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EMLA in reducing pain during inferior alveolar nerve block in
schoolchildren: a randomized controlled trial
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OBJECTIVES: This study aimed to evaluate the efficacy of 5% EMLA cream and 8% lidocaine gel in reducing pain during inferior
alveolar nerve block (IANB) compared with 20% Benzocaine in children aged 6–10 years.
MATERIALS AND METHODS: This was a triple‐blinded, randomized, parallel‐group, active-controlled trial with three arms. 45
children were randomly assigned into 3 groups. Group 1: control group, 20% benzocaine gel (n= 15). Group 2: 8% lidocaine gel
(n= 15). Group 3: 5% EMLA cream (n= 15). Each topical anesthetic was applied in an amount of 0.3 mL using a cotton swab for
2 min, followed by IANB administration. The following primary outcome measures were considered: pulse rate, the face, legs,
activity, cry, consolability (FLACC) behavioral pain assessment scale, and the Wong-Baker FACES pain rating scale.
RESULTS: The mean score of the FLACC behavioral pain assessment scale in group 2 (2.20 ± 1.86) was slightly higher, but this result
was not statistically significant p= (0.806). Regarding the Wong-Baker FACES pain rating scale scores, no statistically significant
difference was noted between the study groups p= (0.593). After IANB administration, the mean pulse rate was higher in group 3
(102.40 ± 14.28). However, this difference was not statistically significant p= (0.351). In addition, the mean change of the pulse rate
from the baseline to this time point was not statistically significant p= (0.638), indicating a smaller physiologic response to the
painful stimulus.
CONCLUSION: 8% lidocaine gel was not superior to 20% benzocaine nor 5% EMLA in reducing pain during IANB administration.
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INTRODUCTION
Dental anxiety is a common issue among pediatric patients. In
2021, according to Grisolia et al. [1], the global prevalence of
dental phobia is estimated to be 25.8% among schoolchildren. In
addition, the fear of injection is the primary cause of dental
treatment avoidance [2, 3]. In 2018, according to McLenon and
Rogers [4], needle phobia was prevalent among 50% of children
and adolescents. The fear of needles is a real issue that needs to
be addressed [5]. Thus, dentists must identify effective methods of
managing pain to promote better oral health outcomes [2, 3].
Many non-pharmacological behavioral guidance techniques are

used to alleviate pain while performing inferior alveolar nerve
block (IANB), such as various audiovisual distraction techniques,
including virtual reality (VR) box [6, 7]. However, those techniques
were not widely acceptable among Syrian dentists [8]. According
to Cunningham et al. [9], a VR box increases anxiety during needle
insertion as it blocks the field of vision causing loss of control and
leading to discomfort when pediatric patients are in the supine
position. In addition, although the tell-show-do (TSD) technique is
considered the standard non-pharmacological behavioral gui-
dance method [10], according to Meshki et al. [11], the TSD
technique exaggerates dental anxiety. Various techniques have
been proposed to alleviate pain during injection, including
warming [12], adjusting the pH [13] and the rate of infiltration

of local anesthetic [14], pre-cooling the injection site [15], topical
anesthetics [16], and using modern devices, such as computer-
controlled anesthesia delivery system [17], DentalVibe [18], and
VibraJect [19]. However, to date, no standard method has been
adopted to relieve pain during injection [20].
Topical anesthetics are used to manage pain caused by various

dental procedures [16]. Topical anesthetics work by reversibly
blocking peripheral nerves at the administration site, and they
could be effective at a depth of 2–3mm [16]. There are various
types of topical anesthetics in dentistry, which are available in
spray, solution, gel, patch, and ointment forms [16]. According to
Fatani et al. [21], 83% of participants state that topical anesthetics
make dental injections less painful, and 82.2% are less anxious.
Lidocaine is a rapid onset amine–amide anesthetic. In addition,

