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Background: This study evaluated the efficacy of virtual reality (VR) distraction and counter-stimulation (CS)
on dental anxiety and pain perception to local anesthesia in children.

Methods: A prospective, randomized, single-blinded interventional clinical trial with a parallel design was used.
Seventy children 7-11 years old who required local anesthesia (ILA) for pulp therapy or tooth extraction were
recruited and allocated to two groups with equal distribution based on the intervention. Group CS (n = 35)
received CS and Group VR (n = 35) received VR distraction with ANTVR glasses. Anxiety levels (using pulse
rate) were evaluated before, during, and after administration of local anesthesia, while pain perception was assessed
immediately after the injection. Wong-Baker faces pain-rating scale (WBFPS), visual analog scale (VAS), and
Venham’s clinical anxiety rating scale (VCARS) were used for pain evaluation. Student’s t-test was used to
test the mean difference between groups, and repeated measures ANOVA was used to test the mean difference
of pulse rates.

Results: Significant differences in mean pulse rates were obsetved in both groups, while children in the VR
group had a higher reduction (P < 0.05), and the mean VCARS scores wete significant in the VR group (P
< 0.05). Mean WBEPS scores showed less pain perception to LA needle prick in the CS group while the
same change was observed in the VR group with VAS scores.

Conclusions: VR distraction is better than CS for reducing anxiety to injection in children undergoing extraction
and pulpectomy.
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INTRODUCTION

Pain is an unpleasant sensory and emotional experience
associated with actual or potential tissue damage or
described regarding such damage, according to the

International Association for the Study of Pain [1]. In

dentistry, untreated carious teeth involving the pulp are
the primary cause of pain in adults and children [2]. To
alleviate this pain and to successfully perform the
treatment, local anesthesia (LA) administration is a
widely used method, which also frequently triggers fear
and anxiety in patients [3]. Dental fear is a usually

unpleasant emotional reaction to specific frightening
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stimuli occurring in the dental operatory [4]. Fear of
needles is common in children, which makes them
apprehensive during their first dental visit [S]. Fear of
pain influences a child during the procedure, which may
result in nervousness, sensitization, and uncooperative
behavior during the present and future dental appoint-
ments [6].

Corah et al. stated that dental anxiety is the patient’s
response to stress specific to the dental visit [7]. It is
a non-specific feeling of apprehension, worry, uneasiness,
or dread, the source of which may be unknown [8] and
stands fifth among all the feared situations [9]. Anxiety
and fear of dental procedures develop in early childhood
[4]. According to Rachman’s three pathways theory,
conditioning (direct response), modeling, and information
(indirect responses) are the factors inducing dental
anxiety in children [10]. Negative expectations for dental
treatment and insufficient child-dentist rapport are
cognitive reasons that increase dental anxiety versus
non-cognitive factors like fear of the unknown and
vicarious learning [11]. Hmud identified factors for dental
anxiety in children as 4S—Sights (e.g., feeling of worry,
uneasiness), Sounds (drilling), Sensations (high-frequency
vibrations), and Smells (clinical odors such as eugenol
and bonding agents) [12]. Pain and anxiety experienced
in dental clinics linger in an individual’s memory. Highly
anxious children tend to overestimate the pain they will
feel in a dental appointment and skip or avoid the dental
visit [13].

Behavior modification of disruptive and anxious
children through dental visits should happen in a two-step
session. Two behavior modifications involve controlling
the child during the procedure and teaching the child
possible methods to manage dental anxiety [14]. Focusing
the child’s attention on dental treatment and engaging
their cognitive abilities is essential to achieve a positive
child-dentist relationship and provide excellent dental
care. McElroy, in 1895, famously emphasized behavior
as a crucial aspect in pediatric dentistry the notion that
although a dental procedure may be perfect, the
appointment is a failure if the child departs in tears. Many
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behavior-guidance techniques are available to reduce a
child's fear and anxiety, ranging from basic relaxation
techniques to general anesthesia. In 1972, the American
Association of Pedodontic Diplomates stated that
psychological principles could better manage the
troublesome child in a dental clinic, but they were
familiar with the use of physical restraints and
pharmacological approaches [15]. Complications such as
nausea, vomiting, respiratory depression, decreased heart
rate, and blood pressure can occur with pharmacological
management [16,17].

