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Abstract: Children and adolescents with severe burns require medical and nursing interventions,
associated with pain. As immersive virtual reality (VR) gained prominence as non-pharmacological
adjuvant analgesia, we conducted a systematic review and meta-analysis on the efficacy of full
immersive VR on pain experienced during dressing changes in hospitalized children and
adolescents with severe burns. This exercise included quality and risk of bias assessment. The
systematic review resulted in eight studies and 142 patients. Due to missing data, four studies were
excluded from the meta-analysis. Fixed effects meta-analysis of the four included studies (n=104)
revealed a large effect size (ES) (SMD=0.94; 95% CI=0.62, 1.27; Z=5.70; p<0.00001) for adjuvant full
immersive VR compared to standard care (SC). In conclusion, adjuvant full immersive VR
significantly reduces pain experienced during dressing changes in children and adolescents with
burns. We therefore recommend implementing full immersive VR as an adjuvant in this specific
setting and population. However, this requires further research into the hygienic use of VR
appliances in health institutions. Furthermore, due to the high cost of the hardware, a cost-benefit
analysis is required. Finally, research should also verify the long term physical and psychological
benefits of VR.
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1. Introduction

Burn injuries are a major public health problem with a high mortality rate [1]. The incidence rate
of burn injuries for children aged under sixteen is almost 25% [2]. Children under the age of five are
the most common victims, likely due to their underdeveloped motoric and cognitive functions [2,3].

Severely burned patients require frequent painful interventions such as dressing changes to
prevent infection and improve wound healing [4]. The frequency of dressing changes depends on the
amount of exudate and type of dressing material, and therefore varies between once a week, up to
twice daily in hospitalized burn patients [5]. The process of dressing change is perceived by children
to be the most distressing and painful moment during hospitalization [4,6,7].
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Failure to sufficiently handle this pain results in physical and psychological effects [8].
Unfortunately, pain management during dressing change is often insufficient with the traditional
methods, resulting in anxiety in children and their parents [9]. Other psychological effects include
depression and (posttraumatic) stress disorder [8]. Regarding the negative somatic effects, studies
documented that pain blunts wound healing [10,11]. Therefore, accurate pain management not only
improves quality of life, but also reduces the aforementioned negative effects. Different pain
management strategies are used, with (opioid) analgesics as the most commonly applied strategy
[12]. However, reports show that the pain experienced by burn patients during wound care remains
unacceptably high, even with the maximum allowed doses [13]. Additionally, the use of
pharmacological analgesics in general causes side effects like nausea, vomiting, dizziness, respiratory
depression, constipation or tolerance. Physical dependence and addiction are also concerning [14].

Interestingly, distraction interventions as adjuvant therapies - together with opioids - hold the
promise to decrease pain and anxiety in burn patients [8,15-17]. There are various types of
distraction, with a range of passive (e.g. watching television or listening to music) or active (e.g.
interactive toys, electronic games or immersive technology) techniques [18]. Due to the rapid
development of immersive technology in the last decade, there is a growing interest for this
technology as distraction intervention. McDonnell (2019) [19] describes two technologies that are
covered by the term ‘immersive technology’: augmented reality (AR) and virtual reality (VR). Poetker
(2019) [20] describes AR: “AR technology adds layers of digital snippets on top of an existing
environment, bridging the gap between the virtual and physical world.”. In other words, AR occurs
in the real-world environment, where virtual objects are superimposed onto the real-world
environment [21]. In contrast, VR is described as “a fully digital experience that can either simulate
or differ completely from the real world.” [20]. Thus, the main difference between VR and AR is the
environment where the activity takes place. Consequently, unlike VR, AR is not a fully immersive
technology.

