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ABSTRACT
Objective: To evaluate the effect of virtual reality (VR) on dental anxiety, pain, and behaviour at different
time points among children undergoing dental treatment under local anaesthesia. Material and Methods:
This randomised, two‐armed, within-subject, cross-over, placebo-controlled trial included 76 children.
Eligible participants were treated in two dental visits using the following methods: with protective glasses
only, without distraction (attention placebo-controlled - APC); and with the treatment condition (i.e., VR).
Primary outcomes were dental anxiety and pain; secondary outcome was dental visit behaviour. Heart rate
scores were recorded as an objective measure to evaluate dental anxiety and pain. Subjective measurements
for each variable were also performed. Results: Significant reduction in dental pain and anxiety was
observed in the VR group, according to the heart rate scores; however, no statistical differences were
observed according to the self-reported measures. Decreased dental anxiety and pain were associated with
the first visit sequence with VR. Dental pain and anxiety scores were lower during local anaesthesia in the
VR group than in the APC group. Conclusion: Virtual reality significantly reduced pain and anxiety during
local anaesthesia in children undergoing dental treatment; therefore, it may be recommended during dental
treatment in school-age children.
Keywords: Behavior Observation Techniques; Dental Anxiety; Toothache; Virtual Reality.
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Introduction
Dental anxiety has become a leading health problem throughout the world, both among children and
adults [1-3]. Patients with dental anxiety avoid common dental treatment procedures and equipment such as
extractions, drills, and needles [4,5]. Dental anxiety is also associated with both state anxiety and pain
experienced during dental procedures [6].
Routine distraction techniques are widely used for behaviour management in paediatric dentistry
because they are simple, safe, and inexpensive [7-9]. These techniques aim to distract children from painful
and unpleasant stimuli by means of television (TV), music, and/or storytelling [8,10-12]. However, watching
TV or listening to music during dental treatment to reduce pain and anxiety would only be effective if the
child’s attention is completely focused on the TV, thereby distracting him/her from the surrounding
environment [13].
Exposure-based treatment programs are considered to be the gold standard for managing specific
fears and phobias, including those related to dental treatment situations [14,15]. Virtual reality (VR) is
increasingly used in the treatment of patients with specific phobia(s), and is frequently used in many medical
fields, including medicine and dentistry [15]. A meta-analysis reported that VR has large effect sizes relative
to controls and may be more appealing to patients, thus making it easier to tolerate anxiety- and painprovoking procedures [15]. VR may help in distracting patients from fears provoked by objects and situations
in a well-controlled, computer-generated virtual environment until the disappearance of their fears and
anxieties [16]. The VR intervention should be designed in a manner that contravenes expectations and should
be applied until the factors that cause the fear(s) have passed [15]. For VR to be effective and interesting for
patients, the virtual environment must evoke a sense of being present and of reality during therapy [14].
VR has some advantages over current non-pharmacological behaviour guidance techniques [17-21].
VR is a safe technique because patients meet the virtual representation of the threat in a more gradual and
controlled manner [22]. Because the entire exposure process in VR is completed in the privacy of the dental
office, it may create less fear of social embarrassment for patients [23]. VR may be repeated as necessary,
without any additional cost [15]. Techniques, such as cognitive behavioural therapy or in vivo exposure
therapy, require specialised training for therapists and are usually delivered by trained psychologists [24].
Conversely, the implementation of VR may require only a working knowledge of computers and basic training
to operate the device [19]. VR is also associated with better patient acceptance compared with routine nonpharmacological behaviour management techniques in dentistry [25].
Although VR has many advantages in the fields of dentistry and medicine [7,8,11,15,17,21,25-29],
limited research attention has been devoted to the investigation of the effectiveness of VR in reducing anxiety
and pain during dental treatment in children. There is also a lack of VR use in randomised, controlled, clinical
trials in dentistry. In addition, the potential of the ‘Hawthorne effect’ [30] – in which the subjects participating
in the research are aware that they are selected for the experiment, and in this case, the researcher expects
positive behavioural changes from them – has been ignored in virtually all previous clinical trials that have
assessed the utility of VR using subjective measurement tools by the participants [21]. Attention placebocontrolled (APC) groups are therefore used to address non-specific effects that may be imparted when
clinicians or study investigators devote attention to subjects [31]. To our knowledge, no studies have used an
APC group in a randomised clinical trial evaluating dental anxiety and pain; however, such a group should be
used in these trials to control the possible impact of the Hawthorne effect. Although cross-over study desing

