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The purpose of this prospective, randomized, double-blind study was to determine
the anesthetic efficacy of a buffered lidocaine with epinephrine solution compared
to a combination buffered lidocaine with epinephrine plus hyaluronidase solution in
inferior alveolar nerve blocks. Thirty subjects randomly received an inferior alveolar
nerve block using 1 of the 2 solutions at 2 separate appointments using a repeated-
measures design. Mandibular anterior and posterior teeth were blindly pulp tested
at 4-minute cycles for 60 minutes postinjection. No response from the subject to
the maximum output (80 reading) of the pulp tester was used as the criterion for
pulpal anesthesia. Anesthesia was considered successful when 2 consecutive read-
ings of 80 were obtained. A postoperative survey was used to measure pain and
trismus. The results demonstrated 100% of the subjects had profound lip numbness
with both solutions for inferior alveolar nerve blocks. The anesthetic success rates
for individual teeth ranged from 20 to 80%. There were no significant differences
(P > .05) between the 2 solutions. However, the combination lidocaine/hyaluron-
idase solution resulted in a significant increase in postoperative pain and trismus. It
was concluded that adding hyaluronidase to a buffered lidocaine solution with epi-
nephrine did not statistically increase the incidence of pulpal anesthesia in inferior
alveolar nerve blocks and, because of its potential tissue damaging effect, it should
not be added to local anesthetic solutions for inferior alveolar nerve blocks.
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T he inferior alveolar nerve (IAN) block is the most
frequently used injection technique for achieving lo-

cal anesthesia for mandibular restorative and surgical pro-
cedures. However, the IAN block does not always result
in successful pulpal anesthesia.1-'8 Failure rates of 8 to
67% have been reported in experimental studies.1-'4
Clinical studies in endodontics1-17 have found failure with
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the IAN block occurring between 38 and 81% of the
time.
The use of hyaluronidase as an adjunct to local an-

esthesia has been well documented in ophthalmological
surgery. 19,20 Hyaluronidase is an enzyme that hydrolyzes
the hyaluronic component of the intercellular ground
substance.2' Hence, the viscosity of the tissue is re-
duced, permitting a wider spread of injected fluids. Early
studies in dentistry22,23 found that an IAN block was
more easily attained and was more complete when hy-
aluronidase was added to a procaine/epinephrine solu-
tion. However, Eckenhoff and Kirby24 found hyaluroni-
dase did not increase the incidence of successful region-
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al nerve blocks. Recently, Malamed25 reported, by way
of Internet communications, that dentists had an in-
creased interest in the use of hyaluronidase, although
he cautioned that research trials should be completed
before its widespread use.25

Because hyaluronidase may increase success of an
IAN block, the purpose of this prospective, randomized,
double-blind study was to determine the anesthetic ef-
ficacy of buffered lidocaine (24 mg) with epinephrine
(12 ,ug) compared with buffered lidocaine (24 mg) with
epinephrine (12 Vug) plus hyaluronidase (150 USP units)
in IAN blocks.

MATERIALS AND METHODS

Thirty adult subjects participated in this study. The sub-
jects were in good health and were not taking any med-
ications that would alter pain perception. The Ohio
State University Human Subjects Review Committee
approved the study, and written informed consent was
obtained from each subject.

Equal numbers of mandibular right and left sides were
tested, with the first and second molars, first and second
premolars, and lateral and central incisors chosen as the
test teeth. The contralateral canine was used as the un-
anesthetized control to ensure that the pulp tester was
operating properly and that the subject was responding
appropriately during the experiment. Clinical examina-
tions indicated that all teeth were free of caries, large
restorations, and periodontal disease; none had histories
of trauma or sensitivity.
Two appointments at least 1 week apart were sched-

