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1 Use slow-speed high-torque instrumentation (which usually is less traumatic than the high-speed 
low-torque option).

2 Use (minimal or moderate) sedation (which helps to decrease the patient's response to painful 
stimuli). Nitrous oxide–oxygen inhalation sedation is a readily available, safe, and highly effective 
method of relaxing a patient and elevating his or her pain reaction threshold.

3 If, after steps 1 and 2, the pulp chamber is opened, administer direct intrapulpal anesthesia. This is 
usually effective despite the brief period of pain associated with intrapulpal administration.

4 If a high level of pain persists and it still is not possible to enter the pulp chamber, then the 
following sequence should be considered:

a Place a cotton pellet saturated with local anesthetic loosely on the pulpal floor of the tooth.

b Wait 30 seconds; then press the pellet more firmly into the dentinal tubules or the area of 
pulpal exposure. This area may be sensitive initially but should become insensitive within 2 
to 3 minutes.

c Remove the pellet and continue use of the slow-speed drill until pulpal access is gained; 
then perform direct injection into the pulp.

With most endodontic procedures, difficulty in providing adequate anesthesia occurs only at the first 
appointment. Once the pulp tissue has been extirpated, the need for pulpal anesthesia disappears. Soft 
tissue anesthesia may be necessary at ensuing appointments for comfortable placement of the rubber 
dam clamp, but if adequate tooth structure remains, this may not be necessary. Some patients respond 
unfavorably to instrumentation of their root canals, even when the canals have been thoroughly 
débrided. If this occurs, infiltration (in the maxillary or mandibular incisor region [with articaine HCl]), 
intrapulpal anesthesia, or topical anesthetic may be used. Apply a small amount of topical anesthetic 
ointment onto the file or reamer before inserting it into the canal. This helps to desensitize the periapical 
tissues during instrumentation of the canals. Patients may react to filling of the canals. Local anesthesia 
should be considered before this stage of treatment is started.

Pediatric Dentistry

Pain control is one of the most important aspects of behavioral management in children undergoing dental 
treatment. Unpleasant childhood experiences have made many adults acutely phobic with regard to dental 
treatment. Today, however, many local anesthetic drugs are available to make pain management relatively 
easy. Special concerns in pediatric dentistry relevant to local anesthetic include anesthetic overdose (toxic 
reaction), self-inflicted soft tissue injury related to the prolonged duration of soft tissue anesthesia, and 
technique variations related to the smaller skulls and differing anatomy of younger patients.

Local Anesthetic Overdose

Overdose from a drug occurs when its blood level in a target organ (e.g., brain and myocardium for local 
anesthetics) becomes excessive (see  Chapter  18). Undesirable (toxic) effects may be caused by 
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intravascular injection or administration of large volumes of the drug. Local anesthetic toxicity develops 
when the blood level of the drug in the brain or myocardium becomes too high. Therefore local anesthetic 
toxicity relates to the volume of drug reaching the cerebrovascular and cardiovascular systems and to the 
blood volume of the patient. Once the blood level of a drug reaches toxic levels, the drug exerts unwanted 
and possibly deleterious systemic actions that are consistent with its pharmacological properties. Local 
anesthetic toxicity produces central nervous system (CNS) and cardiovascular system (CVS) depression, 
with reactions ranging from mild tremor to tonic–clonic convulsions (CNS), or from a slight decrease in 
blood pressure and cardiac output to cardiac arrest (CVS).

Disproportionately high numbers of deaths and serious morbidities caused by local anesthetic overdose 
have occurred in children, leading to the assumption that local anesthetics are more toxic in children than 
in adults. 19, 20 This is untrue; it is the safety margin of local anesthetics in small children that is low. Given 
an equal dose (mg) of local anesthetic, a healthy adult patient with a larger body weight and greater blood 
volume will have a lower blood level of anesthetic than the child patient of lesser weight and smaller 
blood volume. Blood volume, to a large degree, relates to body weight: the greater the body weight, the 
greater the blood volume (except in cases of marked obesity).

Maximum recommended doses (MRDs) of all drugs administered by injection should be calculated by 
body weight and should not be exceeded, unless it is absolutely essential to do so. 20 For example, two 
cartridges of 3% mepivacaine (54 mg per cartridge) exceed the MRD for a 15-kg (33-lb) child of 66 mg. 
Unfortunately, lack of awareness of maximum doses has led to fatalities in children. 21– 25 The ease with 
which a lighter-weight child may be overdosed with local anesthetics is compounded by the practice of 
multiple-quadrant dentistry and the concomitant use of sedative drugs (especially opioids). 19 When 
treating a smaller child, the dentist should maintain strict adherence to MRDs ( Table  16 - 1) and should 
anesthetize only that quadrant that is currently being treated.

TABLE 16-1 Maximum Recommended Doses (MRDs) of Local Anesthetics

Drug Formulation Manufacturer's MRDmg/kg (mg/lb)
Articaine 4% with epinephrine N/A 7.0 (3.2)
Lidocaine Plain 300 4.4 (2.0)
Lidocaine Epinephrine 1:100,000 500 7.0 (3.2)
Lidocaine Epinephrine 1:50,000 500 7.0 (3.2)
Mepivacaine Plain 400 6.6 (3.0)
Mepivacaine With levonordefrin 400 6.6 (3.0)
Prilocaine Plain 600 8.0 (3.6)
Prilocaine With epinephrine 600 8.0 (3.6)
Bupivacaine With epinephrine 90 —

Cheatham and associates surveyed 117 dentists who regularly treated children about their local anesthetic 
usage. 26 They found that the lighter the weight of the patient, the more likely the doctor was to administer 
an overly large dose of the local anesthetic, based on milligrams per kilogram of body weight. For 
example, a 13-kg patient should receive no more than 91 mg of lidocaine (based on an MRD of 
7.0 mg/kg). The range of doses administered by dentists treating children was 0.9 to 19.3 mg/kg. As the 
patient's weight increased, the number of milligrams per pound or kilogram reached lower and safer levels, 
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the maximum mg/kg range falling to 12.6 mg/kg in the 20-kg patient and to 7.2 mg/kg in the 35-kg 
patient. The mean dose of local anesthetic also fell when the patient's weight increased, from 5.4 mg/kg in 
the 13-kg patient to 4.8 mg/kg in the 20-kg patient to 3.8 mg/kg in the 35-kg patient ( Table  16 - 2).

Administration of large volumes of local anesthetic is not necessary when one is seeking to achieve pain 
control in younger patients. Because of differences in anatomy (see the following discussion of 
“ Techniques of Local Anesthesia in Pediatric Dentistry”), smaller volumes of local anesthetics provide the 
depth and duration of pain control usually necessary to successfully complete planned dental treatment in 
younger patients.

Because all injectable local anesthetics possess vasodilating properties, leading to more rapid vascular 
uptake and a shorter duration of adequate anesthesia, it is strongly recommended that a vasopressor be 
included in the local anesthetic solution unless there is a compelling reason for it to be excluded. 27 Many 
treatment appointments in pediatric dentistry do not exceed 30 minutes in duration; therefore use of a local 
anesthetic containing a vasopressor is considered to be unnecessary and unwarranted. It is thought that 
increased duration of soft tissue anesthesia, especially after inferior alveolar nerve block, increases the risk 
of self-inflicted soft tissue injury. A non–vasopressor-containing local anesthetic is frequently used (most 
often, mepivacaine 3%). Providing 20 to 40 minutes of pulpal anesthesia, mepivacaine 3% is considered 
the appropriate drug for this group of patients; this is true, provided that treatment is limited to one 
quadrant per visit. However, when multiple quadrants are to be treated (and anesthetized) on a smaller, 
lighter-weight patient in a single visit, administration of a “plain” drug into multiple injection sites 
increases the potential risk of overdose. Use of a local anesthetic containing a vasopressor is strongly 
recommended whenever multiple quadrants are anesthetized in the smaller pediatric patient. Sixty-nine 
percent of doctors treating children administered lidocaine with epinephrine as their primary anesthetic 
( Table  16 - 3). 26

TABLE 16-2 Local Anesthetic Administration by Dentists Who Treat Children 
(n = 117)

Patient Mean 
Dose, 
mg/kg

Mean, 
mg/kg Range, mg Range, mg/kg

Recommended 
(MRD), mg/kgAge Weight, kg

2 13 69.9 5.4 12-252 0.9-19.3 Lidocaine 4.4-7.0
Mepivacaine 
4.4-6.0

5 20 96.5 4.8 18-252 0.9-12.6
10 35 135 3.8 36-252 1.0-7.2
Modified from Cheatham BD, Primosch RE, Courts FJ: A survey of local anesthetic usage in pediatric patients by 
Florida dentists, J Dent Child 59:401–407, 1992.

280
281

Handbook of Local Anesthesia, 6th Edition Page 8 of 25



PRINTED BY: Jafar Panahi <j4farkhann@gmail.com>. Printing is for personal, private use only. No part of this book may be reproduced or transmitted without publisher's 
prior permission. Violators will be prosecuted.

TABLE 16-3 Local Anesthetic Choice by Dentists Who Treat Children (n = 117)

Anesthetic Formulation Percent Employing
2% lidocaine + 1:100,000 epinephrine 69
3% mepivacaine 11
2% lidocaine 8
2% mepivacaine + 1:20,000 levonordefrin 8
Other anesthetics 4
Adapted from Cheatham BD, Primosch RE, Courts FJ: A survey of local anesthetic usage in pediatric patients by 
Florida dentists, J Dent Child 59:401–407, 1992.

Factors increasing the risk of local anesthetic overdosage in younger patients are presented in  Box  16 - 1. 28

Complications of Local Anesthesia

Self-inflicted soft tissue injury—accidental biting or chewing of the lip, tongue, or cheek—is a 
complication associated with residual soft tissue anesthesia ( Fig .  16 - 4). Soft tissue anesthesia lasts 
considerably longer than pulpal anesthesia and may persist for 4 or more hours after local anesthetic 
administration. Fortunately, most patients do not encounter problems related to prolonged soft tissue 
anesthesia, but most of those who do are younger, oldest old (>85 years), or mentally or physically 
disabled. Problems related to soft tissue anesthesia most often involve the lower lip. Much less frequently, 
the tongue is injured, and rarely, the upper lip is involved.

Box 16-1 Factors Adding to Increased Risk of Local Anesthetic Overdose 
in Younger Patients

1 Treatment plan: all four quadrants treated using local anesthetic in one visit.

2 Local anesthetic administered is a plain (no vasopressor) solution.

3 Full cartridges (1.8 mL) administered with each injection.

4 Local anesthetic administered to all four quadrants at one time.

5 Exceeding the maximum dosage based on patient's body weight.

Adapted from Cheatham BD, Primosch RE, Courts FJ: A survey of local anesthetic usage in pediatric 
patients by Florida dentists, J Dent Child 59:401–407, 1992.

College and associates reported an 18% incidence of self-inflicted soft tissue injury in patients younger 
than 4 years of age receiving inferior alveolar nerve block. 29 From 4 to 7 years, the rate was 16%, from 8 
to 11 years, 13%, and from 12 years on, 7%.

Several preventive measures can be implemented:
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1 Select a local anesthetic with a duration of action that is appropriate for the length of the planned 
procedure. Some local anesthetics provide pulpal anesthesia of adequate duration (20 to 40 minutes) 
for restorative procedures in children, with a relatively short duration of soft tissue anesthesia (1 to 3 
hours, instead of 4 or 5) ( Table  16 - 4). It should be kept in mind, however, that investigators have 
not demonstrated a relationship between the use of plain local anesthetics and a reduction in soft 
tissue trauma. The clinician must consider the advisability of using a local anesthetic containing a 
vasopressor when treating multiple 

Figure 16-4 Lip trauma caused by biting while the area was anesthetized.

quadrants in view of the decreased margin of safety of local anesthetics in smaller children.

TABLE 16-4 Relative Durations of Pulpal and Soft Tissue Anesthesia

Drug Approximate Pulpal Anesthesia, minApproximate Soft Tissue Anesthesia, hr
Mepivacaine plain 20-40 3-4
Prilocaine plain (infiltration) 10

Lidocaine plain 5-10

2 Administer phentolamine mesylate (Oraverse) at the conclusion of the traumatic portion of the 
dental procedure. Discussed more completely in  Chapter  20, phentolamine mesylate is an 
alpha-adrenergic antagonist that, when injected into the site where local anesthetic with vasopressor 
was previously deposited, produces vasodilation, increasing blood flow through the area, thereby 
increasing the speed with which the local anesthetic drug diffuses out of the nerve. The duration of 
residual soft tissue anesthesia is significantly reduced. Phentolamine mesylate has been approved by 
the Food and Drug Administration (FDA) for use in patients 6 years of age and older and weighing 
more than 15 kg (33 lb). 30, 31

3 Advise both the patient and the accompanying adult about the possibility of injury if the patient 
bites, sucks, or chews on the lips, tongue, or cheeks, or ingests hot substances while anesthesia 
persists.
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4 Some doctors reinforce the verbal warning to the patient and the adult by placing a cotton roll in the 
mucobuccal fold (held in position by dental floss through the teeth) if soft tissue anesthesia is still 
present at the time of the patient's discharge. Warning stickers are available to help prevent soft 
tissue trauma.

Management of self-inflicted soft tissue trauma consists of reassuring the patient, allowing time for 
anesthetic effects 

Figure 16-5 Upper and lower jaws in a 4-year-old child with erupted 
primary teeth and unerupted permanent teeth. 1, First (central) 
incisor of primary dentition; 2, second (lateral) incisor of 
primary dentition; 3, canine of primary dentition; 4, first molar 
of primary dentition; 5, second molar of primary dentition; 6, 
first (central) incisor of permanent dentition; 7, second (lateral) 
incisor of permanent dentition; 8, canine of permanent 
dentition; 9, first premolar of permanent dentition; 10, second 
premolar of permanent dentition; 11, first molar of permanent 
dentition; 12, second molar of permanent dentition.

(From Abrahams PH, Marks SC Jr, Hutchings RT: McMinn's color atlas of human anatomy, ed 5, 
St Louis, 2003, Mosby.)
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to diminish, and coating the involved area with a lubricant (petroleum jelly) to help prevent drying, 
cracking, and pain.

Techniques of Local Anesthesia in Pediatric Dentistry

Local anesthetic techniques in children do not differ greatly from those used in adults. However, the skulls 
of children do have some anatomic differences from those of adults. For instance, maxillary and 
mandibular bone in children generally is less dense, which works to the dentist's advantage ( Fig .  16 - 5). 
Decreased bone density allows more rapid and complete diffusion of the anesthetic solution. Also, 
children are smaller; thus standard injection techniques usually can be completed with decreased depth of 
needle penetration.

Maxillary Anesthesia

All primary teeth and permanent molars can be anesthetized by supraperiosteal infiltration in the 
mucobuccal fold. The posterior superior alveolar (PSA) nerve block is rarely necessary because of the 
effectiveness of infiltration in children. However, in some individuals, the morphology of the bone 
surrounding the apex of the permanent first molar does not permit effective infiltration of local 
anesthetic, because the zygomatic process lies closer to the alveolar bone in children. A PSA nerve 
block may be warranted in this clinical situation. A 27-gauge short dental needle should be used and the 
depth of needle penetration modified to meet the smaller dimensions of the pediatric patient, to 
minimize the risk of overinsertion leading to hematoma. As an alternative to the PSA, Rood 32 has 
suggested using buccal infiltrations on both the mesial and the distal of the maxillary first molar to avoid 
a prominent zygomatic process. The anterior superior alveolar (ASA) nerve block also can be used in 
children, as long as it is realized that the depth of penetration is probably just slightly greater than with a 
supraperiosteal injection (because of the lower height of the maxillae in children). Generally, there are 
few indications for the PSA or ASA nerve block in children.

Occasionally, a maxillary tooth remains sensitive after a supraperiosteal injection because of accessory 
innervation from the palatal nerves 33 or widely flared palatal roots. Palatal anesthesia can be attained in 
children through the nasopalatine and greater (anterior) palatine nerve blocks. The technique for a 
nasopalatine nerve block proceeds exactly as described in  Chapter  13. That for a greater palatine nerve 
block is as follows: The administrator visualizes a line from the gingival border of the most posterior 
molar that has erupted to the midline. The needle is inserted from the opposite side of the mouth, distal 
to the last molar, bisecting this line. If the child has only primary dentition, the needle is inserted 
approximately 10 mm posterior to the distal surface of the second primary molar, bisecting the line 
drawn toward the midline.

An intrapapillary injection also can be used to achieve palatal anesthesia in young children. Once buccal 
anesthesia is effective, the needle (27-gauge short) is inserted horizontally into the buccal papilla just 
above the interdental septum. Local anesthetic is injected as the needle is advanced toward the palatal 
side. This should cause ischemia of the soft tissue. 34
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Mandibular Anesthesia

Supraperiosteal infiltration usually is effective in providing pain control in mandibular primary 
teeth. 35, 36 Sharaf reported that buccal infiltration in the mandible in 80 children (ages 3 to 9 years) was 
as effective as inferior alveolar nerve block (IANB) anesthesia in all situations, except when pulpotomy 
was performed on the primary second molar. 35 This was the result of decreased density of bone in the 
mandible in younger children. The rate of success of mandibular infiltration anesthesia decreases 
somewhat for primary mandibular molars as the child increases in age. The technique of supraperiosteal 
infiltration in the mandible is the same as in the maxilla. The tip of the needle is directed toward the 
apex of the tooth, in the mucobuccal fold, and approximately one fourth to one third (0.45 to 0.6 mL) 
cartridge is slowly deposited.

The IANB has a greater success rate in children than in adults because of the location of the mandibular 
foramen. The mandibular foramen in children lies distal and more inferior to the occlusal plane. 
Benham 37 demonstrated that the mandibular foramen lies at the height of the occlusal plane in children 
and extends an average of 7.4 mm above the occlusal plane in adults. He also found that there is no 
age-related difference as to the anteroposterior position of the foramen on the ramus.

The technique for an IANB is essentially identical for adults and children. The syringe barrel is placed in 
the corner of the mouth on the opposite side. The average depth of penetration to bone is approximately 
15 mm, although this may vary significantly with the size of the mandible and the age of the patient. As 
with the adult, bone should be contacted before any solution is deposited. In general, the more inferior 
location of the mandibular foramen in children provides a greater opportunity for successful anesthesia. 
“Too low” injections are more likely to be successful. In clinical situations, the success rate for 
well-behaved children usually exceeds 90% to 95%.

Because of the decreased thickness of soft tissue overlying the inferior alveolar nerve (about 15 mm), a 
25- or 27-gauge short needle may be recommended for the IANB in younger, smaller patients. This 
should be changed to a long needle once the patient is of sufficient size that a short needle does not 
reach the injection site without entering tissue almost to its hub.

The buccal nerve may be anesthetized if anesthesia of the buccal tissues in the permanent molar region 
is necessary. The needle tip is placed distal and buccal to the most posterior tooth in the arch. 
Approximately 0.3 mL of solution is deposited.

The Vazirani-Akinosi and Gow-Gates mandibular nerve blocks also can be used in children. Akinosi 38 
advocates the use of short needles with this technique in children. He states that the technique appears 
less reliable in children, which he relates to the difficulty of judging the depth of penetration necessary 
in a growing child. The Gow-Gates mandibular block can be used successfully in children. 39 However, 
these injections are rarely necessary in pediatric dentistry because of the effectiveness of mandibular 
infiltration (when the dentition is composed entirely of primary teeth) and the relative ease with which 
one can achieve inferior alveolar and incisive nerve block anesthesia.

Handbook of Local Anesthesia, 6th Edition Page 13 of 25



PRINTED BY: Jafar Panahi <j4farkhann@gmail.com>. Printing is for personal, private use only. No part of this book may be reproduced or transmitted without publisher's 
prior permission. Violators will be prosecuted.

The incisive nerve block provides pulpal anesthesia to the five primary mandibular teeth in a quadrant. 
Deposition of anesthetic solution outside the mental foramen with application of finger pressure for 2 
minutes provides a very high degree of success. The mental foramen usually is located between the two 

primary mandibular molars. A volume of 0.45 mL (  of a cartridge) is suggested.

The PDL injection has been well accepted in pediatric dentistry and can be used as an alternative to 
supraperiosteal injection. It provides the doctor with the means to achieve anesthesia of proper depth and 
duration on one tooth, without unwanted residual soft tissue anesthesia. The PDL is also useful when a 
child has discrete carious lesions in multiple quadrants. See  Chapter  15 for a complete discussion of 
technique for the PDL injection. It is recommended that the described technique be scrupulously 
adhered to, to avoid physiologic (pain) and psychological (fear) trauma to the patient. The PDL injection 
is not recommended for use on primary teeth because of the possibility of enamel hypoplasia occurring 
in the developing permanent tooth. 40

Periodontics

Special requirements for local anesthesia in periodontal procedures center on the use of vasopressors to 
provide hemostasis and the use of long-duration local anesthetics for postoperative pain control. Postsurgical 
pain management, including the use of long-duration anesthesia, is discussed as a separate subject later in 
this chapter.

Soft tissue manipulation and surgical procedures are associated with hemorrhage, especially when the tissues 
involved are not healthy. Administration of local anesthetics without vasopressors proves to be 
counterproductive because the vasodilating property of the local anesthetic increases bleeding in the region 
of the injection. 41 Vasopressors are added to counteract this undesirable property of local anesthetics.