2

Pesqui. Bras. Odontopediatria Clín. Integr. 2021; 21:e0082

enables to reduce the influence of confounding covariates because each cross-over patient serves as their own
control, there has been given little research attention on cross-over studies in pediatric dental practice.
Considering the above rationales, this study aimed to evaluate the effect of VR on dental anxiety, pain,
and behaviour at different time points among children undergoing dental treatment under local anaesthesia.
The null hypotheses were as follows: VR has no effect on reducing dental anxiety and dental pain scores of
participants, and there is no difference between subjective and objective measure scores of dental anxiety and
pain when VR and APC modalities are used to reduce anxiety in children undergoing dental treatment with
local anaesthesia.

Material and Methods
Selection Criteria
This randomised, two‐armed, placebo-controlled, cross-over, clinical trial adhered to the principles of
the Declaration of Helsinki, good clinical practice guidelines, and applicable regulatory requirements. Ethical
approval was obtained from the Local Health Ethics Committee. All parents or guardians of the patients were
educated about the study before enrolment and provided informed written consent to participate. The trial
adhered to the Consolidated Standards of Reporting Trials (CONSORT) guidelines. The study has been
registered in ClinicalTrials.org (ID NCT04226651).
The parameters used to calculate the sample size included a 95% confidence interval (CI), 80%
statistical power, and a standard deviation of 1.90 [27]; accordingly, at least 64 subjects were required. This
number was adjusted to 76 subjects to compensate for a projected loss of approximately 20% during follow-up.
Thus, 76 healthy subjects between 7 and 11 years of age were included in the study. Participants who fulfilled
the following criteria were included: systemically and mentally healthy; requiring restorative treatment for the
first mandibular permanent molar tooth with occlusal dentine caries in each mandibular quadrant with a
bilateral inferior alveolar nerve block; absence of co-operative disability; and Frankl Scale score of 2 or 3 [32]
during first dental examination. Patients with systemic or mental illnesses, reduced audiovisual capabilities,
acute dental pain or trauma, previous painful or negative dental experience, and who were extremely
uncooperative were excluded.
Study Design
The present randomised, two‐armed, within-subject, cross-over, placebo-controlled trial included
patients who applied to the Department of Paediatric Dentistry for routine dental treatment. The CONSORT
flow diagram illustrating the trial design and protocol is presented in Figure 1.
The study comprised three visits: V0, baseline dental examination and inclusion; V1, first restorative
treatment session; and V2, second restorative treatment session for same tooth in the opposite quadrant. The
initial oral and radiographic examination and Frankl Behaviour Scale scoring of all patients were performed by
one experienced and pre-calibrated researcher. A dental assistant not participating in the study used a randomorder generator (http://www.random.org) to randomise patients to the experimental group according to block
randomisation. Baseline participant characteristics are summarised in Table 1. There were no significant
differences among participants in terms of age, sex, or dental anxiety scores.
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Figure 1. CONSORT flow diagram.
Table 1. Baseline characteristics of participants according to treatment groups
Variables
Group A - APC
Group B - VR
N
%
N
%
Subjects
38
50.0
38
50.0
Sex
Female
18
47.4
19
50.0
Male
20
52.6
19
50.0
Age
Mean ± SD
8.97 ± 1.38
9.07 ± 1.42
7 Years
7
18.4
7
18.4
8 Years
8
21.1
7
18.4
9 Years
9
23.7
8
21.1
10 Years
7
18.4
8
21.1
11 Years
7
18.4
8
21.1
Baseline Anxiety Scores
Mean ± SD
37.38 ± 4.78
37.67 ± 7.98
Minimum-Maximum
30
59
32
68

