaine in dentistry. The authors found that articaine was better than lidocaine for buccal infiltrations
in the mandible.

IN CONCLUSION, mandibular buccal infiltration of articaine is better than lidocaine. However, when
used alone, an articaine infiltration will not predictably provide pulpal anesthesia in the first molar.

1.8 mL versus 3.6 mL of 4% articaine with 1:100,000 epinephrine as a primary
buccal infiltration of the mandibular first molar

Martin and coauthors™' compared the degree of pulpal anesthesia obtained with 1.8 mL and 3.6
mL of 4% articaine with 1:100,000 epinephrine as a primary infiltration in the mandibular first molar.
They found that the 3.6-mL volume showed a statistically higher success rate (70%) than the 1.8-mL
volume (50% success rate) (Fig 2-35). However, a success rate of 70% is not high enough to sup-
port use of 3.6 mL of 4% articaine with 1:100,000 epinephrine as a primary injection technique in the
mandibular first molar.

IN CONCLUSION, the success rate (70%) is better using 3.6 mL of articaine but is still not high
enough to support its use as a primary buccal infiltration technique.

Epinephrine concentration for buccal infiltration of the mandibular first molar
McEntire and coauthors' reported no difference between a cartridge of 4% articaine with 1:100,000
or 1:200,000 epinephrine for a primary buccal infiltration of the mandibular first molar (Fig 2-36). How-
ever, for maxillary periodontal surgery, Moore and coauthors'? found that the 1:100,000 epinephrine
concentration of 4% articaine provided better visualization of the surgical field and less bleeding. de
Morais and coauthors™® did not find perceptible clinical changes in hemodynamic parameters be-
tween 4% articaine with 1:100,000 or 1:200,000 epinephrine.

IN CONCLUSION, there is no difference in clinical efficacy for buccal infiltration of the mandibular
first molar between 4% articaine with 1:100,000 or 1:200,000 epinephrine.
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A 0.9-mL volume of anesthetic for mandibular first molar infiltrations
The previous studies discussed used 1.8 mL of 2% lidocaine with 1:100,000 epinephrine or 1.8 mL
of 4% articaine with 1:100,000 epinephrine. Abdulwahab and coauthors®” evaluated a volume of 0.9
mL using six local anesthetic formulations for mandibular first molar infiltrations. They found that the
articaine formulations (4% articaine with either 1:100,000 or 1:200,000 epinephrine) had the highest
success rates (no patient response to two consecutive 80 readings with the EPT) compared with
other formulations (lidocaine, prilocaine, mepivacaine, and bupivacaine). However, the success rates
were less than 40% for the articaine formulations and would not provide an adequate level of pulpal
anesthesia for most dental procedures. The success rates were lower than the previously discussed
studies using 1.8 mL of an articaine formulation.

IN CONCLUSION, a buccal infiltration of the first molar using a volume of 0.9 mL of an articaine
formulation will not provide predictable pulpal anesthesia.

Repeated articaine infiltration in the mandibular first molar
Previous studies have shown declining rates of pulpal anesthesia over 60 minutes when using a car
tridge of 4% articaine with 1:100,000 epinephrine for buccal infiltration in the mandibular first molar.
Pabst and coauthors™® found that a repeated infiltration of a cartridge of 4% articaine with 1:100,000
epinephrine given 25 minutes after an initial infiltration of the same type and dose of anesthetic signifi-
cantly improved the duration of pulpal anesthesia (from 28 through 109 minutes) when compared with
only an initial buccal infiltration in the mandibular first molar (Fig 2-37). However, the initial injection of
articaine was only 64% to 69% successful. If the success of the initial injection could be increased,
the addition of a repeated infiltration could provide a duration of pulpal anesthesia that would be clini-
cally predictable.

IN CONCLUSION, a repeated infiltration of a cartridge of articaine significantly improved the dura-
tion of pulpal anesthesia in the mandibular first molar.

Articaine infiltration of the first molar following an IANB

In a prospective, randomized, double-blind crossover study, Haase and coauthors’ compared the
degree of pulpal anesthesia achieved by mandibular first molar buccal infiltrations of two anesthetic
solutions—4% articaine with 1:100,000 epinephrine and 2% lidocaine with 1:100,000 epinephrine—
following an IANB (using 4% articaine with 1:100,000 epinephrine). They found that 4% articaine with
1:100,000 epinephrine resulted in a higher success rate (88%) than 2% lidocaine with 1:100,000
epinephrine (71%). Success was defined as achieving two consecutive 80 readings within 10 minutes
following the IANB plus infiltration injections and continuously sustaining the 80 readings through
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Fig 2-38 Incidence of mandibular first molar anesthesia for a
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60 minutes. For the 4% articaine formulation, pulpal anesthesia reached a plateau following the ini-
tial injection and maintained a fairly high percentage of 80 readings through 50 minutes (Fig 2-38).
Therefore, for dental procedures requiring profound pulpal anesthesia, fairly high success rates will be
obtained at least through 50 minutes. This is a very important clinical finding. Kanaa and coauthors”
also found that the IANB supplemented with a buccal articaine infiltration was more successful (no
patient response to two consecutive 80 readings with the EPT) (92% success rate) than an IANB
(56% success rate).

It may be prudent for the clinician to wait for signs of lip numbness following the IANB before giving
the buccal infiltration because without an effective IANB, buccal infiltration alone would not be totally
effective and would have a short duration of pulpal anesthesia.’s '€ An additional consideration
would be that buccal infiltration of a full cartridge of anesthetic in the vicinity of the mandibular first
molar could produce mental nerve anesthesia in some patients as a result of anterior diffusion of
anesthetic® and thus produce a numb lip even if the block was missed.

The relatively thick mandibular bone in the second molar region may hinder anesthetic diffusion.
Performing a buccal infiltration over the second molar following an IANB needs further investigation
to determine the success of this injection.

Haase and coauthors’ also found that the pain of three phases of the buccal infiltration injection
were not different between the articaine and lidocaine formulations. The pain ratings of the three
phases of injection were generally reported as faint to weak. Postoperative pain was reported as faint
pain, and there was no difference in pain between articaine and lidocaine formulations. There were no
reports of paresthesias in any of the patients.

IN CONCLUSION, an articaine infiltration of the first molar following an IANB should provide pulpal
anesthesia for approximately 1 hour.

Intraseptal Anesthesia

Intraseptal anesthesia is the deposition of the anesthetic solution directly into the interdental septum,
allowing the solution to flow through the porous crestal alveolar bone and hence into the medullary
bone surrounding the tooth. The injection is further described by Saadoun and Malamed'®* as being
given in buccal keratinized tissue at a point “located at the center of the papillary triangle...equal
distance from the adjacent teeth.” In a 2005 review of the injection technique by Woodmansey,'s®
the author suggests advancing the needle “until it contacts the underlying bone,” impaling the os-
seous crest, and then firmly advancing into the interdental septum where the anesthetic should be
delivered. Woodmansey also recommended repeating the intraseptal injection at the mesial and distal
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Fig 2-40 Mean heart rate of males and females at baseline,
during mesial and distal solution deposition, and at postinjec-
tion periods for each anesthetic solution. There were no sig-
nificant differences between articaine (Art) and lidocaine (Lid)
or between males (M) and females (F) during any of the test-
ing periods. Intraseptal anesthesia does not appear to have a
significant effect on heart rate. (Reprinted from Bonar et al'
with permission.)

aspects of the tooth to gain complete pulpal anesthesia.’® Success rates of intraseptal anesthesia
have ranged from 76% to 90% depending on how success was measured (extractions, restorative
procedures, and experimental monitoring with an EPT).164.166-170

Bonar and coauthors™ compared the anesthetic efficacy of a primary intraseptal injection of arti-
caine and lidocaine, administered with a computercontrolled local anesthetic delivery (CCLAD)
system, in asymptomatic mandibular first molars. Using a crossover design, 100 subjects randomly
received intraseptal injections of 1.4 mL of 4% articaine and 2% lidocaine, both with 1:100,000 epi-
nephrine, at two separate appointments. Injections were given in the interdental papillae, mesial (0.7
mL) and distal (0.7 mL) to the first molar. An EPT was used to test for pulpal anesthesia. Pain of injec-
tion, postoperative pain, and heart rate were also evaluated.

The anesthetic success rate (no patient response to two consecutive 80 readings with the EPT)
for the mandibular first molar was 35% for the articaine solution and 28% for the lidocaine solution
(Fig 2-39), with no statistically significant difference between the two. No significant differences were
found between articaine and lidocaine for pain of injection. Moderate pain was reported by 22% to
28% of the patients for needle insertion and 7% to 18% for solution deposition, which would indicate
that some pain might be experienced during primary intraseptal anesthesia. The intraseptal injection
did not increase the heart rate (Fig 2-40). Postoperative pain decreased each day, with no significant
differences between the two solutions. The most common complications were injection site sore-
ness/redness, bruising, and gingival discoloration.

IN CONCLUSION, the anesthetic efficacy of articaine was not significantly better than that of lido-
caine for primary intraseptal anesthesia of the mandibular first molar. The primary intraseptal injection
does not achieve high success rates (28% to 35%) of pulpal anesthesia.
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Fig 2-41 Incidence of mandibular first molar anesthesia: com-
parison of 3.6 mL and 1.8 mL of 2% lidocaine with 1:100,000
epinephrine. Results determined by lack of response to an
EPT at maximum reading (80 reading) across 60 minutes. No
significant difference between the two volumes was noted.
(Reprinted from Nusstein et al’® with permission.)

Fig 2-42 Incidence of mandibular first molar anesthesia: com-
parison of 3.6 mL of 2% lidocaine with 1:50,000 epinephrine,
1.8 mL of 2% lidocaine with 1:50,000 epinephrine, and 1.8 mL
of 2% lidocaine with 1:100,000 epinephrine. Results deter-
mined by lack of response to an EPT at maximum reading (80
reading) across 60 minutes. No significant difference among

the three volumes was noted. (Reprinted from Wali et al"® with
permission.)

Attempts to Increase the Success of the IANB in
Asymptomatic Patients

The following discussion reviews several methods that have been tried to increase the success of the IANB.

Increasing the anesthetic volume

One potential method to increase anesthetic success is to double the injection volume of local an-
esthetic solution. However, increasing the volume of 2% lidocaine with epinephrine to 3.6 mL (two
cartridges) does not increase the incidence of pulpal anesthesia with the IANB2910.1427172 (Fig 2-41).
Camarda and coauthors'® reported an increase in success rate with a two-cartridge volume delivered
with the CCLAD CompuDent unit (Milestone Scientific), formerly called the Wand. However, pulpal
anesthesia was not measured—only soft tissue anesthesia. As pointed out earlier, soft tissue anes-
thesia does not indicate pulpal anesthesia.

IN CONCLUSION, increasing the volume to two cartridges of a lidocaine formulation does not
increase pulpal anesthesia in an IANB.

Increasing the epinephrine concentration

A second approach for increasing the success of IANBs is to increase the concentration of epineph-
rine. However, when evaluated in clinically normal teeth, there was no advantage to using a higher
concentration (1:50,000) of epinephrine in an IANB.™1%

Wiali and coauthors™ concluded that increasing the epinephrine concentration to 1:50,000 in a 2%
lidocaine solution or increasing the volume to 3.6 mL of 2% lidocaine with 1:50,000 epinephrine did
not result in more successful pulpal anesthesia when compared with 1.8 mL of 2% lidocaine with
1:100,000 epinephrine utilizing the IANB (Fig 2-42).

IN CONCLUSION, increasing the epinephrine concentration in a lidocaine formulation does not
increase pulpal anesthesia in an IANB.
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Fig 2-43 Incidence of mandibular first molar anesthesia: com-
parison of 2% lidocaine with 1:100,000 epinephrine and a
combination of hyaluronidase and 2% lidocaine with 1:100,000
epinephrine in an IANB. Results determined by lack of response
to an EPT at maximum reading (80 reading) across 60 minutes.
No significant difference between the two solutions was noted.
(Reprinted from Ridenour et al? with permission.)

Fig 2-44 Incidence of mandibular first molar anesthesia: com-
parison of 2% lidocaine hydrochloride with 1:100,000 epineph-
rine and 2% lidocaine hydrocarbonate with 1:100,000 epineph-
rine in an IANB. Results determined by lack of response to an
EPT at maximum reading (80 reading) across 60 minutes. No
significant difference between the two solutions was noted.
(Reprinted from Chaney et al® with permission.)

Hyaluronidase

Hyaluronidase decreases the viscosity of the injected tissue and permits a wider spread of injected
fluids.™® Early studies in dentistry®'6 found that an IANB was more easily attained and was more
complete when hyaluronidase was added to an anesthetic solution. However, Ridenour and coau-
thors?? found that adding hyaluronidase to a lidocaine solution with epinephrine did not statistically
increase the incidence of pulpal anesthesia in IANBs (Fig 2-43). Additionally, the combined lidocaine/
hyaluronidase solution resulted in a significant increase in postoperative pain and trismus.

IN CONCLUSION, adding hyaluronidase to a lidocaine formulation does not increase pulpal anes-
thesia in an IANB.

Carbonated anesthetic solutions

Experimentally, carbonated anesthetic solutions are more effective due to the trapping of the anes-
thetic within the nerve.® Additionally, carbon dioxide has a synergistic relationship with local anes-
thetics and a direct depressant action on nerves.® However, Chaney and coauthors® were not able to
demonstrate a superior effect of a carbonated lidocaine formulation in IANBs (Fig 2-44).

According to the Onpharma literature on buffering a local anesthetic, when a sodium bicarbonate
solution is mixed with a local anesthetic like lidocaine with epinephrine, carbon dioxide is formed.
However, creating carbon dioxide with buffering is very different than a truly carbonated anesthetic
solution where the carbon dioxide content is very high.

IN CONCLUSION, a truly carbonated lidocaine solution does not increase pulpal anesthesia in an IANB.

Frequency-dependent conduction blockade of the IANB

Local anesthetic action has been shown to be potentiated by the application of repetitive high-
frequency electrical stimulation.'”’-'® This action is known as frequency-dependent, use-dependent,
or phasic blockade.””-'7° Despite this evidence, only a few in vivo studies of frequency-dependent
blockade have been reported.’' Stevens and coauthors™' found that non-noxious electrical stimula-
tion with high frequencies accelerated onset of anesthesia and extended the spread of sensory block
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Fig 2-45 Incidence of first molar (a)and lateral incisor (b)anesthesia as determined by lack of response to an EPT at maximum read-
ing (80 reading), at each postinjection testing interval, for the stimulated and mock-stimulated IANBs. There were no significant dif-
ferences between the two nerve blocks. Therefore, stimulation of nerves in the presence of local anesthesia (frequency-dependent
nerve block) was not statistically superior to an IANB without stimulation. (Reprinted from Hutchison et al'® with permission.)

for the ulnar nerve. Watson and coauthors'™? demonstrated frequency-dependent conduction block
of the median nerve in patients with carpal tunnel syndrome. However, it is unknown how other
nerves are affected by frequency-dependent blockade. Differences in the nerve anatomy, physiol-
ogy, and conductivity as well as in the application of the stimulation may affect the clinical efficacy of
frequency-dependent blockade.

Hutchison and coauthors™® evaluated the degree of pulpal anesthesia obtained with frequency-
dependent conduction blockade of the inferior alveolar nerve. In a randomized, single-blind study, 80
adult volunteers received two IANBs: (7) an IANB followed by six 3-minute cycles of continuous elec-
trical stimulation of the first molar or lateral incisor over a period of 64 minutes, and then (2) an IANB
followed by mock electrical stimulation using the same cycles. An EPT was used to test for anesthesia
(two consecutive 80 readings within 15 minutes and maintained through the 60th minute) of the first
molar and lateral incisor.

For the stimulated IANB, the authors found success rates of 35% and 48% for the lateral incisor
and first molar, respectively (Fig 2-45). For the mock-stimulated IANB, success was 18% for the lat-
eral incisor and 62% for the first molar. There was no significant difference between the two IANB
techniques.

IN CONCLUSION, stimulation of nerves in the presence of local anesthesia (frequency-dependent
nerve block) did not statistically increase the success rate of pulpal anesthesia for an IANB.

Diphenhydramine as a substitute local anesthetic agent

Diphenhydramine (Benadryl, Johnson & Johnson) has been advocated for patients who are allergic to
commonly used local anesthetics. Two older studies found that diphenhydramine was less effective
than lidocaine for extractions.™*'8 Willett and coauthors'™® found that diphenhydramine with epineph-
rine was significantly less effective for pulpal anesthesia than lidocaine with epinephrine for IANBs
(Fig 2-46). They also found that the diphenhydramine solution was more painful upon injection and had
a high incidence of moderate postoperative pain.
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Fig 2-46 Incidence of mandibular first molar anesthesia:
comparison of 2% lidocaine with 1:100,000 epinephrine and
diphenhydramine with 1:100,000 epinephrine in an IANB. Re-
sults determined by lack of response to an EPT at maximum
reading (80 reading) across 60 minutes. The solution of di-
phenhydramine with epinephrine resulted in a very low suc-
cess rate of pulpal anesthesia. (Reprinted from Willett et al'®
with permission.)

Fig 2-47 Incidence of mandibular first molar anesthesia: compar-
ison of a combination of 2% lidocaine with 1:100,000 epineph-
rine plus 36 mg meperidine and 2% lidocaine with 1:100,000
epinephrine in an IANB. Results determined by lack of response
to an EPT at maximum reading (80 reading) across 60 minutes.
The lidocaine with meperidine formulation did not improve
pulpal anesthesia and resulted in a declining rate of anesthesia
when compared with 2% lidocaine with 1:100,000 epinephrine.

(Reprinted from Goodman et al'® with permission.)

Clause and Zach'™ reported an adverse postoperative reaction to the maxillary anterior injection of
1.8 mL of 1% diphenhydramine with 1:100,000 epinephrine in a dental patient allergic to local anes-
thetics. Facial edema, extensive nasal swelling with complete occlusion of the nasal passageway, and
infraorbital ecchymosis occurred, all of which resolved by 2 weeks.

IN CONCLUSION, diphenhydramine is a poor choice for local anesthesia in patients allergic to com-
mon local anesthetic agents.

Combination anesthetic solution of meperidine and lidocaine

Investigational and clinical studies in medicine have shown that meperidine (Demerol, Sanofi-Aventis)
has local anesthetic effects and may not compete for the same binding site as lidocaine.'® Therefore,
there is a potential for enhancement of a local anesthetic effect if lidocaine is combined with meperi-
dine. However, Goodman and coauthors'® found that a meperidine and lidocaine combination was less
effective than the use of a lidocaine solution in IANBs (Fig 2-47). Bigby and coauthors'® found that
meperidine and lidocaine did not provide better pulpal anesthesia in patients presenting with irrevers-
ible pulpitis.

IN CONCLUSION, adding meperidine to lidocaine does not increase pulpal anesthesia in an IANB.

Anterior approach for the IANB

Takasugi and coauthors™® used an anterior approach to the mandibular foramen within the pterygo-
mandibular space. The success rates with this anterior technique were similar to those achieved with
the conventional technique.

IN CONCLUSION, the anterior approach to the IANB yielded similar success rates as the conven-
tional approach.
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Fig 2-48 Incidence of pulpal anesthesia following an IANB for the central incisor (a), lateral incisor (b), first premolar (c), second
premolar (d), first molar (e), and second molar (f) as determined by lack of response to an EPT at maximum reading (80 reading), at
each postinjection time interval, for patients in a supine or upright position. There was no significant difference between the two
positions. (Reprinted from Crowley™® with permission.)

Upright position for administering the IANB

Some clinicians may think that placing the patient in an upright or semiupright position following an
IANB allows more of the anesthetic to diffuse in an inferior direction, resulting in better pulpal anes-
thesia. Crowley™ compared the degree of pulpal anesthesia obtained with placing the patient in an
upright or supine position for an IANB. They found that there was no significant difference between
the two positions (Fig 2-48). Takasugi and coauthors'™® also found that a supine position yielded similar
success rates as a sitting position for an anterior technique.

IN CONCLUSION, there is no difference in success of the IANB between a sitting and a supine
position.

5% anesthetic formulation for the IANB

Previous studies''-'** have advocated use of 5% lidocaine with epinephrine to increase the success
rate of the IANB. A 5% solution would contain 50 mg per mL or 90 mg per 1.8-mL cartridge. Smith
and coauthors'® studied success of the IANB using 127 mg of lidocaine with epinephrine and found
that complete pulpal anesthesia was not obtained (Fig 2-49).

IN CONCLUSION, a 5% lidocaine solution would still not provide complete pulpal anesthesia.
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Fig 2-49 Incidence of pulpal anesthesia for the central incisor (a), lateral incisor (b, first premolar (c), second premolar (d), first
molar (e), and second molar (f)as determined by lack of response to an EPT at maximum reading (80 reading), at each postinjection
time interval, for the two anesthetic formulations. Adding 0.5 M mannitol to 127.2 mg of lidocaine with 50 ug epinephrine was
significantly more effective in achieving a greater percentage of total pulpal anesthesia than the same anesthetic formulation
without mannitol. (Reprinted from Smith et al™ with permission.)

Evaluating Mechanisms of Failure with the IANB

Accessory innervation—Mylohyoid nerve

Judging from clinical and anatomical studies,®'” the mylohyoid nerve is the accessory nerve most
often cited as a cause for failure with mandibular anesthesia. Clark and coauthors® compared the
IANB alone with a combination injection of the IANB plus the mylohyoid nerve block (Fig 2-50), which
was aided by the use of a peripheral nerve stimulator (Fig 2-51). The peripheral nerve stimulator was
attached to the needle, and the subjects had movement in the floor of the mouth (the mylohyoid
muscle) from stimulation of the nerve. The investigators found that the mylohyoid injection did not
significantly enhance pulpal anesthesia of the IANB (Figs 2-52 and 2-53). Therefore, the results of the
study demonstrate that the mylohyoid nerve is not a major factor in failure with the IANB.

Stein and coauthors™® felt that bony bridging over the mylohyoid groove may have prevented com-
plete neural blockade in the study by Clark and coauthors.® Unfortunately, the authors failed to point
out that the injection by Clark and coauthors® was aided by a peripheral nerve stimulator, which would
not have resulted in mylohyoid muscle activation if there was a bony covering at the target site.

Additionally, a study by Foster and coauthors' showed that using a lingual injection of a cartridge of
2% lidocaine with 1:100,000 epinephrine of the first molar following an IANB did not statistically in-
crease pulpal anesthesia. Therefore, the mylohyoid nerve is not a major factor in failure with the IANB.

This follows Fetridge's Law: Important things that are supposed to happen do not happen, espe-
cially when people are looking.
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Fig 2-50 Injection site for the mylohyoid nerve block. (Reprint-
ed from Clark et al® with permission.)

Fig 2-52 Incidence of mandibular first molar anesthesia: com-
parison of the IANB plus a mylohyoid injection, a mylohyoid
injection alone, and a conventional IANB. Results determined
by lack of response to an EPT at maximum reading (80 reading)
across 60 minutes. No significant difference between the two
IANB techniques was noted. The mylohyoid injection alone re-
sulted in a very poor rate of pulpal anesthesia. (Reprinted from
Clark et al® with permission.)

Fig 2-51 Peripheral nerve stimulator (top), electrocardiograph
pad (middle), and syringe with attached needle (bottom). (Re-
printed from Simon et al”” with permission.)
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Fig 2-53 Incidence of mandibular lateral incisor (a) and central incisor (b) anesthesia: comparison of the IANB plus a mylohyoid
injection, a mylohyoid injection alone, and a conventional IANB. Results determined by lack of response to an EPT at maximum
reading (80 reading) across 60 minutes. No significant difference between the two IANB techniques was noted. The mylohyoid
injection alone resulted in no incidences of pulpal anesthesia. (Reprinted from Clark et al® with permission.)
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Fig 2-54 (a)Ultrasonic transducer probe. The probe is used rectally to locate the prostate gland. The accompanying needle guide
is used to accurately biopsy the prostate tissue. In the study, the needle guide was used to place the needle and anesthetic solu-
tion next to the inferior alveolar neurovascular bundle. (b) Ultrasonic transducer probe with attached needle guide in the mouth.
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Other nerves (buccal, lingual, cervical plexus, and facial) have been cited for failure. Based on the
premise that supplementary innervation is supplied by the cervical plexus, Bitner and coauthors'®
described and evaluated an intraoral cervical plexus anesthetic technique. The supplemental injec-
tion, using 2% lidocaine with epinephrine, was given on the buccal surface below the roots of the
mandibular molars at a 45-degree anteriorposterior inclination. The authors found that the technique
resulted in more successful anesthesia than a saline injection. However, the authors did not prove that
the cervical nerves were blocked, because a similar supplemental buccal infiltration of the molars will
also result in pulpal anesthesia. Further research would be needed to confirm the contribution of the
cervical plexus in anesthetic failure in the mandible. The magnitude of failure with the IANB is very
difficult to explain by accessory innervation as a major contributor.

IN CONCLUSION, the mylohyoid nerve is not a major factor in failure with the IANB.

Accuracy of the injection

It has been theorized that an inaccurate injection contributes to inadequate mandibular anesthesia.
While accurate knowledge of anatomy is required for a nerve block, anatomical variation and the
fact that the nerves are deeply placed may not allow objective location of the neurovascular bundle.
Hannan and coauthors?' used a medical ultrasound unit to guide needle placement for IANBs. The
transducer probe with attached needle guide (Fig 2-54a) was used to place the needle next to the
neurovascular bundle using the doppler feature of the unit for direct visualization. Figure 2-54b shows
the probe within the mouth. Notice the attached needle guide. While the authors found that the nerve
block administered with ultrasound was accurate, it did not result in more successful pulpal anes-
thesia than a conventionally administered IANB (Fig 2-55). Chanpong and coauthors?® were able to
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visualize the inferior alveolar nerve with ultrasound. However, they did not perform a clinical study to
confirm that the technique resulted in more successful anesthesia.

In medicine, peripheral nerve stimulators are used for regional nerve blocks and to assess the de-
gree of neuromuscular blockade achieved.?° Peripheral nerve stimulators produce an electrical current
through the needle tip to stimulate the nerve. Simon and coauthors' compared the degree of pulpal
anesthesia obtained with the IANB administered using a peripheral nerve stimulator (see Fig 2-51)
compared with a conventional IANB using a cartridge of 2% lidocaine with 1:100,000 epinephrine.
They found that the IANB administered using a peripheral nerve stimulator did not increase the suc-
cess rate of pulpal anesthesia when compared with a conventional IANB (Fig 2-56). Therefore, inac-
curate needle placement is not the primary reason for anesthetic failure with this block.

Two studies performed over 30 years ago reached similar conclusions. Berns and Sadove?*? and
Galbreath?®® used radiopaque dyes and radiographs to locate the mandibular foramen and found that
accurate needle location did not guarantee successful anesthesia. Twenty-five percent of accurate
blocks resulted in anesthetic failure. The authors speculated that migration of the anesthetic solu-
tion followed the path of least resistance. This was determined by fascial planes and structures en-
countered in the pterygomandibular space. Using magnetic resonance imaging (MRI) to evaluate the
distribution and absorption of local anesthetic solutions after an IANB, Ay and coauthors?®* concluded
that “one cannot show a correlation between area of distribution and rate of absorption as detected
on MRI with onset and duration.” These studies provide an important clinical point: The lack of pulpal
anesthesia is not necessarily due to an inaccurate injection.

And yet many clinicians blame failure on an inaccurate injection. But you want to remember Menck-
en's Meta-law: For every human problem, there is a neat, plain solution—and it is usually wrong.

IN CONCLUSION, once lip numbness is achieved, lack of pulpal anesthesia is not due to an inac-
curate IANB.

It is not your fault!
One important fact to remember is that even though profound lip anesthesia is achieved, patients do
not always achieve pulpal anesthesia. However, it is not your fault of giving an inaccurate injection.

Average needle depth for an IANB

Malamed?* recommends a depth of needle penetration of 20 to 25 mm for an IANB. Bremer?% found
the mean needle depth to be 24 mm. Menke and Gowgiel?®® found a mean depth of 16 mm. There-
fore, there is some variation in the recommendations for needle depth. Hannan and coauthors?' com-
pared depth of needle penetration for an IANB using ultrasound location and a conventional technique.
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Fig 2-57 (a and b) The clockwise-counterclockwise movement of the bidirectional rotation technique is only possible using the
handpiece assembly of the CompuDent CCLAD system. (c and d) The thumb grasp on a traditional syringe does not allow rotation.
(Reprinted from Kennedy et al*™* with permission.)

They found that the average depth of needle penetration was 19 mm for the conventional IANB and
17 mm for the IANB using ultrasound. Hutchison and coauthors™? found an average depth of 18 mm.
Simon and coauthors' reported that the mean depth of needle penetration was 19 mm for both the
IANB administered with the peripheral nerve stimulator and the conventional IANB. The results ob-
tained with the peripheral nerve stimulator are closer to the findings of Hannan and coauthors?' using
ultrasound location. Thangavelu and coauthors?” found that the foramen was 19 * 2.34 mm from the
coronoid notch of the anterior border of the mandible. Chanpong and coauthors?®® were able to visual-
ize the inferior alveolar nerve with ultrasound and found that the average depth to the inferior alveolar
nerve measured around 20 mm.

IN CONCLUSION, the exact needle depth for an IANB varies between studies. The best estimate
is approximately 19 mm.

Needle deflection and the bidirectional technique

Needle deflection has been theorized as a cause for failure with the IANB.?%-2° Various authors using
in vitro methods have reported that beveled needles, when passed through substances of varying
densities, will deflect toward the nonbeveled side; ie, the needle will deflect away from the bev-
el.2%8-213 Rgcently, Hochman and Friedman?'® developed a bidirectional needle rotation technique using
the CompuDent CCLAD system. A conventional syringe cannot be rotated because of the ring assem-
bly (Fig 2-57). The bidirectional technique rotates the CCLAD system handpiece assembly and needle
in a manner similar to rotation of an endodontic hand file. The technique was found to reduce needle
deflection during needle insertion. Kennedy and coauthors?™ compared the anesthetic efficacy of the
conventional IANB, administered with the needle bevel oriented away from the mandibular ramus
(so the needle would deflect toward the mandibular foramen), and the bidirectional needle rotation
technique, administered using the CCLAD anesthesia system, in patients diagnosed with irreversible
pulpitis. There were no significant differences between the success rates (60% for the conventional
and 56% for the bidirectional) of the two techniques. Neither technique resulted in an acceptable rate
of anesthetic success in patients with irreversible pulpitis.

IN CONCLUSION, the bidirectional technique with the CCLAD system does not increase the suc-
cess of the IANB.
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Fig 2-58 Incidence of mandibular first molar anesthesia: com-

parison of the IANB using a needle bevel oriented away from o 100
the mandibular foramen and toward the mandibular foramen. £ g |
Results determined by lack of response to an EPT at maximum 8
reading (80 reading) across 60 minutes. No significant differ- S 60 |
ence between the two needle bevels was noted. (Reprinted s
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Fig 2-59 Incidence of mandibular lateral incisor (a)and central incisor (b)anesthesia: comparison of bilateral IANBs versus a unilateral
IANB. Results determined by lack of response to an EPT at maximum reading (80 reading) across 60 minutes. While the bilateral IANBs
showed a higher incidence of success, pulpal anesthesia was less than 75%. (Reprinted from Yonchak et al?” with permission.)

Needle bevel

In pain-free subjects, Steinkruger and coauthors™ found that the orientation of the needle bevel (away
or toward the mandibular ramus) for an IANB did not affect anesthetic success or failure (Fig 2-58).
Therefore, the use of commercial needles with markers to indicate needle bevel is not necessary.

IN CONCLUSION, the orientation of the needle bevel does not affect the success of the IANB.

Cross innervation

Cross innervation from the contralateral inferior alveolar nerve has been implicated in failure to achieve
anesthesia in anterior teeth after an IANB. Experimentally, cross innervation does occur in mandibular
central and lateral incisors?”?'® but plays a very small role in failure with the IANB. Cross innervation
is not the major reason for failure in incisor teeth—it is the failure of the IANB to adequately anesthe-
tize these teeth. Administering bilateral IANBs does not anesthetize the central and lateral incisors?’
(Fig 2-59).

IN CONCLUSION, cross innervation is not the major reason for failure in incisor teeth with the IANB.
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Fig 2-60 Central core theory. The axons in the mantle bundle

Mantle supply the molars, and those in the core bundle supply the

bundle anterior teeth. The extraneural local anesthetic solution dif-
fuses from the mantle to the core. (Concept borrowed from de
Jong.??)

Bifid mandibular canals

Langlais and coauthors?'® reported an incidence of 0.95% bifid canals in panoramic radiographs. More recent
studies?'*?'® using cone beam computed tomography have reported an incidence ranging from 16% to 65%.
Although case reports of inadequate mandibular anesthesia due to bifid canals have been report-
ed,?" the exact relationship of bifid canals to anesthetic failure needs further study.
IN CONCLUSION, while bifid canals have been reported in the mandible, the exact relationship to
failure needs further research.

Why Do Asymptomatic Patients Not Achieve
Pulpal Anesthesia with the IANB?

The central core theory may be the best explanation for why asymptomatic patients do not achieve
pulpal anesthesia with the IANB.?2°22" The theory states that nerves on the outside of the nerve
bundle supply molars, while nerves on the inside of the bundle supply anterior teeth (Fig 2-60). The
anesthetic solution may not diffuse into the nerve trunk to reach all nerves to produce an adequate
block, even if deposited at the correct site. The theory may explain the higher experimental failure
rates in anterior teeth with the IANB.2-5923

Remember Stephen’s Soliloquy: Nothing is perfect. There are usually lumps in it.

Additionally, even if deposited at the correct site, the anesthetic solution may move away from the
nerve and follow the path of least resistance within the pterygomandibular space, which makes ac-
curate needle placement moot.202:203

IN CONCLUSION, the best explanation for failure with the IANB relates to the central core theory
and the movement of anesthetic solution to follow the path of least resistance.

Methods to Increase the Success of Mandibular
Anesthesia in Asymptomatic Patients

Buccal infiltration of articaine to the first molar following an IANB

As discussed previously, Haase and coauthors’ found that an infiltration of 1.8 mL of 4% articaine with
1:100,000 epinephrine resulted in a higher success rate (two consecutive 80 readings were achieved
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Fig 2-61 Incidence of mandibular first molar anesthesia: com-
parison of the combination intraosseous injection of 2% lido-
caine with 1:100,000 epinephrine plus the IANB and the IANB
alone. Results determined by lack of response to an EPT at
maximum reading (80 reading) across 60 minutes. The combi-
nation technique was significantly better at all postinjection
times. (Reprinted from Dunbar et al® with permission.)

Fig 2-62 Incidence of mandibular first molar anesthesia: com-
parison of the combination intraosseous injection with 3%
mepivacaine plus the IANB and the IANB alone. Results deter-
mined by lack of response to an EPT at maximum reading (80
reading) across 60 minutes. The combination technique proved
significantly better for approximately 30 minutes. (Reprinted
from Gallatin et al?® with permission.)

within 10 minutes following the IANB plus infiltration injections, and the 80 reading was continuously
sustained through 60 minutes) of 88% when compared with an infiltration of 1.8 mL of 2% lidocaine
with 1:100,000 epinephrine (71% success rate) in the first molar following an IANB (see Fig 2-38).

IN CONCLUSION, an articaine infiltration of the first molar following an IANB should provide pulpal
anesthesia for approximately 1 hour.

Supplemental intraosseous injections

Local anesthetic agents with vasoconstrictors
Dunbar and coauthors® and Guglielmo and coauthors?® studied the contribution of the supplemental
intraosseous injection after an IANB. Using common local anesthetic agents with vasoconstrictors and
the Stabident intraosseous system (Fairfax Dental), anesthetic success was significantly increased for
60 minutes in the first molar (Fig 2-61). Additionally, the intraosseous injection significantly decreased
the incidence of slow onset of pulpal anesthesia to 0% when compared with the IANB alone (18%
incidence).® Therefore, when pulpal anesthesia is required in asymptomatic teeth, the addition of the
intraosseous injection to the IANB in the first molar will provide a quick onset and a high incidence of
pulpal anesthesia for 60 minutes.

IN CONCLUSION, when used as supplemental intraosseous injections, lidocaine and mepivacaine
formulations with vasoconstrictors allow quick onset and increase the success of the IANB for ap-
proximately 60 minutes.

3% mepivacaine plain
Gallatin and coauthors?® found that the use of 3% mepivacaine as a supplemental intraosseous injec-
tion following an IANB resulted in statistically increased pulpal anesthesia for 30 minutes (Fig 2-62).
The shorter duration of the 3% mepivacaine when compared with 2% lidocaine with 1:100,000 epi-
nephrine® was related to the lack of a vasoconstrictor.

IN CONCLUSION, when used as a supplemental intraosseous injection, 3% mepivacaine increas-
es the success of the IANB, but the duration is approximately 30 minutes.
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Fig 2-63 Incidence of mandibular first molar anesthesia: com-
100 parison of the combination intraligamentary injection plus the
IANB and the IANB alone. Results determined by lack of re-
sponse to an EPT at maximum reading (80 reading) across 60
minutes. The combination technique proved significantly bet-
1 ter for approximately 23 minutes. (Reprinted from Childers et
50 al® with permission.)
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Supplemental intraligamentary injection

Childers and coauthors® studied the contribution of the supplemental intraligamantary injection after
an IANB. Using 2% lidocaine with 1:100,000 epinephrine and a high-pressure syringe, anesthetic
success was significantly increased for 23 minutes in the first molar (Fig 2-63). The short incidence of
anesthesia was related to the small amount of anesthetic solution administered.

IN CONCLUSION, a supplemental intraligamentary injection of 2% lidocaine with 1:100,000 epi-
nephrine increases the success of the IANB, but the duration is approximately 23 minutes.

Injection speed

Kanaa and coauthors??? found that a slow IANB injection (60 seconds) resulted in higher success rates
than a rapid injection (15 seconds) in asymptomatic subjects, and it was less painful. de Souza and
coauthors?? found no difference in pain between a slow injection over 60 seconds and even slower
injection over 100 seconds for IANB.

IN CONCLUSION, a slow IANB (60 seconds) increases success of the IANB in asymptomatic sub-
jects and is less painful.

Effect of administration of anesthetic solution during needle placement

McCartney and coauthors??** found that deposition of 0.2 to 0.4 mL of anesthetic solution during
needle placement, using a standard syringe, for the IANB did not result in significant anesthesia of
the soft tissue ahead of the needle path in patients with irreversible pulpitis. Further research needs
to address ways to reduce pain during needle placement.

IN CONCLUSION, depositing anesthetic solution during needle placement using a standard sy-
ringe does not reduce pain of the IANB.

Mannitol

In an experimental study of an isolated nerve, Popitz-Bergez and coauthors?? found that the concen-
tration of lidocaine within the nerve was only 2% of the injected dose during full block. Therefore,
only a small amount of injected local anesthesia penetrates into the nerve. It is possible that trying to
increase this amount would lead to better anesthesia.
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Fig 2-64 Incidence of mandibular first molar anesthesia: com-
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Fig 2-65 Incidence of pulpal anesthesia for the central incisor (a), lateral incisor (b), first premolar (c), second premolar (d), first
molar (e}, and second molar (f)as determined by lack of response to an EPT at maximum reading (80 reading), at each postinjection
time interval, for the two anesthetic formulations. Adding 0.9 M mannitol to 68.8 mg of lidocaine with 50 pg epinephrine was sig-
nificantly more effective in achieving a greater percentage of total pulpal anesthesia than the same anesthetic formulation without
mannitol. However, the 0.9 M mannitol/lidocaine formulation would not provide complete pulpal anesthesia for the mandibular
teeth. (Reprinted from Cohen et al??’ with permission.)

The Ohio State University group studied the use of mannitol to increase the efficacy of nerve
blocks. Mannitol (a hyperosmotic sugar solution) temporarily disrupts the protective covering (peri-
neurium) of sensory nerves, allowing the local anesthetic agent to gain entry to the innermost part of
the nerve.??6 Without the mannitol, the perineurium is a barrier to the diffusion of the local anesthetic
into the nerve. They found that mannitol in combination with lidocaine increased anesthetic success
approximately 15% to 20% (Figs 2-64 to 2-66; see also Fig 2-49).401%5227 Therefore, there is an effect,
but mannitol does not provide complete pulpal anesthesia and is not available clinically.
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Fig 2-66 Incidence of pulpal anesthesia for the central incisor (a), lateral incisor (b), first premolar (c), second premolar (d), first
molar (), and second molar (f)as determined by lack of response to an EPT at maximum reading (80 reading), at each postinjection
time interval, for the three anesthetic formulations. Adding 0.5 M mannitol to lidocaine with epinephrine formulations was signifi-
cantly more effective in achieving a greater percentage of total pulpal anesthesia than a lidocaine formulation without mannitol.
(Reprinted from Wolf et al*® with permission.)

For a maxillary infiltration, Younkin and coauthors??® found that the addition of 0.5 M mannitol to a
lidocaine formulation did not increase pulpal anesthesia. Mannitol only has an effect for nerve blocks,
not infiltration anesthesia.

IN CONCLUSION, mannitol increases the success of the IANB by 15% to 20%, but it is not avail-
able clinically.

Final Thoughts

One additional solution to achieving mandibular anesthesia was offered by Dr Guido Fischer??® in
1914—the stasis bandage. He described the technique as follows:
The band is fitted around the patient's neck and adjusted by means of a number of eyelets [Fig 2-67]. The

bandage should be tight enough to cause the face to be reddened but not bluish in coloration. The bandage
produces blood stasis thus retaining the anesthetic solution in the desired field and improving anesthesia.?®

There is no proof that the bandage works, and we should be glad we can administer supplemental
injections instead.

Further research is still indicated to increase the success of the IANB. We think we can summa-
rize the need to continue to study mandibular anesthesia by stating Soderquist’s Conclusion: A bird
doesn't stop looking even if the worms are scarce. And one day we will succeed if we put our ingenu-
ity and minds to the task, which leads to Offenberger’s Corollary: The early bird may get the worm,
but the second mouse gets the cheese.



Fig 2-67 Stasis bandage applied around the patient’s neck.
(Reprinted from Fischer and Riethmuller.?%%)
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Maxillary

Anesthesia

After reading this chapter, the practitioner should be able to:

e Describe success, failure, onset, and duration of pulpal anesthesia us-
ing 2% lidocaine with 1:100,000 epinephrine.

e |ist alternative anesthetic solutions for infiltration injection in asymp-
tomatic vital teeth.

¢ Discuss studies that have increased the duration of pulpal anesthesia
for infiltrations.

¢ Describe alternate injection techniques.

Maxillary anesthesia is clinically more successful than mandibular anesthesia.” As a frame
of reference, the most common injection for anesthetizing maxillary teeth is the infiltration
injection. Descriptions of conventional techniques for maxillary anesthesia are available for
review in numerous articles and textbooks.

Maxillary Infiltration

Success using lidocaine with epinephrine

Previous studies have evaluated the success of maxillary infiltrations using the electric pulp
tester (EPT). Using a volume of 1.8 mL or less and various anesthetic formulations, pulpal
anesthetic success (obtaining maximum output with an EPT) ranged from 62% to 100%.22°
In nerve block anesthesia, anesthetic success is defined as no patient response to EPT
readings (two consecutive 80 readings) within 15 minutes and continuously sustaining the
80 reading for 60 minutes. For infiltration anesthesia, anesthetic success is defined as no
patient response to two consecutive 80 readings with the EPT because pulpal anesthesia
does not last for 60 minutes (see section on duration).

Malamed?' recommends using 0.6 mL of anesthetic solution for local infiltration. Bru-
netto and coauthors" evaluated three volumes (0.6, 0.9, and 1.2 mL) of 2% lidocaine with
1:100,000 epinephrine infiltrated into the buccal vestibule of a maxillary canine. They re-

93



3 Maxillary Anesthesia

94

Success rate using 1.8 mL of
2% lidocaine with 1:100,000

Approximate onset of pulpal
T anesthesia for a maxillary
TIable 3-1 : . ;

epinephrine for maxillary

infiltration

Table 3-2 infiltration using 1.8 mL of
2% lidocaine with 1:100,000
Success rate? epinephrine

Tooth (%) References Time of onset?

Central incisor 87 22 Tooth (min) References
Lateral incisor 90 12,14-16,18-20,22 Lateral incisor 3.6 12,14-16,18-20
First premolar 92 15 First premolar 2.3 15

First molar 87 14-16,19,20,22 First molar 4.5 14-16,19,20
2Percentage of patients who have no response to two #Time of first of two consecutive 80 readings with the EPT.

consecutive 80 readings with the EPT.

ported a faster onset, greater success rate (no patient response to an 80 reading with the EPT), and
longer duration when a volume of 1.2 mL was used versus 0.6 mL and 0.9 mL. However, the 1.2-mL
volume did not provide pulpal anesthesia for 60 minutes.

Table 3-1 provides success rates for a labial or buccal infiltration using 1.8 mL of 2% lidocaine with
1:100,000 epinephrine in maxillary teeth. Pulpal anesthesia was not 100%. To confirm pulpal anesthe-
sia, simply cold test the tooth under treatment.

IN CONCLUSION, the infiltration injection of 1.8 mL of 2% lidocaine with 1:100,000 epinephrine
may not always be 100% successful due to the individual variations in response to the drug adminis-
tered, operator differences, and variations of anatomy as well as tooth position.

Onset of pulpal anesthesia

Table 3-2 provides onset times for the labial or buccal infiltration using 1.8 mL of 2% lidocaine with
1:100,000 epinephrine in various maxillary teeth. A number of authors have reported onset times of
2 to 5 minutes for maxillary infiltrations using lidocaine formulations.??° Pulp testing the tooth with a
cold refrigerant or an EPT will give the clinician a reliable indicator of onset of pulpal anesthesia.

IN CONCLUSION, onset of pulpal anesthesia is usually within 5 minutes in the maxilla.