Previous studies compared immersive to non-immersive VR and reported that immersive VR is
more effective in acute or chronic pain [22-27]. More specific, VR was more effective than video
games in burn wound care [28]. Furthermore, it is also more effective than cognitive-behavioural
techniques like watching a video or listening to music [29,30]. The participants’ stronger illusion of
presence in VR games, through immersion and involvement by convergence of multisensory inputs,
plays a crucial role in its effectiveness [13]. “The essence of immersive virtual reality analgesia is the
patient’s illusion of going to a different place, the subjective experience of feeling present in the
computer-generated world, as if the virtual reality world is a place they are visiting”, which indicates
that VR works through an attentional mechanism of psychological pain distraction [31]. Mallari et al.
(2019) [32] defined full immersive VR as “being engaged in a simulated world in the form of visual
and auditory feedback with the ability to interact with and/or elicit a reaction from their virtual
environment”. This further builds on the gate-control mechanism, which assumes that interpretation
of pain intensity of an incoming signal depends on the patient's focus, as the brain has a limited
processing capacity [33,34]. Researchers argue therefore that when the patient’s attention is distracted
by VR, less attention will be available for pain perception [23,28,31,35,36]. Therefore, we chose to only
focus and investigate the effect of full immersive VR as most immersive technology.

Both hardware and software are required to use immersive VR. The hardware of traditional VR
systems consists of a head-mounted device (HMD) with three-dimensional (3D) goggles,
headphones, sensory input devices and/or body tracking sensors [20,37,38]. The HMD creates an
experience of movement through the virtual world by tracking the patients head movements [37].
This enables the user a multisensory experience. The software allows users to create different
environments, commonly selected based on patient preferences. Furthermore, patients can adopt an
interactive avatar to explore this virtual environment [38]. Different studies state that immersive VR
has positive effects on pain in adults, children and adolescents [9,28,39-41]. Several studies evaluated
the effectiveness of VR during wound care in burn patients, and have demonstrated the effects of VR
as adjuvant to pharmacotherapy [13,27,28,31,42].
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This systematic review aims to provide an overview of the effect on pain of fully immersive VR
in hospitalized children and adolescents with burn injuries during dressing changes. By conducting
a subsequent meta-analysis, we aim to determine the effect size (ES) of immersive VR compared to
standard care (SC). Such findings are fruitful to improve nursing care, pain management and to guide
future research.

2. Materials and Methods

2.1 Eligibility criteria

Articles had to document primary research and had to be published in peer reviewed journals
in either English or Dutch, without limitation on publication date. Exclusion criteria: the application
of non-immersive VR, semi-immersive VR or other distraction interventions, any other kind of
wound care besides burns and/or if results of children and adults were pooled and remained
indistinguishable. Reviews, conference papers and abstracts were also excluded. For inclusion in the
meta-analysis, studies were eligible if the following data were available: a mean and/or median score
— and a measure for dispersion - for pain during the procedure for both the immersive VR group
(VRG) and the standard care group (SCG).

Participants were considered eligible if they were: burn patients aged 2-18 years, hospitalized
and undergoing wound care. Patients had to be able to score their own pain, with or without a visual
tool. We chose to only include self-reported measures by children. For the subsequent meta-analysis,
we only included validated pain scales that quantified the pain experienced. Burn patients were
defined as patients with second and/or third-degree burns, without limitations based on the location
of the burns.

As studies should evaluate the effect of full immersive VR on pain in children and/or adolescents
with burns, at least one assessment with and one without the intervention was required. Restrictions
on the intensity, duration and/or frequency of the immersive VR intervention were not applied. Our
focus was on outcomes assessed during dressing changes. When outcomes during dressing changes
were not evaluated, we selected the moment of evaluation closest to the completion of the procedure.

2.2 Search strategy

Following electronic databases were used to gather relevant scientific articles: PubMed, Embase
and CINAHL. A list of search strategies and keywords for PubMed (Table S1), Embase (Table S2) and
CINAHL (Table S3) are provided. The PubMed search was conducted on February, 26 2020. Embase
and CINAHL on February, 27 2020. Forward and backward snowball-methods were used to gather
additional relevant articles. Both snowball methods were performed between February, 28 and
March, 52020, and were based on the results of the primary search. Finally, on March, 22 2020 a rerun
of all searches was performed.