it is widely acceptable due to its potency and low toxicity [22].
Lidocaine gel, to date, is the gold standard topical anesthetic. The
onset time of lidocaine is 2 min, and a duration of 15 minutes [16].
However, benzocaine was superior to lignocaine gel in relieving
pain during IANB [23], and it was the most favorite topical
anesthetic among dental practitioners [24]. In addition, although
lidocaine is as potent as benzocaine on alveolar mucus, its onset is
more delayed [16]. Benzocaine is an ester-based topical anesthetic
agent with a rapid onset time of 1 min and a duration of 10 min,
and it penetrates the mucosa to a depth of 2 mm [16].
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However, the main drawback of benzocaine is causing a rare yet
life-threatening condition known as methemoglobinemia [25]. In
addition, 8% lidocaine gel was superior to 2% lidocaine gel in
topical ocular anesthesia during intravitreal injection, and higher
lidocaine concentrations do not cause toxicity [26]. 8% lidocaine
spray was highly effective in reducing severe intraoral pain in
patients with trigeminal neuralgia without any adverse effects
[27]. However, 8% lidocaine gel effectiveness in alleviating pain
during dental injections has not been extensively studied.
A eutectic mixture of local anesthetics (EMLA) is a topical cream

containing a combination of 2.5% lidocaine and 2.5% prilocaine. EMLA
is a potent topical anesthetic cream that belongs to the amide group of
local anesthetics. It is known for its excellent pain reduction properties
and is commonly used in dermatology procedures. In addition, it has
been used on oral mucosa to reduce pain during minor dental
treatments [28, 29]. IANB is the most painful local anesthesia block due
to the deep needle insertion [30], and that makes EMLA cream our
concern to test because it has a melting point lower than room
temperature, causing it to become liquid oil. It enables EMLA to
penetrate intact skin or mucosa to a depth of 5mm [31]. However, its
relatively slow onset time of 5min and absorption are the main
disadvantages [32]. According to Svensson et al. [33], the potency of
EMLA is superior to that of 2% lidocaine after 2min on oral mucosa.
However, no study has ever compared 5% EMLA cream, 8% lidocaine
gel, and 20% benzocaine gel during IANB since studies in literature
only focus on topical anesthetic potency on palatine mucosa. Studies
comparing various topical anesthetics during IANB administration are
scarce. Hence, this study aimed to evaluate the efficacy of 5% EMLA
cream and 8% lidocaine gel in reducing pain during IANB compared
with 20% Benzocaine in children aged 6–10 years. The null hypothesis
is that 20%Benzocainewould not outperform 5% EMLA cream and 8%
lidocaine gel in reducing pain during IANB.

MATERIALS AND METHODS
Study design and ethics
This was a triple‐blinded, randomized, parallel‐group, active-controlled trial
with three arms. It was conducted from June 2023 to September 2023 at
the Department of Pediatric Dentistry, Damascus University. Ethical
approval was obtained from the ethical committee at Damascus University
(N3905). It was performed by the CONSORT statement [34] and Declaration
of Helsinki 2013 [35]. Written informed consent was obtained from

patients’ legal guardians before enrollment. The trial was registered at the
ISRCTN registry (ISRCTN11021678) on 07/11/2023.

Recruitment and eligibility criteria
Inclusion criteria.

1. Children aged 6–10 years.
2. Healthy children.
3. Children with no previous dental experience.
4. Children requiring IANB for non-urgent dental treatment.

Exclusion criteria.

1. Children are allergic to the anesthetic agents used.
2. Children with dental abscesses and/or fascial space infections.
3. Special health care needs children [36].

The CONSORT flow diagram is presented in Fig. 1. 49 children were
assessed for eligibility, and 4 were excluded. 45 children were randomly
assigned by an experienced pediatric dentist into 3 groups according to
the topical anesthetic used:
Group 1: control group, 20% benzocaine gel (Iolite, Dharma Research)

(n= 15).
Group 2: 8% lidocaine gel (KAB Max, Kab Pharma) (n= 15).
Group 3: 5% EMLA cream (COSMOCAINE Plus, Al-Fares Pharma) (n= 15).

Sample size calculation
The sample size was calculated using the G. Power 3.1.9 software (Heinrich‐
Hein‐Universität‐Düsseldorf; http://www.gpow-er.hhu.de/). Effect size
f= 0.4797282/α err prob= 0.05/Power (1‐β err prob)= 0.80/Number of
groups= 3/Total sample size= 45. The alpha level was chosen to be 0.05
because it is the most common standard cutoff used in medical research,
which means that the level of uncertainty about the study outcomes is 5%.
The majority of researchers are willing to accept [37]. The power was set at
80% because most clinical trials adjust the power at 80%, which means
that one in five times the statistical statistic will miss a significant
difference [38]. The effect size was determined based on a preliminary
study since it was calculated by dividing the mean difference of the two
populations by their standard deviation [39].