Non-pharmacological interventions including Tell
Show Do (TSD), Modelling, Voice control, Hypnosis,
Biofeedback with Guided imagery [18], Distraction with
storytelling, Audio [19,20] and Audio-visual aids which
target the psychological aspects of the child do not have
side-effects and can have better acceptance of the dental
treatment by alleviating fear and anxiety [21]. Parents
also prefer non-invasive techniques instead of general
anesthesia, sedation, restraint, and hand over mouth [14].
During the 1980s, live modeling [22], desensitization
[23], and contingency management procedures such as
contingent distraction [19], contingent escape, reward
[24], and relaxation techniques came into existence to
treat disruptive children during dental procedures.
Additionally, gentle stroking of the mucosa during the
injection with topical anesthesia has proved useful in the
field of medicine [25]. Aminabadi et al. found
counter-stimulation (CS) helpful in reducing pain during
LA administration in children under five years old [26].
Distraction or redirection is believed to work by diverting
attention to modulate pain perception. Gate control theory
by Melzack and Wall [27] clearly explains the principle
behind distraction through the stimulation of the larger
diameter type A and type B nerve fibers in a specified
area using appropriate pressure or vibration, decreasing
the perception of pain by closing a neural gate to
nociceptive signals.

Researchers also observed a reduction in dental fear
and anxiety with other aids. Filcheck et al. considered

videotaped material the best way to modify a child’s
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Fig. 1. CONSORT flow diagram of the study design.

behavior in the dental clinic [28]. Ram et al. found that
a VR eyeglass system was more efficient than nitrous
oxide sedation [29]. In general, parental presence during
the dental procedure helps relax the child, but Patel et
al. observed higher acceptance to handheld video games
than to parents during treatment [30]. Virtual reality (VR)
refers to a human-computer interface using 3D head-
mounted displays with a wide field-of-view. Immersion
of the child into a virtual world distracts them from the
real world and the pain and stress of dental treatments.
VR distraction involves multiple senses such as sight,
sound, and kinesthetics to distract from the dental
environment socially and emotionally [31, 32]. Studies
by Niharika et al. [33], Panda [34], and Agarwal et al.
[35] demonstrated that VR distraction could be a better
distraction strategy for children with elevated dental fear
and anxiety. Based on these studies, CS and VR
distraction are potential tools for pain and anxiety
alleviation.

Nevertheless, no direct comparisons were made among

these two techniques as used in dentistry. Hence, the
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purpose of the present study was to perform a
comparative evaluation of VR and CS distraction and on
dental anxiety and pain perception in children’s dental
procedures. The null hypothesis for the study was that
VR is better than CS for reducing dental anxiety.

METHODS

A prospective, randomized, single-blinded (to the
subjects) interventional clinical trial was performed on
children attending the Department of Paedodontics and
Preventive Dentistry. Ethical clearance was provided by
the institutional ethical committee (NDC/IECC/PEDO-
10-16/41-D168407004) of Narayana Dental College and
Hospital. Healthy and anxious children 7-11 years old
(positive and negative categories based on Frankl
behavior rating scale) [36] who had no prior experience
of LA administration were recruited. Children with
systemic diseases, special healthcare needs who require

pharmacological behavioral guidance techniques were
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Fig. 2. Materials used for virtual reality distraction (Lenovo smartphone, Sennheiser earphones, and ANTVR glasses).

excluded from participation. Signed informed consent
was obtained from the parent or legal guardian of the
included children.

A total of 884 children, who visited the Department
of Pedodontics and Preventive Dentistry, were initially
examined over a four month. Among them, 70 children
were selected to participate in the trial, which, confined
to the pre-specified selection criteria and power analysis,
yielded 35 children per group. Based on random numbers,
children (n = 70) were sequentially and equally allocated
into two groups (CS and VR) of 35 children each (Fig.
D).

