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The aim of this study was to provide an evidence-based answer to the question: ‘‘Is 3.6-mL volume of an anesthetic
agent more effective than 1.8-mL volume in providing anesthesia for mandibular molars?’’ Following formulation of
research question and keyword selection, a comprehensive search of the following databases was conducted: Cochrane
library, PubMed, Scopus, Google Scholar, ProQuest, and Clinicaltrials.gov. Three-phase eligibility appraisal and
quality assessment of the studies were carried out by 2 independent reviewers. To reduce clinical heterogeneity, the
included studies were divided into 2 groups: studies on healthy teeth and studies on teeth with pulpitis. The data of
included studies were statistically combined through meta-analysis using a fixed-effects model. A total of 20,778
records were initially retrieved from the search. Following screening and eligibility assessment, 8 studies met the
eligibility criteria and were included for qualitative synthesis. Of those, 5 studies were qualified for meta-analysis. In
the irreversible pulpitis group, increasing the volume of anesthetic agent from 1.8 to 3.6 mL significantly increased the
success rate of inferior alveolar nerve block (risk ratio ¼ 2.45, 95% CI: 1.67–3.59, p , .001). However, there was
insufficient evidence to draw a conclusion regarding healthy teeth.
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Providing profound pulpal anesthesia is still a
challenge in endodontics. This problem is more

pronounced in inflamed mandibular posterior teeth. The
inferior alveolar nerve block (IANB) is the most
commonly used technique for anesthetizing mandibular
posterior teeth. However, it has the highest percentage
of clinical failure among mandibular anesthetic tech-
niques, even when it is administered properly.1,2 Failure
rates of 10–61% in uninflamed teeth to over 70% in
teeth with inflamed pulps have been reported.3–8

Various methods have been proposed to increase the
success rate of IANB, including supplemental buccal
and/or lingual infiltrations,9 the use of various anes-
thetic agents and injection techniques,7,10–12 supplemen-

tal intraligamental or intraosseous injections,12 and
increasing the volume of anesthetic agents.5,13–16 The

latter approach is based on the hypothesis that a

sufficient length of axon should be exposed to anesthetic

agent for effective blockade of nerve impulses.11,13 In

IANB, the anesthetic agent is deposited in pterygoman-

dibular space to target the inferior alveolar nerve before

entering the mandibular foramen. According to this

hypothesis, increasing the volume of anesthetic agent
exposes greater length of the inferior alveolar nerve to

higher concentration of the agent, thereby providing

more profound anesthesia.

The efficacy of this approach in clinical condition has

been the focus of several studies. Yared and Dagher17

evaluated the success rate of IANB in teeth with

uninflamed pulps using 3.6 mL of 2% lidocaine with 3

different concentrations of epinephrine. They found no
difference between success rates of 3 formulations. The

authors retrospectively compared the results of their

study with the data of another study18 with similar

methodology that used 1.8 mL of 2% lidocaine. They

found a statistically higher success rate of IANB with
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3.6-mL in comparison to 1.8-mL volume. However, 2
subsequent randomized controlled clinical trials
(RCTs)14,15 failed to show any significant difference
between 3.6 and 1.8 mL of anesthetic solution in healthy
uninflamed mandibular teeth.

Similar studies on teeth with irreversible pulpitis also
showed conflicting results. In a retrospective study on
data of 7 previous researches, Fowler and Reader19

concluded that success rates of 3.6 and 1.8 mL of 2%
lidocaine were not significantly different in teeth with
irreversible pulpitis. This was in agreement with the
results of an RCT by Parirokh et al.16 However, 2
subsequent RCTs carried out on patients presenting
with irreversible pulpitis showed a higher success rate of
3.6- compared to 1.8-mL volume.5,13

The conflicting results of the studies regarding the
effect of different volumes of anesthetic agents on the
success rate of IANB and the lack of any systematic
review on this issue justify conducting the present study.
Therefore, this study was designed as a systematic
review and meta-analysis of the available evidence to
answer the question whether 3.6-mL volume of an
anesthetic agent is more effective than 1.8-mL volume in
providing anesthesia for mandibular molar teeth.

