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ABSTRACT
Introduction: An effective pain control significantly contributes to an optimal dental treatment in 

pediatric dentistry. This study was conducted to compare children’s pain perception and behavioral feedback 
during local anesthetic injection accompanied with counter-irritation, refrigerant, ice precooling or topical 
benzocaine. 

Methods: This study was conducted on 99 children who needed dental treatment in bilateral maxillary 
primary molars by local anesthesia. Subjects were randomly assigned to three groups, in which the injection 
site was prepared using counter-irritation in group I, ice precooling in group II, and refrigerant spray 
precooling in group III. In all three groups, 20% benzocaine gel was used in the injection site of opposite 
quadrant as a control. The perceived pain and behavioral feedback of children during injection were 
evaluated using the visual analogue scale (VAS) and sound, eye, and motor (SEM) indexes. Sign and 
Kruskal-Wallis tests were used to analyze data at a significance level of P < 0.05.
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INTRODUCTION

An effective pain control significantly 
contributes to an optimal dental 
treatment in pediatric dentistry (1). 
Proper pain prevention may enhance 
the child’s cooperation by building 

dentist-child trust and alleviating fear and/or 
anxiety during the current or future visit(s) (2). In 
children, dental anxiety or fear can be an impor-
tant barrier to accepting and tolerating treat-
ment, being also a major underlying factor of 
behavior management problems (3, 4). Impro-
per pain control will also prolong the duration of 
dental treatment due to the child’s uncoopera-
tive behavior (5). Therefore, local anesthesia and 
pain control form the backbone of pleasant den-
tal treatment for children. 

On the other hand, local anesthesia admini-
stration is an anxiety-provoking procedure for 
children because of its pain (3, 6). Several tech-
niques have been suggested to reduce pain 
caused by the administration of local anesthesia 
including topical anesthesia, distraction method, 
warming the anesthetic solution, regulation of 
the injection rate, buffering anesthetic agent, 
counter-irritation and local precooling with re-
frigerant spray (7-12). Topical anesthesia has 
been widely encouraged as a method for redu-
cing pain associated with needle insertion (11). 
Distraction during injection is suggested as an-
other favorable method to decrease children’s 
distress and pain perception during local anes-
thesia injection (1). Counter-irritation is per-
formed as a vibrational stimulation by the cot-
ton-roll or dental mirror and causes the 
obstruction of pain signal due to the local anes-

thetic injection resulting in a less painful injec-
tion (12, 13). 

Behavioral feedback of the child during den-
tal injection and treatment can be affected by 
many factors, including self-concept and pre-
vious experience, pain caused by injection and 
anxiety of unfamiliar tools such as syringe (3, 8, 
14, 15). The more familiar tools and pain control 
methods are used for injection, the less do chil-
dren experience fear and anxiety, which would 
provide a better behavioral feedback (8). 

The aim of this study was to compare the ef-
fect of counter-irritation, refrigerant and ice-pre-
cooling techniques with topical benzocaine on 
children’s pain perception and behavioral feed-
back during local anesthetic injection. 

MATERIALS AND METHODS

This randomized controlled clinical trial was 
approved by the Ethical Committee of Dental 

School (Ethical Code: TBZMED.REC.13960100) 
and was registered in the national Registry of 
Clinical Trials (IRCT2017020831608N2). Guide-
lines of the Consort Statement were followed. 
Prior to inclusion, parents of the selected chil-
dren received both written and verbal informa-
tion about the study procedure as well as poten-
tial treatment risks and benefits, and a written 
consent was obtained (16). Children agreed to 
participate.

Participants  

Considering a=0.05, power=80% (17), and a 
mean difference of 1.5 units in children’s beha-
vior feedback score between precooling and 
benzocaine gel methods, with SD of 2.18 and 
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Results: The perceived pain was significantly lower when using benzocaine compared to the other 
three methods (P < 0.05). Behavioral feedback of children when using benzocaine was not significantly 
different from the counter-irritation method (P=1.00). However, behavioral feedback with counter-irritation 
was significantly better than precooling (P < 0.05). Counter-irritation was significantly more effective 
than precooling methods in reduction of pain perception and improvement of behavioral feedback  
(P < 0.05).

Conclusions: The perceived pain was significantly lower when the benzocaine method was used. 
Behavioral feedback was significantly better with benzocaine and counter-irritation methods compared to 
precooling procedures.

Keywords: behavioral feedback, counter-irritation, pain perception, precooling.
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2.13, according to the 
study of Lathwal et al 
(7), 33 patients were 
needed in each group. 
Between October 2017 
and March 2018, 
99 children from pa-
tients referred to the de-
partment of Pediatric 
Dentistry at the School 
of Dental Medicine 
were included in the 
current study. 