The pharmacology of vasopressors is more completely discussed in  Chapter  3. As a review, vasopressors 
produce arterial smooth muscle contraction through direct stimulation of α receptors located in the wall of 
the blood vessel. Consequently, it follows that local anesthetics with vasopressors used for hemostasis must 
be injected directly into the region where the bleeding is to occur.

Pain control for periodontal procedures should be achieved through nerve block techniques, including 
posterior superior alveolar, inferior alveolar, and infraorbital nerve blocks. Saadoun 18 has shown that the 
intraseptal technique is very effective for periodontal flap surgical procedures. It decreases the total volume 
of administered anesthetic and the volume of blood lost during the procedure. Local anesthetic solutions 
used for nerve blocks should include a vasopressor in a concentration not greater than 1:100,000 epinephrine 
or 1:20,000 levonordefrin. An epinephrine concentration of 1:50,000 is not recommended for pain control 
because depth, duration, and success rates are no greater than those seen with anesthetics containing 
1:100,000 or 1:200,000 epinephrine.

Epinephrine is the drug of choice for local hemostasis. Norepinephrine (which is not available in North 
America in dental local anesthetics) can produce marked tissue ischemia, which can lead to necrosis and 
sloughing and is not recommended for use in hemostasis. 42, 43 Epinephrine is most commonly used for 
hemostasis in a concentration of 1:50,000 (0.2 mg/mL). Generally, small volumes (not exceeding 0.1 mL) 
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are deposited when used for hemostasis. Epinephrine also provides excellent hemostasis in a concentration 
of 1:100,000, although surgical bleeding is inversely proportional to the concentration of vasopressor 
administered. When plain local anesthetic is infiltrated (e.g., 3% mepivacaine) during periodontal surgery, 
blood loss is two to three times that noted when 2% lidocaine with 1:100,000 epinephrine is administered. 44 
Buckley and associates demonstrated that use of a 1:50,000 epinephrine concentration produced a 50% 
decrease in bleeding during periodontal surgery from that seen with a 1:100,000 concentration (with 2% 
lidocaine). 45 However, epinephrine is not a drug without systemic effects and some undesirable local effects. 
Studies have shown that even the small volumes of epinephrine used in dentistry can significantly increase 
the concentrations of plasma catecholamine and can alter cardiac function. 46 Therefore, it is prudent to 
administer the smallest volume of the least concentrated form of epinephrine that provides clinically 
effective hemostasis.

As tissue levels of epinephrine decrease after its injection for hemostasis, a rebound vasodilation develops. 
Sveen demonstrated that postsurgical bleeding (at 6 hours) occurred in 13 of 16 (81.25%) patients receiving 
2% lidocaine with epinephrine for surgical removal of a third molar, whereas 0 of 16 patients who 
underwent surgery with 3% mepivacaine bled at 6 hours post surgery. 44 Bleeding interfered with 
postoperative healing in 9 of 16 (56.25%) patients receiving lidocaine with epinephrine, compared with 25% 
of patients receiving no epinephrine. Evidence also suggests that the use of epinephrine in local anesthetics 
during surgery may produce an increase in postoperative pain. 47

Many doctors use a 30-gauge short needle to deposit anesthetics for hemostasis. Their rationale is that the 
thinner needle produces a smaller defect (puncture) in the tissue. If a small puncture is important, then the 
30-gauge needle should be used, but only for this purpose (hemostasis). The 30-gauge short needle should 
not be used if there is the possibility of positive aspiration of blood, or if any depth of soft tissue must be 
penetrated. Aspiration of blood through a 30-gauge needle is difficult (although possible). A 27-gauge 
needle can be used for local infiltration to achieve hemostasis when vascularity is a problem, or in any other 
area of the oral cavity without an increase in patient discomfort.

Oral and Maxillofacial Surgery

Pain control during surgical procedures is achieved through administration of local anesthetics, given alone 
or in combination with inhalation sedation, intravenous sedation, or general anesthesia. As is the case with 
periodontal surgery, long-duration local anesthetics play an important role in postoperative pain control and 
are discussed separately.

Local anesthetic techniques used in oral surgery do not differ from those employed in nonsurgical 
procedures. Therefore it should be expected that instances of partial or incomplete anesthesia will occur. 
Oral and maxillofacial surgeons frequently treat patients who have received intravenous sedation or general 
anesthesia before the start of surgery. These techniques act to modify the patient's reaction to pain, leading to 
a decrease in the number of reported instances of inadequate local anesthesia.

Local anesthesia is administered almost routinely to patients for third molar extractions under general 
anesthesia. The reasons for this are as follows:
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1 General anesthesia does not prevent pain. General anesthesia prevents the patient from responding 
outwardly to painful stimulation. Blood pressure (BP), heart rate (HR), and respiratory rate (RR) do 
respond to surgical stimulation (increases in BP, HR, and RR).

2 Pain control through local anesthetic administration during surgery permits lessened exposure to 
general anesthetic agents, allowing for a faster postanesthetic recovery period and minimizing 
drug-related complications.

3 Hemostasis is possible if a vasopressor is included.

4 Residual local anesthesia in the postoperative period aids in postsurgical pain control.

The volume of drug and the rate at which it is administered are important in all areas of dental practice, but 
probably are most important during extraction of teeth from multiple quadrants. When four third molars are 
extracted, effective pain control must be obtained in all four quadrants. This requires multiple injections of 
local anesthetics, which usually occur within a relatively short time. Four cartridges or more of local 
anesthetic are frequently used. * The rate at which these local anesthetics are administered must be closely 
monitored to lessen the occurrence of complications. Complications arising from rapid administration of 
local anesthetic include any of the following:

1 Pain during injection

2 Greater possibility of a serious overdose reaction, if the local anesthetic is administered intravascularly 
(the speed of IV drug administration significantly affects the clinical manifestations of toxicity)

3 Postanesthetic pain caused by tissue trauma during the injection

These complications and their prevention, recognition, and management are discussed in greater detail in 
 Chapters  17 and  18.

It should be noted that in some persons, the inferoposterior border of the mandible is not innervated by the 
trigeminal nerve. Any of the mandibular nerve blocks described in  Chapter  14 provide only partial 
anesthesia in this situation. The PDL injection usually corrects the lack of pain control in this circumstance.

* Typical local anesthetic injections for extraction of four third molars include the following:

1 Right and left inferior alveolar nerve blocks, 1.8 mL each (3.6 mL)

2 Right and left posterior superior alveolar nerve blocks or supraperiosteal infiltration over each third 
molar, 1.3 to 1.8 mL each (2.6 to 3.6 mL)

3 Right and left palatal infiltration over the maxillary third molars, 0.45 mL each, or right and left 
greater palatine nerve block, 0.45 mL each (0.09 mL)

Total volume of local anesthetic: 8.1 mL or 162 mg or a 2% solution, 243 mg of a 3%, or 324 mg 
of a 4%.
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Fixed Prosthodontics

When preparing a tooth for full coverage (crown or bridge), it is necessary to place a provisional restoration 
over the prepared tooth. Although achieving pain control might not be difficult at the initial visit, it may be 
difficult at subsequent visits to adequately anesthetize the prepared tooth. The reason for this is probably the 
provisional restoration. Overly high restorations produce traumatic occlusion, which can lead to considerable 
sensitivity after about a day. Poorly adapted gingival margins develop microleakage, also causing 
sensitivity. Preparation of the tooth itself can cause sensitivity, through desiccation of tooth structure, 
possible pulpal involvement, and periodontal irritation. The longer these sources of irritation are present, the 
greater the trauma to the tooth is likely to be, and the more difficult it is to achieve adequate anesthesia. 
Usually a regional nerve block is effective. Supraperiosteal injections generally do not provide adequate pain 
control in these situations (depth may be adequate, but duration is considerably shorter than that usually 
expected from the drug).

Long-Duration Local Anesthesia

Prolonged Dental or Surgical Procedures

Several specialty areas of dental practice require longer than usual pulpal or soft tissue anesthesia. They 
include fixed prosthodontics, oral surgery, and periodontics. During longer procedures (2 or more hours), 
an adequate duration of pulpal anesthesia may be difficult to achieve with more commonly used 
anesthetics such as articaine, lidocaine, mepivacaine, and prilocaine. Bupivacaine is a long-acting local 
anesthetic that can then be used. It is discussed more completely in  Chapter  4.

Bupivacaine, a homolog of mepivacaine, has a long duration of clinical effectiveness when used for 
regional nerve block. Its duration of action when administered by supraperiosteal injection, although still 
long, is somewhat shorter (shorter even than that of lidocaine with epinephrine). 48 Its postoperative 
analgesic period lasts an average of 8 hours in the mandible and 5 hours in the maxilla.

Bupivacaine is available with a vasopressor (1:200,000 epinephrine). It is interesting to note that the 
addition of vasopressor to bupivacaine does not prolong its duration of action. 49

Postsurgical Management of Pain

Frequently, after extensive surgical procedures, patients experience intense pain when the local anesthetic 
effect dissipates. It was, and still is in many cases, common practice to treat postoperative pain through the 
use of opioid analgesics. However, opioids have a high incidence of undesirable side effects such as 
nausea, vomiting, constipation, respiratory depression, and postural hypotension, especially in ambulatory 
patients. 50 Additionally, opioid analgesics are not very effective in the management of pain following 
dental surgery. 51

Long-acting local anesthetics administered to surgical patients offer a means of providing successful 
postoperative pain control with minimal risk of developing adverse reactions. An advantage of using 
long-duration local anesthetics is their longer postoperative analgesia, which leads to a reduced need for 
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the administration of postoperative opioid analgesic drugs. 52 Dentists often use an intermediate-acting 
local anesthetic such as articaine, lidocaine, mepivacaine, or prilocaine with a vasopressor for the surgical 
procedure, administering a long-acting local anesthetic just before the termination of surgery. Danielsson 
and associates compared bupivacaine, etidocaine, and lidocaine with regard to their effects on 
postoperative pain, and found that both bupivacaine and etidocaine were more effective in controlling 
postoperative pain when compared with lidocaine. 48 They also reported that bupivacaine was more 
effective than etidocaine in providing postoperative analgesia, and that patients receiving bupivacaine used 
significantly fewer analgesics.

It is pertinent to note that there appears to be a difference between etidocaine and bupivacaine with respect 
to their ability to provide adequate hemostasis, even though they contain the same concentration of 
vasopressor (1:200,000). Danielsson and associates noted that bupivacaine and lidocaine provided 
adequate hemostasis in 90% and etidocaine in only 75% of procedures. 49 It is possible that a higher 
concentration of local anesthetic may necessitate a higher concentration of vasopressor to provide 
comparable hemostasis. Also keep in mind the different vasodilating properties of the solutions. 53 
Etidocaine HCl is no longer available in dental cartridges in North America.

Protocol for Perioperative and Postoperative Pain Control in Surgical Patients

Postoperative pain associated with most uncomplicated dental surgical procedures is mild and is well 
managed by oral administration of nonsteroidal anti-inflammatory drugs (NSAIDs) such as aspirin and 
ibuprofen. 51 Preoperative administration of NSAIDs appears to delay the onset of postoperative pain 
and to lessen its severity. 52, 54 When a patient is unable to tolerate aspirin or other NSAIDs, 
acetaminophen can provide acceptable analgesia.

Other dental surgical procedures, such as removal of bony impactions and osseous periodontal or 
endodontic surgery, are more traumatic and typically are associated with more intense and prolonged 
postoperative pain. The onset of such pain can be delayed by presurgical administration of an NSAID 
followed by administration of a long-acting local anesthetic (bupivacaine) at the completion of surgery. 54

The Oxford League Table of Analgesic Efficacy presents a meta-analysis of randomized, double-blind, 
single-dose, placebo-controlled studies in patients with moderate to severe postoperative dental, 
orthopedic, gynecologic, and general surgical pain. 51 Analgesic efficacy is expressed as number needed 
to treat (NNT), the number of patients who need to receive the active drug for one to achieve at least 
50% relief of pain compared with placebo over a 4- to 6-hour treatment period. 55 The most effective 
analgesics have an NNT of just over 2 ( Table  16 - 5). Effective pain relief for dental surgery normally can 
be achieved with oral nonopioid, nonsteroidal anti-inflammatory drugs, coxibs, and combinations of 
acetaminophen (paracetamol) and codeine. 51
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TABLE 16-5 Oxford League of Analgesic Efficacy (Drugs Available in the 
United States and Canada)*†

As noted in  Table  16 - 5, few, if any, analgesics are better than NSAIDs for acute pain. All NSAIDs on 
the League table have NNTs of 1.6 to 3.0. Alternative analgesics, such as codeine 60 mg and tramadol 
50 mg, have NNTs of 16 and 8, respectively. Parenteral morphine 10 mg and meperidine 100 mg have 
NNTs of 2.9. 51, 56 Acetaminophen (paracetamol), administered orally at a dose of 1000 mg, has an NNT 
of almost 4. When combined with codeine 60 mg, its NNT improves to 2.2. Ibuprofen 400 mg at 2.4 and 
diclofenac 50 mg and rofecoxib 50 mg at about 2.3 are better. NSAIDs generally do well with lower 
(better) NNTs. 51

For effective postsurgical pain management (i.e., no breakthrough pain), it is important to maintain a 
therapeutic blood level of the analgesic via time-based dosage administration of the appropriate oral 
analgesic. A therapeutic dose of the drug (e.g., ibuprofen 600 mg) should be administered every 4 to 6 
hours. The drug package insert for ibuprofen states the following regarding its administration for mild to 
moderate dental pain 57:

Oral dosage: Adults: 400 mg PO every 4–6 hours as needed. Doses greater than 400 mg have 
not provided greater relief of pain. Elderly: See adult dosage; as elderly patients may be at a 
higher risk of adverse events, treat with the lowest effective dose and shortest possible 
duration. Adolescents: 400 mg PO every 4–6 hours as needed. Doses greater than 400 mg 
have not provided greater relief of pain.
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TABLE 16-6 Nonsteroidal Anti-Inflammatory Drugs

Generic Proprietary
Availabiity, 
mg Dosage Regimen

Ibuprofen Advil, Caldolor, 
Motrin, and others

100, 200, 
400, 600, 800

Adults: 400 mg PO every 4-6 hours as needed

Ketorolac Toradol 10 10 mg PO q4-6h; max 40 mg/day

Start 20 mg PO if <65 yo and >50 kg

Note: PO only for patients who have received parenteral 
treatment; duration of combined PO/IM/IV treatment not to 
exceed 5 days

Diclofenac 
potassium

Cambia, Zipsor 50 50 mg PO tid

Start 100 mg PO; 200 mg/day first 24 hours only, 150 mg/day 
thereafter

Piroxicam Feldene 10, 20 Adults: 20 mg PO once daily. Adjust dose, as needed. Daily dose 
may be divided into two doses, if desired.

Celecoxib Celebrex 50, 100, 200, 
400

Start 400 mg PO, then 200 mg PO bid

Naproxen Naprosyn 250, 375, 500 250-500 mg PO q12h. Max: 1250 mg/day
Tramadol Ultram, Ryzolt 50, 100, 200 

ER
50-100 mg PO q4-6h; Max: 400 mg/day

Data from Mosby's dental drug reference, St Louis, 2012, Mosby.

Box 16-2 Pain Control Regimen for Surgical Procedures

Preoperative: Administer one oral dose of nonsteroidal anti-inflammatory drug (NSAID), 
minimally 1 hour before the scheduled surgical procedure.

Perioperative: Administer local anesthetic of adequate duration for procedure (articaine, 
lidocaine, mepivacaine, prilocaine with vasopressor).

If surgery of approximately 30 minutes’ duration is planned, immediately follow initial local 
anesthetic injection with long-acting local anesthetic (bupivacaine).

If surgery of 1 hour or longer duration is planned, at the conclusion of the surgical procedure 
reinject the patient with long-acting local anesthetic (bupivacaine).

Postoperative: Have patient continue to take oral NSAID on a timed basis (e.g., bid, tid, 
qid) for the number of days considered necessary by the surgeon.

Contact patient via telephone the evening of the surgery to determine level of comfort. If 
considerable pain is present, add opioid to NSAID: codeine.
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Modified from Malamed SF: Local anesthetics: dentistry's most important drugs, J Am Dent Assoc 
125:1571–1576, 1994.

Despite the statement above regarding larger doses than 400 mg ibuprofen, the Oxford League clearly 
shows that ibuprofen 600 mg (NNT of 1.7) is more efficacious than ibuprofen 400 mg (NNT of 2.4).

 Box  16 - 2 outlines a recommended protocol for the management of intraoperative and postoperative pain 
associated with dental surgical procedures. 58 Common NSAIDs and their recommended doses are listed 
in  Table  16 - 6.

Dental Hygiene

In 1997 when the fourth edition of this textbook was published, registered dental hygienists in 20 states in 
the United States and several provinces in Canada were permitted to administer local anesthesia to dental 
patients. This number increased to 32 in 2003 and today (2011) stands at 44 states ( Fig .  16 - 6). 59 Inclusion of 
this expanded function in the Dental Practice Act in these areas has proved of great benefit to the hygienist, 
doctor, and dental patient. 60, 61

Though not all patients need local anesthesia for scaling, root planing, and subgingival curettage, many do. 
The periodontal tissues being treated normally are sensitive to stimuli and are even more so when 
inflammation is present. Such is frequently the case when a patient is treated by the dental hygienist.

The hygienist who is permitted to administer local anesthetics to dental patients requires the same technique 
armamentarium as the doctor. Regional block anesthesia, especially in the maxilla (posterior superior or 
anterior superior alveolar nerve block), is an integral part of the hygienist's anesthetic armamentarium 
because hygienists usually treat whole quadrants during a single appointment. The hygiene patient requires 
the same depth of anesthesia as is attained by the doctor doing restorative dentistry or surgery. Root 

Figure 16-6 Dental Hygiene local anesthesia map.
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planing without discomfort requires pulpal anesthesia, along with soft tissue and osseous anesthesia. 60 More 
than 70% of respondents to a survey on dental hygiene patients’ need for pain control reported that their 
patients needed anesthesia but did not receive it. 61

Feedback from dentists whose hygienists administer local anesthesia has been uniformly positive; negative 
comments have been extremely rare. 62 Dental patients themselves are aware of the difference between local 
anesthesia administered by the dental hygienist and that administered by the dentist. They frequently 
comment on the lack of discomfort when the hygienist injects the local anesthetic. Be it a slower rate of 
administration, greater attention to the details of atraumatic injection technique, or greater empathy, it works.
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Complications, Legal Considerations, Questions, and Future

In spite of careful patient evaluation, proper tissue preparation, and meticulous technique of administration, local 
and systemic complications associated with dental anesthesia occasionally develop. These problems are 
addressed in  Chapters  17 and  18. Emphasis is placed on prevention, recognition, and management of the 
complications.

Dr. Daniel Orr II discusses legal considerations associated with the administration of local anesthetics in  Chapter 
 19.

 Chapter  20, “Future Trends in Pain Control,” first appeared in the third edition and is updated here. Starting in 
the late 1990s, there has been a renewal of interest in the field of local anesthesia…a renaissance of sorts…
beginning with the introduction of computer-controlled local anesthetic delivery (C-CLAD), and in 2000, the 
introduction of articaine HCl in the United States. Most recently, the local anesthesia reversal agent 
phentolamine mesylate (2008) and buffered local anesthetics (2011) have been introduced. As for the future, 
research is now being conducted into providing maxillary pulpal anesthesia without the need for injection of 
local anesthetics.

 Chapter  21 presents a series of questions related to local anesthesia and pain control in dentistry. These 
frequently asked questions (FAQs) come from doctors who have had peculiar situations arise in connection with 
local anesthetic administration. The more common questions are presented here as a matter of interest and in the 
hope that the answers to specific questions or problems might be included.
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Chapter 17 Local Complications

A number of potential complications are associated with the administration of local anesthetics. For purposes 
of convenience, these complications may be separated into those that occur locally in the region of the 
injection and those that are systemic. Systemic complications associated with the administration of local 
anesthesia are discussed in  Chapter  18, and include overdosage (toxic reaction), allergy, and psychogenic 
reactions. The following localized complications are described in this chapter:

• Needle breakage

• Prolonged anesthesia or paresthesia

• Facial nerve paralysis

• Trismus

• Soft tissue injury

• Hematoma

• Pain on injection

• Burning on injection

• Infection

• Edema

• Sloughing of tissues

• Postanesthetic intraoral lesions

It must be emphasized that with any complication associated with the administration of a local anesthetic, a 
written note should be entered onto the patient's dental chart. For complications that become chronic, a note 
should appear whenever the patient is re-evaluated.

Needle Breakage

Since the introduction of non-reusable, stainless steel dental local anesthetic needles, needle breakage has 
become an extremely rare complication of dental local anesthetic injections ( Fig .  17 - 1). Pogrel has (roughly) 
estimated the risk of needle breakage among Northern California dentists at 1 in 14 million inferior alveolar 
nerve blocks. 1 In the United States, 1.43 million boxes of dental needles (100 needles per box; 143,000,000 
needles) were sold by one needle manufacturer in 2004, 1.56 million boxes in 2005, and 1.43 million boxes 
in 2006. 2 Reports of broken dental needles in the published literature appear only infrequently, but they do 
appear. A MedLine search for broken dental needles from 1951 through February 2010 uncovered 26 
published reports of broken dental needles, including their cause and management. 1, 3- 27 Review of 20 of 
these reports, for which information regarding needle gauge and length and technique of anesthesia 
employed is available, reveals that 15 were inferior alveolar nerve block (IANB) and 5 were posterior 
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superior alveolar (PSA) nerve block. All 5 PSA reports described adult patients, whereas 9 of the 15 broken 
needle reports following IANB occurred in children. Needle gauge and/or length was presented in 11 papers. 
Ten of the 11 needles were 30-gauge short; only one case reported long needle breakage (27-gauge) with the 
needle remaining in the tissues. 12

Pogrel reported on 16 patients whom he evaluated over a 25-year period (1983-2008) following needle 
breakage. 1 Fifteen patients had received IANB, one a PSA. Thirteen of the 16 needles were 30-gauge short, 
3 were 27-gauge short.

