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Objectives: This study aimed to assess the impact of virtual reality (VR) on reducing anxiety and pain in dental patients across all age
groups and dental procedures. Methods: Systematic review with comprehensive search of PubMed and Cochrane Library databases for
randomized controlled trials (RCTs) comparing VR interventions with non-VR methods in dental settings up to April 2024. The selection
followed the PRISMA-P guidelines. Inclusion criteria were based on the PICOS framework, focusing on studies involving dental patients
of any age, utilizing VR during dental treatments, and reporting outcomes on anxiety and pain. Data extraction and quality appraisal were
performed independently by two reviewers using the ROB-2 tool and GRADE methodology. Meta-analyses used a random-effects model.
Results: Twenty-seven studies met the inclusion criteria, encompassing several dental treatments. In meta-analysis VR reduced anxiety
in children (SMD -1.44, 95% CI -2.24 to -0.63) but not adults (SMD -0.35, 95% CI -1.11 to 0.4). For pain reduction, VR was effective
in both children (SMD -1.11, 95% CI -1.65 to -0.57) and adults (SMD -0.59, 95% CI -1.187 to -0.001). Heterogeneity was high across
studies, and evidence quality ranged from low to moderate. Conclusions: VR is a promising intervention for reducing anxiety and pain in
children during dental procedures. Its effectiveness in adults is limited to pain reduction. High heterogeneity and risk of bias suggest that
findings should be interpreted with caution. Further research is needed to standardize VR content and explore its varying impacts across

different age groups and dental procedures.
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Introduction

One challenge that dental patients face before even visit-
ing the clinic is the fear of pain and anxiety (McNeil et
al., 2001). Fear-related behaviors in dentistry can affect
the quality and the treatment process and may lead to
patients discontinuing treatment (McNeil et al., 2001).
Patients who experience considerable pain tend to delay
their dental visit until it becomes essential, which can
further increase their fear of treatment (Hoffman et al.,
2001). Ultimately, these negative emotions can intensify
the patient’s pain and anxiety (Cimpean and David,
2019). The fear of dentistry is the fifth most common
fear and is more prevalent among younger than older
individuals (Sweta ef al., 2019). In general, one-third
of children aged 2 to 6 years experience dental anxiety
(Sun et al., 2024).

Managing fear and anxiety can also create an unpleas-
ant experience for dentists. If patients do not cooperate, it
prolongs the treatment duration and increases the use of
resources, leading to dissatisfaction for both the dentist and
the patient (Brahm et al., 2012; Moore and Bredsgaard,
2001). The relationship between the dentist and the patient,
influenced by the patient’s fear and anxiety, can result in
incorrect diagnoses (Eli, 1993). Furthermore, avoiding
dental treatment due to stress leads to poor oral health,
decay, and tooth loss (Van Wijk and Hoogstraten, 2003).
Another consequence is sleep disturbance, which negatively
impacts social interactions and workplace relationships and
stems from reduced self-confidence (Cohen ef al., 2000).

Managing and treating dental fear and anxiety involves
a variety of approaches. Therapeutic and psychological
methods include psychotherapy, pharmacotherapy, singly
or in combination (Appukuttan, 2016). The design and
architecture of the dental office also impact patients’
anxiety (Bare and Dundes, 2004; Lehrner et al., 2000,
2005). Furthermore, establishing a close and trustworthy
relationship between the dentist and the patient is crucial
(Marci et al., 2007). Other techniques for managing dental
anxiety include relaxation (Biggs et al., 2003), guided
imagery (Hofmann et al., 2010), biofeedback (Weinstein
and Milgrom, 2009), hypnotherapy (Montgomery et al.,
2000), acupuncture (Miiller et al., 2023), and techniques
to increase patient control (American Academy of Pedi-
atric Dentistry, 2015). While these methods are diverse,
many drawbacks include physical risks and being time-
consuming. On the other hand, the distraction technique
is considered a safe and affordable option for healthcare
professionals (Rath and Khandelwal, 2019).