METHODS

This systematic review and meta-analysis followed the
Preferred Reporting Items for Systematic Review and
Meta-Analysis Protocols.20,21

Formulating Research Question and Selection of

Keywords

The Population, Intervention, Comparison, and
Outcome question defined in this systematic review
was: ‘‘Is 3.6-mL volume of an anesthetic agent (I) more
effective than 1.8-mL volume (C) in providing anesthe-
sia (O) for mandibular molar teeth (P) in IANB?’’

Based on this question, the following keywords and
MeSH terms were selected: local anesthesia, mandibular
block, inferior alveolar nerve block, mandibular molar,
mandibular posterior teeth, anesthetic success, anesthetic
volume(s), and anesthesia volume(s). Both spellings of
‘‘anesthesia’’ and ‘‘anaesthesia’’ were separately searched.

Eligibility Criteria

The included studies were RCTs that compared the
anesthetic efficacy of different volumes of anesthetic

agents for IANB in adult patients. Only the studies that
evaluated the anesthetic success in mandibular molars,
either with healthy pulp or with irreversible pulpitis,
were included. The retrospective studies that used the
data of similar previous studies were also included. The
studies that used anesthetic delivery routes other than
IANB were excluded.

Search Strategy

A comprehensive search of the following electronic
databases was conducted: Cochrane library, PubMed,
Scopus, and Google Scholar. The selected keywords and
MeSH terms were individually searched or combined
using Boolean operators. To cover the gray literature,
ProQuest and Scopus were searched to identify relevant
theses and conference proceedings, respectively. Addi-
tionally, the www.clinicaltrials.gov Web site was
searched to identify unpublished completed RCTs. The
search was also supplemented by hand searching major
textbooks: Handbook of Local Anesthesia,22 Cohen’s
Pathways of the Pulp,23 and Ingle’s Endodontics.24

Reference lists of the selected articles were also scanned
to identify relevant studies (backward search). Forward
reference searching was also performed to identify the
relevant studies that cited the selected articles. No
language or time restrictions were applied.

All searches were conducted on March 1–3, 2016. To
identify the studies published from that time until the
completion of critical assessment stage on July 1, 2016,
automated search with e-mail alert was activated in each
search engine.

Study Selection Process

The screening and eligibility assessment of studies
were conducted in a 3-phase process. In initial screening
(phases 1 and 2), the titles and abstracts of the retrieved
studies were reviewed by 2 independent endodontists
(first and second authors). In phase 3 (detailed
appraisal), the full texts of selected articles were
reviewed by the same reviewers. In each stage, the
irrelevant studies that did not meet the eligibility criteria
were excluded. Any disagreement between the reviewers
was resolved by the means of discussion.

Data Extraction Process

For the purpose of data extraction, the included
studies were divided into RCT or non-RCT studies. In
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the RCT group, one reviewer (first author) extracted
the data directly from the full text of the articles to a
structured data extraction table. The second reviewer
(second author) verified the extracted data and
confirmed its accuracy. Any disagreement between
reviewers was resolved by discussion. The following
data were extracted from each included study: main
article information (authors, year, title, journal) and
study characteristics (study design, sample size, sex
distribution and mean age of the participants, preop-
erative pulp diagnosis, tooth type, anesthetic agent
used and its dosage, definition of anesthetic success and
method used to assess it, method of randomization,
allocation concealment, and blindness, and findings of
the study).
The non-RCT group included retrospective studies

that compared the success rates of the 2 volumes in
different previous studies. In each study, either 1.8 or
3.6 mL of anesthetic agent was used as control solution
for IANB. Full texts of all the included articles in each
retrospective study were appraised by 2 reviewers (first
and third authors), and relevant data were extracted
into an extraction table similar to RCT studies. The
accuracy of the reported results was checked by critical
assessment and statistical analysis of the data. Any
disagreement between reviewers was resolved by
discussion.

Quality Assessment

Risk of bias assessment of included studies was
carried out by 2 independent reviewers (first and second
authors) using a standard table based on the Cochrane
tool for assessing risk of bias.25 Any disagreement
between 2 reviewers was resolved by discussion. In this
table, selection bias involves bias in random sequence
generation and/or allocation concealment. To evaluate
performance bias, blindness of participants and person-
nel is evaluated. To appraise detection bias, blindness of
outcome assessors is evaluated. Attrition bias and
reporting bias are also detected through incomplete
outcome data and selective reporting, respectively.