Randomization
Patients were randomized using the randomization online software https://
www.randomizer.org/ by creating a randomization list for the trial.

Fig. 1 CONSORT flow diagram. CONSORT flow digram for included participants in each group.
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A simple randomization method was applied to randomly allocate patients
into 3 groups in a ratio of 1:1:1 [40].

Blinding
This was a triple-blinded trial where patients, outcome assessors, and
data analysts were blinded to which experimental arms patients were
allocated. The patients and the outcome assessors were blinded by not
knowing the aim of the study and to which groups they were
randomized. The data analysts were blinded by terming the groups
with anonymous labels such as A, B, and C [41]. Blinding data analysts
helps reduce bias and improves the credibility of the findings. Moreover,
blinding as many people as feasible helps minimize bias in randomized
controlled trials. It was not possible to blind the providers due to the
differences in the physical properties of the materials used. A method of
concealing allocation prevents interference with the randomization
process, whereas blinding hides the results of the randomization.
However, allocation concealment can also be referred to as “randomiza-
tion blinding”.

Intervention and primary outcome measures
The participants were randomly assigned into 3 groups. The first group
received 20% benzocaine gel (control group). The second group
received 8% lidocaine gel. The third group received 5% EMLA cream.
Each topical anesthetic was applied in an amount of 0.3 mL [16] using a
cotton swab for 2 min [42] at the site of IANB administration after drying
the mucosa, and caution was taken not to cause the inhomogeneous
spreading of the substance on the skin of all participants by using a
small tip cotton swab. A conventional IANB was performed using
a dental carpule syringe (Dental carpule syringe, Dental Laboratorio) and
a 27-gauge x ¾ inch needle (Disposable Dental Needles, J Morita). The
needle was inserted between the pterygomandibular raphe and the
coronoid notch then aspiration was performed, and 1.8 mL of 2%
lidocaine with epinephrine 1:80,000 solution (2% Lidocaine HCL
Injection, Huons Co., Ltd, Seongnam) was deposited [43]. The maximum
dose for a patient is calculated by multiplying the patient’s weight by
the specific maximum dose per kilogram recommended for the local
anesthetic being used by the dentist [16]. The following primary
outcome measures were considered and evaluated by two blinded
outcome assessors:

Pulse rate assessment
Participants’ pulse rate was recorded using a finger pulse oximeter (Alpha,
Prolinx GmbH) at two time points: (1) at the baseline, before IANB
administration. (2) Immediately after IANB administration [44]. Pulse rate is
a physiological indicator of dental pain and anxiety in pediatric patients,
which is validated according to many studies [45, 46].

Behavioral pain assessment scale
The face, legs, activity, cry, consolability (FLACC) behavioral pain
assessment scale was recorded during IANB administration [47]. FLACC
was designed to objectively evaluate pain in pediatric patients since it
targets a population that lacks congestive and communication skills to
verbalize pain [48].

Pain rating scale
The Wong-Baker FACES pain rating scale was used to gauge the pain
experienced immediately after IANB administration. Children were
presented with a range of faces on the scale and asked to select the
one that accurately represented their pain level during the procedure [49].
The Wong-Baker FACES pain rating scale was used to measure self-
reported pain because it is easily perceived by pediatric patients as it
contains facial expression illustrations [50].
Outcome assessors were calibrated by assigning the average of the scores

given by the assessors who were evaluating the children. Cohen’s Kappa
coefficient values of intra-examiner and inter-examiner reliability were >0.8

Statistical analysis
Statistical analysis was carried out using the IBM SPSS software version 24
(IBM Corp.). Kolmogorov–Smirnov test was used to test the normality of
data [51], and the Kruskal–Wallis test was applied to test the differences
between study groups. Kruskal–Wallis test was applied because the data
was not normally distributed between more than two groups of
independent variables [52]. The significance level was set at p < 0.05.

RESULTS
A total of 49 children were assessed for eligibility, and 4 were
excluded. 45 children were randomly allocated into 3 groups

Table 1. Baseline demographic and clinical characteristics for each group.

