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A B S T R A C T

Aim: The aim of this study was to examine whether screening content through virtual real-

ity (VR) goggles can diminish pain perception during local anaesthesia administered using

the inferior alveolar nerve block technique and rubber dam placement in routine paediatric

dental treatment.

Materials and methods: This is a crossover study of healthy 4- to 12-year-old children who

were scheduled to receive local anaesthesia administered using the inferior alveolar nerve

block technique and rubber dam placement in 2 visits. The participants were randomly

assigned to undergo 1 treatment performed with Oculus GO VR goggles and the other treat-

ment without. Pain was evaluated using the Wong-Baker FACES Pain Rating Scale and the

Modified Behavioral Pain Scale (MBPS).

Results: The study group included 29 children with a mean age of 8.29 years (SD, 1.96).

Whilst administering local anaesthesia, no significant difference was observed in the

Wong-Baker FACES Pain Rating Scale and in MBPS movements between visits with and

without the VR goggles. However, significantly lower pain perception was observed in the

other parameters of MBPS when using the VR goggles: Face (P = .007) and Cry (P = .046). Dur-

ing placement of a rubber dam, significantly less pain was reported by the patients

(P = .005) and observed by the assessor (Face [P = .005], Cry [P = .029], and Movement

[P = 0.028]) when the VR goggles were used.

Conclusions: VR can decrease pain perception during rubber dam placement in children, but

it has limited benefit during administration of local anaesthesia.

� 2022 The Authors. Published by Elsevier Inc. on behalf of FDI World Dental Federation.

This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Introduction

Distraction is a behaviour management method used during

procedures that may be painful or uncomfortable. The ratio-

nale is to reduce a patient’s attention from cultivating pain

signals and to thus diminish the pain experience.1 An ideal

distractor involves a number of senses and triggers emotional

reactions that assure that the patient is focused on the dis-

tracting element.2,3 Distraction techniques include playing

music,4 storytelling,5,6 watching television,7 and using audio-

visual distraction.8 Virtual reality (VR) is an interactive com-

puter-generated experience using a head-mounted display,
which creates an immersive experience through visual and

sound effects and enables dynamic interaction of the user in

a virtual environment. An advantage of the VR technique

over traditional behaviour management distractors is that it

blocks the patient’s view of the possibly stressful environ-

ment and projects relaxing content that the patient can

choose.9 Distraction using VR has been shown to be an effec-

tive intervention for reducing pain in children undergoing

needle-related medical procedures.10 Amongst children and

adolescents with kidney disease, significantly reduced pain

intensity was reported during venipuncture amongst those

who used VR compared to those who did not.11,12

Painful dental operations cause fear, and fear and anxiety

can increase the amount of perceived pain.13 Many patients

fear the instruments needed for injection, which are usually

long needles that are perceived as painful.14 The rubber dam
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clamp causes pain and discomfort due to the clamp imping-

ing on the gingival tissues.15 A number of studies have dem-

onstrated the use of VR to reduce pain and anxiety in certain

dental procedures.9,16-19 In those randomised clinical trials,

the participants were allocated to 2 groups, 1 treated with VR

and the other without. Anxiety and pain were measured at

the end of the dental visit, which may have varied in length,

local anaesthesia method, or type of restorative treatment.

The objective of the current study was to examine

whether the use of VR goggles in routine paediatric dental

treatment can reduce pain perception during local anaesthe-

sia and rubber dam placement. In contrast to other rando-

mised controlled trials on VR in paediatric dentistry, this was

a randomised crossover trial in which the participants served

as their own controls.
Figure – Illustration of the virtual reality goggles in a clinical

setting.
Methods

A randomised crossover clinical trial was designed to include

children in need of 2 dental treatments. One treatment was

conducted with the use of VR goggles and the other was con-

ducted without. The toss of a coin by a single trained disinter-

ested investigator determined the option that would be

implemented first. In this study design, participants consti-

tute their own controls. The random division into 2 groups

was designed to ensure that the treatment order would have

no effect on the results and that the effect examined

would be due to the use of the goggles. Randomisation was

performed after children were found to meet study inclusion

criteria.

The study group comprised healthy children, aged 4 to

12 years, who needed 2 dental treatments that included infe-

rior alveolar nerve block and rubber dam placement. The

study inclusion criteria included being fully cooperative

(Frankl20 grade 4) during examination and suitability for den-

tal treatment without the need for pharmacologic behaviour

management methods, according to skilled specialist paedi-

atric dentists. The children were treated by undergraduate

students in their final year in the Department of Pediatric

Dentistry, Faculty of Dental Medicine, Hebrew University of

Jerusalem.