Children aged 6-10 
with no previous dental 
treatment history and 
bilateral maxillary pri-
mary molars, who required local anesthesia in-
jection for restorative treatment, met the esta-
blished inclusion criteria. Patients with a history 
of systemic or psychological diseases, allergic re-
action to local analgesics, any abscess or fistula in 
the buccal or palatal regions adjacent to injec-
tion area, or dental behavior management pro-
blems were excluded.

Study procedure

The study comprised two consecutive sessions. 
In the first session, the Tell Show Do method was 
employed for all children to allow them become 
more familiar with the dental environment, in-
struments and procedures. Thereafter, subjects 
received prophylaxis followed by a professional 
topical fluoride therapy (18). The included pa-
tients were randomly allocated to three groups 
(33 patients per each group) for the second ses-
sion. Randomization software (RandList, 
ver  sion 1.2; DatInf GmbH, Tubingen, Germany) 
was used to generate random allocation list (19). 

Treatment modality of each injection site in 
each patient was determined by toss of a coin 
prior to treatment administration. The injection 
sites were wiped off the mucosa and saliva, and 
isolation was maintained using cotton rolls and 
suction tips. In group I, one injection site was 
treated by counter-irritation prior to local anes-
thesia using the tip of the dental mirror for thirty 
seconds. In group II, one injection site was pre-
pared by ice-precooling over the buccal mucosal 
surface for one minute. In group III, one injec-
tion site was prepared by pre-cooling with refri-

gerant spray (Coltene Whaledent, NJ, USA) be-
fore the local injection for five seconds. In all 
patients, a thin layer of 20% benzocaine gel 
(Dentonics, Inc., Monroe, NC, USA) was applied 
topically to the injection site on the opposite side 
for one minute as a control (7). Then, an expe-
rienced pediatric dentist performed a local anes-
thesia injection (2% lidocaine and 1/80,000 epi-
nephrine) on both sides with buccal infiltration 
technique, using a 25 mm gauge needle (Tech-
nophar s.p.a., Delebio, Italy). 

Patients’ behavioral feedback during injec-
tion was evaluated by another pediatric dentist 
who had been previously calibrated (κ=0.82) 
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TABLE 1. SEM (sound, eye and motor) index for child behavior analysis

FIGURE 1. Visual Analogue Scale (VAS) index
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and not involved in the study, using the sound, 
eye, and motor (SEM) index (Table 1). Patients 
graded the pain caused by injection using a vi-
sual analog scale (VAS) (Figure 1) (7).

Statistical analysis

Data were tested for normality and the sign test 
was used to analyze children’s pain perception 
and behavioral feedback with the three test 
techniques (counter-irritation, ice- or spray re-

frigerant-precooling) compared to benzocaine 
group. Kruskal-Wallis test was used to compare 
the three test techniques to each other. Statistical 
analysis was performed using SPSS statistical soft-
ware version 17 (Chicago, Illinois, USA) at a sig-
nificance level of 0.05. 

RESULTS

Pain perception during injection was signifi-
cantly lower in the benzocaine group com-

pared to the other three techniques, as indicated 
by VAS score. Means, SDs and exact p-values are 
shown in Figure 2. The minimum, median and 
maximum values of VAS scores are summarized 
in Table 2. The comparison among counter-irri-
tation, refrigerant and ice precooling techniques 
showed that the mean difference in pain percep-
tion in the counter-irritation group was signifi-
cantly lower than the other two techniques. 
However, there was no significant difference be-
tween the refrigerant and ice precooling tech-
niques in terms of pain perception. Mean diffe-
rences, SDs and exact p-values are shown in 
Figure 2.

TABLE 2. The minimum, median and maximum values of VAS score

FIGURE 2. Means, SDs and exact p-values of VAS score for pain perception of children during injection
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Behavioral feedback of children during injec-
tion showed no significant difference between 
the benzocaine group and counter-irritation 
technique, as indicated by SEM scale. However, 
behavioral feedback was significantly better in 
the benzocaine group compared to refrigerant 
and ice precooling techniques. Means, SDs and 
exact p-values are shown in Figure 3. The mini-
mum, median and maximum values of SEM scores 
are summarized in Table 3. Counter-irritation 

technique significantly improved comfort and 
behavioral feedback in comparison to ice pre-
cooling and refrigerant spray technique. The Ice 
precooling group showed a significantly better 
behavioral feedback than the refrigerant spray 
group. Mean differences, SDs and exact p-values 
are shown in Figure 3.

DISCUSSION

Local anesthesia is an integral part of pediatric 
dentistry and child’s behavior guidance. Fear 

of pain and discomfort from injection may lead 
to behavior management problems, lack of com-
pliance, avoidance of dental treatment as well as 
systemic complications such as tachycardia 
(3, 8, 20, 21). Therefore, many efforts have been 
made to identify tools for painless administration 
of local anesthesia.