Independent of the cited literature, this author is aware of 51 cases that progressed to litigation in which 
broken dental needle fragments remained within the soft tissues of the patient receiving the injection. 28 Fifty 
of these events involved 30-gauge short needles; a 27-gauge short was involved in the other case. All but 1 
involved administration of an IANB. A posterior superior alveolar nerve block was used in the other case.

A manufacturer of dental local anesthetic needles reported that over a 6-year period (1997-2002), 27 doctors 
contacted the company reporting instances of broken dental needles. All incidents involved 30-gauge short 
needles. 29

Long dental needles most likely have broken during injection. However, because the long needle is unlikely 
to have been inserted to its full length (approximately 32 mm) into soft tissue, some portion of the needle 
would remain visible in the patient's mouth. Retrieval of the fragment with a hemostat is easily 
accomplished. Litigation does not occur in such incidents.

 Table  17 - 1 summarizes the accumulated findings presented to this point. Although some reports may have 
been 

Figure 17-1 Metal disposable needle, disassembled.
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duplicated, the factual information clearly identifies commonalities in most cases: use of 30-gauge short or 
ultra-short needles in injection techniques in which the needle is inserted to its hub (“hubbing the needle”). 
All reported cases involved the inferior alveolar or posterior superior alveolar 

Figure 17-2 Hub of broken needle from  Figure  17 - 3 ,  B.

Figure 17-3 A, Radiograph of a broken dental needle (note bend in needle: 
arrow). B, Radiograph of a broken dental needle in the 
pterygomandibular space.

(B, From Marks RB, Carlton DM, McDonald S: Management of a broken needle in the 
pterygomandibular space: report of a case, J Am Dent Assoc 109:263–264, 1984. Reprinted by 
permission.)
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nerve block. In all situations in which it is mentioned, needle fracture occurred at the hub—never along the 
shaft of the needle ( Fig .  17 - 2). Additional factors include (1) intentional bending of the needle by the doctor 
before injection ( Fig .  17 - 3 ,  A) (2) sudden unexpected movement by the patient while the needle is still 
embedded in tissue; and (3) forceful contact with bone.

TABLE 17-1 Summary of Reports of Broken Dental Needles

IANB PSA 30-Gauge 27-Gauge
Individual citations 15 5 10 1

Pogrel 21 15 1 13 3

Malamed 32 1 33 1
Reed 17 0 17 0
Manufacturer N/A N/A 27 0
Total 79 7 100 5
From Malamed SF, Reed K, Poorsattar S: Needle breakage: incidence and prevention, Dent Clin N Am 54:745–756, 2010.
N/A, Not applicable.

The exact cause of needle breakage is rarely discernible. In cases in which the needle has been surgically 
retrieved and/or forensic metallurgists have examined the hub of the needle, no evidence has revealed 
manufacturing defects in the needle ( Fig .  17 - 4).

Problem

Needle breakage per se is not a significant problem if the needle can be removed without surgical 
intervention. Ready access to a hemostat enables the doctor or the assistant to grasp the visible proximal 
end of the needle fragment and remove it from the soft tissue.

Figure 17-4 Scanning electron microscopy of a broken dental needle. 
Arrow at 11 o'clock position indicates area where needle was 
bent superiorly before injection, per court testimony of 
forensic metallurgist.
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Where the needle has been inserted to its hub and the soft tissue has dimpled under pressure from the 
syringe, the broken fragment will not be visible when the syringe is withdrawn from the patient's mouth. 
The needle fragment remaining in the tissue poses a risk of serious damage being inflicted on the soft 
tissues for as long as the fragment remains. Although it does not often occur, needle fragments can 
migrate, as is illustrated by the series of panoramic films taken at 3-month intervals ( Fig .  17 - 5).

Management

Management of the broken dental needle involves immediate referral of the patient to an appropriate 
specialist (e.g., an oral and maxillofacial surgeon) for evaluation and possible attempted retrieval. 
Conventional management involves locating the retained fragment through panoramic and computed 
tomographic (CT) scanning. 25

More recently, three-dimensional CT scanning has been recommended to identify the location of the 
retained needle fragment. 1, 30 A surgeon in the operating theater then removes the retained needle fragment 
while the patient is under general anesthesia ( Fig .  17 - 6).

Prevention

Although rare, dental needle breakage can, and does, occur. Review of the literature and personal 
experience of the authors bring into focus several commonalities, which, when avoided, can minimize the 
risk of needle breakage with the fragment being retained. These include the following:

• Do not use short needles for inferior alveolar nerve block in adults or larger children.

• Do not use 30-gauge needles for inferior alveolar nerve block in adults or children.

• Do not bend needles when inserting them into soft tissue.

• Do not insert a needle into soft tissue to its hub, unless it is absolutely essential for the success of 
the injection.

• Observe extra caution when inserting needles in younger children or in extremely phobic adult or 
child patients.

Prolonged Anesthesia or Paresthesia

On occasion, a patient reports feeling numb (“frozen”) many hours or days after a local anesthetic injection. 
Normal distribution of patient response to drugs allows for the rare individual (e.g., hyperreactor) who may 
experience prolonged soft tissue anesthesia after local anesthetic administration that persists for many hours 
longer than expected. This is not a problem.

When anesthesia persists for days, weeks, or months, the potential for the development of problems is 
increased. Paresthesia or persistent anesthesia is a disturbing yet often-times unpreventable complication of 
local anesthetic administration. Paresthesia is one of the most frequent causes of dental malpractice litigation.
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A patient's clinical response to this can be profuse and varied, including sensations of numbness, swelling, 
tingling, and itching. Associated oral dysfunction, including tongue biting, drooling, loss of taste, and speech 
impediment, may be noted. 31- 34

Paresthesia is defined as persistent anesthesia (anesthesia well beyond the expected duration), or altered 
sensation well beyond the expected duration of anesthesia. In addition, the definition of paresthesia should 
include hyperesthesia and dysesthesia, in which the patient experiences both pain and numbness. 35

Causes

Trauma to any nerve may lead to paresthesia. Paresthesia is a not uncommon complication of oral surgical 
procedures and mandibular dental implants. 32, 36- 38 In an audit of 741 mandibular third molar extractions, 
Bataineh found postoperative lingual nerve anesthesia in 2.6%; inferior alveolar nerve paresthesia was 
3.9%, developing in 9.8% of patients younger than 20 years of age. Also, a significant correlation was 
noted between the incidence of paresthesia and the experience of the operator. 38

Injection of a local anesthetic solution contaminated by alcohol or sterilizing solution near a nerve 
produces irritation, resulting in edema and increased pressure in the region of the nerve, leading to 
paresthesia. These contaminants, especially alcohol, are neurolytic and can produce long-term trauma to 
the nerve (paresthesia lasting for months to years).

Trauma to the nerve sheath can be produced by the needle during injection. Many patients report the 
sensation of an “electric shock” throughout the distribution of the involved nerve. Although it is 
exceedingly difficult (and is highly unlikely) to actually sever a nerve trunk or even its fibers 294
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Figure 17-5 Needle fragments can migrate as is shown in the series of 
panoramic films taken at 3-month intervals.

(Courtesy Dr. Carlos Elias De Freitas. From Malamed SF, Reed KR, Poorsattar S: Needle breakage: 
incidence and prevention, Dent Clin N Amer 54:745–756, 2010.)
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with the small needles used in dentistry, trauma to a nerve produced by contact with the needle is all that 
may be needed to produce paresthesia. 32, 33 Insertion of a needle into a foramen, as in the second division 
(maxillary) nerve block via the greater palatine foramen, also increases the likelihood of nerve injury.

Figure 17-6 Surgical excision of needle fragment (see patient from  Fig . 
 17 - 5).

Courtesy Dr. Carlos Elias De Freitas CVM. From Malamed SF, Reed KR, Poorsattar S: Needle 
breakage: incidence and prevention, Dent Clin N Amer 54:745–756, 2010.)
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TABLE 17-2 Distribution of Analgesic Solution and Nerve Affected, Including 
54 Nerve Injuries in 52 Patients

Inferior Alveolar Nerve Lingual Nerve Sum, N (%)
Articaine 4% 5 24 29 (54)
Prilocaine 3% 4 6 10 (19)
Lidocaine 2% 3 7 10 (19)
Mepivacaine 3% 0 4 4 (7)
Mepivacaine 3% + Articaine 4% 0 1 1 (2)
Number of nerve injuries 12 42 54 (100)
From Hillerup S, Jensen R: Nerve injury caused by mandibular block analgesia, Int J Oral Maxillofac Surg 35:437–443, 
2006.

Hemorrhage into or around the neural sheath is another cause. Bleeding increases pressure on the nerve, 
leading to paresthesia. 31– 33, 35

The local anesthetic solution itself may contribute to the development of paresthesia after local anesthetic 
injection. 39 Haas and Lennon took a retrospective look at paresthesia after injection of local anesthetic in 
dentistry in the province of Ontario, Canada, over a 20-year period (1973-1993). 31 This report included 
voluntary submissions by dentists to their insurance carriers for claims of paresthesia. Only cases where no 
surgery was performed were considered. One hundred forty-three cases of paresthesia unrelated to surgery 
were reported in this period. All reported cases involved the inferior alveolar or the lingual nerve or both, 
with anesthesia of the tongue reported most often, followed by anesthesia of the lip. Pain (hyperesthesia) 
was reported by 22% of patients. Paresthesia was reported more often after administration of a 4% local 
anesthetic—prilocaine HCl and articaine HCl. Observed frequencies of paresthesia after administration of 
articaine HCl and prilocaine HCl were greater than expected, based on the distribution of local anesthetic 
use in Ontario in 1993. 31 According to Haas, the incidence of paresthesia resulting from all local 
anesthetics is approximately 1:785,000; for 0.5%, 2%, and 3% local anesthetics, it is approximately 
1:1,250,000, and for 4% local anesthetics, it is approximately 1:485,000. 31

In 2006 Hillerup and Jensen in Denmark, reviewing insurance claims, suggested that articaine should not 
be used by inferior alveolar nerve block because it had, in their opinion, a greater propensity for 
paresthesia. 40 Yet, of the 54 case reports of paresthesia reviewed, 42 (77%) involved not the inferior 
alveolar nerve but the lingual nerve (see later discussion) ( Table  17 - 2).

In response to Hillerup and Jensen's article, the Pharmacovigilance Working Committee of the European 
Union reviewed reports of paresthesia associated with articaine and other local anesthetics in 57 countries, 
estimating that the number of patients treated with articaine is approximately 100 million annually. 41 
Their published report (October 30, 2006) states the following: “This investigation is a follow-up to an 
inquiry initiated in 2005. This enquiry resulted from suspicions that were raised in Denmark, that a local 
anesthetic, articaine, was responsible for an increased risk of nerve injuries compared with the risk 
associated with other local anesthetics (mepivacaine, prilocaine, lidocaine).” The report concluded: 
“Regarding articaine, the conclusion is that [the] safety profile of the drug has not significantly evolved 
since its initial launch (1999). Thus, no medical evidence exists to prohibit the use of articaine according 
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to the current guidelines listed in the summary of product characteristics. 41 All local anesthetics may cause 
nerve injury (they are neurotoxic in nature). The occurrence of sensory impairment is apparently slightly 
more frequent following use of articaine and prilocaine. However, considering the number of patients 
treated, sensory impairments rarely occur. For example, the incidence of sensory impairment following the 
use of articaine is estimated to be 1 case in 4.6 million treated patients.” Further they report, “Nerve 
injuries may result from several incidents: mechanical injury due to needle insertion; direct toxicity from 
the drug; and neural ischaemia.”

TABLE 17-3 Number of cases of nerve damage with percentage of U.S. 
National Sales Figures

Anesthetic
# of Cases 
(%)

Approximate Share of LA Market in United 
States, %

Ratio (1.0 
Expected)

Lidocaine HCl 20 (35) 54 0.64
Prilocaine HCl 17 (29.8) 6 4.96
Articaine HCl 17 (29.8) 25 1.19
Articaine HCl + Lidocaine HCl 1 (1.75)
Lidocaine HCl + Prilocaine HCl1 (1.75)
Bupivacaine HCl 1 (1.75)
Mepivacaine HCl 0 (0) 15
From Pogrel MA: Permanent nerve damage from inferior alveolar nerve blocks—an update to include articaine, J 
Calif Dent Assoc 35:271–273, 2007 (modified to include ratio).

In 2007 Pogrel reported the first, and still the only, clinical evaluation of cases of paresthesia. 42 Evaluation 
of 57 cases of paresthesia following local anesthetic administration (over a 3-year period) revealed that 
lidocaine was responsible for 35% of cases, articaine 29.8%, and prilocaine 29.8%. He presented the 
following as the reason for his research and writing of the paper: “We were aware of the discussion in 
dental circles as to the use of articaine for inferior alveolar nerve blocks, and are aware of 
recommendations suggesting that it not be used for IANBs. This was the predominant reason for 
submitting this paper at this time.”

 Table  17 - 3 presents the incidence of paresthesia as reported by Pogrel along with the market share of each 
drug at that time. 42 If all local anesthetics were equally neurotoxic, then the percentage of reported cases 
of paresthesia for any given drug would be equal to its percentage of market share. For example, if a drug 
had a 30% market share, it should then account for 30% of the reported cases of paresthesia—a 1:1 ratio 
(reported as 1.0).

From Pogrel's statistics, lidocaine, with 54% of the market share and 35% of the reported cases of 
paresthesia, had a 0.64% ratio—better than expected. Prilocaine, on the other hand, with a 6% market 
share, had 29.8% of the reported cases—a 4.96% ratio. Articaine, with 25% market share at the time, had 
29.8% of the reported cases—a 1.19% ratio.
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TABLE 17-4 Reported incidences of paresthesia to AERS from 1997 to 2008

Mepivacaine 1:623,112,900
Lidocaine 1:181,076,673
Bupivacaine 1:124,286,050
Overall 1:13,800,970
Articaine 1:4,159,848
Prilocaine 1:2,070,678
Being struck by lightning (annual risk) 1:750,000
Data derived and modified from Garisto GA, Gaffen AS, Lawrence HP, et al: Occurrence of paresthesia after dental 
local anesthetic administration in the United States, J Am Dent Assoc 141:836–844, 2010.
AERS, Adverse event reporting system.

Pogrel concluded, “using our previous assumption that approximately half of local anesthetic used is for 
inferior alveolar nerve blocks, then on the figures we have generated from our clinic, we do not see 
disproportionate nerve involvement for articaine.”

A meta-analysis of the efficacy and safety of articaine versus lidocaine, published in 2010, concluded, 
“This systematic review supports the argument that articaine as compared with lignocaine provides a 
higher rate of anaesthetic success, with comparable safety to lignocaine when used as infiltration or blocks 
for routine dental treatments.” 43

In July of 2010, Garisto and associates reported on the occurrence of paresthesia after dental local 
anesthetic administration in the United States. 44 Data were gathered from the U.S. Food and Drug 
Administration Adverse Event Reporting System (AERS). Over a 10-year reporting period (November 
1997–August 2008), 248 cases of paresthesia following dental local anesthesia were reported, of which 
94.5% involved inferior alveolar nerve block. Of the reported cases, 89.0% involved only the lingual 
nerve.  Table  17 - 4 reports the incidence of paresthesia calculated for each dental local anesthetic. As a 
comparison, the reported risk of being struck by lightning in a given year in the United States is 
1:750,000. 45

Of the 248 cases, 108 reported on resolution of the paresthesia, which ranged from 1 day to 736 days. 
Confirmed resolution occurred in 34 of the 108 cases (31.4%). Of these, 25 resolved within 2 months, and 
the remaining 9 resolved within 240 days. 44

However, the report by Garisto and colleagues relied on data from the AERS. The FDA Website for 
AERS displays the following warning: “AERS data do have limitations. First, there is no certainty that the 
reported event was actually due to the product. FDA does not require that a causal relationship between a 
product and event be proven, and reports do not always contain enough detail to properly evaluate an 
event. Further, FDA does not receive all adverse event reports that occur with a product. Many factors can 
influence whether or not an event will be reported, such as the time a product has been marketed and 
publicity about an event. Therefore, AERS cannot be used to calculate the incidence of an adverse event in 
the U.S. population.” 46
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So, as of January 2012, “the jury is still out,” as the saying goes. Proponents of one side of the argument 
adamantly believe that 4% local anesthetics do carry a greater risk of paresthesia, be it transient or 
permanent, but the others believe that other factors are usually involved, primarily mechanical trauma, 
especially when the paresthesia involves only the lingual nerve, as is the case in 89% of the cases cited by 
Garisto and colleages. 44

So what should the doctor do? As with all procedures under consideration for use by a doctor, as well as 
with any drugs being considered for administration, the doctor must weigh the benefit to be gained from 
use of the drug or therapeutic procedure against the risks involved in its use. Only when, in the mind of the 
treating doctor, the benefit to be gained clearly outweighs the risk should the drug or the procedure be 
used.

Problem

Persistent anesthesia, rarely total, in most cases partial, can lead to self-inflicted soft tissue injury. Biting 
or thermal or chemical insult can occur without a patient's awareness until the process has progressed to a 
serious degree. When the lingual nerve is involved, the sense of taste (via the chorda tympani nerve) also 
may be impaired.

In some instances, loss of sensation (paresthesia) is not the clinical manifestation of nerve injury. 
Hyperesthesia (an increased sensitivity to noxious stimuli) and dysesthesia (a painful sensation occurring 
to usually nonnoxious stimuli) also may be noted. Haas and Lennon reported that pain was present in 22% 
of the 143 cases of paresthesia that they reviewed. 31

Prevention

Strict adherence to injection protocol and proper care and handling of dental cartridges help minimize the 
risk of paresthesia. Nevertheless, cases of paresthesia will still occur in spite of care taken during the 
injection. Whenever a needle is inserted into soft tissues, anywhere in the body, in an attempt to deposit a 
drug (e.g., local anesthetic) as close to a nerve as possible without actually contacting it, it is simply a 
matter of time before such contact does occur. As Pogrel opined: “It is reasonable to suggest that during a 
career, each dentist may encounter at least one patient with an inferior alveolar nerve block resulting in 
permanent nerve involvement. The mechanisms are unknown and there is no known prevention or 
treatment.” 32

Management

Nichol reported that most paresthesias resolve within approximately 8 weeks without treatment. 47 Only 
when damage to the nerve is severe will the paresthesia be permanent, and this occurs only rarely.

In most situations, paresthesia is minimal, with the patient retaining most of the sensory function to the 
affected area. Therefore, the risk of self-inflicted tissue injury is minimal.

Garisto and coworkers, in reviewing 248 reports of paresthesia, had data on resolution in 108 cases. The 
period of resolution ranged from as little as 1 day to as many as 736 days. Confirmed resolution of 
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paresthesia was reported in 34 of the 108 cases (31.4%). Of the 34 cases that did resolve, 25 did so within 
2 months; the remaining 9 cases resolved within 240 days. 44

McCarthy 48 and Orr 49 have recommended the following sequence in managing the patient with a 
persistent sensory deficit after local anesthesia:

1 Be reassuring. The patient usually telephones the office the day after the dental procedure 
complaining of still being a little numb.

a Speak with the patient personally. Do not relegate the duty to an auxiliary. Remember that if 
patients cannot get through to speak to their doctor, they can always get the doctor's attention 
through litigation.

b Explain that paresthesia is not uncommon after local anesthetic administration. Sisk and 
associates have reported that paresthesia may develop in up to 22% of patients in very select 
circumstances. 50

c Arrange an appointment to examine the patient.

d Record the incident on the dental chart.

2 Examine the patient in person.

a Determine the degree and extent of paresthesia.

b Explain to the patient that paresthesia normally persists for at least 2 months before resolution 
begins, and that it may last up to a year or longer.

c “Tincture of time” (e.g., observation) is the recommended treatment, although surgery might 
be considered as an option.

d Record all findings on the patient's chart using the patient's own descriptors, such as “hot,” 
“cold,” “painful,” “tingling,” “increasing,” “decreasing,” and “staying the same.”

e Suggest that simple observation for 1 to 2 months is recommended, but on that same day, 
offer to send the patient for a second opinion to an oral and maxillofacial surgeon (OMS), 
who will be able to map out the affected area and would be able to perform the surgical repair, 
if that is deemed necessary.

f If surgical repair is suggested by this first consultant, a second opinion should be sought from 
another OMS. It generally is deemed appropriate to observe the situation for minimally 1 to 2 
months before considering the surgical option.

3 Reschedule the patient for examination every 2 months for as long as the sensory deficit persists.

4 Dental treatment may continue, but avoid readministering local anesthetic into the region of the 
previously traumatized nerve. Use alternate local anesthetic techniques if possible.
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5 It would be prudent to contact your liability insurance carrier should the paresthesia persist without 
evident improvement beyond 1 to 2 months.

Facial Nerve Paralysis

The seventh cranial nerve carries motor impulses to the muscles of facial expression, of the scalp and 
external ear, and of other structures. Paralysis of some of its terminal branches occurs whenever an 
infraorbital nerve block is administered, or when maxillary canines are infiltrated. Muscle droop is also 
observed when, occasionally, motor fibers are anesthetized by inadvertent deposition of local anesthetic into 
their vicinity. This may occur when anesthetic is introduced into the deep lobe of the parotid gland, 

Figure 17-7 Facial nerve distribution.

through which terminal portions of the facial nerve extend ( Fig .  17 - 7).