Synthesis of the Results

The definition of anesthetic success in studies on
healthy teeth was different from that in studies on teeth
with irreversible pulpitis. Therefore, to reduce clinical
heterogeneity, the included studies were divided into 2
groups: studies on healthy teeth and studies on teeth
with irreversible pulpitis.

The outcome variable was dichotomous (success,

failure). Thus, risk ratio (RR) was used as the outcome
measure of study effects. Statistical heterogeneity was

assessed by using I2 statistics. A value greater than 50%
was considered an indicator of substantial heterogeneity

between studies.26 In each group, the data of studies
were statistically combined through meta-analysis using

a fixed-effects model. The difference between 2 anes-
thetic volumes was graphically expressed in a forest plot.

Finally, we carried out retrospective statistical power

analysis in each group.

RESULTS

Study Selection

The Preferred Reporting Items for Systematic

Review and Meta-Analysis Protocols flow diagram
depicting the process of article inclusion is shown in

Figure 1. A total of 20,778 records were retrieved
through initial search of electronic databases, main

textbooks, gray literature, and forward and backward
hand searching. Following exclusion of duplicates,

20,046 records were entered in phase 1 screening. A
total of 20,012 records were excluded in the phase 1

and 2 screening process (interreviewer agreement, j ¼
0.93). Full texts of the remaining 34 papers were

assessed in phase 3.

Additionally, 87 articles were retrieved through

automated search alerts during the eligibility assessment
and critical appraisal process. All these recently

published articles were excluded during phase 1 and 2
screening. Finally, 8 studies fulfilled the eligibility

criteria and were included for qualitative synthesis. Of

those, 5 studies were qualified for meta-analysis.

Characteristics of Studies

The main characteristics of included studies are

summarized in Table 1. The studies consisted of 4 articles
on healthy teeth and 4 articles on teeth with irreversible

pulpitis. There was no limitation in definition of
outcome—anesthetic success—in eligibility criteria. How-

ever, in all the studies on healthy teeth, anesthetic success

had been defined as 2 consecutive negative responses to
maximum output of electric pulp tester within 15 minutes

that had been continuously sustained for 55–60 min-
utes.3,14,15,17 On the other hand, in all the papers on teeth

with irreversible pulpitis, anesthetic success had been
defined as no pain or mild/weak pain during endodontic

access preparation and instrumentation according to
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patient-reported pain scores (Heft-Parker visual analogue
scale �55 mm).5,13,16,19

Of the included studies, 3 articles—2 studies on

healthy teeth and 1 on teeth with pulpitis—were not

RCT studies and had retrospective design. Therefore,

they were not entered in the final meta-analysis.

Quality Assessment Results

Risk of bias assessment of the included RCTs is

shown in Table 2. In 3 studies, the risks were low across

all categories.13,14,16 Two studies, one on healthy teeth

and the other on irreversible pulpitis, had a single-blind

design. Thus, risk of detection bias was evaluated as

high in these studies. Any conflict of interest was denied

in 4 studies3,5,13,19 and not mentioned in the other 4

studies.14–17

Synthesis of the Results

Heterogeneity test showed homogeneity of the results

in healthy and pulpitis groups (I2¼ 0.00). Therefore, in

Figure 1. Preferred Reporting Items for Systematic Review and Meta-Analysis Protocols flow diagram of study inclusion process.
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each group, the data were statistically combined using a

fixed-effects model (Figure 2).

In the healthy teeth group, there was no statistically

significant difference between success rates of 3.6- and

1.8-mL volumes (RR ¼ 1.05, 95% CI: 0.75–1.45, p ¼
.704).

In the irreversible pulpitis group, increasing the

volume of anesthetic agent from 1.8 to 3.6 mL

significantly increased the success rate of IANB (RR ¼
2.45, 95% CI: 1.67–3.59, p , .001).

To evaluate the effect of the study with high risk of

bias5 on overall results, sensitivity analysis was per-

formed in this group by conducting a meta-analysis that

excluded that study. The sensitivity analysis showed that

exclusion of the study in question did not substantially

alter the overall study results (RR¼ 2.68, 95% CI: 1.70–

4.22, p , .001, I2 ¼.0%).