VR goggles

The hardware used was Oculus Go VR goggles from Facebook

Technologies (Oculus Go virtual reality goggles, Meta Quest,

Facebook Technologies, LLC). These glasses are made of glass

lenses that project content from a Xiaomi screen. A sponge

covers an area around the eyes, forehead, and nose and thus

blocks the field of vision, separates the lenses from the face,

and insulates so that only the desired content is visible to the

participant. Straps enable adjusting the size of the glasses to

a participant’s head for optimal comfort (Figure). The glasses

are equipped with speakers; thus, both the participant and

the therapist can hear the projected content. Children and

parents were offered 3 types of content suitable for children.

Two of them were cartoon series and the third was a child-

ren’s show. All the content had an average screening time of

about 30 minutes.
Pain indices

The Wong-Baker FACES Pain Rating Scale21 was used to

examine self-reported pain during local anaesthesia and rub-

ber dam placement. This scale was designed to estimate pain

as perceived in the participant’s experience, by graphically

representing pain levels through faces, from level 0 (no pain

at all) to level 10 (greatest pain). Immediately after adminis-

tration of the local anaesthesia and after placement of the

rubber dam, the movie was stopped and the goggles were

removed from the participants’ eyes. The examiner then pre-

sented the participants with the graphic index on an A4-sized

page and asked them to point to the face representing how

they felt throughout the procedure. The goggles were then

returned, and the participants continued to watch the

selected content.

The Modified Behavioral Pain Scale (MBPS22) (Table 1) was

used to examine the pain observed by a calibrated observer,

who was a well-trained resident in paediatric dentistry. The

observer examined 3 criteria during local anaesthesia and

during rubber dam placement—facial expression, crying, and

movement—and scored the children’s behaviour accordingly.

After placing the rubber dam and before resuming the pro-

cedure, the patients were asked whether they wished to

remove the VR goggles or to continue watching the rest of the

content. At the end of the second meeting, the participants

were asked which dental visit they preferred, that with or

that without the VR goggles.

Sample size calculation

Power (sample size) calculators for continuous outcomes in

parallel group superiority trials were used.23 The mean out-

come, the score on the Wong-Baker FACES Pain Rating Scale,

was compared between visits that did and did not use VR



Table 1 – Modified Behavioral Pain Scale.

Facial expression Cry Movement

Definite positive 0 Laughing/giggling 0 Usual movement/resting/relaxed 0

Neutral expression 1 Not crying 1 Partial movement or attempt to avoid pain 2

Slightly negative 2 Moaning 2 Complex movement involving head, torso, etc 3

Definite negative 3 Full-lunged cry or sobbing 3
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goggles. Fourteen patients were calculated as required for a

90% chance of detecting, as significant at the 5% level, a

decrease in the primary outcome measure (Wong-Baker

FACES Pain Rating Scale), from 5.44 in the control group to

2.56 in the experimental group.15 Noncompliance/crossover

was adjusted when a percentage crossover of 15% was

expected in the control group, and the percentage crossover

expected in the experimental group was 15%; accordingly,

the adjusted total sample size required was 30.

Ethics

The study was approved by the Institutional Human Subjects

Ethics Committee (HMO-0508-19) and conforms to the Decla-

ration of Helsinki. The trial was registered at health.gov.il/

CliniTrials (registration number: MOH_2020-07-02_009105).

After receiving an explanation of the study, a parent or legal

guardian of each participant signed an informed consent

form.

Statistical analysis

The data were analysed by SPSS software (version 27.0.; SPSS,

Inc.). Descriptive statistics of the demographic variables were

presented as absolute numbers and percentages for the cate-

gorical variables and as means and standard deviations for

the continuous variables.

The normality of the variables was tested using the Kol-

mogorov−Smirnov test; both the local anaesthesia variable

(P = .028) and the rubber dam variable (P = .024) were abnor-

mally distributed. Our null hypothesis was that there would

be no difference in pain perception between children treated

with VR glasses and those treated without the glasses. For

testing the hypothesis of similar pain perception between the

groups, Wilcoxon tests were performed and segmented

according to the use of VR glasses vs not. Subsequently, a

number of Mann−Whitney tests were conducted.

The results were considered statistically significant at a P

value < .05 in a 1-tailed Wilcoxon test.
Table 2 – Pain index scores during local anaesthesia.