The facial nerve branches and the muscles they innervate are listed below:

1 Temporal branches

a Frontalis

b Orbicularis oculi
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c Corrugator supercilii

2 Zygomatic branches

a Orbicularis oculi

3 Buccal branches: supplying the region inferior to the eye and around the mouth

a Procerus

b Zygomaticus

c Levator labii superioris

d Buccinator

e Orbicularis oris

4 Mandibular branch: supplying muscles of the lower lip and chin

a Depressor anguli oris

b Depressor labii inferioris

c Mentalis

Cause

Transient facial nerve paralysis is commonly caused by the introduction of local anesthetic into the 
capsule of the parotid gland, which is located at the posterior border of the mandibular ramus, clothed by 
the medial pterygoid and 

Figure 17-8 Facial nerve paralysis. Inability to close eyelid (A) and drooping 
of lip on affected side (patient's left) (B).
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masseter muscles. 35, 50- 53 Directing the needle posteriorly or inadvertently deflecting it in a posterior 
direction during an IANB, or overinserting during a Vazirani-Akinosi nerve block, may place the tip of the 
needle within the body of the parotid gland. If local anesthetic is deposited, transient paralysis can result. 
The duration of the paralysis is equal to that of the soft tissue anesthesia usually noted for that drug.

Problem

Loss of motor function to the muscles of facial expression produced by local anesthetic deposition is 
normally transitory. It lasts no longer than several hours, depending on the local anesthetic formulation 
used, the volume injected, and proximity to the facial nerve. Usually, minimal or no sensory loss occurs.

During this time, the patient has unilateral paralysis and is unable to use these muscles (see  Fig .  17 - 8). The 
primary problem associated with transient facial nerve paralysis is cosmetic: the person's face appears 
lopsided. No treatment is known, other than waiting until the action of the drug resolves.

A secondary problem is that the patient is unable to voluntarily close one eye. The protective lid reflex of 
the eye is abolished. Winking and blinking become impossible. The cornea, however, does retain its 
innervation; thus if it is irritated, the corneal reflex is intact, and tears lubricate the eye.

Prevention

Transient facial nerve paralysis is almost always preventable by adhering to protocol with the inferior 
alveolar and Vazirani-Akinosi nerve blocks (as described in  Chapter  14), although in some situations, 
branches of the facial nerve may lie close to the site of local anesthetic deposition in the IANB and 
Vazirani-Akinosi nerve blocks.

A needle tip that comes in contact with bone (medial aspect of the ramus) before depositing local 
anesthetic solution essentially precludes the possibility that anesthetic will be deposited into the parotid 
gland during an IANB. If the needle deflects posteriorly during this block and bone is not contacted, the 
needle should be withdrawn almost entirely from the soft tissues, the barrel of the syringe brought 
posteriorly (thereby directing the needle tip more anteriorly), and the needle readvanced until it contacts 
bone.

Because no contact is made with bone during the Vazirani-Akinosi nerve block, overinsertion of the 
needle, either absolute (>25 mm) or relative (25 mm in a smaller patient), should be avoided, if possible.

Management

Within seconds to minutes after deposition of local anesthetic into the parotid gland, the patient senses 
weakening of the muscles on the affected side of the face. Sensory anesthesia is not present in this 
situation. Management includes the following:

1 Reassure the patient. Explain that the situation is transient, will last for a few hours, and will resolve 
without residual effect. Mention that it is produced by the normal action of local anesthetic drugs on 
the facial nerve, which is a motor nerve to the muscles of facial expression.

2 Contact lenses should be removed until muscular movement returns.
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3 An eye patch should be applied to the affected eye until muscle tone returns. If resistance is offered 
by the patient, advise the patient to manually close the affected eyelid periodically to keep the 
cornea lubricated.

4 Record the incident on the patient's chart.

5 Although no contraindication is known to reanesthetizing the patient to achieve mandibular 
anesthesia, it may be prudent to forego further dental care at this appointment.

Trismus

Trismus, from the Greek trismos, is defined as a prolonged, tetanic spasm of the jaw muscles by which the 
normal opening of the mouth is restricted (locked jaw). This designation was originally used only in tetanus, 
but because an inability to open the mouth may be seen in a variety of other conditions, the term is currently 
used in restricted jaw movement, regardless of the cause. 54 Although postinjection pain is the most common 
local complication of local anesthesia, trismus can become one of the more chronic and complicated 
problems to manage. 55- 57

Causes

Trauma to muscles or blood vessels in the infratemporal fossa is the most common causative factor in 
trismus associated with dental injection of local anesthetics.

Local anesthetic solutions into which alcohol or cold sterilizing solutions have diffused produce irritation 
of tissues (e.g., muscle), leading potentially to trismus. Local anesthetics have been demonstrated to be 
slightly myotoxic to skeletal muscles. The injection of local anesthetic solution intramuscularly or 
supramuscularly leads to a rapidly progressive necrosis of exposed muscle fibers. 58- 60

Hemorrhage is another cause of trismus. Large volumes of extravascular blood can produce tissue 
irritation, leading to muscle dysfunction as the blood is slowly resorbed (over approximately 2 weeks). 
Low-grade infection after injection can also cause trismus. 61

Every needle insertion produces some damage to the tissue through which it passes. It stands to reason, 
then, that multiple needle penetrations correlate with a greater incidence of postinjection trismus. In 
addition, Stacy and Hajjar found that of 100 needles used for the administration of IANB, 60% were 
barbed on removal from the tissues. The barb occurred when the needle came into contact with the medial 
aspect of the mandibular ramus. Withdrawal of the needle from tissue increased the likelihood of 
involvement of the lingual or inferior alveolar nerve (e.g. paresthesia) and the development of trismus. 62

Excessive volumes of local anesthetic solution deposited into a restricted area produce distention of 
tissues, which may lead to postinjection trismus. This is more common after multiple missed IANBs.
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Problem

Although the limitation of movement associated with postinjection trismus is usually minor, it is possible 
for much more severe limitation to develop. The average interincisal opening in cases of trismus is 
13.7 mm (range, 5 to 23 mm). 59 Average interincisal opening for males is 44.8 (±9.4) mm and for females 
is 39.2 (±10.8) mm. 83 Stone and Kaban reported four cases of severe trismus after multiple inferior 
alveolar (IA) or PSA nerve blocks, three of which required surgical intervention. 63 Before surgery, 
patients had limited mandibular openings of approximately 2 mm, despite usual treatment regimens.

In the acute phase of trismus, pain produced by hemorrhage leads to muscle spasm and limitation of 
movement. 64, 65 The second, or chronic, phase usually develops if treatment is not begun. Chronic 
hypomobility occurs secondary to organization of the hematoma, with subsequent fibrosis and scar 
contracture. 66 Infection may produce hypomobility through increased pain, increased tissue reaction 
(irritation), and scarring. 61

Prevention

1 Use a sharp, sterile, disposable needle.

2 Properly care for and handle dental local anesthetic cartridges.

3 Use aseptic technique. Contaminated needles should be changed immediately.

4 Practice atraumatic insertion and injection technique.

5 Avoid repeat injections and multiple insertions into the same area by gaining knowledge of anatomy 
and proper technique. Use regional nerve blocks instead of local infiltration (supraperiosteal 
injection) wherever possible and rational.

6 Use minimum effective volumes of local anesthetic. Refer to specific protocols for 
recommendations.

Trismus is not always preventable.

Management

In most instances of trismus, the patient reports pain and some difficulty opening his or her mouth on the 
day after dental treatment in which a posterior superior alveolar or, more commonly, an inferior alveolar 
nerve block was administered. Hinton and associates reported that the onset of trismus occurred 1 to 6 
days post treatment (average, 2.9 days). 59 The degree of discomfort and dysfunction varies but is usually 
mild.

With mild pain and dysfunction, the patient reports minimum difficulty opening his or her mouth. Arrange 
an appointment for examination. In the interim, prescribe heat therapy, warm saline rinses, analgesics, and, 
if necessary, muscle relaxants to manage the initial phase of muscle spasm. 67, 68 Heat therapy consists of 
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applying hot, moist towels to the affected area for approximately 20 minutes every hour. For a warm 
saline rinse, a teaspoon of salt is added to a 12-ounce glass of warm water; the rinse is held in the mouth 
on the involved side (and spit out) to help relieve the discomfort of trismus. Aspirin (325 mg) is usually 
adequate as an analgesic in managing pain associated with trismus. Its anti-inflammatory properties are 
also beneficial. Diazepam (approximately 10 mg bid) or another benzodiazepine is used for muscle 
relaxation if deemed necessary.

The patient should be advised to initiate physiotherapy consisting of opening and closing the mouth, as 
well as lateral excursions of the mandible, for 5 minutes every 3 to 4 hours. Chewing gum (sugarless, of 
course!) is yet another means of providing lateral movement of the temporomandibular joint.

Record the incident, findings, and treatment on the patient's dental chart. Avoid further dental treatment in 
the involved region until symptoms resolve and the patient is more comfortable.

If continued dental care in the area is urgent, as with an infected painful tooth, it may prove difficult to 
achieve effective pain control when trismus is present. The Vazirani-Akinosi mandibular nerve block 
usually provides relief of the motor dysfunction, permitting the patient to open his or her mouth, allowing 
administration of the appropriate injection for clinical pain control, if needed.

In virtually all cases of trismus related to intraoral injections that are managed as described, patients report 
improvement within 48 to 72 hours. Therapy should be continued until the patient is free of symptoms. If 
pain and dysfunction continue unabated beyond 48 hours, consider the possibility of infection. Antibiotics 
should be added to the treatment regimen described and continued for 7 full days. Complete recovery from 
injection-related trismus takes about 6 weeks (range, 4 to 20 weeks). 59

For severe pain or dysfunction, if no improvement is noted within 2 or 3 days without antibiotics or within 
5 to 7 days with antibiotics, or if the ability to open the mouth has become limited, the patient should be 
referred to an oral and maxillofacial surgeon for evaluation. Other therapies, including the use of 
ultrasound or appliances, are available for use in these situations. 69, 70

Temporomandibular joint involvement is rare in the first 4 to 6 weeks after injection. Surgical intervention 
to correct chronic dysfunction may be indicated in some instances. 59, 63

Soft Tissue Injury

Self-inflicted trauma to the lips and tongue is frequently caused by the patient inadvertently biting or 
chewing these tissues while still anesthetized (see  Fig .  17 - 9).

Cause

Trauma occurs most frequently in younger children, in mentally or physically disabled children or adults, 
and in older-old patients; however, it can and does occur in patients of all ages. The primary reason is the 
fact that soft tissue anesthesia 
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Figure 17-9 A and B, Traumatized lip caused by inadvertent biting while it 
was still anesthetized.

lasts significantly longer than does pulpal anesthesia. Dental patients receiving local anesthetic during 
their treatment usually are dismissed from the dental office with residual soft tissue numbness. (See the 
discussion in  Chapter  20 of the local anesthesia reversal agent, phentolamine mesylate.)

Problem

Trauma to anesthetized tissues can lead to swelling and significant pain when the anesthetic effects 
resolve. A young child or a handicapped individual may have difficulty coping with the situation, and this 
may lead to behavioral problems. The possibility that infection will develop is remote in most instances.

Prevention

A local anesthetic of appropriate duration should be selected if dental appointments are brief. (Refer to the 
discussion of lip chewing and duration of anesthesia for specific drugs, p.  281.)

A cotton roll can be placed between the lips and the teeth if they are still anesthetized at the time of 
discharge. The cotton roll is secured with dental floss wrapped around the teeth (to prevent inadvertent 
aspiration of the roll) ( Fig .  17 - 10).

Warn the patient and the guardian against eating, drinking hot fluids, and biting on the lips or tongue to 
test for anesthesia. A self-adherent warning sticker may be used on children ( Fig .  17 - 11).

Management

Management of the patient with self-inflicted soft tissue injury secondary to lip or tongue biting or 
chewing is symptomatic:

1 Analgesics for pain, as necessary.
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2 Antibiotics, as necessary, in the unlikely situation that infection results.

3 Lukewarm saline rinses to aid in decreasing any swelling that may be present.

4 Petroleum jelly or other lubricant to cover a lip lesion and minimize irritation.

Figure 17-10 Cotton roll placed between lips and teeth, secured with 
dental floss, minimizes risk of accidental mechanical 
trauma to anesthetized tissues.

Figure 17-11 Self-adherent warning sticker to help prevent accidental 
trauma to anesthetized tissues in children.
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Hematoma

The effusion of blood into extravascular spaces can be caused by inadvertent nicking of a blood vessel 
(artery or vein) during administration of a local anesthetic. A hematoma that develops subsequent to the 
nicking of an artery usually increases rapidly in size until treatment is instituted because of the significantly 
greater pressure of blood within an artery. Nicking of a vein may or may not result in the formation of a 
hematoma. Tissue density surrounding the injured vessel is a determining factor. The denser the surrounding 
tissues (e.g., palate), the less likely a hematoma is to develop, but in looser tissue (e.g., infratemporal fossa), 
large volumes of blood may amass before a swelling is ever noted and therapy instituted. 

Figure 17-12 Hematoma that developed after bilateral mental nerve blocks.

Cause

Because of the density of tissue in the hard palate and its firm adherence to bone, hematoma rarely 
develops after a palatal injection. A rather large hematoma may result from arterial or venous puncture 
after a posterior superior alveolar or inferior alveolar nerve block. The tissues surrounding these vessels 
more readily accommodate significant volumes of blood. The blood effuses from vessels until 
extravascular exceeds intravascular pressure, or until clotting occurs. Hematomas that occur after the 
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inferior alveolar nerve block usually are only visible intraorally, whereas PSA hematomas are visible 
extraorally.

Problem

A hematoma rarely produces significant problems, aside from the resulting “bruise,” which may or may 
not be visible extraorally. Possible complications of hematoma include trismus and pain. Swelling and 
discoloration of the region usually subside gradually over 7 to 14 days.

A hematoma constitutes an inconvenience to the patient and an embarrassment to the person administering 
the drug ( Fig .  17 - 12).

Prevention

1 Knowledge of the normal anatomy involved in the proposed injection is important. Certain 
techniques are associated with a greater risk of visible hematoma. The PSA nerve block is the most 
common, followed by the IANB (a distant second) and the mental/incisive nerve block (a close third 
when the foramen is entered, a distant third if the technique described in  Chapter  14 is adhered to).

2 Modify the injection technique as dictated by the patient's anatomy. For example, the depth of 
penetration for a PSA nerve block may be decreased in a patient with smaller facial 
characteristics. 71, 72

3 Use a short needle for the PSA nerve block to decrease the risk of hematoma.

4 Minimize the number of needle penetrations into tissue.

5 Never use a needle as a probe in tissues.

Hematoma is not always preventable. Whenever a needle is inserted into tissue, the risk of inadvertent 
puncturing of a blood vessel is present.

Management

Immediate

When swelling becomes evident during or immediately after a local anesthetic injection, direct pressure 
should be applied to the site of bleeding. For most injections, the blood vessel is located between the 
surface of the mucous membrane and the bone; localized pressure should be applied for not less than 2 
minutes. This effectively stops the bleeding.

Inferior Alveolar Nerve Block

Pressure is applied to the medial aspect of the mandibular ramus. Clinical manifestations of the 
hematoma, which are visible intraorally, include possible tissue discoloration and probable tissue 
swelling on the medial (lingual) aspect of the mandibular ramus.
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Anterior Superior Alveolar (Infraorbital) Nerve Block

Pressure is applied to the skin directly over the infraorbital foramen. The clinical manifestation is 
discoloration of the skin below the lower eyelid. Hematoma is unlikely to occur with anterior superior 
alveolar (ASA) nerve block because the technique described requires application of pressure to the 
injection site throughout drug administration and for a period of at least 1 to 2 minutes thereafter.

Incisive (Mental) Nerve Block

Pressure is placed directly over the mental foramen, externally on the skin or intraorally on the 
mucous membrane. Clinical manifestations include discoloration of the skin of the chin in the area of 
the mental foramen and/or swelling in the mucobuccal fold in the region of the mental foramen (see 
 Fig .  17 - 12). As with the ASA nerve block, pressure applied during administration of the drug 
effectively minimizes the risk of hematoma formation during incisive (but not mental) nerve block.

Buccal Nerve Block or Any Palatal Injection

Place pressure at the site of bleeding. In these injections, the clinical manifestations of hematoma 
usually are visible only within the mouth.

Posterior Superior Alveolar Nerve Block

The PSA nerve block usually produces the largest and most esthetically unappealing hematoma. The 
infratemporal fossa, into which bleeding occurs, can accommodate a large volume of blood. The 
hematoma usually is not recognized until a colorless swelling appears on the side of the face around 
the temporomandibular joint area (usually a few minutes after the injection is completed). It 
progresses over a period of days, extending inferiorly and anteriorly toward the lower anterior region 
of the cheek. It is difficult to apply pressure to the site of bleeding in this situation because of the 
location of the involved blood vessels. It is also relatively difficult to apply pressure directly to the 
posterior superior alveolar artery (the primary source of bleeding), the facial artery, and the pterygoid 
plexus of veins. They are located posterior, superior, and medial to the maxillary tuberosity. Bleeding 
normally ceases when external pressure on the vessels exceeds internal pressure, or when clotting 
occurs. Digital pressure can be applied to the soft tissues in the mucobuccal fold as far distally as can 
be tolerated by the patient (without eliciting a gag reflex). Apply pressure in a medial and superior 
direction. If available, ice should be applied (extraorally) to increase pressure on the site and help 
constrict the punctured vessel.

Subsequent

The patient may be discharged once bleeding stops. Note the hematoma on the patient's dental chart. 
Advise the patient about possible soreness and limitation of movement (trismus). If either of these 
develops, begin treatment as described for trismus. Discoloration will likely occur as a result of 
extravascular blood elements; it is gradually resorbed over 7 to 14 days.
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If soreness develops, advise the patient to take an analgesic such as aspirin or NSAID. Do not apply heat 
to the area for at least 4 to 6 hours after the incident. Heat produces vasodilation, which may further 
increase the size of the hematoma if applied too soon. Heat may be applied to the region beginning the 
next day. It serves as an analgesic, and its vasodilating properties may increase the rate at which blood 
elements are resorbed, although the latter benefit is debatable. The patient should apply warm moist heat 
to the affected area for 20 minutes every hour.

Ice may be applied to the region immediately on recognition of a developing hematoma. It acts as both 
an analgesic and a vasoconstrictor, and it may aid in minimizing the size of the hematoma. Time 
(tincture of time) is the most important element in managing a hematoma. With or without treatment, a 
hematoma will be present for 7 to 14 days. Avoid additional dental therapy in the region until symptoms 
and signs resolve.

Pain on Injection

Pain on injection of a local anesthetic can best be prevented through careful adherence to the basic protocol 
of atraumatic injection. (See  Chapter  11.)

Causes

1 Careless injection technique and a callous attitude (“Palatal injections always hurt” or “This will 
hurt a little”) all too often become self-fulfilling prophecies.

2 A needle can become dull from multiple injections.

3 Rapid deposition of the local anesthetic solution may cause tissue damage.

4 Needles with barbs (from impaling bone) may produce pain as they are withdrawn from tissue. 62

Problem

Pain on injection increases patient anxiety and may lead to sudden unexpected movement, increasing the 
risk of needle breakage, traumatic soft tissue injury to the patient, or needle-stick injury to the 
administrator.

Prevention

1 Adhere to proper techniques of injection, both anatomic and psychological.

2 Use sharp needles.

3 Use topical anesthetic properly before injection.

4 Use sterile local anesthetic solutions.

5 Inject local anesthetics slowly.
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6 Make certain that the temperature of the solution is correct. A solution that is too hot or too cold 
may be more uncomfortable than one at room temperature.

7 Buffered local anesthetics, at a pH of approximately 7.4, have been demonstrated to be more 
comfortable on administration. 73, 74 Buffered local anesthetics are discussed further in  Chapter  20.

Management

No management is necessary. However, steps should be taken to prevent the recurrence of pain associated 
with the injection of local anesthetics.

Burning on Injection

Causes

A burning sensation that occurs during injection of a local anesthetic is not uncommon. Several potential 
causes are known.

The primary cause of a mild burning sensation is the pH of the solution being deposited into the soft 
tissues. The pH of “plain” local anesthetics (i.e., no vasopressor included) is approximately 6.5, whereas 
solutions that contain a vasopressor are considerably more acidic (around 3.5). Wahl and associates 
compared the pain on injection of prilocaine plain versus lidocaine with epinephrine (1:100,000) and 
found no statistical difference in patient perception 75; however, when bupivacaine with epinephrine 
(1:200,000) was compared with prilocaine plain, significantly more pain was reported by patients 
receiving bupivacaine. 76

Rapid injection of local anesthetic, especially in the denser, more adherent tissues of the palate, produces a 
burning sensation.

Contamination of local anesthetic cartridges can result when they are stored in alcohol or other sterilizing 
solutions, leading to diffusion of these solutions into the cartridge. Solutions warmed to normal body 
temperature usually are considered “too hot” by the patient.

Problem

Although usually transient, the sensation of burning on injection of a local anesthetic indicates that tissue 
irritation is occurring. If this is caused by the pH of the solution, it rapidly disappears as the anesthetic 
action develops. Usually no residual sensitivity is noted when the anesthetic action terminates.