Total
N
76

%
100

37
39

48.7
51.3

9.02 ± 1.39
14
18.4
15
19.7
17
22.3
15
19.7
15
19.7
37.52 ± 6.48
30
68

*APC: Attention Placebo-Controlled; VR: Virtual Reality; SD: Standard Deviation.
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Pilot Study
A pilot study was performed with 20 children (mean age, 8.24 ± 1.26 years) to test the compatibility
and acceptability of the VR headset. All children were asked to wear the VR headset along with or without
watching a movie. This measure was an attempt to control bias by permitting subjects to wear the VR headset
without playing any movies. However, most children (n = 14; 70%) refused to wear the VR headset without a
movie during treatment. They cited fear of losing control over the dental procedure as the reason for the
refusal to wear the VR headset. Thus, routine protective glasses were provided and were found to be acceptable
to all children. Findings from the pilot study confirmed the applicability of the study design and protocol.
Eligible participants were treated in two different appointments using the following two modalities:
using protective glasses only, without distraction (APC); or with the treatment condition (VR). All procedures
were performed by a single experienced and calibrated paediatric dentist.
Participants were randomly assigned by a computer algorithm to receive VR with the first or second
sequential dental treatment session and with protective glasses for the other treatment session. The
investigators were blinded to treatment sequence until before the onset of the first dental treatment. Before
VR, the VR headset was shown to the patients, who were permitted to handle it. This enabled the patient to
recognise the device and be familiar with it before treatment. Before starting the treatment, the VR headset
was placed on each patient’s head, and the patient was asked whether the device caused pain or discomfort, and
the patient’s consent was confirmed. In the APC group, each patient was informed about the dental procedure
and was provided with protective glasses. All patients were told that they were wearing these glasses to ensure
a pain- and stress-free treatment, and that the dentist would devote additional attention to the treatment. This
aimed to provide the patient with a feeling similar to being in an experimental session. The reason for choosing
an APC group with the routine protective glasses without distraction was to mitigate the possibility of the
‘Hawthorne effect’ [30]. One important factor to eliminate in experimental designs is the ‘Hawthorne effect’, in
which the study subjects are aware that they have been selected for an experiment and, such as in this case, the
researcher expects positive behavioural changes from them. Therefore, the use of an APC group increases the
possibility of associating the findings with only the effect of the treatment [31].
Study Protocol
VR System
The VR system (PlayStation 4 VR, Sony Inc., Minato, Tokyo, Japan) is a simple and easy-to-use
distraction device. This system consists of a screen mounted on a binocular headset connected to a console or
personal computer. The head-mounted display provides a high-resolution visual display and unmutes the
sound from the headphones using a soundproof mechanism that provides clear sound. The console or computer
is used to create virtual environments, which, in this study, were non-violent and harmless. Participants were
asked to watch cartoons or animated films of their own choice. All participants confirmed that the VR headset
was not unduly heavy or caused other physical problems. Both investigators were trained in the proper use of
the VR equipment and study procedures. The investigator who performed the dental procedures also
confirmed that he did not experience any problems during any of the procedures. All procedures were
performed in a single room separated for patients.
Dental Treatment Procedure
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Regardless of the experimental group, the first treatment session involved restoring the mandibular
first permanent molar tooth with only occlusal dental caries of each patient with composite filling under local
anaesthesia, whereas the second session involved treating the same tooth in the opposite quadrant. The
duration of treatment in each session was noted and was defined as the time from when the subject sat on the
chair until the occlusal adjustment of restoration. First, the teeth were cleaned using fluoride-free prophylactic
paste. The cavity preparation was limited to removal of the caries, followed by rounding of the inner line and
point angles. The total caries removal was performed on the lateral walls of the cavity with low-speed round