2.3 Data collection

2.3.1 Studies selection

The primary search in PubMed, CINAHL and Embase resulted in 95 articles. One additional
article was identified throughout the snowball-method. After excluding duplicates, 61 articles were
retained. Article screening was conducted in two phases. During primary screening, these 61 articles
were independently screened based on title and abstract. If there were any discrepancies, an
independent researcher (A.K.) was asked to take the final decision. This resulted in the exclusion of
49 articles. During secondary screening, full-texts of the remaining twelve articles were read and
assessed for eligibility. Articles were included if predetermined inclusion criteria were met. The full-
text of each article was independently read and assessed by R.F., L.Y. and C.K. An independent
researcher (A.K.) was asked to take the final decision in the event of discrepancies. This resulted in
the inclusion of eight articles.
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The rerun of the search strategy in PubMed, CINAHL and Embase yielded two new articles. All
newly retrieved articles were evaluated and excluded. An extensive overview of the study selection
process is shown in Table 54 and Figure 1.

2.3.2 Data extraction

For each article we tried extracting following study characteristics: author(s), year of publication,
title, study design, number of participants, age, study population, moment of VR, duration of VR, VR
equipment, VR environment, treatment conditions, comparison intervention, key findings, type and
moment of outcome measure(s) and relevant statistical test results. Each author had to independently
extract the data. These data were subsequently reviewed by a second author. The third author was
available in the event of discrepancies. For the meta-analysis the various pain scale scores were
converted to a scale of 100. We chose to convert the units of effect measure to calculate with a higher
accuracy and to pool data for the meta-analysis. The main characteristics and results of studies
retained in the systematic review were tabulated (Appendix Table Al).

2.4 Data analysis

2.4.1 Assessment of study quality

Quality of evidence

The quality of each included article was independently evaluated by two researchers. This was
done using either the Physiotherapy Evidence Database (PEDro) scale (Appendix Table A2) or the
Modified Downs and Black index (MD & B) (Appendix Table A3). A PEDro score between 6-10
indicates high quality, a PEDro score of 4-5 is fair, while a PEDro score <3 reflects poor quality [43].
A MD & B score <14 reflects poor quality [44].

Assessment of risk of bias

The risk of bias was independently assessed by C.K. and L.Y. The third researcher (R.F.) was
consulted if there were any discrepancies. Assessment was performed with either the Risk of Bias
(RoB) 2 tool [45] or the Risk Of Bias In Non-randomized Studies of Interventions (ROBINS-I) tool [46].
Using the online Risk of Bias Visualization (robvis) tool, we constructed different plots (Appendix,
Figure A1-A4) to list the assessed risk of bias per article [47].

2.4.2 Synthesis of results

Measures of treatment effect

The meta-analysis was performed using RevMan 5.3 [48]. The ES measure was calculated by
comparing the difference in treatment. Where possible, Cohen’s d with a 95% confidence interval (CI)
was calculated. We used the following guideline for interpreting the ES: 0.2 = small, 0.5 = medium
and 0.8 = large effect [49]. Furthermore, heterogeneity was calculated using the I? test, as the Chi? test
has a lower power for small sample size studies [50]. The following rule was used to assess
heterogeneity: 25% = low, 50% = moderate and 75% = high [51].

Dealing with missing data

If summary data were unavailable, we tried to calculate them with the available data or aimed
to contact the corresponding author(s). If none of these methods worked, the article could not be
included in the meta-analysis.

Data synthesis

Data were included in this meta-analysis when the target population, intervention and outcome
of interest were in line with the inclusion criteria. For each study included, we calculated the SMD
and their 95% CI using a fixed effects model. Using RevMan, we visualised calculations with a forest
plot. Chan et al. (2007) [13] did not mention the standard deviation (SD) of the reported pain intensity
during dressing change. We could however calculate the SD using the reported standard error (SE).
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Figure 1: flow diagram after rerun adapted from “Preferred Reporting Items for Systematic Reviews and Meta-
Analyses: The PRISMA Statement.” by Moher D., Liberati A., Tetzlaff J. & Altman D.G., 2009, PLoS Med 6(7), p.
3 [52].

3.1 Description of studies

We summarized the main characteristics and results of studies retained in the systematic review
in (Appendix, Table A1). Studies were conducted between 2000 and 2019. In all studies, adjuvant VR
was compared to SC, except for Hoffman et al. (2000) [28] who used standard care in combination
with a video game as comparison intervention.