When a burning sensation occurs as a result of rapid injection, a contaminated solution, or an overly warm 
solution, the likelihood that tissue may be damaged is greater, and subsequent complications such as 
postanesthetic trismus, edema, or possible paresthesia are reported.
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Prevention

By buffering the local anesthetic solution to a pH of approximately 7.4 immediately before injection, it is 
possible to eliminate the burning sensation that some patients experience during injection of a local 
anesthetic solution containing a vasopressor. 73, 74

Slowing the speed of injection also helps. The ideal rate of injectable drug administration is 1 mL/min. Do 
not exceed the recommended rate of 1.8 mL/min.

The cartridge of anesthetic should be stored at room temperature in the container (blister-pack or tin) in 
which it was shipped, or in a suitable container without alcohol or other sterilizing agents. (See  Chapter  7 
for proper care and handling of dental cartridges.)

Management

Because most instances of burning on injection are transient and do not lead to prolonged tissue 
involvement, formal treatment usually is not indicated. In those few situations in which postinjection 
discomfort, edema, or paresthesia becomes evident, management of the specific problem is indicated.

Infection

Infection subsequent to local anesthetic administration in dentistry is an extremely rare occurrence since 
sterile disposable needles and glass cartridges have been introduced.

Causes

The major cause of postinjection infection is contamination of the needle before administration of the 
anesthetic. Contamination of a needle always occurs when the needle touches mucous membrane in the 
oral cavity. This cannot be prevented, nor is it a significant problem because the normal flora of the oral 
cavity does not lead to tissue infection.

Improper technique in the handling of local anesthetic equipment and improper tissue preparation for 
injection are other possible causes of infection.

Injecting Local Anesthetic Solution Into an Area of Infection

As discussed in the section on local anesthetic requirements in endodontics (see  Chapter  16), local 
anesthetics are less effective when injected into infected tissues. However, if deposited under pressure, 
as in the periodontal ligament injection, the force of their administration might transport bacteria into 
adjacent, healthy tissues, thereby spreading infection.

Problem

Contamination of needles or solutions may cause a low-grade infection when the needle or solution is 
placed in deeper tissue. This may lead to trismus if it is not recognized and if proper treatment is not 
initiated. 61
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Prevention

1 Use sterile disposable needles.

2 Properly care for and handle needles. Take precautions to avoid contamination of the needle through 
contact with nonsterile surfaces; avoid multiple injections with the same needle, if possible.

3 Properly care for and handle dental cartridges of local anesthetic.

a Use a cartridge only once (one patient).

b Store cartridges aseptically in their original container, covered at all times.

c Cleanse the diaphragm with a sterile disposable alcohol wipe immediately before use.

4 Properly prepare the tissues before penetration. Dry them and apply topical antiseptic (optional).

Management

Low-grade infection, which is rare, is seldom recognized immediately. The patient usually reports 
postinjection pain and dysfunction 1 or more days after dental care. Overt signs and symptoms of infection 
occur rarely. Immediate treatment consists of those procedures used to manage trismus: heat and analgesic 
if needed, muscle relaxant if needed, and physiotherapy. Trismus produced by factors other than infection 
normally responds with resolution or improvement within several days. If signs and symptoms of trismus 
do not begin to respond to conservative therapy within 3 days, the possibility of a low-grade infection 
should be entertained and the patient started on a 7- to 10-day course of antibiotics. Prescribe 29 (or 41, if 
10 days) tablets of penicillin V (250-mg tablets). The patient takes 500 mg immediately and then 250 mg 
four times a day until all tablets have been taken. Erythromycin may be substituted if the patient is allergic 
to penicillin.

Record the progress and management of the patient on the dental chart.

Edema

Swelling of tissues is not a syndrome, but it is a clinical sign of the presence of some disorder.

Causes

1 Trauma during injection

2 Infection

3 Allergy: Angioedema is a possible response to ester-type topical anesthetics in an allergic patient 
(localized tissue swelling occurs as a result of vasodilation secondary to histamine release).

4 Hemorrhage (effusion of blood into soft tissues produces swelling)

5 Injection of irritating solutions (alcohol- or cold sterilizing solution–containing cartridges)
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6 Hereditary angioedema is a condition characterized by the sudden onset of brawny nonpitting edema 
affecting the face, extremities, and mucosal surfaces of the intestine and respiratory tract, often 
without obvious precipitating factors. Manipulation within the oral cavity, including local anesthetic 
administration, may precipitate an attack. Lips, eyelids, and the tongue are often involved. 77 Karlis 
and associates noted that 15% to 33% of untreated angioedema patients died from acute airway 
obstruction as a result of laryngeal edema. 78

Problem

Edema related to local anesthetic administration is seldom intense enough to produce significant problems 
such as airway obstruction. Most instances of local anesthetic–related edema result in pain and 
dysfunction of the region and embarrassment for the patient.

Angioneurotic edema produced by topical anesthetic in an allergic individual, although exceedingly rare, 
can compromise the airway. Edema of the tongue, pharynx, or larynx may develop and represents a 
potentially life-threatening situation that requires vigorous management. 79

Prevention

1 Properly care for and handle the local anesthetic armamentarium.

2 Use atraumatic injection technique.

3 Complete an adequate medical evaluation of the patient before drug administration.

Management

The management of edema is predicated on reduction of the swelling as quickly as possible and on the 
cause of the edema. When produced by traumatic injection or by introduction of irritating solutions, edema 
is usually of minimal degree and resolves in several days without formal therapy. In this and all situations 
in which edema is present, it may be necessary to prescribe analgesics for pain.

After hemorrhage, edema resolves more slowly (over 7 to 14 days) as extravasated blood elements are 
resorbed into the vascular system. If signs of hemorrhage (e.g., bluish discoloration progressing to green, 
yellow, and other colors) are evident, management follows that discussed for hematoma.

Edema produced by infection does not resolve spontaneously but may, in fact, become progressively more 
intense if untreated. If signs and symptoms of infection (pain, mandibular dysfunction, edema, warmth) do 
not appear to resolve within 3 days, antibiotic therapy should be instituted as outlined previously.

Allergy-induced edema is potentially life threatening. Its degree and location are highly significant. If 
swelling develops in buccal soft tissues and there is absolutely no airway involvement, treatment consists 
of intramuscular and oral histamine blocker administration and consultation with an allergist to determine 
the precise cause of the edema.

If edema occurs in any area where it compromises breathing, treatment consists of the following:

Handbook of Local Anesthesia, 6th Edition Page 29 of 39



PRINTED BY: Jafar Panahi <j4farkhann@gmail.com>. Printing is for personal, private use only. No part of this book may be reproduced or transmitted without publisher's 
prior permission. Violators will be prosecuted.

1 P (position): if unconscious, the patient is placed supine.

2 A-B-C (airway, breathing, circulation): basic life support is administered, as needed.

3 D (definitive treatment): emergency medical services (e.g., 9-1-1) is summoned.

4 Epinephrine is administered: 0.3 mg (0.3 mL of a 1:1000 epinephrine solution) (adult), 0.15 mg 
(0.15 mL of a 1:1000 epinephrine solution) (child [15 to 30 kg]), intramuscularly (IM) or 3 mL of a 
1:10,000 epinephrine solution intravenously (IV-adult), every 5 minutes until respiratory distress 
resolves.

5 Histamine blocker is administered IM or IV.

6 Corticosteroid is administered IM or IV.

7 Preparation is made for cricothyrotomy if total airway obstruction appears to be developing. This is 
extremely rare but is the reason for summoning emergency medical services early.

8 The patient's condition is thoroughly evaluated before his or her next appointment to determine the 
cause of the reaction.

Sloughing of Tissues

Prolonged irritation or ischemia of gingival soft tissues may lead to a number of unpleasant complications, 
including epithelial desquamation and sterile abscess.

Causes

Epithelial Desquamation

1 Application of a topical anesthetic to the gingival tissues for a prolonged period

2 Heightened sensitivity of the tissues to either topical or injectable local anesthetic

3 Reaction in an area where a topical has been applied

Sterile Abscess

1 Secondary to prolonged ischemia resulting from the use of a local anesthetic with vasoconstrictor 
(usually norepinephrine)

2 Usually develops on the hard palate

Problem

Pain, at times severe, may be a consequence of epithelial desquamation or a sterile abscess. It is remotely 
possible that infection may develop in these areas.
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Prevention

Use topical anesthetics as recommended. Allow the solution to contact the mucous membranes for 1 to 2 
minutes to maximize its effectiveness and minimize toxicity.

When using vasoconstrictors for hemostasis, do not use overly concentrated solutions. Norepinephrine 
(Levophed) 1:30,000 is the agent most likely to produce ischemia of sufficient duration to cause tissue 
damage and a sterile abscess ( Fig .  17 - 13). Norepinephrine is not available in any dental local anesthetic 
solution in North America. Epinephrine (1:50,000) also may produce this problem, if reinjection of the 
solution occurs whenever ischemia resolves, over a 

Figure 17-13 Sloughing of tissue on the palate caused by prolonged 
ischemia secondary to the use of local anesthetic with high 
concentration (1:50,000) of epinephrine.

long period of time (e.g., several hours). The palatal tissues are likely the only place in the oral cavity 
where this phenomenon may arise.

Management

Usually, no formal management is necessary for epithelial desquamation or sterile abscess. Be certain to 
reassure the patient of this fact.
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Management may be symptomatic. For pain, analgesics such as aspirin or other NSAIDs and a topically 
applied ointment (Orabase) are recommended to minimize irritation to the area. Epithelial desquamation 
resolves within a few days; the course of a sterile abscess may run 7 to 10 days. Record data on the 
patient's chart.

Postanesthetic Intraoral Lesions

Patients occasionally report that approximately 2 days after an intraoral injection of local anesthetic, 
ulcerations developed in their mouth, primarily around the site(s) of the injection(s). The primary initial 
symptom is pain, usually of a relatively intense nature.

Cause

Recurrent aphthous stomatitis or herpes simplex can occur intraorally after a local anesthetic injection or 
after any trauma to the intraoral tissues.

Recurrent aphthous stomatitis (recurrent aphthous ulceration) is the most common oral mucosal disease 
known to human beings. 80 Recurrent aphthous stomatitis is more frequently observed than herpes simplex, 
typically developing on gingival tissues that are not attached to underlying bone (e.g., movable tissue), 
such as the buccal vestibule ( Fig .  17 - 14). In spite of much continuing research, the causes remain poorly 
understood, the ulcers are not preventable, and treatment remains symptomatic.

Herpes simplex can develop intraorally, although more commonly it is observed extraorally. It is viral and 
becomes 

Figure 17-14 Aphthous stomatitis.

(From Eisen D, Lynch D: The mouth: diagnosis and treatment, St Louis, 1998, Mosby.)
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Figure 17-15 Intraoral lesion (herpes simplex) on the palate.

(From Eisen D, Lynch D: The mouth: diagnosis and treatment, St Louis, 1998, Mosby.)
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manifest as small bumps on tissues that are attached to underlying bone (e.g., fixed) such as the soft tissue 
of the hard palate ( Fig .  17 - 15).

Trauma to tissues by a needle, a local anesthetic solution, a cotton swab, or any other instrument (e.g., 
rubber dam clamp, handpiece) may activate the latent form of the disease process that was present in the 
tissues before injection.

Problem

The patient describes acute sensitivity in the ulcerated area. Many consider that the tissue has become 
infected as a result of the local anesthetic injection they received; however, the risk of a secondary 
infection developing in this situation is minimal.

Prevention

Unfortunately, there is no means of preventing these intraoral lesions from developing in susceptible 
patients. Extraoral herpes simplex, on occasion, may be prevented or its clinical manifestations minimized 
if treated in its prodromal phase. The prodrome consists of a mild burning or itching sensation at the site 
where the virus is present (e.g., lip). Antiviral agents, such as acyclovir, applied qid to the affected area 
effectively minimize the acute phase of this process.

Management

Primary management is symptomatic. Pain is the major initial symptom, developing approximately 2 days 
after injection. Reassure the patient that the situation is not caused by a bacterial infection secondary to the 
local anesthetic injection, but in fact is an exacerbation of a process that was present, in latent form, in the 
tissues before injection. Indeed, most of these patients have experienced this response before and are 
resigned to it happening again.

No management is necessary if the pain is not severe. However, if pain causes the patient to complain, 
treatment can be instituted, usually with varying degrees of success. The objective is to keep the ulcerated 
areas covered or anesthetized.

Topical anesthetic solutions (e.g., viscous lidocaine) may be applied as needed to the painful areas. A 
mixture of equal amounts of diphenhydramine (Benadryl) and milk of magnesia rinsed in the mouth 
effectively coats the ulcerations and provides relief from pain. Orabase, a protective paste, without 
Kenalog can provide a degree of pain relief. Kenalog, a corticosteroid, is not recommended because its 
anti-inflammatory actions increase the risk of viral or bacterial involvement. A tannic acid preparation 
(Zilactin) can be applied topically to the lesions extraorally or intraorally (dry the tissues first). Studies 
from the University of Alabama have demonstrated that most patients achieve substantial pain relief for up 
to 6 hours. 81, 82

The ulcerations usually last 7 to 10 days with or without treatment. Maintain records on the patient's chart.
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Chapter 18 Systemic Complications

The therapeutic use of drugs is commonplace in dentistry, with the administration of local anesthetics 
considered essential whenever potentially painful procedures are contemplated. It is estimated (conservatively) 
that dental professionals in the United States administer in excess of 6 million dental cartridges per week, or 
more than 300 million per year.

Local anesthetics are extremely safe drugs when used as recommended. However, whenever any drug, 
including local anesthetics, is used, the potential for unwanted and undesirable responses exists. In this 
chapter, systemic adverse reactions to drugs in general, and local anesthetics in particular, are reviewed.

Several general principles of toxicology (the study of the harmful effects of chemicals or drugs on biological 
systems) are presented to further an understanding of the material in this chapter.

Harmful effects of drugs range from those that are inconsequential to the patient and entirely reversible once 
the drug is withdrawn, to those that are uncomfortable but not seriously harmful, to those that can seriously 
incapacitate or prove fatal to the patient.

Whenever any drug is administered, two types of actions may be observed: (1) desirable actions, which are 
clinically sought and usually beneficial; and (2) undesirable actions, which are additional and are not sought.

• Principle 1: No drug ever exerts a single action. All drugs exert many actions, desirable and 
undesirable. In ideal circumstances, the right drug in the right dose is administered via the right route to 
the right patient at the right time for the right reason and does not produce any undesirable effects. 1 This 
ideal clinical situation is rarely, if ever, attained, because no drug is so specific that it produces only the 
desired actions in all patients.

• Principle 2: No clinically useful drug is entirely devoid of toxicity. The aim of rational drug 
treatment is to maximize the therapeutic and to minimize the toxic effects of any given drug. No drug is 
completely safe or completely harmful. All drugs are capable of producing harm if handled improperly; 
conversely, any drug may be handled safely if proper precautions are observed.

• Principle 3: The potential toxicity of a drug rests in the hands of the user. A second factor in the 
safe use of drugs (after the drug itself) is the person to whom the drug is being administered. Individuals 
react differently to the same stimulus. Therefore, patients vary in their reactions to a drug. Before 
administering any drug, the doctor must ask the patient specific questions about his or her medical and 
drug history. Physical evaluation and the ensuing dialogue history related to local anesthetic 
administration are presented in  Chapters  4 and  10.

Classification of Adverse Drug Reactions

Classifying adverse drug reactions, in the past, has been the object of much confusion; reactions were 
labeled as side effects, adverse experiences, drug-induced disease, diseases of medical progress, secondary 
effects, and intolerance. The term adverse drug reaction (ADR) is preferred at this time.

 Box  18 - 1 outlines the three major methods by which drugs produce adverse reactions.
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Overdose reactions, allergy, and idiosyncrasy are important topics in relation to local anesthetics and pain 
control in dentistry. A brief overview of each is presented, followed by an in-depth look at overdose and 
allergy.

Overdose reactions are those clinical signs and symptoms that manifest as a result of an absolute or relative 
overadministration of a drug, which leads to elevated blood levels of the drug in its target organs (places in 
the body where the drug exerts a clinical action). Signs and symptoms of overdose are related to direct 
extension of the normal pharmacologic actions of the drug in its target organs. Local anesthetics are drugs 
that act to depress excitable membranes (e.g., the central nervous system [CNS] and myocardium are the 
target organs for local anesthetics). When administered properly and in therapeutic dosages, they cause little 
or no clinical evidence of CNS or cardiovascular system (CVS) depression. However, signs and symptoms 
of selective CNS and CVS depression develop with increased blood levels in the cerebral circulation or 
myocardium. Toxic reaction is a synonym for overdose. Toxins are poisons. All drugs are poisons when 
administered to excess, thus the term toxic reaction.

Box 18-1 Causes of Adverse Drug Reactions

Toxicity Caused by Direct Extension of the Usual Pharmacologic Effects of the Drug:

1 Side effects

2 Overdose reactions

3 Local toxic effects

Toxicity Caused by Alteration in the Recipient of the Drug:

1 A disease process (hepatic dysfunction, heart failure, renal dysfunction)

2 Emotional disturbances

3 Genetic aberrations (atypical plasma cholinesterase, malignant hyperthermia)

4 Idiosyncrasy

Toxicity Caused by Allergic Responses to the Drug

Allergy is a hypersensitive state acquired through exposure to a particular allergen (a substance capable of 
inducing altered bodily reactivity), re-exposure to which brings about a heightened capacity to react. Clinical 
manifestations of allergy vary and include the following:

• Fever

• Angioedema
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• Urticaria

• Dermatitis

• Depression of blood-forming organs

• Photosensitivity

• Anaphylaxis

In stark contrast to the overdose reaction, in which clinical manifestations are related directly to the normal 
pharmacology of the causative agent, the clinically observed reaction in allergy is always produced by an 
exaggerated response of the patient's immune system. Allergic responses to a local anesthetic, an antibiotic, 
latex, shellfish, bee sting, peanuts, or strawberries are produced by the same mechanism and may present 
clinically similar signs and symptoms. All allergies require the same basic management. Overdose reactions 
to these substances appear clinically dissimilar, necessitating entirely different modes of emergency 
management.

Another point of contrast between overdose and allergy relates to the amount of “drug” necessary to produce 
or provoke the reaction. For an overdose reaction to develop, a large enough amount of the drug must be 
administered to result in excessive blood levels in the drugs target organ(s). Overdose reactions are dose 
related. In addition, the degree of intensity (severity) of the clinical signs and symptoms relates directly to 
the blood level of the drug. The greater the dose administered, the higher the blood level, and the more 
severe the reaction. By contrast, allergic reactions are not dose related. A large dose of a drug administered 
to a nonallergic patient does not provoke an allergic response, whereas a minuscule amount (e.g., 0.1 mL or 
less) of a drug to which the patient is allergic can provoke life-threatening anaphylaxis.

TABLE 18-1 Comparison of Allergy and Overdose

Allergy Overdose
Clinical Response
Dose Non–dose related Dose related
S&S Similar, regardless of allergen Relate to pharmacology of drug administered
ManagementSimilar (epinephrine, histamine blockers) Different: specific for drug administered
S&S, Signs and symptoms.

Idiosyncrasy, the third category of true adverse drug reactions, is a term used to describe a qualitatively 
abnormal, unexpected response to a drug, differing from its usual pharmacologic actions and thus 
resembling hypersensitivity. However, idiosyncrasy does not involve a proven, or even suspected, allergic 
mechanism. A second definition considers an idiosyncratic reaction to be any adverse response that is 
neither overdose nor an allergic reaction. An example is stimulation or excitation that develops in some 
patients after administration of a CNS-depressant drug (e.g., a histamine blocker). Unfortunately, it is 
virtually impossible to predict which persons will have idiosyncratic reactions or the nature of the resulting 
idiosyncrasy.
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It is thought that virtually all instances of idiosyncratic reaction have an underlying genetic mechanism. 
These aberrations remain undetected until the individual receives a specific drug, which then produces its 
bizarre (nonpharmacologic) clinical expression.

Specific management of idiosyncratic reactions is difficult to discuss because of the unpredictable nature of 
the response. Treatment is necessarily symptomatic and includes positioning, airway, breathing, circulation, 
and definitive care.

 Table  18 - 1 compares allergy versus overdose.

Overdose

A drug overdose reaction is defined as those clinical signs and symptoms that result from an overly high 
blood level of a drug in various target organs and tissues. Overdose reactions are the most common of all 
true ADRs, accounting for up to 99% in some estimates. 2

For an overdose reaction to occur, the drug first must gain access to the circulatory system in quantities 
sufficient to produce adverse effects on various tissues of the body. Normally, both constant absorption of 
the drug from its site 

Figure 18-1 Under normal conditions, both constant absorption of local 
anesthetic from the site of deposition into the cardiovascular 
system and constant removal of the drug from the blood by the 
liver occur. Local anesthetic levels in the blood remain low and 
below the threshold for overdose.

of administration into the circulatory system and steady removal of the drug from the blood as it undergoes 
redistribution (e.g., to skeletal muscle and fat) and biotransformation in other parts of the body (e.g., liver) 
are noted. Overly high drug levels in the blood and target organs rarely occur ( Fig .  18 - 1) in this situation.

However, this “steady state” can be altered in various ways, leading to rapid or more gradual elevation of the 
drug's blood level. In either case, a drug overdose reaction is caused by a level of a drug in the blood that is 
sufficiently high to produce adverse effects in various organs and tissues of the body in which the drug 
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exerts a clinical action (these are termed the target organs of the drug). The reaction continues for only as 
long as the blood level of the drug in the target organs remains above its threshold for overdose.