Groups n Male Female Age

n % n % Mean SD

20% benzocaine gel 15 9 60.00 6 40.00 8.06 1.16

8% lidocaine gel 15 5 33.33 10 66.67 7.73 1.43

5% EMLA cream 15 12 80.00 3 20.00 7.33 0.89

Total 45 26 57.80 19 42.20 7.71 1.18

Fig. 2 Box plots of the pulse rate after IANB administration showing median, interquartile range, minimum, and maximum.

M. Karkoutly et al.

3

BDJ Open           (2024) 10:87 



(Fig. 1). More than half of the participants were male (n= 26,
57.80%). The mean age was 7.71 years (standard deviation [SD]
1.18; range 6–10 years).
The pulse rate assessment of the study participants is listed in

Table 1. No statistically significant difference was noted between
the pulse rates at the baseline p= (0.243), suggesting that the
subjects were homogenous in terms of dental anxiety at the
baseline. After IANB administration, the mean pulse rate was
higher in group 3 (102.40 ± 14.28) compared with the other
groups. However, this difference was not statistically significant
p= (0.351) (Fig. 2). In addition, the mean change of the pulse rate
from the baseline to this time point was not statistically significant
p= (0.638), indicating a smaller physiologic response to the
painful stimulus.
The pain scores of the participants are listed in Table 2. The

mean score of the FLACC behavioral pain assessment scale in
group 2 (2.20 ± 1.86) was slightly higher compared with the other
groups, but this result was not statistically significant p= (0.806).
Regarding the Wong-Baker FACES pain rating scale scores, no
statistically significant difference was noted between the study
groups p= (0.593). However, the mean score of group 3
(1.87 ± 2.97) was slightly higher compared with the other groups
Table 3.

DISCUSSION
Dental pain is a common problem among individuals of all ages. It
often leads to avoiding dental visits, which can damage oral
health. One of the main factors contributing to dental pain is the
discomfort during dental procedures, particularly needle injec-
tions [2, 3]. Therefore, several methods were used to relieve pain,
such as distraction techniques and the application of topical
anesthesia [6, 7]. Therefore, dentists must find the best topical
anesthesia to alleviate pain during treatments [2, 3]. Thus, this
study aimed to evaluate the efficacy of 5% EMLA cream and 8%
lidocaine gel in reducing pain during IANB compared with 20%
Benzocaine in children aged 6–10 years. To the best of the
authors’ knowledge, no study has ever evaluated the efficacy of
the previous topical anesthetics in reducing pain during IANB in
pediatric patients.
This study included children aged 6–10 years because they are

typically cooperative. In addition, they can express their pain levels
accurately using pain scale measurements [53, 54]. Pulse rate was
assessed in this study since it is a physiological indicator of
anxiety. Research has shown that children undergoing dental
treatment present increased pulse rates due to the fear and
anxiety [44, 55]. The second scale used was the FLACC behavioral
pain assessment scale, which provides an objective method
for pain assessment. This scale is reliable and accurate in assessing
pain in various populations, including young children [47, 56].

Wong-Baker Faces Pain Rating Scale was used to measure self-
reported pain, which is favorable to the children [49, 57]. IANB is
the most used effective anesthetic technique for various
treatments in primary dentition, yet the most painful and
unpleasant [58]. Therefore, several techniques were suggested
to alleviate pain during injection [6–20]. The most frequently used
among them is topical anesthetics [29].
In this study, 8% lidocaine gel was used due to its fast onset,

low toxicity, and potency [26, 27]. In addition, 20% benzocaine gel
was used because it is widely used and acceptable among dental
practitioners [24]. However, benzocaine could cause various side
effects, such as methemoglobinemia, soft tissue swelling, and
allergic reactions [59]. 5% EMLA cream was used due to its
potency in reducing pain during minor dental procedures and
palatal needle injections [28]. Each topical anesthetic was applied
for 2 min, which is similar to the Bhalla et al. [42] study.
In the current study, the mean change of the pulse rate from

the baseline to post-IANB administration was not statistically
significant, indicating a smaller physiologic response to the painful
stimulus. Therefore, the three topical anesthetics are equally
effective in reducing during IANB administration. In this study, the
mean score of FLACC indicated that IANB injection was less painful
with 5% EMLA, but this result was not significant. Regarding the
Wong-Baker FACES pain rating scale scores, the mean score of the
5% EMLA group was slightly higher compared with the other
groups. However, no statistically significant difference was noted
between the study groups. This result is consistent with the one
stated by Dasarraju et al. [60] study, which concluded that 20%
benzocaine gel is not superior to 5% EMLA in reducing pain
during palatal injection. However, each topical anesthetic was
applied for 1 min in Dasarraju et al. [60] study. In addition, Patil
et al. [61] suggested that EMLA cream is equally effective to 2%
lidocaine gel in reducing pain during needle insertion. Further-
more, according to Kotian et al. [62], 5% lidocaine gel and 20%
benzocaine gel are equally effective in reducing pain during IANB
administration.
The result of the current study was in contrast with Nair et al.