3.1.1 Excluded studies

During secondary screening, the full-texts of the remaining twelve studies were read by at least
two researchers. Among the twelve studies, four were excluded: two studies [53,54] did not have the
target population and the other two articles [55,56] did not have the target intervention. Additionally,
two articles [57,58] were found in the rerun, but were excluded.

For inclusion in the meta-analysis, studies required aforementioned summary data. Since some
data were unavailable, we tried to contact the authors of the following articles: van Twillert et al.
(2007) [59] and Jeffs et al. (2014) [60]. van Twillert et al. (2007) [59] replied that they were no longer
able to share their original research data. Jeffs et al. (2014) [60] as well failed to grant access to the raw
data. These two articles could therefore not be included in the meta-analysis. The studies of Hoffman
et al. (2000) [28] (n=2) and Scapin et al. (2017) [8] (n=2) were excluded because of their study design.

3.1.2 Included studies

Eight studies remained included, reporting on 142 eligible participants. The study of van
Twillert et al. (2007) [59] included 19 participants between 8-65 years, so that we only extracted data
of participants <18 years (n=6). The other seven studies included participants aged between 5-17 years
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[8,9,13,28,31,60,61]. Of these eight studies, four studies [9,13,31,61] were included in the meta-
analysis. Details about the studies are summarized in Appendix, Table A1.

Six studies used a randomized controlled trial (RCT) research design, of which four used a
within-subject design and two a between-subject design. The two remaining studies were case series.
In line with the selection criteria, all studies used immersive VR adjuvant to SC during wound care.
However, different VR environments were used.

The visual analogue scale (VAS) was used in two articles [28,61] and the faces scale in three
articles [8,9,13]. The visual analogue thermometer (VAT) was used in the article of van Twillert et al.
(2007) [59]. VAT is an adaptation of the VAS which was developed to measure pain in patients with
burns [62]. The article of Hoffman et al. (2019) [31] used the graphic rating scale (GRS) as a method
of pain measurement. In the article of Jeffs et al. (2014) [60], a combination of adolescent pediatric
pain tool (APPT) and word GRS (WGRS) was used. The WGRS is an adaptation of the GRS which
was developed to measure pain in pediatric patients [63].

3.2 Study Quality Assessment

3.2.1 Quality of evidence

All included studies had generally moderate to high quality. For the six RCTs, five studies
[9,13,31,59,60] were rated a PEDro-score of 7/11 and the study of Kipping et al. (2012) [61] a PEDro-
score of 8/11. These scores can be explained because of allocation or non-availability of all data due
to patient dropout. The two other articles [8,28] rated with MD & B, received both a rating of 15/27
(Appendix, Table A2).

3.2.2 Risk of bias

3.2.2.1 Randomized Control Trials

The summary of risk of bias assessments of all included studies are shown in the Appendix,
Figures A1-A4. For bias related to randomization, one study was judged to have a ‘low’ risk of bias
due to adequate information [60,61]. Four studies [9,13,31,59] were judged to have ‘some concerns’
of bias since a random allocation sequence was used, but no information was published on the
allocation sequence concealment until enrolment and assignment. Blinding for this type of
intervention (performance bias) is almost impossible due to the nature of the intervention. Although
an independent assessor can be blinded. Thus, 2/8 studies [9,60] were single blinded. The study of
Das et al. (2005) [9] analysed data through a blinded assessor. In the study of Jeffs et al. (2014) [60]
the key outcomes were collected through blinded study team members. The studies of van Twillert
et al. (2007) [59] and Kipping et al. (2012) [61] indicated the difficulty of using double blinding but it
was unclear if these and the remaining studies [8,13,28,31] used any blinding strategy.