Duration of pulpal anesthesia

The potential problem with infiltration anesthesia in the maxilla is related to duration. The incidence
of short duration of anesthesia (achieving an 80 reading and then losing this reading before 60 min-
utes) will range from about 66% in lateral incisors to 41% in first molars.’™'®20 Table 3-3 provides ap-
proximate duration times for labial or buccal infiltration using 1.8 mL of 2% lidocaine with 1:100,000
epinephrine in various maxillary teeth.

Usually, duration of pulpal anesthesia in anterior teeth starts to decline around 30 to 35 minutes; in
molars, the duration declines at around 45 to 50 minutes. This means that if a restorative procedure
requires 60 minutes of pulpal anesthesia, the patient has the potential to experience pain.

IN CONCLUSION, duration of pulpal anesthesia using an infiltration of 1.8 mL of 2% lidocaine with
1:100,000 epinephrine is around 30 to 35 minutes in anterior teeth and 45 to 50 minutes in molars.



Maxillary Infiltration

Table 3-3 Approximate duration of pulpal anesthesia for maxillary infiltration

Pulpal anesthesia (min)

Local anesthetic agent (1.8 mL) Lateral incisor First molar References
2% lidocaine with 1:100,000 epinephrine 30-35 45-50 12,14-16,18-20,22
2% lidocaine with 1:50,000 epinephrine 45-50 50 19
2% mepivacaine with 1:20,000 levonordefrin 30-35 45-50 22
3% mepivacaine plain (no vasoconstrictor) 10-15 10-15 19
4% prilocaine with 1:200,000 epinephrine 30-35 45-50 20
4% prilocaine plain (no vasoconstrictor) 10-15 10-15 20
0.5% bupivacaine with 1:200,000 epinephrine 10 25 14
4% articaine with 1:100,000 epinephrine 30-35 45-50 16
4% articaine with 1:200,000 epinephrine Not studied Not studied
100 1004
T 754 T 75
g g
8 e
% 50 s 507
) )
g g
§ 25 ~—1.8 mL of 2% lidocaine with § 25 —— 1.8 mL of 2% lidocaine with
g 1:100,000 epinephrine E 1:100,000 epinephrine
-9
T T T T T
1 5 9 1317 21 25 29 33 37 41 45 49 53 57 1 5 9 1317 21 25 29 33 37 41 45 49 53 57
Time (min) Time (min)
Fig 3-1 Incidence of maxillary lateral incisor anesthesia. Re- Fig 3-2 Incidence of maxillary first premolar anesthesia. Re-
sults determined by lack of response to EPT at maximum read- sults determined by lack of response to EPT at maximum read-
ing (percentage of 80 readings) across 60 minutes. (Reprinted ing (percentage of 80 readings) across 60 minutes. (Reprinted
from Mikesell et al" with permission.) from Mikesell et al'® with permission.)

Time course of pulpal anesthesia

Maxillary lateral incisor

Figure 3-1 depicts the time course for complete pulpal anesthesia for an asymptomatic lateral incisor
as defined by the percentage of patients who do not respond to an 80 EPT reading across time for 60
minutes. The success rate is almost 90%. The duration of pulpal anesthesia is good until around 30
minutes, when a slow decline in pulpal anesthesia occurs.

Maxillary first premolar

Figure 3-2 depicts the time course for complete pulpal anesthesia for an asymptomatic first premolar
as defined by the percentage of patients who do not respond to an 80 EPT reading across time for 60
minutes. The success rate is similar to that for the lateral incisor, but the decline of pulpal anesthesia
occurs around 37 minutes and is a little more gradual than in the lateral incisor.



3 Maxillary Anesthesia

96

Fig 3-3 Incidence of maxillary first molar anesthesia. Results
determined by lack of response to EPT at maximum reading
1001 (percentage of 80 readings) across 60 minutes. (Reprinted from
Mikesell et al'™ with permission.)
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Maxillary first molar

Figure 3-3 depicts the time course for complete pulpal anesthesia for an asymptomatic first molar as
defined by the percentage of patients who do not respond to an 80 EPT reading across time for 60
minutes. The success rate is similar to that for the lateral incisor and premolar, but the decline of pulpal
anesthesia occurs after 45 minutes.

Lip/cheek numbness or dead feeling of the teeth

Lip or cheek numbness signifies that the lip or cheek is numb—it does not guarantee pulpal anesthe-
sia. In addition, the relationship of soft tissue anesthesia to duration of pulpal anesthesia is mislead-
ing. Soft tissue anesthesia lasts longer than pulpal anesthesia.’ 520

Furthermore, when patients tap their teeth together following local anesthetic administration, they
may feel that the teeth are anesthetized. Some clinicians take this as proof that clinical anesthesia has
been obtained. However, when testing the teeth with a cold refrigerant or EPT, the clinician will find
that the teeth are not always anesthetized.

IN CONCLUSION, /ip or cheek numbness or a dead feeling when tapping the teeth together does
not always indicate pulpal anesthesia.

Alternate Anesthetic Solutions for Infiltration
Injection

Plain solutions: Mepivacaine and prilocaine

Solutions of 3% mepivacaine plain (Carbocaine, Cook-Waite) and 4% prilocaine plain (Citanest Plain,
Dentsply) have been found to be equivalent to 2% lidocaine with 1:100,000 epinephrine for inferior al-
veolar nerve blocks (IANBs).? However, maxillary anesthesia is different. Mason and coauthors' and
Katz and coauthors? reported a significant decline in pulpal anesthesia using a cartridge of 3% mepi-
vacaine plain and 4% prilocaine plain formulations in the lateral incisor (Fig 3-4) with approximately
43% to 73% of the subjects having pulpal anesthesia at 20 minutes, 23% to 30% at 30 minutes, and
0% to 7% at 60 minutes.
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Fig 3-4 Incidence of maxillary lateral incisor anesthesia:
comparison of 3% mepivacaine, 4% prilocaine, and 2% li-
docaine with 1:100,000 epinephrine. Results determined by
lack of response to EPT at maximum reading (percentage of
80 readings) across 60 minutes. Both formulations without
vasoconstrictors had a shorter duration of anesthesia than 2%
lidocaine with 1:100,000 epinephrine. (Reprinted from Mason
et al'® with permission.)

Fig 3-5 Incidence of maxillary first molar anesthesia: com-
parison of 3% mepivacaine, 4% prilocaine, and 2% lidocaine
with 1:100,000 epinephrine. Results determined by lack of re-
sponse to EPT at maximum reading (percentage of 80 readings)
across 60 minutes. Both formulations without vasoconstrictors
had a shorter duration of anesthesia than 2% lidocaine with
1:100,000 epinephrine. (Reprinted from Mason et al'¥ with
permission.)

In the first molar, approximately 70% to 73% of the subjects had pulpal anesthesia at 20 minutes,
30% to 35% at 30 minutes, and only 7% to 20% at 47 minutes when using these formulations (Fig
3-b). The decline of pulpal anesthesia is more gradual in the first molar than in the lateral incisor.
Generally, in the anterior and posterior teeth, these agents are indicated for procedures of short dura-
tion—10 to 15 minutes (see Table 3-3).

It must be remembered that these agents are generally not as safe as solutions with vasoconstric-
tors if large volumes are administered in an attempt to achieve anesthesia in the maxilla. Without the
vasoconstrictor, these agents are rapidly absorbed systemically, resulting in excessive plasma concen-
trations and possible toxic reactions.?"?

IN CONCLUSION, plain solutions of 3% mepivacaine and 4% prilocaine are indicated for proce-
dures of short duration.

Prilocaine with epinephrine

Katz and coauthors?® evaluated the anesthetic efficacy of 2% lidocaine with 1:100,000 epinephrine
and 4% prilocaine with 1:200,000 epinephrine (Citanest Forte, Dentsply) in maxillary lateral incisors
and first molars. They found that anesthetic success (no patient response to two consecutive 80
readings with the EPT) and onset of pulpal anesthesia were not significantly different between 2%
lidocaine with 1:100,000 epinephrine and 4% prilocaine with 1:200,000 epinephrine for the lateral inci-
sor and first molar. Neither anesthetic agent provided an hour of pulpal anesthesia (Figs 3-6 and 3-7).

IN CONCLUSION, 4% prilocaine with 1:200,000 epinephrine is similar to 2% lidocaine with
1:100,000 epinephrine for infiltration in the maxilla.
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Fig 3-6 Incidence of maxillary lateral incisor anesthesia: com-
parison of 4% prilocaine with 1:200,000 epinephrine to 2%
lidocaine with 1:100,000 epinephrine. Results determined by
lack of response to EPT at maximum reading (percentage of
80 readings) across 60 minutes. No significant difference be-
tween the two solutions was noted. (Reprinted from Katz et
al? with permission.)

Fig 3-7 Incidence of maxillary first molar anesthesia: com-
parison of 4% prilocaine with 1:200,000 epinephrine to 2%
lidocaine with 1:100,000 epinephrine. Results determined by
lack of response to EPT at maximum reading (percentage of
80 readings) across 60 minutes. No significant difference be-
tween the two solutions was noted. (Reprinted from Katz et
al?® with permission.)
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Fig 3-8 Incidence of maxillary central incisor anesthesia: com-
parison of 2% mepivacaine with 1:20,000 levonordefrin and
2% lidocaine with 1:100,000 epinephrine. Results determined
by lack of response to EPT at maximum reading (percentage
of 80 readings) across 60 minutes. No significant difference
between the two solutions was noted. (Reprinted from Lawaty
et al?? with permission.)

Mepivacaine with levonordefrin

Fig 3-9 Incidence of maxillary first molar anesthesia: compari-
son of 2% mepivacaine with 1:20,000 levonordefrin and 2%
lidocaine with 1:100,000 epinephrine. Results determined by
lack of response to EPT at maximum reading (percentage of 80
readings) across 60 minutes. No significant difference between
the two solutions was noted. (Reprinted from Lawaty et al?
with permission.)

Lawaty and coauthors?? compared the anesthetic efficacy of 2% mepivacaine with 1:20,000 levonor-
defrin (Carbocaine) versus 2% lidocaine with 1:100,000 epinephrine in maxillary central incisors and
first molars. They found that anesthetic success (no patient response to two consecutive 80 readings
with the EPT) was not significantly different between 2% mepivacaine with 1:20,000 levonordefrin
and 2% lidocaine with 1:100,000 epinephrine for the lateral incisor and first molar. However, neither
anesthetic agent provided an hour of pulpal anesthesia (Figs 3-8 and 3-9).

IN CONCLUSION, 2% mepivacaine with 1:20,000 levonordefrin is similar to 2% lidocaine with

1:100,000 epinephrine for infiltration in the maxilla.
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Fig 3-10 Incidence of maxillary lateral incisor anesthesia:
comparison of 4% articaine with 1:100,000 epinephrine and
2% lidocaine with 1:100,000 epinephrine. Results determined
by lack of response to EPT at maximum reading (percentage
of 80 readings) across 60 minutes. The articaine formulation
had higher success rates. (Reprinted from Evans et al'® with
permission.)

Fig 3-11 Incidence of maxillary first molar anesthesia: com-
parison of 4% articaine with 1:100,000 epinephrine and 2%
lidocaine with 1:100,000 epinephrine. Results determined by
lack of response to EPT at maximum reading (percentage of
80 readings) across 60 minutes. No significant difference be-
tween the two solutions was noted. (Reprinted from Evans et
al™® with permission.)

Articaine with epinephrine

Evans and coauthors™ found that a maxillary infiltration of a cartridge of 4% articaine with 1:100,000
epinephrine (Septocaine, Septodont), when compared with a cartridge of 2% lidocaine with 1:100,000
epinephrine, statistically improved anesthetic success in the lateral incisor but not the first molar (Figs
3-10 and 3-11). They also found that one cartridge of 4% articaine with 1:100,000 epinephrine provided
an onset of pulpal anesthesia around 3 to 4 minutes for maxillary infiltrations and was similar to a
lidocaine solution for duration of pulpal anesthesia. Neither solution provided pulpal anesthesia for 1
hour."®Therefore, if an hour of pulpal anesthesia is required for the lateral incisor or first molar, neither
solution provides the necessary duration when a cartridge of anesthetic solution is administered.

Injection pain was not significantly different between the articaine and lidocaine formulations.®
The pain ratings of the needle insertion and placement were generally faint-to-weak pain. However,
solution deposition values were higher than needle insertion and placement for both solutions. The
pain ratings with both solutions were higher in the lateral incisor than the first molar. The articaine
solution pain ratings were in the moderate range when compared with the lidocaine solution. Gross
and coauthors™ also found higher pain ratings for solution deposition in the maxillary lateral incisor
when compared with the maxillary first molar. Therefore, the anterior region of the maxilla is a more
sensitive area for dental injections.

Postoperative pain ratings were generally faint-to-weak pain.’® The incidence of pain decreased over
3 days, which demonstrated that neither the articaine nor lidocaine formulations caused significant
tissue damage. There were no reports of paresthesias. Haas and Lennon?® indicated that paresthesias
are rare and unlikely with infiltration anesthesia.

Three studies have found maxillary tooth extraction possible with just a buccal infiltration of arti-
caine without a separate palatal injection.?6-2® However, with the use of magnetic resonance imag-
ing and needle-stick stimulation, Oze¢ and coauthors?® could not establish the presence of, or an
effect for, articaine in the palatal tissues after a buccal infiltration of 4% articaine with 1:200,000 or
1:100,000 epinephrine in molars and premolars.

IN CONCLUSION, in anterior teeth, 4% articaine with 1:100,000 epinephrine may provide a higher
success rate than 2% lidocaine with 1:100,000 epinephrine. There is no difference between the two
anesthetic agents in the first molar.
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Fig 3-12 Incidence of maxillary lateral incisor anesthesia: com-
parison of 0.5% bupivacaine with 1:200,000 epinephrine and
2% lidocaine with 1:100,000 epinephrine. Results determined
by lack of response to EPT at maximum reading (percentage of
80 readings) across 120 minutes. The asterisks indicate where
the lidocaine solution was significantly better. (Reprinted from
Gross et al™ with permission.)
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Fig 3-13 Incidence of maxillary first molar anesthesia: com-
parison of 0.5% bupivacaine with 1:200,000 epinephrine and
2% lidocaine with 1:100,000 epinephrine. Results determined
by lack of response to EPT at maximum reading (percentage
of 80 readings) across 120 minutes. No significant difference
between the two solutions was noted. (Reprinted from Gross
et al' with permission.)

Bupivacaine with epinephrine

Success rates (no patient response to the EPT) of bupivacaine (Marcaine, Cook-Waite) range from
80% to 95% in the maxillary lateral incisor to 50% in the maxillary second premolars.’2%-%2 Gross
and coauthors™ determined the anesthetic efficacy of 1.8 mL of 0.5% bupivacaine with 1:200,000
epinephrine and 1.8 mL of 2% lidocaine with 1:100,000 epinephrine in maxillary lateral incisors and
first molars. In maxillary lateral incisors, bupivacaine exhibited a significantly lower anesthetic success
rate (no patient response to two consecutive 80 readings with the EPT) of 78% when compared with
a 97% success rate with lidocaine. In maxillary first molars, bupivacaine’s onset of pulpal anesthesia
(77 minutes) was significantly slower than lidocaine (4.3 minutes). In the first molar, bupivacaine had a
lower success rate than lidocaine (64 % versus 82 %), but there was no significant difference between
the two solutions. Neither solution provided pulpal anesthesia for 1 hour (Figs 3-12 and 3-13). While
bupivacaine provides long-acting anesthesia for the IANB, it does not provide prolonged pulpal anes-
thesia in maxillary infiltration injections. 43033

IN CONCLUSION, 7.8 mL of 0.5% bupivacaine with 1:200,000 epinephrine has a lower success
rate than 1.8 mL of 2% lidocaine with 1:100,000 epinephrine in anterior teeth. In the first molar, there
is no significant difference between the two agents. Neither agent provided pulpal anesthesia for an
hour.

Soft tissue anesthesia

Gross and coauthors™ used 1.8 mL of 0.5% bupivacaine with 1:200,000 epinephrine and 1.8 mL of
2% lidocaine with 1:100,000 epinephrine in maxillary lateral incisors and first molars. For the lateral
incisor, they reported that the duration of lip numbness (177 minutes versus 128 minutes) and return
to normal sensation (383 minutes versus 201 minutes) were significantly longer with a bupivacaine
formulation compared with the lidocaine formulation, respectively. For the maxillary first molar, there
was no statistically significant difference in duration of gingival numbness (135 minutes versus 116
minutes) and return to normal sensation (213 minutes versus 168 minutes) between the bupivacaine
formulation and the lidocaine formulation, respectively. Other studies of maxillary infiltrations using
bupivacaine with epinephrine have reported lip numbness durations of 250 to 384 minutes and numb-
ness plus tingling durations of 512 to 548 minutes.3'33-%¢



Increasing the Duration of Pulpal Anesthesia for Infiltrations

While lip numbness lasts longer than pulpal anesthesia (see Table 3-3 and Figs 3-12 and 3-13), there
is little advantage to having lip numbness for extended periods of time. Difficulty in eating and speak-
ing and the possibility of soft tissue trauma are viewed as nuisances by the patient. Rosenquist and
Nystrom?® found that 34% of patients commented that the long-acting anesthesia produced by a bu-
pivacaine solution was unpleasant. In a follow-up study, Rosenquist and coauthors®” found that some
patients were willing to sustain some pain after oral surgery if lip sensation was regained sooner.

IN CONCLUSION, bupivacaine provides longer lip numbness when compared with lidocaine.

Prolonged postoperative analgesia
It is well known that a bupivacaine solution prolongs the postoperative analgesic period for IANB
anesthesia.®”*' In maxillary endodontic surgery, Meechan and Blair*? found that a long-acting anes-
thetic used for infiltration anesthesia did not decrease postoperative pain or analgesic intake when
compared with a lidocaine solution. The authors also found that the lidocaine solution provided better
anesthesia and less hemorrhage than the long-acting anesthetic solution.

IN CONCLUSION, while bupivacaine prolongs the postoperative analgesic period after an IANB, it
may not extend the analgesic period in the maxilla.

Increasing the Duration of Pulpal Anesthesia for
Infiltrations

Increasing volume of solution

Mikesell and coauthors,’ using 3.6 mL of 2% lidocaine with 1:100,000 epinephrine, reported that
the incidence of anesthesia of short duration (ie, the patient had no response to two consecutive 80
readings, but lost the 80 reading and never regained it within a 60-minute period) was significantly
decreased for the lateral incisor when compared with 1.8 mL of 2% lidocaine with 1:100,000 epineph-
rine. Approximately 97% of the subjects had pulpal anesthesia at 30 minutes, 72% at 45 minutes, and
50% at 60 minutes (Fig 3-14). However, 44% of the subjects still demonstrated anesthesia of short
duration. Therefore, duration of pulpal anesthesia remains problematic in the lateral incisor even when
3.6 mL of 2% lidocaine with 1:100,000 epinephrine is administered.

In the premolars and first molars, anesthesia of short duration was reduced to 19% and 9%, re-
spectively. Therefore, anesthesia achieved with a volume of 3.6 mL provides a longer duration than
that achieved with a volume of 1.8 mL and offers better pulpal anesthesia after 49 minutes in posterior
teeth (Figs 3-15 and 3-16). It is important to realize that even though pulpal anesthesia duration was
prolonged with a volume of 3.6 mL, if an hour of pulpal anesthesia is required for the first premolar or
first molar, 3.6 mL of 2% lidocaine with 1:100,000 epinephrine may not provide the necessary dura-
tion of pulpal anesthesia.

The pain of solution deposition was not different between the two volumes. However, with use of
both volumes, there was a higher incidence of moderate pain in the lateral incisor when compared
with the posterior teeth. This demonstrates again that the anterior maxilla is more sensitive than the
posterior area.

IN CONCLUSION, 3.6 mL of 2% lidocaine with 1:100,000 epinephrine extends duration of pulpal
anesthesia when compared with 1.8 mL of 2% lidocaine with 1:100,000 epinephrine in maxillary infil-
trations. However, pulpal anesthesia does not last for 60 minutes.
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Fig 3-14 Incidence of maxillary lateral incisor infiltration anes-
thesia: comparison of 1.8 mL and 3.6 mL of 2% lidocaine with
1:100,000 epinephrine. Results determined by lack of response
to EPT at maximum reading (percentage of 80 readings) across
60 minutes. The higher volume was significantly better from
the 21st minute until 59th minute (asterisks). However, anes-
thesia did not last for 60 minutes. (Reprinted from Mikesell et
al'™ with permission.)

Fig 3-15 Incidence of maxillary first premolar infiltration anes-
thesia: comparison of 1.8 mL and 3.6 mL of 2% lidocaine with
1:100,000 epinephrine. Results determined by lack of response
to EPT at maximum reading (percentage of 80 readings) across
60 minutes. The higher volume was significantly better from
the 49th minute until the 59th minute (asterisks). However, an-
esthesia did not last for 60 minutes. (Reprinted from Mikesell
et al'® with permission.)
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et al™ with permission.)

Increasing epinephrine concentration

Mason and coauthors™ found that 1.8 mL of 2% lidocaine with 1:50,000 epinephrine significantly in-
creased the duration of pulpal anesthesia when compared with 1.8 mL of 2% lidocaine with 1:100,000
epinephrine in maxillary lateral incisors. Approximately 97% of the subjects had pulpal anesthesia at
45 minutes and almost 80% at 60 minutes (Fig 3-17). The 1:50,000 epinephrine concentration in 1.8
mL of 2% lidocaine provided a longer duration than 3.6 mL of 2% lidocaine with 1:100,000 epinephrine
(see Fig 3-14). However, duration of pulpal anesthesia was not 60 minutes. Pitt Ford and coauthors®
also found that a higher epinephrine concentration increased duration in maxillary central incisors.
Mason and coauthors'™ found that increasing the epinephrine concentration to 1:50,000 epinephrine
was not significantly different than using a 1:100,000 epinephrine formulation in the maxillary first
molar. Pulpal anesthesia started to decline for 2% lidocaine with 1:100,000 or 1:50,000 epinephrine
after about 49 to 53 minutes (Fig 3-18). It is important to realize that if an hour of pulpal anesthesia is
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Fig 3-17 Incidence of maxillary lateral incisor anesthesia:
comparison of 2% lidocaine with 1:50,000 epinephrine and
2% lidocaine with 1:100,000 epinephrine. Results were deter-
mined by lack of response to EPT at maximum reading (per-
centage of 80 readings) across 60 minutes. The 2% lidocaine
formulation with 1:50,000 epinephrine had a longer duration
of anesthesia but did not last for 60 minutes. (Reprinted from

Fig 3-18 Incidence of maxillary first molar anesthesia: com-
parison of 2% lidocaine with 1:50,000 epinephrine and 2%
lidocaine with 1:100,000 epinephrine. Results determined by
lack of response to EPT at maximum reading (percentage of
80 readings) across 60 minutes. No significant difference be-
tween the two solutions was noted. (Reprinted from Mason et
al'® with permission.)

Mason et al'® with permission.)

required for the first molar, 1.8 mL of 2% lidocaine with either 1:100,000 or 1:50,000 epinephrine may
not provide the necessary duration of pulpal anesthesia.

IN CONCLUSION, for infiltrations in the maxilla, increasing the epinephrine concentration to
1:50,000 in a 2% lidocaine solution increases the duration of pulpal anesthesia in the lateral incisor
but not in the first molar. However, duration of pulpal anesthesia is not 60 minutes in either tooth.

Repeating an infiltration after 30 minutes

Scott and coauthors'™ found that the repeated infiltration injection of a cartridge of 2% lidocaine with
1:100,000 epinephrine given 30 minutes after an initial infiltration of a cartridge of 2% lidocaine with
1:100,000 epinephrine significantly improved pulpal anesthesia from 37 minutes through 90 minutes
in the makxillary lateral incisor (Fig 3-19). For the initial infiltration, approximately 78% of the subjects
had pulpal anesthesia at 30 minutes. However, at 45 minutes, approximately 60% of the subjects had
pulpal anesthesia, and at 60 minutes, only 33% had pulpal anesthesia. With the repeated infiltration,
90% of the subjects had pulpal anesthesia at 60 minutes. At 75 minutes, approximately 85% of the
subjects had pulpal anesthesia, and at 90 minutes, 70% were anesthetized. The repeated infiltration
was not painful.

This a very important finding. Knowing that standard infiltration anesthesia is of short duration and
that repeating the infiltration at 30 minutes will provide pulpal anesthesia for 60 minutes or longer
should be very helpful.

IN CONCLUSION, giving a cartridge of 2% lidocaine with 1:100,000 epinephrine 30 minutes after
giving an initial cartridge of the same anesthetic agent significantly improved pulpal anesthesia from
37 minutes through 90 minutes in the lateral incisor.

Augmentation versus tachyphylaxis
A drug’s enhanced effectiveness when given repeatedly is referred to as augmentation, and tachyphy-
laxis is a declining effectiveness when a drug is given repeatedly.**4 \Works by Scott and coauthors™
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Fig 3-19 Incidence of maxillary lateral incisor anesthesia: ef-
fect of a repeated infiltration injection of a cartridge of 2% li-
docaine with 1:100,000 epinephrine given 30 minutes after an
initial infiltration of a cartridge of 2% lidocaine with 1:100,000
epinephrine. Results determined by lack of response to EPT
at maximum reading (percentage of 80 readings) across 90
minutes. The repeated infiltration significantly improved pulp-
al anesthesia from the 37th minutes through the 90 minute.
(Reprinted from Scott et al'® with permission.)

Fig 3-20 Incidence of mandibular first molar anesthesia: effect
of a repeated buccal infiltration injection of a cartridge of 4%
articaine with 1:100,000 epinephrine given 25 minutes after
an initial buccal infiltration of a cartridge of 4% articaine with
1:100,000 epinephrine. Results determined by lack of response
to EPT at maximum reading (percentage of 80 readings) across
112 minutes. The repeated infiltration significantly improved
pulpal anesthesia from the 28th through the 109th minute. (Re-
printed from Pabst et al* with permission.)

and Pabst and coauthors* demonstrated a higher level of pulpal anesthesia after administration of a
repeated infiltration (Figs 3-19 and 3-20). If the repeated infiltration provided the same effect as the ini-
tial infiltration, we would not necessarily expect a higher incidence of pulpal anesthesia. Therefore, it
would seem that augmentation might be occurring. A prime consideration for whether augmentation
or tachyphylaxis occurs is timing.*®# If an infiltration is given within a reasonable time as anesthesia
wears off, augmentation is likely to occur.*®* However, if the infiltration is given some time after an-
esthesia wears off, tachyphylaxis frequently occurs.*44

IN CONCLUSION, a repeated infiltration just before pulpal anesthesia wears off (approximately 30
minutes) augments pulpal anesthesia.

Alternate Injection Techniques

Posterior superior alveolar nerve block

The posterior superior alveolar (PSA) nerve block (Fig 3-21) has been advocated to anesthetize the
first, second, and third molars.® The middle superior alveolar (MSA) nerve is thought to innervate the
maxillary premolars and may play some role in pulpal innervation of the mesiobuccal root of the first
molar.*¢

Pfeil and coauthors*” measured the degree of pulpal anesthesia obtained with 1.8 mL and 3.6 mL
of 2% lidocaine with 1:100,000 epinephrine for PSA nerve blocks. Anesthetic success (no patient
response to two consecutive 80 readings with the EPT) for the 1.8 mL of 2% lidocaine with 1:100,000
epinephrine was 97% for the second molar and 77% for the first molar. Anesthetic success for the
3.6 mL of 2% lidocaine with 1:100,000 epinephrine was 100% for the second molar and 84% for the
first molar (Figs 3-22 and 3-23). The differences were not statistically significant between the two an-
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Fig 3-21 Injection site for the PSA nerve block.
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Fig 3-22 Incidence of maxillary second molar anesthesia: com-
parison of the PSA nerve block using 1.8 mL and 3.6 mL of
2% lidocaine with 1:100,000 epinephrine. Results determined
by lack of response to EPT at maximum reading (percentage
of 80 readings) across 60 minutes. No significant difference
between the two volumes was noted. (Reprinted from Pfeil et
al”” with permission.)

Fig 3-23 Incidence of maxillary first molar anesthesia: com-
parison of the PSA nerve block using 1.8 mL and 3.6 mL of 2%
lidocaine with 1:100,000 epinephrine. Results determined by
lack of response to EPT at maximum reading (percentage of
80 readings) across 60 minutes. The 3.6-mL volume prolonged
the duration of anesthesia. (Reprinted from Pfeil et al*’ with
permission.)

esthetic volumes. Anesthetic success for the premolars for both volumes was in the low-to-moderate
range and would not provide predictable pulpal anesthesia. For the first molar, the 3.6-mL volume of
the lidocaine formulation provided a statistically longer duration of pulpal anesthesia than the 1.8-mL
volume. The pain of depositing a 3.6-mL volume of a lidocaine solution was not statistically higher than
the pain of depositing a 1.8-mL volume.

Loetscher and coauthors* evaluated pulpal anesthesia in an experimental study using 30 subjects,
1.2 mL of 2% lidocaine with 1:100,000 epinephrine, and dry ice (ie, solid carbon dioxide). They found
that the PSA nerve block successfully anesthetized 88% of first molars. If a separate first molar infil-
tration of 0.6 mL of 2% lidocaine with 1:100,000 epinephrine was added to the PSA nerve block, 92%
of the first molars were anesthetized. The second molars were successfully anesthetized with just
the PSA nerve block alone.

Generally, the PSA nerve block will provide pulpal anesthesia for the second molars.*¢4” To ensure
patient comfort for the first molar, an additional buccal infiltration injection after the PSA block may
be needed.
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Fig 3-24 The needle path for the intraoral infraorbital nerve
block is parallel to the long axis of the second premolar until it
approximates the infraorbital foramen. (Reprinted from Karkut
et al* with permission.)

IN CONCLUSION, because of the success rate of infiltration in the molars (see section on maxillary
infiltrations), the PSA nerve block is not advocated for routine restorative procedures.

Intraoral infraorbital nerve block

Malamed?' describes the maxillary infraorbital nerve block as an effective method of achieving pro-
found pulpal anesthesia from the maxillary central incisor through the canine. He states that the pulps
of the premolars and the mesiobuccal root of the first molar will also be anesthetized in about 72%
of patients.?'

Berberich and coauthors® compared the anesthetic efficacy of a cartridge of 2% lidocaine with
1:100,000 epinephrine, a cartridge of 2% lidocaine with 1:50,000 epinephrine, and a cartridge of
3% mepivacaine in the intraoral infraorbital nerve block (Fig 3-24). They reported that the intraoral
infraorbital nerve block resulted in profound soft tissue anesthesia but was ineffective in providing
profound pulpal anesthesia (no patient response to two consecutive 80 readings with the EPT) of the
maxillary central incisor, lateral incisor, and first molar (Fig 3-25). Corbett and coauthors® found similar
results using 1T mL of 2% lidocaine with 1:80,000 epinephrine. Successful pulpal anesthesia of the
canine and first and second premolars ranged from 75% to 92% using 2% lidocaine with 1:100,000
and 1:50,000 epinephrine. However, pulpal anesthesia did not last for 60 minutes (see Fig 3-25). The
use of 3% mepivacaine provided a shorter duration of anesthesia than the lidocaine formulations with
epinephrine in the canines and premolars. For pulpal anesthesia, this injection technique is similar to
an infiltration injection over the premolars.

IN CONCLUSION, the intraoral infraorbital nerve block does not provide effective pulpal anesthesia
for the central incisor, lateral incisor, or first molar. It is somewhat effective for the canine and premo-
lars, but pulpal anesthesia does not last for 60 minutes. A plain solution of 3% mepivacaine results
in an even shorter duration of pulpal anesthesia. Because of the success rate of the infiltration in the
maxillary teeth (see section on maxillary infiltrations), the intraoral infraorbital nerve block is not advo-
cated for routine restorative procedures.

Extraoral infraorbital nerve block

Karkut and coauthors* compared the local anesthetic efficacy of the extraoral infraorbital nerve block
(Fig 3-26) with the intraoral infraorbital nerve block (see Fig 3-24) using a cartridge of 2% lidocaine
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Fig 3-25 Incidence of maxillary anesthesia from the central incisor to the first molar for the intraoral infraorbital nerve block: com-
parison of 2% lidocaine with 1:50,000 epinephrine, 3% mepivacaine, and 2% lidocaine with 1:100,000 epinephrine. Results de-
termined by lack of response to EPT at maximum reading (percentage of 80 readings) across 60 minutes. The intraoral infraorbital
nerve block was ineffective in providing profound pulpal anesthesia of the maxillary central incisor, lateral incisor, and first molar.
Successful pulpal anesthesia of the canine and first and second premolars ranged from 75% to 92% using the lidocaine formula-
tions. The 3% mepivacaine formulation provided a shorter duration of anesthesia than the lidocaine formulations with epinephrine
in the canines and premolars. (Reprinted from Berberich et al*® with permission.)

with 1:100,000 epinephrine. They reported that the extraoral and intraoral infraorbital nerve blocks
were effective in providing soft tissue anesthesia but were ineffective in providing profound pulpal
anesthesia (no patient response to two consecutive 80 readings with the EPT) of the maxillary cen-
tral incisor (15% success) and lateral incisor (22% success) (Fig 3-27). Successful pulpal anesthesia
for both nerve blocks was 92% for the canine, 80% to 90% for the first and second premolars, and
65% to 70% for the first molar, with no significant differences between the two nerve blocks (see
Fig 3-27). Pulpal anesthesia did not last for an hour for any of the teeth. Needle insertion pain and
postoperative sequelae were more common with the extraoral infraorbital nerve block.

IN CONCLUSION, the extraoral infraorbital nerve block does not provide effective pulpal anes-
thesia for the central incisor, lateral incisor, or first molar. It is somewhat effective for the canine and
premolars, but pulpal anesthesia does not last for 60 minutes. Because of the success rate of the
infiltration in the maxillary teeth (see section on maxillary infiltrations), the extraoral infraorbital nerve
block is not advocated for routine restorative procedures.
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Fig 3-26 The needle path for the extraoral infraorbital nerve
block would be backward, upward, and outward to penetrate
the infraorbital canal. (Reprinted from Karkut et al*® with per-
mission.)
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Fig 3-27 Incidence of maxillary anesthesia from the central incisor to the first molar: comparison of the intraoral infraorbital nerve
block to the extraoral infraorbital nerve block. Results determined by lack of response to EPT at maximum reading (percentage of
80 readings) across 60 minutes. Both nerve blocks were ineffective in providing profound pulpal anesthesia of the maxillary central
incisor, lateral incisor, and first molar. No significant difference between the two techniques was noted. Successful pulpal anesthe-
sia of the canine for both nerve blocks was 92%; success of the first and second premolars ranged from 80% to 90%. (Reprinted
from Karkut et al*® with permission.)
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Fig 3-28 The greater palatine approach to the second division Fig 3-29 The high tuberosity approach to the second division
nerve block must negotiate the greater palatine canal to the nerve block places the needle around the posterior maxilla un-
pterygopalatine fossa. til the needle enters the pterygopalatine fossa.

Second division nerve block

Malamed?' described the second division nerve block as an effective method of achieving profound
anesthesia in the hemimaxilla. This nerve block has been described using two intraoral techniques®'-%2;
(1) the greater palatine approach, which involves negotiating the greater palatine canal to the ptery-
gopalatine fossa (Fig 3-28); and (2) the high tuberosity approach, which places the needle around the
posterior maxilla until the needle enters the pterygopalatine fossa (Fig 3-29).

Broering and coauthors® compared the anesthetic efficacy of the greater palatine second divi-
sion nerve block and the high tuberosity second division nerve block technique using 3.6 mL of 2%
lidocaine with 1:100,000 epinephrine. They reported that both techniques resulted in a high success
rate (95% to 100%) of pulpal anesthesia (no patient response to two consecutive 80 readings with
the EPT) for first and second molars (Fig 3-30). Around 70% to 80% of the second premolars were
anesthetized with both techniques. Both techniques were ineffective for profound pulpal anesthesia
of the anterior teeth and first premolars. The high tuberosity approach is preferred over the greater
palatine technique because the success rates are similar and it is less painful.®

IN CONCLUSION, a second division nerve block does not provide pulpal anesthesia for the central
incisor, lateral incisor, canine, or first premolar. The blocks are effective for pulpal anesthesia of the
molars. Because of the success rate of the infiltration over the molars (see section on maxillary infil-
tration), the second division nerve block is not advocated for routine restorative procedures.

High tuberosity second division nerve block using 3% mepivacaine

Forloine and coauthors® compared the anesthetic efficacy of 3.6 mL of 2% lidocaine with 1:100,000
epinephrine and 3.6 mL of 3% mepivacaine in the high tuberosity second division nerve block. They
found that the high tuberosity approach to the second division nerve block, with both anesthetic for-
mulations, resulted in a high success rate (92% to 98%) for the first and second molars (Fig 3-31).
Approximately 76 % to 78% of the second premolars were anesthetized with both anesthetic formula-
tions. Both anesthetic formulations were ineffective for the anterior teeth and first premolars. The use
of 3% mepivacaine provided a significantly shorter duration of pulpal anesthesia than 2% lidocaine
with 1:100,000 epinephrine in the molars and premolars (see Fig 3-31).
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Fig 3-32 Maxillary division of the trigeminal nerve showing
Infraorbital nerve the infraorbital nerve, ASA nerve, PSA nerve, and MSA nerve.
(Reprinted from Lee et al%” with permission.)

IN CONCLUSION, 3% mepivacaine provided a shorter duration of pulpal anesthesia when com-
pared with 2% lidocaine with 1:100,000 epinephrine. Because of the success rate of the infiltration
in the molars (see section on maxillary infiltration), the second division nerve block is not advocated
for routine restorative procedures.

Palatal-anterior superior alveolar nerve block

Traditionally, maxillary anterior teeth have been anesthetized by administering an infiltration injection
near the apex of the target tooth. A site-specific injection for anesthetizing anterior maxillary teeth
has been introduced: the palatal-anterior superior alveolar (P-ASA) injection.®>8 The P-ASA injection
uses a palatal injection into the incisive canal and derives its name from the injection’s ability to sup-
posedly anesthetize both the right and left anterior superior alveolar (ASA) nerves (Fig 3-32). Friedman
and Hochman®®% state that bilateral pulpal anesthesia of the maxillary incisors and usually the canines
will be achieved with the P-ASA injection of 0.9 to 1.4 mL of anesthetic solution with an expected
duration of approximately 60 minutes.

Burns and coauthors® compared the anesthetic efficacy of 2% lidocaine with 1:100,000 epineph-
rine and 3% mepivacaine using the CompuDent (Milestone Scientific) computercontrolled local an-
esthetic delivery (CCLAD) system—formerly known as the Wand—to administer the P-ASA injection.
The results indicated that 3% mepivacaine would generally be less effective than 2% lidocaine with
1:100,000 epinephrine in the P-ASA technique. The 2% lidocaine with epinephrine solution resulted
in successful pulpal anesthesia from 32% to 58% of the time and would not clinically ensure predict-
able pulpal anesthesia for the maxillary incisors and canines (Fig 3-33).

Regarding the pain of needle insertion for the P-ASA injection, Nusstein and coauthors® found
that 30% to 43% of the subjects reported moderate-to-severe pain. For needle placement into the
incisive canal, 54% to 58% of the subjects reported moderate-to-severe pain. For anesthetic solution
deposition, 8% to 12% of the subjects reported moderate pain. Regarding postoperative pain after
numbness wore off on the day of the injection, 12% to 18% of the subjects reported moderate pain,
and 2% reported severe pain. Postoperative problems were relatively minor, with approximately 12%
to 18% of the subjects having experienced temporary numbness/paresthesia of the incisive papilla
and 20% to 28% having had incisive papilla swelling or soreness.

IN CONCLUSION, the P-ASA nerve block has the potential to be a painful injection and does not
provide predictable pulpal anesthesia for the maxillary incisors and canines.
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Fig 3-33 Incidence of maxillary anesthesia from the left canine to the right canine: comparison of 2% lidocaine with 1:100,000
epinephrine and 3% mepivacaine plain for the P-ASA injection technique. Results determined by lack of response to EPT at maxi-
mum reading (percentage of 80 readings) across 72 minutes. The modest-to-low success rates of the lidocaine and mepivacaine
solutions would not ensure predictable pulpal anesthesia of the maxillary incisors and canines. (Reprinted from Burns et al® with
permission.)

Anterior middle superior alveolar nerve block

Another technique has been introduced for anesthetizing maxillary teeth: the anterior middle superior
alveolar (AMSA) nerve block injection.%¢7%71 The AMSA injection site is located palatally at a point that
bisects the premolars and is approximately halfway between the midpalatine raphe and the crest of
the free gingival margin (Fig 3-34). The AMSA nerve block derives its name from the injection’s ability
to supposedly anesthetize both the ASA and MSA nerves® 77! (see Fig 3-32). Friedman and Hoch-
man®¢797! state that pulpal anesthesia of the maxillary central and lateral incisors, canines, and first
and second premolars will be achieved with the AMSA injection of 0.6 to 1.4 mL of anesthetic solution
with an expected duration of approximately 45 to 60 minutes. A bilateral AMSA injection supposedly
anesthetizes 10 maxillary teeth extending from the second premolar on one side to the second pre-
molar on the opposite side.”

Lee and coauthors® found that the AMSA injection using the CompuDent CCLAD system and 1.4
mL of 2% lidocaine with 1:100,000 epinephrine was more successful than the conventional syringe
technigue using the same amount of lidocaine with epinephrine. The authors found anesthetic suc-
cess rates (no patient response to two consecutive 80 readings with the EPT) of 42% to 55% for the
second premolar, 20% to 42% for the first premolar, 32% to 52% for the canine, 42% to 58% for the
lateral incisor, and 30% to 35% for the central incisor. The modest-to-low success rates, slow onset,
and declining duration of pulpal anesthesia over 60 minutes would not ensure predictable pulpal anes-
thesia from the second premolar to the central incisor (Fig 3-35). Velasco and coauthors’ found a suc-
cess rate (no patient response to two consecutive 80 readings with the EPT) of 66% for the second
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Fig 3-34 Palatal injection site for the AMSA injection. (Reprint-
ed from Lee et al®” with permission.)
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Fig 3-35 Incidence of maxillary anesthesia from the second premolar to the central incisor: comparison of the AMSA injection using
the CompuDent CCLAD system versus a conventional syringe. Results determined by lack of response to EPT at maximum reading
(percentage of 80 readings) across 60 minutes. The CompuDent system was more successful, but the modest-to-low success rates,
slow onset, and declining duration of pulpal anesthesia would not ensure predictable pulpal anesthesia from the second premolar
to the central incisor. (Reprinted from Lee et al*” with permission.)

premolar, 40% for the first premolar, 60% for the canine, 23% for the lateral incisor, and 17% for the
central incisor. Corbett and coauthors®® found a higher success rate for this injection using 1 mL of 2%
lidocaine with 1:80,000 epinephrine. However, the success rates would not provide predictable pulpal
anesthesia from the second premolar to the central incisor. The graphs of Fukayama and coauthors”®
on AMSA injection showed similar results. In a preliminary study, de Souza Tolentino and coauthors™
found the AMSA injection similar to supraperiosteal injection techniques for subgingival scaling and
root planing. However, they felt more clinical trials should be performed.

Nusstein and coauthors’ studied the pain of the AMSA injection. Comparison of the CompuDent
CCLAD system and the conventional syringe technique resulted in the following respective pain rat-
ings: 38% and 32% moderate pain and 0% and 2% severe pain on needle insertion; 25% and 40%
moderate pain and 0% and 2% severe pain on solution deposition. The AMSA injection using the
CompuDent CCLAD system resulted in statistically lower pain ratings upon anesthetic solution dep-
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osition. Yenisey” also found lower pain scores for needle insertion and solution deposition using a
CCLAD system for the AMSA technique compared with conventional injections. However, the AMSA,
using either a CCLAD system or a conventional syringe, has the potential to be a painful injection. The
incidence of postinjection pain and sequelae was low with both techniques.

IN CONCLUSION, the AMSA nerve block has the potential to be a painful injection and would not
ensure predictable pulpal anesthesia from the second premolar to the central incisor.

Tetracaine nasal spray for maxillary anesthesia

Ciancio and coauthors’” evaluated tetracaine/oxymetazoline nasal spray for anesthesia of maxillary
teeth. The authors found that the combination nasal spray was adequate for a number of maxillary
dental procedures. Kovanaze Nasal Spray (St. Renatus) was recently cleared by the United States
Food and Drug Administration for dental use. It is used for restorative procedures on the premolars
and anterior teeth as well as the maxillary primary teeth in children who weigh 88 pounds or more.

IN CONCLUSION, further research is needed to confirm the efficacy of the combination of tetra-
caine/oxymetazoline nasal spray for anesthesia of maxillary teeth.

Addition of mannitol to lidocaine for maxillary infiltrations

Younkin and coauthors’® determined the anesthetic efficacy of lidocaine with epinephrine compared
to lidocaine with epinephrine plus 0.5 M mannitol in maxillary lateral incisor infiltrations. The authors
concluded that adding 0.5 M mannitol to lidocaine with epinephrine was not significantly more effec-
tive in achieving a greater percentage of total pulpal anesthesia than a lidocaine formulation without
mannitol in the maxillary lateral incisor (Fig 3-36). The addition of mannitol to lidocaine increases IANB
success, but the addition of mannitol is only effective with nerve block and not with maxillary infiltration.

IN CONCLUSION, the addition of mannitol to lidocaine in maxillary infiltration anesthesia does not
increase success.