uled for each of the 30 subjects. Through use of a re-
peated-measures design, each subject randomly re-
ceived an IAN block at each of 2 successive appoint-
ments. The injections were an IAN block using a solu-
tion of buffered lidocaine with epinephrine and a
solution of buffered lidocaine with epinephrine plus hy-
aluronidase. Before the experiment, the two anesthetic
solutions were randomly assigned 5-digit numbers from
a random number table. Each subject was randomly as-
signed to 1 of the 2 solutions to determine the sequence
of the injections. Only the random numbers were re-
corded on the data collection and postoperative survey
sheets to blind the experiment.
At the beginning of each appointment and before any

injections were given, the experimental teeth and con-
trol contralateral canine were tested 3 times with the
pulp tester (Analytic Technology Corp, Redmond,
Wash) to record baseline vitality. After the tooth to be
tested was isolated with cotton rolls and dried with
gauze, toothpaste was applied to the probe tip, which
was then placed midway between the gingival margin

and the occlusal/incisal edge of the tooth. The current
rate was set at 25 seconds to increase from no output
(0) to the maximum output (80). The number associated
with the initial sensation was recorded. Trained person-
nel, blinded to the anesthetic solutions, administered all
preinjection and postinjection tests.
The anesthetic solutions were prepared as follows.

Under sterile conditions, 0.1 mL of 1:1000 epinephrine
(American Regent Laboratories, Inc, Shirley, NY) was
withdrawn from a 1-mL ampule using a 1-mL tuberculin
syringe and added to a 10-mL single-dose ampule of
plain 2% lidocaine (Abbott Laboratories, North Chica-
go, Ill). This produced a final concentration of 1:
100,000 epinephrine. The ampule was inverted 20
times to mix the solutions. One and two-tenths milliliters
of the solution were drawn from the ampule and placed
in a 3-cm3 Leur-Lok syringe. The 1.2-mL volume of
solution contained 24 mg of lidocaine and 12 ig of
epinephrine. Because higher success rates have been
observed with a buffered hyaluronidase solution,26'27 0.6
mL of sodium bicarbonate was drawn from a vial con-
taining 50 mL of 8.4% sodium bicarbonate (Abbott Lab-
oratories) using a 1-mL tuberculin syringe. The 0.6 mL
of the sodium bicarbonate was added to the lidocaine
solution (24 mg of lidocaine and 12 ,ig of epinephrine)
to produce a final volume of 1.8 mL buffered with 0.33
mEq/mL of sodium bicarbonate. For the lidocaine/hy-
aluronidase solution, a 1-mL vial containing 150 USP
units of lyophilized hyaluronidase (Wydase, Wyeth Lab-
oratories, Philadelphia, Pa) was added to the lidocaine
with epinephrine solution. The lyophilized form was
used in order to not change the volume of the solution
injected. The anesthetic solutions administered were
blinded by masking the Leur-Lok syringes containing the
anesthetic solutions with white, opaque tape and label-
ing the syringes with random 5-digit numbers. The
opaque tape did not cover the syringe area next to the
needle attachment, which allowed evaluation of aspira-
tion during the IAN blocks. Sample solutions of each
anesthetic solution were tested to determine pH values
using an Orion pH meter (Orion Research Inc, Boston,
Mass).
Because hyaluronidase may cause a hypersensitivity

reaction,21 each subject received a preliminary mucosal
test. The mucosa just inside the vermillion border of the
lip was injected with approximately 0.2 mL of a freshly
prepared test solution the subjects were to receive at
that appointment. Therefore, only half the injections
contained hyaluronidase. The contralateral lip was used
in order to not interfere with determining lip numbness
from the IAN block. Each subject was observed for 5 to
10 minutes to see if a positive reaction consisting of a
wheal with pseudopods developed. The site was also
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Table 1. Percentages and Discomfort Ratings of Solution Deposition

Solution None Mild Moderate Severe

Solution deposition*
Lidocaine 27% (8/30) 53% (16/30) 13% (4/30) 7% (2/30)
Lidocaine with hyaluronidase 30% (9/30) 47% (14/30) 23% (7/30) 0% (0/30)
* There were not significant differences (P > .05) between the solutions.

