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Effect of vibration during local anesthesia 
administration on pain, anxiety, and behavior of 
pediatric patients aged 6–11 years: A crossover 
split-mouth study
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Background: Uncooperative behavior of children due to dental anxiety may interfere with the effective delivery 
of dental care and compromise the quality of treatment provided. Injection of local anesthesia is one of the 
most anxiety-inducing stimuli in pediatric dentistry. This study aimed to compare the efficacy of a child-friendly 
device, having a combined effect of vibration and distraction, with the conventional method of injection on 
pain, anxiety, and behavior of pediatric patients aged 6–11 years.
Methods: This randomized, crossover, split-mouth study included 30 children requiring a bilateral inferior alveolar 
nerve block. The children were equally divided into two groups: group 1, aged 6–8 and group 2, aged 9–11 
years. All children were injected with anesthesia using the conventional and device method in two separate 
sessions. They were assessed for anxiety by measuring the pulse rate before and during the administration of 
local anesthesia. Behavior was assessed using Faces, Legs, Activity, Cry, Consolability (FLACC) scale, and the 
child’s experience while receiving anesthesia was assessed using the Wong Bakers Pain Rating Scale.
Results: Results showed that the children who received local anesthesia using the device method had a lower 
mean pulse rate, FLACC scores, and pain rating scores than those who received local anesthesia using the 
conventional method.
Conclusion: The device method was more effective than the conventional method in managing pain, anxiety, 
and behavior of patients aged 6–11 years. The device is a cost effective, simple, and child-friendly product 
for administrating local anesthesia in pediatric patients.
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INTRODUCTION

  Pain is “an unpleasant sensory or emotional experience 
associated with actual or potential tissue damage” as 
defined by the World Health Organization in 2015. 
Effective control of pain in a pediatric patient during 
dental treatment is the foundation of a successful behavior 

management [1]. Prevention of pain can promote a 
positive relationship between the dentist and child, build 
trust, allay fear and anxiety, and inculcate positive dental 
attitudes for future treatment [2]. 
  The administration of local anesthesia is the key to 
controlling pain during dental procedures. Most of the 
pediatric patients are fearful and anxious about the pain 
that they experience while the local anesthesia is 
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administered [3]. Thus, various techniques have been 
attempted to effectively control the pain during injection, 
such as warming, buffering, and adjusting the rate of local 
anesthesia infiltration [4]; pre-cooling the injection [5]; 
vibration using modern devices like VibraJect [3]; 
DentalVibe [6]; acupuncture [7]; distraction techniques 
[8-10]; hypnosis [11]; application of topical anesthesia 
[12]; and use of computer-controlled anesthesia delivery 
system (e.g., Wand) [13]. However, to date, no standard 
injection method has been established. 
  The analgesic effect of vibration can be explained by 
the gate control theory of pain. It suggests that pain is 
transmitted from the peripheral nervous system to the 
central nervous system where it is modulated by a gating 
system in the dorsal horn of the spinal cord. More 
specifically, the afferent pain receptors, i.e., the A-delta 
fibers carrying acute pain signals triggered by injection 
and unmyelinated slower C fibers carrying chronic pain 
signals, are blocked by fast non-noxious motion nerves 
called A-beta caused by vibrations [14]. 
  Distraction is a behavior management technique that 
involves diverting children’s attention away from painful 
stimuli during invasive dental procedures. It can be used 
most effectively when it is adapted to the developmental 
level of the child. Thus, distraction is safe, inexpensive, 
and reduces the time and number of people required to 
perform the procedure [15].
  An attempt was made to put both these techniques in 
a child-friendly toy and was used for reducing pain and 
anxiety during dental injection. Hence, this study aimed 
to evaluate the pain, anxiety, and behavior perception of 
pediatric patients using a combination of vibration and 
distraction and compare the results with those using the 
traditional injection technique during dental procedures.  
Materials and methods
  This randomized, crossover, split-mouth, clinical study 
was conducted in the Department of Pediatric and 
Preventive Dentistry, M.R Ambedkar Dental College and 
Hospital, after obtaining approval from the institutional 
review board and ethics committee (IRB number: 
EC-537) and written informed consent from the parents 