Buccal and palatal infiltration of the first molar

Guglielmo and coauthors’® evaluated the anesthetic efficacy of a combination palatal (using 0.5 mL of
2% lidocaine with 1:100,000 epinephrine) and buccal infiltration (using 1.8 mL of 2% lidocaine with
1:100,000 epinephrine) compared with a buccal infiltration alone in the maxillary first molar. They
reported that the anesthetic success rates (no patient response to two consecutive 80 readings with
the EPT) were 88% for the buccal infiltration and 95% for the buccal plus palatal infiltration. The dif-
ference was not statistically significant. The buccal plus palatal infiltration significantly increased the
incidence of pulpal anesthesia from 21 through 57 minutes. While there was an increased incidence
of pulpal anesthesia with the combination buccal plus palatal infiltration, anesthesia was not provided
for 60 minutes (Fig 3-37). A palatal infiltration may be helpful as a supplemental injection when the
buccal infiltration is not totally effective.

IN CONCLUSION, the combination buccal plus palatal infiltration increased the incidence of pulpal
anesthesia over just a buccal infiltration in the first molar.

Soft tissue anesthesia of the palate

Meechan and coauthors® found that a greater palatine nerve block and a palatal infiltration next to the
second premolar provided similar soft tissue anesthesia.

IN CONCLUSION, a greater palatine nerve block and a palatal infiltration next to the second premo-
lar provide similar soft tissue anesthesia.
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Fig 3-36 Incidence of lateral incisor anesthesia as determined
by lack of response to EPT at maximum reading (percentage of
80 readings), at each postinjection time interval, for the two
anesthetic formulations. Adding 0.5 M mannitol to a lidocaine
with epinephrine formulation was not significantly more effec-
tive in achieving a greater percentage of total pulpal anesthe-
sia than a lidocaine formulation without mannitol for maxil-
lary anterior infiltration. (Reprinted from Younkin et al’® with

Fig 3-37 Incidence of maxillary first molar anesthesia: compari-
son of combination palatal and buccal infiltration with a buc-
cal infiltration using 2% lidocaine with 1:100,000 epinephrine.
Results determined by lack of response to EPT at maximum
reading (percentage of 80 readings) across 60 minutes. The
combination palatal and buccal infiltration increased pulpal an-
esthesia, but anesthesia did not last an hour. (Reprinted from
Guglielmo et al’® with permission.)

permission.)

Administering palatal anesthesia

Palatal anesthesia is necessary for the rubber dam clamp and for matrix bands. Various methods have
been used to administer palatal anesthesia. For palatal injections using the CompuDent CCLAD sys-
tem, Johnson and Primosch® compared infiltration pain with a topical anesthetic, pressure anesthesia
with a cotton-tipped applicator, a combination of both methods, and neither method in the palate.
They found no difference among the various site preparation methods used. Nusstein and coauthors’®
found that the CompuDent CCLAD system was less painful for solution deposition than using a stan-
dard syringe.

An anecdotal method for anesthetizing the palatal tissue has been proposed. After a labial or buccal
infiltration of anesthetic solution, infiltrations of the labial or buccal papillae are given after the infiltra-
tion has taken effect. After a few minutes, the lingual papillae are infiltrated. After waiting for a few
minutes, the area of infiltration may be enlarged to include more of the palate (if needed, for example,
for surgery). While time-consuming, this method may be less painful than a direct palatal infiltration.
This method needs to be studied to see if the pain of palatal infiltration can be decreased compared
with other common approaches.

IN CONCLUSION, palatal infiltration has the potential to be painful. Further research is needed to
decrease the pain of palatal infiltration.

Final Thoughts

We covered a lot of good information in this chapter. If we think back to our youth in college, we
seemed to learn and understand information at a sustained and rapid pace—remember calculus and
organic chemistry (Figs 3-38 and 3-39)? Perhaps, as we grow older, information comes at a slower
pace, allowing us to absorb the important points. | think time is nature’s way of keeping everything
from happening all at once.



Fig 3-38 Sample equations in calculus.
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Supplemental

Anesthesia

After reading this chapter, the practitioner should be able to:

¢ Describe supplemental infiltration injections, indications, and success rates.

¢ Discuss primary and supplemental intraligamentary injections, indica-
tions, and success rates.

e Summarize primary and supplemental intraosseous injections, indica-
tions, and success rates.

Supplemental injections are essential when anesthesia from conventional injections is
inadequate and the pain is too severe for the dentist to proceed. There are three such
supplemental techniques: (7) infiltration injections, (2) intraligamentary injections, and (3)
intraosseous injections.

If the patient has profound lip numbness and experiences pain on restorative or endodon-
tic treatment, repeating the inferior alveolar nerve block (IANB) does not help the problem.
Remember Walter's Law: If you're already in a hole, it's no use to keep digging.

Clinicians may think that another injection is helpful because the patient sometimes
achieves pulpal anesthesia after the second injection. However, the second injection does
not provide additional anesthesia; the patient may just be experiencing slow onset of pulpal
anesthesia that finally registers after the second injection has been administered.

Supplemental Infiltration Injections

Generally, infiltration injections have not been successful when added to the IANB. The
finding that articaine infiltration is superior to lidocaine infiltration has changed how we look
at supplemental infiltrations after the IANB. Additionally, repeated infiltrations in the maxilla
have not been advocated in the past because we did not know that the initial infiltration
would not provide anesthesia for 60 minutes.
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Fig 4-1 Incidence of mandibular first molar anesthesia for a

100 combination IANB plus a buccal infiltration of 4% articaine

W with 1:100,000 epinephrine. Results were determined by lack

251 of response to an EPT at maximum reading (percentage of 80

readings) across 75 minutes. The articaine infiltration resulted

in a fairly high incidence of pulpal anesthesia through the 50th
minute. (Reprinted from Haase et al' with permission.)
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Mandibular first molar infiltration of an articaine formulation following
an IANB

Haase and coauthors’ found that 4% articaine with 1:100,000 epinephrine resulted in a higher suc-
cess rate (88%) than 2% lidocaine with 1:100,000 epinephrine (71% success rate) when combined
with the IANB (no patient response to two consecutive 80 readings with the electric pulp tester
[EPT] within 10 minutes and sustaining the 80 reading through the 60th minute). For the 4% articaine
formulation, pulpal anesthesia reached a plateau following the infiltration and maintained a fairly high
percentage of 80 readings through the 50th minute (Fig 4-1). Therefore, for dental procedures requir
ing profound pulpal anesthesia, high success rates will be obtained at least through the 50th minute.
Kanaa and coauthors? also found that the IANB supplemented with a buccal articaine infiltration was
more successful (92% success rate) than an IANB alone (66% success rate) (no patient response to
two consecutive 80 readings with the EPT).

The pain of the buccal infiltration was in the faint-to-weak range for needle insertion, needle place-
ment, and solution deposition. Postoperative pain was also in the faint-to-weak range. The only post-
operative complication was slight swelling and bruising (3% to 6% incidence).

It may be prudent for the clinician to wait for signs of lip numbness before giving the buccal infiltra-
tion. Without an effective block, buccal infiltration alone will not be completely successful and will
have a short duration.®>4 An additional consideration is that buccal infiltration of a full-cartridge of anes-
thetic in the vicinity of the mandibular first molar produces mental nerve anesthesia in some patients.
This is a result of movement of the anesthetic solution anteriorly.® The numbness would preclude the
ability to assess the IANB with the symptom of lip numbness.

Regarding the second molar, the relatively thick mandibular bone in the second molar region may
hinder anesthetic diffusion if articaine is used as a supplemental infiltration following an IANB.

For the premolars, further investigation is required to determine the success of a buccal infiltration of
articaine over the premolars following an IANB. There is some evidence that it should be successful.’

IN CONCLUSION, adding a buccal infiltration of a cartridge of articaine for the first molar following
an IANB should be successful for pulpal anesthesia.

Mandibular infiltrations of articaine for anterior teeth

Nuzum and coauthors® found that the labial infiltration of a cartridge of 4% articaine with 1:100,000
epinephrine plus a supplemental lingual infiltration of a cartridge of 4% articaine with 1:100,000 epi-



Supplemental Infiltration Injections

100
w
o
£
T 75
g
o
@
% 50
o
o
£
9 25§~ Labial infiltration plus lingua
o infiltration
o

—a— Labial infiltration
l

13 19 25 31 37 43 49 55

Time (min)

100

| —e— Infiltration + repeated
infiltration

—=— Infiltration

Percentage of 80 readings
w
o

10 20 30 40 50 60 70 80 90

Time (min)

Fig 4-2 Incidence of mandibular lateral incisor anesthesia:
comparison of using articaine for a combination labial and lin-
gual infiltration versus a labial infiltration alone. Results were
determined by lack of response to an EPT at maximum reading
(percentage of 80 readings) across 60 minutes. The labial plus
lingual infiltration significantly improved anesthesia but did
not provide anesthesia for an hour. (Reprinted from Nuzum et
al® with permission.)

Fig 4-3 Incidence of maxillary lateral incisor anesthesia: com-
parison of a repeated infiltration injection of a cartridge of 2%
lidocaine with 1:100,000 epinephrine given 30 minutes after an
initial infiltration of a cartridge of 2% lidocaine with 1:100,000
epinephrine versus the initial infiltration alone. Results were
determined by lack of response to an EPT at maximum reading
(percentage of 80 readings) across 90 minutes. The repeated
infiltration significantly improved pulpal anesthesia from the

37th minute through the 90th minute. (Reprinted from Scott et
al” with permission.)

nephrine significantly improved the success rate (no patient response to two consecutive 80 readings
with the EPT) to 98% when compared with a labial infiltration of a cartridge of the same articaine
formulation (76% success) (Fig 4-2). Jaber and coauthors® found that 4% articaine was more effec-
tive than 2% lidocaine (both with 1:100,000 epinephrine) in anesthetizing mandibular incisors after
labial or labial plus lingual infiltrations. However, neither solution sustained anesthesia for 45 minutes.
Therefore, it may be indicated to add additional articaine on the labial to extend the duration of pulpal
anesthesia.

Another option would be to administer an IANB and then add articaine infiltrations in the anterior
teeth to increase success.

IN CONCLUSION, /abial and lingual infiltrations of articaine in anterior teeth will be successful ini-
tially but will not last for 60 minutes. Adding articaine infiltrations following an IANB should increase
success in anterior teeth.

Repeated infiltration to increase anesthesia duration in maxillary
teeth

Scott and coauthors’ found that the repeated labial infiltration injection of a cartridge of 2% lidocaine
with 1:100,000 epinephrine given 30 minutes after an initial labial infiltration of a cartridge of 2% lido-
caine with 1:100,000 epinephrine significantly improved pulpal anesthesia from 37 minutes through
90 minutes in the maxillary lateral incisor (Fig 4-3). For the initial infiltration, approximately 78% of
the subjects had pulpal anesthesia at 30 minutes. However, at 45 minutes, approximately 60% of the
subjects had pulpal anesthesia. At 60 minutes, only 33% had pulpal anesthesia. With the repeated
infiltration, 90% of the subjects had pulpal anesthesia at 60 minutes. At 75 minutes, approximately
85% of the subjects had pulpal anesthesia, and 70% percent were anesthetized at 90 minutes. The
repeated infiltration was not painful.

123



4 Supplemental Anesthesia

124

The repeated infiltration can be applied to any of the maxillary teeth. Clinically, we know that infiltra-
tions will not provide pulpal anesthesia for an hour. Therefore, a repeated infiltration should be very
helpful in prolonging the duration of pulpal anesthesia. This is a very important finding.

IN CONCLUSION, giving a repeated infiltration of a cartridge of 2% lidocaine with 1:100,000 epi-
nephrine at 30 minutes will significantly improve the duration of pulpal anesthesia.

Intraligamentary Injection

Technique using a standard syringe or a pressure syringe

A 30-gauge ultrashort needle or a 27- or 25-gauge short needle is placed on a standard syringe or pres-
sure syringe. Different needle gauges (25, 27, or 30) have been shown to be equally effective for the
intraligamentary injection.®®The needle is inserted into the mesial gingival sulcus at a 30-degree angle
to the long axis of the tooth with the bevel facing away from the tooth and toward the alveolar bone.
The needle is supported by the fingers or hemostat (if an ultrashort needle is not used) and is posi-
tioned with maximum penetration (wedged between the root and crestal bone). For a conventional
syringe, heavy pressure is slowly applied on the syringe handle for approximately 10 to 20 seconds.
For a pressure syringe, the trigger is slowly squeezed once or twice with resistance. Back pressure
is important. If there is no back pressure—that is, if the anesthetic solution readily flows out of the
sulcus—the needle needs to be repositioned and the technique repeated until back pressure is
attained. The injection is then repeated on the distal surface. Only a small volume (approximately
0.2 mL) of anesthetic is deposited on each surface. However, when using the CompuDent (Milestone
Scientific) computer-assisted local anesthetic delivery (CCLAD) unit—formerly known as the Wand—
0.7 mL of anesthetic solution can be delivered on each surface.

Special ligamental syringes are not more effective than a standard syringe.®'*"" However, the Com-
puDent CCLAD system increases the duration of pulpal anesthesia.'

CompuDent CCLAD technology

The CompuDent CCLAD system can be used to administer an intraligamentary injection. The Com-
puDent accommodates a standard local anesthetic cartridge that is linked by sterile microtubing to
a disposable, penlike handpiece with a LeurLok needle attached to the end (Fig 4-4a). The device is
activated by a foot control that automates the infusion of local anesthetic solution at a controlled rate.
A slow or fast flow rate may be initiated and maintained by a foot pedal control. The fast rate delivers
1.4 mL of solution in 45 seconds. The slow rate delivers 1.4 mL of solution in approximately 4 minutes
and 45 seconds. The slow rate is used for the intraligamentary injection.

Intraligamentary injection technique

A cartridge of 2% lidocaine with 1:100,000 epinephrine is placed into the plastic barrel of the CCLAD
handpiece assembly, which is then placed into the cartridge holder socket with a quarter turn in a
counterclockwise direction (Fig 4-4b). The cap is removed from the needle, and the foot pedal is
depressed once to activate the purge cycle to remove air from the plastic tubing and fill the line with
anesthetic solution.

The intraligamentary injection is administered with a 27-gauge Y2-inch needle attached to the dis-
posable tubing and handpiece assembly. The plastic handle can be shortened by breaking off the por
tion of the handle near the needle assembly for ease of placement, particularly in posterior teeth (Fig
4-4c). The injection is performed by inserting the needle in the gingival sulcus at the mesiobuccal line
angle of the tooth with the needle directed at an approximately 30-degree angle to the long axis of the
tooth in the buccolingual plane. The needle is placed into the sulcus with the bevel facing away from
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Fig 4-4 (a) Single-tooth anesthesia (STA) unit
or CCLAD, formerly referred to as the Wand.
The handpiece assembly and microtubing are
also shown. (Courtesy of Milestone Scientific.)
(b) The handpiece assembly is placed into the
cartridge holder socket with a quarter turn in a
counterclockwise direction. (c) The plastic han-
dle can be shortened by breaking off the portion
of the handle near the needle assembly for ease
of placement, particularly in posterior teeth.

the tooth and toward the alveolar bone. The needle is advanced with firm pressure until it cannot be
advanced any farther. The CCLAD unit is activated at a slow rate (by partially depressing the foot pedal)
for 8 seconds. Then by removing the foot from the foot pedal, the anesthesia delivery unit is activated
on cruise control (continuous flow of anesthetic solution at the slow rate). Audible chimes from the
machine and indicator lights on the front of the unit will allow monitoring of volume of anesthetic solu-
tion delivered (see Fig 4-4a). Approximately 1 drop of anesthetic solution is delivered every other sec-
ond on the slow setting. Once 0.7 mL of the anesthetic solution is delivered as shown by the indicator
lights, the injection is stopped by lightly tapping the foot pedal once. The time to administer 0.7 mL of
anesthetic solution will be approximately 2 minutes and 22 seconds. The injection is then repeated on
the distal aspect of the tooth using the same technique and sequence of steps listed above. The total
amount of anesthetic solution delivered on the mesial and distal of the tooth is approximately 1.4 mL.

Single-tooth anesthesia technology

The STA Single Tooth Anesthesia System (Milestone Scientific) device uses dynamic pressure-
sensing (DPS) technology that allows continuous feedback during the intraligamentary injection™ (see
Fig 4-4a). Lights on the STA unit give audible and visual indicators that indicate the correct pressures
involved to deliver the anesthetic solution by intraligamentary injection. Therefore, the STA unit trans-
forms a blind intraligamentary injection with a syringe into an accurate pressure-sensing injection. The
use of the term single-tooth anesthesia basically means that the device can be used to anesthetize
a single tooth during an appointment. It does not imply that adjacent teeth will not be anesthetized,
because they will be. However, no published studies on permanent teeth have been performed to
evaluate this new technology.

IN CONCLUSION, the STA device needs to be studied.

125



4 Supplemental Anesthesia

126

100 7
100 —— i inci
~— ILI maxillary lateral incisor ILI mandibular lateral incisor
b i i
é & |L| maxillary first premolar §' ILI mandibular first premolar
- 75 — .- — W .
'% LI maxillary first molar '§ ILI mandibular first molar
S o
® @
k] k]
o o
o o
2 2
c €
g 257 S
- P
] ]
[ o
0] [T T’WW
2 4 10 20 30 45 60 70 2 4 10 20 30 45 60 70
Time (min) Time (min)
a Maxillary teeth b Mandibular teeth

Fig 4-5 Primary intraligamentary injection (ILI) using 2% lidocaine with 1:100,000 epinephrine in maxillary (a) and mandibular (b)
teeth. Results were determined by lack of response to an EPT at maximum reading (percentage of 80 readings) across 70 minutes.
The success rates were highest in the maxillary first molar (75%), mandibular first molar (79%), and first premolars (63%). The
maxillary and mandibular lateral incisors had the lowest success rates (39% and 18%, respectively). (Reprinted from White et al®
with permission.)

Success rates

Standard primary injection
The success of the primary intraligamentary injection in achieving pulpal anesthesia has been re-
ported to be 18% to 100% using a conventional syringe or high-pressure syringe.®'2'“2¢ \White and
coauthors? and Schleder and coauthors?' administered a primary intraligamentary injection using 2%
lidocaine with 1:100,000 epinephrine to maxillary and mandibular teeth. The success rates (no patient
response to an 80 reading with the EPT) were highest in the maxillary first molar (75%), mandibular
first molar (79%), and first premolars (63%) (Fig 4-5). The maxillary and mandibular lateral incisors
had the lowest success rates (39% and 18%, respectively). Therefore, the primary intraligamentary
injection is not completely successful for pulpal anesthesia. The duration of pulpal anesthesia declines
rapidly after the first 10 minutes (see Fig 4-5). The primary intraligamentary injection will not be suc-
cessful in mandibular anterior teeth.202

IN CONCLUSION, the primary intraligamentary injection will not be successful in mandibular ante-
rior teeth. In molars and premolars, the primary intraligamentary injection is not completely success-
ful for pulpal anesthesia, and the duration declines rapidly after the first 10 minutes.

Primary injection using the CompuDent CCLAD system

Berlin and coauthors' compared the anesthetic efficacy of the primary intraligamentary injection of
1.4 mL of 4% articaine with 1:100,000 epinephrine and 1.4 mL of 2% lidocaine with 1:100,000 epi-
nephrine in the mandibular first molar administered with the CompuDent CCLAD system. Successful
pulpal anesthesia was obtained 86% of the time with the articaine solution and 74% of the time with
the lidocaine solution. There was no significant difference between the articaine and lidocaine solu-
tions (Fig 4-6). The success rate using the CCLAD system for intraligamentary injections was similar
to the success rate reported in previous experimental studies with a high-pressure syringe. However,
the duration of pulpal anesthesia was longer (around 20 minutes) than reported in previous experi-
mental studies using the high-pressure syringe because more anesthetic solution could be delivered
with the CCLAD (see Figs 4-5 and 4-6).
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Fig 4-6 Incidence of mandibular first molar anesthesia: com-
parison of primary intraligamentary injection of articaine ver-
sus lidocaine. Results were determined by lack of response
to an EPT at maximum reading (percentage of 80 readings)
across 60 minutes. No significant difference between the two
solutions was noted. (Reprinted from Berlin et al'? with per-
mission.)

Fig 4-7 Incidence of mandibular first molar anesthesia for a
combination IANB plus an intraligamentary injection (ILI).
Results were determined by lack of response to an EPT at
maximum reading (percentage of 80 readings) across 67 min-
utes. Adding a supplemental intraligamentary injection to an
IANB significantly increased pulpal anesthesia for 23 minutes.
(Reprinted from Childers et al* with permission.)

For needle insertion, moderate pain was reported 14% to 27% of the time, with 0% to 4% of
patients reporting severe pain. For solution deposition, moderate pain was reported 8% to 18% of
the time, with no reports of severe pain. Regarding heart rate changes, neither anesthetic solution
resulted in a significant increase in heart rate over baseline readings. One day postinjection, there was
a 20% to 31% incidence of moderate-to-severe pain. The moderate-to-severe pain ratings decreased
over the next 2 days.

IN CONCLUSION, for the primary intraligamentary injection of the first molar with the CompuDent
system, success was similar for articaine and lidocaine formulations. However, pulpal anesthesia was
not completely successful (74% to 86%). The duration of pulpal anesthesia was longer (around 20
minutes) than with a pressure syringe (around 10 minutes).

Primary intraligamentary injection versus IANB
Dumbrigue and coauthors? compared the effectiveness of a primary intraligamentary injection versus
the IANB in extraction of mandibular teeth. Fifty percent of the teeth were removed without discom-
fort using the intraligamentary technique and 86% using the IANB. Oztas and coauthors? found that
pain during treatment was higher when the primary intraligamentary injection was used when com-
pared with the IANB in children.

IN CONCLUSION, the IANB was more successful than a primary intraligamentary injection.

Supplemental injection
Childers and coauthors?* found that when the intraligamentary injection using 2% lidocaine with
1:100,000 epinephrine was given following the IANB, the incidence of pulpal anesthesia for the first
molar was increased for the first 23 minutes (Fig 4-7).

IN CONCLUSION, adding a supplemental intraligamentary injection of 2% lidocaine with 1:100,000
epinephrine following an IANB increased pulpal anesthesia for 23 minutes.
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Fig 4-8 Primary intraligamentary injection (ILI) using 2% lido-

~+= ILI 3% mepivacaine plain caine with 1:100,000 epinephrine, 3% mepivacaine plain, and
00 o ILI 2% lidocaine with 1:100,000 epinephrine. Results were determined by lack of
1:100,000 epinephrine response to an EPT at maximum reading (percentage of 80

readings) across 70 minutes. A plain solution of 3% mepiva-
caine was not effective, and the injection of a vasoconstrictor
(1:100,000 epinephrine) alone did not result in pulpal anesthesia.
(Reprinted from Schleder et al?" with permission.)
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Considerations

Mechanism of action
The intraligamentary injection forces anesthetic solutions through the cribriform plate into the marrow
spaces around the tooth.3>*3Therefore, it is an intraosseous injection. The primary route is not via the
periodontal ligament. Studies have shown that the most important factor for anesthetic success is
injecting under strong back pressure.®'214-26 Back pressure is necessary for success, but the mecha-
nism of action is not a pressure anesthesia®'* like the intrapulpal injection.34%

IN CONCLUSION, the intraligamentary injection should be considered an intraosseous injection.

Anesthetic solutions
The presence of a vasoconstrictor significantly increases the efficacy of the injection>192123.36-38 (Fig 4-8).
A plain solution of 3% mepivacaine is not effective for intraligamentary injections.?' The injection of just
a vasoconstrictor (1:100,000 epinephrine) alone does not result in pulpal anesthesia.?’ Anesthetic solu-
tions with reduced vasoconstrictor concentrations (bupivacaine or etidocaine with 1:200,000 epineph-
rine) are not very effective with this technique.’®*¢" Articaine (4% articaine with 1:100,000 epinephrine)
is similar to lidocaine (2% lidocaine with 1:100,000 epinephrine)™ (see Fig 4-6).

IN CONCLUSION, anesthetic solutions without vasoconstrictors or with reduced vasoconstrictor
concentrations are not effective for pulpal anesthesia with the intraligamentary injection.

Amount of solution delivered
Usually, about 0.2 mL of solution is deposited with each mesial and distal injection using a traditional
or pressure syringe. However, the exact amount is not always known because some of the anesthetic
solution will escape from the sulcus during the injection. More anesthetic solution can be deposited
with the CompuDent CCLAD system.

IN CONCLUSION, only a small amount of anesthetic solution is given with the intraligamentary
technique using a traditional syringe or pressure syringe, which accounts for the short duration of
pulpal anesthesia.

Intraligamentary injection discomfort

Primary injection

As a primary injection, List and coauthors,®® D'Souza and coauthors,” and Meechan and Ledvinka®
reported low pain ratings with the injection. In asymptomatic subjects, Schleder and coauthors,?' White
and coauthors,?’ and Moore and coauthors,™ using intraligamentary pressure syringes, and Nusstein
and coauthors,* using the CompuDent CCLAD system, reported an approximately 32% incidence of
moderate pain with needle insertion in various maxillary and mandibular teeth. Solution deposition re-
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Approximate duration of pulpal anesthesia of local anesthetic agents for

Table 4-1

primary intraligamentary anesthesia?
Approximate pulpal anesthesia duration

Premolars First molars
Local anesthetic agent Mandibular Maxillary Mandibular Maxillary
2% lidocaine with 1:100,000 10 min® 10 min® 10 min® 10 min®
epinephrine
2% lidocaine with 1:50,000 Not indicated; epinephrine concentration may be too high
epinephrine

2% mepivacaine with 1:20,000 Not studied; should be similar to 2% lidocaine with 1:100,000 epinephrine
levonordefrin

3% mepivacaine plain Not indicated; formulations without vasoconstrictors are not effective'82!:3%38
4% prilocaine with 1:200,000 Not studied Not studied Not studied Not studied
epinephrine

4% prilocaine plain Not indicated; formulations without vasoconstrictors are not effective'®2!:38:37

0.5% bupivacaine with 1:200,000  Not indicated; formulations with reduced vasoconstrictors are not effective'®6%7
epinephrine

4% articaine with 1:100,000 Not studied Not studied 20 min® Not studied
epinephrine
4% articaine with 1:200,000 Not studied Not studied Not studied Not studied
epinephrine

8Intraligamentary anesthesia is not indicated in mandibular anterior teeth because of low success rates or in maxillary anterior
teeth because of painful injection.

PWhite and coauthors? and Schleder and coauthors?' using a pressure syringe and a total of approximately 0.4 mL of formulation.
Berlin and coauthors™ using the CompuDent CCLAD unit and 1.4 mL of 4% articaine with 1:100,000 epinephrine.

sulted in an incidence of moderate pain of approximately 14%. Generally, the clinician should be aware
that moderate pain may be experienced when using the intraligamentary injection. In maxillary lateral
incisors, the intraligamentary injection can be very painful (52% moderate pain and 17 % severe pain).?°
Because of this pain, we recommend that an infiltration be used in maxillary anterior teeth rather than
a primary intraligamentary injection. Meechan and Thomason*' found that a eutectic mixture of local
anesthetic (EMLA) cream reduced the discomfort associated with intraligamentary injections.

IN CONCLUSION, the primary intraligamentary injection has the potential to be painful. It should
not be used in maxillary anterior teeth because of the high incidence of moderate-to-severe pain.

Supplemental injection
When administered as a supplemental injection following an IANB to anesthetize pain-free vital teeth, low
moderate-to-severe pain ratings (3%) have been reported for needle insertion and solution deposition.?*

IN CONCLUSION, the supplemental intraligamentary injection has a low potential to be painful in
asymptomatic patients.

Onset of anesthesia
The onset of anesthesia is immediate.®'0219-21 Therefore, there is no waiting period for the onset of
anesthesia. If anesthesia is still not adequate, reinjection is indicated.

IN CONCLUSION, onset is immediate.

Duration

Primary injection

Table 4-1 lists pulpal anesthesia duration of various local anesthetic agents for a primary intraligamen-
tary injection.
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As a primary injection, experimental studies with the EPT have shown the duration of profound
pulpal anesthesia to be approximately 10 minutes using standard or pressure syringes.'®?'

Pulpal anesthesia is longer (approximately 20 minutes) when the CompuDent CCLAD system is used.™

IN CONCLUSION, the duration of pulpal anesthesia declines rapidly after the first 10 minutes as a
primary injection. If using the CompuDent system, duration will be approximately 20 minutes.

Supplemental injection
When used as a supplemental technique following an IANB with a pressure syringe and 2% lidocaine
with 1:100,000 epinephrine in pain-free teeth, the duration of pulpal anesthetic effect was approxi-
mately 23 minutes?* (see Fig 4-7).

IN CONCLUSION, the duration of pulpal anesthesia is approximately 23 minutes as a supplemental
intraligamentary injection.

Postoperative discomfort
When used as a primary intraligamentary technique, postinjection pain has been reported in the
majority of subjects.”?02" D'Souza and coauthors" found that only a few subjects reported moderate
pain, while Schleder and coauthors?' and White and coauthors,?° using a pressure syringe, reported
an approximately 87% incidence of moderate pain. Nusstein and coauthors,*° using the CompuDent
CCLAD system, found that approximately 31% of the subjects reported moderate pain. Most of this
discomfort occurs the first day after injection, and the duration of discomfort averages 14 hours to
3 days."?021:40 D'Souza and coworkers™ found that the discomfort was related to damage from the
insertion of the needle and not from the pressure of depositing the solution. Additionally, about 37%
of patients will report that their tooth feels high in occlusion.?>?'4°There is no difference in postopera-
tive discomfort between articaine and lidocaine formulations when using the CompuDent CCLAD
system.*®

IN CONCLUSION, there is a potential for moderate postoperative pain following a primary intra-
ligamentary injection.

Risk of avulsion
Nelson* reported on the avulsion of a tooth following intraligamentary injections in a letter to the
editor, which offers no scientific validation. No clinical or experimental study has reported avulsion or
loosening of teeth with this technique.'2' Therefore, avulsion should not be a concern when using the
intraligamentary injection technique.

IN CONCLUSION, avulsion should not occur with the intraligamentary technique.

Selective anesthesia of pulpally involved teeth
Although it has been reported that the intraligamentary injection can be used in the differential diag-
nosis of pulpally involved teeth,*4* experimental studies have demonstrated that adjacent teeth also
become anesthetized with the intraligamentary injection of a single tooth.™-2!

IN CONCLUSION, the intraligamentary injection should not be used for the differential diagnosis
of pulpally involved teeth.

Systemic effects

Smith and Pashley*® found that intraligamentary injections of epinephrine-containing solutions caused
cardiovascular responses similar to an intravenous injection when using a high-pressure syringe in
dogs. Cannell and coauthors® found that the intraligamentary injections of epinephrine-containing
anesthetic solutions did not significantly change heart rate, rhythm, amplitude, or blood pressure
when using a high-pressure syringe in human volunteers. An experimental study by Nusstein and
coauthors® compared the heart rate changes of the primary intraligamentary injection of 1.4 mL of
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4% articaine with 1:100,000 epinephrine and 1.4 mL of 2% lidocaine with 1:100,000 epinephrine
administered with a CCLAD system in the mandibular first molar. They found that the readings during
and after the intraligamentary injection were statistically the same as at baseline. Therefore, these
results would support the human study by Cannell and coauthors® that reported that intraligamentary
injections do not cause significant changes in heart rate.

IN CONCLUSION, intraligamentary injections do not cause significant changes in heart rate.

Safety of the periodontium
Clinical and animal studies have shown the relative safety of this injection technique.'0.19-214047-63 \/j-
nor damage is created, but only at the site of needle penetration, and this subsequently undergoes
repair. In rare instances, periodontal abscesses and deep pocket formation have occurred after intra-
ligamentary injections.?2* Therefore, there is a risk of periodontal abscess formation and bone loss
when using the intraligamentary technigue. While it is uncommon, the clinician should be aware of
this complication.

Histologic areas of root resorption following intraligamentary injections have also been reported.545®
It is likely that these would heal with time.%®

Cromley and Adams®® found that the intraligamentary injection was safe in the presence of mild-to-
moderate gingival inflammation or incipient periodontitis.

IN CONCLUSION, generally intraligamentary injections are safe, but there have been reports of
periodontal abscesses and bone loss.

Safety of the pulp

Clinical and animal studies have shown no effect on the pulp following intraligamentary injec-
tions.'9-2185575%8 However, there are marked physiologic changes in the pulp with a rapid and prolonged
decrease in blood flow caused by the epinephrine.®® Kim?8 felt that the use of the intraligamentary
injection during restorative procedures would result in the accumulation of inflammatory mediators
and that these would not be effectively removed (due to the decrease in blood flow). Plamondon and
coworkers® studied the pulpal effects of combined cavity preparation and intraligamentary injections.
They found that the intraligamentary injection with an anesthetic solution containing a vasoconstric-
tor, in conjunction with a deep cavity preparation, did not produce a more severe reaction than the
controls (cavity preparation only). The depth of the cavity preparation was the most important factor.
Therefore, it seems very unlikely that the intraligamentary injection would cause pulpal necrosis.

IN CONCLUSION, intraligamentary injections are safe for the pulp.

Safety in primary teeth
Brannstrom and coworkers® have shown that the intraligamentary injection of primary teeth may
cause enamel hypoplasia of the developing permanent teeth. However, the effect was not due to the
injection itself but to the anesthetic agents used. That is, the cytotoxic anesthetic agents bound to
the enamel matrix in the developing tooth germ. The same effect would seemingly be produced by an
infiltration injection next to the developing tooth.

IN CONCLUSION, the recommendation that intraligamentary injections be used with great care in
primary teeth close to developing permanent teeth may not be correct.

Precautions

Do not use intraligamentary injections in painful necrotic teeth with periapical radiolucencies or teeth
exhibiting cellulitis or abscess formation. This would be very painful and would likely not provide pro-
found anesthesia.
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Fig 4-9 The intraosseous injection allows placement of a local
anesthetic solution directly into the cancellous bone adjacent
to the tooth to be anesthetized. (Reprinted from Reader®" with

m1 00 - Intraosseous injection
2 ~#- Infiltration injection
zg
& 75 -
o
c
K
0 50 -
o
S
c
825
o
o
0 T T
1 10 19 28 37 46 55
Time (min)

Fig 4-10 Incidence of maxillary lateral incisor anesthesia: com-
parison of an intraosseous technique and an infiltration using 1.8
mL of 2% lidocaine with 1:100,000 epinephrine. Results were
determined by lack of response to an EPT at maximum reading
(percentage of 80 readings) across 60 minutes. The intraosseous
technique had a quicker onset and a shorter duration of anesthe-

permission.)

sia. (Reprinted from Nusstein et al®2 with permission.)

Patients with a clinical manifestation of bisphosphonate-related osteonecrosis of the jaw (ONJ)
should not receive intraligamentary injections. Although not studied, patients taking oral bisphospho-
nates may be able to receive intraligamentary injections. Further information is needed.

Intraosseous Anesthesia

The intraosseous injection allows placement of a local anesthetic solution directly into the cancellous
bone adjacent to the tooth to be anesthetized (Fig 4-9).

How similar are infiltration and intraosseous injections?

Nusstein and coauthors® compared infiltration and intraosseous injections in the maxillary lateral
incisor using 1.8 mL of 2% lidocaine with 1:100,000 epinephrine. The two techniques were similar
except that the intraosseous technique had a quicker onset and a shorter duration of anesthesia (Fig
4-10). Beneito-Brotons and coauthors® and Penarrocha-Oltra® and coauthors also showed a faster
onset and shorter duration with intraosseous anesthesia. The differences are explained as follows.
The anesthetic solution is present in the cancellous bone with the intraosseous injection initially and
is then depleted by absorption into the general circulation. The anesthetic solution with the infiltration
injection is deposited in the soft tissues and then passes through the barriers of the periosteum and
cortical bone. The soft tissue reservoir of local anesthetic solution with the infiltration injection allows
a more favorable infusion of anesthetic solution over time.

IN CONCLUSION, intraosseous anesthesia has a quicker onset and a shorter duration of anesthe-
sia than infiltration anesthesia.

What do we tell patients when administering intraosseous anesthesia?

An example of an explanation of intraosseous anesthesia when using a solution with a vasoconstric-
tor would be, “Your tooth isn't as numb as we would like. Therefore, we are going to give additional
numbing solution next to your tooth. You will feel some vibrations and possibly your heart may beat a
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little faster” We should not say, “We are going to drill through your gum and bone and then give you
a shot of the anesthetic.” For the IANB, we do not give detailed description such as, “We are going
to go through the mucosal surface, then some tissue and possibly muscle, then hit the bone, and
possibly the nerve.” We simply say, “We are going to get you comfortable by numbing your tooth.”

IN CONCLUSION, communication about the intraosseous injection should be no different than
what is said when administering other local anesthesia.

Intraosseous injection systems

There are two intraosseous systems that have been extensively studied clinically—the Stabident sys-
tem (Fairfax Dental) and the X-Tip system (Dentsply Maillefer). Three other anesthetic systems have
been available—the Anesto system (Innovadontics), the Comfort Control Syringe (Dentsply), and the
IntraFlow (Pro-Dex), which is no longer marketed.

Note: Videos and information on the various systems are available at the manufacturer websites.

Stabident system

The Stabident system is composed of a slow-speed handpiece—driven perforator and a solid 27-gauge
wire with a beveled end that drills a small hole through the cortical plate (Fig 4-11a). The anesthetic
solution is delivered to cancellous bone through the 27-gauge ultrashort injector needle placed into
the hole made by the perforator (Fig 4-11b).

Technique

With the patient in a reclining position, the area of perforation and injection is on a horizontal line of
the buccal gingival margins of the adjacent teeth and a vertical line that passes through the inter
dental papilla distal to the tooth to be injected (Fig 4-11c). A point approximately 2 mm below the
intersection of these lines is selected as the perforation site. The soft tissue is first anesthetized by
infiltration. Five minutes after the infiltration injection, pressure is applied at the determined perfora-
tion site with a periodontal probe. If the patient feels pain, an additional amount of anesthetic solu-
tion is administered. Once soft tissue anesthesia is achieved, the perforator is placed through the
gingiva perpendicular to the cortical plate (Fig 4-11d). With the point gently resting against bone, the
handpiece is activated at full speed while pushing the perforator with light pressure against bone and
then slightly withdrawing the perforator and then pushing it against the bone. This action is continued
until a “breakthrough” into the cancellous bone is achieved (taking approximately 2 to 5 seconds) or
the perforator is placed to length. However, in mandibular anterior teeth, the perforator should not be
inserted to full length because it may go through the lingual surface.

Clinical tip: A sterile endodontic rubber stopper can be placed on the injector needle to provide a
better seal with the mucosal tissue. The needle can be bent at the hub to a 60- to 80-degree angle
to allow for ease of insertion in posterior teeth. The needle is precisely aligned with and inserted into
the perforation (Fig 4-11e).

Clinical tip: Watch the angle and pathway of the perforator. Then, without taking your eyes away
from the target site, have the assistant hand the syringe to you and place the needle in the same
pathway as the perforator. If the needle will not enter the perforation site, reperforate the same site
and try again. Sometimes placing a periodontal probe into the perforator hole makes it easier to visual-
ize the angle of needle entry.

Once the needle fully enters the perforation, a full cartridge of anesthetic solution is slowly deliv-
ered over a 1- to 2-minute time period with light pressure. If back pressure is encountered, the needle
is rotated approximately a quarter turn and deposition is reattempted. If this attempt is unsuccessful,
the needle should be removed and checked for blockage. If the needle is not blocked, it is reinserted,
or the site is opened with a new perforator and the injection is repeated. In some cases, all efforts fail
and a new perforation at another site is needed.

133



4 Supplemental Anesthesia

134

Fig 4-11 (a) Stabident perforator, a solid 27-gauge wire with
a beveled end that is placed in a slow-speed handpiece. (b)
The 27-gauge ultrashort Stabident injector needle is placed
into the hole made by the perforator. (c) The area of perfora-
tion and injection for the Stabident system is approximately 2
mm below a horizontal line of the buccal gingival margins of
the adjacent teeth and a vertical line that passes through the
interdental papilla distal to the tooth to be injected. (d) The
Stabident perforator is placed through the gingiva perpendicu-
lar to the cortical plate. (e) The Stabident perforator needle is
precisely aligned with and inserted into the perforation.

Perforations
Stabident perforations were rated as easy (could be completed in less than 5 seconds using only light
pressure) 76% of the time.® The subjective feeling the operator experiences during a difficult perfora-
tion (a perforation that requires moderate pressure or takes longer than 5 seconds to penetrate the
cortical bone) is that the bone is more dense or thicker than normal. The incidence of a difficult perfora-
tion with the Stabident perforator is around 24%.

IN CONCLUSION, easy perforations will occur the majority of the time with the Stabident system.

X-Tip system

The X-Tip anesthesia delivery system consists of a device that separates into two parts: the drill and
guide sleeve component (Fig 4-12a). The drill (a special hollow needle) leads the guide sleeve through
the cortical plate, where it is separated and withdrawn. The remaining guide sleeve is designed to ac-
cept a 27-gauge needle to inject the anesthetic solution (Fig 4-12b). The guide sleeve is removed after
the intraosseous injection is complete.
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Fig4-12 (a)The X-Tip anesthesia delivery system consists of an X-Tip (top) that separates (bottom)into the drill (ie, a special hollow
needle) and the guide sleeve component. (b) Anesthetic solution is injected through the X-Tip guide sleeve.

Technique

With the patient in a reclining position, the area of perforation is determined as explained for the Stabi-
dent system. If the site is in alveolar mucosa, the site is approximately 3 to 7 mm inferior to the Stabi-
dent perforation site. The following describes use of the X-Tip system if the site is in alveolar mucosa.

The alveolar mucosal soft tissue adjacent to the determined perforation site is anesthetized by in-
filtration. Five minutes after the infiltration injection, pressure is applied at the determined perforation
site with a periodontal probe. If the patient feels pain, an additional amount of anesthetic solution is
administered. The guide sleeve of the X-Tip system is secured against the drill via finger pressure as
the red protective covering is withdrawn. The alveolar mucosa is pulled taut using the fingers of the
other hand to minimize engaging the mucosal tissue during rotation of the perforator. The perforator
is pushed through the alveolar mucosa until the X-Tip contacts bone. With the drill held at a 90-degree
angle to the bone, the slow-speed handpiece is activated at full speed while pushing the perforator
lightly against bone and then slightly withdrawing the perforator and then pushing it against bone. This
action is continued until a “breakthrough” feeling is observed or the perforator is placed to length.
However, in mandibular anterior teeth, the perforator should not be inserted to full length because it
may go through the lingual surface. The handpiece is always activated while the perforator is within
bone to prevent lodging or breakage that might occur if the perforator is allowed to stop rotating. The
drill is then withdrawn from the guide sleeve, leaving the guide sleeve in place (see Fig 4-12b).

Clinical tip: A sterile endodontic rubber stopper can be placed on the injector needle to provide a better
seal with the guide sleeve. Before inserting the 27-gauge X-Tip needle into the guide sleeve, the needle
can be bent at the hub to a 60- to 80-degree angle to allow for ease of insertion in posterior teeth.

A standard syringe is held in a pen-grip fashion, the needle is inserted into the guide sleeve to its
hub, and the anesthetic solution is delivered slowly over a 1- to 2-minute time period with light pres-
sure. If back pressure (greater than light finger pressure on the syringe handle to deliver the solution)
is encountered on solution deposition, the needle is rotated approximately a quarter turn and deposi-
tion is reattempted. If not successful, the needle is removed and checked for blockage. If blocked,
select a new needle and syringe. If not blocked, reinsert the needle through the guide sleeve and
deposit the solution. In some cases, the solution cannot be deposited. If this is the case, remove the
guide sleeve and choose another perforation site. Upon completion of solution deposition, the guide
sleeve is removed using a hemostat. The guide sleeve can be left in place if the clinician anticipates
that additional anesthetic is needed during the appointment.
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Perforations
For the X-Tip perforation, 78% of the perforations were rated as easy.® There were no differences
between the Stabident and X-Tip systems. Therefore, even though the X-Tip perforation is performed
in @ more apical location, the two systems are clinically comparable for ease of perforation.

IN CONCLUSION, easy perforations will occur the majority of the time with the X-Tip system.

Guide sleeve removal
Guide sleeve removal with the X-Tip system was rated as easy (removal within 5 seconds) 68% of the
time.%® Difficult removal (requiring more than 5 seconds) occurred 32% of the time. Although difficult
removal is based on time, it is worth mentioning that guide sleeve removal required both effort and
time in approximately 12% to 17 % of patients.® In a few patients, the guide sleeve may separate from
the plastic sheath, leaving the 3-mm metal segment projecting from the bone. It can be removed with
hemostats or Stieglitz forceps.

IN CONCLUSION, easy guide sleeve removal will occur the majority of the time with the X-Tip
system.

Anesto system
Anesto gained FDA clearance in 2010. The system consists of a handpiece that drills through the corti-
cal bone and a lever arm that delivers the local anesthetic (Fig 4-13a).

Technique

Open the protective covering of the intraosseous needle and screw the needle onto the needle clamp-
ing device (Fig 4-13b). Insert the anesthetic cartridge in the needle clamping device (Fig 4-13c). Using
the locking knob, slide the plunger to the furthest back position and rotate the locking knob clockwise
(Fig 4-13d). Withdraw the retention sleeve of the handpiece and insert the needle cartridge assembly
(Fig 4-13e). Fit the handpiece onto the motor. Activate the press button and fit the needle changer
onto the protective cap of the injection needle. Remove the protective cap (Fig 4-13f).

Once the penetration site is selected and anesthesia administered, place the needle through the
mucosa and start the drill by stepping on the rheostat. Apply firm pressure to the handpiece and
advance the rotating perforator through the cortical plate. Generally, this takes 2 to 5 seconds but
may take longer. Once the perforation is accomplished, stop the motor and rotate the locking knob
counterclockwise. Press the dosage lever with gentle finger pressure. If the anesthetic solution is not
being delivered (dosage lever does not depress), rotate the needle and assembly head after activation
of the motor. If still blocked, remove the needle by activating the motor and try another perforation
site after adding another needle and cartridge of anesthetic. Once the desired anesthetic dosage has
been delivered, start the motor by stepping on the foot pedal. The needle will begin rotating again and
can be withdrawn in a single, smooth motion.