The American Academy of Pediatric Dentistry (2015)
has identified various techniques for managing and treat-
ing fear and anxiety in children including communication,
the tell-show-do (TSD) method, voice control, parental
presence, and distraction. Distraction diverts the patient’s
attention from unpleasant experiences. One distraction
technique is virtual reality (VR); an active method re-
quiring the patient’s participation (Addab et al., 2022;
Asokan et al., 2020). Although uniform definition of VR
is lacking (Bhardwaj and Bhardwaj, 2016; Mandal, 2013;
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Pernekulova et al., 2021), it is generally understood as
a human-computer interaction that immerses users in a
three-dimensional environment disconnected from the real
world (Xinxing, 2012). Patients interact with a virtual
environment via a headset or hand controller, prompting
them to respond and thereby diverting their attention from
the dental procedure (Smith ez al., 2020). Unlike other
digital distraction techniques, VR provides a convincing
sense of presence in a virtual world, effectively isolating
the patient from real-world stimuli (Aziz, 2018; Chopra
et al., 2020). The VR in dentistry market was worth over
USD 550 million in 2022. It is projected to reach USD
3,554.1 million by 2030, growing at a CAGR of over
18% (Cognitive Market Research, 2023).

Studies have investigated the impact of VR in dentist-
ry. For instance, three meta-analyses have focused on this
topic. Custodio et al. (2020) explored VR’s effect on pain
and anxiety levels in children during dental treatments.
This research included nine randomized clinical trials
(RCTs) up to September 2018, concluding that VR does
not influence anxiety levels during procedures such as
local anesthesia, the use of a rubber dam, caries removal,
and restoration. Another 2020 meta-analysis reviewed the
literature up to November 2019 and included eight stud-
ies. It found that virtual reality significantly reduced both
pain and anxiety in children (Fernandez, et al., 2020).
Lastly, Xinyi Yan (2023) and colleagues examined VR’s
effectiveness in reducing anxiety in pediatric dentistry.
Drawing on 12 RCTs up to September 2022, the study
reported significant effects on pain, anxiety, and heart
rate, although the evidence was considered poor quality
due to publication bias.

This research is driven by two primary concerns.
First, previous studies have reported inconsistent results,
possibly due to the dynamic nature of research and the
timing of publications. For example, two meta-analyses
published in 2020 included 9 and 7 articles, respectively,
while a 2023 meta-analysis included 12 RCTs. Second,
although most studies have focused on the effects of vir-
tual reality on children, this encompasses all age groups.
By reviewing the literature up to April 2024, our aim is
to assess the impact of virtual reality across all dental
conditions and age groups.

Methods

This study was developed in accordance with the PRIS-
MA-P (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses Protocols) declaration as a framework
for detailing the items in systematic review and meta-
analysis protocols (Moher et al., 2015). The protocol can
be accessed at https://doi.org/10.21203/rs.3.pex-2592/v1
(Motahari-Nezhad and Sadeghdaghighi, 2024).

Eligible studies were identified from PubMed and
the Cochrane Library, on 1 April 2024. Distinct search
syntaxes were used in each database as follows: (“Virtual
Reality”’[Mesh] OR “Virtual reality’’[ Title/abstract]) AND
(dentistry[Title/Abstract] OR teeth[Title/Abstract] OR
tooth[Title/Abstract] OR dental[Title/Abstract])

The searches were not time-limited. Additionally,
after executing the search syntax in PubMed, the article
type was specifically limited to ‘Randomized Controlled
Trials’.

We used the following search syntax in Cochrane
library: “virtual reality” in Title Abstract Keyword AND
“dentistry” OR “teeth” OR “tooth” OR dental in Title
Abstract Keyword.

We included English-language, full-text RCTs, assess-
ing the efficacy of virtual reality interventions against
non-virtual reality control groups. The inclusion criteria,
derived from the PICOS framework (Amir-Behghadami
and Janati, 2020) were:

Population: All dental patients, irrespective of race,
gender, or age.

Intervention: VR to manage treatment in dental patients
Comparator: Any non-VR to manage treatment in dental
patients

Outcome: Anxiety and pain.

Setting: Dental treatment settings including dental sur-
geries etc.

Study Design: Limited to RCTs.

Following the search across two digital libraries, all
the retrieved studies were compiled into a Microsoft Excel
spreadsheet. Duplicates were eliminated based on their
Digital Object Identifier (DOI) numbers. After duplicates
were cleared, selection proceeded in two phases.

Initially, the titles and abstracts of the articles were
examined. Any studies failing to meet the inclusion criteria
were dismissed. The remaining studies were subjected to
a comprehensive full text review to determine if they met
the inclusion criteria. Additionally, the reference lists from
these studies were examined to uncover further eligible
studies (Motahari-Nezhad, 2023). Two reviewers (HM-N
and AS) independently assessed the studies at the abstract/
title and full-text stages. The process was depicted using
a PRISMA flow diagram. A detailed list of the studies
that were excluded at the full-text review stage, along
with the reasons for their exclusion, is also provided.