The retrospective power analysis showed that the

overall power was 85%; however, the statistical powers

in healthy and pulpitis groups were 5 and 97%,

respectively. Therefore, in the healthy group, given the

number of studies and the average within-study sample

size in those studies, power to detect the smallest

important effect was low (approximately .05).

DISCUSSION

The aim of the present systematic review was to clarify

whether doubling the volume of anesthetic agents for

IANB provides more successful anesthesia for mandib-

ular molars. To find an evidence-based answer, a

comprehensive search of various databases was con-

ducted using multiple search strategies. An important

information source that is frequently overlooked in

systematic reviews is gray literature. It consists of theses,

reports, conference proceedings, and unpublished stud-

ies. Missing this source of information is a cause of

publication bias in systematic reviews.27 To address the

issue in the present study, a thorough search of Scopus

and ProQuest databases and the www.clinicaltrials.gov

Web site was carried out. Another potential source of

Table 1. Characteristics of Studies That Compared the Anesthetic Success Rate of 2 Volumes of Anesthetic Agents for Mandibular
Molars

Author, y Study Design Sample Size
Anesthetic Volumes

Compared
Reported Anesthetic

Success Rates

Studies on healthy teeth
Yared and Dagher,17 1997 Retrospective 30 1.8 vs 3.6 mL lidocaine 47% for 1.8 mL

77% for 3.6 mL
Vreeland et al,14 1989 Double-blind RCT 30 1.8 vs 3.6 mL lidocaine 63.3% for both volumes
Nusstein et al,3 2002 Retrospective 274 (1.8 mL)

110 (3.6 mL)
1.8 vs 3.6 mL lidocaine 53% for 1.8 mL

44% for 3.6 mL
Wali et al,15 2010 Single-blind RCT 30 1.8 vs 3.6 mL lidocaine 33% for 1.8 mL

40% for 36 mL
Studies on teeth with pulpitis
Parirokh et al,16 2010 Double-blind RCT 27 (1.8 mL)

28 (3.6 mL)
1.8 vs 3.6 mL lidocaine 14.8% for 1.8 mL

39.3% for 3.6 mL
Aggarwal et al,5 2012 Single-blind RCT 27 (1.8 mL)

28 (3.6 mL)
1.8 vs 3.6 mL lidocaine 26% for 1.8 mL

54% for 3.6 mL
Fowler and Reader,19 2013 Retrospective 190 (1.8 mL)

290 (3.6 mL)
1.8 vs 3.6 mL lidocaine 28%* for 1.8 mL

39%* for 3.6 mL
Abazarpoor et al,13 2015 Double-blind RCT 40 1.8 vs 3.6 mL articaine 27.5% for 1.8 mL

77.5% for 3.6 mL

* The percentages are exactly the same figures reported by Fowler and Reader19; however, they need reassessment. RCT
indicates randomized controlled clinical trial.

Table 2. Risk of Bias Assessment of Studies According to the Cochrane Collaboration’s Tool

Author, y

Selection bias

Performance
Bias

Detection
Bias

Attrition
Bias

Reporting
Bias

Random Sequence
Generation

Allocation
Concealment

Vreeland et al,14 1989 Low Low Low Low Low Low
Wali et al,15 2010 Low Low Low High Low Low
Parirokh et al,16 2010 Low Low Low Low Low Low
Aggarwal et al,5 2012 Low Low Low High Low Low
Abazarpoor et al,13 2015 Low Low Low Low Low Low

20 Volume of Anesthetic Agents and IANB Success Anesth Prog 65:16–23 2018



publication bias in systematic reviews is duplicate
studies.27 In the present study, the duplicates were
detected and excluded using Endnote-X5 software
(Thompson Reuters, NY) and carefully appraising the
full texts of included studies.