It is sometimes difficult to administer intraosseous anesthesia in molars with the Anesto system
because of the straight-line access required with this device.

Comfort Control Syringe

The Comfort Control Syringe is an electronic delivery system for local anesthesia and has five different
injection rates that are preprogrammed into the system (Fig 4-14). The problem is that the presettings
may not allow enough anesthetic solution to be delivered for certain types of injections. No objective
studies have evaluated the Comfort Control Syringe system in clinical dentistry.

IntraFlow system

The IntraFlow system combines a slow-speed handpiece with an anesthetic cartridge dispenser sys-
tem and a rotating needle/drill (Fig 4-15). The anesthetic solution is delivered after the cortical bone is
perforated. This system is no longer marketed.



Intraosseous Anesthesia

Needle changer ~«—— Press button

Safety sleeve l Needle clamping device T

Retention sleeve

Intraosseous injection
needle with screw thread

Plunger with
Dosage lever locking knob

—— T —— - ——

Scale corresponding to
injected amount in mL

Motor connection
according to ISO 3964

d

Fig 4-13 (a) The Anesto system consists of a handpiece that drills
through the cortical bone. Local anesthetic is delivered using the
lever arm. (Courtesy of Innovadontics.) (b) Open the protective
covering of the Anesto intraosseous needle and screw the needle
onto the needle clamping device. (c)Insert the anesthetic cartridge
in the Anesto needle clamping device. (@) Use the Anesto locking
knob to slide the plunger to the furthest back position and rotate
the locking knob clockwise. () Withdraw the retention sleeve of
the Anesto handpiece and insert the needle cartridge assembly. ()
Remove the protective cap on the Anesto unit.
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MIDWEST
Comfort Control™ Syrnge

Fig 4-15 The IntraFlow sys-
tem combines a slow-speed
handpiece with an anes-
thetic cartridge dispenser
Fig 4-14 The Comfort Control Syringe is an electronic delivery system and a rotating nee-
system for local anesthesia and has five different injection dle/drill. It is no longer mar-
rates that are preprogrammed into the system. keted. (Courtesy of Pro-Dex.)

Intraosseous needles

Dentsply-MPL Technologies has also introduced intraosseous needles. However, it is questionable
if the short injector part of the needle would penetrate through the cortical bone in posterior teeth.
Needle bending and clogging may also present problems with these needles.

Considerations

Drilling into tooth with perforation
This should not be a major concern because quite a bit of pressure and time is required when encoun-
tering a tooth root. The tactile difference between bone and tooth should be easily detected. Once
this resistance is noticed, and the perforator is not advancing, withdraw the perforator and select
another site. There should be little consequence to making a small superficial hole in the surface of
the tooth. It should heal over time.

IN CONCLUSION, drilling into a root should not be a great concern because a large amount of pres-
sure is needed to drill into a root.

Pulp safety
Clinical studies have shown no effect on the pulp following intraosseous injections.®-%7 All pulps test-
ed at normal baseline levels at follow-up visits.
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Leakage of anesthetic solution from first perforation when a new perforation
is needed

In cases where a new perforation is needed because the initial procedure was not successful in
delivering anesthetic solution intraosseously, the injection of the anesthetic solution at the new site
sometimes causes the solution to flow from the first perforation site. To counteract this, simply place
a gloved finger over the first perforation site to keep the anesthetic solution from flowing out of the
hole—just like the little Dutch boy at the dike.

IN CONCLUSION, if leakage of anesthetic solution occurs from the first perforation site, cover it
with a gloved finger.

Lip numbness
The manufacturers of Stabident and X-Tip state that there is a lack of lip anesthesia when the intraos-
seous injection is given.®8 Gallatin and coauthors® found that lip numbness subjectively occurred in
100% of the Stabident injections and in 94% of the X-Tip injections when the intraosseous injection
using 2% lidocaine with 1:100,000 epinephrine was given at a site distal to the mandibular first molar.
Replogle and coauthors® and Coggins and coauthors®” also reported lip anesthesia when using 1.8
mL of 2% lidocaine with 1:100,000 epinephrine in a primary Stabident injection of the mandibular first
molar. Lip numbness is most likely related to the initial intramedullary deposition with extravasation
of local anesthetic solution from the mental foramen. It is probably not related to numbing the inferior
alveolar nerve within the bone. A preliminary study demonstrated with computer tomography that a
Stabident injection of 1.4 mL of a mixture of lidocaine with a radiologic contrast medium distal to the
mandibular first molars in dogs showed considerable extravasation of solution from the mental fora-
men (Klein U, Matamoros A, Hamilton S, Johnson N, unpublished data, 2000). This effect probably
occurs in humans as well and accounts for the lip numbness (mental nerve anesthesia).

IN CONCLUSION, for the mandibular first molar, the intraosseous injections will usually result in
lip numbness.

Pain of perforation and solution deposition

When using the Stabident or X-Tip system as a primary method in asymptomatic subjects, Coggins
and coauthors,®” Replogle and coauthors,® and Gallatin and coauthors® reported an approximately
23% incidence of moderate pain for perforation in various maxillary and mandibular teeth. Needle
insertion resulted in approximately a 9% incidence of moderate pain. Solution deposition resulted in
approximately a 21% incidence of moderate pain. Generally, the clinician should be aware that moder-
ate pain may be experienced when using the intraosseous injection technique.

As a supplemental technique in asymptomatic patients, only 3% of the patients will have pain with
perforation and needle insertion.”72 Approximately 17% may have moderate pain during solution
deposition.”®72

IN CONCLUSION, the primary intraosseous injection has the potential to be painful approximately
23% of the time. There is less potential for pain when the intraosseous injection is used as a supple-
mental technique.

Perforator separation and breakage
In about 1% of uses of the Stabident and X-Tip systems, the metal perforators separate from the plas-
tic shank during use.5285-6770-75The metal perforator is easily removed with a hemostat. The separation
usually occurs during a difficult perforation (eg, dense cortical bone), and it is likely that the metal is
heated excessively due to friction with the bone, causing the plastic hub to melt slightly.

No perforator breakage (ie, metal perforator breaking into parts) has been reported in numerous
studies.62656770-75 However, if this does occur clinically because of sudden movement of the patient,
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Fig 4-16 When a distal intraosseous injection is given on the
first molar, the second molar obtains equally successful pulpal
anesthesia as the first molar.
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a simple surgical flap can be reflected and the section of the perforator removed. If the clinician does
not feel comfortable performing the procedure, referral to an endodontist is indicated.
IN CONCLUSION, perforator separation and breakage are very rare.

Optimal injection site selection
Location
It is important to remember that a site distal to the tooth to be anesthetized will result in the best an-
esthesia. This recommendation is based on the numerous studies that show the greatest anesthetic
effect for a distal injection.®2656770-75 An exception to this rule would be in maxillary and mandibular
second molars in which a mesial site should be selected. The recommendation for the mesial injec-
tion of the second molars is based on the numerous studies that have demonstrated that the second
molar obtains equally successful pulpal anesthesia as the first molar when a distal injection is given
on the first molart265-6770-75 (Fig 4-16).

IN CONCLUSION, the optimal injection site is distal to the tooth to be anesthetized, except for the
second molars, where a mesial site should be selected.

Attached gingiva or alveolar mucosa
Both the Stabident and X-Tip intraosseous systems instruct the user to locate the perforation site in
attached gingiva. The gingival site allows the perforation to be made through a minimal thickness of
cortical bone and is generally equidistant between adjacent root structures. However, because the
guide sleeve remains in place with the X-Tip system, two studies have successfully used it in alveolar
mucosa at a more apical location.®*® The X-Tip system has a definite clinical advantage over the Stabi-
dent system because the X-Tip perforation may be made at an apical location in unattached gingiva.
If the Stabident system is used apically in alveolar mucosa, it is almost impossible to find the hole
to deliver the anesthetic solution. Therefore, the clinician may want to consider using the X-Tip in an
apical location in specific clinical situations. For example, when periodontal pocketing does not allow
perforation into cancellous bone through the more coronal attached gingiva (Fig 4-17a) or there is a
lack of interproximal space (roots are too close together) (Fig 4-17b), the X-Tip system can be used to
achieve pulpal anesthesia. Furthermore, if the Stabident system fails, the clinician may want to con-
sider using the X-Tip apically to achieve pulpal anesthesia.

IN CONCLUSION, the X-Tip system can be used successfully in alveolar mucosa at a more apical
location.
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Fig 4-17 (a)Periodontal pocketing precludes Stabident perforation into cancellous bone through the more coronal attached gingiva.
(b) Lack of interproximal space (roots are too close together) precludes Stabident perforation.
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Success of a primary injection using lidocaine with epinephrine
Using a cartridge of 2% lidocaine with 1:100,000 epinephrine, Coggins and coauthors® found success
rates (no patient response to two consecutive 80 readings with the EPT) of 93% for the maxillary
first molar, 90% for the maxillary lateral incisor, 75% for the mandibular first molar, and 78% for the
mandibular lateral incisor. Replogle and coauthors® reported a similar success rate for the mandibular
first molar using a lidocaine formulation. However, Gallatin and coauthors® found success rates (no
patient response to two consecutive 80 readings with the EPT) of 93% for the mandibular first molar
when using the Stabident and X-Tip systems with a cartridge of 2% lidocaine with 1:100,000 epineph-
rine (Fig 4-18). The higher success rate in the study by Gallatin and coauthors® may be related to back
pressure occurring in the earlier studies by Coggins and coauthors®” and Replogle and coauthors.%
Inadvertently, backflow into the oral cavity may have been included as failure of pulpal anesthesia in
these early studies. When compared with the primary intraligamentary injection, the intraosseous
injection has a higher success rate and longer duration of pulpal anesthesia (see Figs 4-6 and 4-18).
Gallatin and coauthors® also found no difference in success between the Stabident and X-Tip sys-
tems (see Fig 4-18). Chamberlain and coauthors”” found that 95% of patients were successfully anes-
thetized for restorative procedures when using the Stabident system. Sixou and Barbosa-Rogier’®
found a clinical success rate of 92% in children and adolescents using an intraosseous system.

IN CONCLUSION, high success rates in the mandibular first molar (93%) have been reported
when the intraosseous injection is used as a primary injection.
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Fig 4-19 Incidence of mandibular first molar anesthesia: com-
parison of a primary intraosseous injection (I0) using 1.8 mL of
3% mepivacaine and 1.8 mL of 2% lidocaine with 1:100,000
epinephrine. Results were determined by lack of response to
an EPT at maximum reading (percentage of 80 readings) across
60 minutes. The 3% mepivacaine formulation was less suc-
cessful. (Reprinted from Replogle et al® with permission.)

Fig 4-20 Incidence of mandibular first molar and lateral incisor
anesthesia using a primary intraosseous injection (I0) using 1.8
mL of 2% lidocaine with 1:100,000 epinephrine. Results were de-
termined by lack of response to an EPT at maximum reading (per-
centage of 80 readings) across 60 minutes. The lateral incisor has
a more rapid decline of pulpal anesthesia when compared with
the first molar. (Reprinted from Coggins et al®” with permission.)

Success of a primary injection using mepivacaine
Replogle and coauthors® using a primary intraosseous injection found a 45% success rate (no patient
response to two consecutive 80 readings with the EPT) for a 3% mepivacaine solution (1.8 mL) com-
pared with a 74% success rate for 2% lidocaine with 1:100,000 epinephrine (1.8 mL) in mandibular
first molars (Fig 4-19). Therefore, 3% mepivacaine is not as successful as 2% lidocaine with 1:100,000
epinephrine.

IN CONCLUSION, the success rate is lower (45%) when using 3% mepivacaine plain as a primary
intraosseous injection.

Duration of a primary intraosseous injection
With a primary intraosseous injection of anesthetic solutions with vasoconstrictors, duration of pulpal
anesthesia declines steadily over an hour®* (see Fig 4-18). The duration of useful pulpal anesthesia
is approximately 20 to 30 minutes. When compared with the mandibular first molar, the mandibular
lateral incisor has a more rapid decline of pulpal anesthesia (Fig 4-20). There is a shorter duration of
pulpal anesthesia with 3% mepivacaine or solutions with reduced vasoconstrictor concentrations
(eg, 1.5% etidocaine with 1:200,000 epinephrine) when compared with 2% lidocaine with 1:100,000
epinephrine®” (see Fig 4-19). In general, the duration of pulpal anesthesia of 20 to 30 minutes is a
drawback to using the technique as a primary injection technique.

IN CONCLUSION, duration is approximately 20 to 30 minutes using 2% lidocaine with 1:100,000
epinephrine. Duration is shorter with 3% mepivacaine.

Success of a supplemental injection following an IANB in asymptomatic
patients

The supplemental intraosseous injection of 1.8 mL of 2% lidocaine with 1:100,000 epinephrine follow-
ing an IANB will provide a quick onset and a high incidence of pulpal anesthesia for approximately 60
minutes’ (Fig 4-21). This is an important finding. Clinicians will appreciate the immediate onset and
the duration of pulpal anesthesia.
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Fig 4-21 Incidence of mandibular first molar anesthesia for
a combination IANB plus an intraosseous injection using 1.8
mL of 2% lidocaine with 1:100,000 epinephrine. Results were
determined by lack of response to an EPT at maximum read-
ing (percentage of 80 readings) across 60 minutes. Adding a
supplemental intraosseous injection to an IANB will provide
a quick onset and a high incidence of pulpal anesthesia for
approximately 60 minutes. (Reprinted from Dunbar et al”® with

Fig 4-22 Incidence of mandibular first molar anesthesia for
a combination IANB plus an intraosseous injection using 1.8
mL of 3% mepivacaine plain. Results were determined by
lack of response to an EPT at maximum reading (percentage
of 80 readings) across 60 minutes. Using 3% mepivacaine for
a supplemental intraosseous injection results in a short dura-
tion of pulpal anesthesia (around 30 minutes). (Reprinted from
Gallatin et al” with permission.)

permission.)

Clinical tip: It may be prudent for the clinician to wait for signs of lip numbness before giving the
intraosseous injection because without an effective IANB, intraosseous anesthesia alone may not be
completely successful and would have a short duration.5-67

IN CONCLUSION, the supplemental intraosseous injection of 1.8 mL of 2% lidocaine with 1:100,000
epinephrine following an IANB will provide a quick onset and a high incidence of pulpal anesthesia for
approximately 60 minutes.

Onset of anesthesia
The onset of anesthesia is immediate.6265-6770-7580 Therefore, there is no waiting period for onset of
anesthesia.

Duration of a supplemental intraosseous injection in asymptomatic patients
With a supplemental intraosseous injection following an IANB in asymptomatic patients, duration of
pulpal anesthesia is very good (around 60 minutes) when using a cartridge of a local anesthetic solu-
tion with a vasoconstrictor’®73 (see Fig 4-21).

Using half a cartridge of 2% lidocaine with 1:100,000 epinephrine for a supplemental intraosseous
injection following an IANB results in a shorter duration of pulpal anesthesia.”

A solution of 3% mepivacaine will result in a shorter anesthetic duration—around 30 minutes’ (Fig 4-22).

Generally, the advantage of using the intraosseous injection (full cartridge with a vasoconstrictor) as
a supplemental technique following an IANB is that onset is immediate and duration of pulpal anes-
thesia is an hour. This result is priceless.

IN CONCLUSION, duration of pulpal anesthesia using a cartridge of 2% lidocaine with 1:100,000
epinephrine for a supplemental intraosseous injection following an IANB is approximately 60 minutes.
Duration of pulpal anesthesia using a plain solution of 3% mepivacaine is approximately 30 minutes.
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Success of a supplemental injection for extractions
In a clinical study of extractions of mandibular molars, Prohi¢ and coauthors®' found that the success
of the IANB alone was 74%. After administration of supplemental intraosseous anesthesia using 2%
lidocaine with epinephrine following an IANB, the success rate was increased to 95%.

IN CONCLUSION, the supplemental intraosseous injection is also valuable for extractions.

The key to success with an intraosseous injection

The key to success with the intraosseous injection is flow of the anesthetic into the cancellous space.
If anesthetic solution flows out of the perforation site into the oral cavity, no anesthetic effect will be
realized. Reperforation or choosing another perforation site would be a good choice to gain access to
the cancellous bone.

In less than 10% of intraosseous injections, constricted cancellous spaces may limit the distribution
of the anesthetic solution around the apices of the teeth.62656770-7580Therefore, failure may result even
when the anesthetic solution is delivered intraosseously.

IN CONCLUSION, the anesthetic solution must flow into the cancellous bone.

Repeating the intraosseous injection

Jensen and coauthors® found that repeating the intraosseous injection (1.4 mL of 2% lidocaine with
1:100,000 epinephrine) 30 minutes after the initial primary intraosseous injection provided an addition-
al 15 to 20 minutes of pulpal anesthesia (Fig 4-23). This was similar to the duration of pulpal anesthesia
with the initial intraosseous injection.

Reitz and coauthors® found that the repeated intraosseous injection of half a cartridge of 2% lido-
caine with 1:100,000 epinephrine given 30 minutes following a combination IANB plus an intraosse-
ous injection did not significantly increase pulpal anesthesia in mandibular second premolars. Appar-
ently, half a cartridge of 2% lidocaine with 1:100,000 epinephrine is not as useful as a full cartridge
or 1.4 mL.

IN CONCLUSION, repeating the intraosseous injection of 1.4 mL of 2% lidocaine with 1:100,000
epinephrine 30 minutes after the initial primary intraosseous injection provides an additional 15 to 20
minutes of pulpal anesthesia.

Systemic effects with the intraosseous injection

Heart rate
Various authors have reported a subjective transient increase in heart rate (46% to 93% of the time)
with the Stabident or X-Tip intraosseous injection of epinephrine- and levonordefrin-containing solu-
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Fig 4-24 Mean heart rate values (+ standard deviations) for
patients receiving primary intraosseous injections using 2%
lidocaine with 1:100,000 epinephrine and 3% mepivacaine.
Significant differences were found at time periods 3 and 4
with the lidocaine solution. In most patients, the heart rate
returned to baseline readings within 4 minutes (time period 5).

Fig 4-25 Mean arterial blood pressure (+ standard deviations)
for patients receiving primary intraosseous injections using
2% lidocaine with 1:100,000 epinephrine and 3% mepiva-
caine. No significant differences between the two anesthetic
formulations were noted. (Reprinted from Replogle et al® with
permission.)

(Reprinted from Replogle et al* with permission.)

tions.856770-76.8084 Replogle and coauthors® reported electrocardiogram recordings showing that 67 %
of their subjects objectively had an increased heart rate with the Stabident intraosseous injection of
1.8 mL of 2% lidocaine with 1:100,000 epinephrine. The mean increase was 28 beats per minute.
Chamberlain and coauthors’” found that the Stabident intraosseous injection of 2% lidocaine with
1:100,000 epinephrine resulted in a mean heart rate increase of 12 beats per minute. Guglielmo and
coauthors” reported that the supplemental Stabident intraosseous injection of 1.8 mL of either 2%
lidocaine with 1:100,000 epinephrine or 2% mepivacaine with 1:20,000 levonordefrin resulted in a
mean increase in heart rate of 23 to 24 beats per minute (measured with a pulse oximeter) in 80%
of the subjects. Stabile and coauthors™ found that the supplemental intraosseous injection of 1.8 mL
of 1.5% etidocaine with 1:200,000 epinephrine resulted in a mean increase in heart rate of 32 beats
per minute (measured with a pulse oximeter) in 90% of the subjects. Bigby and coauthors® found
a pulse rate increase of 32 beats per minute using 4% articaine with 1:100,000 epinephrine. Wood
and coauthors® found that a transient heart rate increase (measured with a pulse oximeter) will occur
with the intraosseous injection but not with the infiltration injection of 1.8 mL of 2% lidocaine with
1:100,000 epinephrine in the maxillary anterior region. Verma and coauthors® found a 96% incidence
of subjective/objective increase in heart rate with intraosseous injection. Zarei and coauthors®” found
a transient increase (9 to 10 beats per minute) in heart rate with intraosseous injection.

Generally, all these studies showed that the heart rate returned to baseline readings within 4 min-
utes in most patients (Fig 4-24). Therefore, injection of anesthetic solutions containing vasoconstric-
tors, using either the Stabident or X-Tip system, will result in a transient heart rate increase. No
significant change in diastolic, systolic, or mean arterial blood pressure will be observed with the
intraosseous injection of 2% lidocaine with 1:100,000 epinephrine’”# (Fig 4-25).

IN CONCLUSION, injection of anesthetic solutions containing vasoconstrictors, using either the
Stabident or X-Tip system, will result in a short-lived heart rate increase.
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Reducing heart rate increase by slowing solution deposition
Slowing the rate of the intraosseous solution deposition of 2% lidocaine with 1:100,000 epinephrine
by utilizing the slow rate (4 minutes and 45 seconds) of the CompuDent CCLAD system significantly
reduced the heart rate increase (only 10 to 12 beats per minute) when compared with a fast rate (45
seconds), which resulted in a heart rate increase of 25 beats per minute® (Fig 4-26).

IN CONCLUSION, a slow rate of anesthetic solution deposition (4 minutes and 45 seconds) de-
creased the heart rate effect of an intraosseous injection.

Clinical significance of heart rate increase
While the heart rate increase with the Stabident or X-Tip intraosseous injection of 2% lidocaine with
1:100,000 epinephrine would likely be noticed by the patient, it would not be clinically significant in
most healthy patients.®* The heart rate increase and duration with the intraosseous injection are less
than recommended for aerobic conditioning (eg, for a 25-yearold, a heart rate of 136 to 166 beats
per minute would be maintained for 20 minutes).®* However, the patient should be informed of an
increase in heart rate to lessen anxiety.

IN CONCLUSION, the heart rate increase from the intraosseous injection would not be clinically
significant in most healthy patients.

Epinephrine sensitivity
After receiving epinephrine-containing solutions in standard infiltrations and nerve blocks, some pa-
tients may overreact to the effects of epinephrine. They may continue to focus on the uncomfortable
feeling that their heart is beating fast, causing concern for the practitioner. While these effects are
transient, some sensitive patients subsequently refuse to receive epinephrine and may even claim
that they are allergic. Because the heart rate effects of an intraosseous injection of epinephrine-
containing solutions generally occur more often than they do with infiltrations and nerve blocks, we
recommend that dental practitioners choose 3% mepivacaine for these patients.

IN CONCLUSION, a plain solution of 3% mepivacaine should be used in patients sensitive to epinephrine.

Medical conditions as contraindications to vasoconstrictors

Vasoconstrictors are contraindicated for intraosseous anesthesia in patients with untreated hyperthyroid-
ism and pheochromocytoma.® In addition, Malamed® stated that vasoconstrictors should be avoided in
patients with high blood pressure (higher than 200 mm Hg systolic or 115 mm Hg diastolic), cardiac dys-
rhythmias, unstable angina, or severe cardiovascular disease. However, these conditions are contraindica-
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tions to even routine dental treatment. Therefore, the contraindication to epinephrine or levonordefrin is
not the crucial issue in these patients. Rather, it is the safety of performing any dental treatment at all.
IN CONCLUSION, serious medical conditions are contraindications to routine dental treatment.

Drug therapies as contraindications to vasoconstrictors
Please review the discussion of vasoconstrictors and drug interaction in chapter 1.

In general, the recommendations on drug interactions state that minimum dosages of epinephrine
should be used with frequent aspiration and a slow rate of injection. Because many of these recom-
mendations may not apply to intraosseous injections, epinephrine-containing solutions should not be
used intraosseously in patients receiving treatment with certain medications (see chapter 1). A plain
solution of 3% mepivacaine would be a good choice for these patients.

IN CONCLUSION, for intraosseous anesthesia in patients taking some systemic medications, a
plain solution of 3% mepivacaine should be used.

Mepivacaine in medically compromised patients
There will be no significant increase in heart rate when 3% mepivacaine is used for intraosseous
anesthesia.”®8 Thus, in those patients whose medical conditions or drug therapies suggest caution in
administering epinephrine or levonordefrin-containing solutions, 3% mepivacaine would be an excel-
lent alternative for supplemental intraosseous injections.”s

IN CONCLUSION, in medically compromised patients, 3% mepivacaine can be used for supple-
mental intraosseous anesthesia.

Long-acting anesthetic agents
In an attempt to increase the duration of pulpal anesthesia with intraosseous injections, some clini-
cians may use long-acting anesthetic agents. Bupivacaine (Marcaine, Cook-Waite) is a long-acting an-
esthetic agent but only for IANBs. Long-acting anesthetic agents are not long-acting for intraosseous
and maxillary infiltration anesthesia.”*7%:9" |t is important to realize that bupivacaine has cardiotoxic
effects® and is basically equivalent to 2% lidocaine with epinephrine in terms of efficacy, duration,
and heart rate effects for intraosseous anesthesia. Therefore, bupivacaine offers no clinical advantage.
IN CONCLUSION, /ong-acting anesthetics offer no advantage over 2% lidocaine with 1:100,000
epinephrine for intraosseous anesthesia.

Plasma levels of lidocaine
Some authors have cautioned that administration of an overly large volume of local anesthetic with
an intraosseous injection could lead to overdose reactions.®® Wood and coauthors® found that the
venous plasma levels of lidocaine were the same for maxillary anterior intraosseous and infiltration
injections when using human subjects and 1.8 mL of 2% lidocaine with 1:100,000 epinephrine (Fig
4-27). While there is a short-lived effect on the heart rate due to the vasoconstrictor, the plasma con-
centration of lidocaine delivered with the intraosseous injection is no more than that delivered with an
infiltration. Therefore, the intraosseous technique should not be considered an intravascular injection.
Additionally, if it were an intravascular injection, little or no anesthetic effect would be demonstrated.
That is, all the local anesthetic solution would be carried into the vascular system with none left for
pulpal anesthesia. Obviously, clinical and experimental studies have demonstrated clinical anesthesia
with intraosseous techniques.®+¢270-757980The same precautions for the maximum amount of lidocaine
given for an infiltration injection would also apply to an intraosseous injection.

IN CONCLUSION, plasma levels of lidocaine are the same for intraosseous and infiltration anesthesia.
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Fig 4-27 Mean plasma concentrations of lidocaine for the in- Fig 4-28 Postoperative swelling at an intraosseous perforation
traosseous and infiltration injection techniques. No significant site.

differences were seen between the two techniques at any

time period. (Reprinted from Wood et al® with permission.)

Postoperative effects

Discomfort

As a primary and supplemental technique with the Stabident system, approximately 12% of patients
will report moderate postoperative pain.®66771.739 Postoperative discomfort with the Stabident intraos-
seous injection is less than that reported for the intraligamentary injection (approximately 31% to
87% incidence of moderate pain).?0%!

Gallatin and coauthors® found that significantly more males experienced postoperative pain with
the X-Tip system than with the Stabident system. They felt this was related to denser and more min-
eralized bone in the posterior mandible in males and the fact that the diameter of the X-Tip perforating
system is larger than the diameter of the Stabident perforator, resulting in more frictional heat during
perforation.

IN CONCLUSION, approximately 12% of patients will report moderate postoperative pain after
receiving an intraosseous injection. This is less than that reported for the intraligamentary injection.

Problems

For the Stabident system, less than 5% of patients will develop swelling or exudate at the site of per
foration®6271.7394 (Fig 4-28). Gallatin and coauthors® found that the X-Tip system may have a slightly
higher incidence of postoperative swelling clinically. With both systems, the swelling and exudate may
be present for weeks after the injection but will usually resolve with time.%66771.7394 These slow-healing
perforation sites may be due to overheating of the bone caused by pressure during perforation. Over
the last 10 years, anecdotal reports conveyed to the authors from clinicians who use intraosseous an-
esthesia routinely for endodontic therapy have outlined a very rare occurrence of nonhealing sites that
required a minor surgical procedure (curettage) for resolution. Recently, Woodmansey and coauthors®
wrote a case report in which osteonecrosis supposedly occurred due to intraosseous anesthesia.
However, this case report did not confirm that intraosseous anesthesia caused osteonecrosis. Basi-
cally, an inexperienced dental student performed the intraosseous injection and separated a portion
of an X-Tip perforator. Judging from the photographs in the article, the intraosseous injection was
coronal to the ideal site. Following separation, gingival surgery with bone removal was performed.
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Follow-up appointments were very poor over a long period of time, and eventually the first and second
molars were extracted. The patient also was HIV-positive and was on medications for the condition.
This may have contributed to poor bone healing. A number of well-controlled studies using experi-
enced operators have not reported osteonecrosis,66:6771.73.94

With both the Stabident and X-Tip systems, approximately 5% to 15% of patients will report that
their tooth “feels high” when chewing for a few days.%¢¢771.72%4 Thjs feeling is most likely an increased
awareness to biting that results from soreness in the area caused by damage from perforation or in-
flammation of the bone. The incidence with the intraosseous injection is lower than that reported with
the intraligamentary injection (37 % incidence).?%%'

IN CONCLUSION, /ess than 5% of patients will develop swelling or exudate at the site of perfora-
tions. Generally, these sites heal with time.

Precautions

Do not use intraosseous injections in painful teeth with necrotic pulps and periapical radiolucencies or
teeth exhibiting cellulitis or abscess formation. This would be very painful and would likely not provide
profound anesthesia.

In addition, patients with clinical manifestations of bisphosphonate-related ONJ should not receive
intraosseous injections. Although it has not been studied, patients taking oral bisphosphonates may
be able to receive intraosseous injections. Further information is needed.

Final Thoughts

There is good information on supplemental anesthesia. A lot of this information was not available until
a few years ago. Supplemental injections should lead the clinician to successful pulpal anesthesia.

We should be eager to try new ideas but cautious in adapting new methods that do not have good
research to support them. Remember: Never run a marathon in a new pair of shoes. You run the risk
of suffering the agony of “de feet.”
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Clinical Tips
for Management of
Routine Restorative

Procedures

After reading this chapter, the practitioner should be able to:

¢ Describe how to successfully anesthetize the mandibular molars,
premolars, and anterior teeth.

¢ Describe how to successfully anesthetize the maxillary molars,
premolars, and anterior teeth.

The chapters in this book have outlined a substantial amount of information regarding pulpal
anesthesia. Now that you have reviewed the information, perhaps you feel like Coach Pat
Riley of the Miami Heat basketball team (February 27 2008): “| feel like a mosquito in a
nudist colony. | know what to do. | just don't know where to start.”

Because we have outlined studies of pulpal anesthesia, we make our recommendations
based on pulpal anesthesia requirements. Every study that has used the electric pulp tes-
ter or cold refrigerant for testing pulpal anesthesia can be repeated in a dental office. The
practitioner can identify slow onset, anesthetic failures, short duration, and other problems
in each individual patient by testing the teeth with a cold refrigerant.

It is important to realize that when we talk about anesthetic effects, we are talking about
the majority of patients. There will always be patients outside of the norm. Some patients
will be easily anesthetized for all procedures, and other patients will require supplemental
techniques to achieve anesthesia. We can determine which kind of patient we are treating
by simply pulp testing the teeth.

We want to ensure that the best chance of pulpal anesthesia will be obtained. Primary
intraligamentary and intraosseous techniques do not provide sufficient pulpal anesthesia,
or the duration is too short for most restorative procedures. Therefore, these techniques
should be reserved for supplemental anesthesia. Past recommendations have been based
on rather small volumes of local anesthetics. While it is important to minimize doses of
local anesthesia, the scenarios list reasonable amounts of local anesthesia to accomplish
profound pulpal anesthesia. The amounts are well within the limits of maximum dosages
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(see Table 1-1). We assume that pulpal anesthesia is required for 45 to 60 minutes because most
restorative appointments are this long. We also assume that a rubber dam clamp is used so both buc-
cal and lingual soft tissue would need to be anesthetized. Obviously, other local anesthetic regimens
may also be successful. It is our intent to outline what should work the majority of the time for the
majority of patients.

However, there is always the Chisholm Effect: If we propose anesthesia regimens that we're sure
will meet with everybody's approval, somebody won't like it.

Practitioners should use their best professional judgment, taking into account the needs of each
individual patient, when making decisions regarding local anesthesia.

Mandibular Anesthesia

First molar

An algorithm for anesthetizing the mandibular first molar is presented in Fig 5-1.

Administer topical anesthetic for at least 1T minute. Slowly administer an inferior alveolar nerve block
(IANB) using a cartridge of 2% lidocaine with 1:100,000 epinephrine. A slow injection (at least 60
seconds) will be less painful and will increase the success rate.! As an alternative, a two-stage injec-
tion technique may be used.? The use of the CompuDent (Milestone Scientific) computercontrolled
local anesthetic delivery (CCLAD) system—formerly known as the Wand—wiill also reduce the pain
of injection.®7 Add another cartridge of 2% lidocaine with 1:100,000 epinephrine to decrease the
incidence of missed block. Add a long buccal nerve block (a quarter to a half cartridge of 2% lidocaine
with 1:100,000 epinephrine). Wait 10 minutes for onset of pulpal anesthesia (see Table 2-2). Check for
lip numbness. If not present, wait a few more minutes. If no lip numbness occurs, perform another
IANB. Once the lip is numb (soft tissue anesthesia is required in the mandible for success of the
supplemental injections), test the tooth with cold refrigerant. If the patient has no response, proceed
with treatment. If the patient feels the cold, add supplemental anesthesia. Anesthetic failure will oc-
cur around 23% of the time in first molars (see Table 2-1). You could wait a few additional minutes and
then retest the tooth with cold refrigerant; some patients have slow onset of pulpal anesthesia (14%
of the time in first molars) (see Table 2-2). Remember, if lip numbness is achieved, adding another
IANB does not help pulpal anesthesia.

When supplemental anesthesia is needed
Because an articaine formulation has been shown to increase efficacy in the mandibular first molar
following an IANB in asymptomatic patients,®® administer a cartridge of 4% articaine with 1:100,000
epinephrine as an infiltration on the buccal aspect of the first molar. Wait 5 minutes (onset of pulpal
anesthesia is around 5 minutes with the buccal infiltration of articaine).® Retest the tooth with cold
refrigerant. If there is no response, proceed with treatment. Pulpal anesthesia should be effective
for approximately 60 minutes.® This regimen should work the majority of the time in anesthetizing
the first molar. If the patient feels pain during the later stages of the appointment, repeat the buccal
infiltration with 1.8 mL of 4% articaine with 1:100,000 epinephrine.™

It is uncommon to have a positive response to cold refrigerant after administering a cartridge of 4%
articaine with 1:100,000 epinephrine. When it does occur, it is probably best to proceed to an intraos-
seous injection using 1.8 mL of 3% mepivacaine distal to the first molar. This recommendation is not
based on the cardiovascular risks associated with a vasoconstrictor-containing anesthetic solution
but rather on clinical research indicating that 3% mepivacaine is reasonably effective and does not
increase the heart rate.’>'® A few patients may overreact to the heart rate increase with epinephrine-
containing solutions, which can make treatment difficult or time-consuming because the patient has
to be calmed before restorative treatment can begin. However, many endodontists also use 2% lido-
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Anesthetizing the mandibular first molar

IANB plus long buccal
nerve block
Y
| Lip numbness |

Y
| Test with cold refrigerant |

Response < »| No response

Y v

Buccal infiltration of 4% articaine . )
with epinephrine 4—-4—{ Proceed with treatment |

:I Test with cold refrigerant |

| Response (uncommon) I: »| No response

| Intraosseous or intraligamentary injection | Proceed with treatment |

| Test with cold refrigerant I » No response

| Response (rare)

v

Repeat intraosseous or intraligamentary
injection

| Proceed with treatment |

Fig 5-1 Algorithm for anesthetizing the mandibular first molar. Red, uncommon; green, rare.

caine with 1:100,000 epinephrine for intraosseous anesthesia. Each clinician may want to experiment
to see which anesthetic solution (3% mepivacaine or 2% lidocaine with epinephrine) works best in his
or her hands. Once the intraosseous technique is learned, 1.8 mL of 2% lidocaine with 1:100,000 epi-
nephrine could be used. Retest the tooth with cold refrigerant. If there is no response, proceed with
treatment. Pulpal anesthesia should be effective for approximately 30 minutes with 3% mepivacaine™
and 60 minutes with 2% lidocaine with 1:100,000 epinephrine.'*'® |t may be necessary to repeat the
intraosseous injection at 30 minutes if 3% mepivacaine is used.

On the rare occasion that the tooth responds to cold refrigerant after the initial intraosseous injec-
tion, repeat the injection with 1.8 mL of 3% mepivacaine or 2% lidocaine with 1:100,000 epinephrine.
Pulpal anesthesia should be effective for 30 to 60 minutes depending on the solution used. If the
patient feels pain during the appointment, repeat the intraosseous injection.’® Remember, it might be
possible that the IANB is wearing off. Another IANB may help if the intraosseous injection does not
seem to be working.
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Anesthetizing the mandibular second molar

IANB plus long buccal
nerve block

Y
| Lip numbness |

Y
| Test with cold refrigerant |

Response [« » No response

\ 4

Intraosseous or intraligamentar . .
us orintralig y If pain Proceed with treatment |
injection

—>| Test with cold refrigerant |

Response (uncommon) I< » No response

Y
| Proceed with treatment |

Repeat intraosseous or intraligamentary
injection

Fig 5-2 Algorithm for anesthetizing the mandibular second molar. Red, uncommon.

Alternative choice for supplemental anesthesia

Although not as efficacious as intraosseous anesthesia, intraligamentary anesthesia can be given on
the mesial and distal aspect of the tooth using 2% lidocaine with 1:100,000 epinephrine. A plain solu-
tion of 3% mepivacaine is not effective for intraligamentary injections.” Retest with cold refrigerant. If
there is no response, proceed with treatment. If there is a response to cold, repeat the intraligamen-
tary injection. Remember, the intraligamentary injection may only be effective for 10 to 20 minutes.
Therefore, it may need to be repeated.

If the patient desires to reduce soft tissue numbness, an injection of phentolamine mesylate (Ora-
Verse, Septodont) is administered using the same location and same technique (only for the IANB and
infiltration of articaine if it was used) and in the same proportion (1:1) as was used initially for the local
anesthetic injection.™

Second molar

An algorithm for anesthetizing the mandibular second molar is presented in Fig 5-2.

Administer topical anesthetic for at least 1 minute. Slowly administer an IANB using a cartridge of 2%
lidocaine with 1:100,000 epinephrine. A slow injection (at least 60 seconds) will be less painful and will
increase the success rate." As an alternative, a two-stage injection technique may be used.? The use of
the CompuDent CCLAD system will also reduce the pain of injection.®>” Add another cartridge of 2% li-
docaine with 1:100,000 epinephrine to decrease the incidence of missed block. Add a long buccal nerve
block (a quarter to a half cartridge of 2% lidocaine with 1:100,000 epinephrine). Wait 6 minutes for onset
of pulpal anesthesia (see Table 2-2). Check for lip numbness; if not present, wait a few more minutes. If
no lip numbness occurs, perform another IANB. Once the lip is numb (soft tissue anesthesia is required
in the mandible for success of the supplemental injections), test the tooth with cold refrigerant. If the
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patient has no response, proceed with treatment. If the patient feels the cold, add supplemental anes-
thesia. Anesthetic failure will occur around 17% of the time in second molars (see Table 2-1). You could
wait a few additional minutes and then test the tooth with cold refrigerant; some patients have slow
onset of pulpal anesthesia (12% of the time in second molars) (see Table 2-2).

When supplemental anesthesia is needed
A buccal infiltration of 4% articaine with epinephrine of the second molar may be used but may not be
totally successful. It may be better to use intraosseous or intraligamentary anesthesia.

Intraosseous anesthesia is given mesial to the mandibular second molar using 1.8 mL of 3% mepi-
vacaine or 2% lidocaine with 1:100,000 epinephrine. Retest the tooth with cold refrigerant. If there
is no response, proceed with treatment. This regimen should work the majority of the time in anes-
thetizing the second molar. Although uncommon, if the patient responds to cold refrigerant testing,
repeat the intraosseous injection with 1.8 mL of 3% mepivacaine or 2% lidocaine with 1:100,000
epinephrine. If the patient experiences pain in the latter stages of the appointment, readminister the
intraosseous injection.®

Intraligamentary anesthesia is not as efficacious as intraosseous anesthesia but can be given on
the mesial and distal aspect of the tooth using 2% lidocaine with 1:100,000 epinephrine. Retest with
cold refrigerant. If there is no response, proceed with treatment. If there is a response to cold, repeat
the intraligamentary injection. Remember, the intraligamentary injection may only be effective for 10
to 20 minutes. Therefore, it may need to be repeated.

If the patient desires to reduce soft tissue numbness, an injection of phentolamine mesylate (Ora-
Verse) is administered at the IANB site and in the same proportion (1:1) as was used initially."®

First and second premolars

An algorithm for anesthetizing the mandibular first and second premolars is presented in Fig 5-3.

Administer topical anesthetic for at least 1 minute. Slowly administer an IANB using a cartridge of 2%
lidocaine with 1:100,000 epinephrine. A slow injection (at least 60 seconds) will be less painful and will
increase the success rate.” As an alternative, a two-stage injection technigue may be used.? The use of
the CompuDent CCLAD system will also reduce the pain of injection.®>” Add another cartridge of 2%
lidocaine with 1:100,000 epinephrine to decrease the incidence of missed block. Wait 10 minutes for
onset of pulpal anesthesia (see Table 2-2). Check for lip numbness. If not present, wait a few more min-
utes. If no lip numbness occurs, perform another IANB. Once the lip is numb (soft tissue anesthesia is
required in the mandible for success of the supplemental injections), test the tooth with cold refrigerant.
If the patient has no response, proceed with treatment. If the patient feels the cold, add supplemental
anesthesia. Anesthetic failure will occur from 19% to 21% of the time in premolars (see Table 2-1). You
could wait a few additional minutes and then test the tooth with cold refrigerant; some patients have
slow onset of pulpal anesthesia (19% to 20% of the time in premolars) (see Table 2-2).

When supplemental anesthesia is needed
Because an articaine formulation has been shown to anesthetize premolars,’ and because the addition
of an infiltration in the premolar area after an IANB is successful,’® administer 1.8 mL of 4% articaine
with 1:100,000 epinephrine as an infiltration on the buccal aspect of the premolar under treatment.
Wait 5 minutes (onset of pulpal anesthesia for a buccal infiltration of articaine is around 5 minutes),"
and retest the tooth with cold refrigerant. If there is no response, proceed with treatment. This regimen
should work the majority of the time in anesthetizing premolars. If the patient experiences pain in the
latter stages of the appointment, readminister 4% articaine with 1:100,000 epinephrine."

On the rare occasion that the tooth responds to cold, it is probably best to proceed to an intraosse-
ous injection with 1.8 mL of 3% mepivacaine distal to the premolar. It is safe to administer this injec-
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Anesthetizing the mandibular premolars

| IANB |
17
| Lip numbness |

1]

| Test with cold refrigerant |

y
" B S . -
Buccal infiltration of 4% articaine with c If pain |« Proceed with treatment |

epinephrine

—>| Test with cold refrigerant |

| Response (rare) |< > No response
Y
| Intraosseous or intraligamentary injection | | Proceed with treatment |
| Test with cold refrigerant I > No response
| Response (very rare) | | Proceed with treatment |

!

Repeat intraosseous or intraligamentary
injection

Fig 5-3 Algorithm for anesthetizing the mandibular premolars. Red, rare; green, very rare.

tion in the premolars if the perforation site is in attached gingiva. Retest the tooth with cold refrigerant.
If there is no response, proceed with treatment. If there is a response to cold, repeat the intraosseous
injection with 1.8 mL of 3% mepivacaine. If the patient experiences pain in the latter stages of the
appointment, readminister the intraosseous injection.'

Alternative choice for supplemental anesthesia
Although not as efficacious as intraosseous anesthesia, intraligamentary anesthesia can be given on
the mesial and distal aspect of the tooth using 2% lidocaine with 1:100,000 epinephrine. A plain solu-
tion of 3% mepivacaine is not effective for intraligamentary injections.”” Retest with cold refrigerant.
If there is no response, proceed with treatment. If there is a response to cold, repeat the intraliga-
mentary injection.

If the patient desires to reduce soft tissue numbness, an injection of phentolamine mesylate (OraVerse)
is administered using the same location and same technique (for only the IANB and infiltration of articaine
if it was used) and in the same proportion (1:1) as was used initially for the local anesthetic injection.™
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Anesthetizing the mandibular canine and lateral and central incisors

| IANB |
L]
| Lip numbness |

Y

| Test with cold refrigerant |

Response [« » No response

Labial infiltrati f 4% articai ith
abratintt raelsi:;)phri::r caine wi <—| If pain |<—| Proceed with treatment |

—>| Test with cold refrigerant |

Response < » No response

Lingual infiltration of 4% articaine with | Proceed with treatment |
epinephrine

| Test with cold refrigerant I > No response

Y
| Proceed with treatment |

| Response (rare) |

Y
| Intraosseous injection |

Fig 5-4 Algorithm for anesthetizing the mandibular canine, lateral incisor, and central incisor. Red, rare.

Canine and lateral and central incisors

An algorithm for anesthetizing the mandibular canine and lateral and central incisors is presented in Fig 5-4.

Administer topical anesthetic for at least 1 minute. Slowly administer an IANB using a cartridge of
2% lidocaine with 1:100,000 epinephrine. A slow injection (at least 60 seconds) will be less painful
and will increase the success rate.” As an alternative, a two-stage injection technique may be used.?
The use of the CompuDent CCLAD system will also reduce the pain of injection.®” Add another
cartridge of 2% lidocaine with 1:100,000 epinephrine to decrease the incidence of missed block.
Wait 14 to 19 minutes because onset of pulpal anesthesia is longer for the anterior teeth than the
posterior teeth (see Table 2-2). Check for lip numbness. If not present, wait a few more minutes. If no
lip numbness occurs, perform another IANB. Once the lip is numb (soft tissue anesthesia is required
in the mandible for success of the supplemental injections), test the tooth with cold refrigerant. If
the patient has no response, proceed with treatment. If the patient feels the cold, add supplemental
anesthesia. Anesthetic failure will occur 32%), 44%, and 58% of the time in canines, lateral incisors,
and central incisors, respectively (see Table 2-1). You could wait a few additional minutes and then test
the tooth with cold refrigerant; some patients have slow onset of pulpal anesthesia (16% to 20% of
the time in anterior teeth) (see Table 2-2).
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Anesthetizing the maxillary canine and lateral and central incisors

Labial infiltration with 1.8 mL of 2% lidocaine with 1:50,000 or
1:100,000 epinephrine

v

| Test with cold refrigerant |

| Response (rare) !: ;

- If pain -
| Intraosseous injection |<— (rsrael) <—| Proceed with treatment |

| Test with cold refrigerant | » No response
| Response (very rare) | | Proceed with treatment |
| Repeat intraosseous injection | Please note: Pulpal anesthesia may wear off after 30 minutes.