checked at the end of the appointment. No patient had
a positive reaction.
The standard IAN block28 was administered with a 27-

gauge 1 1/2-inch needle (Monoject; Sherwood Medical,
St Louis, Mo) using each of the anesthetic solutions.
After the target area was reached and aspiration was
performed, 1 minute was used to deposit the anesthetic
solution and the subject was asked to rate the pain of
solution deposition. The pain scale was from 0 to 3.
Zero indicated no pain. One indicated mild pain, pain
that was recognizable but not discomforting. Two indi-
cated moderate pain, pain that was discomforting but
bearable. Three indicated severe pain, pain that caused
considerable discomfort and was difficult to bear.
At 1 minute after the IAN block, the first and second

molars were pulp tested. At 2 minutes, the first and sec-
ond premolars were tested. At 3 minutes, the central
and lateral incisors were tested. At 4 minutes, the con-
trol canine was tested. This cycle of testing was repeated
every 4 minutes. At every fourth cycle, the control
tooth, ie, the contralateral canine, was tested by a pulp
tester without batteries to test the reliability of the sub-
ject. Each subject was asked if his or her lip/tongue
were numb every minute for 5 minutes and at every
fourth minute during pulp testing. If profound lip numb-
ness was not recorded within 20 minutes, the block was
considered unsuccessful; the subject was then reappoint-
ed. Two IAN blocks were unsuccessful in this study and
these subjects required an additional appointment. All
testing was stopped at 60 minutes postinjection.

All subjects completed postinjection surveys after

Table 2. Percentages and Number of Subjects Who Experi-
enced Anesthetic Success

Anesthetic Success
Lidocaine With

Tooth Lidocaine Hyaluronidase
Second molar 70% (21/30) 70% (21/30)*
First molar 50% (15/30) 67% (20/30)*
Second premolart 52% (15/29) 59% (17/29)*
First premolart 81% (21/26) 61% (16/26)*
Lateral 30% (9/30) 30% (9/30)*
Central 20% (6/30) 23% (7/30)*

* There were no significant differences (P > .05) between
the solutions.
t Premolars were missing due to orthodontic treatment.

each IAN block administered. The subjects rated pain in
the injection area, using the previous pain scale (none,
mild, moderate, severe), immediately after the numb-
ness wore off and again each morning upon arising for
3 days. The subjects also recorded any other problems
such as difficulty in opening.
No response from the subject at the maximum output

(80 reading) of the pulp tester was used as the criterion
for pulpal anesthesia. Anesthesia was considered suc-
cessful when 2 consecutive 80 readings were obtained.
Anesthesia was considered a failure if the subject never
achieved 2 consecutive 80 readings.
Comparisons between the buffered lidocaine solution

and the buffered lidocaine plus hyaluronidase solution
for anesthetic success and incidence of trismus were an-
alyzed nonparametrically using Bonferroni-adjusted
McNemar tests. Between-group comparisons on solu-
tion deposition discomfort and postinjection discomfort
were made using Bonferroni-adjusted Wilcoxon,
matched-pairs, signed-ranks test. Comparisons were
considered significant at P < .05.

RESULTS

Twenty-three males and 7 females from age 19 to 43
years (average 24 years) participated in this study. One
hundred percent of the subjects had subjective lip and
tongue anesthesia with the IAN blocks. The discomfort
ratings of solution deposition for the IAN blocks are pre-
sented in Table 1. There were no significant differences
(P > .05) between the solutions.

Anesthetic success is presented in Table 2. Success
rates for the lidocaine solution ranged from 20 to 81%,
and for the lidocaine solution with hyaluronidase success
ranged from 23 to 70%. There were no significant dif-
ferences (P > .05) between the two solutions. The in-
cidence of pulpal anesthesia for the two techniques is
presented in Figures 1 through 6.
The postoperative pain ratings and subjects reporting

postoperative trismus are summarized in Table 3 and 4.
The lidocaine solution with hyaluronidase had signifi-
cantly (P < .05) higher pain ratings and percentage of
patients reporting trismus.
The pH of the solutions were 7.78 for buffered lido-
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Figure 1. Incidence of second molar anesthesia as deter-
mined by lack of response to electrical pulp testing at the max-
imum setting (percentage of 80/80s) at each postinjection
time interval for the 2 anesthetic solutions.

caine with epinephrine and 7.86 for buffered lidocaine
with epinephrine plus hyaluronidase.