burs (sizes 4, 5, and 6, KG Sorensen, São Paulo, Brazil). Selective caries removal was executed on pulpal wall
with hand excavators until firm dentin, following it was possible to observe that the remaining dentin had a
darker color and leathery consistency. Rounding of the inner line and point angles were performed using an 80
µm grit diamond bur and completed using a 25 µm grit diamond bur (Intensiv, Viganello-Lugano,
Switzerland). Isolation and contamination were controlled with suction and cotton rolls. Metal matrix bands
and wooden wedges were also used where necessary. Teeth were restored with a hybrid composite (Filtek
Z250, 3M ESPE) using incremental technique.
Measures
Before data collection, the investigators were trained in the proper use of the VR equipment and study
procedures. Two investigators were present at each treatment session, one of who managed the dental
treatment while the other recorded the measurements.
Primary Outcome
The outcome measures were obtained through objective measurement, heart rate score, and self‐
administered questionnaires. Heart rate is a direct measure of physiological action and changes in painful and
stressful situations [33]. As reported in previous studies [29, 34], it can be used as an index for evaluating
both anxiety and pain. Therefore, it was used as an objective measure for evaluating both dental anxiety and
pain in this study. The heart rate score was noted using a portable pulse oximetry device (Shenzhen Jumper
Medical Equipment Co., Ltd., Guangong, China), which was attached to the left index finger of each subject.
Dental Anxiety
Dental anxiety was assessed using the Children’s Fear Survey Schedule-Dental Subscale (CFSS-DS)
and Facial Image Scale (FIS). After providing informed consent, participants completed a baseline
questionnaire (i.e., V0) in the waiting area of the clinic for providing demographic information and ratings of
preoperative anxiety according to the CFSS-DS and FIS. Both of these self-administered measures were also
used to evaluate dental anxiety at the end of the first (i.e., V1) and the second dental treatment visits (i.e., V2).
The CFSS-DS consists of 15 questions addressing dental treatment and equipment. The answer to each
question is scored from 1 (I'm not afraid) to 5 (I'm scared). Anxiety scores ranged from 15 to 75, with scores
classified as follows: 15–31, low level; 32–38, moderate level; and ≥ 39, high level. The validity and reliability
of the Turkish version of the CFSS-DS have been established [35]. The FIS comprises a series of five pictures
showing very happy (score = 1) to very unhappy (score = 5) faces [36]. The scale was shown to the children,
who were asked to choose the image they identified with at that instant. The scores were recorded by assigning
a score to the chosen face.
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Secondary Outcomes
Dental Pain
Pain outcome measures were obtained through objective measurement, heart rate score, a self‐
administered questionnaire, and the Wong-Bakers Faces Pain Scale (WBS). The WBS consists of six faces that
are assigned a rating from 0 to 10, with 0 representing no pain and 10, the most intense pain. Each face is
labelled with short verbal descriptions ranging from ‘no hurt’ to ‘hurts worst’.
The objective measure evaluating pain level was the recorded heart rate. Heart rate scores were
recorded four times during each visit session: a minute after sitting in the dental unit (T0); before local
anaesthesia (T1); during local anaesthesia (T2); and at the end of the treatment (T3). The highest scores were
recorded at each time point.
The WBS was used to subjectively measure pain levels and was rated by study participants
immediately after local anaesthesia administration (T2) and at the end of the treatment (T3).
Dental Visit Behaviour
Another secondary outcome measure was the dental visit behaviour of patients. The pre-calibrated
investigators scored patient behaviour using the Frankl Behaviour Scale at the end of each treatment session.
The most negative behaviour during entire treatment was considered.
Statistical Analysis
Statistical analyses were performed using SPSS version 22.0 (IBM Corporation, Armonk, NY, USA).
Descriptive analysis was used to summarise demographic characteristics and responses of the participants on
each scale. The chi-squared test was used to compare age and sex differences at baseline. Repeated-measures
ANOVA was performed to analyse changes according to the treatment group, dental visit sequence, and time
point of treatment procedure. Differences with p < 0.05 were considered to be statistically significant.