Reinjection of a cartridge of 2% lidocaine with 1:100,000 epi-
nephrine should provide pulpal anesthesia for 60 minutes.

Fig 5-5 Algorithm for anesthetizing the maxillary central incisor, lateral incisor, and canine. Red, rare; green, very rare.

When supplemental anesthesia is needed
Because the addition of an infiltration in the mandibular anterior teeth after an IANB is successful,?°
add a labial infiltration of a cartridge of 4% articaine with 1:100,000 epinephrine.?%?' Test the tooth with
cold refrigerant. If there is a response to cold, add a lingual infiltration of a cartridge of 4% articaine
with 1:100,000 epinephrine.? This regimen should work the majority of the time in anesthetizing the
anterior teeth. Test the tooth with cold refrigerant. On the rare occasion that the patient responds to
the cold, add an intraosseous injection of 1.8 mL of 3% mepivacaine or 2% lidocaine with 1:100,000
epinephrine distal to the anterior tooth to be anesthetized. Because intraligamentary anesthesia is
not successful in anterior teeth,?? intraosseous anesthesia is indicated. Retest the tooth with cold
refrigerant. If there is no response, proceed with treatment. If there is a response to cold, repeat the
intraosseous injection with 1.8 mL of 3% mepivacaine or 2% lidocaine with 1:100,000 epinephrine.
If the patient desires to reduce soft tissue numbness, an injection of phentolamine mesylate (OraVerse)
is administered using the same location and same technique (only for the IANB and infiltration of articaine
if it was used) and in the same proportion (1:1) as was used initially for the local anesthetic injection.™

Maxillary Anesthesia

Central and lateral incisors and canine

An algorithm for anesthetizing the maxillary central and lateral incisors and canine is presented in Fig 5-b.

Administer topical anesthetic for at least 1 minute. Slowly administer an infiltration using a cartridge
of 2% lidocaine with 1:50,000 epinephrine or 1:100,000 epinephrine. The higher concentration of
epinephrine (1:50,000) will provide a more effective duration.?® A slow injection (at least 60 seconds)
will be less painful. As an alternative, a two-stage injection technique may be used." The use of the
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CompuDent CCLAD system will also reduce the pain of injection.®” If lingual soft tissue anesthesia
is needed for a rubber dam clamp, administer 2% lidocaine with 1:100,000 epinephrine to the palatal
tissue. The CompuDent CCLAD system will reduce the pain of a palatal injection.?*?® Wait 4 minutes
because onset of pulpal anesthesia will be around 4 minutes for the anterior teeth (see Table 3-2).
Test the tooth with cold refrigerant. If there is no response, proceed with treatment. This regimen
should work the majority of the time in initially anesthetizing the maxillary anterior teeth. If there is a
response to cold, you could wait an additional 3 to 5 minutes and retest. Although it is uncommon, if
the patient still responds to the cold refrigerant, administer supplemental anesthesia.

Duration of pulpal anesthesia

It is important to realize that pulpal anesthesia starts to decline around 30 minutes after an initial infil-
tration in maxillary teeth (see Table 3-3). Therefore, at approximately 30 minutes, an additional infiltra-
tion of 1.8 mL of 2% lidocaine with 1:100,000 epinephrine can be given. The additional infiltration will
prolong pulpal anesthesia until at least the 60th minute.?

When supplemental anesthesia is needed
Intraosseous anesthesia is indicated as supplemental anesthesia because intraligamentary anesthe-
sia is very painful in maxillary anterior teeth and has a success rate of 39% and a duration of only
10 minutes.?? In some patients, infiltration anesthesia is not completely effective, and intraosseous
anesthesia is very helpful. Use 1.8 mL of 3% mepivacaine or 2% lidocaine with 1:100,000 epinephrine
distal to the tooth being treated. If the intraosseous injection is given, there may be a need for an ad-
ditional intraosseous injection, using 1.8 mL of anesthetic solution, at approximately 30 to 45 minutes
because the intraosseous injection will not provide 60 minutes of pulpal anesthesia in the maxilla.?’
If the patient desires to reduce soft tissue numbness, an injection of phentolamine mesylate (Ora-
Verse) is administered using the same location and same technique (only infiltration site) and in the
same proportion (1:1) as was used initially for the local anesthetic injection.®

Premolars and molars

An algorithm for anesthetizing the maxillary premolars and molars is presented in Fig 5-6.

Administer topical anesthetic for at least 1 minute. Slowly administer an infiltration using a cartridge
of 2% lidocaine with 1:100,000 epinephrine. A slow injection (at least 60 seconds) will be less painful.
As an alternative, a two-stage injection technique may be used.? The use of the CompuDent CCLAD
system will also reduce the pain of injection.®>” Add another cartridge of 2% lidocaine with 1:100,000
epinephrine (total volume of 3.6 mL). The 3.6-mL volume helps to prolong the duration of anesthe-
sia.?® If lingual soft tissue anesthesia is needed, administer 2% lidocaine with 1:100,000 epinephrine
to the palatal tissue. The CompuDent CCLAD system will reduce the pain of a palatal injection.?2®
Wait 5 minutes; the onset of pulpal anesthesia will be 5 minutes or less (see Table 3-2). Test the tooth
with cold refrigerant. If there is no response, proceed with treatment. This regimen should work the
majority of the time in initially anesthetizing the maxillary premolars and molars. If there is a response
to cold, you could wait an additional 3 to 5 minutes and retest. In the rare instance that the tooth still
responds to cold refrigerant, administer supplemental anesthesia.

Duration of pulpal anesthesia

In maxillary premolars and molars, pulpal anesthesia starts to decline around 45 minutes after an
initial infiltration and at a slower rate than in anterior teeth (see Table 3-3). Therefore, if the patient
starts to feel pain (or cold refrigerant testing reveals that the patient is no longer anesthetized) around
45 minutes, an infiltration of 1.8 mL of 2% lidocaine with 1:100,000 epinephrine can be given. The
additional infiltration will prolong the duration of pulpal anesthesia.
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Anesthetizing the maxillary premolars and molars

Buccal infiltration with 3.6 mL of 2% lidocaine with 1:100,000
epinephrine

v

| Test with cold refrigerant |

| Response (rare) I: :

. . . If pain -
| Intraosseous or intraligamentary injection |<— (rsrel) <—| Proceed with treatment |

| Test with cold refrigerant I > No response

| Response (very rare) | | Proceed with treatment |

Repeat intraosseous or intraligamentary | | please note: Pulpal anesthesia may wear off after 45 minutes. Re-
injection injection of a cartridge of 2% lidocaine with 1:100,000 epinephrine
should provide pulpal anesthesia for 60 minutes.

Fig 5-6 Algorithm for anesthetizing the maxillary premolars and molars. Red, rare; green, very rare.

When supplemental anesthesia is needed

In some patients, infiltration anesthesia is not completely effective; therefore, the intraosseous injec-
tion is indicated. Administer an intraosseous injection with 1.8 mL of 3% mepivacaine or 2% lidocaine
with 1:100,000 epinephrine on the distal of the tooth to be anesthetized. If the tooth is a maxillary
second molar, a mesial intraosseous injection site is chosen. There may be a need for an additional
intraosseous injection, using 1.8 mL of anesthetic solution, at approximately 45 minutes because the
intraosseous injection will not provide 60 minutes of pulpal anesthesia.

Alternative choice for supplemental anesthesia
Although not as efficacious as intraosseous anesthesia, intraligamentary anesthesia can be given on
the mesial and distal aspect of the tooth using 2% lidocaine with 1:100,000 epinephrine. Retest with
cold refrigerant. If there is no response, proceed with treatment. If the tooth responds to cold, repeat
the intraligamentary injection.

If the patient desires to reduce soft tissue numbness, an injection of phentolamine mesylate (Ora-
Verse) is administered using the same location and same technique (only infiltration site) and in the
same proportion (1:1) as was used initially for the local anesthetic injection.®

Final Thoughts

The anesthesia regimens outlined should provide pulpal anesthesia in the majority of patients. The
methods are fairly simple, and with a little practice the supplemental techniques can be mastered.

Remember Reader’s Revision to Booker's Law: If anesthesia regimens are sufficiently difficult for
the dentist to perform, most dentists will not do them.
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Endodontic
Anesthesia

After reading this chapter, the practitioner should be able to:

¢ Describe clinical factors and methods related to confirming pulpal
anesthesia.

¢ Discuss some factors related to pain in endodontic therapy.

¢ Discuss success of local anesthesia in patients with irreversible pulpitis.

¢ Explain why patients with irreversible pulpitis do not achieve pulpal
anesthesia.

e Characterize injection pain in symptomatic patients.

e Define preemptive studies trying to improve the success of the inferior
alveolar nerve block in patients with irreversible pulpitis.

® Discuss supplemental and primary infiltration injections in patients
presenting with irreversible pulpitis.

¢ Describe supplemental intraligamentary injections in patients present-
ing with irreversible pulpitis.

¢ Discuss some considerations with the use of supplemental intraliga-
mentary injections.

¢ Describe supplemental and primary intraosseous injections in patients
presenting with irreversible pulpitis.

¢ Discuss some considerations with the use of supplemental intraosse-
ous injections.

¢ Explain the use of supplemental intraosseous injection in partially vital
teeth.

e Explain the use of supplemental intraosseous and intraligamentary
injections in teeth with necrotic pulps and periapical radiolucencies.

¢ Discuss the intraseptal injection.

¢ Discuss the intrapulpal injection.
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We encourage practitioners to read the previous chapters to understand the overall clinical implications
of mandibular anesthesia, maxillary anesthesia, and supplemental anesthesia in asymptomatic patients.

Clinical Factors and Methods Related to
Confirming Pulpal Anesthesia

Lip numbness

A traditional method to confirm anesthesia usually involves questioning patients if their lip is numb. Al-
though lip numbness can be obtained 100% of the time, successful anesthesia (ie, mild or no pain on
endodontic access or initial instrumentation) using the inferior alveolar nerve block (IANB) in patients
with irreversible pulpitis may only occur between 15% and 57% of the time.”'® However, while lip
numbness does not indicate pulpal anesthesia, the lack of lip numbness following an IANB indicates
that the injection was missed and that pulpal anesthesia will not be present.

IN CONCLUSION, /ip numbness does not indicate pulpal anesthesia.

Soft tissue testing

Although soft tissue testing with a sharp explorer has a high incidence of success (90% to 100%),""-'*
pulpal anesthesia may not be present.”?° Therefore, soft tissue testing is a poor indicator of pulpal
anesthesia.

IN CONCLUSION, soft tissue testing is a poor indicator of pulpal anesthesia.

Commencing with treatment

The problem with this approach is that there is no way to know if the patient is numb until we start to
drill on the tooth. A typical scenario during endodontic therapy can become problematic if the patient
jumps when the practitioner hits the dentin during access preparation on a mandibular molar. The
endodontist may say, “Oh, did you feel that?” and try to continue with treatment. If the patient jumps
again when the dentin is touched with the bur, the endodontist may say, “Hold on for a minute or
two,” and continue to drill to expose the pulp and then give an intrapulpal injection. This is not the best
scenario for the practitioner or the patient.

IN CONCLUSION, starting treatment may increase the apprehension of the dentist and patient
because neither one knows if the tooth is anesthetized.

Determining clinical anesthesia in patients presenting with
irreversible pulpitis

After administration of local anesthesia, a cold refrigerant or electric pulp tester (EPT) can be used
to test painful, vital teeth (ie, teeth with irreversible pulpitis) for pulpal anesthesia prior to beginning
the endodontic procedure.’52627 |f the patient responds to the stimulus, then pulpal anesthesia has
not been obtained, and supplemental anesthesia should be administered. However, in painful, vital
teeth, no response to pulp testing may not guarantee pulpal anesthesia.”®%27 Therefore, if a patient
experiences pain when the endodontic procedure is started after negative pulp testing, supplemental
anesthesia is indicated.



Clinical Factors and Methods Related to Confirming Pulpal Anesthesia

Naturally, if the chamber is necrotic and the canals are vital, no objective test can predict the level of
clinical anesthesia. However, as suggested by Hsiao-Wu and coauthors,?® cold testing adjacent teeth
may provide evidence of anesthesia in the working area.

IN CONCLUSION, a positive response to pulp testing with a cold refrigerant or an EPT will indicate
that the patient is not anesthetized.

Electric pulp testing
Dreven and colleagues?® found that a negative response to pulp testing with an EPT (see Figs 1-7
and 1-8) in vital, painful teeth was only 73% successful for determining clinical anesthesia. Nusstein
and coauthors' found a 62% success rate in a similar group of patients. Therefore, the EPT is not
completely reliable in determining clinical anesthesia in vital, painful teeth. However, if the patient
responds to the stimulus, the practitioner knows that pulpal anesthesia has not been obtained.

IN CONCLUSION, /ack of patient response to pulp testing with an EPT will not always indicate that
the patient is anesthetized.

Cold testing
Cohen and coauthors® found that the cold refrigerant dichlorodifluoromethane (DDM) was 92 % effec-
tive in confirming pulpal anesthesia in patients presenting with irreversible pulpitis. The cold refriger
ant tetrafluoroethylene (TFE) (Hygenic Endo-Ice, Coltene/VWhaledent) may not be as accurate as DDM
in determining clinical anesthesia in mandibular posterior teeth with irreversible pulpitis because TFE
is not as cold as DDM." TFE may not be as accurate as using an EPT in mandibular posterior teeth
presenting with irreversible pulpitis.” In maxillary teeth, TFE and an EPT may be equally effective.’

However, testing is much more convenient with a cold refrigerant than with an EPT. Cold testing is
quick and easy, requiring seconds to complete, and does not require special equipment. If a patient
does not respond to the stimulus during cold testing and still experiences pain when the endodontic
procedure is started, supplemental anesthesia is indicated. However, if the patient responds to cold
testing, the practitioner knows that pulpal anesthesia has not been obtained.

The technique for cold testing involves spraying the cold refrigerant on a large cotton pellet held
with cotton tweezers?® and placing the cold pellet on the tooth (see Figs 1-4 to 1-6).

IN CONCLUSION, a positive response to pulp testing with a cold refrigerant will indicate if the
patient is not anesthetized.

Pain to cold testing in patients presenting with symptomatic irreversible
pulpitis
Fowler and coauthors®® found that cold testing with Endo-lce resulted in severe pain for patients
presenting with symptomatic irreversible pulpitis. Patient reactions to cold testing demonstrated that
56% to 62% had a severe reaction.

IN CONCLUSION, patients presenting with symptomatic irreversible pulpitis may experience se-
vere pain and severe reactions to cold testing.

Cold testing with crowns
Pulp testing with a cold refrigerant can be performed effectively on gold crowns and porcelain-fused-
to-metal crowns. In fact, pulp testing is fairly easy to use in these situations because the metal
conducts the cold well. Miller and coauthors?® also showed that pulp testing with a cold refrigerant is
effective for full porcelain crowns.

IN CONCLUSION, teeth with gold crowns, porcelain-fused-to-metal crowns, and full porcelain
crowns can be tested with cold.
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Effect of analgesics on pulp testing

Pulp testing is integral to the diagnosis of endodontic pulpal conditions. Some clinicians may feel that
pulp testing is unreliable when patients have taken pain relievers; however, studies have generally
shown otherwise. Carnes and coauthors®' investigated the changes in pain threshold, as determined
by electric pulp testing, in patients presenting with moderate to severe pain after administration of
100 mg meperidine, 220 mg naproxen sodium, 1,000 mg acetaminophen, or a placebo. The investiga-
tors concluded that clinically there was no difference in pain threshold for patients who were admin-
istered these drugs preoperatively as measured with an EPT. Kardelis and coauthors® studied the ef-
fects of 10 mg hydrocodone/1,000 mg acetaminophen or a placebo on pulp testing in 15 women with
uninflamed teeth. They concluded that oral systemic administration of 10 mg hydrocodone/1,000 mg
acetaminophen had little impact on the sensitivity of healthy pulps or mucosa in women. Jespersen
and coauthors® found that recent analgesic use did not significantly alter the results of pulpal sensibil-
ity testing in a clinical setting. Fowler and coauthors®® similarly found that a combination dose of 1,000
mg acetaminophen/10 mg of hydrocodone did not statistically affect cold pulpal testing in patients
presenting with symptomatic irreversible pulpitis.

Read and coauthors® evaluated the effect of ibuprofen on masking endodontic diagnosis. They
found that in a subset of teeth with inflamed vital pulps (symptomatic irreversible pulpitis/sympto-
matic apical periodontitis), a 25% masking of the cold response (Endo-Ice) occurred 1 hour after
administration of 800 mg ibuprofen. However, there were only eight patients in this ibuprofen group,
and the results were not statistically significant when compared with the placebo medication. The
authors did find that bite force measurements were not masked by ibuprofen.

IN CONCLUSION, generally, preoperative analgesic medication use does not affect pulp testing in
patients with irreversible pulpitis.

Value of pulp testing in clinical practice

Almost all of the studies outlined in this chapter can be duplicated in your office. You can pulp test

teeth after giving different local anesthetic formulations and techniques to evaluate pulpal anesthesia.
IN CONCLUSION, pulp testing is a very valuable tool to determine if pulpal anesthesia has not

been obtained.

Some Factors Related to Pain in Endodontic Therapy

Anticipated pain

Rousseau and coauthors® found that 92% of patients undergoing endodontic therapy reported less
or much less pain than anticipated. LeClaire and coauthors® found that approximately 96% of the
patients who have had endodontic therapy would be willing to undergo endodontic therapy again if
necessary. Van Wijk and Hoogstraten® found that patients who were given positive information about
pain before endodontic treatment were less fearful of pain associated with endodontic treatment.

IN CONCLUSION, patients may anticipate more pain than actually occurs during endodontic treat-
ment. Additionally, patients should receive positive information about the pain of endodontic treat-
ment to decrease their fears.

Conscious sedation and pain

Patients in pain are often anxious and fearful of dental treatment.®® Patients reporting for emergency
treatment with pain are even more fearful. The question is whether the IANB would be more suc-
cessful in consciously sedated patients. Lindemann and coauthors® evaluated the administration of
sublingual triazolam (Halcion, Pfizer) on the efficacy of the IANB in patients experiencing irreversible



Some Factors Related to Pain in Endodontic Therapy

pulpitis. In a double-blind study, 58 emergency patients diagnosed with irreversible pulpitis of a man-
dibular posterior tooth randomly received either a sublingual dose of 0.25 mg of triazolam or a placebo
30 minutes before administration of a conventional IANB. Endodontic access was begun 15 minutes
after completion of the IANB, and all patients were required to have profound lip numbness. Success
was defined as mild or no pain upon endodontic access or initial instrumentation. The success rate
for the IANB was 43% with triazolam and 57% with the placebo. There was no significant difference
between the two groups. Therefore, for mandibular posterior teeth, triazolam in a sublingual dose of
0.25 mg will not result in an increase in success of the IANB in patients with irreversible pulpitis. If a
painful procedure is anticipated, conscious sedation should not be used as a way to reduce pain dur
ing dental treatment. Profound local anesthesia is still required. The results of this study should not
be interpreted to mean that triazolam sedation should not be used to reduce patient anxiety. Anxiety
reduction may make the process of dental treatment more acceptable.

IN CONCLUSION, oral conscious sedation with triazolam will not reduce pain during dental treatment.

Patient satisfaction with painful dental procedures

Endodontic studies evaluating patients presenting with symptomatic irreversible pulpitis have shown
satisfaction ratings around 96 % .3°#* Even with some pain, most patients were highly satisfied with
the overall treatment due to the level of compassion displayed by the provider during the procedure
and/or the expectation that their pain would be relieved. Gale and coauthors,*® Davidhizar and Shear
er,*® Schouten and coauthors,*” and Fletcher and coauthors* found that patient satisfaction is related
to four factors in the practitioner's behavior: (7) maintaining a positive and professional attitude, (2)
practicing encouragement, (3) a caring manner, and (4) avoiding defensiveness. Communicative be-
havior of the dentist is positively related to patient satisfaction and explains why patients are satisfied
with dental treatment even though pain may be involved.

IN CONCLUSION, a dentist’s caring manner and/or a patient’s expectation that his or her pain will
be relieved relates to patient satisfaction even though painful treatment may be involved. However,
we should still do everything possible to minimize pain for the patient.

Inflammation and tissue damage to pulpal tissue

The damage to pulpal tissue from inflammation and bacterial insult causes cytokines, such as tumor
necrosis factor aand interleukin 6, and prostaglandin E, and prostacyclin to enhance the excitability of
nociceptor isoforms (Na 1.7 Na, 1.8, and Na_ 1.9) and increase the activation of transient receptor po-
tential vanilloid-1 (TRPV-1).4** Warren and coauthors® found a sixfold increase in Na_ 1.8 in inflamed
pulps. Na_ 1.8 may render the tissue relatively insensitive to local anesthetics.

With prolonged peripheral pain, central sensitization occurs that may account for tactile allodyn-
ia.*955% These factors may help explain why local anesthesia is not always effective for patients in
pain. For example, Na 1.9 channels have a low sensitivity to blockade by local anesthetics.®? Further
research into specific drugs that block these cytokines or selectively block nociceptor channels will
provide novel approaches to better pain control.

IN CONCLUSION, various agents enhance excitability of nociceptors that makes local anesthesia
less effective in patients in pain.
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Success of Local Anesthesia in Patients with
Irreversible Pulpitis

Differences in success of the IANB in asymptomatic and symptomatic
irreversible pulpitis

There is a difference between the success rates of patients with asymptomatic and symptomatic
irreversible pulpitis. Patients presenting with asymptomatic irreversible pulpitis will NOT report with
moderate to severe spontaneous pain at the emergency visit. They usually have an exaggerated re-
sponse to cold testing.

Argueta-Figueroa and coauthors®” found a success rate (no or mild pain on access or instrumenta-
tion) of 87% in patients presenting with asymptomatic irreversible pulpitis and a 64% success rate
in patients with symptomatic irreversible pulpitis. Fragouli and coauthors® found that an IANB using
4% articaine with 1:100,000 epinephrine resulted in less pain when the teeth were diagnosed with
reversible pulpitis than when they were diagnosed with irreversible pulpitis. Severe pain occurred in
5% of the teeth with reversible pulpitis and in 32% of the teeth diagnosed with irreversible pulpitis.

IN CONCLUSION, there will be a clinical difference in success rates of the IANB between patients
presenting with asymptomatic irreversible pulpitis (no spontaneous pain at the emergency appoint-
ment) and symptomatic irreversible pulpitis.

Differences in success of the IANB depend on preoperative pain

Additionally, there is a difference in success rates depending on the preoperative pain levels. Ag-
garwal and coauthors® found that the IANB failure rate increases with an increase in the severity of
preoperative pain. For patients with mild preoperative pain, success (no or mild pain during access or
instrumentation) was 33%, whereas success was only 29% for patients with moderate preoperative
pain and 16% for patients with severe preoperative pain.

IN CONCLUSION, there will be a clinical difference in success rates of the IANB between patients
presenting with mild, moderate, and severe pain.

Pain scales

There are many pain scales used clinically and in experimental studies (Fig 6-1). The Heft-Parker visual
analog scale (VAS) was developed to provide a more accurate scale for pain ratings.®°The VAS includes
the categorical descriptors of “faint,” “weak,” “mild,” “moderate,” “strong,” and “intense” to guide
participants in reporting their pain, while providing an infinite number of points along the scale that
can be marked to correlate with their perceived pain (see Fig 6-1b). Heft and Parker®® determined their
VAS to be accurate by comparing the intensity of electrocutaneous shocks and reported pain ratings
with two different word descriptor lists. WWhen the descriptor words were assigned values, there was
agreement between the subjects on the nonhomogenous spacing of the descriptors along the scale.
Based on their findings, Heft and Parker devised the VAS that is used in many different clinical and
research settings today.
IN CONCLUSION, the Heft-Parker VAS is a useful clinical scale to measure pain in adult patients.



Success of Local Anesthesia in Patients with Irreversible Pulpitis

Place a mark on the line below to show the amount of pain that you feel

= — 0 23 36 54 85 114 144 170
@) (%) () (o) (& i ™
~— —— — — m
O
B
2 4 8 10

0 6 y
No Hurts Hurts Hurts Hurts Hurts & o S
hurt little bit little more  even more  whole lot worst ¢ & o,},?:‘ 0/\@ & ,D.'p@
< .
a p® @ & o & N

Fig 6-1 (a)Faces pain scale for children. (b) Heft-Parker visual analog scale for adults.

Success of maxillary infiltrations

Lidocaine

Nusstein and coauthors’ administered maxillary posterior buccal infiltrations of 3.6 mL of 2% lido-
caine with 1:100,000 epinephrine to patients with irreversible pulpitis. Of the original 25 patients, 23
tested negative to cold, but 4% had dentinal pain, and 20% had pain upon pulpal exposure. Overall, a
success rate of 88% was found (12% of the patients required intraosseous injections).

Aggarwal and coauthors®' compared buccal infiltrations and buccal plus palatal infiltrations (2% li-
docaine with 1:200,000 epinephrine) in maxillary first molars in patients presenting with symptomatic
irreversible pulpitis. The authors found success rates (no or mild pain upon endodontic treatment) of
54 % for buccal infiltration and 70% for buccal plus palatal infiltration.

Moradi Askari and coauthors® studied the effect of maxillary molar root length on the success
of buccal infiltration (1.8 mL of 2% lidocaine with 1:80,000 epinephrine) in patients presenting with
irreversible pulpitis. The success rate (no or mild pain on access or instrumentation) was 61%. The
authors found that longer distobuccal and palatal roots had significantly higher failure.

Mehrvarzfar and coauthors® added fentanyl to a lidocaine formulation for infiltration anesthesia
in maxillary molars in patients presenting with irreversible pulpitis. The addition of fentanyl did not
increase the effectiveness of infiltration.

IN CONCLUSION, maxillary posterior buccal infiltration using a one-cartridge or two-cartridge vol-
ume of 2% lidocaine with 1:100,000 epinephrine is not completely effective in patients with irrevers-
ible pulpitis.

Articaine
Srinivasan and coauthors® compared 4% articaine and 2% lidocaine, both with 1:100,000 epineph-
rine, for maxillary posterior buccal infiltrations in patients experiencing irreversible pulpitis in terms of
success (mild or no discomfort during endodontic access). They found that the articaine formulation
was more successful (100% in the first premolar and first molar) than the lidocaine formulation (80%
in the first premolar and 30% in the first molar). However, the 40 patients were divided into four
groups of 10 patients each. The small numbers in each group may have affected the results.
Sherman and coauthors® compared 4% articaine with 1:100,000 epinephrine and 2% lidocaine
with 1:100,000 epinephrine using maxillary infiltrations in patients with irreversible pulpitis in posterior
teeth. While they found no difference between the two anesthetic formulations, the study only used
10 subjects per group. The number of patients in each group would need to be higher to reach clinical
conclusions.
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Rosenberg and coauthors® found no significant differences between an articaine formulation and a
lidocaine formulation when used as a supplemental infiltration after IANBs or maxillary infiltrations in
patients with irreversible pulpitis. However, the numbers of patients were limited in the study, which
could have affected the results.

Kanaa and coauthors®” compared 4% articaine with 1:100,000 epinephrine to 2% lidocaine with
1:80,000 epinephrine in maxillary teeth in patients presenting with irreversible pulpitis. The authors
found no significant difference between the two anesthetic agents. Pain-free treatment was achieved
in 85% of the patients. They also found that anesthesia was easier to achieve for extraction than for
pulpal removal. Hosseini and coauthors® compared 4% articaine with 1:100,000 epinephrine to 2%
lidocaine with 1:80,000 epinephrine in maxillary first molars in patients presenting with irreversible
pulpitis. Anesthetic success (no or mild pain during access or instrumentation) was 56% for lidocaine
and 67 % for articaine, and the difference was not statistically significant. They commented that longer
palatal roots had more anesthetic failures.

Atasoy Ulusoy and coauthors® studied patients presenting with irreversible pulpitis and found a
success rate (no or mild pain during endodontic treatment) of 62% for the maxillary first molar fol-
lowing a buccal infiltration of 1.5 mL of 4% articaine with 1:100,000 epinephrine (or epinephrine bitar
trate). Of interest was that the buccal canals were anesthetized, but pain and an increase in heart rate
were felt during instrumentation of the palatal canal.

Brandt and coauthors’™ and Kung and coauthors’" performed a meta-analysis of articaine versus
lidocaine in dentistry. The authors found that articaine was not better than lidocaine for maxillary molar
infiltrations.

IN CONCLUSION, maxillary posterior buccal infiltration using 4% articaine with epinephrine is not com-
pletely effective in patients with symptomatic irreversible pulpitis. There does not appear to be a difference
between articaine and lidocaine formulations. Longer roots may be associated with higher rates of failure.

Posterior superior alveolar nerve block

Aggarwal and coauthors®' studied the posterior superior alveolar nerve block using 2% lidocaine with
1:200,000 epinephrine in maxillary first molars in patients presenting with irreversible pulpitis. The
authors found a success rate (no or mild pain upon endodontic treatment) of 64%.

IN CONCLUSION, the posterior superior alveolar nerve block will not result in profound pulpal an-
esthesia of maxillary first molars in patients presenting with irreversible pulpitis.

Success of the IANB

Clinical studies in endodontics in patients with irreversible pulpitis have found that success (mild or
no pain upon endodontic access or initial instrumentation) with the IANB occurred between 15%
and 57% of the time.'"® These studies would indicate that anesthesia is often difficult to achieve in
patients with irreversible pulpitis with only the IANB.

IN CONCLUSION, the IANB commonly fails in patients presenting with irreversible pulpitis.

Clinical effectiveness of articaine for IANBs

Claffey and coauthors* compared the anesthetic efficacy of 4% articaine with 1:100,000 epinephrine
and 2% lidocaine with 1:100,000 epinephrine for IANBs in patients experiencing symptomatic ir
reversible pulpitis in mandibular posterior teeth. The success rates (mild or no pain upon endodontic
access or initial instrumentation) for the IANB were 24% for the articaine solution and 23% for the
lidocaine solution. There was no significant difference between the articaine and lidocaine solutions.
Neither solution resulted in an acceptable rate of anesthetic success in mandibular posterior teeth.
Tortamano and coauthors® also reported that an articaine formulation was equivalent to a lidocaine
formulation for IANBs in patients with irreversible pulpitis.
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In a study of the IANB in patients presenting with irreversible pulpitis, Ashraf and coauthors’ found
no difference between lidocaine and articaine for nerve blocks. Sood and coauthors” also found no
statistically significant differences between the two anesthetics. Singla and coauthors” found that the
IANB using 1.8 mL of 4% articaine with 1:100,000 epinephrine was successful (no or mild pain upon
endodontic treatment) 37% of the time. Poorni and coauthors” found that 4% articaine with epineph-
rine and 2% lidocaine with epinephrine for IANBs were equally effective for patients presenting with
irreversible pulpitis. Repeated clinical trials have failed to demonstrate any statistical superiority of
articaine over lidocaine for nerve blocks in terms of anesthetic efficacy.

Ahmad and coauthors studied various anesthetic formulations for an IANB in patients presenting
with irreversible pulpitis. The authors found an 87 % success rate (no pain on endodontic treatment) for
4% articaine with 1:100,000 epinephrine versus a 40% success rate for 2% lidocaine with 1:200,000
epinephrine and a 60% success rate for 2% lidocaine with 1:80,000 epinephrine. Other studies have
not shown such high success rates with an articaine formulation, which is likely the result of the small
sample size of only 15 patients in each group.

In a systematic review and meta-analysis, Kung and coauthors” found that articaine was not su-
perior to lidocaine for IANBs but was superior for supplemental infiltration following a failed block
in patients presenting with symptomatic irreversible pulpitis. Brandt and coauthors™ performed a
meta-analysis of articaine versus lidocaine in dentistry and also found that articaine was better than
lidocaine for infiltrations in the mandible.

IN CONCLUSION, articaine is not better than lidocaine for IANBs in patients presenting with symp-
tomatic irreversible pulpitis but is better for supplemental infiltrations in the mandible.

Success of the IANB for molars and premolars
Fowler and coauthors’” determined the success of the IANB in first and second molars and premolars
using 2% lidocaine with 1:100,000 epinephrine in 375 emergency patients presenting with sympto-
matic irreversible pulpitis. They found that success (no or mild pain upon endodontic access or instru-
mentation) of the IANB was 28% for the first molars, 25% for the second molars, and 39% for the
premolars. There were no significant differences when comparing molars to premolars.

IN CONCLUSION, for patients presenting with symptomatic irreversible pulpitis, the IANB will not
ensure profound pulpal anesthesia in the molars or premolars.

Is success better with a two-cartridge volume for IANBs?
Aggarwal and coauthors,” using 2% lidocaine with 1:200,000 epinephrine, found that a one-cartridge
volume had a lower success rate (26%) than a two-cartridge volume (54 %) in patients presenting with
irreversible pulpitis. Fowler and coauthors’ determined the success of the IANB using either 3.6 mL or
1.8 mL of 2% lidocaine with 1:100,000 epinephrine in 363 emergency patients presenting with symp-
tomatic irreversible pulpitis. They found success rates (no or mild pain upon endodontic access or instru-
mentation) of 27% for the 1.8-mL volume and 39% for the 3.6-mL volume. There was no statistically
significant difference between the two volumes. The most likely reason for the reported differences
between these two studies is the smaller number of patients sampled by Aggarwal and coauthors.

Abazarpoor and coauthors® compared the efficacy of 1.8 mL and 3.6 mL of articaine for an IANB when
treating molars with irreversible pulpitis. No or mild pain was considered successful anesthesia. They
found that the 3.6-mL volume of articaine provided a significantly higher success rate (77%) of IANBs
compared with the 1.8-mL volume of the same anesthetic solution (27%). No study has shown such a
high success rate with the IANB. Considering that articaine is not superior to lidocaine for IANBs and
that previous studies have shown that increasing the volume to 3.6 mL does not affect success of the
IANB, it is doubtful that increasing the volume of articaine would provide such high success rates.

IN CONCLUSION, for patients presenting with symptomatic irreversible pulpitis, success will not be dif-
ferent between a 3.6-mL volume and a 1.8-mL volume of 2% lidocaine with 1:100,000 epinephrine. The
success rates (27 % to 39%) with either volume are not high enough to ensure complete pulpal anesthesia.
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Is the incidence of missed blocks lower with a two-cartridge volume for IANBs?
A missed block is defined as not obtaining profound lip numbness within 15 to 20 minutes following
an IANB. No pulpal anesthesia will be present with a missed block. Fowler and coauthors®' deter
mined the incidence of missed IANBs using a one- or two-cartridge volume of 2% lidocaine with
1:100,000 epinephrine in 719 emergency patients with symptomatic irreversible pulpitis. The authors
found an incidence of 8% for the one-cartridge volume and 2% for the two-cartridge volume. The two-
cartridge volume was significantly better than the one-cartridge volume.

IN CONCLUSION, concerning missed IANBs, the administration of a two-cartridge volume was
significantly better than a one-cartridge volume in emergency patients presenting with symptomatic
irreversible pulpitis.

Is success better if the IANB is repeated?
Some clinicians think that repeating the IANB after achieving lip numbness will result in profound
pulpal anesthesia. Kanaa and coauthors® studied a repeat IANB supplemental technique after a failed
IANB in patients presenting with irreversible pulpitis. The success rate was 32% using 2 mL of lido-
caine with epinephrine.

IN CONCLUSION, in patients with symptomatic irreversible pulpitis, repeating an IANB after the
first IANB fails is only 32 % successful, which will not provide predictable pulpal anesthesia.

Success of the Gow-Gates technique

Sherman and coauthors® compared 4% articaine with 1:100,000 epinephrine and 2% lidocaine with
1:100,000 epinephrine using the Gow-Gates technique in patients with irreversible pulpitis in posterior
teeth. While they found no difference between the two anesthetic formulations, the study only used
10 subjects per group. The number of patients in each group would have to be higher to reach clinical
conclusions.

Aggarwal and coauthors™ found that the Gow-Gates technique improved success over the conven-
tional IANB in patients with irreversible pulpitis. The success rates were 52% and 36%, respectively.
The numbers in each group of patients was small, which may have affected the results.

Click and coauthors* evaluated the anesthetic efficacy of the Gow-Gates technique, using 3.6 mL
of 2% lidocaine with 1:100,000 epinephrine, in mandibular posterior teeth in patients presenting with
symptomatic irreversible pulpitis. The authors found that subjective lip numbness was obtained 92 %
of the time with the Gow-Gates technique, and successful pulpal anesthesia (no or mild pain upon
endodontic access or instrumentation) was obtained 35% of the time. Using a two-cartridge volume
of 2% lidocaine with 1:100,000 epinephrine, the success rate with the Gow-Gates technique (35%)
was similar to the 24% to 35% success rate of the IANB in previous studies in patients presenting
with symptomatic irreversible pulpitis.®%4%41.8 However, this is much lower than the 73% success rate
found by Sherman and coauthors® and the 52% success rate recorded by Aggarwal and coauthors™
for the Gow-Gates technique. Both studies used smaller volumes of anesthetic solutions (1.8 to
2.2 mL of a lidocaine formulation) for their injections.

IN CONCLUSION, the Gow-Gates technique is not superior to the IANB and did not provide ad-
equate pulpal anesthesia for mandibular posterior teeth in patients presenting with symptomatic ir
reversible pulpitis. The injection would require supplemental anesthesia.

Injection pain of the Gow-Gates technique

Click and coauthors*® studied injection pain with the Gow-Gates technique. They found that needle
insertion resulted in 36% of the patients reporting moderate pain and 2% to 5% reporting severe
pain. For needle placement, 53% of patients reported moderate pain and 5% reported severe pain.
Anesthetic solution deposition resulted in a 57% incidence of moderate pain and 8% severe pain.
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IN CONCLUSION, the Gow-Gates technique has the potential to be painful in patients presenting
with symptomatic irreversible pulpitis.

Success of the Vazirani-Akinosi technique

Click and coauthors® evaluated the anesthetic efficacy of the Vazirani-Akinosi technique, using 3.6
mL of 2% lidocaine with 1:100,000 epinephrine, in mandibular posterior teeth in patients presenting
with symptomatic irreversible pulpitis. The authors found that subjective lip numbness was obtained
63% of the time with this technique. While Aggarwal and coauthors™ found that only 1 patient in the
Vazirani-Akinosi group did not have profound lip numbness, other studies®-®8 evaluating the Vazirani-
Akinosi technique, using extraction models or subjects with asymptomatic vital teeth, have reported
a lower incidence of lip numbness with this technique when compared to the Gow-Gates or IANB.
Therefore, the Vazirani-Akinosi technique appears clinically inferior to the Gow-Gates and IANB tech-
niques regarding lip numbness.

Click and coauthors® found a success rate (no or mild pain upon access or instrumentation) of
16% for the Vazirani-Akinosi technique, which is much lower than the 41% found by Aggarwal and
coauthors,' even when using a two-cartridge volume. The Vazirani-Akinosi technique lacks bony land-
marks, and the only indications of correct target placement are the initial needle orientation and the
depth of insertion. It is conceivable that the placement of anesthetic solution into the pterygoman-
dibular space may be difficult with this technique.

IN CONCLUSION, the Vazirani-Akinosi technique had a 63 % incidence of lip numbness and did not
provide adequate pulpal anesthesia (16 % success) for mandibular posterior teeth in patients present-
ing with symptomatic irreversible pulpitis.

Injection pain of the Vazirani-Akinosi technique
Click and coauthors* studied injection pain of the Vazirani-Akinosi technigue in patients presenting
with symptomatic irreversible pulpitis. They that found needle insertion resulted in 29% of the pa-
tients reporting moderate pain and 5% reporting severe pain. For needle placement, 39% reported
moderate pain and 13% reported severe pain. Anesthetic solution deposition resulted in a 53% inci-
dence of moderate pain and 11% severe pain.

IN CONCLUSION, the Vazirani-Akinosi technique has the potential to be painful in patients present-
ing with symptomatic irreversible pulpitis.

Trismus

Heard and coauthors® found that a nerve block can reverse trismus caused by pain and muscle
spasm. Kuzin and Neledva® felt that the Vazirani-Akinosi techniqgue allowed increased mouth opening
when trismus was present.

Although the study by Click and coauthors®* demonstrated that the Vazirani-Akinosi technique might
not be indicated for routine endodontic treatment, it certainly has a useful indication clinically for tris-
mus. If a patient experiencing trismus is in need of endodontic treatment, the Vazirani-Akinosi injec-
tion may be a valuable primary anesthetic technique. Because the muscles of mastication protectively
guard painful mouth opening in patients, the Vazirani-Akinosi technique can result in facilitated mouth
opening due to anesthesia of the ipsilateral muscles of mastication or anesthesia of the inflamed/
infected tissue. Once an increased opening is achieved, a conventional IANB may be administered to
the trismus patient if needed.

IN CONCLUSION, if a patient experiencing trismus is in need of endodontic treatment, the Vazirani-
Akinosi injection may be a valuable anesthetic technique.
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Why Patients with Irreversible Pulpitis Do Not
Achieve Pulpal Anesthesia

Endodontic patients who are in pain and have pulpal pathosis have additional anesthetic problems.
There are a number of explanations for failure. However, according to Fiedler: Ask five endodontists
and you will get five different explanations on why anesthesia fails (six explanations if one of the en-
dodontists went to Ohio State).

One explanation, as we discussed in previous chapters, is that conventional anesthetic techniques
do not always provide profound pulpal anesthesia.

Another explanation relates to the theory that the lowered pH of inflamed tissue reduces the
amount of the base form of anesthetic to penetrate the nerve membrane. Consequently, there is less
of the ionized form within the nerve to achieve anesthesia. If this mechanism for failure is correct, it
may be true for an infiltration injection in the maxilla. It does not explain the mandibular molar with
pulpitis that is not readily anesthetized by an IANB injection. The local anesthetic is administered at
some distance from the area of inflammation. Therefore, it is difficult to correlate local influences with
failure of the IANB. Interestingly, a basic science investigation found that local anesthetics may be
successful in inflamed tissue that is acidified.®® More research is needed in this area.

Another explanation for failure is that nerves arising from inflamed tissue have altered resting po-
tentials and decreased excitability thresholds.®*®" Modaresi and coauthors®® and Wallace and coau-
thors®’ demonstrated that local anesthetic agents were not sufficient to prevent impulse transmission
due to these lowered excitability thresholds.

Another factor would be the tetrodotoxin-resistant (TTX-R) class of sodium channels that have been
shown to be resistant to the action of local anesthetics.%? A further factor is the increased expression
of sodium channels in pulps diagnosed with irreversible pulpitis.®

Finally, patients in pain are often apprehensive, which lowers their pain threshold. Therefore, practi-
tioners should consider supplemental techniques such as intraosseous’?%% or intraligamentary injec-
tions® when an IANB fails to provide pulpal anesthesia for patients with irreversible pulpitis.

IN CONCLUSION, many factors are involved in failure in patients presenting with irreversible pulpitis.

It is not your fault!

If there is one important fact that you need to remember, it is that patients do not always achieve
pulpal anesthesia in endodontics, but this is not your fault.

Injection Pain in Symptomatic Patients

IANB injection pain

Differences in the pain response to dental injections will be found in patients presenting with painful
teeth. McCartney and coauthors® studied the pain of the IANB in patients presenting with irreversible
pulpitis. They reported that moderate-to-severe pain occurred from 57% to 89% of the time with the
three phases of the IANB; 55% to 59% of the patients rated the pain of needle insertion as moder
ate, and 2% to 9% rated the pain as severe. The use of topical anesthesia did not eliminate the pain
of needle insertion. For the placement of the needle to the target site, 35% to 70% of the patients
reported moderate pain, and 10% to 35% reported severe pain. Needle placement was the most pain-
ful phase of the injection process. Interestingly, depositing 0.2 to 0.4 mL of anesthetic during needle
placement did not significantly reduce pain versus just placing the needle to the target site without
depositing anesthetic solution. For anesthetic solution deposition, 52% of the patients rated the pain
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as moderate and 14% to 21% rated the pain as severe. Therefore, there is a potential for moderate-
to-severe pain in 57 % to 89% of patients reporting with irreversible pulpitis when receiving the IANB.
Further research is needed to decrease the pain associated with this injection.

IN CONCLUSION, the IANB has the potential to be a painful injection in patients presenting with
irreversible pulpitis.

Decreased injection pain of IANB with CCLAD
Schellenberg and coauthors* administered the IANB using a computercontrolled local anesthetic delivery
(CCLAD) unit as follows: A 27-gauge 1%z-inch needle was inserted through the mucosal tissue, the computer
assisted injection unit was activated at a slow rate, and the needle was slowly placed to the target site over a
10-second time period. The anesthetic solution was then deposited over a 1-minute time period on the slow
setting, and then the CCLAD unit was activated to the faster rate as the rest of the solution was deposited
for a total deposition time of 1 minute and 52 seconds. Needle placement and solution deposition resulted in
a 38% to 48% incidence of moderate-to-severe pain. McCartney and coauthors® found a higher incidence of
moderate-to-severe pain with needle placement (70% to 87 %) and solution deposition (66% to 73%) in pa-
tients presenting with symptomatic irreversible pulpitis. Overall, lower values for injection pain were recorded
with the CCLAD unit than with a standard syringe.® The majority of studies on the use of the CCLAD system
have also found lower injection pain scores (see “Injection Pain” in chapter 1).