and verbal assent form from children involved in the 
study. 
  The sample size was estimated using GPower software 
v.3.1.9.2, with an effect size of 53% [based on the pilot 
study results], power of 80%, and margin of error of 5%. 
The required sample size was 29 children, which was 
rounded off to 30 children (15 boys and 15 girls). The 
children were distributed equally into two groups 
according to age (group 1, 6–8 years; group, 2 9–11 years) 
as dental treatment might evoke varied levels of fear and 
anxiety at different age group/developmental levels [16]. 
  Patients requiring a bilateral inferior alveolar nerve 
block, without any history of receiving dental injections, 
and whose behavior was rated as 3 using the Frankel 
behavior rating scale were included [17]. Patients with 
acute signs and symptoms requiring emergency treatment, 
with previous painful dental experience, and who were 
medically compromised were excluded from the study. 
  Children in each age group were treated in two 
different appointments where they were further randomly 
distributed. Of the total sample, 15 children were treated 
using the device in the first appointment and using the 
conventional method in the second appointment. The 
remaining 15 children were treated with conventional and 
device method during the first and second appointments, 
respectively, to avoid preference bias. 
  All treatment procedures were carried out by one 
pediatric dentist. With regard to the conventional method 
of injection, topical anesthetic spray was applied at the 
injection site and local anesthesia was administered. With 
regard to the use of the device method, the device (Fig. 
1) was first shown to the child and the parent. The 
children were allowed to touch and turn on the device 
to familiarize it and not become apprehensive about it. 
The device was then placed about 2 centimeters away 
from the injection site (near the angle of mandible) for 
2 minutes and local anesthesia was administrated.
  The pulse rate was noted using a portable pulse 
oximeter device (model no 6500; Nidek Medical Pvt. 
Ltd.), which was attached to the left index finger for about 
5 min prior local anesthesia administration. Baseline pulse 
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Fig. 1. The photo depicts the device used in the study.

Fig. 2. This figure shows the comparison of Faces, Legs, Activity, Cry,
Consolability scores between the two age groups during local anesthesia
administration using conventional and device methods among the study
subjects.

rate was recorded in both appointments just before 
injecting the anesthesia, and a third person noted the pulse 
rate during the administration of local anesthesia. The 
operator rated the child’s behavior using the Faces, Legs, 
Arms, Crying, Consolability (FLACC) behavior pain 
scale [18] after local anesthesia administration, and the 
child was asked to rate his or her pain experience using 
the Wong Bakers Pain Rating Scale [19]. 
  The obtained data were used in the statistical analysis. 
Wilcoxon signed rank test was used to compare the mean 
pain scores recorded using the Wong-Baker FACES Pain 
rating scale and the mean pulse oximeter readings before 
and during interventions using the conventional and 
device methods in both groups. McNemar’s test was used 
to compare the FLACC scores of both groups during the 
administration of local anesthesia using both conventional 
and device methods. All statistical analyses were 
performed using the SPSS statistical software package 
version 22.0.  

RESULTS

  The FLACC scores showed that a higher proportion 
of patients in both age groups were relaxed while the 
anesthesia was administered using the device method, 
indicating a better behavior. A number of patients were 
relaxed or showed mild discomfort while receiving 

anesthesia using the device method, whereas a larger 
number of patients experienced moderate pain while 
receiving anesthesia using the conventional method (Fig. 
2). After receiving local anesthesia using the conventional 
and device method, the FLACC scores of groups 1 and 
2 were compared and the results were statistically 
significant (P = 0.01 and P = 0.01, respectively). 
  There was a reduction in mean pulse rate during the 
administration of local anesthesia using the device 
method, which indicates a lower level of anxiety (Fig. 
3). The mean baseline pulse rate and pulse rate during 
treatment using the conventional method were 99.57 bpm 
and 103.93 bpm (standard deviation [SD]: 8.72 and 9.45, 
respectively) in group 1 and 95.94 bpm and 98 bpm (SD: 
9.21 and 8.20, respectively) in group 2. The mean 
baseline pulse rate and pulse rate during treatment using 
the device method were 98.21 bpm and 95.43 bpm (SD: 
6.44 and 9.12, respectively) in group 1 and 94.5 bpm 
and 92.13 bpm (SD: 7.15 and 4.95, respectively) in group 
2. The pulse rates of groups 1 and 2 during the procedure 
using the conventional and device methods were 
compared, and the results were statistically significant (P 
= 0.02 and P = 0.01, respectively). By contrast, there was 
no significant difference in the baseline pulse rate 
readings while using the conventional and experimental 
methods in both groups. The baseline pulse rate of groups 
1 and 2 using the conventional and device methods were 
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Fig. 3. This figure shows the comparison of mean pulse oximeter readings
before and after intervention between the two age groups using 
conventional and device methods.

Fig. 4. This figure shows the comparison of mean pain scores between 
the two age groups using conventional and device methods.

compared, and the results were not statistically significant 
(P = 0.57 and P = 0.44, respectively). 
  Both groups had lower mean Wong Bakers Pain Rating 
score when using the device method than when using the 
conventional method (Fig. 4). The mean pain score of 
group 1 when using the conventional method was 7.43 
(SD: 2.14) and that when using the device method was 
4.29 (SD: 1.54). The mean pain score of group 2 when 
using the conventional method was 7.69 (SD: 2.68), and 
that when using the device method was 4.75 (SD: 2.62). 
These findings indicated that children experienced less 
pain when using the device method. The mean pain rating 
scores of group 1 and group 2 were compared, and the 
results were statistically significant (P = 0.008 and P = 
0.02, respectively).  