Results
Demographic information and baseline characteristics of the participants are summarised in Table 1. A
total of 76 participants were enrolled, of which 70 were ultimately analysed. Six participants dropped out of the
study due to personal and/or family reasons. Of the analysed participants, 54% (n = 38) were male, and the
mean age was 8.97 ± 1.39 years. At baseline, there were no significant differences between the two groups in
terms of characteristics and outcome measures. There was no significant difference between the groups in
terms of treatment duration (p>0.05; One-way analysis of variance - ANOVA), which was 31.30 ± 3.74 min
(minimum, 23 min; maximum, 41 min).
Heart Rate Measurement for Dental Anxiety and Pain
Table 2 presents the heart rate scores of participants according to group sequence, time points, and
dental visit sequence. A two-way mixed ANOVA was performed to investigate the impact of dental visit
sequence and time of treatment procedure on dental pain and anxiety according to the heart rate (Table 3).
There was a significant main effect of dental visit sequence (Wilk’s Lambda 0.856; F [1,68] = 11.398, p=0.001,
= 0.144), and also a main effect of time of treatment procedure (Wilk’s Lambda 0.153, F[3,66] = 121.985,
p=0.001, = 0.847). While there was a significant interaction between dental visit sequence and treatment group
(p=0.000), there was no significant interaction between the time of treatment procedure and the treatment
7
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group (p=0.236). While decreased dental anxiety and pain were associated with the first visit sequence with
VR, there was no association between time points according to the group. There was no significant interaction
between time of treatment procedure and dental visit sequence (p=0.273). There was also a significant
interaction between dental visit sequence, time of treatment procedure, and treatment group (p=0.000),
representing decreased dental pain and anxiety during local anaesthesia in VR group than in APC group,
regardless of dental visit sequence. Further analysis of heart rate scores using repeated-measures revealed no
significant differences between the groups and the other time of procedures (p>0.05).
Table 2. Mean (SD) heart rate scores of participants according to group sequence, time points, and
dental visit sequence
Time Points
Group Sequence
Visit Period
V1
V2
V1 -V2
T0
G1 (AB)
83.75 ± 7.36
81.86 ± 4.91
1.88 ± 7.13
G2 (BA)
85.85 ± 7.08
81.79 ± 3.54
4.05 ± 7.88
T1
G1 (AB)
85.27 ± 8.16
84.41 ± 7.50
-.86 ± 4.49
G2 (BA)
88.50 ± 5.41
87.26 ± 5.95
1.23 ± 8.46
T2
G1 (AB)
105.63 ± 12.39
92.75 ± 4.85
1.88 ± 11.24
G2 (BA)
96.64 ± 6.30
105.97 ± 9.52
-9.32 ± 9.50
T3
G1 (AB)
87.72 ± 6.05
85.50 ± 7.60
1.22 ± 8.07
G2 (BA)
87.14 ± 5.08
86.32 ± 15.32
.82 ± 15.07
*Group A: Attention Placebo-Controlled; Group B: Virtual Reality; V0: Baseline; V1: First Dental Treatment Visit; V2: Second Dental
Treatment Visit; T0: A Minute After Sitting in the Dental Unit; T1: Before Local Anaesthesia,;T2: During Local Anaesthesia; T3: End of
the Treatment; SD: Standard Deviation.

Table 3. Assessment according to the heart rate: pairwise comparison between VR and APC.
Time Point
Visit Sequence
Values
T0-T1
T0-T2
T0-T3
T1-T2
T1-T3
T2-T3
V1-V2
Mean Difference
-3.05
-16.93
-3.36
-13.89
0.31
13.58
1.83
Standard Error
0.48
0.89
0.98
0.95
1.14
1.22
0.54
p-value
0.000
0.000
0.006
0.000
1.000
0.000
0.001
*APC: Attention Placebo-Controlled; VR: Virtual Reality; V1: First Dental Treatment Visit; V2: Second Dental Treatment Visit; T0: A
Minute After Sitting in the Dental Unit; T1: Before Local Anaesthesia; T2: During Local Anaesthesia: T3: End of the Treatment.