IN CONCLUSION, the use of the CCLAD system will decrease the pain of needle placement and
solution deposition for the IANB in patients presenting with symptomatic irreversible pulpitis.

Buccal nerve block injection pain

Drum and coauthors® used a 27-gauge 1-inch needle and a quarter cartridge of 2% lidocaine with
1:100,000 epinephrine and found that the buccal nerve block injection (injecting distal to the most dis-
tal molar as the buccal nerve passes over the anterior border of the ramus) caused a 31% incidence
of moderate pain and a 10% incidence of severe pain for needle insertion. Topical anesthetic did not
reduce the incidence of pain for needle insertion. Solution deposition had a 36% incidence of moder-
ate pain and a 3% incidence of severe pain. Therefore, there is a potential for moderate-to-severe pain
in approximately a third of symptomatic patients receiving the buccal nerve block.

IN CONCLUSION, the buccal nerve block has the potential to be a painful injection in patients pre-
senting with irreversible pulpitis.

Attempts to Improve the Success of the IANB in
Patients with Irreversible Pulpitis

Conscious sedation with oral antianxiety drugs (triazolam and
alprazolam)

Patients who are anxious have reduced pain tolerances® and therefore may be harder to anesthetize.
Because triazolam (Halcion) has been shown to reduce anxiety, it has been proposed to help the
success rate of the IANB. Lindemann and coauthors® conducted a prospective, randomized, double-
blind, placebo-controlled study to evaluate the effect of sublingual triazolam on the efficacy of the
IANB in patients experiencing symptomatic irreversible pulpitis. Success (no or mild pain upon access
or initial instrumentation) was 43% with triazolam and 57% with the placebo group, with no signifi-
cant difference between the two. Therefore, a sublingual triazolam dose of 0.25 mg did not increase
the success of the IANB in patients with irreversible pulpitis.
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Khademi and coauthors® found that the preoperative oral administration of 0.5 mg of alprazolam
(Xanax, Pfizer) did not improve the success of the IANB in patients presenting with symptomatic
irreversible pulpitis. Success (no or mild pain upon access or initial instrumentation) was 53% with
alprazolam and 40% with the placebo group, with no significant difference between the two.

It is important to realize that even when using conscious sedation, profound local anesthesia is still
required to eliminate pain during dental treatment. Young and coauthors' stated that pain in sedated,
unconscious patients is underreported and undertreated. Payen and coauthors™ and Aissaoui and
coauthors'? demonstrated that sedated, unconscious patients detect, experience, and respond to
pain but are unable to remember the painful event due to their unconscious state. Thus, patients who
are consciously sedated will also be able to detect and experience pain unless measures are used to
provide profound local anesthesia.

IN CONCLUSION, antianxiety agents should not be used as a way to reduce pain during endodon-
tic treatment.

How does the epinephrine concentration affect success of the IANB?

Aggarwal and coauthors' compared 2% lidocaine with 1:80,000 epinephrine to 2% lidocaine with
1:200,000 epinephrine for IANBs in patients with symptomatic irreversible pulpitis. The authors found
success rates (no or mild pain upon endodontic treatment) of 20% and 28%, respectively, with no
significant difference between the two volumes.

IN CONCLUSION, epinephrine concentration does not affect success of the IANB in patients pre-
senting with symptomatic irreversible pulpitis.

Does the speed of injection affect success of the IANB?

Aggarwal and coauthors'* studied the injection speed of 3.6 mL of 2% lidocaine with 1:200,000 epi-
nephrine in patients presenting with symptomatic irreversible pulpitis. The authors found no statistical
difference in success (no or mild pain upon endodontic treatment) between a slow (120 seconds) and
fast (30 seconds) injection, at 43% and 51%, respectively.

IN CONCLUSION, injection speed does not affect the success of the IANB in patients presenting
with symptomatic irreversible pulpitis.

Do buffered lidocaine formulations increase the success of the IANB?

Medical studies have suggested that buffering local anesthetic may increase the ability to achieve
anesthesia. Saatchi and coauthors'® evaluated a buffered 2% lidocaine with 1:80,000 epinephrine
formulation for IANBs in patients presenting with irreversible pulpitis. They concluded that buffering
did not statistically improve the success of the IANB.

What would be the results if the concentration of lidocaine was increased to a 4% formulation?
Theoretically, success may increase in patients with irreversible pulpitis because more anesthetic
molecules would be available to block nerve conduction than in a 2% formulation. Schellenberg and
coauthors*? determined the effect of 4% buffered lidocaine on the anesthetic success of the IANB
in patients experiencing symptomatic irreversible pulpitis. In their study, 100 emergency patients
diagnosed with symptomatic irreversible pulpitis of a mandibular posterior tooth randomly received
a conventional IANB using either 2.8 mL of 4% lidocaine with 1:100,000 epinephrine (pH of 4.51) or
2.8 mL of 4% lidocaine with 1:100,000 epinephrine buffered with sodium bicarbonate (pH of 7.05)
in a double-blind manner. For the buffered solution, each cartridge was buffered with 8.4% sodium
bicarbonate, using the Onpharma system, to produce a final concentration of 0.18 mEg/mL of sodium
bicarbonate. Fifteen minutes after administration of the IANB, profound lip numbness was confirmed
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and endodontic access was initiated. Success was defined as no or mild pain on access or instrumen-
tation of the root canal. The authors found a success rate of 32% for the buffered group and 40% for
the nonbuffered group, with no significant difference between the groups. Injection pain ratings for
the IANB were not significantly different between the two formulations.

IN CONCLUSION, a 2% or 4% buffered lidocaine formulation did not result in an increase in the
success rate or a decrease in injection pain of the IANB in patients presenting with symptomatic ir
reversible pulpitis.

What is the effect of buccal infiltration of sodium bicarbonate on the
success of the IANB?

Saatchi and coauthors'® studied the effect of sodium bicarbonate buccal infiltration on the success of
the IANB in mandibular first molars in patients presenting with symptomatic irreversible pulpitis. The
authors administered a buccal infiltration of 0.7 mL 8.4% sodium bicarbonate/0.3 mL 2% lidocaine
with 1:80,000 epinephrine or 0.7 mL sterile water/0.3 mL 2% lidocaine with 1:80,000 epinephrine. Af-
ter 15 minutes, an IANB was given using 3.6 mL of 2% lidocaine with 1:80,000 epinephrine. Success
(no or mild pain upon access or instrumentation) with the buccal infiltration of sodium bicarbonate was
78%, and the success without the bicarbonate was 44 %. This difference was significant. The authors
did not use a physiologic formulation as had been used in previous studies of buffered formulations
(pH in these studies ranged from 7.0 to 7.5; see previous section). It seems that the authors attempted
to alkalinize the surrounding area of the first molar using the sodium bicarbonate solution. The senior
author of this study commented that the buccal injection of sodium bicarbonate caused severe and
moderate pain. Therefore, 0.3 mL of lidocaine was added to the solution before injection. However,
the United States Food and Drug Administration warns on the package insert that infiltration of so-
dium bicarbonate has been reported to cause chemical cellulitis, with tissue necrosis, ulceration, and
sloughing. Because the pH value of sodium bicarbonate is 8.3, compared with a buffered formulation
(70 to 75), it has the potential to cause tissue damage. Diluting 0.7 mL of sodium bicarbonate with
0.3 mL of lidocaine may not change the pH of the solution. Whitcomb and coauthors™ diluted 0.6 mL
of sodium bicarbonate with 3.0 mL of 2% lidocaine with 1:100,000 epinephrine because a pilot study
showed that higher concentrations of sodium bicarbonate caused cellulitis and tissue injury. Because
pH values were not included in the study by Saatchi and coauthors,' nor was there any postoperative
follow-up, it is possible that tissue injury may have occurred with the buccal infiltration.

IN CONCLUSION, while success was increased with the buccal infiltration of 0.7 mL sodium bicar
bonate/0.3 mL lidocaine, this solution has the potential to cause tissue damage. Further studies are
indicated before it can be recommended for clinical use.

Is acupuncture helpful in increasing success of the IANB?

Based on the premise that acupuncture inhibits pain, Jalali and coauthors'® inserted an acupuncture
needle at the L14 (Hegu) acupoint (ie, the area between the thumb and pointer finger) or used a sham
acupuncture procedure prior to the IANB in patients presenting with symptomatic irreversible pulpitis.
The success (no pain upon endodontic access or instrumentation) of the IANB was 60% for the acu-
puncture group and 20% for the sham treatment. However, there were only 20 patients per group.

Acupuncture—a jab well done.

IN CONCLUSION, acupuncture may be a helpful adjunct for pulpal anesthesia in patients present-
ing with symptomatic irreversible pulpitis but is not enough to ensure profound pulpal anesthesia. A
professional with proper training should perform acupuncture.
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Do mannitol/lidocaine formulations affect success of the IANB?

Kreimer and coauthors'® determined the anesthetic efficacy of lidocaine with epinephrine compared
to a combination of lidocaine with epinephrine plus 0.5 M mannitol for IANBs in patients experiencing
symptomatic irreversible pulpitis. Success was defined as no or mild pain upon endodontic access
or instrumentation. They found that the addition of mannitol significantly increased the success rate
to 39% when compared to the lidocaine formulation without mannitol (13% success rate). Talati and
coauthors™ evaluated the addition of mannitol to lidocaine in anesthetizing maxillary and mandibular
teeth in patients with inflamed pulps. The authors showed that complete anesthesia in teeth with mild
pain occurred 67% of the time in the lidocaine group and 83% of the time in the lidocaine/mannitol
group. In teeth with moderate pain, success was 32% for the lidocaine group and 56% for the lido-
caine/mannitol group. In teeth with severe pain, success was 36% for the lidocaine group and 31%
for the lidocaine/mannitol group. While some of the lidocaine/mannitol groups had higher success
rates, no significant differences were found between the two formulations.

IN CONCLUSION, the combination lidocaine/mannitol formulation seems to increase success but
would not result in predictable pulpal anesthesia.

Does magnesium sulfate affect success of the IANB?

The addition of magnesium sulfate to lidocaine has reduced the overall failure rate and extended analge-
sia in medicine.™ However, Vastani and coauthors™? found that the binding of magnesium ions depends
on the conformational state of the voltage-gated sodium channel, which may explain the conflicting clini-
cal reports on the effects of magnesium sulfate in peripheral nerve blocks. Srebro and coauthors™ found
that magnesium sulfate produced local peripheral mechanical hyperalgesia via activation of peripheral
TRPA1 and N-methyl-D-aspartate receptors and peripheral production of nitric oxide.

Shetty and coauthors™ evaluated the effect of preoperative administration of 1 mL of magnesium
sulfate (60 minutes before the IANB) on the success of the IANB in patients presenting with symp-
tomatic irreversible pulpitis. The authors found a significant increase in the success rate (no or mild
pain upon access or instrumentation) of 50% when compared to the 32% success rate for the place-
bo. There was no discussion of the pain when administering the magnesium sulfate before the IANB.

IN CONCLUSION, further research is needed before magnesium sulfate is used in dentistry.

What is the difference between mepivacaine and lidocaine for the IANB?

Visconti and coauthors™ compared the success of 2% mepivacaine with 1:100,000 epinephrine to
2% lidocaine with 1:100,000 epinephrine in mandibular posterior teeth in patients presenting with
irreversible pulpitis. Success (no or mild pain during pulpectomy) was 55% for the mepivacaine formu-
lation and only 14% for the lidocaine formulation. However, only 21 patients were used in each group.

IN CONCLUSION, further studies are needed to confirm the differences between mepivacaine and
lidocaine for the IANB in patients with irreversible pulpitis.

What is the effect of a combination of mepivacaine and tramadol on
IANB success?

Based on the premise that tramadol has some ability to block nerve conduction, Rodriguez-\Wong
and coauthors™® used a combination of mepivacaine and tramadol (1.3 mL of 2% mepivacaine with
1:100,000 epinephrine plus 0.5 mL of tramadol [50 mg/mL]) to determine if an increase in success
of the IANB in patients with symptomatic irreversible pulpitis could be achieved versus 1.8 mL of 2%
mepivacaine with 1:100,000 epinephrine. The authors found no significant difference between the
combination formulation (57 % success) and the 2% mepivacaine formulation (46 %).
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IN CONCLUSION, the combination of mepivacaine and tramadol does not appear to increase the
success of the IANB in patients presenting with symptomatic irreversible pulpitis.

How does tramadol affect IANB success?

Isiordia-Espinoza and coauthors™® found that submucosal tramadol, which has a brief local anesthetic—
like action, increased the anesthetic efficacy of the IANB. However, Beyazova and coauthors™” found
that the dose of tramadol needed to be increased to provide a clinically useful nerve block, which may
limit clinical applicability due to systemic side effects.

IN CONCLUSION, further research is needed before tramadol is used clinically.

What is the effect of lidocaine/clonidine on the success of the IANB?

Shadmehr and coauthors™® compared 2% lidocaine with clonidine (15 ug/mL) to 2% lidocaine with
epinephrine (12.5 pg/mL) in patients with irreversible pulpitis. Clonidine produces vasoconstriction
(selective a2 adrenoceptor agonist). It has also been reported to directly inhibit C-fiber activation and
enhance clinical anesthesia. Success (no or mild pain on access or instrumentation) was 59% for the
lidocaine/clonidine formulation and 29% for the lidocaine/epinephrine formulation; this difference was
significant.

IN CONCLUSION, further research is needed to confirm the results of using lidocaine/clonidine in
patients with irreversible pulpitis.

Does hyaluronidase affect IANB success?

Satish and coauthors™® studied 40 patients diagnosed with irreversible pulpitis. The IANB was admin-
istered using 2% lidocaine with epinephrine. Hyaluronidase (75 1U) or a placebo was injected 30 min-
utes after the beginning of pulpal anesthesia. The duration of the effect in the pulpal and gingival tis-
sues was evaluated by the response to painful electrical stimuli applied to the adjacent premolar and
by mechanical stimuli (pinprick) to the buccal gingiva, respectively. The authors found that pulpal and
gingival anesthesia was longer when hyaluronidase was given 30 minutes after the IANB. However,
only 20 patients were used in each group.
IN CONCLUSION, further research is needed before hyaluronidase is used clinically.

Bupivacaine versus lidocaine

Sampaio and coauthors'™ compared the administration of 3.6 mL of either bupivacaine with 1:200,000
epinephrine or 2% lidocaine with 1:100,000 epinephrine in patients presenting with symptomatic ir-
reversible pulpitis. The success rates (no or mild pain upon endodontic treatment) were 63% for the
lidocaine formulation and 80% for the bupivacaine formulation, with no statistically significant differ
ence between the formulations. Both success rates were higher than reported in previous studies.

Parirokh and coauthors™' compared the administration of 1.8 mL of either 0.5% bupivacaine with
1:200,000 epinephrine or 2% lidocaine with 1:80,000 epinephrine in patients presenting with asymp-
tomatic irreversible pulpitis. The success rates (no or mild pain upon access or instrumentation) were
25% for the lidocaine formulation and 20% for the bupivacaine formulation, with no statistically
significant difference between the formulations.

Fernandez and coauthors'?? found that lidocaine had a significantly faster onset of pulpal anesthesia
than bupivacaine.

IN CONCLUSION, /idocaine and bupivacaine seem to have similar efficacy for IANBs in patients
presenting with irreversible pulpitis. However, bupivacaine may have a slower onset of anesthesia.
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What is the effect of a combination mental/incisive nerve block and
IANB in symptomatic irreversible pulpitis?

Aggarwal and coauthors'? studied the combination of the mental/incisive nerve block plus IANB in
mandibular premolars in patients presenting with symptomatic irreversible pulpitis. Success (no or
mild pain during access and instrumentation) of the combination technique was 82%. The mental/
incisive nerve block and IANB were successful 53% and 47% of the time, respectively.

IN CONCLUSION, the combination of the mental/incisive nerve block plus IANB was more suc-
cesstul (82%) in symptomatic mandibular premolars than either nerve block alone.

Effect of preemptive ibuprofen and acetaminophen

One preemptive approach to improve anesthesia in patients with irreversible pulpitis is to give ibuprofen
or acetaminophen 1 hour before anesthetic administration. The rationale is that prostaglandin induces
sensitization of peripheral nociceptors.™*'? Interventions that decrease the overall concentration of
prostaglandins, such as ibuprofen, lead to reduced activation of these receptors.'® Therefore, there may
be a potential for preoperative medications to increase the effectiveness of the IANB.

Modaresi and coauthors'® recommended the use of ibuprofen for this purpose. However, they
evaluated success (the assumption of profound anesthesia) using tooth sensitivity level evaluated by
an EPT, and a lowered stimulus reading or lack of response from an EPT in patients with irreversible
pulpitis will not ensure profound anesthesia.’?”'?® laniro and coauthors'™® used either acetaminophen
or a combination of acetaminophen and ibuprofen preoperatively and found a trend toward higher suc-
cess rates (no pain on access) of 71% and 76 %, respectively, when compared with the placebo group
(46%). However, the differences were not significant.

Oleson and coauthors’ evaluated the effect of administration of 800 mg of preoperative ibuprofen on the
success of the IANB in patients presenting with irreversible pulpitis. The success rate (mild or no pain on
access or initial instrumentation) of the IANB was 41% with ibuprofen and 35% with the placebo, with no
significant difference between the two groups. Therefore, a preoperative dose of 800 mg of ibuprofen did
not result in an increase in success in patients presenting with symptomatic irreversible pulpitis. Aggarwal
and coauthors™ evaluated the effect of preoperative ibuprofen (600 mg) on the success (no or mild pain
on access or initial instrumentation) of the IANB in patients presenting with symptomatic irreversible pul-
pitis and found no significant difference between a placebo (29% success) and ibuprofen (27% success).

Simpson and coauthors® determined the effect of preoperative administration of a combination of 800 mg
of ibuprofen and 1,000 mg of acetaminophen on the success of the IANB in patients presenting with symp-
tomatic irreversible pulpitis. The success rate (no or mild pain on access or initial instrumentation) of the IANB
was 32% with the ibuprofen/acetaminophen combination and 24 % with the placebo, with no significant dif-
ference between the two groups. Therefore, a preoperative dose of 800 mg ibuprofen/1,000 mg acetamino-
phen did not result in an increase in success in patients presenting with symptomatic irreversible pulpitis.

Parirokh and coauthors™! investigated the effect of preoperative administration of 600 mg of ibu-
profen on the success of the IANB in patients presenting with asymptomatic irreversible pulpitis. The
success rate (no or mild pain on access or initial instrumentation) of the IANB was significantly higher
with ibuprofen (78%) than with the placebo (32%). However, none of the patients had spontaneous
pain at the time of the appointment; therefore, these results would only apply to patients presenting
with no spontaneous pain at the endodontic appointment.

Noguera-Gonzalez and coauthors™? found that preoperative oral administration of 600 mg of ibupro-
fen 1 hour before the administration of an IANB using 2% mepivacaine with 1:100,000 epinephrine
statistically increased success to 72% when compared with a placebo (36% success) in patients
presenting with irreversible pulpitis. However, only 25 patients were studied in each group. Jena and
Shashirekha'? studied preoperative oral administration of various medications 30 minutes before the
administration of an IANB using 2% lignocaine with 1:100,000 epinephrine in patients presenting
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with irreversible pulpitis. They reported a success rate of 55% for ibuprofen (600 mg), which was not
statistically significant when compared to a placebo (40% success rate). However, there were only
20 patients per group. Shahi and coauthors™* compared the effects of preoperative dexamethasone
and ibuprofen on the success rates of an IANB in patients with irreversible pulpitis. They found that
success (no or mild pain during treatment) was higher with the dexamethasone than with the placebo.
There was no significant difference between the ibuprofen and placebo groups.

Ramachandran and coauthors™® compared the effect of preoperative ibuprofen (800 mg) and a pla-
cebo given 1 hour before the endodontic procedure in patients presenting with irreversible pulpitis in
maxillary first molars. Following infiltration with 1.8 mL of 2% lidocaine with 1:200,000 epinephrine, the
authors found success rates (no or mild pain upon treatment) of 93% with ibuprofen and 26% with the
placebo. Ibuprofen was significantly more effective than the placebo. Nusstein and coauthors' adminis-
tered maxillary posterior buccal infiltrations of 3.6 mL of 2% lidocaine with 1:100,000 epinephrine to pa-
tients with symptomatic irreversible pulpitis and found an 88% success rate. Aggarwal and coauthors®’
found that a buccal infiltration of 2% lidocaine with 1:200,000 epinephrine in maxillary first molars in
patients presenting with irreversible pulpitis was 54 % successful (no or mild pain upon endodontic treat-
ment). In light of these findings, it is difficult to explain why Ramachandran and coauthors™® had such a
low success rate of 26% with the infiltration of 2% lidocaine with epinephrine.

IN CONCLUSION, preemptive ibuprofen and/or acetaminophen will not clinically improve the suc-
cess of the IANB in patients with symptomatic irreversible pulpitis.

Effect of preemptive acetaminophen/hydrocodone

Acetaminophen has analgesic and antipyretic activity comparable to that of aspirin. The mechanism of
action seems to be the inhibition of prostaglandin synthesis and interaction with both cannabinoid and
serotoninergic pathways. Hydrocodone is an opioid that can modulate pain by acting at opioid recep-
tors in the brain that are not associated with the descending pain inhibitory system.’*® The peripheral
analgesic effect of opioids is associated with opioid receptors located on the terminals of nociceptors.
With tissue insult, opioid receptors are upregulated. By introducing exogenous opioid agonists that
can then bind to these receptors, analgesia is produced at the site of tissue insult.’®

Fullmer and coauthors*' evaluated the effect of administration of the combination 1,000 mg acet-
aminophen/10 mg hydrocodone, given 60 minutes before the IANB, on the anesthetic success of
the IANB in patients experiencing symptomatic irreversible pulpitis. Success was defined as no or
mild pain on access or instrumentation. The authors found a 32% success rate for the IANB with the
combination dose of acetaminophen/hydrocodone and a 28% success rate with the placebo, with no
statistically significant difference between the two groups.

IN CONCLUSION, for mandibular posterior teeth, a combination dose of 1,000 mg of acetaminophen
and 10 mg of hydrocodone given 60 minutes before administration of the IANB did not result in a statisti-
cally significant increase in IANB success in patients diagnosed with symptomatic irreversible pulpitis.

Effect of preemptive ketorolac

In another attempt to improve anesthesia, Mellor and coauthors™ injected ketorolac (30 mg/mL)
adjacent to the tooth under treatment 15 minutes before a maxillary infiltration or IANB in patients
with symptomatic irreversible pulpitis. They found that ketorolac did not improve the pain of pulp
extirpation and caused significant pain during injection. However, as pointed out by Hargreaves,'8 it
is possible that the lack of detected effect is because of the limited sample size (five subjects in the
experimental group and five subjects in the placebo group), the pain course employed, and the time
course evaluated. Aggarwal and coauthors™® also investigated preoperative ketorolac in patients with
symptomatic irreversible pulpitis and found no significant effect on the success rate of the IANB.
However, their study used fewer than 24 patients per medication group.

183



6 Endodontic Anesthesia

184

Jena and Shashirekha™? studied the effects of preoperative oral administration of various medications
30 minutes before the administration of an IANB using 2% lignocaine with 1:100,000 epinephrine in pa-
tients presenting with irreversible pulpitis. The reported success rate was 70% for ketorolac (10 mg). This
increase was not statistically significant when compared to a placebo (40% success rate). However, there
were only 20 patients per group. Yadav and coauthors™® evaluated the success of IANBs with buccal and
lingual infiltrations of articaine and lidocaine with or without preoperative oral ketorolac (10 mg) for supple-
mental anesthesia in patients with irreversible pulpitis. The authors found that the IANB using 4% articaine
with 1:100,000 epinephrine with buccal and lingual infiltrations plus oral ketorolac was 76% successful (no
or mild pain upon access or instrumentation), whereas without the ketorolac the IANB was only 64% suc-
cessful. The IANB using 2% lidocaine with 1:80,000 epinephrine with buccal and lingual infiltrations was
only 32% successful. However, each group was divided into 25 patients per group. This may have affected
the success rate when compared with other studies that have used a larger number of patients. There was
no power analysis to determine the number of patients required per group.

Saha and coauthors™ studied the effect of preoperative oral administration of ketorolac (10 mg),
diclofenac potassium (50 mg), and a placebo on the efficacy of the IANB in patients with symptomatic
irreversible pulpitis. They found success rates (no or mild pain) of 76% for ketorolac, 55% for diclof-
enac, and 29% for the placebo.

IN CONCLUSION, further research is indicated regarding preemptive ketorolac for patients with
irreversible pulpitis.

Various preemptive analgesics

Parirokh and coauthors™' determined the effect of preoperative administration of 75 mg of indometha-
cin on the success of the IANB in patients presenting with asymptomatic irreversible pulpitis. The
success rate (no or mild pain on access or initial instrumentation) of the IANB was significantly higher
with indomethacin (62 %) than with the placebo (32%). However, none of the patients had spontane-
ous pain at the time of the appointment. Therefore, these results would only apply to patients present-
ing with no spontaneous pain at the endodontic appointment.

Prasanna and coauthors™' determined the effect of administration of preoperative lornoxicam
or diclofenac on the success of the IANB in patients with irreversible pulpitis. They found success
rates (no pain on access or instrumentation) of 71% for lornoxicam, 53% for diclofenac, and 28%
for the placebo. There was a significant difference between lornoxicam and the placebo. Jena and
Shashirekha' studied preoperative oral administration of various medications 30 minutes before the
administration of an IANB using 2% lignocaine with 1:100,000 epinephrine in patients presenting with
irreversible pulpitis. The reported success rates were 55% for the combination of etodolac (400 mg)
plus paracetamol (500 mg) and 50% for the combination of aceclofenac (100 mg) plus paracetamol
(500 mq). These success rates were not statistically significant when compared with the placebo
(40% success rate). However, there were only 20 patients per group. Shahi and coauthors™* studied
the effect of preemptive dexamethasone on the success rates of an IANB in patients with irreversible
pulpitis. They found that success (no or mild pain during treatment) was higher with the dexametha-
sone than with the placebo.

Ramachandran and coauthors'® compared the effects of preoperative administration of paracetamol
(1,000 mg), aceclofenac (100 mg), and a placebo, given 1 hour before the endodontic procedure in
maxillary first molars, on the success of IANBs in patients presenting with irreversible pulpitis. Fol-
lowing infiltration with 1.8 mL of 2% lidocaine with 1:200,000 epinephrine, the authors found success
rates (no or mild pain upon treatment) of 90% with aceclofenac, 73% with paracetamol, and 26%
with the placebo. All active medications were significantly better than the placebo.

IN CONCLUSION, further research is indicated regarding various preemptive analgesics for pa-
tients with irreversible pulpitis.



Postoperative Pain Reduction in Irreversible Pulpitis

Meta-analysis of the effect of preemptive medications

Li and coauthors'? performed a meta-analysis on the use of preoperative medications to increase the
success of the IANB in patients presenting with irreversible pulpitis. The authors suggested a relationship
but felt that more studies were necessary to confirm an outcome. Lapidus and coauthors'® analyzed
nine clinical trials evaluating preemptive medications versus a placebo as a supplement to the IANB in
patients with irreversible pulpitis. They felt there was some evidence to support the use of nonsteroidal
anti-inflammatory drugs (NSAIDs) preoperatively, particularly ibuprofen, to provide additional analgesia.

IN CONCLUSION, further analysis of the use of preemptive medications should be performed in
patients presenting with symptomatic irreversible pulpitis.

Asymptomatic versus symptomatic irreversible pulpitis
While some studies of preemptive medications have used patients presenting with symptomatic irre-
versible pulpitis, other studies have used patients presenting with asymptomatic irreversible pulpitis,
or the studies made no clear distinction between the diagnoses. As shown by Argueta-Figueroa and
coauthors® and Fragouli and coauthors,% success rates are higher in patients presenting with asymp-
tomatic irreversible pulpitis than in patients presenting with symptomatic irreversible pulpitis.
Additionally, there is a difference in success depending on the level of preoperative pain. Aggarwal and
coauthors® found that the IANB failure rate increases with an increase in the severity of preoperative pain.
IN CONCLUSION, there will be a clinical difference in success rates of preemptive medications
between patients presenting with asymptomatic irreversible pulpitis (no spontaneous pain at the
emergency appointment) and symptomatic irreversible pulpitis. That is, asymptomatic patients will
have higher success rates.

Effect of preemptive nitrous oxide

Nitrous oxide is the most commonly used inhalation anesthetic in dentistry.™ It has an impressive
safety record and is excellent for providing conscious sedation for apprehensive dental patients.
Moreover, nitrous oxide provides a mild analgesic effect.’* The most common estimate of analgesic
efficacy suggests that 30% nitrous oxide is equivalent to 10 to 15 mg of morphine.® Nitrous oxide
may have potential benefits in endodontic treatment because of its sedation and analgesic effects.

Stanley and coauthors® investigated the effect of nitrous oxide on the anesthetic success of the
IANB in patients experiencing symptomatic irreversible pulpitis. Each patient was randomly assigned
to receive an inhalation regimen of nitrous oxide/oxygen mix or room air/oxygen mix (placebo). Suc-
cess was defined as no or mild pain on access or instrumentation. The authors found a success rate
of 50% for the nitrous oxide group and 28% for the placebo group; this difference was statistically
significant.

IN CONCLUSION, the administration of 30% to 50% nitrous oxide resulted in a statistically signifi-
cant increase in success of the IANB.

Postoperative Pain Reduction in Irreversible
Pulpitis

Use of anesthetics and analgesic medications

Attar and coauthors™® used single-dose ibuprofen for postoperative endodontic pain. They found that
a single-dose pretreatment analgesic alone did not significantly reduce postoperative pain beyond
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the reduction in pain from endodontic treatment. Al-Kahtani’ evaluated postoperative pain following
endodontic treatment in patients with irreversible pulpitis receiving either lidocaine or bupivacaine.
The authors found significantly less pain at 6 and 12 hours in the bupivacaine group. Pain significantly
decreased overall by 24 hours. However, only 20 patients were evaluated in each group.

Ramazani and coauthors™® compared the effects of ibuprofen and Zintoma (Goldaru) on postoperative pain
of molars with irreversible pulpitis. The authors concluded Zintoma (a ginger extract) was not an effective
pain-relieving agent. Sethi and coauthors'® evaluated postoperative pain following endodontic treatment in
patients with irreversible pulpitis receiving 10 mg of ketorolac, 400 mg of etodolac, or 100 mg of tapentadol.
The authors found that a single dose of ketorolac and tapentadol significantly reduced postoperative end-
odontic pain when compared with etodolac. However, only 20 patients were evaluated in each group.

Parirokh and coauthors™ evaluated the effects of taking ibuprofen on a regular bases versus on
demand after endodontic treatment on postoperative pain in patients presenting with asymptomatic
irreversible pulpitis (no spontaneous pain). They found that prescribing ibuprofen on a regular basis
had no effect on postoperative pain relief compared with an on-demand regimen up to 48 hours after
endodontic treatment.

Mokhtari and coauthors™' evaluated the effect of premedication with indomethacin (25 mg) and
ibuprofen (400 mg) compared with a placebo on postoperative endodontic pain in patients with irre-
versible pulpitis. Both medications reduced postoperative pain at 8 hours, but there was no significant
difference between them at 12 and 24 hours after treatment. However, there were only 22 patients
in each of the three groups.

Elzaki and coauthors™? evaluated four NSAIDs for their ability to control postoperative endodontic
pain in patients with irreversible pulpitis: paracetamol (1,000 mg), paracetamol (1,000 mg) plus ibu-
profen (600 mg), paracetamol (1,000 mg) plus mefenamic acid (500 mg), and paracetamol (1,000 mg)
plus diclofenac (50 mg). Each medication was administered to 33 to 35 patients, and there was also a
group that received only a placebo. The authors found that the paracetamol plus ibuprofen performed
the best during the 8-hour postobservation time.

Remember the adage for postoperative pain: “The pain will go away when it stops hurting.”

IN CONCLUSION, the use of postoperative pain medications following endodontic treatment in
patients presenting with symptomatic irreversible pulpitis needs further study.

Does liposomal bupivacaine (Exparel) significantly reduce postoperative
pain/numbness when endodontic treatment is not possible?

Liposomal bupivacaine (Exparel, Pacira Pharmaceuticals) was cleared for use by the US Food and Drug
Administration in 2011. Exparel combines bupivacaine with DepoFoam, which is a delivery system of
microscopic spherical lipid-based chambers (Fig 6-2), each containing a small amount of bupivacaine
at a concentration of 13.3 mg/mL (expressed as anhydrous bupivacaine hydrochloride equivalent).'s3154
Due to erosion and lipid membrane reorganization, chambers release the bupivacaine, allowing for
continued drug release for up to 72 hours. A small amount (approximately 3%) is free bupivacaine and
supposedly allows immediate numbness, while the rest of the drug is released from the liposome
over time. The lipids (phospholipids, cholesterol, and triglycerides) are naturally occurring or close ana-
logs of endogenous lipids, so they are well tolerated and cleared by normal pathways.'®*

Several medical trials have been performed evaluating the efficacy and safety of liposomal bupi-
vacaine. Various surgical settings have been used in studies, including bunionectomy,’® total knee
arthroplasty,"%° total hip arthroplasty,'® implant-based breast reconstruction,’' colectomy,'62163 jl-
eostomy reversal,'84'% hemorroidectomy,'%17 mammoplasty, 7% abdominoplasty,”" and rhytidec-
tomy."”? Because liposomal bupivacaine is not cleared for use for nerve blocks, all of these studies
restricted its use to infiltration anesthesia. Postoperative pain was reduced in some studies, and some
studies showed a reduction in the use of postoperative narcotics. However, other studies showed no
difference in pain/and or opioid use postoperatively.
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Fig 6-2 The DepoFoam carrier matrix is made up of microscop-
ic polyhedral particles composed of numerous nonconcentric
internal aqueous chambers that encapsulate drugs without
altering their molecular structure and then release them over
a desired period of time. Each chamber is separated from ad-
jacent chambers by lipid membranes. Following injection, the
DepoFoam particles release medication over time due to ero-
sion and/or reorganization of the lipid membranes. (Courtesy
of Pacira Pharmaceuticals.)

Bultema and coauthors' evaluated pain reduction and numbness in untreated symptomatic ir
reversible pulpitis by comparing bupivacaine to liposomal bupivacaine (Exparel). In their study, 100
patients randomly received a 4-mL buccal infiltration of either bupivacaine or liposomal bupivacaine.
No endodontic treatment was performed. For postoperative pain, patients were given ibuprofen/ac-
etaminophen, and they could receive narcotic pain medication as an escape. Patients recorded their
level of numbness, pain, and medication use the night of the appointment and over the next 5 days.
No significant differences were found between treatment groups for tooth numbness, pain, and use
of non-narcotic and narcotic pain medications. A statistically significant difference in lip numbness
was found for days 1 to 3 for the liposomal bupivacaine group.

IN CONCLUSION, for untreated irreversible pulpitis, a 4-mL infiltration of liposomal bupivacaine
will not provide prolonged pain control, nor will it reduce analgesic consumption when compared to
bupivacaine.

Postoperative pain reduction in patients with irreversible pulpitis when
endodontic treatment is not possible

Endodontic debridement (pulpectomy or pulpotomy) is the most predictable method to relieve the
pain of irreversible pulpitis.” When debridement is not possible, clinicians may prescribe strong anal-
gesics and penicillin to try and relieve the pain. Unfortunately, the pain persists, and the use of penicil-
lin has no effect on the pain of untreated irreversible pulpitis.'”®"”” While there is an indication for pain
medications, antibiotics should not be given for irreversible pulpitis.

Gallatin and coauthors'® evaluated pain reduction in untreated irreversible pulpitis using an intraos-
seous injection of long-acting methylprednisolone acetate (Depo-Medrol, Pfizer). The authors found
that methylprednisolone acetate clinically reduced the patient’s pain to manageable levels for up to
7 days before receiving endodontic treatment, which supports this as a method to control patient
pain until definitive endodontic treatment can be performed. Bane and coauthors™® compared local
intraosseous injection of Depo-Medrol to pulpotomy in patients presenting with irreversible pulpitis.
They found that the Depo-Medrol group had less intense spontaneous and percussion pain in days 0
to 7 than the patients in the pulpotomy group.

Because pulpal inflammation is initially reduced by the methylprednisolone acetate dosage,'® this
regimen potentially could result in more successful anesthesia when the patient returns for end-
odontic treatment. Unfortunately, Agarwala and coauthors'™ and Stein and coauthors'® found that
the success rate of the IANB was not improved following the methylprednisolone acetate regimen.
Therefore, the preemptive use of methylprednisolone acetate did not result in an acceptable success
rate in patients returning with untreated irreversible pulpitis.
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IN CONCLUSION, methylprednisolone acetate reduces patient pain to manageable levels for up to
7 days before receiving endodontic treatment, which supports this as a method to control patient pain
until definitive endodontic treatment can be performed. Methylprednisolone acetate did not improve
the success rate of the IANB when the patient returned for endodontic treatment.

Pulpotomy as an interim treatment

Patients often have to decide between extraction and endodontic treatment for irreversible pulpitis.
Because of financial circumstances, patients may choose extraction. McDougal and coauthors'™ per-
formed pulpotomies in patients with irreversible pulpitis and restored the teeth with intermediate
restorative material (IRM) or an IRM base and glass-ionomer core. They found that pain was present in
10% of patients at 6 months and in 22% of patients at 12 months. While not ideal, the option of pulp-
otomy and provisional restoration may allow the patient time to find the means to finance complete
endodontic treatment.'®8 Teixeria'® found that an intrapulpal injection of local anesthesia to a 2-mm
depth during a pulpotomy did not interfere with the healing process of pulpotomized teeth.

IN CONCLUSION, pulpotomy may be a potential interim treatment for patients who need more
time to finance complete endodontic treatment.

Supplemental and Primary Infiltration Injections
in Patients with Irreversible Pulpitis

Supplemental buccal infiltration of articaine following an IANB

Matthews and coauthors® determined the anesthetic efficacy of the supplemental buccal infiltration
injection of a cartridge of 4% articaine with 1:100,000 epinephrine in mandibular posterior teeth di-
agnosed with symptomatic irreversible pulpitis when the conventional IANB failed. They found that
success (mild or no pain upon endodontic access or instrumentation) of the supplemental buccal
infiltration occurred 58% of the time.

In similar studies, Oleson and coauthors’” and Simpson and coauthors® used an identical methodol-
ogy to Matthews and coauthors® and reported success rates of 38% and 52%, respectively. Aggarwal
and coauthors™® found a 54% success rate for the supplemental buccal infiltration of articaine and a
62% success rate for infiltration of articaine plus ketorolac. They also found a 45% success rate for a
supplemental dexamethasone infiltration.®®

Fan and coauthors™ evaluated the anesthetic efficacy of the IANB plus a buccal infiltration of arti-
caine in patients with irreversible pulpitis. They found an anesthetic success rate (mild or no pain upon
endodontic access) of 82%. However, it was not known how many of the patients would have been
successfully anesthetized with the IANB alone before the buccal infiltration was given. In the studies
of Matthew and coauthors,® Oleson and coauthors,” and Simpson and coauthors,® only patients who
had failure with the IANB received the buccal infiltration of articaine. This omission in study design
could have affected the results of the study by Fan and coauthors.®’

Poorni and coauthors’® found that 4% articaine with epinephrine and 2% lidocaine with epinephrine
for IANB were equally effective (75% versus 69%) for patients presenting with symptomatic irrevers-
ible pulpitis. The buccal infiltration of 4% articaine with epinephrine alone was also successful 69% of
the time. These success rates are high when compared with other studies.

Kanaa and coauthors®? studied supplemental techniques after a failed IANB in patients presenting
with irreversible pulpitis. The success rate (no or mild pain upon access or instrumentation) for the
supplemental buccal infiltration of articaine (2 mL) was 84%, which is much higher than that found in
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previous studies. Dou and coauthors'® investigated the effect of supplemental lingual infiltration (0.9 mL
of articaine) in mandibular molars following an IANB (4 mL of lidocaine) plus buccal infiltration (0.9 mL
of articaine) in patients presenting with irreversible pulpitis. The authors found success rates (no or mild
pain upon access or initial instrumentation) of 70% for the buccal plus lingual supplemental injections
versus 62% for the supplemental buccal infiltration. There was no significant difference between the
two regimens. Supplemental lingual infiltrations of articaine do not improve the success rate in man-
dibular molars with irreversible pulpitis over the IANB plus buccal infiltration. In a study of the IANB and
supplemental buccal infiltration in patients presenting with irreversible pulpitis, Ashraf and coauthors’
found no difference between lidocaine and articaine for the nerve blocks. The supplemental buccal infil-
tration was 57 % successful (58 of 102 patients). In these 58 patients, articaine was 71% successful (41
of 58 patients) and lidocaine was 29% successful (17 of 58 patients). While we know articaine is more
successful for buccal infiltration than lidocaine following a failed IANB, a 71% success rate achieved with
articaine is far above the success rates reported in other studies (38% to 54%). Rogers and coauthors'®®
evaluated articaine versus lidocaine for buccal infiltration after a failed IANB in patients with irreversible
pulpitis. They found a success rate (no or mild pain upon access or instrumentation) of 26% with the
IANB using articaine. The buccal infiltration was 62% successful with articaine and 37% successful for
lidocaine. Monteiro and coauthors™® found that a 4% articaine buccal infiltration was 40% successful
after a failed IANB in patients with irreversible pulpitis. Schellenberg and coauthors*? similarly found a
37% success rate (no or mild pain upon access or instrumentation) for a buccal infiltration of articaine
after a failed IANB in patients presenting with symptomatic irreversible pulpitis.

Fowler and coauthors’’ determined the anesthetic success of a supplemental articaine buccal in-
filtration following a failed IANB in first and second molars and premolars in 204 emergency patients
presenting with symptomatic irreversible pulpitis. Success was defined as the ability to access and
instrument the tooth with no pain or only mild pain. They reported success rates of 42% for the first
molars, 48% for the second molars, and 73% for the premolars. There were no significant differences
when comparing the molars, but there was a significant difference when comparing the premolars
with the molars. However, the success rates of supplemental buccal infiltration of articaine of the
molars and premolars would not be high enough to ensure profound pulpal anesthesia.

In a systematic review and meta-analysis, Kung and coauthors’’ found that articaine was not su-
perior to lidocaine for IANBs but was superior for supplemental infiltration following a failed block in
patients presenting with symptomatic irreversible pulpitis. Brandt and coauthors’ performed a meta-
analysis of articaine versus lidocaine in dentistry and also found articaine to be better than lidocaine
for infiltrations in the mandible.

Unfortunately, the modest success rates of the supplemental buccal infiltration would not provide
predictable pulpal anesthesia for all patients requiring profound anesthesia. This is in contradiction to
the finding in asymptomatic teeth, where the buccal infiltration of a cartridge of 4% articaine with
1:100,000 epinephrine following an IANB was successful 88% of the time.™!

IN CONCLUSION, a buccal infiltration of articaine following a failed IANB is not reliable for pulpal
anesthesia in patients presenting with symptomatic irreversible pulpitis.

Increasing the volume of articaine for a supplemental buccal infiltration of
articaine
Singla and coauthors™ compared different volumes of supplemental 4% articaine (1.8 mL and 3.6 mL)
after failed IANBs in patients presenting with irreversible pulpitis. The authors found that the IANB
using 1.8 mL of 4% articaine with 1:100,000 epinephrine was successful (no or mild pain upon end-
odontic treatment) 37% of the time. The supplemental buccal infiltrations were 62% (1.8-mL volume)
and 64% (3.6-mL volume) successful, with no significant difference between the two volumes.

IN CONCLUSION, increasing the volume of articaine to a two-cartridge volume did not increase the
success rate of a supplemental buccal infiltration after a failed IANB in patients with irreversible pulpitis.
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Supplemental buccal infiltrations of lidocaine following an IANB

Parirokh and coauthors?” found a 65% success rate when an infiltration of 1.8 mL of 2% lidocaine
with 1:80,000 epinephrine was administered buccal to the mandibular first molar after an IANB in
patients with irreversible pulpitis. However, it was not known how many of the patients would have
been successfully anesthetized with the IANB alone before the buccal infiltration was given. That is,
the authors did not test for failure before administering the buccal infiltration. This omission in study
design could have affected the results.

In general, a supplemental buccal infiltration of a cartridge of 2% lidocaine with 1:80,000 epineph-
rine will not be as effective as an intraosseous injection for posterior mandibular teeth.

IN CONCLUSION, a buccal infiltration of 2% lidocaine with 1:80,000 epinephrine following a failed
IANB is not reliable for pulpal anesthesia in patients presenting with irreversible pulpitis.

Supplemental buccal plus lingual infiltrations of articaine following an
IANB

Aggarwal and coauthors® found articaine to be more successful (67 %) than lidocaine (47 %) for buc-
cal and lingual infiltrations following an IANB in patients with irreversible pulpitis. However, it was not
known how many of the patients would have been successfully anesthetized with the IANB alone
before the buccal and lingual infiltrations were given. That is, the authors did not test for failure before
administering the infiltrations. This omission in study design could have affected the results.

IN CONCLUSION, buccal and lingual infiltrations of articaine following an IANB are not reliable for
pulpal anesthesia in patients presenting with irreversible pulpitis.

Primary buccal plus lingual infiltrations of articaine

Aggarwal and coauthors™ found that primary buccal (1.1 mL) plus lingual infiltrations (1.1 mL) of 4%
articaine with 1:100,000 epinephrine had only a 27% success rate in mandibular first and second
molars for patients presenting with irreversible pulpitis.

IN CONCLUSION, primary buccal plus lingual infiltrations (1.1 mL) of articaine are not reliable for
pulpal anesthesia in patients presenting with irreversible pulpitis.