A total of five studies [13,31,59-61] were judged to have a ‘low’ risk of bias for incomplete
outcome data due to the availability of the outcome of interest for all participants. The study of Das
et al. (2005) [9] was rated as ‘some concerns’, because two participants were excluded related to side
effects claimed to be caused by analgesics. Two studies [9,60] were judged ‘low’ risk of bias for the
outcome measurement as an appropriate method to measure the outcome of interest and
unawareness of outcome assessors of the intervention were used. Three studies [13,59,61] were rated
to have ‘some concerns’ of bias because of their unclarity on the outcome assessors’ awareness of the
intervention. Only one study [31] was judged to have a "high’ risk of bias in outcome measurement
as assessors were likely aware about the intervention. Finally, six studies were classified as
[9,13,31,59-61] ‘low’ risk of bias due to their preselected data analysis plan.

3.2.2.2 Non-Randomized studies

ROBINS-I tool [46] was used to assess the quality in the two case series studies [8,28]. We rated
these studies as ‘low’ risk of bias for all eligibility criteria. Figure A3 shows the risk of bias across
both case series studies.
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The low risk of bias was due to no potential for confounding the intervention effect, participant
selection was not based on characteristics observed after the start of intervention, a clear description
of the intervention and there were no deviations reported from the intended intervention. The
outcome of interest was provided for all participants and no systematic errors in intervention
assessments were retrieved.

3.2.3 Effect of the intervention

3.2.3.1 Summary of results for studies excluded from the meta-analysis

The two included case series [8,28], which each had two participants, reported that VR had a
respectively relevant and considerable effect on pain reduction in children during wound care. In the
study of Scapin et al. (2017) [8], the first patient scored his pain during SC 10/10 and during VR
intervention 4/10. The second patient rated his pain level during SC 6/10 and during the VR
intervention 0/10. In the study of Hoffman et al. (2000) [28], the first patient’s pain rating showed
considerable reduction of 80 mm for the first VR session and 30 mm for the second VR session,
compared to the control condition. The second patient showed a reduction of 47 mm in worst pain
during VR intervention compared to the control condition.

In the study of van Twillert et al. (2007) [59] (n=6), an overall tendency of remarkable pain
reduction was reported in the VRG during dressing change. This comparison was made between the
day before VR was offered, the day of VR and the day after VR. On the days before and after VR was
offered, SC was provided. Moreover, the mean pain experienced was 2.90 (VRG) vs. 5.85 (SCG). The
mean difference between the VRG and the SCG was -2.95 (p=0.688). Furthermore, within-patient
differences between the groups were significant (F=13.2; p<0.01).

The study of Jeffs et al. (2014) [60] (n=28) showed that the VRG experienced less procedural pain
than the SCG, but the difference was not statistically significant (difference = 9.7 mm; 95% CI = -9.5,
28.9; p=0.32). Additionally, the estimated ES of self-reported pain scores between the VRG and the
SCG was 0.535. In this study, it is also reported that the estimated procedural pain score (adjusted for
various factors as age, sex, state anxiety, and pre-procedural pain, opioid drugs and duration of
treatment) is 28.7 (VRG) and 38.4 (SCG) [60].
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Figure 2. Forest plot: fixed effects meta-analysis for the effect of VR on self-reported pain during dressing
changes compared to SC.

The four studies included in this meta-analysis (n=104) [9,13,31,61] found that VR adjuvant to
SC reduced pain during dressing changes. Two out of four found that the effect was statistically
significant (Das et al. (2007) [9], p<0.01 and Hoffman et al. (2019) [31], p<0.001). Pooling all four studies
[9,13,31,61] was acceptable due to the homogeneity of the intervention and the study population.
Moreover, the heterogeneity was calculated as moderate (12=52%), confirming our decision to pool
these studies [50]. Since the level of heterogeneity is moderate, we opted to use a fixed effects model.
ES for self-reported pain could be generated for 4/8 studies [9,13,31,61]. Using the fixed-effects model,
a large ES was found for VR on self-reported pain during dressing changes within our pre-specified
range of age (SMD=0.94; 95% CI=0.62, 1.27; Z=5.70; p<0.00001) (Figure 2). This indicates a substantial
clinical benefit. For further assessment of a publication bias, a funnel plot was used. Although our
funnel plot does not include many studies, you can see there is some kind of symmetry present, which
indicates or at least suggests absence of publication bias (Appendix, Figure A5).
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4. Discussion