Predisposing Factors

Overdose to local anesthetics is related to the blood level of the local anesthetic that occurs in certain 
tissues after the drug is administered. Many factors influence the rate at which this level is elevated and 
the length of time it remains elevated. The presence of one or more of these factors predisposes the patient 
to the development of overdose. The first group of factors relates to the patient, the second group to the 
drug and the area into which the drug is administered ( Box  18 - 2).

Patient Factors

Age

Although ADRs, including overdose, can occur in persons of any age, individuals at both ends of the 
age spectrum experience a higher incidence of such reactions. 3- 8 The functions of absorption, 
metabolism, and excretion may be imperfectly developed in very young persons and may be 
diminished in older-old persons, thereby increasing the half-life of the drug, elevating circulating 
blood levels, and increasing the risk of overdose. 9

Weight

The greater the (lean) body weight of a patient (within certain limits), the larger the dose of a drug that 
can be tolerated before overdose reactions occur (providing the patient responds “normally” to the 
drug). Most drugs are distributed evenly throughout the body. Larger individuals have a greater blood 
volume and consequently a lower level of the drug per milliliter (mL) of blood. Maximum 
recommended doses (MRDs) of local anesthetics normally are calculated on the basis of milligram of 
drug per kilogram or 

Figure 18-2 Normal distribution curve (bell curve).
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pound of body weight. One of the major factors involved in producing local anesthetic overdose in the 
past was lack of consideration of this extremely important factor. Determination of maximum doses 
according to milligram per kilogram or milligram per pound of body weight is based on the responses 
of the “normal-responding” patient, which are calculated from the responses of many thousands of 
patients. An individual patient's response to drug administration, however, may demonstrate 
significant variation. The normal distribution curve ( Fig .  18 - 2) illustrates this fact. The usual cerebral 
blood level of lidocaine necessary to induce seizure activity is approximately 7.5 µg/mL. However, 
patients on the hyporesponding side of this curve may not convulse until a significantly higher brain–
blood level is reached, whereas others (hyperresponders) may convulse at a brain–blood level 
considerably lower than 7.5 µg/mL.

Box 18-2 Local Anesthetic Overdose: Predisposing Factors

Patient Factors

Age

Weight

Other drugs

Sex

Presence of disease

Genetics

Mental attitude and environment

Drug Factors

Vasoactivity

Concentration

Dose

Route of administration

Rate of injection
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Vascularity of the injection site

Presence of vasoconstrictors

Other Medications

Administration of concomitant medications may influence local anesthetic drug levels. Patients taking 
meperidine (Demerol), phenytoin (Dilantin), quinidine (an antidysrhythmic), or desipramine (a 
tricyclic antidepressant) have increased local anesthetic blood levels and thus may experience toxic 
actions of the local anesthetic at lower administered doses because of protein binding competition. 
The H2-histamine blocker cimetidine slows the biotransformation of lidocaine by competing with the 
local anesthetic for hepatic oxidative enzymes, leading to somewhat elevated lidocaine blood 
levels. 10- 12

Sex

Studies in animals have shown that sex is a factor in drug distribution, response, and metabolism, 
although it is not of major significance in humans. In humans, the only instance of sexual difference 
affecting a drug response is pregnancy. During pregnancy, renal function may be disturbed, leading to 
impaired excretion of certain drugs, their accumulation in the blood, and increased risk of overdose. 
However, local anesthetic seizure thresholds for the fetus, newborn, and mother are significantly 
different. 11- 15 In the adult woman, the seizure threshold is reported to be 5.8 mg/kg, in the newborn 
18.4 mg/kg, and in the fetus 41.9 mg/kg. This is thought to be a result of the efficient placental 
clearance of lidocaine into the mother's plasma.

Presence of Disease

Disease may affect the ability of the body to transform a drug into an inactive by-product. Hepatic and 
renal dysfunction impairs the body's ability to break down and excrete the local anesthetic, leading to 
an increased anesthetic blood level, whereas heart failure decreases liver perfusion (the volume of 
blood flowing through the liver during a specific period), thereby increasing the half-lives of amide 
local anesthetics and increasing the risk of overdose. 16, 17

Genetics

Genetic deficiencies may alter a patient's response to certain drugs. A genetic deficiency in the 
enzyme serum pseudocholinesterase (serum cholinesterase, plasma pseudocholinesterase, plasma 
cholinesterase) is an important example. This enzyme, produced in the liver, circulates in the blood 
and is responsible for biotransformation of the ester local anesthetics. A deficiency in this enzyme 
quantitatively or qualitatively can prolong the half-life of an ester local anesthetic, thereby increasing 
its blood level. Approximately 1 in 2820 individuals, or 6% to 7% of patients in most surgical 
populations, possesses atypical serum pseudocholinesterase. 18
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Mental Attitude and Environment

A patient's psychological attitude influences the ultimate effect of a drug. Although of greater 
importance with regard to antianxiety or analgesic drugs, it is also important with regard to local 
anesthetics. Psychological attitude affects the patient's response to various stimuli. The apprehensive 
patient who overreacts to stimulation (experiencing pain when gentle pressure is applied) is more 
likely to receive a larger dose of local anesthetic, which would seemingly increase his or her risk of 
local anesthetic overdose. However, a recent study in rats demonstrated that stress-induced changes in 
arterial carbon dioxide tension (decreased paCO2) and in partial pressure of oxygen in arterial blood 

(increased paO2) significantly raised the seizure threshold for both lidocaine and articaine. 19 Stress 
significantly increased the latency period for the first tonic–clonic seizure induced by toxic doses of 
both lidocaine and articaine. 19

Drug Factors

Vasoactivity

All local anesthetics currently used by injection in dentistry are vasodilators. Injection into soft tissues 
increases perfusion in the area, leading to an increased rate of drug absorption from the site of 
injection into the cardiovascular system. This causes two undesirable effects: a shorter duration of 
clinical anesthesia and an increased blood level of the local anesthetic.

Concentration

The greater the concentration (percent solution injected) of the local anesthetic administered, the 
greater the number of milligrams per milliliter of solution and the greater the circulating blood volume 
of the drug in the patient. For example, 1.8 mL of a 4% solution is 72 mg of the drug, but 1.8 mL of a 
2% solution represents only 36 mg. If the drug is clinically effective as a 2% concentration, higher 
concentrations should not be used. The lowest concentration of a given drug that is clinically effective 
should be selected for use. For commonly used local anesthetics in dentistry, these “ideal” 
concentrations have been determined and are represented in the commercially available forms of these 
drugs.

Dose

The larger the volume of a local anesthetic administered, the greater the number of milligrams injected 
and the higher the resulting circulating blood level. The smallest dose of a given drug that is clinically 
effective should be administered. For each of the injection techniques discussed in this book, a 
recommended dose has been presented. Where possible, this dose should not be exceeded. Although 
“dental” doses of local anesthetics are relatively small compared with those used in many nondental 
nerve blocks, significantly high blood levels of the local anesthetic can be achieved in dental 
situations because of the greater vascularity of the intraoral injection site or inadvertent intravascular 
injection.
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Route of Administration

Local anesthetics, when used for pain control, exert their clinical effects in the area of deposition. 
Ideally then, a local anesthetic drug should not enter into the cardiovascular system. Almost all other 
therapeutic agents must enter the CVS and achieve a minimum therapeutic blood level before their 
clinical action(s) occur. Local anesthetics administered for antidysrhythmic purposes must reach such 
a therapeutic blood level to be effective. Indeed, one factor involved in terminating pain control by a 
local anesthetic consists of its diffusion out of the nerve tissue and its subsequent entry into the CVS 
and removal from the site of deposition.

A factor in local anesthetic overdose in dentistry is “inadvertent” intravascular injection. Extremely 
high drug levels can be obtained in a short time, leading to serious overdose reactions.

Absorption of local anesthetics through oral mucous membranes is also potentially dangerous because 
of the rate at which some topically applied anesthetics enter the circulatory system. Lidocaine HCl and 
tetracaine HCl are absorbed well after topical application to mucous membranes. Benzocaine, which is 
not water soluble, is poorly absorbed.

Rate of Injection

The rate at which a drug is injected is a very important factor in the causation or prevention of 
overdose reactions. (According to the author, rate of injection is the single most important factor.) 
Whereas intravascular injection may or may not produce signs and symptoms of overdose (indeed, 
lidocaine is frequently administered intravenously in doses of 1.0 to 1.5 mg/kg to treat ventricular 
ectopy), the rate at which the drug is injected is a major factor in determining whether drug 
administration will prove clinically safe or hazardous. Malagodi and associates demonstrated that the 
incidence of seizures with etidocaine went up when the rate of intravenous (IV) infusion was 
increased. 20

Rapid IV administration (15 seconds or less) of 36 mg of lidocaine produces greatly elevated levels 
and virtually ensures an overdose reaction. Slow (60-second or more) IV administration produces 
significantly lower levels in the blood, with a lesser risk that a severe overdose reaction will develop.

Vascularity of the Injection Site

The greater the vascularity of the injection site, the more rapid the absorption of the drug from that 
area into the circulation. Unfortunately (as regards local anesthetic overdose) for dentistry, the oral 
cavity is one of the most highly vascular areas of the entire body. However, some areas within the oral 
cavity are less well perfused (e.g., the site for the Gow-Gates nerve block), and these usually are more 
highly recommended than other, better-perfused, sites (e.g., those for the inferior alveolar or posterior 
superior alveolar nerve block).
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Presence of Vasoconstrictors

The addition of vasoconstrictor to a local anesthetic produces a decrease in the perfusion of an area 
and a decreased rate of systemic absorption of the drug. This, in turn, decreases the clinical toxicity of 
the local anesthetic (see  Table  3 - 1). 

Figure 18-3 In patients with significant liver dysfunction, removal of a 
local anesthetic from the blood may be slower than its 
absorption into the blood, leading to a slow but steady rise 
in the blood anesthetic level.

Causes

Elevated blood levels of local anesthetics may result from one or more of the following:

1 Biotransformation of the drug is unusually slow.

2 The unbiotransformed drug is too slowly eliminated from the body through the kidneys.

3 Too large a total dose is administered.

4 Absorption from the injection site is unusually rapid.

5 Intravascular administration.

Biotransformation and Elimination

Ester local anesthetics, as a group, undergo more rapid biotransformation in the liver and blood than the 
amides. Plasma pseudocholinesterase is primarily responsible for their hydrolysis to para-aminobenzoic 
acid.

Atypical pseudocholinesterase occurs in approximately 1 out of every 2820 individuals, or 6% to 7% of 
patients in a surgical population. 18 Patients with a familial history of this disorder may be unable to 
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biotransform ester agents at the usual rate, and subsequently, higher levels of ester anesthetics may 
develop in their blood.

Atypical pseudocholinesterase represents a relative contraindication to the administration of ester local 
anesthetics. Amide local anesthetics may be used without increased risk of overdose in patients with 
pseudocholinesterase deficiency.

Amide local anesthetics are biotransformed in the liver by hepatic microsomal enzymes. A history of 
liver disease, however, does not absolutely contraindicate their use. In an ambulatory patient with a 
history of liver disease (American Society of Anesthesiologists [ASA] Physical Status classification 
system 2 or 3), amide local anesthetics may be used judiciously (relative contraindication) ( Fig .  18 - 3).

Minimum effective volumes of anesthetic should be used. Average, even low-average, doses may be 
capable of producing an overdose if liver function is compromised to a great enough degree (ASA 4 or 
5); however, this situation is unlikely to occur in an ambulatory patient. 17

Renal dysfunction also can delay elimination of the active local anesthetic from the blood. A percentage 
of all anesthetics is eliminated unchanged through the kidneys: 2% procaine, 10% lidocaine, 5% to 10% 
articaine, and 1% to 15% mepivacaine and prilocaine. Renal dysfunction may lead to a gradual increase 
in the level of active local anesthetic in the blood. 16

Figure 18-4 Even in a patient with normal liver function, a large dose of 
local anesthetic may be absorbed into the cardiovascular 
system more rapidly than the liver can remove it. This 
produces a relatively rapid elevation of the anesthetic blood 
level.
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TABLE 18-2 Maximum Recommended Doses of Local Anesthetics

Drug Formulation MRD mg/Ib (mg/kg)
Articaine With epinephrine None listed * 3.2 (7.0)
Lidocaine Plain 300 † 2.0 (4.4) †

With epinephrine 500 † 3.3 (7.0) †

Mepivacaine Plain 400 † 2.6 (5.7) †

With levonordefrin 400 † 2.6 (5.7) †

Prilocaine Plain 600 † 4.0 (8.8) †

With epinephrine 600 † 4.0 (8.8) †

* Manufacturer's recommendation: Prescribing information, New Castle, Del, 2000.

† Manufacturer's recommendation: Prescribing information, dental, Westborough, Mass, 1990, 
Astra Pharmaceutical Products.

Excessive Total Dose

Given in excess, all drugs are capable of producing signs and symptoms of overdose ( Fig .  18 - 4). Precise 
milligram dosages or the blood levels at which clinical effects are noted are impossible to predict. 
Biological variability has a great influence on the manner in which persons respond to drugs.

The MRD of parenterally administered (injected) drugs is commonly calculated after consideration of a 
number of factors, including the following:

1 Patient's age. Individuals at either end of the age spectrum may be unable to tolerate normal 
doses, which should be decreased accordingly.

2 Patient's physical status. For medically compromised individuals (ASA 3, 4, and 5) the 
calculated MRD should be decreased.

3 Patient's weight. The larger the person (within limits), the greater is the volume of distribution of 
the drug. With a usual dose, the blood level of the drug is lower in the larger patient, and a larger 
milligram dose can be administered safely. Although this rule is generally valid, there are always 
exceptions; care must be exercised whenever any drug is administered.

MRDs of local anesthetics should be determined after consideration of the patient's age, physical status, 
and body weight.  Table  18 - 2 provides maximum recommended doses based on body weight for 
lidocaine, mepivacaine, prilocaine, and articaine.

It is highly unlikely that the maximum figures indicated in  Table  18 - 2 will be reached in the typical 
dental practice. There is rarely an occasion to administer more than three or four cartridges during a 
dental appointment. Regional block anesthesia is capable of obtunding the full mouth in an adult with 
six cartridges, and with two cartridges in the primary dentition. Yet despite this ability to achieve 
widespread anesthesia with minimum volumes of anesthetic, the administration of excessive volumes is 
the most frequently seen cause of local anesthetic overdose. 21, 22
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Rapid Absorption Into the Circulation

Vasoconstrictors are considered an integral component of all local anesthetics whenever depth and 
duration of anesthesia are important. There are but few indications for the use of local anesthetics 
without a vasoconstrictor in dentistry. Vasoconstrictors increase both the depth and the duration of 
anesthesia and reduce the systemic toxicity of most local anesthetics by delaying their absorption into 
the CVS. Vasoconstrictors should be included in local anesthetic solutions unless specifically 
contraindicated by the medical status of the patient or the duration of the planned treatment. 23 The 
American Dental Association and the American Heart Association have summarized this as follows: 
“Vasoconstrictor agents should be used in local anesthetic solutions during dental practice only when it 
is clear that the procedure will be shortened or the analgesia rendered more profound. When a 
vasoconstrictor is indicated, extreme care should be taken to avoid intravascular injection. The minimum 
possible amount of vasoconstrictor should be used.” 24 Rapid absorption of local anesthetics also may 
occur after their application to oral mucous membranes. Absorption of some topically applied local 
anesthetics into the circulation is rapid, exceeded in rate only by direct intravascular injection. 25 Local 
anesthetics designed for topical application are used in a higher concentration than formulations suitable 
for parenteral administration.

From the perspective of overdose, amide topical anesthetics, when applied to wide areas of mucous 
membrane, increase the risk of serious reactions. Benzocaine, an ester anesthetic, which is poorly, if at 
all, absorbed into the cardiovascular system, is less likely to produce an overdose reaction than amides, 
although cases of methemoglobinemia from excessive benzocaine administration have been 
reported. 26- 28 The risk of allergy (more likely with esters than amides) must be addressed before any 
drug is used. Serious overdose reactions have been reported after topical application of amide local 
anesthetics. 29- 32

The area of application of a topical anesthetic should be limited. There are few indications for applying a 
topical to more than a full quadrant (buccal and lingual/palatal) at one time. Application of an amide 
topical to a wide area requires a large quantity of the agent and increases the likelihood of overdose.

When a spray topical anesthetic is needed, the use of metered dosage forms is strongly recommended. 
Disposable nozzles for metered sprays make maintenance of sterility simpler ( Fig .  18 - 5). Ointments or 
gels, if used in small amounts (as on the tip of a cotton applicator stick), may be applied with minimal 
risk of overdose. 
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Figure 18-5 Metered spray with disposable nozzle.

Figure 18-6 Direct rapid intravascular administration of one cartridge of 
local anesthesia produces marked elevation of the anesthetic 
blood level in a very short time.
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Intravascular Injection

Intravascular injection may occur with any type of intraoral injection but is more likely when a nerve 
block is administered 33:

Nerve Block Positive Aspiration Rate, %
Inferior alveolar 11.7
Mental or incisive 5.7
Posterior superior alveolar 3.1
Anterior superior alveolar 0.7
(Long) buccal 0.5

Both IV and intra-arterial (IA) injections are capable of producing overdose ( Fig .  18 - 6). Aldrete 
demonstrated that a rapidly administered IA injection may cause retrograde blood flow in the artery as 
the anesthetic drug is deposited ( Fig .  18 - 7). 34 Intravascular injections of local anesthetic within the usual 
practice of dentistry should not occur. With knowledge of the anatomy of the site to be anesthetized and 
proper technique of aspiration before the anesthetic solution is deposited, overdose as a result of 
intravascular injection is minimized.

Prevention

To prevent intravascular injection, use an aspirating syringe. In an unpublished survey conducted by 
the author, 23% of dentists questioned stated that they routinely use nonaspirating syringes to 
administer local anesthetics. There is no justification for the use of a nonaspirating syringe for any 
intraoral injection technique, because it is impossible to determine the precise location of the needle 
tip without aspirating.

Use a needle no smaller than 25 gauge when the risk of aspiration is high. Although aspiration of 
blood is possible through smaller-gauge needles, resistance to the return of blood into the lumen of 
smaller-gauge needles is increased, leading to an increased likelihood of an unreliable aspiration test. 
Therefore, injection techniques with a greater likelihood of positive aspiration dictate the use of a 
25-gauge needle. A 27-gauge needle can be utilized in lieu of 25-gauge as it provides relatively 
reliable aspiration; however, 30-gauge needles should be avoided, if at all possible, when injections 
are administered into more vascular areas of the oral cavity.

Aspirate in at least two planes before injection.  Figure  18 - 8 illustrates how an aspiration test may be 
negative even though the needle tip lies within the lumen of a blood vessel. The use of multiple 
aspiration tests before injection of solution, with the needle bevel in different planes, overcomes this 
potential problem. After the initial aspiration, rotate the 317
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Figure 18-7 Reverse carotid blood flow. Rapid intra-arterial deposition 
of local anesthetic into the inferior alveolar artery (X) 
produces an overdose reaction. Blood flow in the arteries is 
reversed because of the high pressure produced by the rate 
of injection. Arrows indicate the path of the solution into 
the internal carotid artery and cerebral circulation.

Figure 18-8 Intravascular injection of local anesthetic. A, Needle is 
inserted into the lumen of the blood vessel. B, Aspiration 
test is performed. Negative pressure pulls the vessel wall 
against the bevel of the needle; therefore no blood enters 
the syringe (negative aspiration). C, Drug is injected. Positive 
pressure on the plunger of the syringe forces local 
anesthetic solution out through the needle. The wall of the 
vessel is forced away from the bevel, and anesthetic 
solution is deposited directly into the lumen of the blood 
vessel.
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syringe about 45 degrees to reorient the needle bevel relative to the wall of the blood vessel, and 
reaspirate.

Slowly inject the anesthetic. Rapid intravascular injection of 1.8 mL of a 2% local anesthetic solution 
produces a blood level in excess of that necessary for overdose. Rapid injection is defined (by the 
author) as administration of the entire volume of a dental cartridge in 30 seconds or less. The same 
volume of anesthetic deposited intravascularly slowly (minimum, 60 seconds) produces slightly 
elevated blood levels that are still below the minimum for serious overdose (seizure). In the event that 
the level does exceed this minimum, onset of the reaction will be slower and signs and symptoms will 
be less severe than those observed after more rapid injection. Slow injection is the most important 
factor in preventing adverse drug reactions—it is even more important than aspiration. The ideal rate 
of local anesthetic administration is 1.0 mL/min. Given that many dentists administer LA more rapidly 
than this ideal, the recommended rate of LA administration is deposition of a 1.8-mL cartridge in not 
less than 60 seconds. Because the recommended volumes of local anesthetic for most intraoral 
injection techniques are considerably less than 1.8 mL, most injections can be administered safely 
(and comfortably) in less than 1 minute.

• • •

The truth about local anesthetic overdosage in dentistry 35: Administration of too large an LA dose 
relative to the weight (and age) of the patient is the most common cause of serious local anesthetic 
overdose reactions in dentistry. Although some serious cases of local anesthetic overdose have 
occurred in adult patients, 5 an overwhelming majority of problems commonly develop in the child 
who is young (2 to 6 years), lightweight (<30 kg [66 lb]), and well behaved; requires multiple 
procedures in four quadrants; and is managed in the office of an inexperienced general dentist. 3

Review of many of the cases that resulted in serious morbidity or death reveals a number of shared 
factors, none of which in itself might pose a serious problem; however, when added together, they act 
to produce clinical signs and symptoms of local anesthetic overdose. These factors are presented in 
 Box  18 - 3.