Primary buccal infiltration of 4% articaine

Zain and coauthors'? evaluated the success of a primary buccal infiltration of 4% articaine in mandibu-
lar first molars in patients presenting with irreversible pulpitis. The success rate was 77%. This suc-
cess rate is very high considering that Aggarwal and coauthors™ found a success rate of 27% using a
primary buccal and lingual infiltration of 4% articaine for patients presenting with irreversible pulpitis.

IN CONCLUSION, further research is needed to confirm the high success rate of a primary buccal
infiltration of 4% articaine.

Supplemental buccal infiltration of ketorolac to improve the success
of the IANB

Akhlaghi and coauthors™? determined whether ketorolac buccal infiltrations (30 mg/mL) improved the
success of the IANB in patients with acute irreversible pulpitis. Successful anesthesia (no or mild pain)
was 40% for the ketorolac group and 15% for the control group (saline injection). However, there were
only 20 patients in each group.

IN CONCLUSION, further research is needed to confirm the results of using a buccal infiltration of
ketorolac to improve the success of the IANB.
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Supplemental Intraligamentary Injection in
Patients with Irreversible Pulpitis

Success rates using lidocaine

The success of supplemental intraligamentary injections in achieving pulpal anesthesia for endodontic
procedures has been reported to be 50% to 96% .5'%+1%6\Walton and Abbott' reported a 63% success
rate of the supplemental intraligamentary injection during endodontic and restorative procedures.
If the first intraligamentary injection failed, reinjection was shown to be successful in 71% of the
patients for an overall success rate of 92%. Smith and coauthors'™® reported similar results. Cohen
and coauthors® studied endodontic patients with irreversible pulpitis and found that a supplemental
intraligamentary injection was 74% successful. Reinjection increased success to 96%. The intraliga-
mentary injection will not be successful in mandibular anterior teeth.'971%

Kanaa and coauthors®? studied supplemental techniques after a failed IANB in patients presenting
with irreversible pulpitis. The success rate (no or mild pain upon access or instrumentation) was 48%
using an intraligamentary injection (0.36 mL of lidocaine with epinephrine). Zarei and coauthors™®
evaluated supplemental intraligamentary anesthesia following a failed IANB in patients presenting
with irreversible pulpitis. Success (no or mild pain upon access or instrumentation) was 70% with the
intraligamentary technique. There was no increase in heart rate with the intraligamentary injection.

Parirokh and coauthors?® studied a combination of the IANB plus buccal infiltration plus intraliga-
mentary injection versus a traditional IANB. Success (no or mild pain during endodontic treatment)
was 22% for the IANB and 58% for the combination technique.

Mohajeri and coauthors?' evaluated supplemental intraligamentary injection of meperidine/lido-
caine in patients presenting with symptomatic irreversible pulpitis. The authors found that the addition
of 0.4 mL of 5% meperidine to lidocaine did not improve anesthetic efficacy.

In a survey of endodontists (response rate of 33%), Bangerter and coauthors?®? found that the in-
traligamentary injection was used more often than intraosseous techniques, with older endodontists
using the intraligamentary injection more often than their younger colleagues. The reported finding
may be because many endodontists have not been taught the newer intraosseous systems.

Comment: The senior author of this book used the supplemental intraligamentary technique for many
years until the intraosseous systems were introduced. It seemed the technique required reinjection to ob-
tain a successful result about 25% to 37% of the time. It also required strong back pressure, which | found
disconcerting due to the sustained force required during delivery. In addition, if | had a long tooth (25 to 28
mm), it did not seem to work very well. The duration was short because of the small amount of anesthetic
delivered with this technique, which meant that if | left the patient unattended very long, he or she might not
be numb when | returned. Then | would have to repeat the injection. So | always felt rushed. Supplemental
intraosseous anesthesia is more efficient because you do not need to reinject to increase initial success
(unless 3% mepivacaine plain is used), and it provides a longer duration of pulpal anesthesia than intraliga-
mentary supplemental anesthesia.

IN CONCLUSION, supplemental intraligamentary anesthesia is less successful than intraosseous
anesthesia. Additionally, the intraligamentary technique requires reinjection for higher success rates.

Success rates using articaine

Fan and coauthors™ evaluated the anesthetic efficacy of the IANB plus the intraligamentary injection
using articaine in patients with irreversible pulpitis. They found an anesthetic success rate (mild or no
pain upon endodontic access) of 83%. It was not known how many of the patients would have been
successfully anesthetized with the IANB alone before the intraligamentary injection was given. This
omission in study design may have affected the results.
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IN CONCLUSION, further research of a supplemental intraligamentary injection using articaine
when the IANB fails needs to be performed on patients presenting with irreversible pulpitis.

Success rates using CCLAD

Nusstein and coauthors?® investigated the anesthetic effectiveness of the supplemental intraliga-
mentary injection of 2% lidocaine with 1:100,000 epinephrine administered with the CompuDent
(Milestone Scientific) CCLAD system—formerly known as the Wand—in mandibular posterior teeth
diagnosed with irreversible pulpitis when the conventional IANB failed. Success of the intraligamen-
tary injection (mild or no pain upon endodontic access or initial instrumentation) was obtained in 56 %
of the patients. The results were disappointing because the CCLAD system should have been capable
of delivering approximately 1.4 mL of anesthetic solution via the intraligamentary injection by consis-
tently maintaining a precise flow rate. Because the study used a prototype pressure-sensing unit, it
may be helpful if a further study could use a currently marketed pressure sensing unit (eg, STA Single
Tooth Anesthesia unit [Milestone Scientific] with dynamic pressure-sensing technology).

IN CONCLUSION, a supplemental intraligamentary injection using the CompuDent CCLAD pro-
totype pressure-sensing unit following a failed IANB was successful 56% of the time in patients
presenting with irreversible pulpitis.

Considerations with the Use of Supplemental
Intraligamentary Injections

Injection discomfort

Cohen and coauthors® used a high-pressure syringe to administer supplemental intraligamentary an-
esthesia after the IANB had failed in patients with symptomatic vital teeth (irreversible pulpitis). They
felt that the intraligamentary injection did not produce discomfort. However, Dreven and coauthors?
reported moderate pain with the intraligamentary injection in patients with irreversible pulpitis. Nuss-
tein and coauthors?® used an intraligamentary injection with the CompuDent CCLAD unit and report-
ed pain for needle insertion and placement as 18% moderate pain and 4% severe pain. Deposition
of the anesthetic solution resulted in 10% of the patients reporting moderate pain and 1% reporting
severe pain. The clinician should be aware that moderate-to-severe pain may be experienced when
using a supplemental intraligamentary injection in patients with irreversible pulpitis.

IN CONCLUSION, the incidence is less than 20% for moderate-to-severe pain when using a sup-
plemental intraligamentary injection in patients presenting with irreversible pulpitis.

Onset and duration of anesthesia

Onset is basically immediate. When used as a supplemental technique with the CompuDent CCLAD
system in endodontic therapy, 56% of patients who had success maintained anesthesia for the de-
bridement appointment (approximately 35 minutes).?®® The duration with the CompuDent CCLAD unit
is longer than with intraligamentary syringes.203204

IN CONCLUSION, onset is immediate, and when successtul, duration of a supplemental intraliga-
mentary injection will last for approximately 35 minutes when the CompuDent CCLAD unit is used.
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Postoperative pain and precautions

The postoperative discomfort of the supplemental intraligamentary injection will be additive to the
normal postoperative pain of the endodontic treatment.

Do not use intraligamentary injections in painful teeth with necrotic pulps and periapical radiolucen-
cies or in teeth exhibiting cellulitis or abscess formation. This would be very painful and would likely
not provide profound anesthesia.

In addition, patients with clinical manifestations of bisphosphonate-related osteonecrosis of the jaw
should not receive intraligamentary injections. Although not studied, patients taking oral bisphospho-
nates may be able to receive intraligamentary injections. Further information is needed.

Supplemental and Primary Intraosseous
Injections in Patients with Irreversible Pulpitis

The intraosseous injection is not a new technique and was included in a textbook from 1935, An-
esthesia in Dental Surgery by Sterling V. Mead. The last line of his short description of intraosseous
anesthesia gives the impression that anesthesia was predictable in the 1930s: “It seems to me this
method has no real advantages and is not necessary.”?% Interesting.

Success of a supplemental intraosseous injection following an IANB

Stabident system using lidocaine
Nusstein and coauthors' found that a supplemental mandibular intraosseous injection of 1.8 mL of 2%
lidocaine with 1:100,000 epinephrine with the Stabident system (Fairfax Dental, see Fig 4-11), was
90% successful (mild or no pain upon endodontic access or initial instrumentation) in gaining pulpal
anesthesia for posterior teeth diagnosed with irreversible pulpitis. Likewise, in similar studies, Oleson
and coauthors’ and Simpson and coauthors® found a 94% and 86% success rate, respectively. Par
ente and coauthors® used the Stabident intraosseous injection in patients with irreversible pulpitis
when conventional local anesthetic techniques failed. They found an initial supplemental intraosseous
injection using 0.45 to 0.9 mL of 2% lidocaine with 1:100,000 epinephrine to be successful in 79% of
posterior mandibular teeth. A second intraosseous injection increased success to 91%. Therefore, a
quarter to a half cartridge of a lidocaine formulation seems to be less effective than a full cartridge.

Kanaa and coauthors®? studied supplemental techniques after a failed IANB in patients presenting
with irreversible pulpitis. The success rate (no or mild pain upon access or instrumentation) was only
68% with the intraosseous technique using 1T mL of lidocaine with epinephrine. The lower success
rate with the intraosseous injection was the result of using only 1 mL instead of the 1.8-mL volume
used in previous studies.

IN CONCLUSION, the supplemental intraosseous injection of a cartridge of 2% lidocaine with
1:100,000 epinephrine will be successful approximately 90% of the time in mandibular posterior teeth.

Stabident system using mepivacaine

Reisman and coauthors? reported that the supplemental intraosseous injection of 1.8 mL of 3% mepi-
vacaine increased success (mild or no pain upon endodontic access or initial instrumentation) in man-
dibular teeth diagnosed with irreversible pulpitis to 80% when compared with the IANB alone (25%
success). A repeated intraosseous injection of a cartridge of 3% mepivacaine increased success to
98%. Therefore, one cartridge of 3% mepivacaine plain is not as efficacious as one cartridge of 2%
lidocaine with 1:100,000 epinephrine, but 3% mepivacaine does not have the heart rate increase seen
with epinephrine-containing solutions.
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IN CONCLUSION, the supplemental intraosseous injection of a cartridge of 3% mepivacaine will
be successful 80% of the time in mandibular posterior teeth. Repeating the intraosseous injection
with another cartridge of 3% mepivacaine will increase success to 98%.

Stabident system using articaine
Bigby and coauthors?® found that for posterior teeth diagnosed with irreversible pulpitis, the supple-
mental intraosseous injection of 1.8 mL of 4% articaine with 1:100,000 epinephrine was 86% success-
ful (mild or no pain upon endodontic access or initial instrumentation) when the IANB failed. Therefore,
the success rate of the articaine formulation was similar to that for a formulation of lidocaine.

IN CONCLUSION, articaine is similar to lidocaine for a supplemental intraosseous injection when
the IANB fails.

X-Tip system
Nusstein and coauthors® used an X-Tip system (Dentsply Maillefer, see Fig 4-12) to provide supple-
mental intraosseous injections in patients with symptomatic irreversible pulpitis when a conventional
IANB failed. The X-Tip injection site was 3 to 7 mm apical to the mucogingival junction of the man-
dibular molar or premolar, and 1.8 mL of 2% lidocaine with 1:100,000 epinephrine was administered.
They found that 6 of the 33 (18%) X-Tip injections resulted in backflow of the anesthetic solution
into the oral cavity. None of the backflow injections were successful in obtaining anesthesia. The 27
remaining X-Tip injections (82%) were successful (mild or no pain upon endodontic access or initial
instrumentation). They concluded that when the IANB fails to provide profound pulpal anesthesia,
and when used in an apical location, the X-Tip system was successful in achieving pulpal anesthesia
in mandibular posterior teeth of patients presenting with irreversible pulpitis. Zarei and coauthors'®
evaluated supplemental X-Tip intraosseous anesthesia following a failed IANB in patients presenting
with irreversible pulpitis. Success was 100% with the intraosseous technique. Verma and coauthors?®’
found a 93% success rate using the supplemental X-Tip intraosseous technique in patients with ir
reversible pulpitis. Idris and coauthors?® evaluated the effectiveness of the X-Tip using 4% articaine
with 1:100,000 epinephrine when the IANB failed. The X-Tip was successful (no or mild pain upon
endodontic treatment) 87 % of the time.

IN CONCLUSION, the supplemental intraosseous injection using the X-Tip and a cartridge of 2%
lidocaine with 1:100,000 epinephrine will result in high success rates and will be similar to a Stabident
intraosseous injection.

Success of primary intraligamentary and intraosseous injections

Jing and coauthors?® used primary intraligamentary injections (CCLAD) of 4% articaine with 1:100,000
epinephrine in posterior teeth in patients with asymptomatic irreversible pulpitis. Success rates were
92% for the premolars, 53% for the first molar, and 93% for the second molar. Even with patients
presenting with asymptomatic irreversible pulpitis, it is difficult to explain such high success rates.
Pereira and coauthors?'™ used a primary X-Tip intraosseous injection of 0.9 mL (injection rate of 0.45
mL/min) of 2% lidocaine with either 1:100,000 or 1:200,000 epinephrine in mandibular molars in
patients presenting with irreversible pulpitis. While they reported success rates (no pain during the
endodontic procedure) of 97% and 93%, respectively, for an average 90-minute appointment and no
increase in heart rate, perhaps the use of 31 and 29 patients in each group affected the results. No
other study has reported such high success rates, and none has reported no increase in heart rate
using intraosseous injection. More research is needed to confirm the results of this study. Razavian
and coauthors?" used the X-Tip as a primary technique in patients with irreversible pulpitis and found
an 85% success rate; however, only 20 patients were included in the study.

The IntraFlow system (Pro-Dex, see Fig 4-15) combines a slow-speed handpiece with an anesthetic
cartridge dispenser system and a rotating needle/drill. The anesthetic solution is delivered after the
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cortical bone is perforated. Reemers and coauthors?'? studied the IntraFlow system as a primary injec-
tion technique in 15 patients with irreversible pulpitis and found an 87% success rate (two consecu-
tive 80 readings with an EPT). However, the authors did not test the assumption of pulpal anesthesia
by performing access openings and measuring pain. Additionally, some lingual anesthesia would be
required for the rubber dam clamp and placement of the radiographic digital sensor or film. A separate
injection of anesthetic solution would be required. The authors showed that the needle/drill became
clogged and resulted in leakage around the transfuser assembly and subsequent failure. When the
needle/drill is clogged, the anesthetic solution slowly leaks almost imperceptibly from the transfuser
assembly. Therefore, there is no feedback when this occurs other than the lack of pulpal anesthesia.
The IntraFlow system is no longer marketed.

Comment: Our impression from clinical experience is that when the IANB does not result in lip
numbness, the intraosseous or intraligamentary injection used as supplemental anesthesia will usu-
ally not provide pulpal anesthesia. Therefore, we would not expect a primary intraosseous or intraliga-
mentary injection to be successful.

IN CONCLUSION, further research on primary intraosseous and intraligamentary injections needs
to be performed on patients presenting with irreversible pulpitis before either can be recommended.

The key to success

The key to success with the supplemental intraosseous injection is flow of the anesthetic into the
cancellous space. If anesthetic solution flows out of the perforation site into the oral cavity, no an-
esthetic effect will be realized. Reperforation or choosing another perforation site would be a good
choice to gain access to the cancellous bone.

In less than 10% of intraosseous injections, constricted cancellous spaces may limit the distribution
of the anesthetic solution around the apices of the teeth.!?16:2021.2394.203.204.206.213-215 Therefore, failure
may result even when the anesthetic solution is delivered intraosseously.

IN CONCLUSION, the anesthetic solution must be delivered into the cancellous space.

Considerations with the Use of Supplemental
Intraosseous Injections

What to tell patients when administering intraosseous anesthesia

An example of an explanation of intraosseous anesthesia would be, “Your tooth isn't as numb as we
would like. Therefore, we are going to give additional numbing solution next to your tooth. You will
feel some vibrations and possibly your heart may beat a little faster,” if using a solution with a vaso-
constrictor. We should not say, “We are going to drill through your gum and bone and then give you
a shot of the anesthetic.” For the IANB we do not give detailed description such as, “We are going
to go through the mucosal surface, then some connective tissue and possibly muscle, then hit the
bone, and try to hit the nerve.” We simply say, “We are going to get you comfortable by numbing your
tooth.” The explanation for an intraosseous injection should be no different than what we say when
administering other local anesthetic injections.

IN CONCLUSION, the explanation should be simple and similar to the details given for any other
intraoral injection.
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Pain of perforation and solution deposition

In mandibular posterior teeth with irreversible pulpitis, Nusstein and coauthors,” Reisman and coau-
thors,? and Bigby and coauthors?® found that 0%, 9%, and 16% of patients, respectively, reported
moderate-to-severe pain with the Stabident perforation. In addition, 5%, 31%, and 22%, respectively,
reported moderate-to-severe pain during anesthetic solution deposition. For use of the X-Tip system
in patients with irreversible pulpitis, Nusstein and coauthors® reported a 48% incidence of moderate-
to-severe pain with perforation. Solution deposition resulted in a 27% incidence of moderate pain.
Verma and coauthors?”’ evaluated supplemental intraosseous (X-Tip) anesthesia following a failed
IANB in patients presenting with irreversible pulpitis. They found that, during perforation, 97% of
patients reported no or mild pain, while 3% reported moderate-to-severe pain. During solution depo-
sition, 25% of patients reported moderate-to-severe pain. For both intraosseous systems, pain upon
perforation only lasted a few seconds and occurred during the actual rotating of the drill. Solution
deposition pain usually occurred when initial pressure was applied to deposit the solution. Generally,
the clinician should be aware that a transient but moderate-to-severe pain may be experienced when
using the Stabident or X-Tip systems for perforation and solution deposition in patients with irrevers-
ible pulpitis. The higher pain ratings, compared with asymptomatic teeth, are related to the patients
being in pain and possibly being anxious.

IN CONCLUSION, the supplemental intraosseous injection has the potential to be painful in pa-
tients with irreversible pulpitis.

Onset and duration
The onset is immediate. There is no waiting period.
In patients with irreversible pulpitis, the supplemental intraosseous injection provided anesthesia for
the entire debridement appointment (at least 35 minutes) using the Stabident or X-Tip systems."2.94206
IN CONCLUSION, onset is immediate, and the supplemental intraosseous injection will last at
least 35 minutes.

Repeating the intraosseous injection
Jensen and coauthors?'® found that repeating the intraosseous injection using 1.4 mL of 2% lidocaine
with 1:100,000 epinephrine 30 minutes after the initial intraosseous injection provided an additional 15
to 20 minutes of pulpal anesthesia. Therefore, if the patient starts to feel discomfort during the later
stages of the endodontic appointment, repeating the intraosseous injection may be helpful. However,
in some cases, the IANB may be wearing off in the later stages of the appointment. Therefore, repeat-
ing the IANB may also be helpful.

IN CONCLUSION, repeating the intraosseous injection will provide an additional 15 to 20 minutes
of pulpal anesthesia.

When does pain occur during endodontic treatment after a failed IANB?
After a failed IANB, endodontic access into dentin will result in a 38% incidence of moderate pain and
a 14% incidence of severe pain."34% |f the access is successful through dentin, exposing the pulp
will result in an 18% incidence of moderate pain and an 11% incidence of severe pain.’343 |f access
in dentin and pulp exposure is successful, initial instrumentation will result in a 6% incidence of mod-
erate pain and a 7% incidence of severe pain.'34% Therefore, the biggest problem is gaining access
in dentin before the pulp is exposed. It would seem logical to administer supplemental anesthesia
during this stage of access rather than causing pain trying to gain further access to expose the pulp.
IN CONCLUSION, 52% of patients will experience moderate-to-severe pain upon access in dentin
after a failed IANB before the pulp is exposed.
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When should the intraosseous injection be given?

Considering the high failure rate of the initial IANB, it would be prudent to give many patients with
irreversible pulpitis a supplemental intraosseous injection following an IANB. That is, administer an
IANB and then test the tooth with a cold refrigerant. If negative, proceed with treatment. If positive,
administer an intraosseous injection. An infiltration of 1.8 mL of 4% articaine with 1:100,000 epineph-
rine is first given over the site of the proposed intraosseous injection to help decrease the pain of
the perforation and supplemental anesthesia. The intraosseous injection will significantly decrease
patients’ pain and allow a quicker onset of treatment.

More endodontists do not yet use this regimen because many clinicians do what they were taught
in their initial clinical training, and sometimes it is hard to change. For example, a 1998 study in the
Journal of the American Medical Association urged the use of anesthesia during circumcision.?® At
the time of the study, up to 96% of babies did not receive anesthesia. Physicians were taught in their
residencies not to administer anesthesia, and consequently it will be a slow process to change them
over. This is a common problem in many health care disciplines and emphasizes the need to stay cur
rent with new advances.

This book has presented good information regarding intraosseous anesthesia, and we feel that the
reader should adopt some of the strategies presented. This follows Torquemada’s Law: \WWhen you are
sure you are right, you have the moral duty to impose your will upon anyone who disagrees with you.

IN CONCLUSION, administering a supplemental intraosseous injection after an IANB will signifi-
cantly decrease patient pain and allow a quicker onset of treatment in patients with irreversible pulpitis.

Postoperative pain and problems

In patients with irreversible pulpitis, the postoperative pain of the intraosseous injection would likely
be additive to any postoperative pain of the endodontic procedure. In addition, the incidence of pa-
tients developing swelling and/or exudate at the site of perforation should be similar to the incidence
in asymptomatic patients (around 5%). See chapter 4 for further discussion.

Supplemental Intraosseous Injection in Partially
Vital Teeth

The supplemental intraosseous injection should work in teeth where the chamber is necrotic, the
canals are vital or partially vital, and there is a widening of the periodontal ligament radiographically
(Fig 6-3). A recent history of hot and cold sensitivity should differentiate this condition from one of a
patient with a symptomatic tooth with a necrotic pulp and associated periapical radiolucencies expe-
riencing an acute exacerbation (Phoenix abscess).

IN CONCLUSION, supplemental intraosseous injections should be successful in teeth with par
tially vital pulps.
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Fig 6-3 The intraosseous injection should work in teeth where Fig 6-4 The intraosseous injection is painful in necrotic teeth

the chamber is necrotic, the canals are vital or partially vital, with periapical radiolucencies.
and there is a widening of the periodontal ligament radio-
graphically.

Supplemental Intraosseous and Intraligamentary
Injections in Teeth with Necrotic Pulps and
Periapical Radiolucencies

Symptomatic teeth

No study has investigated the success rate in these teeth. More than likely, anesthetic solution depo-
sition would be very painful, and profound anesthesia may not be provided, or if obtained, it may be
of short duration.

In a preliminary study we performed at The Ohio State University, anesthetic solution deposition
with the supplemental intraosseous and intraligamentary injections was very painful in symptomatic
teeth with necrotic pulps and periapical radiolucencies (Fig 6-4), and the study had to be terminated.
Therefore, until future studies can address this issue, intraosseous and intraligamentary injections
should not be used in painful teeth with necrotic pulps and radiolucent areas.

IN CONCLUSION, supplemental intraosseous and intraligamentary injections should not be used
in painful teeth with necrotic pulps and radiolucent areas.

Asymptomatic teeth

Although rarely needed, supplemental intraosseous and intraligamentary injections should be suc-
cessful in asymptomatic teeth with necrotic pulps and radiolucent areas.

Precautions

Do not use intraosseous injections in painful teeth with necrotic pulps and periapical radiolucencies or
teeth exhibiting cellulitis or abscess formation. This would be very painful and would likely not provide
profound anesthesia. Patients with clinical manifestations of bisphosphonate-related osteonecrosis of
the jaw should not receive intraosseous injections. Although not studied, patients taking oral bisphos-
phonates may be able to receive intraosseous injections. Further information is needed.
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Intraseptal Anesthesia

Intraseptal anesthesia is the deposition of the anesthetic solution directly into the interdental septum,
thereby allowing solution to flow through the porous crestal alveolar bone and into the cancellous bone
surrounding the tooth.?"-?2 The injection is further described by Saadoun and Malamed??? as being
given in buccal keratinized tissue at a point “located at the center of the papillary triangle...equal dis-
tance from the adjacent teeth.” In a 2005 review of the injection technique, Woodmansey??® suggests
advancing the needle “until it contacts the underlying bone,” impaling the osseous crest, and then
firmly advancing into the interdental septum where the anesthetic should be delivered. Woodman-
sey also recommended repeating the intraseptal injection at mesial and distal aspects of the tooth.??
Success rates of intraseptal anesthesia have ranged from 76% to 90%, depending on how success
was measured (extractions, restorative procedures, and experimental monitoring with an EPT.277-223

Webster and coauthors* determined the anesthetic efficacy of the supplemental intraseptal tech-
nique in mandibular posterior teeth diagnosed with symptomatic irreversible pulpitis when the con-
ventional IANB failed. Patients were administered mesial and distal supplemental intraseptal injec-
tions using 0.7 mL of 4% articaine with 1:100,000 epinephrine administered with a CCLAD unit.
Success was defined as the ability to perform endodontic access and instrumentation with mild or no
pain. The supplemental intraseptal injection provided success in 29% of patients.

IN CONCLUSION, the supplemental intraseptal injection’s low level of success (29%) would not
provide predictable levels of anesthesia for patients requiring emergency endodontic treatment for
symptomatic irreversible pulpitis in mandibular posterior teeth.

Intrapulpal Injection

In about 5% to 10% of mandibular posterior teeth with irreversible pulpitis, supplemental injections,
even when repeated, do not produce profound anesthesia. Pain persists when the pulp is entered.
This is an indication for an intrapulpal injection.

Technique

Before starting, the patient must be informed that a little extra anesthetic will ensure their comfort
and to expect a sharp sensation.

One technique creates back pressure by stoppering the access with a cotton pellet to prevent
backflow of anesthetic. Other stoppers such as gutta-percha, waxes, or pieces of rubber have been
used. If possible, the roof of the pulp chamber should be penetrated by a half-round bur; the needle
will then fit snugly in the bur hole.

Another approach is an injection into each canal after the chamber is partially unroofed. A standard
syringe is usually equipped with a 27-gauge short needle. With fingers or a hemostat supporting the
needle shaft to prevent buckling, the needle is positioned in the access opening and then moved
down the canal, while slowly expressing the anesthetic, to the point of wedging. Maximum pres-
sure is then applied slowly on the syringe handle for 5 to 10 seconds. If there is no back pressure,
anesthetic solution will flow out of the access opening. The needle should then be wedged deeper or
withdrawn and replaced with a larger-gauge needle (25-gauge), and the injection should be repeated.
This may be necessary in each canal of a molar.

Grubbs and coauthors??* studied patients with irreversible pulpitis and found that a needle-mounted
obturator (Fig 6-5) resulted in increased pressure and may result in increased anesthesia when in-
trapulpal anesthesia is given. A clinical study is indicated.
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Fig 6-5 Needle-mounted obturator for intrapulpal injection.
(Reprinted from Grubbs et al?* with permission.)

Considerations

The major drawback of the technique is that needle placement and injection are directly into a vital and
very sensitive pulp. The injection may be moderately to severely painful.’ In the Journal of Endodontics,
Miles?? (a dentally trained neurophysiologist needing endodontic treatment) reported intense pain when
the intrapulpal injection was administered. While he reported it as successful, success was achieved at
a price. Miles stated that there was decreased confidence in the endodontist and increased apprehen-
sion. Because we currently have more successful methods of supplemental anesthesia, the intrapulpal
injection should only be given after all other supplemental techniques have failed.

Another disadvantage of the technique is that the duration of pulpal anesthesia may be short (10
minutes or less). Therefore, the bulk of the pulpal tissue must be removed quickly, at the correct work-
ing length, to prevent recurrence of pain during instrumentation. Another disadvantage is that the pulp
must be exposed to permit direct injection. Frequently anesthetic problems occur prior to exposure
while still in dentin."3438

The advantage of the intrapulpal injection is that it works well for profound anesthesia if given under
back pressure.??6227 Onset will be immediate, and no special syringes or needles are required. Strong
back pressure has been shown to be a major factor in producing anesthesia.??6??” Depositing anes-
thetic passively into the chamber is not adequate; the solution will not diffuse throughout the pulp.

IN CONCLUSION, the intrapulpal injection will work if back pressure is achieved, but the intrapulpal
injection should only be given after all other supplemental techniques have failed.

Topical anesthetic

DeNunzio??® reported on a technique of using a topical anesthetic during pulpectomies. Topical an-
esthetic is placed on the files and pushed down the canal supposedly to anesthetize the remaining
pulpal tissue. The author stated that there might be minor discomfort for approximately 10 seconds.
Although the author reported that the technique worked well, no objective study of this method has
been performed. Sooraparaju and coauthors??® found that combining 20% benzocaine gel mixed with
hyaluronidase reduced the pain of the intrapulpal injection.

Moghadamnia and coauthors?® studied the use of 2% amitriptyline gel as an adjunct to local anes-
thetics in patients with irreversible pulpitis. Amitriptyline (a tricyclic antidepressant) has been shown
to block sodium channels but has not been used systemically because of adverse side effects. The
authors found that when applied to exposed pulps, the amitriptyline decreased VAS pain scores 9
minutes after administration. The clinical problem is that pain may be experienced in dentin before the
pulp is exposed.

IN CONCLUSION, further research is indicated regarding topical anesthetics for intrapulpal anesthesia.
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Fig 6-6 Postoperative pain for debridement versus no debride-
ment by day. Debridement resulted in decreased postoperative 160
pain. (Reprinted from Sebastian et al”*? with permission.) 140

—4— Debridement —l— No debridement

Symptomatic teeth with pulpal necrosis and associated periapical
radiolucencies

Ibuprofen versus ibuprofen/acetaminophen for postoperative endodontic pain
Wells and coauthors?' compared ibuprofen versus ibuprofen/acetaminophen usage for postoperative
endodontic pain in symptomatic emergency patients with a pulpal diagnosis of necrosis experiencing
moderate-to-severe preoperative pain. An emergency debridement of the tooth was completed with
hand and rotary instrumentation. At the end of the appointment, the patients randomly received either
600 mg of ibuprofen or 600 mg of ibuprofen combined with 1,000 mg of acetaminophen (blinded to
both operator and patient). Patients also received a 6-day diary to be completed after anesthesia wore
off and every morning for 5 days. Patients were asked to record pain and symptoms and the number
of medications taken. Patients received escape medication (Vicodin, AbbVie) if the study medication
was not controlling their pain. The combination ibuprofen/acetaminophen was not more effective for
postoperative pain control than the ibuprofen alone. Because approximately 20% of patients in both
groups required escape medication to control pain, the combination ibuprofen/acetaminophen or ibu-
profen was not completely effective at controlling postoperative pain in symptomatic patients with
necrotic pulps and associated periapical radiolucencies.

IN CONCLUSION, the combination ibuprofen/acetaminophen was not more effective for postop-
erative pain control than the ibuprofen alone. Neither the combination ibuprofen/acetaminophen nor
ibuprofen was completely effective at controlling postoperative pain in symptomatic patients with
necrotic pulps and associated periapical radiolucencies.

What is the effect of no endodontic debridement on postoperative pain for
symptomatic teeth with pulpal necrosis?

Patients without a dentist or access to care often present to hospital emergency departments with
painful teeth. These patients are typically prescribed pain medication and an antibiotic. If they do not
seek immediate dental treatment, what postoperative pain do they experience?

Sebastian and coauthors®? compared the effect of complete endodontic debridement versus no
endodontic debridement on postoperative pain in emergency patients with symptomatic teeth, a
pulpal diagnosis of necrosis, and a periapical radiolucency. Success was defined as no or mild post-
operative pain and no use of narcotic medication. All patients had a decrease in postoperative pain
over the 5 days (Fig 6-6). Debridement resulted in a statistically higher success rate, but there was no
significant difference in the need for escape narcotic medication.
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IN CONCLUSION, complete endodontic debridement at the emergency visit resulted in a statisti-
cally higher success rate than no debridement. All patients had a decrease in postoperative pain over
the 5 days.

Does liposomal bupivacaine (Exparel) significantly reduce postoperative
pain/numbness in symptomatic teeth with a diagnosis of necrosis?
Moderate-to-severe postoperative pain may persist for days following endodontic treatment of symp-
tomatic teeth with a pulpal diagnosis of necrosis, and a narcotic medication may be required to man-
age this postoperative pain.z"%2 \While the analgesic period may be prolonged when bupivacaine is
administered postoperatively, it does not usually extend long enough to cover the whole time of post-
operative discomfort. Therefore, prescribing strong analgesic medications may be the only option to
control postoperative pain in these patients. Perhaps the use of a longeracting anesthetic bupivacaine
formulation would extend the postoperative analgesic period.

Glenn and coauthors?® compared bupivacaine to liposomal bupivacaine (Exparel) for postoperative
numbness and pain in symptomatic patients diagnosed with pulpal necrosis experiencing moderate-
to-severe preoperative pain and a periapical radiolucency. In their study, 100 patients randomly re-
ceived a 4-mL buccal infiltration of either bupivacaine or liposomal bupivacaine following endodontic
debridement. The study used an infiltration because Exparel is currently not cleared for use in nerve
block injections. For postoperative pain, patients were given ibuprofen/acetaminophen, and they could
receive narcotic pain medication as an escape. Patients recorded their level of numbness, pain, and
medication use the night of the appointment and over the next 5 days. Success was defined as no
or mild postoperative pain and no narcotic use. The authors found success rates of 29% for the lipo-
somal group and 22% for the bupivacaine group, with no significant difference between the groups.
Liposomal bupivacaine had some effect on soft tissue numbness, pain, and use of non-narcotic medi-
cations, but it would not be clinically significant. There was no significant difference in the need for
escape medication.

IN CONCLUSION, for symptomatic patients diagnosed with pulpal necrosis experiencing
moderate-to-severe preoperative pain, a 4-mL infiltration of liposomal bupivacaine will not result in
significant pain control, nor will it reduce analgesic consumption when compared to bupivacaine.

Incision and drainage —Buffered anesthetics

In dentistry, incision and drainage of a symptomatic patient with odontogenic facial swelling is a com-
mon emergency procedure. Singer and coauthors?** found that incision and drainage of abscesses in a
medical emergency department was the second most painful procedure performed after nasogastric
intubation. In dentistry, adequate pain control during the incision and drainage procedure is difficult.
One explanation for the failure of local anesthetics is the low pH associated with inflamed/infected
tissues, particularly in acute apical abscesses. The pH of pus collected from apical abscesses had a
mean pH of 6.68.2% The presence of acute inflammation/infection may limit the formation of the non-
ionized base form of the local anesthetic. Buffered local anesthetics may be more efficient in achiev-
ing pain control, particularly during painful procedures such as incision and drainage. The reasoning
behind buffering of local anesthetics is logical according to the Henderson-Hasselbalch equation: If a
local anesthetic solution is buffered to a pH that is closer to its pKa, more of the free base form will
be available upon injection to enter the nerve sheath. The most common method for buffering local
anesthetics is by the addition of sodium bicarbonate, which will increase the pH of the solution.
Balasco and coauthors?® studied the pain of infiltration and the pain of an incision and drainage
procedure of a buffered versus a nonbuffered 2% lidocaine formulation in symptomatic emergency
patients presenting with a diagnosis of pulpal necrosis, associated periapical area, and an acute clini-
cal swelling. The patients received two infiltrations (of the same formulation, mesial and distal to the
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swelling) using either 2% lidocaine with 1:100,000 epinephrine buffered with 0.18 mL of 8.4% so-
dium bicarbonate (pH of 7.0) or 2% lidocaine with 1:100,000 epinephrine (pH of 4.6). Patients rated
pain of needle insertion, placement, and solution deposition for each infiltration on a 170-mm VAS.
An incision and drainage procedure was performed, and the pain of incision, drainage, and dissection
was recorded. The mesial and distal needle insertion and needle placement phases of the injection for
both formulations resulted in a 30% to 43% incidence of moderate-to-severe pain, with no significant
difference between the two anesthetic formulations. The mesial and distal solution deposition phase
of the injection for both formulations resulted in a 34% to 51 % incidence of moderate-to-severe pain,
with no significant difference between the two anesthetic formulations. The authors found moderate-
to-severe pain ratings in 56% to 74% of patients for the incision phase, 64% to 72% for the drainage
phase, and 68% to 87% for the dissection phase, with no significant difference between the two
anesthetic formulations.

In a similar study, Harreld and coauthors?®’ studied the pain of infiltration and the pain of an incision
and drainage procedure of a buffered (pH of 7.0) versus a nonbuffered 4% lidocaine with epinephrine
formulation (pH of 4.5) in symptomatic emergency patients presenting with a diagnosis of pulpal ne-
crosis, associated periapical area, and an acute clinical swelling. The authors used a 4% formulation
because a higher concentration of lidocaine may be more effective due to more anesthetic molecules
being delivered to the site for the incision and drainage procedure. The mesial and distal needle
insertion and needle placement phases of the injection for both formulations resulted in a 33% to
60% incidence of moderate-to-severe pain, with no significant difference between the two anesthetic
formulations. The mesial and distal solution deposition phase of the injection for both formulations
resulted in a 46% to 63% incidence of moderate-to-severe pain, with no significant difference be-
tween the two anesthetic formulations. The authors found moderate-to-severe pain ratings in 38% to
51% of patients for the incision and drainage procedure, with no significant difference between the
two anesthetic formulations. The 4% lidocaine formulation appeared to be more effective in reducing
pain than the 2% lidocaine formulation used by Balasco and coauthors.?®® However, the incidence of
moderate-to-severe pain was still 38% to 51%.

While the theory of buffering local anesthetics is logical, in reality the presence of a buffer in the
local anesthetic may not be enough to overcome the lowered excitability thresholds and peripheral
sensitization associated with such significant inflammatory and infectious conditions of a patient with
pulpal necrosis and associated acute swelling.

Punnia-Moorthy?®® found no support for the hypothesis that tissue acidity in inflammation is an im-
portant factor in the failure of local anesthetics to act in inflamed tissue. Likewise, Tsuchiya?® stated
that "The drug and membrane interaction causable in inflamed tissue acidification does not support
the conventional theory on local anaesthetic failure associated with inflammation.”

IN CONCLUSION, moderate-to-severe pain was experienced in a large number of patients with
anesthetic solution deposition and the incision and drainage procedure. Buffering did not significantly
decrease the pain of infiltrations or the pain of the incision and drainage procedure, when compared
with a nonbuffered 2% or 4% lidocaine formulation, in symptomatic patients with a diagnosis of
pulpal necrosis and an associated acute swelling.

Patient satisfaction with the incision and drainage procedure

Despite the findings that most patients experienced moderate-to-severe pain during the incision and
drainage procedure,?*¢2%7 93% to 95% of patients were moderately to completely satisfied with their
experience. Patient satisfaction may be related to the chairside manner of the dentist or satisfaction
with completion of the emergency procedure in the hope that their discomfort will be abated. Other
studies have shown that patients were moderately or completely satisfied with endodontic treatment
for symptomatic irreversible pulpitis even though moderate-to-severe pain was experienced during
treatment.*®**This is an important clinical finding because it helps explain why patients accept painful
dental and medical procedures.
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IN CONCLUSION, patient satisfaction ratings for incision and drainage procedures (93 % to 95%)
are similar to those found in endodontic studies evaluating patients presenting with symptomatic ir-
reversible pulpitis (96 % satisfaction rating). However, we should do everything possible to prevent
pain during endodontic treatment.

Final Thoughts

Supplemental injections are critical to the practice of endodontics. These techniques are simple
enough to learn, so they can be easily adopted into clinical practice.
Remember that everything looks more complicated to most people than it actually is.
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Clinical Tips for
Management of Specific
Endodontic

Situations

After reading this chapter, the practitioner should be able to:

¢ Describe how to successfully anesthetize the mandibular molars,
premolars, and anterior teeth.

¢ Describe how to successfully anesthetize the maxillary molars,
premolars, and anterior teeth.

¢ Define other considerations for endodontic anesthesia.

e Evaluate future directions.

The chapters in this book have outlined a substantial amount of information regarding pulpal
anesthesia. Therefore, we make our recommendations based on pulpal anesthesia require-
ments. It is important to realize that when we talk about anesthetic effects, we are talking
about the majority of patients. There will always be patients outside of the norm. Some
patients will be easily anesthetized for all procedures, and some patients will only achieve
anesthesia with multiple supplemental injections.

In order to ensure that the best chance for pulpal anesthesia will be obtained, we have
made recommendations based on the results of studies outlined in this book. Practitioners
should use their best professional judgment, taking into account the needs of each indi-
vidual patient, when making decisions regarding local anesthesia.

Remember the Optimum Optimorum Principle: There comes a time when one must use
the existing information and implement one pretty good solution.

Considerations for Irreversible Pulpitis

For endodontists, the teeth with irreversible pulpitis that are the most difficult to anesthe-
tize are the mandibular molars followed by mandibular premolars, maxillary molars, and
maxillary premolars. The least problems are associated with maxillary anterior teeth.

In some teeth, vital, inflamed tissue is present in the apical portion of the canals, but the
tissue in the chamber is necrotic and does not respond to pulp testing. In such cases, the
pulp chamber can be entered with no problem, but severe pain will result when attempting
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Anesthetizing the mandibular first and second molars in irreversible pulpitis

IANB plus long buccal
nerve block

1]
| Lip numbness |

v
| Test with cold refrigerant |

Response [« > No response

Y

Intraosseous* or intraligamentary . .
injection 4—-<—| Proceed with treatment
4>| Test with cold refrigerant |

| Response »  No response
' '

Repeat mtraossgqus or intraligamentary - Proceed with treatment |
injection

| If initial pain on pulp entry |

A

| Intrapulpal injection |

Fig 7-1 Algorithm for anesthetizing the mandibular first and second molars in irreversible pulpitis. *Before an intraosseous injec-
tion, provide a buccal infiltration of 4% articaine with epinephrine. IANB, inferior alveolar nerve block.

to place a file to length. Intraosseous injections will be helpful, and an intrapulpal injection could be
used. However, this condition of irreversible pulpitis must be differentiated from a symptomatic tooth
with a necrotic pulp and periapical areas (not just a thickened periodontal ligament space). In this con-
dition, intraosseous and intrapulpal injections are painful and may not be effective. There also exists
the possibility of forcing bacteria into the periapical tissues with the intrapulpal injection.

In the 1970s, before supplemental technigues of intraligamentary and intraosseous injections were
used, we would administer conventional anesthesia. After signs of soft tissue anesthesia were evi-
dent, the pain abated and the patient relaxed. Local anesthesia produced the classic soft tissue signs
and relieved the painful symptoms. However, when the access opening was begun or the pulp was
entered, pain frequently resulted. Currently, the use of supplemental injections can significantly re-
duce pain during endodontic treatment.

Mandibular Anesthesia

First and second molars

An algorithm for anesthetizing the first and second molars in irreversible pulpitis is presented in Fig 7-1.



Mandibular Anesthesia

Administer topical anesthetic for at least 1 minute. Slowly administer an inferior alveolar nerve
block (IANB) using a two-cartridge volume of 2% lidocaine with 1:100,000 epinephrine. A slow injec-
tion (at least 60 seconds) will be less painful.” As an alternative, a two-stage injection technique may
be used.? The use of the CompuDent (Miles Scientific) computercontrolled local anesthetic delivery
(CCLAD) system—formerly known as the Wand—will also reduce the pain of injection.®>” Add a long
buccal nerve block (a quarter to a half cartridge of 2% lidocaine with 1:100,000 epinephrine). Wait 10
minutes. Check for lip numbness. If it is not present, wait a few more minutes. If no lip numbness
occurs, perform another IANB or Gow-Gates injection. Once the lip is numb (soft tissue anesthesia is
required in the mandible for success of the supplemental injections), test the tooth with cold refriger-
ant. If the patient feels the cold, add supplemental anesthesia. You could wait a few additional min-
utes and then retest the tooth with cold refrigerant because some patients have slow onset of pulpal
anesthesia. If the patient has no response to cold, proceed with treatment. If the patient responds to
the cold, add supplemental anesthesia. Remember, if lip numbness is achieved, adding another IANB
does not help much with pulpal anesthesia.

When supplemental anesthesia is needed

Because the buccal infiltration of 1.8 mL of 4% articaine with 1:100,000 epinephrine has a limited
success rate (42% for the first molars and 48% for the second molars)® following an IANB, it is best
to proceed to an intraosseous injection using 1.8 mL of 3% mepivacaine distal to the first molar or
mesial to the second molar. This recommendation is not based on the cardiovascular risks associated
with a vasoconstrictor-containing anesthetic solution but rather clinical research that shows that 3%
mepivacaine is reasonably effective and does not increase heart rate.®'° That is, a few patients may
overreact to the heart rate increase with epinephrine-containing solutions, making treatment difficult
or time-consuming because the patient has to be calmed before endodontic treatment can begin.
However, many endodontists also use 2% lidocaine with 1:100,000 epinephrine for intraosseous
anesthesia. Each clinician may want to experiment to see which anesthetic solution (3% mepivacaine
or 2% lidocaine with 1:100,000 epinephrine) works best in his or her hands.

An infiltration of 1.8 mL of 4% articaine with 1:100,000 epinephrine is given over the site of the
proposed intraosseous injection to help decrease the pain of the injection. Wait a few minutes and
administer the intraosseous injection.