DISCUSSION

The use of the 80 reading as a criterion for pulpal an-
esthesia was based on the studies of Dreven et a129 and
Certosimo and Archer.30 These studies showed that no
patient response to an 80 reading ensured pulpal an-
esthesia in vital asymptomatic teeth. Additionally, Cer-
tosimo and Archer30 demonstrated that EPT readings
less than 80 resulted in pain during operative proce-
dures in asymptomatic teeth.
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Figure 3. Incidence of second premolar anesthesia as deter-
mined by lack of response to electrical pulp testing at the max-
imum setting (percentage of 80/80s) at each postinjection
time interval for the 2 anesthetic solutions.

Anesthetic success with the lidocaine IAN block oc-
curred from 20 to 81% of the time. The success rates
are similar to those seen in previous studies'-14 in which
a similar method was used. Therefore, even after a clin-
ically successful block (lip numbness), pulpal anesthesia
may not be guaranteed. Theories of anesthetic failure
for the IAN block have included accessory innerva-
tion,11,31,32 accuracy of needle placement,12,33,34 anes-
thetic solution migration along the path of least resis-
tance,34 central core theory,3 and anxiety and psycho-
logical factors.35
The buffered lidocaine/hyaluronidase solution did not

result in a statistically (P > .05) higher success rate com-
pared with the lidocaine solution (Table 2). Nordqvist36
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Figure 2. Incidence of first molar anesthesia as determined

by lack of response to electrical pulp testing at the maximum

setting (percentage of 80/80s) at each postinjection time in-

terval for the 2 anesthetic solutions.
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Figure 4. Incidence of first premolar anesthesia as deter-

mined by lack of response to electrical pulp testing at the max-

imum setting (percentage of 80/80s) at each postinjection

time interval for the 2 anesthetic solutions.
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Figure 5. Incidence of lateral incisor anesthesia as determined
by lack of response to electrical pulp testing at the maximum
setting (percentage of 80/80s) at each postinjection time in-
terval for the 2 anesthetic solutions.

felt that hyaluronidase loosened the structure of the con-

nective tissue, thereby allowing the anesthetic solution
easier access to the nerve fibers. Studies in the field of
ophthalmology have shown that combining hyaluroni-
dase with local anesthetic solutions significantly im-
proves peribulbar infiltrations or retrobulbar blocks.37-4
However, other studies have found hyaluronidase did
not improve the success of intraocular surgery.41,42 It
seems that the addition of hyaluronidase to a lidocaine
solution, as used in this study, had little effect on the suc-

cess of the IAN block. Practitioners should consider sup-

plemental techniques (such as intraosseous8-10° 3,14,16-18 or

periodontal ligament injections6,15) when an IAN block fails
to provide pulpal anesthesia for a particular tooth.

Solution deposition had an incidence of around 20%
moderate/severe pain ratings (Table 1). The ratings in-
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Figure 6. Incidence of central incisor anesthesia as deter-
mined by lack of response to electrical pulp testing at the max-
imum setting (percentage of 80/80s) at each postinjection
time interval for the 2 anesthetic solutions.

dicate that an IAN block has the potential to be painful
even though the solution was deposited slowly over 1
minute. Other studies3,5 of the IAN block have reported
similar findings. There were no significant differences
between the solutions. Therefore, the addition of hyal-
uronidase was not found to be any more irritating on
injection than the solution without hyaluronidase (Table
1).
The postinjection survey showed there was a much

higher incidence of moderate/severe pain and trismus
with the hyaluronidase solution (Tables 3 and 4). Hyal-
uronidase is an enzyme that breaks down the compo-
nents of the connective tissue. The manufacturer2'
found that the breakdown of dermal tissue appeared to
peak in 5 minutes, remained constant for the first hour,
and then declined slowly over 5 hours. Further studies2'