ANTVR Phone Glass T2 Designed for Lenovo (model
no: PAISLF53A, ANTVR Technology Co., LTD,
Beijing, China) enhanced with Theatre Max technology
(that can convert any multimedia content into VR)
providing a cinematic experience was used in this trial.
Its ergonomic design makes it fit on various heads. A
distortion-free ~ aspherical lens provides a 100°
field-of-view, and 3D effects immerse the child entirely

into the virtual world. A smartphone with cartoons
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playing on the screen was inserted into foldable arms and
mounted on the child’s head. ANTVR is economical
compared to other VR devices available in the market
[37]. Completing the VR set-up was a smartphone
(Lenovo Vibe K4 Note, Beijing, China) and earphones
(Sennheiser CX 180 Street II (Black), Sennheiser
Electronic GmbH & Co. KG. India) (Fig. 2).

CS is a gentle vibration or stroking of the mucosa
adjacent to the site of LA administration using the thumb,
with a slight pressure of an equivalent extra-oral site
using the forefinger that can reduce pain from an
injection. VR distraction is a technique used to divert the
child’s attention away from the current situation to focus
their interest in something else by blocking out real-world
(visual, auditory, or both) stimuli, which helps reduce

anxiety.
1. Materials for measuring a child’s anxiety

1. A pulse oximeter to record physiological parameters
(Gibson, Fingertip Pulse Oximeter, MD300C29, and
Beijing, China).
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Fig. 3. (a) Stroking the cheek and the extraoral mucosa (Counter-stimulation) and (b) local anesthesia administration with virtual reality distraction.

2. Subjective scales to record self-reporting pain,
a) Wong-Baker Faces Pain Rating Scale (WBFPS)
b) Visual Analogue Scale (VAS).

3. The objective Venham’s Clinical Anxiety Rating
Scale (VCARS) to record anxiety levels of children

2. Method of study progression

Initially, in both groups, anxiety levels were recorded
1015 minutes before local LA administration with a
pulse oximeter and Venham’s clinical anxiety rating
scale. The site of the needle prick was dried with sterile
gauze, and topical anesthetic gel (20% benzocaine gel;
Mucopain, ICPA Health Products Ltd, Mumbai, India)
was applied for 30 seconds with a cotton applicator.
Anesthetic solution (2% lidocaine with adrenaline 1:80
000) was injected using a 23-gauge needle at the rate
of about 1 mL/min. In the CS group (n = 35), CS with
verbal distraction was performed during LA administ-
ration (Fig. 3a) while the children in the VR group (n
= 35) watched cartoon videos of their choice from six
pre-downloaded locally famous characters in their native
language (Fig. 3b). After the LA administration, pain
perception to LA was recorded with WBFPS, VAS, and
anxiety levels were recorded using pulse oximeter and
VCARS. Upon achieving profound anesthesia, standard

extraction and pulpectomy procedures were performed.

Table 1. Inter-group comparison of mean values of subjective, objective,
and physiologic parameters

Subjective Group Mean SD P-value

CS 297 2.491
WBEPS VR 3.03 2.022 0.70

CS 3.06 2.313
VA .991
S VR 2.94 1.765 0.98

Objective (VCARS)

cs 063 0.942
Bef 022*
elore VR 1.00 0.840 0.0

cs 080 0677
Aft 0.154
o VR 057 0.608

Physiologic (PULSE RATE)

Baseline ¢S 97.15 14.914 0.620
VR 95.30 16.077

. CS 10167 17346 ]
Duing VR 9334 14353 0.032

CS 10051 15399
Aft 010*
o VR 9156 12679 0.010

*P < 0.05-statistically significant; virtual reality (VR); counter-stimulation
(CS); Wong- Baker Faces Pain Rating Scale (WBFPS); Visual Analog Scale
(VAS); Venham's Clinical Anxiety Rating Scale (VCARS); Standard
Deviation (SD).

