
SCIENTIFIC REPORT

Anesthetic Efficacy of Meperidine in Teeth With
Symptomatic Irreversible Pulpitis

Ladan Mohajeri, DDS, MS,* Farnaz Salehi, DDS,† Payman Mehrvarzfar, DDS, MS,‡ Hamide
Arfaee, DDS,§ Behnam Bohluli, DDS, MS,|| and Reza Hamedy, DDS¶
*Assistant Professor and ‡Associate Professor, Department of Endodontics, †Postgraduate Endodontic Resident, and ||Associate Professor,
Department of Oral and Maxillofacial Surgery, Islamic Azad University, Dental Branch, Tehran, Iran, §Department of Endodontics, Islamic
Azad University, Dental Branch, Tehran, Iran, and ¶Department of Endodontics, School of Dentistry, University of California, Los Angeles

Achieving adequate pulpal anesthesia in mandibular teeth is always a challenge.
Supplementary injections and using drugs in combination are some methods
implemented to overcome this hurdle. In this randomized clinical trial, use of
meperidine in conjunction with lidocaine in intraligamentary injection did not exhibit
significant improvement in anesthesia.
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The failure rate of the inferior alveolar nerve block
(IANB) in some experimental studies has been

reported up to 75%.1–4 This lack of success has even
increased to a maximum of 81% in some recent
studies.5–7 To overcome this shortcoming, dental
clinicians have actively sought measures to improve
the patients’ anesthesia during different dental proce-
dures. Apart from the anatomical variations mentioned
in the applied anatomy of injections,8 several authors
have attempted to modify the anesthetic technique,9–12

and others have compared different anesthetic
agents13 or their concentrations14 to improve their
efficacy.
Activating the opioid receptors peripherally in

inflammatory conditions has become a new trend in
research to manage postoperative pain.15 Synergy
between local anesthetics and opioids has become an
interesting field of research recently.16 Opioids are
frequently added to local anesthetics in a variety of
surgical procedures, eg, intrathecal application for
minor surgery.17 Meperidine or its derivatives, eg,

pethidine (meperidine chloride) or norpethidine (Peth-
idine Intermediate B) are agonists of l-opioid recep-
tors, which block the pathway of pain signals to the
trigeminal nucleus. They also activate peripheral
opioid receptors and block sodium channels.17–22

Despite controversy regarding the use of meperidine
as an anesthetic,22 recent studies have demonstrated
its benefits over prilocaine in arthroscopy with local
anesthesia,16 nasal packing removal,23 etc.

However, only a few studies have investigated the
dental anesthetic efficacy of such combinations.24,25

The effect of the addition of meperidine to lidocaine in
IANB for pain management in normal teeth24 and also
in teeth with irreversible pulpitis25 has been studied.
The aim of our study was to compare the efficacy of
local anesthetics with and without meperidine for
intraligamentary supplemental injection for teeth with
irreversible pulpitis. Our null hypothesis stated that the
addition of meperidine to standard lidocaine with
epinephrine does not improve the efficacy of supple-
mental intraligamentary anesthesia in teeth with
symptomatic irreversible pulpitis. The specific objec-
tives were to randomly allocate volunteers with
complete soft tissue anesthesia following an IANB,
yet having positive pulp response, into 2 groups, and
then compare the efficacy of lidocaine with epineph-
rine plus meperidine with that of lidocaine with

Received October 13, 2013; accepted for publication January 10,
2015.
Address correspondence to Dr Reza Hamedy, DDS, School of

Dentistry, University of California, Los Angeles, 10833 Le Conte
Ave, Los Angeles, CA 90024; rhamedy@ucla.edu; DDS.Hamedy@
gmail.com.

Anesth Prog 62:14–19 2015 ISSN 0003-3006/15
� 2015 by the American Dental Society of Anesthesiology SSDI 0003-3006(15)

14



epinephrine plus an equal volume of sterile water for
supplemental periodontal ligament anesthesia.

METHODS

Inclusion and Exclusion Criteria

Sixty volunteer patients, aged 18–65 years, with symp-
tomatic irreversible pulpitis and moderate to severe
spontaneous pain in their first or second mandibular
molars participated in this double-blind, randomized
clinical trial research. Patients were referred to the
Endodontic Clinic at Azad Tehran Dental School for root
canal treatment. Our local board of research ethics peer
reviewed and approved the study protocol. All subjects
signed written informed consents upon receiving a
thorough description of study aim and setting. The
subjects were otherwise systemically healthy, were not
taking any medications affecting their pain perception
(benzodiazepines or barbiturates) during the previous 48
hours, and had no history of allergy to any local
anesthetics or opioids. They also were allowed to leave
the study whenever they wanted. The authors excluded
pregnant or nursing women, patients with necrotic pulps,
and those with moderate to advanced periodontal
disease. The included teeth must have shown prolonged
responses to cold, hot, electric pulp test (EPT), and pain to
percussion with no specific periapical radiographic lesion.