In the present study, SEM scale was used to 
evaluate patients’ behavior. This scale enables 
the assessment of patients’ eyes, bodily move-
ments, and verbal expressions of discomfort as a 
component response to pain, as well as the de-
gree of intensity of pain sensation (20). Pain was 
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TABLE 3. The minimum, median and maximum values of SEM scores

FIGURE 3. Means, SDs and exact p-values of SEM scale for children’s behavioral feedback during injection
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evaluated based on children’s’ self-report using 
VAS, which was appropriate for school-aged 
children in the stage of concrete operations (20).

Our findings suggested that application of 
topical benzocaine had a significant effect on re-
duction of perceived pain compared to counter-
irritation, refrigerant and ice precooling tech-
niques. This could be elucidated by a superficial 
anesthesia of the neurons induced by benzo-
caine (22). Also, the level of perceived pain in 
the counter-irritation method was significantly 
lower than that observed in the other two me-
thods. Interestingly, among the evaluated the 
methods, topical anesthesia and counter-irrita-
tion have significantly improved children’s be-
havioral feedback comparatively with the other 
two methods. This can be explained by less per-
ceived pain in the benzocaine method, and no 
increased fear of a newer intervention in the 
counter-irritation method, since the dental mir-
ror was a familiar tool to the child before injec-
tion (11, 22). 

Our results are in agreement with those of 
several other studies which showed that topical 
application of 20% benzocaine before injection 
significantly reduced the pain induced by anes-
thetic injection (22-25). On the other hand, 
Shilpapriya et al. demonstrated that counter-irri-
tation had a significantly stronger effect on pain 
relief compared to topical anesthesia cause by 
injection in 6-12-year-old children (11). Also, 
Nanitsos et al showed that counter-irritation has 
significantly reduced the pain caused by injec-
tion compared to no pretreatment prior to injec-
tion (26). The instrument used for counter-irrita-
tion may explain this discrepancy. Shilpapriya 
et al used DentalVibe instrument, which might 
be more effective than the dental mirror in re-
lieving pain during insertion of the injection nee-
dle (11). However, Hutchins et al (27) compared 
counter-irritation through vibration to 20% ben-
zocaine topical anesthesia and reported that the 
latter was more effective in reducing pain. 

Precooling by ice or refrigerant spray is ano-
ther method for reducing pain perception, this 
method having been shown to be more or equal-
ly effective comparatively to topical anesthesia 
with benzocaine on controlling injection associ-
ated pain (20, 28). Kosaraju et al reported that 
pre-cooling by refrigerant was more effective 
than topical benzocaine (28). This finding is not 
in agreement with our study and it may be at-

tributed to the difference in site of the injection 
(palatal mucosa vs. buccal mucosa). The mecha-
nism of action of precooling, called cryoanesthe-
sia, is affecting all cells in the injection area, de-
spite topical anesthetics which affect 
pain-transmitting neurons (7, 20). The mucosa in 
the palatal area has a strong attachment to the 
bone than in the buccal area, and injection in 
the palatal area causes severe pain resulting from 
the pressure due to the volume of anesthetic in-
jection. Therefore, injection in the palatal area 
preceded by precooling might prove less painful 
than the benzocaine method. However, when 
injecting in buccal mucosa, needle insertion ac-
counts for much of injection pain, and benzo-
caine induces more anesthetic effect in pain-
transferring nerve cells than precooling. This 
would explain the less pain associated with in-
jection in the buccal mucosa when using benzo-
caine compared to the pre-cooling method (7, 28). 
On the other hand, Lathwal et al showed that 
precooling using ice or refrigerant and topical 
anesthesia have not significantly differed in their 
pain relieving effect (7). Inconsistency of findings 
could be attributed to the differences in injection 
site, materials and/or instruments and operator’s 
experience, therefore requiring further investiga-
tion.

In the present study, patients had a better be-
havioral feedback with the counter-irritation 
method compared to other methods of injection 
site preparation, which could be attributed to 
both lesser pain induced by injection and no 
need for extra tools, except for the dental mirror  
(27, 29). Behavioral feedback of children in the 
ice precooling group was better than that ob-
tained in the refrigerant spray group, since ice 
was more tangible for the child than an applica-
tor impregnated with an unfamiliar substance. 
Therefore, the child accepts ice easier than the 
applicator during the explanation (tell, show, 
do). This may cause a decline in child’s anxiety 
and induce a better behavioral feedback.

The present study had also several limitations. 
Thus, anesthesia procedures did not allow for a 
double-blind study. We did not consider other 
factors such as tissue temperature in cooling 
groups, rate of injection and needle contact 
depth. Also, we included neither negative con-
trols such as a placebo spray, nor other available 
materials and techniques for pre-injection anes-
thesia.

Children’s Pain PerCePtion and Behavioral FeedBaCk during loCal anesthetiC injeCtion 
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CONCLUSION

In conclusion, pain perception associated with 
anesthetic injections was significantly lower 

using benzocaine compared to counter-irrita-
tion, ice-, and spray- refrigerant methods. Chil-

dren’s behavior was significantly better when 
u sing benzocaine and counter-irritation methods 
than the ice and refrigerant spray techniques. q
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