Table 2. Intra-group comparison of mean values of Venham's clinical
anxiety rating scale

Group Mean SD Difference P-value

Before 0.63 0.942
O ater o080 gy OV =092 0275

+

Before 1.00 0.840
VR 429 + 0. .008*
After 0.57 0.608 0.429 = 0850 0.008

+

*P < 0.05-statistically significant; virtual reality (VR); counter-stimulation
(CS); Standard Deviation (SD).
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Table 3. Intra-group comparison between mean values of pulse rate (before versus during), (during versus after), and (before versus after) local anesthesia

administration

Pulse (before)
mean = SD

Pulse (during)
mean *= SD

Pulse (during)

Sy mean *= SD

P-value

Pulse (after)
mean = SD

Pulse (before) Pulse (after)

mean = SD mean + SD PEle

P-value

CS 9715 + 14914 101.67 = 17.346 0.024* 101.67 = 17.346 100.51 = 15399 0.525
93.34 + 14353 91.56 = 12.679 0.198

VR 9530 = 16.077 93.34 + 14353 0.235

97.15 + 14.914 100.51 = 15.399 0.006*
95.30 + 16.077 91.56 + 12.679 0.030*

*P < 0.05-statistically significant; virtual reality (VR); counter-stimulation (CS); Standard Deviation (SD).

Table 4. Mean differences in subjective, objective parameters between boys and girls

Gender Grou WBFPS Pvalue VAS Pvalue VCARS (before) VCARS (after) P-value
P mean *= SD mean = SD mean *= SD mean = SD
CS 250 + 2.00 3.00 +2.16 0.44 + 0.63 0.69 += 0.70 0.248
Boys 0.593 0.546
VR 295 + 204 263 + 1.71 0.89 + 0.88 0.68 += 0.67 0.285
) CS 337 + 283 3.11 +2.49 0.79 + 113 0.89 + 0.66 0.644
Girls 0.959 0.503
VR 3.13 + 2.06 331 + 1.81 113 = 0.81 0.44 + 051 0.008*

*P < 0.05-statistically significant; virtual reality (VR); counter-stimulation (CS); Visual Analog Scale (VAS); Venham's Clinical Anxiety Rating Scale

(VCARS); Standard Deviation (SD).

3. Statistical analysis

Statistical

(standard statistical, version 17.0 Chicago, USA). The

analysis was performed using SPSS
inter-group and intra-group comparisons of WBFPS,
VAS, and VCARS were made using a chi-square test and
unpaired t-test, respectively. The continuous variations in
pulse were tested with repeated measure ANOVA.
P-values less than 0.05 were considered as statistically

significant.

RESULTS

There were 70 participants with almost equal gender
distribution in both groups (CS, 45.7% boys, 54.3% girls;
VR 54.3% boys, 45.7% girls). The mean age and standard
deviation (SD) for the CS and VR groups were 8.80 +
1.389 and 8.91 + 1.442, respectively. The number of
extractions was 48.6% in the CS group, and 57.1% in
the VR group, whereas 51.4% (CS) and 42.9% (VR) were
pulp therapies completed in the primary mandibular
molars. There was no significant difference between
groups among age, gender, type of treatment performed.

Inter-group comparison between mean values of
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self-reported pain during LA administration (WBFPS, P
= 0.770; VAS, P = 0.0991) were not statistically
significant. The objective parameter VCARS recorded
before LA administration (P = 0.022) was statistically
significant in both the groups but not the VCARS after
the procedure (P = 0.154). A comparison between mean
values of the physiologic measure (pulse rate) during (P
= 0.032) and after (P = 0.010) LA administration was
statistically significant. Pulse rates at baseline showed no
absolute difference between the two groups (Table 1).

A statistical difference (P = 0.008) in mean VCARS
scores was observed in the VR group before and after
LA administration whereas, in the CS group, there were
no differences (P = 0.275) witnessed (Table 2). In both
groups, a decrease in pulse rates was observed after LA
administration with the interventions (CS and VR), and
the VR group had a significantly higher reduction in pulse
rate (Table 3).