[23] findings, which concluded that 20% benzocaine is more
effective than 2% lidocaine in reducing pain during IANB
administration. However, the lidocaine concentration that was
used in the current study is higher than the one used in the Nair
et al. study. In addition, Milani et al. [63] suggested that 5% EMLA
cream is superior to 20% benzocaine gel in maxillary infiltration
injection for canine teeth. Moreover, according to Abu Al-Melh
et al. [64], 5% EMLA is highly effective in alleviating pain during
palatine injection compared to 20% benzocaine. Similarly,
according to Maldonado-Ramírez et al. [65], a 5% EMLA patch
was more effective than 20% benzocaine. The differences
between the previous results could be attributed to the fact that
pain is influenced by several psychological factors. In addition, the

Table 2. Comparison of the pulse rates between the groups.

Variables 20% benzocaine gel
Mean ± SD

8% lidocaine gel
Mean ± SD

5% EMLA cream
Mean ± SD

DF p Value

Pulse rate at the baseline 92.40 ± 12.33 95.07 ± 16.78 99.40 ± 9.70 2 0.243

Pulse rate after IANB
administration

95.47 ± 15.68 99.13 ± 12.70 102.40 ± 14.28 2 0.351

Pulse rate difference
(after IANB - baseline)

3.07 ± 16.39 4.07 ± 12.12 3.00 ± 13.04 2 0.638

Table 3. Comparison of the Wong-Baker FACES and FLACC scales between the groups.

Variables 20% benzocaine gel Mean ± SD 8% lidocaine gel Mean ± SD 5% EMLA cream Mean ± SD DF p Value

FLACC 2.00 ± 1.65 2.20 ± 1.86 1.87 ± 1.92 2 0.806

Wong-Baker FACES 0.67 ± 0.98 1.73 ± 2.49 1.87 ± 2.97 2 0.593
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pain induced during local anesthetic administration could be
confounded according to the injection rate, anesthetic solution
pH, and the buffering capacity of the tissues [60].
In the current study, the administration of local anesthetic was

performed slowly at approximately 1 mL/min because. According
to de Souza Melo et al. [14], slow injections are associated with
less pain and discomfort. However, in the current study, 2%
lidocaine with epinephrine 1:80,000 solution was used that has
approximately an acidic pH of 4. According to Sadananda et al.
[66], causes greater pain sensation. The previous fact can justify
the similar potency of the three topical anesthetics used in the
current study. The injection is painful regardless of the topical
anesthetic used. Thus, the null hypothesis in the current study was
accepted since 20% of benzocaine did not outperform 5% of
EMLA cream and 8% of lidocaine gel in reducing pain during IANB.
The strength of this study lies in its random allocation of

participants into different groups. It helps minimize bias and
increase the internal validity [67]. Additionally, the use of both
physiological and behavioral scales provides a comprehensive
assessment of the children’s responses to dental anxiety and pain
[46]. However, this study has limitations. First, the narrow age
range of participants may limit the generalizability of the findings
[68]. Second, the current pain measurement tools can fail to report
pain accurately. The Wong-Baker FACES pain rating scale is prone
to self-report bias [57], and the FLACC behavioral pain assessment
scale is subject to fake pain expressions [69]. It is recommended to
test other topical anesthetic formulations. In addition, to assess
pain using different pain measurement tools for children, such as
artificial intelligence [70]. Furthermore, it could be beneficial to
conduct future trials comparing conjunction approaches to pain
management during dental injections.

CONCLUSIONS
Based on our findings, applying topical anesthetic before IANB
reduces pain in pediatric patients. However, 8% lidocaine gel was
not superior to 20% benzocaine nor 5% EMLA in reducing pain
during IANB administration.

DATA AVAILABILITY
The datasets generated during and/or analyzed during the current study are available
from the corresponding author on reasonable request.
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