1 Treatment plan: In interviews with trained pediatric dentists, it has been the author's experience 
that when presented with the patient described in the preceding section (young, lightweight, 
well behaved), the pediatric dentist (with few exceptions) will not treat all four quadrants at one 
visit using local anesthetic alone. Limiting treatment to one or two quadrants per visit represents 
a more rational approach to this patient's needs, and enhances safety.

A dentist confronted with a (well-meaning) parent or grandparent who complains of the 
difficulties of getting to the dental office and the inconvenience of having to miss a half-day of 
work, and wanting to have the child's dental care accomplished in one visit (not two or more), 
might feel pressured into agreeing to this request, thus increasing the risk for local anesthetic 
overdose. This is more likely to occur in offices of younger (by which I mean “inexperienced”) 
dentists who are developing their practice and wish to keep their patients “happy.”
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2 Choice of local anesthetic: In most instances where serious LA overdose has occurred in 
children, the local anesthetic administered has been a “plain” drug, either mepivacaine HCl 3% 
(usually) or prilocaine HCl 4%. Both of these are excellent local anesthetics—when used 
properly. The rationale behind the clinician's selection of a short-acting drug for children 
includes that (1) most pediatric appointments are of short duration, and (2) “plain” local 
anesthetics possess a shorter duration of residual soft tissue anesthesia, minimizing the 
likelihood of inadvertent soft tissue injury as the child bites or chews his or her numb lip or 
tongue.

As a rule, the pediatric dentist administers a “plain” local anesthetic only when treatment is 
limited to one quadrant. If treatment extends to two or more quadrants in one visit, a 
vasopressor-containing LA is selected. Prolonged posttreatment soft tissue anesthesia leads to 
the increased possibility of soft tissue damage; however, this risk is outweighed by benefits 
accrued through delayed absorption of the local anesthetic into the CVS (the risk of overdose is 
diminished). Postoperative soft tissue injury can be prevented in many ways, such as securing a 
cotton roll in the buccal fold and advising the parent to watch the child. (See  Chapters  16 and 
 17.) Availability of the local anesthesia reversal agent—phentolamine mesylate—decreases 
residual soft tissue anesthesia duration significantly. 36, 37 Reversal of local anesthesia is 
discussed fully in  Chapter  20.

 Table  18 - 3 presents the local anesthetic of choice for 117 dentists who treat children. 38

3 Volume of local anesthetic administered: Pain control for the entire primary dentition can be 
achieved with approximately two cartridges of local anesthetic. In the smaller child patient, 
there is rarely a compelling need to administer a 1.8-mL volume of local anesthetic in any one 
injection. Yet full cartridges are commonly administered when children receive local anesthetic 
administered by nonpediatric dentists. In many of the instances where a death resulted, a total of 
five, six, or seven cartridges were administered. 3

Box 18-3 Factors Adding to Increased Risk of Local Anesthetic 
Overdose in Younger Patients

1 Treatment plan where all four quadrants are treated with local anesthetic in one visit.

2 Local anesthetic administered is a plain (no vasopressor) solution.

3 Full cartridges (1.8 mL) administered with each injection.

4 Local anesthetic administered to all four quadrants at one time.

5 Exceeding the maximum dosage based on patient's body weight.
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TABLE 18-3 Local Anesthetic of Choice for 117 Dentists Who Treat 
Children

Local Anesthetic Formulation

Percent Preferentially

Employing Drug
2% lidocaine + epinephrine 69
3% mepivacaine 11
2% lidocaine 8
2% mepivacaine + levonordefrin 8
Other 4
Data from Cheatham BD, Primosch RE, Courts FJ: A survey of local anesthetic usage in pediatric patients by 
Florida dentists, J Dent Child 59:401–407, 1992.

In those situations where LA must be administered to all four quadrants of a smaller child, pain 
control can be achieved with not more than two cartridges, as follows: one fourth of a cartridge 
each for the right and left incisive nerve blocks (anesthetizing all mandibular primary teeth); or 
one half of a cartridge each for right and left inferior alveolar nerve blocks; one quarter of a 
cartridge each for the right and left anterior superior alveolar nerve blocks. In lieu of the anterior 
superior alveolar nerve block, maxillary infiltrations may be administered with one sixth of a 
cartridge per injection ( Table  18 - 4).

4 Local anesthetic administered to all four quadrants at one time: Administration, over 1 or 2 
minutes, of four or more cartridges of a local anesthetic without a vasopressor to all four 
quadrants makes little therapeutic sense and considerably increases the risk of an overdose. 
Administration of local anesthetic to one quadrant, treating that area, then anesthetizing the next 
quadrant, and so on, makes considerably more sense from both a therapeutic and a safety 
perspective. For equal volumes of local anesthetic, administration over a longer time frame 
(e.g., 1 to 2 hours) results in a lower blood level when compared with administration of the 
entire dose at one time.

5 Exceeding the maximum dosage based on patient's body weight: An important factor, especially 
when younger, lighter-weight patients are managed, is maximum recommended dose (MRD). 
Determine the weight of the patient (in kilograms [kg] or pounds [lb]) before the start of 
treatment. It is preferable to weigh the child on a scale, because parents frequently can offer 
only a rough estimate of their child's weight (usually underestimating it). One must always 
remember that these figures are not absolutes. Exceeding the MRD of a drug does not guarantee 
that an overdose will happen (see  Table  18 - 5 and discussion). On the other hand, administering 
dosages below the maximum calculated by body weight is no guarantee that adverse reactions 
will not be seen. The likelihood of ADRs developing is dose related. Smaller dosages minimize 
(but do not eliminate) this risk; larger doses increase (but do not guarantee) it.

Maximum recommended dosages of commonly administered local anesthetics are summarized 
in  Table  18 - 5.
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The intrinsic safety of local anesthetics is illustrated in  Table  18 - 6, which presents the volume of local 
anesthetic administered on 65 occasions by a general dentist who removed third molars from 
college-aged individuals.

None of these patients experienced an adverse response to the local anesthetic, although many 
received dosages many times the MRD. 39 This is one indication that local anesthetics are extremely 
safe drugs when administered to healthy, younger (teenage to mid-20s) adult patients. Unfortunately, 
when they are administered in overly large doses to younger, lightweight patients, overdose is a 
significant risk.

Virtually all local anesthetic overdose reactions are preventable if the clinician adheres to the very 
basic, simple recommendations presented in the preceding section. In the unlikely situation that an 
overdose reaction develops, adherence to the basic steps of emergency management will lead to a 
successful outcome in essentially all cases.

Clinical Manifestations

Clinical signs and symptoms of overdose appear whenever the blood level in that drug's target organ(s) 
becomes overly high for that individual ( Box  18 - 4). Target organs for local anesthetics include CNS and 
the myocardium. The rate of onset of signs and symptoms and, to an extent, their severity correspond to 
this level.  Table  18 - 7 compares the various modes of local anesthetic overdose.

TABLE 18-4 Recommended Volumes of Local Anesthetic for Intraoral 
Injections

Technique Adult Volume, mL Pediatric Volume, mL
Infiltration (supraperiosteal) 0.6 0.3
Inferior alveolar 1.5 0.9
Gow-Gates mandibular 1.8 0.9
Mental or incisive 0.6 0.45
Posterior superior alveolar 0.9 0.45
Anterior superior alveolar (infraorbital) 0.9 0.45
Greater (anterior) palatine 0.45 0.2
Nasopalatine 0.2 0.2
Maxillary (second division) 1.8 0.9

TABLE 18-5 Maximum Recommended Dosages of Local Anesthetics

Clinical Percent mg/Cartridge Recommended * Absolute

Drug mg/mL (1.8 mL) mg/kg mg/lb
Maximum, * 

mg
Articaine 4 40 72 7.0 3.2 None listed
Lidocaine 2 20 36 4.4 2.0 300
Mepivacaine 2 20 36 4.4 2.0 300
Mepivacaine 3 30 54 4.4 2.0 300
Prilocaine 4 40 72 6.0 2.7 400
Bupivacaine 0.5 5 9 1.3 0.6 90
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* Maximum recommended doses of local anesthetics are for local anesthetic solutions containing 
vasoconstrictors or without vasoconstrictors.

TABLE 18-6 Local Anesthetic Administration for Removal of Third Molars

Procedure (Number of Third Molars 
Extracted at Visit)

Number of Patients in 
Category

Number of 
Cartridges (Range)

Number of Cartridges 
(Average)

1 5 4-10 6.2
2 13 4-23 12.18
3 8 10-20 15.33
4 39 6-26 19.24
From Malamed SF: Unpublished data, 2002.

Box 18-4 Overdose Levels

Minimal to Moderate Overdose Levels

Signs Symptoms (progressive with increasing blood levels)
Talkativeness Lightheadedness and dizziness
Apprehension Restlessness
Excitability Nervousness
Slurred speech Numbness
Generalized stutter, leading to muscular 
twitching and tremor distal extremities

Sensation of twitching before actual twitching is observed 
(see “Generalized Stutter” under “Signs”)

Euphoria Metallic taste
Dysarthria Visual disturbances (inability to focus)
Nystagmus Auditory disturbances (tinnitus)
Sweating Drowsiness and disorientation
Vomiting Loss of consciousness
Failure to follow commands or be reasoned 
with
Disorientation
Loss of response to painful stimuli
Elevated blood pressure
Elevated heart rate
Elevated respiratory rate

Moderate to High Overdose Levels

Signs

Tonic–clonic seizure activity followed by:

Generalized central nervous system depression

Depressed blood pressure, heart rate, and respiratory rate
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Note

It is possible that the “excitatory” phase of the overdose reaction may be extremely brief or may not 
occur at all, in which case the first clinical manifestation of overdose may be drowsiness progressing 
to unconsciousness and respiratory arrest. This appears to be more common with lidocaine than with 
other local anesthetics. 40

The clinical manifestations of LA overdose will persist until the anesthetic blood level in the affected 
organs (brain, heart) falls below the minimum value (through redistribution), or until clinical signs and 
symptoms are terminated through administration of appropriate drug therapy.

Pathophysiology

The blood or plasma level of a drug is the amount absorbed into the circulatory system and transported in 
plasma throughout the body. Levels are measured in micrograms per milliliter (µg/mL) (1000 µg equals 
1 mg).  Figure  18 - 9 illustrates clinical manifestations observed with increasing blood levels of lidocaine in 
the CNS and heart. Blood levels are estimates because significant individual variation can occur.

Local anesthetics exert a depressant effect on all excitable membranes. In the clinical practice of 
anesthesia, a local anesthetic is applied to a specific region of the body, where it produces its primary 
effect: reversible depression of peripheral nerve conduction. Other actions are related to its absorption into 
the circulation and its subsequent actions on excitable membranes, including smooth muscle, the 
myocardium, and the CNS.

Following intraoral administration of 40 to 160 mg of lidocaine, the blood level rises to a maximum of 
approximately 1 µg/mL. (The usual range is between 0.5 and 2 µg/mL, but remember that response to 
drugs varies according to the individual.) Adverse reactions to the anesthetic are extremely uncommon in 
most individuals at these normal blood levels.

Central Nervous System Actions

The CNS is extremely sensitive to the actions of local anesthetics. As the cerebral blood level of LA 
increases, clinical signs and symptoms are observed.

Local anesthetics cross the blood–brain barrier, producing CNS depression. At nonoverdose levels of 
lidocaine (<5 µg/mL), no clinical signs or symptoms of adverse CNS effects are noted. Indeed, 
therapeutic advantage may be taken at blood levels between 0.5 and 4 µg/mL, because in this range, 
lidocaine demonstrates anticonvulsant 321
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Figure 18-9 Local anesthetic blood levels and actions on cardiovascular 
and central nervous systems.

actions. 41- 43 The mechanism of this action is depression of hyperexcitable neurons found in the 
amygdala of seizing patients.
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TABLE 18-7 Comparison of Forms of Local Anesthetic Overdose

Rapid Intravascular

Too Large 
a Total 
Dose Rapid Absorption

Slow 
Bio-transformation

Slow 
Elimination

Likelihood of 
occurrence

Common Most 
common

Likely with “high normal” 
doses if no 
vasoconstrictors are used

Uncommon Least 
common

Onset of 
signs and 
symptoms

Most rapid (seconds); 
intra-arterial faster than 
intravenous

3-5 min 3-5 min 10-30 min 10 min–
several hr

Intensity of 
signs and 
symptoms

Usually most intense Gradual onset with increased 
intensity; may prove quite severe

Gradual onset with slow 
increase in intensity of 
symptoms

Duration of 
signs and 
symptoms

1-2 min Usually 5-30 min; depends on dose 
and ability to metabolize or excrete

Potentially longest duration 
because of inability to 
metabolize or excrete agents

Primary 
prevention

Aspirate, slow injection Administer 
minimal 
doses

Use vasoconstrictor; limit 
topical anesthetic use or 
use nonabsorped type 
(base)

Adequate pretreatment 
physical evaluation of patient

Drug groups Amides and esters Amides; 
esters only 
rarely

Amides; esters only rarely Amides and esters Amides 
and esters

Signs and symptoms of CNS toxicity appear at a cerebral blood level greater than 4.5 µg/mL. 
Generalized cortical sensitivity is noted: agitation, talkativeness, and irritability. Tonic–clonic seizures 
generally occur at levels greater than 7.5 µg/mL. With further increases in the lidocaine blood level, 
seizure activity ceases and a state of generalized CNS depression develops. Respiratory depression and 
arrest (apnea) are manifestations of this.  Chapter  2 describes the method through which a 
CNS-depressant drug, such as a local anesthetic, can produce clinical signs and symptoms of apparent 
CNS stimulation.

Cardiovascular System Actions

The CVS is considerably less sensitive to the actions of local anesthetics. Adverse CVS responses do not 
usually develop until long after adverse CNS actions have appeared.

Local anesthetics, primarily lidocaine, have been used in the management of cardiac dysrhythmias, 
especially ventricular extrasystoles (premature ventricular contractions [PVCs]) and ventricular 
tachycardia. The minimum effective level of lidocaine for this action is 1.8 µg/mL, and the maximum is 
5 µg/mL—the level at which undesirable actions become more likely. 44

Increased blood levels (5 to 10 µg/mL) lead to minor alterations on the electrocardiogram, myocardial 
depression, decreased cardiac output, and peripheral vasodilation. At levels above 10 µg/mL, these 
effects are intensified: primarily massive peripheral vasodilation, marked reduction in myocardial 
contractility, severe bradycardia, and possible cardiac arrest. 45, 46
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Management

Management of all medical emergencies is predicated on keeping the victim alive until he or she recovers, 
or until help arrives on scene to take over management. With prompt implementation of the basic 
emergency management protocol, a local anesthetic overdose reaction will resolve within minutes. 
Management of the LA overdose is based on the severity of the reaction. In most cases, the reaction is 
mild and transitory, requiring little or no specific treatment beyond basic treatment. In other instances, 
however, the reaction may be more severe and longer lasting, in which case more aggressive therapy is 
warranted.

Most local anesthetic overdose reactions are self-limiting because the blood level in the target organs (e.g., 
brain and heart) continues to decrease over time as the reaction progresses and the local anesthetic is 
redistributed (if the heart is still pumping effectively—as it usually is). Only rarely will drugs other than 
oxygen be necessary to terminate a local anesthetic overdose. Whenever signs and symptoms of overdose 
develop, do not simply label the patient “allergic” to local anesthetics, because this will further complicate 
future treatment (see p.  326).

Mild Overdose Reaction

Signs and symptoms of a mild overdose include retention of consciousness, talkativeness, and agitation, 
along with increased heart rate, blood pressure, and respiratory rate, which usually develop slowly—
approximately 5 to 10 minutes after injection(s).

Slow Onset (≥5 minutes after administration)

Possible causes of reactions with a slow onset include unusually rapid absorption, and too large a total 
dose. Management follows the usual P→A→B→C→D algorithm used in the management of all medical 
emergencies.  Box  18 - 5 summarizes basic emergency management.

Use the following protocol to deal with slow onset of symptoms.

P→A→B→C

Position the conscious patient comfortably. A, B, and C are assessed as adequate (patient is 
conscious and talking).

D (definitive care)

1 Reassure the patient that everything is all right and under control.

2 Administer oxygen via nasal cannula or nasal hood. This is indicated as a means of preventing 
acidosis, a situation during which the seizure threshold of the local anesthetic is decreased. 
The greater the arterial carbon dioxide tension, the lower the local anesthetic blood level 
necessary to induce or perpetuate tonic–clonic activity. 47
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3 Monitor and record vital signs. Postexcitation depression is usually mild, with little or no 
therapy necessary.

4 (optional) If trained and if equipment is available, establish an IV infusion. Use of 
anticonvulsants (e.g., midazolam) usually is not indicated at this time, although midazolam 
may be administered slowly intravenously and titrated at a rate of 1 mg/min if CNS 
stimulation appears to be intensifying toward a more severe reaction. If midazolam is 
administered, activate emergency medical services (dial 9-1-1).

5 Permit the patient to recover for as long as necessary. Dental care may or may not be 
continued after the patient's physical and emotional status have been evaluated. The patient 
may leave the dental office unescorted only if you are convinced that full recovery has 
occurred. Vital signs should be recorded and compared with baseline values, and the patient 
evaluated thoroughly before discharge. If an anticonvulsant drug was administered, or if doubt 
exists as to the patient's degree of recovery, do not permit the patient to leave the office alone; 
consider emergency medical assistance (e.g., dial 9-1-1).

Box 18-5 Basic Emergency Management

P…POSITION

↓ Unconscious…supine with feet elevated slightly

Conscious…based on patient comfort

A…AIRWAY

↓ Unconscious…assess and maintain airway

Conscious…assess airway

B…BREATHING

↓ Unconscious…assess and ventilate if necessary

Conscious…assess breathing

C…CIRCULATION
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↓ Unconscious…assess and provide external cardiac compression if 
necessary

Conscious…assess circulation

D…DEFINITIVE CARE

Diagnosis:

Management: Emergency drugs and/or assistance (emergency medical 
services, dial 9-1-1)

Slower Onset (≥15 minutes after administration)

Possible causes of reactions of a slower onset include abnormal biotransformation and renal 
dysfunction. Follow this protocol for dealing with the slower onset of signs and symptoms in a 
conscious patient.

P→A→B→C

Position the conscious patient comfortably. A, B, and C are assessed as adequate (patient is 
conscious and talking).

D (definitive care)

1 Reassure the patient.

2 Administer oxygen.

3 Monitor vital signs.

4 Administer an anticonvulsant. Overdose reactions caused by abnormal biotransformation or 
renal dysfunction usually progress somewhat in intensity and last longer (because the drug 
cannot be eliminated rapidly). If venipuncture can be performed and if equipment is available, 
titrate 1 mg of midazolam/min until the clinical signs and symptoms of overdose subside.

5 Summon medical assistance. When venipuncture is not practical, or when an anticonvulsant 
drug has been administered, seek emergency medical assistance as soon as possible. 
Postexcitement depression usually is moderate after a mild excitement phase. Administration 
of midazolam or any other anticonvulsant will intensify this depression to varying degrees. 
Monitoring of the patient's status and adherence to the steps of basic life support are normally 
more than adequate for this situation.
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6 After termination of the reaction, be sure that the patient is examined by a physician or a 
hospital staff member to determine possible causes. The examination could include blood 
tests and hepatic and renal function tests.

7 If the patient is not transported to a hospital by emergency medical services (EMS), do not let 
him or her leave the dental office alone. Arrangements should be made for an adult 
companion if hospitalization is deemed unnecessary.

8 Determine the cause of the reaction before proceeding with therapy requiring additional local 
anesthetics.

Severe Overdose Reaction

Rapid Onset (within 1 minute)

Signs and symptoms include loss of consciousness with or without convulsions. The probable cause is 
intravascular injection.

P→A→B→C

Place the unconscious patient in the supine position. A, B, and C are assessed and maintained, as 
necessary. Remove the syringe from the mouth (if still present), and place the patient supine with 
feet elevated slightly. Subsequent management is based on the presence or absence of convulsions.

D (definitive care)

In the presence of tonic–clonic convulsions:

1 Protect the patient's arms, legs, and head. Loosen tight clothing, such as ties, collars, and 
belts, and remove the pillow (or “doughnut”) from the headrest.

2 Immediately summon emergency medical assistance (i.e., 9-1-1).

3 Continue basic life support. Maintenance of an adequate airway and adequate ventilation are 
of the utmost importance during management of local anesthetic–induced tonic–clonic 
seizures. Increased oxygen utilization and hypermetabolism, with increased production of 
CO2 and lactic acid, occur during the seizure, leading to acidosis, which, in turn, lowers the 
seizure threshold (the blood level at which local anesthetic–induced seizures begin), 
prolonging the reaction. 48 Cerebral blood flow during such a seizure is also increased, 
elevating still further local anesthetic blood levels within the CNS.