In both of the groups, mean differences in subjective
parameters between boys and girls were not statistically
significant (P > 0.05), but objective assessment (VCARS)
of mean anxiety scores showed a significant difference
(P = 0.008) in girls of the VR group (Table 4). The
post-intervention pulse rate reduction was significant in

girls, and a significant decrease (P < 0.001) in pulse rates
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Table 5. Mean differences in pulse rates between boys and girls

Sex_ Group Pulse (before)  Pulse (during) Pvalue Pulse (during) Pulse (after) Pvalue Pulse (before) Pulse (after) Pvalue
mean = SD mean += SD mean = SD mean += SD mean = SD mean = SD

Boys CS 9592 = 1533 9798 + 16.12 0485 9798 + 16.12 96.47 + 1597 0.653 9592 = 1533 96.47 = 1597 0.759

VR 9419 + 1507 9203 = 1402 0339 9203 = 1402 91.11 = 1316 0.600 94.19 = 1507 91.11 = 13.16  0.248

Giis 98.18 = 14.90 104.77 = 18.15 0.018* 104.77 + 18.15103.90 + 1445 0.659 98.18 = 14.90 103.90 = 14.45 < 0.001*

96.63 = 17.60 9490 = 1505 0498 9490 + 1505 92.08 = 1249 0.220 96.63 = 17.60 92.08 = 1249  0.040*

*P < 0.05-statistically significant; virtual reality (VR) counter-stimulation (CS); Standard Deviation (SD).

was observed in girls of the CS group (Table 5).

DISCUSSION

Dental fear and anxiety in children may be due to
unknown stimuli or due to the negative influence of
parents who have had unpleasant dental experiences [38].
Dental anxiety is a multi-dimensional model that contains
social, perceptive, and physiological components, use of
a single parameter to quantity it may not yield an accurate
result [39]. Therefore, a combination of two subjective
scales (to self-report of pain after LA); WBFPS [40] and
VAS [41] one objective scale; VCARS [42] and a
physiologic measure (pulse rate) were used to measure
pain and anxiety in children because a single parameter
cannot provide an accurate assessment because the
thresholds of pain perception may differ for each child.

Aitken conveyed that a self-reported assessment of pain
provides an immediate state of emotional feeling towards
dental treatment and is usually based on verbal
communication with the patient [43]. The WBFPS used
in the present study proved to be extremely sensitive in
the subjective assessment of pain in children during dental
procedures [44]. The VAS was introduced by Aitken [43],
and initially, it was used to measure the psychological
states of patients. Later Ohnhaus [45] calculated pain
intensities using VAS. In dentistry, its first use dates to
1988 as a simple tool to assess subjective parameters.
Previous studies validated and recommended its use to
evaluate anxiety [46] and pain [13] in a dental setting.
VCARS [42] is a six-point interval rating scale used to

measure the situational anxiety of the child and is reliable,

valid, and can be easily integrated into clinical or research
activities [21]. Pulse rate increase during dental
treatments is attributed to stressful situations. Measure-
ment using fingertip pulse oximeter is useful because of
the direct measure of physiological arousal [47].

The study included 70 children (35 males, 35 females)
with equal numbers of children allocated to two
intervention groups. Children with no previous experience
of LA were selected because it is proven that pain
perception to LA is influenced by the order of injection.
Martin et al. found in 1994 that the second injection was
more perceived as more painful compared to the first
injection [48]. In children, invasive procedures involving
LA injection will always be challenging because the fear
imagined by the child is related to their level of pain
perception and uncooperative behavior [49].

For decades dentists have used various behavior
guidance techniques to reduce the children’s anxiety to
LA injection, including non-pharmacological and
pharmacological types (general anesthesia and conscious
sedation) [50]. According to McCaul and Mallot [51],
distracting the child from an unpleasant stimulus can
result in decreased pain perception. Counter stimulation
and VR methods were used in the present study to reduce
the pain and anxiety to LA injection during extraction
and pulp therapies.

CS of the extra-oral site equivalent to the exact
intra-oral injection site helped in reducing the child’s pain
perception, and anxiety as the sensory vibration reflexes
produced by extra-oral stimulation reaches the brain
before the pain does. The proper distribution of LA is
noted with the intra-oral stroking of mucosa with the

thumb. We found a significant reduction in the
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physiological parameter (pulse rates) in the CS group
after the LA administration, but anxiety levels with
VCARS were not statistically significant. Mean pain
scores calculated with VAS in the CS group were less
compared to the VR group, but no meaningful change
could be noticed with mean WBFPS scores. A similar
study by Aminabadi et al. compared CS combined with
verbal distraction with CS alone and conventional
methods of LA administration in five year-old children
and found that pain perception was less in children who
received CS and verbal distraction [26].