Table 3. Percentages and Discomfort Ratings for Postinjection Survey

Solution None Mild Moderate Severe
Day 0*t
Lidocaine 40% (12/30) 47% (14/30) 7% (2/30) 7% (2/30)
Lidocaine with hyaluronidase 20% (6/30) 37% (11/30) 37% (11/30) 10% (3/30)

Day lt
Lidocaine 47% (14/30) 43% (13/30) 10% (3/30) 0% (0/30)
Lidocaine with hyaluronidase 20% (6/30) 37% (11/30) 33% (10/30) 10% (3/30)

Day 2t
Lidocaine 80% (24/30) 17% (5/30) 3% (1/30) 0% (0/30)
Lidocaine with hyaluronidase 47% (14/30) 30% (9/30) 20% (6/30) 3% (1/30)

Day 3t
Lidocaine 93% (28/30) 7% (2/30) 0% (0/30) 0% (0/30)
Lidocaine with hyaluronidase 57% (17/30) 37% (11/30) 7% (2/30) 0% (0/30)
* Rating at time subjective numbness wore off.
t There were significant differences (P < .05) between the solutions.

t:.IA9 AN- -c>r _ . -. ..4 -..w._.. _Iq", A-..........
]] " I...- _~J- _.

Ridenour et al 13



14 Lidocaine/Hyaluronidase in Inferior Alveolar Nerve Blocks Anesth Prog 48:9-15 2001

Table 4. Percentage and Number of Subjects Reporting Post-
operative Trismus

Solution
Day 0*t
Lidocaine 3% (1/30)
Lidocaine with hyaluronidase 40% (12/30)

Day lt
Lidocaine 7% (2/30)
Lidocaine with hyaluronidase 60% (18/30)

Day 2t
Lidocaine 0% (0/30)
Lidocaine with hyaluronidase 23% (7/30)

Day 3t
Lidocaine 0% (0/30)
Lidocaine with hyaluronidase 17% (5/30)
* Rating at time subjective numbness wore off.
t There were significant differences (P < .05) between the

solutions.

showed that reconstitution of the dermal barrier was in-
complete at 24 hours, but at 48 hours, the barrier was
completely restored. While the pterygomandibular
space is different from dermal connective tissue, the
high postoperative pain ratings and incidence of trismus
clearly show that some adverse effects on the tissue oc-
curred with the injection of hyaluronidase. The post-
operative pain ratings and trismus showed improvement
by the third day (Tables 3 and 4), demonstrating that the
tissue damage was somewhat limited. We recommend
that hyaluronidase not be added to local anesthetic so-
lutions for IAN blocks due to its tissue-damaging poten-
tial.

CONCLUSIONS

We conclude that adding hyaluronidase to a buffered
lidocaine solution with epinephrine did not significantly
increase the incidence of pulpal anesthesia in IAN
blocks and, because of its potential tissue-damaging ef-
fects, it should not be added to local anesthetic solutions
for inferior alveolar nerve blocks.

ACKNOWLEDGMENTS

This study was supported by Graduate Endodontic Re-
search Funds and The Steven Goldberg Memorial Fund.

REFERENCES

1. Agren E, Danielsson K. Conduction block analgesia
in the mandible. Swed Dent J. 1981;5:81-89.

2. McLean C, Reader A, Beck M, Meyers WJ. An eval-
uation of 4% prilocaine and 3% mepivacaine compared to 2%
lidocaine (1:100,000 epinephrine) for inferior alveolar nerve
block. J Endodontol. 1993;19:146-150.

3. Vreeland D, Reader A, Beck M, Meyers W, Weaver J.
An evaluation of volumes and concentrations of lidocaine in
human inferior alveolar nerve block. J Endodontol. 1989;15:
6-12.

4. Hinkley S, Reader A, Beck M, Meyers W. An evalua-
tion of 4% prilocaine with 1:200,000 epinephrine and 2%
mepivacaine with levonordefrin compared to 2% lidocaine
with 1:100,000 epinephrine for inferior alveolar nerve block.
Anesth Prog. 1991;38:84-89.