With VR Without VR

M SD M SD Z P h

Wong-Baker FACES Pain

Rating Scale

3.66 3.12 4.28 2.91 �1.190 .234 0.22

MBPS−Face 0.93 0.79 1.34 0.81 �2.676 .007 0.50

MBPS−Cry 1.07 0.59 1.34 0.55 �2.000 .046 0.37

MBPS−Movement 0.86 1.06 1.24 1.09 �1.732 .083 0.32

VR, virtual reality; MBPS, Modified Behavioral Pain Scale.
Results

During October 2020 through June 2021, 34 participants

enrolled in the study. The children were aged 4 to 12 years,

and the mean age was 8.29 years (SD, 1.96). Five participants

were excluded from the study: 3 because of lack of coopera-

tion that prevented treatment, 1 because of lack of atten-

dance of the second visit, and 1 because they received an

additional local anaesthesia injection, as the first one was not

sufficient. The mean age of the 29 participants included was

8.34 years (SD, 2.1); 13 used the goggles in the first visit and 16
in the second one. Most of the participants were male (72%)

and had prior experience with dental treatment (93%). They

all preferred dental treatment with the use of the VR goggles

(100%).

Pain during local anaesthesia

In visits with and without the VR glasses, the mean scores on

the Wong-Baker FACES Pain Rating Scale were similar

(P = .234) (Table 2). The movement component of the MBPS

was also similar (P = .083). However, mean scores on the other

2 parameters of the MBPS were significantly lower in visits

with than without the VR goggles: Face (P = .007) and Cry

(P = .046) (Table 2).
Pain during placing a rubber dam

In visits that implemented the VR glasses compared to visits

that did not, mean scores were lower on the Wong-Baker

FACES Pain Rating Scale (P = .005) and for all 3 parameters of

the MBPS: Face (P = .005), Cry (P = .029), and Movement

(P = .028) (Table 3).
The order of the visits

Statistically significant differences were not found in either

pain index between participants who used the VR goggles in

the first compared to the second visit. In visits that did not

implement the VR glasses, differences were not found in

either pain index between participants who used the VR gog-

gles in the first compared to the second visit (Table 4).
Discussion

The findings of this study suggest that the use of VR goggles

can decrease some of the pain perceived by children during

dental treatment. The crossover design is a strength, espe-

cially considering that tolerance to pain is individual for each



Table 3 – Pain index scores during placement of the rubber
dam.

With VR Without VR

M SD M SD Z P h

Wong-Baker FACES Pain

Rating Scale

2.14 2.56 3.86 3.54 �2.824 .005 0.52

MBPS−Face 0.69 0.71 1.14 0.88 �2.837 .005 0.53

MBPS−Cry 0.90 0.77 1.21 0.67 �2.183 .029 0.41

MBPS−Movement 0.48 0.99 1.03 1.21 �2.196 .028 0.41

VR, virtual reality; MBPS, Modified Behavioral Pain Scale.
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person. By comparing patients’ pain levels during 2 visits, the

effect of individual pain tolerance was negated.

The results of this study corroborate reports of the effec-

tiveness of the use of VR goggles in decreasing pain and anxi-

ety levels during dental procedures in children aged 4 to

12 years.9,16-19,24-26 Shetty et al9 found statistically significant

decreases in anxiety and pain levels, and also in cortisol lev-

els before, during, and after the procedure, amongst children

who used compared to those who did not use VR goggles. Ran

et al26 found that the use of VR goggles decreased levels of

anxiety and pain and also shortened the duration of the pro-

cedure.

The current study found VR to have a low ability to reduce

pain during local anaesthesia administration. This is evident

from the similar pain levels (according to the Wong-Baker

FACES Pain Rating Scale) and MBPS movements between vis-

its that used VR goggles and those that did not. As pain per-

ception is individual and subjective, the self-reported pain

perception and pain level could be more appropriately

derived from participants themselves (self-report). We sus-

pect that the difference in self-reported pain compared to
Table 4 – Examining the effect of the order of treatments on the l

Method With/without VR

Local anaesthesia Wong-Baker FACES Pain Rating

Scale

With VR

MBPS−Face With VR

MBPS−Cry With VR

MBPS−Movement With VR

Rubber dam Wong-Baker FACES Pain Rating

Scale

With VR

MBPS−Face With VR

MBPS−Cry With VR

MBPS−Movement With VR

Local anaesthesia Wong-Baker FACES Pain Rating

Scale

Without VR

MBPS−Face Without VR

MBPS−Cry Without VR

MBPS−Movement Without VR

Rubber dam Wong-Baker FACES Pain Rating

Scale

Without VR

MBPS−Face Without VR

MBPS−Cry Without VR

MBPS−Movement Without VR

VR, virtual reality; MBPS, Modified Behavioral Pain Scale.
pain observed by the assessor may stem from children’s