According to Rattan et al,26 who assessed the
effectiveness of peripheral administration of fentanyl with
lidocaine in inflamed dentoalveolar tissues, the mean pain
on percussion was measured to be 19 6 4.37 units and
15.3 6 3.62 units respectively in the control and the
fentanyl groups (a ¼ .05, b ¼ .2). Our sample size27 was
then calculated as

n ¼ ðz � a þ z � b Þ þ ðsd1 þ sd2Þ
19 � 15:31

¼ ð1:96 þ 0:84Þ þ ð3:62 þ 4:37Þ
ðx � xÞ ¼ 19

A minimum of 19 patients per groups was calculated
and modified, based on a 30% loss to follow-up
probability, to the following:

N ¼ n
1� f

¼ 19
1� 0:3

¼ 27

We then rounded to 30 per group, which accounted
for a total of 60 included patients.

For simple randomization,28 a suitable table was used
with random integers from 0 to 99 read from an
arbitrary place. For equal allocation, we took odd and
even numbers to determine the opioid or nonopioid
treatments, respectively. The clinical staff who were not
a part of the project performed the random allocation
and coded the 2 solutions to blind both the participants
and the investigators.29 The inclusion of the patients in
the study (participant enrollment) was conducted by the
author who visited and treated the patients.

The subjects received an IANB injection of 1.8 mL of
lidocaine 2% with 1 : 100,000 epinephrine after a
confirmed positive response to the pulp tester. After 5
minutes, if the expected lip anesthesia was not present,
the subjects received another IANB injection. When lip
anesthesia was again not achieved after 5 more minutes,
the subject left the study but received full proper
treatment. The authors then examined all the subjects
with lip anesthesia by EPT to record the initial sensitivity
of the teeth. Having merely lip anesthesia is considered a
sign of soft tissue anesthesia but not necessarily
established pulpal anesthesia. The subjects then specified
their pain perception on a Heft-Parker Visual Analogue
Scale (HP-VAS) where 0 to less than 54 represented
mild pain (including faint, weak, and mild pain sensa-
tion), 54 to less than 114 represented moderate pain,
and more than 114 represented severe pain (including
strong, intense, and maximum pain sensation). Only
those patients with moderate to severe pain entered the
study. Participation was based on sequential sampling
until the inclusion of 60 patients was reached.

There were no financial or personal relationships with
other people or organizations that could inappropriately
influence the conduct or result of this study. The study
was self-funded by the authors.

Study Groups

Control group (lidocaine þ sterile water). Thirty
patients received intraligamentary injections of 0.4 mL

Distribution of Different Responses Based on HP-VAS Scale to Stimulus (Access Cavity Preparation and Initial File
Placement) Among Patients With Irreversible Pulpitis in the Study Groups

Groups

No Pain Mild Pain Moderate Pain Severe Pain

(0 mm) (0–54 mm) (54–114 mm) (.114 mm)

n (%) n (%) n (%) n (%)

Lidocaine and sterile water 7 (23.3) 1 (3.3) 9 (30) 13 (43.3)
Lidocaine and meperidine 3 (10) 12 (40) 6 (20) 9 (30)
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lidocaine 2% with 1 : 100,000 epinephrine (Daropaksh)
and 0.4 mL sterile distilled water.
Meperidine group. Thirty patients received intra-

ligamentary injections of 0.4 mL lidocaine 2% with
1 : 100,000 epinephrine (Daropaksh) and 0.4 mL of
5% meperidine (20 mg).

Study Solutions

The authors followed the same protocol for the
preparation of the study solutions as in previous
reports.24,25 The clinical staff who were not a part of
the project coded the 2 solutions to blind the authors.

Study Setting

After recording HP-VAS of the patients and their
range of responses to EPT maximum output, the
senior author utilized an intraligamentary syringe
ERGOJECT (Anthogyr; Pearson Dental Supplies) to
administer solutions via a 27-gauge 3.175-cm (1¼-in)
standard short needle (Monoject; Sherwood Services)
using the appropriate 5-mL syringe with an aspirating
handle (Becton Dickinson & Co). The needle pene-
trated the periodontal ligament adjacent to the
mesiobuccal and the distobuccal areas of each tooth
to deliver 0.2 mL of the solution in each location over
a 10-second period. One minute after injection,
another practitioner recorded the response of the
target teeth to the maximum output of EPT (Sybron
Endo) every 4 minutes over a period of 17 minutes
(minutes 1, 5, 9, 13, and 17). Success of intraliga-
mentary injection was defined as 2 consecutive ‘‘no’’
responses to a maximum EPT output of 80, or an ‘‘up
to mild pain’’ score on the HP-VAS during the
treatment. The contralateral first or second molar (or
any other posterior virgin tooth) was selected as the
unanesthetized control to ensure that the pulp tester
was operating properly and that the subject was
responding appropriately during each experiment.