Two independent reviewers, HM-N and AS, extracted
the data, gathering information about the studies that met
the inclusion criteria, including the year of publication, the
first author’s name and country of origin, and details about
the study population, such as clinical features, gender,
and age. Other information regarding the intervention,
follow-up durations, comparison groups, and outcomes
related to dental health, including the magnitude of
effect, the statistical measurement of the effect size, its
confidence intervals of 95% or standard errors, and the
total number of studies’ participants with a breakdown by
group were also extracted. When sources did not report
the effect size, it was computed when feasible based on
the data available in the reports. If an author had more
than one affiliation, only the first one was considered.

Two independent reviewers employed the Risk of Bias
2 (ROB 2) tool (Sterne et al., 2019) to assess bias in
the included studies across five key areas: randomization,
deviations from intended interventions, missing outcome
data, how outcomes were measured and the choice of
results reported. Whenever differences arose, the review-
ers discussed to resolve them and achieve consensus.

The final analyses were organized according to the
outcomes, with studies reporting the same outcomes
grouped together. We conducted a random effects me-
ta-analysis for each category using the DerSimonian and
Laird approach in R software. Only reports that described
matching effect sizes were considered to consolidate the
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effect sizes for analysis. When studies reported diverse
effect sizes, attempts were made to standardize these
measures to ensure comparability. The standardized mean
difference (SMD) was calculated for each study to ensure
the comparability of effect sizes. Studies that did not
report the necessary measures for calculating the SMD
were excluded from the meta-analysis. The heterogeneity
among the studies in each meta-analysis was evaluated
using the I-squared statistic. If this statistic exceeded 50%,
meta-regression using age as a variable was employed to
explore potential sources of heterogeneity. Furthermore,
a subgroup analysis investigated variations in the overall
effect sizes across different levels of bias risk. Methods,
including the Trim and Fill (Duval and Tweedie, 2000)
and statistical tests, such as Egger’s and Begg’s (Song
et al., 2013), were used to identify potential publication
bias within the meta-analyses.

The GRADE method was utilized to assess the ev-
idence quality for each outcome (Guyatt et al., 2008;
Schiinemann et al., 2013). The evaluation encompassed
five key factors: risk of bias, publication bias, inconsis-
tency, imprecision, and indirectness. The certainty of each
outcome was classified as High, Moderate, Low, or Very
Low, depending on the aggregate number of downgrades
(Motahari-Nezhad et al., 2021).

Results

The initial search identified 263 sources. After re-
moving 52 duplicates, 207 articles remained for title
and abstract screening, of which 159 were deemed
inappropriate and excluded. Consequently, 48 articles
were full text reviewed, of which 23 did not meet the
inclusion and exclusion criteria, leaving 25 articles
as eligible. After reviewing the references of these

studies, two additional articles were identified for in-
clusion. Therefore, 27 articles were finally included
(Figure 1). The table of excluded studies is available at
https://docs.google.com/document/d/1 AIdAMYy3NpdM-
mvqOwlOrege DSPyBugOi/edit?usp=drive link&ouid=
104452075362753409107 &rtpof=true&sd=true.

Most reports were published in 2024 (22%) and 2021
(19%), followed by 2019, 2022, and 2023 (11% each).
Indian researchers authored 30% of the included stud-
ies. Following that, authors from Iran and Turkey each
published 15% each. Seven other studies were published
across Spain (11%), China (7%), and Jordan (7%).

The 27 included articles were published in 24 different
journals. Most (56%) reported parallel group RCTs, 22%
were cross-over, and the remaining six used a within-
subject, split-mouth design. Almost half (41%) were
funded by academic centers, while 33% were conducted
without any external financial support. Further charac-
teristics of the included studies are available at https://
docs.google.com/document/d/11YNc4s2qOjHI77kA8Xru-
N1DelvqGqo/edit?usp=drive link&ouid=104452075362
753409107 &rtpof=true&sd=true.

The effect of VR with children was the focus of 70%
of the reports. The other 30% involved adults aged 18
years and older. There was a predominance of female
participants. Five articles (19%) did not specify the
participants’ gender. Further information is available at
https://docs.google.com/document/d/1j1ZeVIrvzraD8Rxd
4Dmp50UCMhxbqTue/edit?usp=drive link&ouid=1044
52075362753409107 &rtpof=true&sd=true.