5. Nist R, Reader A, Beck M, Meyers W. An evaluation
of the incisive nerve block and combination inferior alveolar
and incisive nerve blocks in mandibular anesthesia. J Endo-
dontol. 1992;18:455-459.

6. Childers M, Reader A, Nist R, Beck M, Meyers W. The
anesthetic efficacy of the periodontal ligament injection after
an inferior alveolar nerve block. J Endodontol. 1996;22:
317-320.

7. Bou Dagher F, Yared GM, Machtou P. The anesthetic
efficacy of volumes of lidocaine in inferior alveolar nerve
blocks. J Endodontol. 1997;23:178-180.

8. Dunbar D, Reader A, Nist R, Beck M, Meyers W. An-
esthetic efficacy of the intraosseous injection after an inferior
alveolar nerve block. J Endodontol. 1996;22:481-486.

9. Guglielmo A, Reader A, Nist R, Beck M, Weaver J.
Anesthetic efficacy and heart rate effects of the supplemental
intraosseous injection of 2% mepivacaine with 1:20,000 le-
vonordefrin. Oral Surg Oral Med Oral Pathol Oral Radiol
Endodontol. 1999;87:284-293.

10. Reitz J, Reader A, Nist R, Beck M, Meyers WJ. The
anesthetic efficacy of the intraosseous injection of 0.9 mL of
2% lidocaine (1:100,000 epinephrine) to augment an inferior
alveolar nerve block. Oral Surg Oral Med Oral Pathol Oral
Radiol Endodontol. 1998;86:516-523.

11. Clark S, Reader A, Beck M, Meyers WJ. Anesthetic
efficacy of the mylohyoid nerve block and combination inferior
alveolar nerve block/mylohyoid nerve block. Oral Surg Oral
Med Oral Pathol Oral Radiol Endodontol. 1999;87:557-
563.

12. Hannan L, Reader A, Nist R, Beck M, Meyers WJ.
The use of ultrasound for guiding needle placement for inferior
alveolar nerve blocks. Oral Surg Oral Med Oral Pathol Oral
Radiol Endodontol. 1999;87:658-665.

13. Gallatin E, Stabile P, Reader A, Nist R, Beck M. An-
esthetic efficacy and heart rate effects of the intraosseous in-
jection of 3% mepivacaine after an inferior alveolar nerve
block. Oral Surg Oral Med Oral Pathol Oral Radiol Endo-
dontol. 2000;89:83-87.

14. Stabile P, Reader A, Gallatin E, Beck M, Weaver J.
Anesthetic efficacy and heart rate effects of the intraosseous
injection of 1.5% etidocaine (1:200,000 epinephrine) after an
inferior alveolar nerve block. Oral Surg Oral Med Oral Pathol
Oral Radiol Endodontol. 2000;89:407-411.

15. Cohen HP, Cha BY, Spangberg LSW. Endodontic an-



Anesth Prog 48:9-15 2001 Ridenour et al 15

esthesia in mandibular molars: a clinical study. J Endodontol.
1993;19:370-373.

16. Reisman D, Reader A, Nist R, Beck M, Weaver J.
Anesthetic efficacy of the supplemental intraosseous injection
of 3% mepivacaine in irreversible pulpitis. Oral Surg Oral
Med Oral Pathol Oral Radiol Endodontol. 1997;84:676-
682.

17. Nusstein J, Reader A, Nist R, Beck M, Meyers WJ.
Anesthetic efficacy of the supplemental intraosseous injection
of 2% lidocaine with 1:100,000 epinephrine in irreversible
pulpitis. J Endodontol. 1998;24:487-491.

18. Parente SA, Anderson RW, Herman WW, Kimbrough
WF, Weller RN. Anesthetic efficacy of the supplemental intra-
osseous injection for teeth with irreversible pulpitis. J Endo-
dontol. 1998;24:826-828.