In this systematic review, the included studies were
categorized in 2 groups: healthy and pulpitis. Achieving
profound pulpal anesthesia in inflamed teeth is more
difficult than in teeth with healthy pulp.28 Meanwhile, as
mentioned earlier, the definition of anesthetic success
was different in these 2 groups. Therefore, this grouping
of included studies resulted in substantial reduction of
clinical heterogeneity within each group. Also, I2

statistics revealed statistical homogeneity in each group.
In the present study, 3 articles that met the inclusion

criteria were not included in the final meta-analysis. Of
these, 2 articles were on healthy teeth,3,17 and 1 was on
teeth with irreversible pulpitis.19 In the first article,
Nusstein et al3 used the data from the 13 previously
reported studies on healthy teeth. In each study, either
1.8 or 3.6 mL of 2% lidocaine had been used as the
control solution for the IANB. Nusstein et al3 compared
the anesthetic efficacies of the 2 volumes in these studies.
The authors concluded that the success rates of 1.8 and
3.6 mL for IANB were not significantly different (53 and
44%, respectively). That study was not a typical RCT
because groups from different studies with different
patient populations had been compared with each other.
Therefore, it was not included in the final meta-analysis.
Another study that was not included in the meta-

analysis also used the data of 2 separate studies.17 It
showed enhanced anesthetic efficacy with increasing
anesthetic agent volume (47 and 77% success rate for 1.8
vs 3.6 mL, respectively). The third study that was not
included in meta-analysis because of its retrospective
design was Fowler and Reader’s19 study. They used the
data of 7 separate studies. Careful assessment of the
included studies revealed that for some studies, the
anesthetic volumes reported were not accurate.7,29

Meanwhile, some of the included studies also used
supplemental long buccal injection.6,8,30,31

The first finding of the present meta-analysis was that
increasing the anesthetic volume does not improve the
anesthetic efficacy in healthy mandibular molars.
However, as mentioned, given the small number of
studies and the average within-study sample size in those
studies, power to detect the smallest important effect
was low. Therefore, the most reasonable conclusion to
be drawn from this result is that we currently do not
have enough information to judge adequately whether
increasing the volume of anesthesia has a meaningful
effect on success rate of IANB in healthy teeth.

Mandibular anesthesia via the IANB has a relatively
low success rate.3–8,11 This was also shown in the present
systematic review. Several reasons have been proposed
for this low success rate, including patient anxiety and
fear,11 inaccurate injections,11,28 needle deflection,11,28

cross-innervations,4 and accessory innervations from
long buccal, lingual, mylohyoid, or transverse cervical
nerve.11,32–35 However, the exact reason is still unclear.

The second finding of this meta-analysis is that
doubling the anesthetic volume for IANB improves
the anesthetic efficacy in irreversibly inflamed mandib-
ular molars. The success rate of IANB in teeth with
irreversible pulpitis is substantially lower than that in
healthy teeth.34,36,37 One hypothesis to explain this lower
success rate is that the nerves arising from the inflamed
pulps have altered resting potential and reduced
excitability threshold.28,38,39 Thus, the anesthetic agents
have trouble in preventing the transmission of impuls-
es.38,40 This hypothesis may also explain the second
finding of the present study. There is another theory that
can help explain the second finding. As mentioned,
sufficient length of nerve trunk should be exposed to
anesthetic agents for complete blockade of impulse
transmission.41 Therefore, it has been suggested to fill
the pterygomandibular space with the anesthetic solu-
tions so that the maximum length of the inferior alveolar
nerve is exposed to the agent.5,42 Based on this theory,
3.6 mL of anesthetic solution theoretically provides
higher amount of anesthetic agent around inferior
alveolar nerve trunk.5,42

Certainly, this systematic review has its own limita-
tions. First, only the studies on mandibular molars were

Figure 2. Forest plot of risk ratios (95% CI).
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included in this review. Thus, it is recommended not to
generalize the findings of this study to all mandibular
teeth. Second, the available studies on different anes-
thetic volumes only evaluated lidocaine and articaine,
and there are no data on other anesthetic agents. It is
unclear whether these results differ with different
anesthetic agents or not. Therefore, the findings of this
systematic review should be generalized to other
anesthetic agents with caution.
In conclusion, increasing the anesthetic volume

improves the anesthesia in mandibular molars with
irreversible pulpitis. However, more studies are needed
to draw a conclusion on healthy teeth. The overall
anesthetic success rate for irreversibly inflamed man-
dibular molars even with greater volumes is low, and
supplemental anesthetic techniques are frequently re-
quired to ensure pain-free endodontic treatment of these
teeth.
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