expectation of pain and discomfort whilst receiving local

anaesthesia, as injections are perceived as painful.14 Accord-

ing to Hed�en et al,27 even when the skin is numbed by topical

anaesthesia, many children experience needle procedures as

frightening and painful. However, the participants of our

study expressed feeling less pain, as assessed by facial

expression and crying, whilst using VR goggles than without

the goggles. Notably, VR goggles are placed on the face and

mask the eyes; thus, it is possible that they prevent the

observer from noticing silent tearing or slightly negative

facial expression. However, the goggles did not prevent the

observer from evaluating more pronounced crying or facial

expressions of the patients according to the MBPS. Hence, the

differences found according to facial expression and crying

can be interpreted as decreased pain perception when using

VR.

During placement of a rubber dam, patients experienced

less pain when using the VR goggles than when not using

them. Furthermore, both with and without VR goggles, both

observed and self-reported pain levels were lower during

placement of a rubber dam than during administration of

local anaesthesia. This might be due to the additional

expected effect of the local anaesthesia in decreasing pain.

We suspect that as children expect local anaesthesia to cause

pain, they rated it high on the Wong-Baker FACES Pain Rating

Scale. However, as they did not have expectations regarding

the placement of a rubber dam, the Wong-Baker FACES Pain

Rating Scale was able to demonstrate a decrease in pain per-

ception with VR compared with no VR.

A number of studies have shown lower anxiety levels

amongst children in the second compared to the first dental

visit.28,29 Therefore, decreased anxiety in the second visit can

lead to reports of decreased pain levels.30 Our demonstration
evel of pain.

First with VR First without VR

M SD M SD Mann�Whitney U P h

3.71 3.41 3.76 3.30 115.50 .557 0.07

1.14 0.86 0.82 0.73 95.50 .313 0.21

1.07 0.48 1.12 0.70 113.00 .779 0.00

0.86 1.02 0.76 1.09 113.00 .780 0.05

3.14 3.30 1.75 2.41 85.00 .236 0.15

0.79 0.69 0.69 0.79 101.50 .636 0.03

0.93 0.91 0.94 0.68 106.00 .786 0.10

0.71 1.20 0.44 0.96 100.00 .500 0.05

4.31 3.25 5.00 3.07 115.00 .572 0.01

1.54 0.97 1.40 0.82 123.00 .779 0.15

1.46 0.66 1.40 0.68 121.00 .690 0.15

1.54 1.13 1.15 1.08 105.00 .304 0.24

4.15 3.31 4.20 3.83 128.00 .940 0.09

1.23 0.83 1.20 0.95 126.50 .891 0.09

1.46 0.66 1.10 0.72 89.00 .054 0.38

0.92 1.26 1.10 1.16 120.00 .680 0.08
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of similar levels of pain between first and second visits sup-

ports the assumption that the decreased pain perceived dur-

ing visits with VR goggles reflects an effect of this behaviour

management technique rather than of the order of the visits.

Table 4 demonstrates that pain perception was similar when

VR was used in the first or the second visit. This indicates

that the pain reduction with VR was related to the use of VR

and not to the treatment, first or second, during which it was

used.

Felemban et al31 speculated that by blocking vision, VR

goggles may make children feel isolated from the real world

and more anxious regarding an unpleasant stimulus. How-

ever, although the goggles blocked our patients’ view, they all

preferred dental treatment with the use of the VR goggles.

As VR glasses cannot be worn with a nitrous oxide nasal

hood, they cannot be used in conjunction with inhaled seda-

tion. Whether the use of VR glasses can replace inhaled seda-

tion in patients for whom it is contraindicated remains an

open question, as conducting a crossover study to examine

such would not be ethical.

A few limitations arise in the use of VR goggles. First, den-

tists must have basic knowledge of the hardware and soft-

ware of the goggles. Second, the time required to place the VR

goggles and explain their use to children should be consid-

ered. In addition, VR goggles do not isolate noise resulting

from the treatment and the use of dental equipment, and

these noises can cause fear and anxiety. In addition, side

effects of nausea have been reported during the use of VR

sets32; these stem from low screen resolution. None of our

patients reported nausea whilst wearing VR glasses, and this

may be due to the use of quality hardware and high-resolu-

tion screens for content. As VR goggles are noticeable, the

intervention is clear to the patient and to the observer. In

addition, as the goggles mask the eyes, rating the MBPS index

is more difficult for the observer, and this raises the possibil-

ity of bias.

In conclusion, the use of VR goggles decreased the pain per-

ceived during rubber dam placement amongst children but

has limited benefit during administration of local anaesthesia.
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