Statistics

The means of HP-VAS values and onset time of the 2
groups were analyzed using Student’s t test. For
comparison of the success rates of the 2 groups,
McNemar’s test was used. For comparison of EPT
readings, we used the Mann-Whitney U test. The level
of significance was established at P , .05.

RESULTS

Of the total of 30 patients in the control group with a
median age of 31.4 6 12.2, there were 13 males and
17 females. Of the 30 patients of the meperidine group
with a median age of 37.7 6 11.2, there were 18 males
and 12 females. In total, 31 males and 29 females took
part in the study, ranging in age from 18 to 65 years with
a median age of 34.5 6 11.6. All the participants of
each group remained in this study, completed the
treatment, and were included in the statistical analysis.

All the subjects before treatment responded to the EPT
test within a range of 5–6 out of the maximum output of
80 and exhibited profound lip anesthesia following the
IANB. None of the subjects needed a second block
injection to achieve lip numbness. They all responded to
the pulp tester within a range of 7–8 after injection. All
of them also showed moderate to severe pain, with a
mean of 121.9 6 35.6 on HP-VAS during initial access
cavity preparation, and therefore they needed a supple-
mental intraligamentary anesthetic injection.

In the control group (lidocaineþ sterile water) prior to
the PDL injection, 22 subjects (61.7%) responded to
EPT on the 17th minute, compared to 15 subjects (50%)
of the lidocaine plus meperidine group. No statistically
significant differences were found between the 2 groups
at the 17th minute regarding success rate (P ¼ .1).

In the control group, after the PDL injection, 22
subjects with previously failed anesthesia reported a
mean HP-VAS pain value of 120.4 6 45.3 upon access
cavity preparation, and upon initial file placement, 7
patients were pain free (Table).

In the meperidine group, after PDL injection, 15
patients with previously failed anesthesia reported a
mean HP-VAS pain value of 137.9 6 34.6 upon access
cavity preparation, and upon initial file placement, 12
subjects exhibited mild pain and only 3 subjects were
pain free (Table).

No statistically significant differences were found
between the 2 study groups in terms of the mean HP-
VAS pain values during access cavity preparation (P ,

.3) and initial file placement (P , .2).
No significant adverse or side effects due to meperi-

dine-containing intraligamentary injections were ob-
served.

DISCUSSION

The findings of the present study suggest that the
addition of 0.4 mL meperidine to 2% lidocaine with
1 : 100,000 epinephrine did not improve the anesthetic
efficacy of intraligamentary injection for teeth with
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symptomatic irreversible pulpitis, and therefore we
confirmed the null hypothesis.

All the subjects showed profound lip anesthesia (soft
tissue anesthesia as opposed to pulp anesthesia) after
receiving the initial IANB. Thus, none needed a second
IANB injection to attain a numb lip, and all responded
positively to the maximum output of pulp tester. The
mean initial HP-VAS pain rating for both groups was
121.9 6 35.6, which correlated to moderate to severe
pain and represented irreversible pulpitis.25,30–32

To the best of our knowledge, only 2 studies
throughout the dental literature have investigated the
comparative efficacy of the local administration of
meperidine. Goodman et al24 compared the degree of
pulpal anesthesia of normal teeth with and without the
addition of meperidine in a prospective, randomized,
single-blind, crossover study. All subjects received either
1.8 mL of 2% (36 mg) lidocaine with 1 : 100,000 (18
lg) epinephrine, or 3.6 mL of a combination of 1% (36
mg) lidocaine with 1 : 100,000 (36 lg) epinephrine and
36 mg of meperidine. Successful pulpal anesthesia in the
control and the meperidine groups ranged from 8 to
58% and from 0 to 17%, respectively. They concluded
that the addition of meperidine significantly decreases
the success of the IANB. They also found that the
injection of only meperidine with epinephrine resulted in
low rates of lip anesthesia and significantly low success of
pulpal anesthesia. Bigby et al25 deposited the exact same
solutions for their control and meperidine groups in a
prospective, randomized, controlled, single-blind clinical
trial on mandibular posterior teeth and concluded that
the addition of meperidine to lidocaine administered in
IANB did not improve the success rate of anesthesia in
cases of irreversible pulpitis. Both these findings are in
accord with our results.

Despite these recent findings, the application of
meperidine in the 1990s literature has been widely
supported.22 In a double-blind, randomized clinical study,
Armstrong et al33 demonstrated the local anesthetic
action of meperidine on peripheral nerves when the
possibility of activation with central opiate receptors did
not occur. Consistently, Maurette et al34 also found a
synergistic effect when meperidine was used in combi-
nation with lidocaine for continuous spinal anesthesia.
They also discussed that this synergistic effect might be
offset by the unacceptable hemodynamic instability that
intrathecal meperidine may cause. Yu et al20 suggested a
superior anesthetic effectiveness for the combination of
bupivacaine and meperidine compared to the bupiva-
caine alone for spinal anesthesia.