Self-Reported Dental Anxiety Measures
Table 4 shows the dental anxiety scores on self-reported measurements and main effect of dental visit
sequence. A one-way repeated-measures ANOVA was performed to investigate the impact of dental visit
sequence on dental anxiety using self-reported measures, FIS, and CFSS-DS. Analysis of FIS scores revealed
that there was a significant main effect of dental visit sequence (Wilk’s Lambda 0.701, F[2,67] = 14.307,
p=0.000, = 0.299). There was no significant interaction between dental visit sequence and treatment group
(Wilk’s Lambda 0.927, F[2,67] = 2.631, p=0.079, = 0.073). Although, regardless of group, decreased dental
anxiety and pain were associated with the baseline (V0) and the other two visits, there was no association
between FIS scores of the first (V1) and second visits (V2). The results of between-subject effect revealed no
significant difference between the groups (F = 0.596, degrees of freedom [df] = 1, p=0.443).
Analysis of CFSS–DS scores revealed that there was a significant main effect of dental visit sequence
(Wilk’s Lambda 0.429, F[2,67] = 44.629, p=0.000, =0.571). There was no significant interaction between
dental visit sequence and treatment group (Wilk’s Lambda 0.917, F[2,67] = 3.015, p=0.056, = 0.083).
Regardless of group, however, decreased dental anxiety and pain were associated with the baseline (V0) and
the other two visits, and there was no association between CFSS–DS scores of the first (V1) and second (V2)
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visits. The results of between-subject effect revealed no significant difference between the groups (F = 3.187, df
= 1, p=0.079).
Table 4. Dental anxiety scores on self-reported measurements and main effect of dental visit sequence.
Visit
V0
V1
V2

CFSS-DS Score
Group Sequence
G1 (AB)
G2 (BA)
37.38 ± 4.78
37.67 ± 7.98
32.52 ± 3.12
28.79 ± 3.20
29.94 ± 9.12
28.47 ± 2.96

Visit Effect
F
p-value η 2
44.629
0.000 0.571

FIS Score
Group Sequence
G1 (AB)
G2 (BA)
3.36 ± 1.24
3.23 ± 0.95
2.86 ± 1.15
2.44 ± 0.92
2.77 ± 1.14
2.82 ± 1.16

Visit Effect
F
p-value
η2
14.307 0.000
0.299

*Group A: Attention Placebo-Controlled; Group B: Virtual Reality; V0: Baseline; V1: First Dental Treatment Visit; V2: Second Dental
Treatment Visit.

Self-Reported Dental Pain Measure
Table 5 shows the dental pain scores on WBS and main effects of dental visit sequence and time
points. A two-way mixed ANOVA was performed to investigate the impact of dental visit sequence and time of
treatment procedure on dental pain using the WBS. There was a significant main effect of dental visit sequence
(Wilk’s Lambda 0.905, F[1,68] = 7.160, p=0.009, = 0.095), representing increased dental pain in the first visit
irrespective of time points or group. There was also a significant main effect of time points (Wilk’s Lambda
0.903, F[1,68] = 7.341, p=0.009, = 0.097), representing an increased dental pain after local anaesthesia (T2)
rather than at the end of the treatment (T3), irrespective of the dental visit sequence or groups. However,
further analysis of WBS scores using repeated-measures revealed no significant interactions either between
time points and group (p=0.750), time points and visit sequence (p=0.958), or time points, visit sequence and
groups (p=0.278).
Table 5. Dental pain scores on Wong-Baker Faces Pain Scale (WBS) and main effects of dental visit
sequence and time points.
WBS Score
Visit Effect
Time Effect
Visit
Group Sequence
Time
G1 (AB)
G2 (BA)
F
p-value
F
p-value
η2
η2
V1
T2
4.11 ± 2.13
3.52 ± 1.65
7.639
0.009
0.095
7.341
0.009
0.097
T3
3.30 ± 1.87
3.05 ± 1.55
V2
T2
4.00 ± 1.85
4.11 ± 1.83
T3
3.38 ± 1.57
3.47 ± 1.58
*V1: First Dental Treatment Visit; V2: Second Dental Treatment Visit; T2: During Local Anaesthesia: T3: End of the Treatment.