The aim of this review with meta-analysis was to summarize the existing evidence, and
investigate the efficacy of full immersive VR as analgesia for hospitalized children and adolescents
during dressing changes for burns. We hereby identified eight studies (sample size ranged 2-48, 142
patients included) to evaluate the effect of immersive VR on pain based on self-reported outcomes.
The two included case series [8,28] also reported a substantial influence of VR on pain reported
during dressing change in children and adolescents with burns. The meta-analysis consisted of 4/8
eligible studies [9,13,31,61]. According to Scheffler et al. (2018) [64], non-pharmacological
interventions including VR have significant effects on pain relief during burn wound care in adults.
Moreover, Birnie et al. (2018) [65], demonstrated the positive effect of VR distractions on reducing
needle-related pain and distress in children. In line with these studies, this systematic review and
meta-analysis states that VR has a reductive impact on the pain experienced among children and
adolescents with burns during dressing changes compared to SC. However, there are still some
remarks related to age range, timing of outcome assessment, analgesics administered and blinding
issues.

Previous research suggested that variables like age can impact treatment efficacy [64]. For
example, Dahlquist et al. (2009) [65] implies that fully immersive VR is most effective in children
between 10 and 14 years of age. In the included studies, the youngest hospitalized patient was five
years old. This could be explained by the fact that children need to be able to express their pain
verbally, which is difficult when they are younger. Therefore, children should be able to engage and
interact with the VR stories to optimize the effect of VR [66].

The timing of outcome assessment may also influence VR efficacy. All included studies used VR
during dressing changes. However, the exact moment of self-reported pain assessment varies
between studies. Most of the studies [9,28,31,60] measured self-reported pain after wound care to
avoid interrupting the intervention. Chan et al. (2007) [13], Kipping et al. (2012) [61] and Scapin et al.
(2017) [8] evaluated self-reported pain before, during and after dressing changes. In contrast, van
Twillert et al. (2007) [59] only evaluated outcome measures during dressing changes. Furthermore,
the timing of VR application within each patient's hospitalization or healing process also varies
among these studies. van Twillert et al. (2007) [59] looked at patients with an expected hospital stay
for at least four days, where VR would be assessed within the first week of admission. Das et al.
(2005) [9] compared VR against SC during the patient's second or third dressing change. Chan et al.
(2007) [13] looked at patients who were on their third to fifth day after their burn accident to compare
VR with SC. Scapin et al. (2017) [8] and Hoffman et al. (2019) [31] did not mention these specific
criteria. However, we could derive some information of the case series of Scapin et al. (2017) [8]. The
first case got the intervention on day one, the second case on day eight after admission [8]. The study
of Hoffman et al. (2000) [28] looked at patients' first dressing change after skin graft surgery. Finally,
Kipping et al. (2012) [61] and Jeffs et al. (2014) [60] used the intervention on patients during their first
conscious dressing change. We could not yet retrieve data on the impact of repeated, intra-patient
VR use.

The use of pharmacological analgesia in the included studies was poorly described. In the study
of Chan et al. (2007) [13] paracetamol was used, while in the study of Scapin et al. (2017) [8] morphine
was used. Unfortunately, this was the only information on analgesics provided. Therefore, the
experience of pain among the included studies could be influenced by the use of different types or
doses of analgesics.

Four out of six RCTs [9,13,31,59] adopted a within-subject design to eliminate differences in SCG
and pain perception. However, this type of design and intervention, made it almost impossible to
blind the participants for the VR intervention. Therefore, there will always be a risk of bias due to
placebo effects. Besides the patients, it is also nearly impossible to blind the assessors during the VR
intervention, which increases the risk of performance bias.

This meta-analysis has some methodological limitations. Due to our specific research topic and
strict criteria, we were only able to include eight studies in our review. Additionally, because most
of these studies have relatively small sample sizes, it is difficult to generalize the outcome.
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Furthermore, we were unable to perform a subgroup analysis because of the small samples in the
included studies. Although published guidelines for RCT-reporting are available [67], many authors
still did not include all their summary statistics. The snowball-method was applied to 60 articles
which were divided among the three reviewers. The absence of a second opinion during this process
could have induced selection bias. Selection bias could also have arisen because we were not blinded
for each other's scores during the screening of articles.