4 Administer an anticonvulsant. The blood level of the local anesthetic declines as the drug 
undergoes redistribution; if acidosis is not present, seizures cease usually within about 1 to 3 
minutes. Anticonvulsant therapy is not indicated for most seizures. If the seizure is prolonged 
(4 to 5 minutes with no indication of terminating), consider administering an anticonvulsant, 
but only if trained in parenteral drug administration (IV, intramuscular [IM], intranasal [IN]) 
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and ventilation of a possibly apneic patient. IV midazolam, titrated at a rate of 1 mg/min until 
seizures cease, is the preferred treatment. 49, 50 If venipuncture is not feasible, 5 mg/mL 
midazolam may be administered IM at a dose of 0.2 mg/kg for adult or pediatric patients. 51, 52 
The vastus lateralis is the preferred site for IM injection. Intranasal (IN) midazolam can be 
administered in patients weighing less than 50 kg at a dose of 0.2 mg/kg (up to 10 mg). 53 
Seizures usually stop within 1 to 2 minutes after IN midazolam. Maintain basic life support, 
and obtain the assistance of emergency medical personnel.

Postseizure (Postictal) Phase

CNS depression is usually present at an intensity equal that of the excitation phase ( Fig .  18 - 10). The 
patient may be drowsy or unconscious; breathing may be shallow or absent; the airway may be 
partially or totally obstructed; blood pressure and heart rate may be depressed or absent. A more 
intense postseizure state is noted when anticonvulsants have been administered to terminate the 
seizure.

P→A→B→C

Implementation of the steps of basic life support is crucial: airway, breathing, and circulation must 
be provided as needed. In all postictal situations, maintenance of an adequate airway is necessary; in 
some other cases, assisted or controlled ventilation may be indicated; for a small percentage of the 
most severe reactions, chest compression must be added to the first two steps of basic life support.

Figure 18-10 Effects of local anesthetics on the central nervous system. 
Notice that the intensity of depression is equal to the 
intensity of the preceding stimulation.

(From Bennett CR: Monheim's local anesthesia and pain control in dental practice, ed 7, St 
Louis, 1984, Mosby.)
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D (definitive care)

1 Additional management, such as use of a vasopressor (ephedrine) IM, is indicated if 
hypotension persists for extended periods (30 minutes). Preferred initial management for 
hypotension in this situation consists of positioning of the patient and administration of IV 
fluids.

2 Allow the patient to rest until recovery is sufficient to permit transfer to a hospital emergency 
department. This means a return of vital signs to baseline levels. In all situations in which 
local anesthetic–induced seizures occur and emergency medical services are necessary, 
evaluation of the patient in a hospital emergency department is necessary.

Slow Onset (5 to 15 minutes)

Possible causes of severe reactions of slow onset include (1) too large a total dose, (2) rapid 
absorption, (3) abnormal biotransformation, and (4) renal dysfunction.

Note

Overdose reactions that develop very slowly (15 to 30 min) are unlikely to progress to severe 
clinical manifestations if the patient is continually observed and management is started 
promptly.

Terminate dental treatment as soon as the signs of toxicity first appear.

P→A→B→C

Provide basic life support (BLS) as necessary. As in the preceding protocol, prevention of acidosis 
and hypoxia through airway management and adequate pulmonary ventilation is of primary 
importance for a successful outcome.

D (definitive care)

1 Administer an anticonvulsant. If symptoms are mild at the onset but progress in severity, and 
if an IV line can be established, definitive treatment with IV anticonvulsants and continued 
oxygen administration are indicated. IM or IN midazolam may be considered when the IV 
route is not available.

2 Summon emergency medical assistance immediately if seizures develop.

3 Postseizure management includes BLS and IM or IV administration of a vasopressor for 
hypotension, as needed. Administration of IV fluids is recommended for management of 
hypotension.
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4 Permit the patient to recover for as long as necessary before discharge to hospital. Completely 
evaluate the patient's condition at future appointments before readministering a local 
anesthetic.

• • •

Overdose reactions are the most common “true” ADRs associated with administration of amide 
local anesthetics. Most overdose reactions are preventable through adequate pretreatment evaluation 
of the patient and sensible administration of these drugs. In the few instances in which clinical 
manifestations of overly high local anesthetic blood levels become evident, a successful outcome 
usually results if the condition is promptly recognized and the patient treated efficiently and 
effectively. Primary among the steps of management are maintenance of a patent airway and 
adequate oxygenation. Data indicate that if local anesthetic–induced seizures are brief and well 
managed, no permanent neurologic or behavioral sequelae remain postictally. 54 In other words, 
ischemic CNS damage is not inevitable with well-managed, brief, local anesthetic–induced seizures.

Epinephrine Overdose

Precipitating Factors and Prevention

Epinephrine and levonordefrin are the vasoconstrictors presently included in dental local anesthetic 
cartridges in the United States and Canada.  Table  18 - 8 outlines the milligram per milliliter 
concentrations of vasoconstrictors currently used in dentistry worldwide.

The optimum concentration of epinephrine for prolongation of pain control (with lidocaine) appears to 
be 1:400,000. 55 Use of a 1:50,000 epinephrine concentration for pain control cannot be recommended. 
Epinephrine 1:50,000 or 1:100,000 is useful via local infiltration in the control of bleeding when applied 
directly into the surgical site. Epinephrine or local anesthetic overdose reactions occurring under these 
conditions are rare.

Epinephrine overdose is more common when used in gingival retraction cord before impressions are 
taken for a crown and bridge procedure. Currently available cords contain approximately 225.5 µg of 
racemic epinephrine per inch of cord. 56 Epinephrine is readily absorbed through gingival epithelium that 
has been disturbed (abraded) by the dental procedure. About 64% to 94% of applied epinephrine is 
absorbed into the CVS. 56 Variability in absorption is extreme, according to the degree and duration of 
vascular exposure (bleeding). With regard to vasoconstrictors used for gingival retraction purposes, the 
American Dental Association states the following in Accepted Dental Therapeutics: “Since effective 
agents which are devoid of systemic effects are available, it is not advisable to use epinephrine for 
gingival retraction, and its use is contraindicated in individuals with a history of cardiovascular 
disease.” 57
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TABLE 18-8 Dilutions of Vasoconstrictors Used in Dentistry

Dilution Drug Available mg/mL
mg per Cartridge 
(1.8 mL)

Maximum No. of Cartridges Used for Healthy 
Patient and Cardiac-Impaired Patient

1:1000 Epinephrine 
(emergency kit)

1.0 Not applicable Not available in local anesthetic cartridge

1:10,000 Epinephrine 
(emergency kit)

0.1 Not applicable Not available in local anesthetic cartridge

1:20,000 Levonordefrin 0.5 0.09 10 (H), 2 (C)
1:30,000 Levarterenol 0.034 0.06 5 (H), 2 (C)
1:50,000 Epinephrine 0.02 0.036 5 (H), 1 (C)
1:100,000Epinephrine 0.01 0.018 10 (H), 2 (C)
1:200,000Epinephrine 0.005 0.009 20 (H), 4 (C)
C, Cardiac-impaired patient; H, healthy patient.

Box 18-6 Signs and Symptoms of Epinephrine or Other Vasopressor 
Overdose

Signs Symptoms
Sharp elevation in blood pressure, primarily systolic Fear, anxiety
Elevated heart rate Tenseness
Possible cardiac dysrhythmias (premature ventricular contractions, ventricular 
tachycardia, ventricular fibrillation)

Restlessness
Throbbing headache
Tremor
Perspiration
Weakness
Dizziness
Pallor
Respiratory difficulty
Palpitations

Clinical Manifestations

Clinical signs and symptoms of epinephrine overdose are listed in  Box  18 - 6.

Management

Most instances of epinephrine overdose are of such short duration that little or no formal management 
is necessary. On occasion, however, the reaction may be prolonged and some management is desirable.

Terminate the Procedure

If possible, remove the source of epinephrine. Stopping the injection of local anesthetic does not 
remove epinephrine that has been deposited; however, release of endogenous epinephrine and 
norepinephrine from the adrenal medulla and nerve endings is lessened once the anxiety-inducing 
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stimulus is eliminated. Epinephrine-impregnated gingival retraction cord, if present, should be 
removed.

Basic management follows the usual P→A→B→C→D algorithm used in management of all medical 
emergencies.

P→A→B→C

Position the conscious patient comfortably. The supine position often is not desired by the patient 
because it tends to accentuate the CVS effects. A semi-sitting or erect position minimizes any 
further elevation in cerebral blood pressure. A, B, and C are assessed as adequate (patient is 
conscious and talking).

D (definitive care)

1 Reassure the patient that the signs and symptoms are transient and will subside shortly. 
Anxiety and restlessness are common clinical manifestations of epinephrine overdose.

2 Monitor vital signs and administer oxygen. Blood pressure and heart rate should be checked 
every 5 minutes during the episode. Striking elevations in both parameters may be noted but 
gradually return toward baseline. Oxygen may be administered if necessary. The patient may 
complain of difficulty breathing. An apprehensive patient may hyperventilate (increased rate 
and depth of breathing). Oxygen is not indicated in the management of hyperventilation 
because it can exacerbate symptoms, possibly leading to carpopedal tetany.

3 Recovery. Permit the patient to remain in the dental chair as long as necessary to recover. The 
degree of postexcitation fatigue with depression noted varies but is usually prolonged. Do not 
discharge the patient if any doubt remains about his or her ability to provide self-care.

Allergy

Allergy is a hypersensitive state, acquired through exposure to a particular allergen, re-exposure to which 
produces a heightened capacity to react. Allergic reactions cover a broad spectrum of clinical manifestations 
ranging from mild and delayed responses occurring as long as 48 hours after exposure to the allergen, to 
immediate and life-threatening reactions developing within seconds of exposure ( Table  18 - 9).

Predisposing Factors

The incidence of allergy in the population is not low: about 15% of patients with allergy have conditions 
severe enough to require medical management, and some 33% of all chronic disease in children is allergic 
in nature. 58
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TABLE 18-9 Classification of Allergic Diseases (After Gell and Coombs)

TypeMechanism

Principal 
Antibody or 
Cell

Time of 
ReactionsClinical Examples

I Anaphylactic (immediate, 
homocytotropic, antigen induced, 
antibody mediated)

IgE Seconds 
to 
minutes

Anaphylaxis (drugs, insect venom, antisera)

Atopic bronchial asthma

Allergic rhinitis

Urticaria

Angioedema

Hay fever

II Cytotoxic (antimembrane) IgG — Transfusion reactions
IgM (activate 
complement)

Goodpasture's syndrome

Autoimmune hemolysis

Hemolytic anemia

Certain drug reactions

Membranous glomerulonephrosis
III Immune complex (serum sickness–

like)
IgG (form 
complexes with 
complement)

6-8 hr Serum sickness

Lupus nephritis

Occupational allergic alveolitis

Acute viral hepatitis

 IV  Cell - mediated  ( delayed )  or 
 tuberculin - type response

 —  48   hr Allergic contact dermatitis

Infectious granulomas (tuberculosis, mycoses)

Tissue graft rejection

Chronic hepatitis
Adapted from Krupp MA, Chatton MJ: Current medical diagnosis and treatment, Los Altos, Calif, 1994, Lange Medical.

Allergy to local anesthetics does occur, but its incidence has decreased dramatically since the introduction 
of amide anesthetics in the 1940s. Brown and associates stated, “The advent of the amino-amide local 
anesthetics which are not derivatives of para-aminobenzoic acid markedly changed the incidence of 
allergic type reactions to local anesthetic drugs. Toxic reactions of an allergic type to the amino amides are 
extremely rare, although several cases have been reported in the literature in recent years which suggest 
that this class of agents can on rare occasions produce an allergic type of phenomenon.” 59

Allergic responses to local anesthetics include dermatitis (common in dental office personnel), 
bronchospasm (asthmatic attack), and systemic anaphylaxis. The most frequently encountered are 
localized dermatologic reactions. Life-threatening allergic responses related to local anesthetics are indeed 
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localized dermatologic reactions. Life-threatening allergic responses related to local anesthetics are indeed 
rare. 60, 61

Hypersensitivity to the ester-type local anesthetics—procaine, propoxycaine, benzocaine, tetracaine, and 
related compounds such as procaine penicillin G and procainamide—is much more frequent.

Amide-type local anesthetics are essentially free of this risk. However, reports from the literature and from 
medical history questionnaires indicate that alleged allergy to amide drugs appears to be increasing, 
despite the fact that subsequent evaluation of these reports usually finds them describing cases of 
overdose, idiosyncrasy, or psychogenic reactions. 62- 65 Allergy to one amide local anesthetic does not 
preclude the use of other amides, because cross-allergenicity does not occur. 66 With ester anesthetic 
allergy, however, cross-allergenicity does occur; thus all ester-type local anesthetics are contraindicated 
with a documented history of ester allergy. 66

TABLE 18-10 Contents of Local Anesthetic Cartridge

Ingredient Function
Local anesthetic 
agent

Conduction blockade

Vasoconstrictor Decreases absorption of local anesthetic into blood, thus increasing duration of anesthesia and 
decreasing toxicity of anesthetic

Sodium 
metabisulfite

Antioxidant for vasoconstrictor

Methylparaben * Preservative to increase shelf life; bacteriostatic
Sodium chloride Isotonicity of solution
Sterile water Diluent

* Methylparaben has been excluded from all local anesthetic cartridges manufactured in the United 
States since January 1984, although it is still found in multidose vials of medication.

Allergic reactions have been documented for the various contents of the dental cartridge.  Table  18 - 10 lists 
the functions of these components. Of special interest with regard to allergy is the bacteriostatic agent 
methylparaben. The parabens (methyl-, ethyl-, and propyl-) are included, as bacteriostatic agents, in all 
multiple-use formulations of drugs, cosmetics, and some foods. Their increasing use has led to more 
frequent sensitization to them. In evaluating local anesthetic allergy, Aldrete and Johnson demonstrated 
positive reactions to methylparaben but negative reactions to the amide anesthetic without the 
bacteriostatic agent. 2  Table  18 - 11 presents Aldrete and Johnson's dermal reaction findings in patients 
exposed to various ester and amide local anesthetic solutions. The authors reported no signs of systemic 
anaphylaxis occurring in any of the subjects. Dental local anesthetic cartridges available in the United 
States and Canada are single-use items and as such no longer contain paraben preservatives.
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TABLE 18-11 Frequency of Dermal Reactions in Patients Exposed to Various 
Local Anesthetic Agents

Agent Nonallergic Patients (n = 60) Allergic Patients (n = 11)
NaCl 0 0
Procaine 20 8
Chloroprocaine 11 8
Tetracaine 25 8
Lidocaine 0 0
Mepivacaine 0 0
Prilocaine 0 0
Methylparaben 8 NA
Data from Aldrete JA, Johnson DA: Evaluation of intracutaneous testing for investigation of allergy to local anesthetic 
agents, Anesth Analg 49:173–183, 1970.
NA, Not available.

Sodium Bisulfite Allergy

Allergy to sodium bisulfite or metabisulfite is being reported today with increasing frequency. 67- 70 
Bisulfites are antioxidants that are commonly sprayed onto prepared fruits and vegetables to keep them 
appearing “fresh” for long periods of time. For example, apple slices sprayed with bisulfite do not turn 
brown (become oxidized). People who are allergic to bisulfites (most often steroid-dependent asthmatic 
individuals) may develop a severe response (bronchospasm). 69, 71 The U.S. Food and Drug 
Administration has enacted regulations that limit the use of bisulfites on foods. A history of allergy to 
bisulfites should alert the dentist to the possibility of this same type of response if sodium bisulfite or 
metabisulfite is included in the local anesthetic solution. Sodium bisulfite or metabisulfite is found in all 
dental local anesthetic cartridges that contain a vasoconstrictor, but is not found in “plain” local 
anesthetic solutions.

In the presence of a documented sulfite allergy, it is suggested that a local anesthetic solution without a 
vasopressor (“plain local anesthetic”) should be used (e.g., mepivacaine HCl 3%, prilocaine HCl 4%) if 
possible. No cross-allergenicity is present between sulfites and the “sulfa-” type antibiotics 
(sulfonamides).

Epinephrine Allergy

Allergy to epinephrine cannot occur in a living person. Questioning of the “epinephrine-allergic” patient 
(see  “Dialogue History , ” p .  329) immediately reveals signs and symptoms related to increased blood 
levels of circulating catecholamines (tachycardia, palpitation, sweating, nervousness), likely the result of 
fear of receiving injections (release of endogenous catecholamines [epinephrine and norepinephrine]). 
Management of the patient's fear and anxiety over receipt of the injection is in order in most of these 
situations.
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Latex Allergy

The thick plunger (also known as the stopper or bung) at one end of the local anesthetic cartridge and 
the thin diaphragm at the other end of the cartridge (see  Fig .  7 - 1), through which the needle penetrates, 
at one time contained latex. Because latex allergy is a matter of concern among all health care 
professionals, the risk of provoking an allergic reaction in a latex-sensitive patient must be considered. 
A review of the literature on latex allergy and local anesthetic cartridges by Shojaei and Haas reveals 
that latex allergen can be released into the local anesthetic solution as the needle penetrates the 
diaphragm, but no reports or case studies have described an allergic response to the latex component of 
the cartridge containing a dental local anesthetic. 70 Dental cartridges presently (January 2012) available 
in the United States and Canada are latex free.

Topical Anesthetic Allergy

Topical anesthetics possess the potential to induce allergy. The most commonly used topical anesthetics 
in dentistry are esters, such as benzocaine and tetracaine. The incidence of allergy to this classification 
of local anesthetics far exceeds that to amide local anesthetics. However, because benzocaine (an ester 
topical anesthetic) is poorly absorbed systemically, allergic responses that develop in response to its use 
normally are limited to the site of application. 72 When other topical formulations, ester or amide, that 
are absorbed systemically are applied to mucous membranes, allergic responses may be localized or 
systemic. Many contain preservatives such as methylparaben, ethylparaben, or propylparaben.

Prevention

Medical History Questionnaire

Most medical history questionnaires contain several questions related to allergy.

Question

Are you allergic to (e.g., have itching, rash, swelling of hands, feet, or eyes) or made sick by 
penicillin, aspirin, codeine, or any other medications?

Question

Have you ever had asthma, hay fever, sinus trouble, or allergies or hives?

These questions seek to determine whether the patient has experienced any adverse drug reactions. 
ADRs are not uncommon; those most frequently reported are labeled as allergy. If the patient 
mentions any unusual reaction to local anesthetics, the following protocol should be observed before 
use of the questionable drug is carried out. If the patient relates a history of alleged local anesthetic 
allergy, it is imperative that the dentist consider the following factors:

1 Assume that the patient is truly allergic to the drug in question and then take whatever steps are 
necessary to determine whether the alleged “allergy” is indeed an allergy. A recent paper on 
food allergy revealed that 30% of Americans have reported (alleged) one or more food allergies, 
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food allergy revealed that 30% of Americans have reported (alleged) one or more food allergies, 
but true food allergy in the U.S. population actually occurs at a rate of approximately 4% in 
adults and 5% in children. 73

2 Any drug or closely related drug to which a patient claims to be allergic must not be used until 
the alleged allergy can be absolutely disproved.

3 For almost all drugs commonly implicated in allergic reactions, equally effective alternate drugs 
exist (e.g., antibiotics, analgesics).

4 The only drug group in which alternatives are not equally effective consists of local anesthetics.

• • •

Two major components are useful for determining the veracity of a claim of allergy: (1) dialogue 
history, whereby additional information is sought directly from the patient, and (2) consultation for a 
more thorough evaluation if doubt persists.

Dialogue History

The following questions are included in the dialogue history between the dentist and a patient with an 
alleged allergy to local anesthetics. The first two questions are the most critical, for they immediately 
establish in the evaluator's mind a sense of whether allergy does or does not exist. 74

Question

Describe exactly what happened. (Describe your “allergic” reaction.)

Question

What treatment was given?

Following these two questions, the evaluator may consider others that will help elucidate the actual 
reaction.

Question

What position were you in during injection of the local anesthetic?

Question

What was the time sequence of events?

Question

Were the services of emergency medical personnel necessary?
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Question

What drug was used?

Question

What volume of the drug was administered?

Question

Did the local anesthetic solution contain a vasoconstrictor?

Question

Were you taking any other drugs or medications at the time of the incident?

Question

Can you provide the name, address, and telephone number of the doctor (dentist or physician) who 
was treating you when the incident occurred?

Answers to these questions provide enough information to permit a doctor to make an informed 
determination as to whether a true allergic reaction to a drug occurred. This is the initial step in 
managing alleged local anesthetic allergy. The dialogue history follows.

Question

Describe exactly what happened.

This is probably the most important question because it allows the patient to describe the actual 
sequence of events. The “allergy,” in most instances, is explained by the answer to this question. The 
symptoms described by the patient should be recorded and evaluated to help in formulating a tentative 
diagnosis of the adverse reaction. Did the patient lose consciousness? Did convulsions occur? Was 
there skin involvement or respiratory distress? The manifestations of allergic reactions are discussed 
in the following paragraph. Knowing them can aid the evaluator in rapidly determining the nature of 
the reaction that occurred.

Allergic reactions involve one or more of the following: skin (itching, hives, rash, edema), 
gastrointestinal system (cramping, diarrhea, nausea, vomiting), exocrine glands (runny nose, watery 
eyes), respiratory system (wheezing, laryngeal edema), and cardiovascular system (angioedema, 
vasodilation, hypotension). Most patients describe their local anesthetic “allergy” as one in which they 
experienced palpitations, severe headache, sweating, and mild shaking (tremor). Such reactions are 
almost always of psychogenic origin or are related to the administration of overly large doses of 
vasoconstrictor (e.g., epinephrine). They are not allergic in nature. Hyperventilation, an 
anxiety-induced reaction in which patients lose control over their breathing (inhaling and exhaling 
rapidly and deeply), is accompanied by dizziness, lightheadedness, and peripheral paresthesias 
(fingers, toes, and lips). Complaints of itching, hives, rash, or edema lead to the presumptive 
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