Dental Visit Behaviour Measure
A one-way repeated-measures ANOVA was performed to investigate the impact of dental visit
sequence on dental visit behaviour. There was no significant main effect of dental visit sequence (Wilk’s
Lambda 0.940, F[2,67] = 2.151, p=0.0124). Further, there was no significant interaction between dental visit
sequence and treatment group (Wilk’s Lambda 0.930, F[2,67] = 2.531, p=0.08). The Frankl Behaviour Scale
scores did not differ between the groups (p=0.978).

Discussion
The first null hypothesis was rejected because VR was found to be effective in reducing dental anxiety
and pain during local anaesthesia according to the heart rate scores. The second null hypothesis was rejected; it
was of potential clinical importance because we observed a significant reduction in dental pain and anxiety as
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measured according to the heart rate, which favoured the standard objective vital sign. No significance was
observed according to self-reported measurements. Findings of this study revealed that VR may be effective in
reducing dental anxiety and pain in children during local anaesthesia. There was a decrease in dental pain and
anxiety during local anaesthesia in the VR group compared with that in the APC group, regardless of dental
visit sequence. This study also highlighted the presence of participatory bias in self-reported measures.
Additionally, VR did not improve cooperation and dental visit behaviour in children.
To our knowledge, this was the first study to evaluate the effect of VR on dental anxiety and pain
while also examining the Hawthorne effect by incorporating an APC group in the trial design. This design also
enabled us to test whether there was a difference between the study outcomes evaluated using objective and
subjective measurement tools. While there was no significant difference between the self-reported measure
scores during the treatment session in both the groups, there was a significant difference with regard to the
heart rate. Interestingly, there was a significant difference between the VR and APC groups in terms of the
heart rate for both dental anxiety and pain, whereas there was no significant difference between the selfreported scales of the two groups. This can be explained by the Hawthorne effect, in which subjects respond
more favourably when they are aware that they are being observed or that they are participating in an
experiment [30]. Participants were able to provide more biased responses on self-reported scales, whereas
there was no bias in objective assessments (heart rate). Heart rate is a direct measure of physiological action
and shows changes in painful and stressful situations. As reported in previous studies, it can be used as an
index for evaluating both anxiety and pain [29,33,34].
The main strength of the present study was its trial design. The randomised, within-subject, crossover, placebo-controlled design strengthened the validity of our findings. This study differed from the previous
clinical studies that used a placebo-controlled group in that it demonstrated the Hawthorne effect. Although
there was no distraction procedure in the APC group, the fact that the subjects were aware of their
participation in the experiment may have led to a biased scoring on the self-reported scales, which enabled
them to make their own assessments. The advantages of the cross-over design were that each patient acted as
their own control, and that a relatively small sample size was required to compare parallel groups. The 2-week
period between the two sessions was found to be adequate and consistent with the literature [26]. This 2-week
period was sufficient because the patients had the opportunity to renew their memory related to the previous
session while also being short enough so as to not allow the deterioration of oral health and caries.
Furthermore, there was no possibility of systemic residual effect of VR. Unlike drug trials, there were no
additional reservations about possible adverse treatment interactions. However, the sample size was adequate,
and the experiment did not lack statistical power, mainly due to the use of a cross-over design. The rate of
withdrawal from the study was considerably lower than expected, which may be due to the fact that VR devices
are of interest to both children and parents.
Each treatment session lasted for as short as 30 min, which prevented the participants from wearing
the devices for a prolonged period. This treatment duration is consistent with that in previous studies
[26,29,37]. School-age children (7-11 years) were included in this study. This is because pre-school age groups
exhibit higher levels of fear and anxiety than school-age children, suggesting that pre-school children are not
physically and cognitively suitable for VR [38]. Moreover, distraction has been shown to be more effective in