DISCUSSION

  Fear of dentists and dental procedures and the 
associated anxiety are common among children. Age is 
among the factors that influences the level of dental 
anxiety among pediatric patients. Patients aged 6–11 years 
were selected for the study because children in this age 
group have good cognitive skills. 
  The device is reusable, battery operated, and a vibrating 
toy fish containing two vibrator motors of 1.5 volts 
attached to a 9-watt battery. 

  Pulse rate is a direct measure of physiological arousal 
in humans. Changes in pulse rate are attributed to stress 
during dental procedures; hence, it can be an index of 
the patient’s response to dental stimuli. During the child’s 
first dental visit, the common reported response to dental 
stimuli would be fear or anxiety; thus, measuring pulse 
rate using a pulse oximeter is an objective measure of 
anxiety levels in children. It has also been used in various 
studies to measure anxiety in children during dental 
treatment [20]. In the present study, there was a reduction 
in mean pulse rate during the administration of local 
anesthesia using the device method, indicating that the 
level of anxiety of children is reduced when the device 
method is used for a dental injection.
  The FLACC Behavioral Pain Rating Scale comprises 
behavioral categories and a variety of descriptors that are 
reliably associated with pain in children, adults with 
cognitive impairment, and critical illness, supporting the 
validity of this tool in these groups.
  Recent studies have used the FLACC scale to rate the 
behavior of children during dental treatment [21]. In the 
present study, a majority of children showed mild 
discomfort during anesthesia administration using the 
device method, whereas a majority of children expe-
rienced moderate pain during anesthesia administration 
using the conventional method.
  Several pain rating scales are available and were 
developed primarily for young children. The Wong-Baker 



Effect of vibration during LA administration

http://www.jdapm.org  147

Fig. 5. This figure shows the administration of local anesthesia using the
conventional method.

Fig. 6. This figure shows the administration of local anesthesia using the
device method.

Faces Pain Rating Scale is repeatable, is easy to use, and 
has been proven to have a significant positive correlation. 
It has been used for pain assessment in children and adults 
in various studies [14]. Hence, Wong-Baker Faces Pain 
Rating Scale was used in the present study. In the present 
study, the mean pain scores using the device method were 
lower than those using the conventional method, 
indicating that children experienced less pain when using 
the device method.
  Gate control theory of pain by Melzack and Wall can 
be used to explain the analgesic effect of vibration, which 
was prescribed to minimize concurrent pain. Similar 
findings were observed by Chaudary et al. using 
VibraJect in children [3], Shilpapriya et al. using dental 
vibe in children [1], and Aminah et al. using extra-oral 
massager [14]. However, extra-oral vibration using a 
child-friendly device is the first of its kind used in the 
present study for alleviating pain in children during dental 
injection.
  Distraction is a behavior management technique which 
involves distracting the patient away from the stimuli that 
caused the anxiety and thereby reducing it. The objective 
of this technique is to relax the patient and reduce anxiety 
during treatment. According to previous studies, the ideal 
distracter should possess optimal amount of attention, 
which involves the use of multiple sensory modalities 
(visual, auditory, and kinesthetic), active emotional 

involvement, and participation of the patient to compete 
with the signals from the noxious stimuli [22]. 
  Active forms of distraction promote a child’s 
participation involving different sensory components such 
as interactive toys, virtual reality, controlled breathing, 
guided imagery and relaxation, and writing in the air 
using their leg. Conversely, the passive forms can be used 
for distraction by asking a child to observe an activity 
or stimulus rather than allowing them to explicitly involve 
in a certain activity such as listening to music or watching 
television [23]. In the present study, a toy fish with 
vibrations was used to distract their thought and attention 
to the needle, which worked excellently.
  In the present study, both age groups showed reduced 
pain and lower anxiety levels and positive behavior 
during local anesthesia administration while using the 
device. This finding indicated that the device is effective 
in both younger and adolescent age groups for better 
clinical outcomes (Fig. 5, 6).
  Various other systems used to reduce pain during 
injection were Wand and computer-controlled injection 
system for children; however, the major disadvantages 
projected with these system are the time taken to 
administer the local anesthesia and the cost and com-
plexity of the equipment [24,20].
  In the present study, a novel, simple, and child-friendly 
device with a combined effect of vibration and distraction 
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was constructed and used to reduce pain, lessen anxiety, 
and inculcate positive behavior in children during dental 
injections. The advantage of using this device is that it 
is compact, cost effective, and easy to use and have 
benefits of both vibration and distraction. 
  No previously published studies have used the 
vibration technique extra-orally in a child-friendly toy for 
reducing pain and anxiety during dental injections. Hence, 
we decided to conduct a study using such a device. 
However, more extensive studies with larger sample sizes 
should be conducted to obtain more statistically signifi-
cant results and make it commercially available. 
  In this study, the device has proven to be superior than 
the conventional method of dental injection in reducing 
pain and anxiety and in managing the child’s behavior 
during dental injection. It is a novel, simple, effective, 
and child-friendly device, which can result in improved 
outcomes related to fear and anxiety of dental treatment. 
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