19. Leopold I. Advances in anesthesia in ophthalmic sur-
gery. Ophthalmic Surg. 1974;5:13-23.

20. Bryant J. Local and topical anesthetics in ophthal-
mology. Surv Ophthalmol. 1969;13:263-283.

21. Wyeth Laboratories. Wydase Lyophilized Hyaluron-
idase 150 Units [package insert]. Philadelphia, Pa: Wyeth
Laboratories Inc.

22. Looby J, Kirby C. Use of hyaluronidase with local an-
esthetic agents in dentistry. J Am Dent Assoc. 1949;38:1-4.

23. Kirby C, Eckenhoff J, Looby J. The use of hyaluron-
idase with local anesthetic agents in nerve block and infiltration
anesthesia. Surgery. 1949;25:101.

24. Eckenhoff J, Kirby C. The use of hyaluronidase in re-
gional nerve blocks. Anesthesiology. 1951;12:27-32.

25. Malamed SF. Handbook of Local Anesthesia. 4th ed.
St Louis: CV. Mosby; 1997.

26. Zahl K, Jordan A, McGroarty J, Gotta A. pH-Adjusted
bupivacaine and hyaluronidase for peribulbar block. Anesthe-
siology. 1990;72:230-232.

27. Roberts J, Macleod B, Hollands R. Improved peribul-
bar anesthesia with alkalinization and hyaluronidase. Can J
Anaesth. 1993;40:835-838.

28. Jorgensen NB, Hayden J Jr. Local and General An-
esthesia in Dentistry. 2nd ed. Philadelphia, Pa: Lea & Febi-
ger, 1967.

29. Dreven L, Reader A, Beck M, Meyers W, Weaver J.
An evaluation of the electric pulp tester as a measure of an-
algesia in human vital teeth. J Endodontol. 1987;13:233-
238.

30. Certosimo A, Archer R. A clinical evaluation of the
electric pulp tester as an indicator of local anesthesia. Oper
Dent. 1996;21:25-30.

31. Frommer J, Mele FA, Monroe CW. The possible role
of the mylohyoid nerve in mandibular posterior tooth sensa-
tion. J Am Dent Assoc. 1972;85:113-117.

32. Wilson S, Johns P, Fuller PM. The inferior alveolar
and mylohyoid nerves: an anatomic study and relationship to
local anesthesia of the anterior mandibular teeth. J Am Dent
Assoc. 1984;108:350-352.

33. Berns JM, Sadove MS. Mandibular block injection: a
method of study using an injected radiopaque material. J Am
Dent Assoc. 1962;65:736-745.

34. Galbreath JC, Eklund MK. Tracing the course of the
mandibular block injection. Oral Surg Oral Med Oral Pathol.
1970;30:571-582.

35. Fiset L, Getz T, Milgrom P, Weinstein P. Local anes-
thetic failure: diagnosis and management strategies. Gen
Dent. 1989;5:414-417.

36. Nordqvist P. The action of hyaluronidase on frog sci-
atic nerve, with special reference to penetration of procaine.
Acta Pharmacol Toxicol. 1952;8:195-206.

37. Morseman C, Holden R. The effects of adrenaline,
hyaluronidase and age on peribulbar anaesthesia. Eye. 1992;
6:290-292.

38. Atkinson W. Use of hyaluronidase with local anesthe-
sia in ophthalmology. Arch Ophthalmol. 1949;42:628-633.

39. Nicoll J, Treuren B, Acharya P, Ahlen K, James M.
Retrobulbar anesthesia: the role of hyaluronidase. Anesth An-
aig. 1986;65:1324-1328.

40. Thomson I. Addition of hyaluronidase to lignocaine
with adrenaline for retrobulbar anaesthesia in the surgery of
senile cataract. Br J Ophthalmol. 1988;72:700-702.

41. Mindel J. Value of hyaluronidase in ocular surgical aki-
nesia. Am J Ophthalmol. 1978;85:643-646.

42. Crawford M, Kerr W. The effects of hyaluronidase on
peribulbar block. Anaesthesia. 1994;49:907-8.