VR uses fantasy worlds, and 3D virtual real-life
situations with high ecological wvalidity are more
acceptable to the children. McCaffery and Pasero [52]
have explained sensory shielding, the mechanism in
which the child protected from the pain stimulus by the
increased sensory input from the virtual reality distractors.
Many studies using VR distraction being carried out with
positive outcomes.

In a recent randomized trial of 400 children by
Khandelwal et al., it was found that audio-visual
distraction is superior to TSD in managing 5—=8-year
old anxious children [53]. Coinciding with this, we
witnessed a significant reduction in mean pulse rates in
children who had their injection while watching cartoons
under VR distraction (ANTVR eyeglasses). Amal
Khotani et al. concluded that VR distraction with
i-theatreTM eyeglasses reduced observer-rated dental
anxiety in eight year-old children during restorative dental
treatment [54]. It was shown that VR distraction is also
useful in children with learning disabilities, reducing
dental anxiety in 28 children with Autism Spectrum
Disorder while performing oral prophylaxis and sealant
application [55]. Children are very fond of smartphone
gaming. Shah et al., through a cross-over randomized
trial, concluded that pre-procedural gaming resulted in a
significant difference in hemodynamic parameters of 60
children between 5— and 10 years old [56]. This study
found that girls showed a more significant reduction in
anxiety than boys. These findings are similar to Amal
Khotani et al. [54], but Nuvvula et al. [57] found no
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significant difference in anxiety between both boys and
girls.

Results of the present study are remarkably close to
the randomized trial by Aminabadi et al. [58] though the
number of children (n = 120) and their ages (4-6 years)
differed. A self-reported measure of pain during LA
administration with WBFPS was less in the children using
VR in both studies. Concurring with those results,
Agarwal [35] and EL Sharkawi [59] reported pain
reduction during topical anesthetic application and LA
with the use of audiovisual distraction. In addition, few
researchers found adverse effects of audiovisual
distraction concerning pain experience during dental
visits of children [60-62]. Pain during LA was less in
the VR group measured with VAS, as also observed by
Agarwal, and coincides with our mean VAS scores, which
showed less pain in the VR group compared to the CS
group [35].

Aminabadi et al. [58] and Nuvvula et al. [57] noticed
anxiety reduction in dental-phobic children with the use
of audiovisual aids during their course of dental treatment
measured with the faces version of the modified child
dental anxiety scale MCDAS which was also previously
reported by several studies. Likewise, in the current study,
a significant reduction in the anxiety levels was observed,
but the scale used was VCARS. Interestingly, Sullivan
et al. found that VR distraction was ineffective for
decreasing anxiety levels in children undergoing invasive
dental procedures [63]. Physiological assessment of pulse
rate with pulse oximeter showed a positive correlation
between the mean scores calculated before, during, and
after the distraction with ANTVR eyeglasses in the
present clinical trial. Studies by Sullivan et al. [63],
Mitrakul [60], and Agarwal [35] had comparable results.
Contradicting this, Nuvvula et al. [57] and Al Khotani
[54] found no significant difference in the pulse rates
between the audiovisual and control groups.

A recent systematic review by Liu et al. [64] found
low-quality evidence suggesting that the usage of
audiovisual distraction during dental treatment. ANTVR,

a VR headset with the required features, when compared
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to other previously used eyeglasses in studies by
Aminabadi et al. [44], Nuvvula et al. [57] and Niharika
et al. [33] is better economically and is more available.
The strengths of the current study are that VR distraction
has not been compared to CS in earlier research, and the
ANTVR headset used is exceptionally cost-effective. The
small number of participants is a limitation of the present
clinical study. From the above observations, the following
conclusions can be drawn,

1) VR distraction is a more useful behavior guidance
modality to decrease dental fear and anxiety in
children during LA administration compared to CS.

2) Not confined to LA administration, most of the
children in the VR group wished to continue
watching cartoons in the VR headset throughout
their treatment period as it blocked the sight and
sounds of dental instruments.

3) The ANTVR headset is cost-effective and readily

available compared to other VR distraction devices.
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