older age groups [19]. Another reason for selecting school-age children was that younger age groups exhibit
more incompatible and uncontrollable behaviour in the dental unit [29,39,40]. This study was performed in a
university clinic, which may affect the clinical environment. All patients were treated in a single room to
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eliminate this limitation. Using cotton rolls was found to be acceptable and comfortable by both patients and
the operator.
Previous studies have confirmed the efficacy of VR or audiovisual distraction using video eyeglasses in
reducing dental anxiety and pain in children [6,7,12,13,21,29,38]. Similarly, the results of this study revealed
that although VR was effective in reducing dental anxiety and pain during local anaesthesia with regard to the
heart rate, there was no difference among other the treatment time points. This can be explained by the nature
of dental treatment protocol, in which local anaesthesia is the most painful and stressful procedure [34].
Conversely, it has been reported that audiovisual distraction reduced heart rate scores during the use of a hand
piece [41]. A previous study also concluded no difference in distress during all treatment procedures between
patients wearing and not wearing video eyeglasses during local anaesthesia [26].
Frankl Behaviour Scale scores did not differ according to the treatment group or dental visit sequence.
This finding is consistent with those of the previous studies that did not reveal any behavioural differences
after the use of audiovisual distraction [37,42]. This may be because patients were given the opportunity to
watch preferred content, which enabled them to have positive perceptions and acceptability of VR [37,43].
This also compensated for the lack of kinaesthetic elements of VR [26,37]. Another explanation may be the
exclusion of extremely uncooperative patients during sample selection. Contrastingly, it has been reported that
using video eyeglasses in the first session precludes communication with the child and leads to non-cooperation
[27]. This difference may be explained by sample characteristics, in which healthy patients were included in
the present investigation, while special-needs children were included in the previous study.
This study had several limitations. A major limitation was the routine use of distraction glasses
instead of the VR headset in the APC group. This was because in the pilot study, an attempt to control bias
was made by permitting the subjects to wear the VR headset without playing any movies. However, most
children refused to wear the VR headset without a movie during treatment. This may be due to the fact that
those with high trait anxiety are unable to tolerate this type of distraction. Similarly, patients who want to
focus on the treatment procedure present with high anxiety because they feel a lack of control due to the
presence of the VR device [44]. Another limitation was the relatively small sample size. However, the crossover design of the study, the considerably low drop-out rate during the study, and the high statistical power in
determining the sample size mitigated this limitation. Additionally, participants applied to a single treatment
centre and were selected by convenience sampling. Many environmental factors that could have an impact on
the participants’ dental anxiety and pain were ignored. Future research should be conducted in different
centres and with larger sample sizes; as such, the validity of the findings should be supported. One more
limitation was that participants themselves selected the audiovisual material used. Some previous studies have
emphasised the importance of permitting participants to choose audiovisual materials themselves, and the way
this affects their behaviour [7,8,29]. Conversely, when children are allowed to choose the audiovisual material,
they feel more comfortable tolerating the VR device for a longer duration; also, they can have control, which
reduces stress levels. Normally, children have very limited control over their surroundings in clinical dental
settings; therefore, it may be beneficial for them to have control over the content being viewed. In addition, the
order in which the content is monitored during treatment sessions is also important. Future studies should
examine whether there are any differences depending on the content of the audiovisual material and the order
in which it is displayed.

Conclusion
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Virtual reality significantly reduced pain and anxiety during local anaesthesia in children undergoing
dental treatment; therefore, it may be recommended during dental treatment in school-age children. This study
also highlighted the presence of participatory bias in the self-reported measures, confirmed by the difference
between objective and subjective outcome measures.
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