Retest the tooth with cold refrigerant. If the patient does not respond, proceed with treatment. Ap-
ply rubber dam and slowly begin the access preparation. Inform the patient that the procedure will be
discontinued if pain is experienced. If pain occurs in dentin, remove the rubber dam and administer
another cartridge of 3% mepivacaine or 2% lidocaine with 1:100,000 epinephrine intraosseously; this
should be successful." This regimen should work the majority of the time in anesthetizing molars. The
clinician should ensure that there is lip numbness with the initial IANB and that anesthetic solution is
being deposited into cancellous bone with the intraosseous injection.

If further pain is experienced in dentin, administer nitrous oxide. Because nitrous oxide has anal-
gesic effects and relieves anxiety, it is effective when other supplemental techniques have failed.
Naturally, nitrous oxide could be administered at the start of the appointment.

If initial pain occurs when the pulp is entered, remove the rubber dam and administer another car-
tridge of 3% mepivacaine or 2% lidocaine with 1:100,000 epinephrine intraosseously. If further pain
is experienced, give an intrapulpal injection.

Occasionally, we have observed that when the pulp is initially exposed, the patient will experience
pain, but the intrapulpal injection elicits no pain response from the patient. We feel that perhaps some
change in intrapulpal pressure occurs when the pulp is entered and results in this initial pain. However,
it is difficult to explain why no subsequent pain occurs upon the intrapulpal injection.

Anesthesia should be effective with the supplemental intraosseous injection for approximately 30
minutes with 3% mepivacaine' and 60 minutes with 2% lidocaine with 1:100,000 epinephrine.'™ |f

215



7 Clinical Tips for Management of Specific Endodontic Situations

216

Anesthetizing the mandibular premolars in irreversible pulpitis

| IANB |
v

| Lip numbness |

| Test with cold refrigerant |

Response < » No response
A

Intraosseous™ or intraligamentar: B
. 9 y 4—-4—{|f pain Proceed with treatment
Injection

4>| Test with cold refrigerant |

| Response I: » No response
v '

Repeat mtraossgqus or intraligamentary - Proceed with treatment |
Injection

If initial pain
on pulp entry

v

Intrapulpal injection

Fig 7-2 Algorithm for anesthetizing the mandibular first and second premolars in irreversible pulpitis. *Before an intraosseous
injection, provide a buccal infiltration of 4% articaine with epinephrine.

the patient feels pain during the later stages of the appointment, repeat the intraosseous injection.
Remember, it might also be possible that the IANB is wearing off. Another IANB may help if the in-
traosseous injection does not seem to be working.

Alternative choice for supplemental anesthesia

Although not as efficacious as intraosseous anesthesia, intraligamentary anesthesia can be given on
the mesial and distal aspect of the tooth using 2% lidocaine with 1:100,000 epinephrine. Retest with
cold refrigerant. If the patient does not respond, proceed with treatment. If the patient responds to
cold, repeat the intraligamentary injection. The first intraligamentary injection may be successful from
63% to 74% of the time''8; reinjection increases success to 92% to 96%."1% Remember, the intralig-
amentary injection may only be effective for 10 to 20 minutes. Therefore, it may need to be repeated.

First and second premolars

An algorithm for anesthetizing the first and second premolars in irreversible pulpitis is presented in Fig 7-2.

Administer topical anesthetic for at least 1 minute. Slowly administer an IANB using a two-cartridge
volume of 2% lidocaine with 1:100,000 epinephrine. A slow injection (at least 60 seconds) will be less
painful.’ As an alternative, a two-stage injection technique may be used.? The use of the CompuDent



Mandibular Anesthesia

CCLAD system will also reduce the pain of injection.®7 Wait 10 minutes. Check for lip numbness. If
not present, wait a few minutes. If no lip numbness occurs, perform another IANB or Gow-Gates
injection. Once the lip is numb (soft tissue anesthesia is required in the mandible for success of the
supplemental injections), test the tooth with cold refrigerant. If the patient feels the cold, add supple-
mental anesthesia. You could wait a few additional minutes and then retest the tooth with cold refrig-
erant because some patients have slow onset of pulpal anesthesia. If the patient has no response to
cold, proceed with treatment. If the patient feels pain, add supplemental anesthesia.

When supplemental anesthesia is needed

An infiltration of 4% articaine with 1:100,000 epinephrine is given over the site of the proposed in-
traosseous injection to help decrease the pain of the injection. Wait a few minutes and administer a
supplemental intraosseous injection using 1.8 mL of 3% mepivacaine or 1.8 mL of 2% lidocaine with
1:100,000 epinephrine. Retest the tooth with cold. If the patient does not respond, proceed with
treatment. Apply rubber dam and slowly begin the access preparation. Inform the patient that the
procedure will be discontinued if pain is experienced. If initial pain occurs in dentin, remove the rubber
dam and readminister the supplemental intraosseous injection using 1.8 mL of 3% mepivacaine or 1.8
mL of 2% lidocaine with 1:100,000 epinephrine. This regimen should work the majority of the time in
anesthetizing premolars.

If further pain is experienced in dentin, administer nitrous oxide. Because nitrous oxide has anal-
gesic effects and relieves anxiety, it is effective when other supplemental techniques have failed.
Naturally, nitrous oxide could be administered at the start of the appointment.

If the initial pain occurs when the pulp is entered, remove the rubber dam and administer a cartridge
of 3% mepivacaine or 2% lidocaine with 1:100,000 epinephrine intraosseously. If further pain is expe-
rienced, give an intrapulpal injection.

For supplemental intraosseous injections, anesthesia should be effective for around 30 minutes
with 3% mepivacaine' and 60 minutes with 2% lidocaine with 1:100,000 epinephrine.’>® If the pa-
tient feels pain during the appointment, repeat the intraosseous injection. Remember, it might also be
possible that the IANB is wearing off. Another IANB may help if the intraosseous injection does not
seem to be working.

Alternative choice for supplemental anesthesia

Although not as efficacious as intraosseous anesthesia, intraligamentary anesthesia can be given on
the mesial and distal aspect of the tooth using 2% lidocaine with 1:100,000 epinephrine. Retest with
cold refrigerant. If the patient does not respond, proceed with treatment. If the patient responds to
cold, repeat the intraligamentary injection.

Canine and lateral and central incisors

An algorithm for anesthetizing the canine, lateral incisor, and central incisor in irreversible pulpitis is
presented in Fig 7-3.

Administer topical anesthetic for at least 1 minute. Slowly administer an IANB using a two-cartridge
volume of 2% lidocaine with 1:100,000 epinephrine. A slow injection (at least 60 seconds) will be
less painful.’ As an alternative, a two-stage injection technique may be used.? The use of the Com-
puDent CCLAD system will also reduce the pain of injection.®>” Wait 15 to 20 minutes because onset
of pulpal anesthesia is longer for the anterior teeth than the posterior teeth. Check for lip numbness.
If not present, wait a few minutes. If no lip numbness occurs, perform another IANB or Gow-Gates
injection. Once the lip is numb (soft tissue anesthesia is required in the mandible for success of the
supplemental injections), add a labial infiltration of 1.8 mL of 4% articaine with 1:100,000 epinephrine.
Test the tooth with cold refrigerant. If the patient responds to cold, add a lingual infiltration of 1.8 mL
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Anesthetizing the mandibular canine and lateral and central incisors

| IANB |
v

| Lip numbness |

| Test with cold refrigerant |

Response < » No response

Y

Labial infiltration of 4% articaine . ;
with epinephrine 4—-4—‘ Proceed with treatment
—>| Test with cold refrigerant |

| Response |< » No response

Lingual infiltration of 4% articaine with
epinephrine

v

| Test with cold refrigerant I > No response

| Response | | Proceed with treatment |

v

| Intraosseous injection |

Y
| Proceed with treatment |

Fig 7-3 Algorithm for anesthetizing the mandibular canine and lateral and central incisors in irreversible pulpitis.

of 4% articaine with 1:100,000 epinephrine. This regimen should work the majority of the time in
anesthetizing the anterior teeth. If it fails, add supplemental intraosseous anesthesia.

When supplemental intraosseous anesthesia is needed

Because intraligamentary anesthesia is not successful in anterior teeth,” intraosseous anesthesia
is indicated. Administer an intraosseous injection with 1.8 mL of 3% mepivacaine or 2% lidocaine
with 1:100,000 epinephrine distal to the anterior tooth to be anesthetized. Retest the tooth with cold
refrigerant. If the patient does not respond, proceed with treatment. If the patient responds to cold,
repeat the intraosseous injection.

Pulpal anesthesia should be effective for approximately 30 minutes with a labial infiltration of 1.8 mL
of 4% articaine with 1:100,000 epinephrine. For intraosseous anesthesia, anesthesia should be effec-
tive for around 30 minutes with 3% mepivacaine™ and 60 minutes with 2% lidocaine with 1:100,000
epinephrine.'?™ [f the patient feels pain during the later stages of the appointment, repeat the infiltra-
tion of 4% articaine with 1:100,000 epinephrine or repeat the intraosseous injection. Remember, it
might also be possible that the IANB is wearing off. Another IANB may help if the intraosseous injec-
tion does not seem to be working.



Maxillary Anesthesia

Anesthetizing the maxillary molars and premolars

Buccal infiltration with 3.6 mL of 2%
lidocaine with 1:100,000 epinephrine
Y

| Test with cold refrigerant |

Response [« » No response
\ 4

Intraosseous or intraligamentar: . .
> Or Intralig y If pain Proceed with treatment |
Injection

—>| Test with cold refrigerant |

| Response (rare) |< » No response
¢ Y

Repeat intraosseous or intraligamentary
injection

If further pain (very rare)

v

Intrapulpal injection

| Proceed with treatment |

Fig 7-4 Algorithm for anesthetizing the maxillary first and second molars and premolars in irreversible pulpitis. Red, rare; green,
Very rare.

Maxillary Anesthesia
Molars and premolars

An algorithm for anesthetizing molars and premolars in irreversible pulpitis is presented in Fig 7-4.

Administer topical anesthetic for at least 1 minute. Slowly administer an infiltration using a cartridge
of 2% lidocaine with 1:100,000 epinephrine. A slow injection (at least 60 seconds) will be less painful.
As an alternative, a two-stage injection technique may be used.? The use of the CompuDent CCLAD
system will also reduce the pain of injection.®>” Add another cartridge of 2% lidocaine with 1:100,000
epinephrine (total volume of 3.6 mL). The 3.6-mL volume helps to prolong the duration of anesthesia.™
If lingual soft tissue anesthesia is needed, administer 2% lidocaine with 1:100,000 epinephrine to the
palatal tissue. The CompuDent CCLAD system will reduce the pain of a palatal injection.'®2° Wait 5
minutes, and then test the tooth with cold refrigerant. If there is no response from the patient, pro-
ceed with treatment. If the patient responds to cold, you could wait an additional 3 to 5 minutes and
retest. If the patient is still responsive to cold, administer supplemental anesthesia.
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Anesthetizing the maxillary canine and lateral and central incisors

Labial infiltration with 1.8 mL of 2% lidocaine
with 1:50,000 or 1:100,000 epinephrine
v

| Test with cold refrigerant |

| Response (rare) I4 > No response

| Intraosseous injection |<—| If pain (rare) |<—| Proceed with treatment |

| Test with cold refrigerant | »| No response

| Response (very rare) | | Proceed with treatment |

| Repeat intraosseous injection |

Fig 7-5 Algorithm for anesthetizing the maxillary canine and lateral and central incisors in irreversible pulpitis. Red, rare; green,
Very rare.

When supplemental anesthesia is needed

In some patients, infiltration anesthesia is not completely effective; therefore, the intraosseous injec-
tion is indicated. Administer an intraosseous injection with 1.8 mL of 3% mepivacaine or 2% lidocaine
with 1:100,000 epinephrine on the distal of the tooth to be anesthetized, unless the tooth is a second
molar, in which case use a mesial intraosseous injection. This regimen should work the majority of the
time in anesthetizing the posterior teeth.

Duration of infiltration anesthesia in the maxilla is not as long as in the mandible. Therefore, if pain is
experienced during the later stages of instrumentation or obturation, an additional infiltration injection
is necessary. Occasionally, pain is experienced with the palatal canal of molars. Infiltration of 0.5 mL
of anesthetic solution over the palatal apex enhances anesthesia?’ and may prove helpful.

Alternative choice for supplemental anesthesia

Although not as efficacious as intraosseous anesthesia, intraligamentary anesthesia can be given on
the mesial and distal aspect of the tooth using 2% lidocaine with 1:100,000 epinephrine. Retest with
cold refrigerant. If the patient does not respond, proceed with treatment. If there is a response to
cold, repeat the intraligamentary injection.

Canine and lateral and central incisors

An algorithm for anesthetizing the canine, lateral incisor, and central incisor in irreversible pulpitis is
presented in Fig 7-5.

Administer topical anesthetic for at least 1 minute. Slowly administer an infiltration using a cartridge
of 2% lidocaine with 1:50,000 or 1:100,000 epinephrine. The higher concentration of epinephrine
(1:50,000) will provide a more effective duration.?? A slow injection (at least 60 seconds) will be less
painful. As an alternative, a two-stage injection technique may be used.? The use of the CompuDent
CCLAD system will also reduce the pain of injection.®” If lingual soft tissue anesthesia is needed for



Other Considerations for Endodontic Anesthesia

a rubber dam clamp, administer 2% lidocaine with 1:100,000 epinephrine to the palatal tissue. The
CompuDent CCLAD system will reduce the pain of a palatal injection.’™2° Wait 5 minutes, and then
test the tooth with cold refrigerant. If the patient does not respond, proceed with treatment. This regi-
men should work the majority of the time in anesthetizing the anterior teeth. If the patient responds
to cold, you can wait an additional 3 to 5 minutes and retest. If the patient still responds to cold, ad-
minister supplemental anesthesia.

When supplemental anesthesia is needed
Although supplemental anesthesia is rarely necessary, when given, the intraosseous injection should
be successful. Because intraligamentary anesthesia is very painful in anterior teeth, has a success
rate of only 39% in asymptomatic teeth, and provides only a 10-minute duration of anesthesia,’ in-
traosseous anesthesia is the best choice. In some patients, infiltration anesthesia is not completely
effective and intraosseous anesthesia is very helpful. Use 1.8 mL of 3% mepivacaine or 2% lidocaine
with 1:100,000 epinephrine.

It is important to realize that anesthesia starts to decline after an initial infiltration in anterior teeth.
If the patient experiences pain during the later stages of instrumentation or obturation, an additional
1.8 mL of 2% lidocaine with 1:100,000 or 1:50,000 epinephrine can be given. The additional infiltration
will prolong anesthesia.?® If the intraosseous injection is given, there may be a need for an additional
intraosseous injection using 1.8 mL of anesthetic solution because the intraosseous injection will not
provide 60 minutes of anesthesia in the maxilla.

Other Considerations for Endodontic Anesthesia

Symptomatic teeth with total pulpal necrosis and apical pathosis

When patients present with symptomatic teeth, and examination reveals total pulpal necrosis and
periapical radiolucencies, this is an indication of pain in the periapical tissue. Because these teeth may
be painful to manipulation and movement during treatment, extra care must be taken.

After giving topical anesthetic, administer the conventional injections: IANB and long buccal injec-
tion for mandibular teeth. For maxillary teeth with no swelling, administer anesthesia with convention-
al infiltrations. If soft tissue swelling (ie, cellulitis or abscess) is present, infiltrate on either side of the
swelling or administer a block—either a second division nerve block, posterior superior alveolar (PSA)
nerve block, or infraorbital nerve block depending on the tooth involved. These injections will provide
some degree of bone and soft tissue anesthesia. After achieving signs of anesthesia, place rubber
dam and slowly begin the access. Usually, the pulp chamber can be entered without discomfort, if the
tooth is not torqued excessively. Hand and rotary file placement and debridement can be performed
without much pain if instruments are finessed.

Occasionally, the conventional injections do not provide profound anesthesia, particularly in maxil-
lary teeth. Do not use intraosseous injections, intraligamentary injections, or intrapulpal injections.
While effective for teeth presenting with irreversible pulpitis, these injections would likely be very
painful and ineffective for symptomatic necrotic teeth with apical pathosis. Rather, explain to the
patient that he or she does not have profound anesthesia due to the inflammation in the bone sur
rounding the tooth and use gentle file manipulation.

Asymptomatic teeth with total pulpal necrosis and apical pathosis

Patients presenting with asymptomatic teeth with pulpal necrosis are the easiest to anesthetize;
patient comfort is usually attained without difficulty. Although it may be tempting to proceed without
anesthesia, pain may be experienced during instrumentation if anesthesia is not administered.
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After giving topical anesthetic, administer the conventional injections: IANB and long buccal injec-
tion for mandibular molars and infiltration injections in maxillary teeth. Proceed with access and file
placement. Usually, the patient is comfortable. On rare occasions, there may be some discomfort dur-
ing canal preparation requiring an intraosseous or intraligamentary injection. Do not inject intrapulpally
because bacteria and debris may be forced from the canal into the periapical tissue. In the maxilla, an
additional infiltration may be necessary if anesthesia begins to wear off.

Incision and drainage

We should always attempt to achieve some level of anesthesia before performing an incision and
drainage procedure. Patients will tolerate the procedure better if there is a degree of anesthesia. In
the mandible, a conventional IANB injection and long buccal injection (for molars) are administered.
In the maxilla, infiltrate 1.8 mL of 2% lidocaine with 1:100,000 epinephrine on either side of the la-
bial or buccal swelling. Because we are mostly concerned with soft tissue anesthesia, the following
injections may be used: a PSA nerve block for molars, a second division nerve block for molars and
premolars, and an infraorbital injection in anterior teeth. For palatal swellings, infiltrate 0.5 mL of 2%
lidocaine with 1:100,000 epinephrine over the greater palatine foramen for molars and premolars or
the nasopalatine foramen for anterior teeth. However, do not use these injections if swelling is pres-
ent over the foramen. Infiltrate on either side of the swelling. The use of the CompuDent CCLAD
system will reduce the pain of palatal injections.’2° Because profound anesthesia is usually difficult to
achieve, this should be explained to the patient.

Why not inject the swelling?

The traditional belief is that injecting directly into a swelling is contraindicated. The reasons given were
the possible spread of infection and that the anesthetic solutions would be affected by the lower pH
and would be rendered less effective. However, a basic science investigation found that local anes-
thetics may be successful in inflamed tissue, which is acidified.?* Regardless, the basic reasons we
do not inject swellings is that it is very painful and it is relatively ineffective. The area of a cellulitis has
an increased blood supply. Injecting into this area causes the anesthetic to be carried away into the
systemic circulation rather than effectively numbing the area locally. Therefore, the anesthetic effect
is diminished when we inject swellings.

Periapical surgery

It must be remembered that anesthesia is required for both soft tissue and bone. In the mandible, the IANB
and long buccal injections are reasonably effective. Additional infiltration injections in the vestibule are use-
ful to achieve vasoconstriction, particularly in the anterior mandible. In the maxilla, infiltration injections are
generally effective. Usually larger volumes are necessary to provide anesthesia over the surgical field. That is,
for maxillary anterior teeth, a cartridge of 2% lidocaine with 1:50,000 epinephrine can be given over the tooth
requiring an apicoectomy, and a cartridge of 2% lidocaine with 1:100,000 epinephrine is given over each ad-
jacent tooth. Gutmann and coauthors? reported that higher concentrations of vasoconstrictors can be used
during surgical procedures. In the premolars and molars, a cartridge of 2% lidocaine with 1:100,000 epineph-
rine can be given over the tooth requiring an apicoectomy, and a cartridge of 2% lidocaine with 1:100,000
epinephrine is given over each adjacent tooth. Palatal anesthesia is also required. After anesthetizing the pala-
tal tissue initially, a cartridge of 2% lidocaine with 1:100,000 epinephrine is given over the apex of the tooth.

If the surgical area is inflamed or the patient is apprehensive, anesthesia may not be totally success-
ful. After the flap is reflected, if anesthesia is inadequate, attempts to enhance or regain anesthesia
through additional infiltrations or injecting the sensitive area are not particularly effective. Yamazaki
and coauthors? found that the effectiveness of surgical anesthesia is decreased by half when com-
pared with anesthesia for nonsurgical procedures. This occurs because when reflecting a flap and



Future Directions

Fig 7-6 Microneedles may be used in the future to deliver topi-
cal or local anesthetics across mucosal surfaces painlessly.
(Courtesy of Jeong-Woo Lee, Georgia Tech.)

opening into bone, the anesthetic solution is diluted by bleeding and is removed by irrigation.?¢ Ogawa
and coauthors?” reported similar findings experimentally.

We have found anecdotally that when surgical anesthesia during the latter part of the surgery is
inadequate, giving a palatal infiltration over the surgical site is helpful in the maxilla. Additional consid-
eration could be given to PSA nerve block or high tuberosity second division nerve block for molars
and infraorbital nerve block for premolars. In the mandible, repeating the IANB sometimes helps to
restore surgical anesthesia.

As a prophylactic measure, an intraosseous injection may be administered at the site after routine
injections and before the surgery. This may enhance depth of anesthesia and may provide better
hemostasis. Baker and coauthors?® found that either infiltration or intraosseous anesthesia resulted
in significantly less osseous bleeding than the use of no anesthesia. However, they did not study
the combination of infiltration and intraosseous anesthesia for osseous bleeding. Further studies are
needed to determine the anesthetic effects and amount of bleeding using the combination injections.

Use of a long-acting anesthetic has been advocated for surgery.?®° In the mandible, this is reason-
ably effective. In the maxilla, long-acting agents have a shorter duration of anesthesia and decreased
epinephrine concentrations, which result in more bleeding during surgery.®'? For infiltration anes-
thesia for apicoectomy, Meechan and Blair®® found that long-acting local anesthetics gave soft tissue
anesthesia for twice as long as lidocaine with epinephrine without a significant reduction in the pain
experience or in the timing of self-prescribed analgesia. Therefore, the use of long-acting agents with
epinephrine offers no advantage over lidocaine with epinephrine when administered as a maxillary
infiltration for apical surgery.

After periapical surgery, administration of a long-acting anesthetic has been suggested.?* However,
postsurgical pain is usually not severe and can be managed by nonprescription analgesics.®25% Mo-
rin and coauthors*® found that women reported postsurgical pain from implant placement as more
intense than what men reported, but men were more disturbed than women by low levels of pain
that lasted several days.

Future Directions

Research continues in the development of new or improved anesthetics. Capsaicin and transient re-
ceptor potential vanilloid-1 (TRPV-1) agonist and antagonists may in the future be used in the clinical
management of pain associated with inflammation.*'*3

Considerable ongoing research, therefore, is directed at the development of new local anesthetic
formulations that allow clinicians to better treat patients in pain.

New modes of delivery of drugs are also being studied. Microneedles are a new technology to
enhance delivery of drugs.***> Gupta et al*® demonstrated that microneedle-based lidocaine injection
was as rapid and as effective as hypodermic syringe injection in inducing local anesthesia of the fore-
arm and dorsum of the hand while resulting in less pain during injection. Perhaps microneedles could
deliver topical or local anesthetics across mucosal surfaces painlessly (Fig 7-6).
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Page numbers followed by “f” denote figures; those followed by “t" denote tables.

A
Accessory nerve, 74
Acetaminophen, 182-183, 201
Acetaminophen/hydrocodone, 183
Acupuncture, 179
Air abrasion, 31
Alcoholics, 12
Allergies, 12-13, 17
Alprazolam, 177-178
Alveolar nerve block
anterior middle superior, 113-115, 114f
inferior. See Inferior alveolar nerve block.
palatal-anterior superior, 112, 112f-113f
posterior superior, 104-106, 105f, 172, 222-223
Amitriptyline, 200
Analgesics
postoperative pain reduction in irreversible pulpitis
managed with, 185-188
preemptive, for inferior alveolar nerve block,
184-185
pulp testing affected by, 168
Anesthetic failure, 42
Anesthetics
allergies to, 12-13
buffered, 202-203
classification of, 9
dosages for, 6, 7t
intraligamentary injection, 127
long-acting, 147
postoperative pain reduction in irreversible pulpitis
managed with, 185-188
types of, 7t, 9
vasoconstrictors and, 81
Anesthetic solutions. See also specific anesthetic.
buffering of, 27 54f, 54-56
carbonated, 70, 70f
deposition of, 203
epinephrine-containing, 22
plain, 48
warming of, 26
Anesthetic success, 41-42
Anesto system, 136, 137f
Anterior middle superior alveolar nerve block, 113—
115, 114f
Anterior superior alveolar nerve block, 112, 112f-113f
Anterior teeth. See also specific teeth.
articaine infiltration of, 59-60
lidocaine infiltration of, 59-60, 62f
Antidepressants, 18
Anutra system, 54, 55f
Anxiety, 10, 14-15
Apical pathosis, 221-222
Aromatherapy, 16

Articaine
buccal infiltrations of, 80-81, 122, 188-190
cardiovascular reactions, 16
description of, 50-52
dosage of, 7t
duration of action, 129t
epinephrine with, 99, 99f
inferior alveolar nerve block using, 52, 172-173,
188-190, 191-192
insurance carrier warning for, 51-52
intraligamentary infiltration of, 191-192
in irreversible pulpitis patients, 171-172, 194
lidocaine versus, 62
mandibular infiltration of, 62-67, 122-123,
122f-123f, 154
maxillary infiltration of, 171-172
mechanism of action, 51
Orabloc, 7-8
paresthesias associated with, 50
repeated infiltration of, in mandibular first molar,
66, 67f
supplemental buccal infiltration of, 188-189
Aspiration, 47
Augmentation, 103-104
Avulsion, 130

B
Barbed needles, 24, 24f
Beta-blocking agents, 19
Bidirectional technique, 78, 78f
Bifid mandibular canals, 80
Bisphosphonate-related osteonecrosis of the jaw, 149
Breastfeeding, 11-12
Buccal infiltrations, 80-81, 122, 179, 188-190
Buccal nerve anesthesia, 47, 58, 177
Buffered anesthetics, 202-203
Buffered lidocaine, 178-179
Buffering, of anesthetic solutions, 27, 54f, 54-56
Bupivacaine
dosage of, 7t
lidocaine versus, for inferior alveolar nerve block, 181
liposomal, for postoperative pain reduction, 186—
187, 202
mandibular infiltrations using, 53-54
maxillary infiltrations using, 100-101
prolonged postoperative analgesia caused by, 101

C
Canine anesthesia
mandibular, 42t-43t, 44, 45f, 159f, 159-160, 217-
218, 218f
maxillary, 107f, 110f-112f, 220f, 220-221
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Capsaicin, 223
Carbonated anesthetic solutions, 70, 70f
Cardiovascular disease, 17
Cartridges, 8, 8f
Catastrophizing, 11
CCLAD system, 23, 23f, 26, 78, 112, 113-115, 124~
127 125f-1271, 154, 157 159, 162, 192, 194, 215,
219, 222
Central core theory, 80f
Central incisor anesthesia
mandibular, 141, 42t-43t, 44, 45f, 741, 159f, 159-
160, 217-218, 218f
maxillary, 14f, 74f, 98f, 107f-108f, 110f-111f, 160f,
160-161, 220f, 220-221
Central sensitization, 169
Cheek numbness, 96
Clinical factors
confirming pulpal anesthesia, 1-5, 166-168
dentist, 6
gender, 11
genetics, 9
patients, 5-6
red hair phenotype, 9-10
Clonidine with lidocaine, for inferior alveolar nerve
block, 181
Cocaine, 19
Cold refrigerant, for confirming anesthesia, 3f, 3-4,
154-156, 167
Comfort Control Syringe, 136, 138f
Compassion fatigue, 6
Conscious sedation, 15, 168-169, 177-178
Consultation, 18
Cooling, palatal anesthesia with, 26-27
Counterstimulation and distraction, 28-29, 29f
Cross innervation, 79
Crowns, cold refrigerant testing on, 4, 167

D

Debridement, 201-202

DentalVibe, 30, 30f

DepoFoam, 186, 187f
Dichlorodifluoromethane, 167
Diclofenac, 184

Diphenhydramine, 71-72, 72f
Dosages, 6, 7t

Drilling into tooth with perforation, 138
Drug interactions, 18-19

E

Elderly, 12

Electric pulp tester/testing, 3-5, 4f, 41, 68, 68f,

166-167

Electronic dental anesthesia, 30

EMLA, 25

Endodontic therapy
confirming pulpal anesthesia, 166-168
intrapulpal anesthesia, 199-204
pain in, 168-169, 186, 196-197, 201-202
partially vital teeth, 197 198f
pulpal tissue inflammation and damage, 169

supplemental anesthesia for. See Supplemental
anesthesia.
in trismus patient, 175
Epinephrine
allergy to, 17
articaine with, 99, 99f
bupivacaine with, 100f, 100-101
cardiovascular reactions, 16
concentration increases, 102-103
contraindications, 17
dosage of, 7t
duration of action, 129t
inferior alveolar nerve block success affected by,
69, 178
injection discomfort with solutions containing, 21
lidocaine with, 49, 93-94, 100-101, 141
metabolism of, 17
prilocaine with, 48, 97 98f
sensitivity to, 146
Etidocaine, 53-54
Extraoral infraorbital nerve block, 106-107, 108f

F
Facial swelling, odontogenic
description of, 202
incision and drainage procedure for. See Incision
and drainage procedure.
injection into, contraindications for, 222
First molar anesthesia
buccal and palatal infiltration of, 115, 116f, 122
mandibular
algorithm for, 155f, 214f
articaine infiltration for, 63-67, 64f, 67f, 80-81,
122-123
clinical tips for, 154-156, 214-216
incidence of, 14f, 74f
inferior alveolar nerve block for, 63f, 79f, 127f, 173
intraosseous injections for, 140f-141f
lidocaine infiltration for, 63, 63f
methods of, 42t-43t, 44, 45f, 48f
peripheral nerve stimulator for, 77f
supplemental anesthesia indications, 154-156
maxillary, 14f, 74f, 96, 96f, 98f-99f, 102f-103f,
107f=108f, 110f-1111, 115, 116f
First premolar anesthesia
mandibular, 14f, 42t-43t, 44, 45f, 74f, 157-158,
158f, 173, 216-217
maxillary, 14f, 74f, 95, 95f, 102f, 107f-108f,
1101111, 173
Fluoxetine, 18

G

Gender, 11, 20

Genetics, 9

Gow-Gates technique, 56-58, 57f, 174-175

Gray rubber stoppers, 7, 8f

Greater palatine second division nerve block, 109,
109f-110f



H

Heart rate, 16-17, 144-146

Heft-Parker visual analog scale, 170, 171f

High tuberosity second division nerve block, 109,
109f, 111f

Hyaluronidase, 70, 70f, 181

Hydrocodone, 183

Hypersensitivity reactions, 12

Hyperthyroidism, 17

1
IANB. See Inferior alveolar nerve block.
Ibuprofen, 182-183, 185-186, 201
Incision and drainage procedure
anesthesia for, 222
buffered anesthetics, 202-203
patient satisfaction with, 203-204
Incisive nerve block, 58f, 58-61, 182
Incisor anesthesia. See also Central incisor
anesthesia; Lateral incisor anesthesia.
mandibular
articaine infiltration for, 62f
clinical tips for, 159f, 159-160, 217-218, 218f
incisive nerve block for, 59f
inferior alveolar nerve block for, 62f
methods of, 42t-43t, 44, 45f
maxillary, 95, 95f, 98f-99f, 102f-103f, 110f-111f1,
132f, 160f, 160-161, 220f, 220-221
Indomethacin, 184, 186
Inferior alveolar nerve block
accuracy of, 76-77, 76f-77f
anesthetic agents for, 9
anesthetic volume, 69
anterior approach for, 72
articaine, 52, 66-67, 172-173, 188-189, 191-192
aspiration before, 47
average needle depth for, 77-78
buccal nerve anesthesia with, 47
conscious sedation before, 15
conventional, 41-47
epinephrine concentration effects on, 69, 178
failed, 74-79, 174, 196-197
5% anesthetic formulation for, 73, 74f
incisive nerve block and, 61, 61f
injection pain caused by, 20-21, 27
intraligamentary injection versus, 127
intraosseous injections after, 142-143, 143f, 1565, 197
in irreversible pulpitis, 178-185
lidocaine infiltration
bupivacaine versus, 181
clonidine added to, 181
description of, 61-62, 62f-63f, 191
mepivacaine versus, 180
lip numbness after, 1, 47
mechanisms of failure, 74-79
mental/incisive nerve block and, 182
mepivacaine for
lidocaine versus, 180
tramadol and, 180-181
missed, 46, 174
nerve injury after, 24

Index I

pain associated with, 20-21, 27, 176-177

preoperative pain effects on success of, 170

prolonged postoperative analgesia, 101

pulpal anesthesia secondary to, 42-44, 44t,

45f-46f

repeating of, 174

ropivacaine for, 54, 54f

sodium bicarbonate buccal infiltration effects on, 179

soft tissue anesthesia after, 1, 46-47

success of
acetaminophen effects on, 182-183
acetaminophen/hydrocodone effects on, 183
acupuncture effects on, 179
in asymptomatic patients, 69-73
buffered lidocaine formation effects on, 178-179
clonidine/lidocaine formulation effects on, 181
description of, 41-42, 42t, 170, 174
epinephrine concentration effects on, 69, 178
hyaluronidase effects on, 181
ibuprofen effects on, 182-183
ketorolac effects on, 183-184, 190
magnesium sulfate effects on, 180
mannitol/lidocaine formulation effects on, 180
mepivacaine and tramadol combination effects

on, 180

methods to improve, 69-73, 177-185
nitrous oxide effects on, 185
preemptive analgesics’ effect on, 184-185
sodium bicarbonate buccal infiltration effects on, 179
speed of injection effects on, 178
tramadol effects on, 180-181

supplemental anesthesia, 197. See also

Supplemental anesthesia.

trismus after, 47

two-cartridge volume for, 173-174

upright positioning of patient for, 73, 73f

Infiltration anesthesia. See Mandibular infiltration;

Maxillary infiltration.

Inflammation, 169
Infraorbital nerve block

extraoral, 106-107, 108f
intraoral, 106, 106f-107f

Injection(s). See also specific injection.

anxiety caused by, 14

dentist reaction to, 6

Gow-Gates technique, 56-58, 57f, 174-175
patient reaction to, 5-6

phases of, 20

slow, 22-23

two-stage, 23-24

Vazirani-Akinosi technique, 56-58, 57f, 175

Injection pain

alternative modes of reducing, 26-30

articaine versus lidocaine solutions, 99

buccal nerve block, 177

cooling of site to reduce, 26-27

description of, 19-24

gender differences in, 20

inferior alveolar nerve block, 20-21, 27 176-177
intraligamentary, 192-193

intraosseous, 139, 196

in mandible, 20-21
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in maxilla, 20-21
needle size effects on, 21, 21f
operator effects on, 20
technique effects on, 22-24
of Vazirani-Akinosi technique, 175
in women versus men, 20
IntraFlow system, 136, 138f, 194-195
Intraligamentary injections, 82, 82f, 124-132,
125f-128f, 129t, 157-158, 162, 191-193
Intraoral infraorbital nerve block, 106, 106f-107f
Intraosseous injections
cardiovascular reactions, 17
considerations for, 138-144
description of, 81
duration of, 142-143
heart rate affected by, 17
illustration of, 132f
after inferior alveolar nerve block, 142-143, 143f,
155, 197
infiltration injections versus, 132
in irreversible pulpitis, 193-197
mandibular posterior teeth, 157
maxillary anterior teeth, 161
maxillary posterior teeth, 162
pain associated with, 139, 196
in partially vital teeth, 197 198f
patient communication during, 132-133
for periapical surgery, 223
postoperative effects of, 148-149
precautions for, 149
in pulpal necrosis, 149, 198, 198f
repeating of, 196
success of, 194-195
systemic effects of, 144-147
systems for, 133-138, 193-194
Intrapulpal anesthesia, 199-204, 200f
Intraseptal anesthesia, 67-68, 68f, 199
Irreversible pulpitis
algorithm for, 214f
anesthesia success in, 166-168, 170-175
clinical tips for, 213-214, 214f
confirming pulpal anesthesia in, 166-168
failure of anesthesia in, 176
inferior alveolar nerve block success in patients
with, 178-185
mandibular anesthesia in, 214f, 214-218, 216f, 218f
maxillary anesthesia in, 219f-220f, 219-221
postoperative pain reduction in, 185-188
pulpotomy for, 188
supplemental anesthesia in
infiltrations, 188-190
intraligamentary injections, 191-193
intraosseous injections, 193-197
intrapulpal anesthesia, 199-204

J

Jet injection, 28, 29f

K
Ketorolac, 183-184, 190

L
Lasers, 31
Lateral incisor anesthesia
mandibular, 14f, 42t-43t, 44, 45f, 74f, 159f, 159-
160, 217-218, 218f
maxillary, 14f, 74f, 95, 95f, 99f, 102f-103f,
107f-108f, 110f-1111, 1321, 160f, 160-161,
220f, 220-221
Latex allergies, 12
Levobupivacaine, 54
Levonordefrin, 17-18, 48-50, 98, 98f, 129t, 144
Lidocaine
articaine versus, 62
buffered, 178-179
bupivacaine versus, for inferior alveolar nerve block,
181
cardiovascular reactions, 16
classification of, 11
with clonidine, for inferior alveolar nerve block, 181
dosages of, 7t
duration of action, 129t
epinephrine with, 7t, 49, 93-94, 100-101, 141
5% formulation of, 73, 74f
after inferior alveolar nerve block, 61-62, 63f, 191
in irreversible pulpitis patients, 171, 193
magnesium sulfate added to, 180
mandibular infiltrations, 61-63
mannitol added to, 115, 180
maxillary infiltrations, 115, 171
meperidine and, 72
mepivacaine versus, for inferior alveolar nerve
block, 180
palatal anesthesia use of, 26
plasma levels of, 147
topical, 25
Lignocaine, 27
Lingual nerve injury, 24
Lip numbness, 1, 13, 47 56, 96, 139, 166
Liposomal bupivacaine, for postoperative pain
reduction, 186-187 202
Lomoxicam, 184
Long-acting agents, 9, 563-54

M
Magnesium sulfate, 180
Mandibular anesthesia. See also specific mandibular
teeth.
incisive nerve block, 58f, 58-61
inferior alveolar nerve block. See Inferior alveolar
nerve block.
Mandibular infiltration
articaine, 62-65, 122-123, 122{-123f
lidocaine, 61-63
Mannitol, 82-84, 83f-84f, 115, 180
Maxillary anesthesia. See also specific maxillary
teeth.
anterior middle superior alveolar nerve block,
113-115, 114f
infraorbital nerve block
extraoral, 106-107, 108f
intraoral, 106, 106f-107f



pain associated with, 20
palatal-anterior superior alveolar nerve block, 112,
112f-113f
palate, 115-116
posterior superior alveolar nerve block, 104-106,
105f, 172, 222-223
second division nerve block, 109, 109f-111f
tetracaine nasal spray for, 115
Maxillary infiltration
articaine, 99, 99f
epinephrine, 93-94, 99f-100f, 99-101
lidocaine
with epinephrine, 93-94
mannitol added to, 115
mepivacaine, 96-97
prilocaine, 96-97
pulpal anesthesia with, 94, 95f-96f, 101-104,
102f-104f
repeating of, 103, 104f, 123-124
volume of, 101
Melanocortin-1 receptor, 9-10
Mental foramen, incisive nerve block at, 58f-59f,
58-61, 182
Meperidine, 72
Mepivacaine
description of, 18
dosage of, 7t
duration of action, 129t
intraosseous injections of, 142, 193-194
levonordefrin and, 98, 98f
lidocaine versus, for inferior alveolar nerve block, 180
mandibular infiltration using, 48, 81
maxillary infiltration using, 96-97
prilocaine and, 48, 96-97
systemic effects of, 147
Methemoglobinemia, 50-51
Methylprednisolone acetate, 187-188
Microneedles, 223, 223f
Middle superior alveolar nerve, 104
Missed blocks, 46, 174
Molar anesthesia
mandibular, 42t-43t, 44, 45f, 48f, 53, 154-157, 155f,
156f, 214f. See also First molar anesthesia.
maxillary, 96, 96f, 102f-103f, 107f-108f, 110f-111f,
115, 116f, 161-162, 162f, 219f, 219-220
Monoamine oxidase inhibitors, 18
Mucosal “sticks,” 2, 2f
Mylohyoid nerve, 74-76, 75f

N
Necrotic pulp, 198, 198f, 221-222
Needle(s)
barbed, 24, 24f
bevel of, 79, 79f
broken, 24
deflection of, 78
depth of, for inferior alveolar nerve block, 77-78
intraosseous, 138
size of, 21, 21f
Needle-mounted obturator, for intrapulpal injection,
199, 200f

Index P

Neuropathy, 50

Nitrous oxide, 16, 185

Noncontinuous anesthesia, 43
Numbness, lip, 1, 13, 47 56, 96, 139, 166

O
Obturator, needle-mounted, 199, 200f
Odontogenic facial swelling
description of, 202
incision and drainage procedure for. See Incision
and drainage procedure.
injection into, contraindications for, 222
Onpharma Onset system, 54, 54f
Orabloc, 7-8
OraVerse, 13f, 13-14
Organic reactions, 117f
Osteonecrosis of the jaw, bisphosphonate-related, 149

P
Pain
anticipated, 168
anxiety effects on, 14-15
debridement effects on, 201-202
in endodontic therapy, 168-169
incision and drainage, 202-203
injection-related. See Injection pain.
in irreversible pulpitis, 185-188
liposomal bupivacaine for reduction of, 186-187, 202
methylprednisolone acetate for, 187-188
postoperative, 185-188, 201-202
pressure versus, b
Pain scales, 170, 171f
Palatal anesthesia, 26-27 115-116
Palatal-anterior superior alveolar nerve block, 112,
112f-113f
Para-aminobenzoic acid, 50
Paresthesia, 50-51
Parkinson disease, 19
Partially vital teeth, 197 198f
Patient
reaction to injections by, 5-6
satisfaction of, 15-16, 169, 203-204
Perforation
drilling into tooth with, 138
pain of, 139
Perforator separation and breakage, 139-140
Periapical radiolucencies, 149, 198, 221-222
Periapical surgery, 222-223
Periodontal pocketing, 140, 141f
Peripheral nerve stimulator, 74, 75f
Phentolamine mesylate, 13, 157-158, 161
Pheochromocytoma, 17
Plain solutions, 48
Posterior superior alveolar nerve block, 104-106, 105f,
172, 222-223
Pregnancy, 11-12
Premolar anesthesia. See also First premolar
anesthesia; Second premolar anesthesia.
mandibular, 42t-43t, 44, 451, 60, 60f, 216-217

231
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maxillary, 95, 95f, 102f, 107f-108f, 110f-111f, 161-
162, 162f, 219f, 219-220
Pressure, 5
Pressure syringe, 124
Prilocaine
classification of, 11
dosage of, 7t
duration of action, 129t
epinephrine with, 48, 97 98f
mepivacaine and, 48, 96-97
pain reductions using, 22
paresthesias associated with, 50
Prostaglandin E,, 169
Pterygomandibular space, 46, 72
Pterygopalatine fossa, 109, 109f
Pulpal anesthesia
confirming of, 1-5, 166-168
factors that affect, 1
incidence of, 14f
intraligamentary, 129t
mandibular
duration of, 43
onset of, 42-43
success of, 41-42
time course of, 44, 45f-46f
maxillary
duration of, 94, 101-104, 102f-104f, 161
epinephrine concentration increase effects on,
102-103
onset of, 94
solution volume increase effects on, 101, 102f
time course of, 95f-96f, 95-96
Pulpal necrosis, 149, 198, 198f, 201-202, 221-222
Pulpal tissue inflammation, 169
Pulpitis. See Irreversible pulpitis.
Pulpotomy, 188
Pulp testing
analgesics effect on, 168
electric, 3-5, 4f, 41, 68, 68f, 166-167

R

Red hair phenotype, 9-10

Reversing soft tissue numbness, 13-14, 157-158, 161
Ropivacaine, 54, b4f

Rotary polymer bur, 31

S

Second division nerve block, 109, 109f-111f

Second molar anesthesia, 14f, 42t-43t, 44, 45f, 741,
166f, 156-157 173, 2141, 214-216

Second premolar anesthesia, 14f, 42t-43t, 44, 45f,
74f, 157-158, 173, 216-217

Sedation, conscious, 15, 168-169, 177-178

Short-acting agents, 9

Sodium bicarbonate buccal infiltration, 179
Sodium channels, 169
Soft tissue anesthesia, 46-47, 115-116
Soft tissue testing, for confirming anesthesia, 1, 2f,
166
Sonophoresis, 28, 28f
Stabident system, 133-134, 134f, 139-141, 148-149,
193-194
STA Single Tooth Anesthesia System, 125, 125f
Stasis bandage, 84, 85f
Sulfites, 12-13
Supplemental anesthesia
canines, 218
first molars, 154-156, 215-216
incisors, 218
infiltration injections, 121-124, 188-190
intraligamentary injections, 82, 82f, 124-132,
125f-128f, 129t, 157-158, 162, 191-193
intraosseous injections. See Intraosseous
injections.
irreversible pulpitis. See Irreversible pulpitis,
supplemental anesthesia in.
molars, 156-157 215-216, 220
premolars, 216-217
second molars, 157, 215-216

T

Tachyphylaxis, 103-104

Tetracaine nasal spray, 115

Tetrafluoroethylene, 3, 167

Tetrodotoxin, 5, 176

Tooth cell death, 8

Topical anesthetics, 25, 200

Tramadol, 180-181

Transcutaneous electrical nerve stimulation, 30

Transient receptor potential vanilloid-1, 169, 223

Triazolam, 168-169, 177-178

Trigeminal nerve, 112f

Trismus, 47, 175

Two-cartridge volume for inferior alveolar nerve block,
173-174

Two-stage injections, 23-24

\%

Vasoconstrictors, 16-19, 49-50, 81, 146-147
Vazirani-Akinosi technique, 56-58, 57f, 175
Vibrating attachment, 29-30, 30f

Visual analog scale, 170, 171f

Voltage-gated sodium channels, 5

X
X-Tip system, 134-136, 135f, 139-141, 148-149, 194
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