The effects of VR were explored across a wide range
of dental procedures, primarily during surgical and inva-
sive procedures such as the extraction of primary teeth,
pulp therapy, and tooth extractions, or formocresol pul-
potomies on primary mandibular molars. Restorative and
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Figure 1. PRISMA flow diagram of search and screening process (Page et al., 2021).
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conservative treatments were the focus of other studies,
for instance, caries treatment and conservative dental
treatments involving fillings. Furthermore, the dental
procedures in some RCTs involved anesthesia and pain
management, such as the administration of an inferior
alveolar nerve block.

As most studies included children, most VR con-
sisted of cartoons (56%) and nature and scenery (26%).
Please refer https://docs.google.com/document/d/1pol-
wmpdLEoe7KNo3 TSCgu-S3mSP8WC/edit?usp=drive li
nk&ouid=104452075362753409107 &rtpof=true&sd=true
to for more details of the types of dental treatments and
procedures, VR devices, and content.

Anxiety and pain were the two most reported out-
comes in the included RCTs, followed by heart rate
and oxygen saturation. (Details of the outcomes in the
included studies are available at: https://docs.google.com/
document/d/10PiY CyBVyBegL 1g-GaxGx2kvclu00X8e/
edit?usp=drive link&ouid=104452075362753409107&r
tpof=true&sd=true).

A wide range of tools were used to measure outcomes.
Anxiety assessments included the Children’s Fear Survey
Schedule-Dental Subscale (CFSS-DS), Frankl Behavior
Rating Scale (FBRS), face version of the Modified Child
Dental Anxiety Scale (MCDAS), Facial Image Scale
(FIS), Venham’s Picture Test (VPT), Venham’s Clinical
Anxiety Rating Scale (VCARS), and the Modified Ven-
ham’s Anxiety Rating Scale (MVARS), among others. For
pain assessment, various tools were also utilized, such
as the Wong-Baker FACES Pain Rating Scale (WBFS),
FLACC Scale, and Visual Analog Scale (VAS).

The included samples had varying levels of anxiety.
Some studies included patients with different levels
of anxiety (Alshatrat et al., 2022), others focused on
patients with a predefined anxiety level. For example,
participants were included by Ran et al. (2021) only
if they scored above 19 on the Children’s Fear Survey
Schedule-Dental Subscale.

Bias arising from the randomization process

Bias due to deviations from intended interventions

Bias due to missing outcome data

In the risk of bias assessment, there were concerns
in 19 studies due to the concealment of the allocation
sequence. All studies exhibited a high risk of bias from
deviations from the intended interventions because the
patients were aware of their interventions during the
study. There was only one concern regarding participant
dropout. All reports suggested that assessors were aware
of the interventions received by the participants. Seventeen
reports raised some concerns due to the unavailability
of pre-registered protocols. Overall, all included studies
had a high risk of bias (Figure 2).

The meta-analysis of 14 studies, encompassing a total
of 957 patients, demonstrated an effect of VR in reduc-
ing anxiety levels in children (SMD -1.44, 95% CI -2.24
to -0.63, I’=94%, low quality of evidence) (Figure 3).
Two studies were not included in the meta-analysis due
to insufficient data (Oziikog, 2020; Shams et al., 2024).
The assessment revealed publication bias. Additionally,
the meta-regression for age of participants was not con-
ducted due absent age data in 5 articles (Aditya et al.,
2021; Bahrololoomi et al., 2024; Greeshma et al., 2021;
Pande et al., 2020; Shetty et al., 2019).

Five articles (total 485 participants) were included in
the meta-analysis for the effect of VR on adult anxiety.
No effect was apparent (SMD = -0.35, 95% CI: -1.11
to 0.4, 1>=83%, low level of certainty). With less than
10 studies in this meta-analysis, publication bias was
not assessed. Meta-regression did not find a relationship
between mean age and effect size (p = 0.264).

The meta-analysis of 11 studies (791 participants),
revealed an effect of VR on pain reduction in children
(SMD = -1.11, 95% CI: -1.65 to -0.57, I* = 91%)(Figure
4). The level of certainty was moderate. No publication
bias was identified (p > 0.05). Meta-regression could
not be conducted to determine the effect of age as data
were lacking in two reports (Bahrololoomi ez al., 2024;
Shetty et al., 2019).