More recent studies have widely expressed that there
is a need for far more reliable evidence for the inclusion
of meperidine and other similar opioids in local
anesthesia.22 For instance, despite the frequent applica-

tion of additive opioids to local anesthetics for intrathecal
anesthesia, there are not enough data for decisive
conclusions17 on this technique.

Interaction or even antagonism between multiple sites
of local anesthetic receptors,31 the histamine release
induced by meperidine,18 or simply the further dilution of
lidocaine25 might account for the lower incidence of
anesthetic efficacy of the meperidine-added local anes-
thetics.

Using mouse models, Hassan et al35 found a reduced
duration (less than 44%) of inferior orbital nerve block
when lidocaine was added to meperidine compared to
the nerve block with meperidine alone. On the other
hand, mast cells are a potential important site for the
histamine-dependent, peripheral actions of meperi-
dine.18 Histamine acts as a vasodilator that is expected
to help remove the agent from local sites.25 The
concentration used in the present study mostly resem-
bled those of the study of Atbaei and Mortazavi,32 who
compared the anesthetic efficacy of the administration of
0.4 mL of 2% (8 mg) lidocaine with 1 : 80,000 (5 lg)
epinephrine with that of 0.4 mL of 2% (8 mg) piroxicam
combined with 1 : 80,000 (5 lg) epinephrine in
postoperative pain management. The dosage used
throughout the literature has not been standardized.
Kanaa et al30 used 0.18 mL of 2% (3.6 mg) lidocaine
plus 1 : 80,000 (2.25 lg) epinephrine with a success
rate of 48% for the pain-free treatment of mandibular
posterior permanent teeth with irreversible pulpitis.
Nusstein et al36 applied 1.4 mL of 2% (28 mg) lidocaine
plus 1 : 100,000 (14 lg) epinephrine for the intra-
ligamentary pain management of mandibular posterior
teeth with irreversible pulpitis and obtained a 56%
success rate. Also, in a double-blind randomized con-
trolled trial, Berlin et al37 compared the anesthetic
efficacy of the intraligamentary deposition of 1.4 mL of
2% (28 mg) lidocaine with 1 : 100,000 (14 lg)
epinephrine (74% success rate) with that of 1.4 mL of
4% (56 mg) articaine plus 1 : 100,000 (14 lg)
epinephrine (86% success rate) on virgin first mandibular
permanent molars. The success rate with the intra-
ligamentary injection was lower in the present study (10–
23%) compared to others in the literature. This may be
attributed to the above-mentioned reasons and the fact
that lidocaine in combination with either meperidine or
sterile water, which was administered in the present
study, contained the lower concentration of effective
anesthetic drug. Also the present study has only included
symptomatic irreversible pulpitis cases where the least
success rates are expected.

Similar studies have mostly delivered the same
standard dose of anesthetics but have halved the
concentration of the anesthetic. To eliminate such
biasing effect, we suggest additional studies with the
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application of long-lasting anesthetics, higher concen-
trations of the standard anesthetic, and higher concen-
trations of the epinephrine portion.
The pain intensity immediately after injection, access

preparation, and initial file placement was not statisti-
cally different between the 2 study groups. This was
consistent with the findings of the study of Rattan et al26

for the pain intensity prior to and immediately after
injection and with those of Brkovic et al38 during the
extraction of the third molars. These findings, however,
do not support those of Elsharrawy and Elbaghdady39 for
pain intensity upon access preparation, pulpotomy, and
pulpectomy, which could be because of the lack of a
definitive inclusion criterion, such as inclusion of
maxillary posterior teeth, in their study.
Consistent with the findings of Brkovic et al,38 the 2

study groups did not show any statistically significant
differences in terms of anesthesia depth assessed by
EPT. The onset of anesthesia was not different with the
addition of meperidine compared to the lidocaine
injection with an equal volume of water, which was
again consistent with the finding of Brkovic et al.38

Although the present study did not aim at measuring the
duration of anesthesia, almost all our patients maintained
profound local anesthesia until the 17th minute.

CONCLUSION

Within the limitations of the present study, it appears
that the addition of meperidine as an opioid to 2%
lidocaine with 1 : 100,000 epinephrine will not improve
the anesthetic efficacy of a periodontal ligament injection
in patients with irreversible pulpitis for whom an IANB
was ineffective despite lip numbness. Further random-
ized controlled studies on the local administration of
opioids alone or in combination of other agents for soft
tissue and pulpal anesthesia are highly recommended.
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