Bias in measurement of the outcome

Bias in selection of the reported result

Overall risk of bias

Figure 2. Risk of Bias assessment using ROB2 tool.
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Experimental Control
Study Total Mean SD Total Mean SD Standardized Mean Difference SMD 95%-Cl Weight
Qin Du, et al, 2022 60 32.32 1558 64 35.16 14.81 -0.19 [-0.54; 0.17) 7.6%
Longkuan Ran, et al, 2021 55 2334 523 49 2543 520 -0.40 [-0.79;-0.01] 7.6%
Naser Asl Aminabadi, etal, 2022 15 826 157 15 16.93 3.61 - -3.03 [-4.12;-1.94] 6.2%
Cristina Gémez-Polo, et al, 2021 40 127 055 40 275 0.98 = -1.84 [-2.36;-1.31] 7.4%
Pradnya D. Pathak, et al, 2023 15 120 243 15 247 292 - -0.46 [-1.19; 0.27) 7.0%
Mahesh Nunna, et al, 2019 35 057 061 35 080 068 = -0.35 [-0.83; 0.12] 7.4%
P.V.A. Aditya, et al, 2021 15 184 178 15 411 279 g -0.94 [-1.70;-0.18] 6.9%
Burak Buldur, et al, 2021 36 28.79 3.20 34 3252 3.12 - -1.17 [-1.68,-066] 7.4%
Vabitha Shetty, et al, 2019 60 11.28 351 60 16.47 3.48 ‘ -1.48 [-1.88;-1.07] 7.5%
Pratik Pande, et al, 2020 15 121 043 15 247 083 . B -1.85 [-2.72;-098] 6.7%
Puppala Niharika, et al, 2018 18 1472 358 18 19.56 3.75 - -1.29 [-2.02;-0.57) 7.0%
Zahra Bahrololoomi, et al, 2024 30 990 267 30 1066 261 e -0.28 [-0.79; 0.22] 7.4%
Naser Asl Aminabadi, et al, 2012 58 1258 1.01 59 1825 1.02 -+ -5.55 [6.36;-4.74) 6.8%
Greeshma SG, et al, 2021 28 150 050 28 3.00 1.00 - -1.87 [-251,-1.24) 72%
Random effects model 480 477 < -1.44 [-2.24; -0.63] 100.0%
Heterogeneity/” = 94%, = 1.1692, 1., = 208.30 (p < 0.01) T =
6 4 2 0 2 4 6
Standardized Mean Difference (SMD)
Figure 3. The forest plot of the effect of VR on anxiety in children.
Experimental Control
Study Total Mean SD Total Mean SD Standardized Mean Difference SMD 95%-Cl Weight
Qin Du, et al, 2022 60 347 076 64 556 1.13 -2.14 [-2.59;-1.70] 9.5%
Longkuan Ran, et al, 2021 56 162 113 49 359 1.19 -1.69 [-2.14;-1.24]) 9.5%
Pradnya D. Pathak, et al, 2023 15 133279 15 3.33 3.60 | -0.60 [-1.34; 0.13]) 8.5%
Mahesh Nunna, et al, 2019 35 303202 35 297249 0.03 [-0.44; 049] 94%
Lior Zaidman, et al, 2023 13 21425 16 3.86 354 == -0.53 [-1.28; 0.21] 84%
Burak Buldur, et al, 2021 36 3.05155 34 330 187 : -0.14 [-0.61; 0.33] 9.4%
Sabha Mahmoud Alshatrat, et al, 2022 17 341314 14 6.71 3.81 | -0.93 [-1.68;-0.18) 8.4%
Vabitha Shetty, et al, 2019 60 203148 60 517 1.24 -2.28 [-2.74,-1.82] 9.4%
Puppala Niharika, et al, 2018 18 256165 18 544 290 L ) -1.19 [-1.91;-048] 86%
Zahra Bahrololoomi, et al, 2024 30 093148 30 213176 | -0.73 [-1.25;-0.20] 9.3%
Naser Asl Aminabadi, et al, 2012 58 189065 59 3.05060 -1.84 [-2.28;-141) 95%
Random effects model 397 394 > -1.11 [-1.65; -0.57] 100.0%

o 02 2 2
Heterogeneity/” = 91%, " = 0.6968, 3, = 106.08 (p < 0.01)

Figure 4. The forest plot of the effect of VR on pain in children.

Concerning the pain in adults, the data from 557
samples across 6 articles revealed a pooled SMD of
-0.59 (95% CI: -1.187 to -0.001, p < 0.05, I*> = 83%,
p < 0.01), indicating low evidence quality. We did not
check for publication bias due to the limited number of
included studies in the meta-analysis. Additionally, meta-
regression showed that the mean age of participants was
not significant (p > 0.05).

Discussion

This systematic review aimed to assess the effect of
VR distraction technology on anxiety and pain levels in
children and adults. To the best of our knowledge, it is
the first to include all types of RCTs (parallel, crossover
and split-mouth designs).

Virtual reality reduced anxiety in children during den-
tal procedures. This finding is consistent with two other
systematic reviews (Lopez-Valverde et al., 2020; Yan et
al., 2023). VR appears to reduce anxiety by distracting
from real-world stimuli with 3D images using visual and
audio cues to immerse users in the virtual environment
(Aziz, 2018; Margam, 2024).
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In all the included studies, participants’ anxiety was
measured using questionnaires or visual assessments. One
physiological indicator of anxiety is heart rate (Guinot
Jimeno et al., 2011). While a meta-analysis revealed the
effectiveness of VR in reducing heart rate in children
(Guinot Jimeno et al., 2011), another failed to find this
effect (Custodio et al., 2020). Studies assessing the effect
of VR on anxiety have used subjective and objective
measures. Some have used physiological data, such as
oxygen saturation. Two studies reported that VR did not
affect the oxygen saturation levels of children in den-
tistry (Yan ef al., 2023; Zhang et al., 2019) The variety
of measures across the studies may have affected the
results. Therefore, researchers in this field should use
validated tools that align with their study objectives.
Future studies should also determine whether the choice
of measure impacts the results and which measures are
more suitable for children.

Virtual reality did not appear to reduce anxiety in adults.
This may be explained by several factors. First, adults may
be less attracted to VR in dentistry and less distracted by
it. Secondly, the content of the VR may not have been
suitable for adults. Additionally, differences in the types



of content, duration of exposure, and the specific contexts
in which VR was used across studies may also effect the
results. The difference in neuroplasticity between adults and
children may also be responsible. Future research might
explore how different mechanisms of VR interventions can
influence anxiety across different age groups.

For pain, VR was effective in both children and adults,
though the effect was larger in children. Again, this vari-
ation may be attributed to developmental differences, or
the specific nature of the VR, which could influence how
participants experience and process anxiety versus pain.
Further research is needed to explore the mechanisms
underlying these differences.

Distraction is effective in patients with mild to moder-
ate levels of anxiety. The studies included in this review
involved participants with different levels of anxiety.
Future research could investigate whether participants’
anxiety level influences the effectiveness of VR in reduc-
ing anxiety and pain.

Another method commonly employed to address anxi-
ety is exposure therapy, which involves consistently and
systematically facing a feared object or situation over time,
while refraining from avoidance or escape behaviors (Mo-
bach et al., 2020). Unlike VR, which relies on advanced
technology to create simulated or artificial environments,
exposure therapy can be conducted in real-world situa-
tions or through imagined scenarios. VR provides highly
controlled and customizable virtual settings, while graded
exposure typically occurs in actual environments. Addi-
tionally, VR is more immersive, offering vivid, detailed
sensory experiences, whereas graded exposure is less
immersive and focuses on gradual progression through
increasingly difficult real-life situations (Craske et al.,
2014). Virtual reality exposure therapy has emerged
recently and has been shown to be effective in reducing
fear of dental procedures. For instance, trials comparing
VR exposure therapy with informational pamphlets sup-
port the effectiveness of VR exposure therapy in reducing
dentophobia compared to informational therapy (Gujjar
et al., 2018; Majidi and Manshaee, 2021).

Some studies were not included in the meta-analysis
due to reporting quality. RCTs are the most important
studies for generating evidence for systematic reviews,
health policy, and medical decision-making. However,
the reporting quality of RCTs can hinder evidence-
generation. This highlights the need for researchers to
adhere to reporting standards such as CONSORT and
TRACT (Cuschieri, 2019; Yin et al., 2021; Mol et al.,
2023). Risk of bias arose in the included studies due to
reporting quality. This led to concerns related to outcome
measurement and the potential for bias in the selection
of reported results. The primary reason for the high risk
of bias was the deviations from intended interventions,
which stemmed from the nature of the intervention itself,
which made it difficult to mask participants. Research-
ers might reduce this risk of bias by using VR glasses
without a video in the control group. This strategy would
help ensure that assessors are also masked to the type
of intervention. High risk of bias has also been reported
in other digital health systematic reviews (Bevens et al.,
2022; Siopis et al., 2023). Risk of bias an undermines
the validity of meta-analyses, which should therefore be
treated with caution.

In conclusion, VR reduced anxiety and pain during
dental procedures in children. It did not reduce anxiety
but did reduce pain in adults. Heterogeneity and risk of
bias in the included studies reduces the validity of these
results, which should be treated with caution.
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