The strengths of this review consist of a thorough and up to date literary search, which focused
on a high quality of evidence. Six out of eight included studies were identified as RCTs and were
evaluated with the PEDro-scale as high quality. Although case series are not considered as the highest
quality of evidence, they were both evaluated as moderate to high quality using the MD & B-checklist.
Furthermore, we used strict predetermined inclusion and exclusion criteria for eligibility in this
review and meta-analysis.

With the result of our meta-analysis, we can state that VR does have a reductive impact on the
pain experienced among children and adolescents with burns during dressing changes. Therefore,
we suggest that VR should be used as adjuvant therapy in children with burns. However, a larger
sample size can help to better understand the efficacy of VR as an adjuvant treatment for pain relief
within this specific population. From a clinical research perspective, this also means that research
should shift from single short term efficacy compared to placebo studies, to more repeated use or
comparative approaches, cost-effectiveness and safety studies. It is commonly suggested that VR
requires expertise, time and efforts. However, it seems that VR systems can be applied without a lot
of time and effort in clinical routine care [25]. This requires further research into the hygienic aspects
of VR use in health institutions. As time efficiency is another key criterion of health care, research on
this aspect is recommended. Furthermore, due to the hardware costs, these aspects should also be
included in a cost-benefit analysis. Finally, research should also verify the long term physical and
psychological effects of VR, including repeated use.

5. Conclusions

This review presents important information regarding the effectiveness of VR as an adjuvant
therapy during wound care in children and adolescents. Adjuvant full immersive VR reduces pain
during dressing changes in children and adolescents with burns, as shown in the results of our meta-
analysis. Therefore, we recommend the use of VR in hospitalized children with burns. Furthermore,
the present systematic review and meta-analysis could be used to guide future research and improve
current practice among children and adolescents with burn injuries.

Supplementary Materials: The following are available online at www.mdpi.com/xxx/s1. Table S1: search
strategy PubMed, Table S2: search strategy CINAHL, Table S3: search strategy Embase, Table S4: screening
process.
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Auth Patient
uthor Title Study design a* tents Study population Moment of VR Duration of VR
(year) n*(age)
- . . RCT: within- - e . .
Chan Application of a virtual reality prototype for subiects. cross- 8(Mean 6,54 Hospitalized pediatric patients =~ During burn dressing 15-35 min
(2007) pain relief of pediatric burn in Taiwan jects, . (SD=2.27)) with burns change
over design
T.he efﬁcacylof pla?’mg a v1vrtual rea.hty §AME  RCT: within- Hospitalized children with a . .
Das in modulating pain for children with acute subiects 7(5-16) TBSA 3% and requirin During burn dressing 10-45 min
(2005) burn injuries: a randomized controlled trial S o quiring change
[ISRCTNS7413556] design dressing changes
Hoffman V1rtua} reality as an adjunct%ve pain control . Hospitalized pediatric patients =~ During burn dressing .
during burn wound care in adolescent case series 2(16 and 17) . 3 min
(2000) patients with burns change
Immersive Virtual Reality as an Adjunctive
Non-opioid Analgesic for Predominantly RCT: within-
Hoffman Latin American Children With Large Severe sub'eéts cross 48(6-17) Hospitalized children with a During burn dressing Mean 12.89 min
2019 Burn Wounds During Burn Wound Jects, o TBSA >10% change '
8 over desi 8
Cleaning in the Intensive Care Unit: A Pilot &t
Study
RCT: -
Jeffs Effect of virt}lal reality on adolescent pain Csu:;:::en 28(10-17) Hospitalize(?l pediatric patients ~ During burn dressing Mean 31.6 (SD=30.8) min
(2014) during burn wound care . with burns change
parallel design
Kipbin Virtual reality for acute pain reduction in RCT: between- Durine burn dressin
( ZPOIi 2)g adolescents undergoing burn wound care: a subjects, 41(11-17) Adolescents with a TBSA >1% ag lication J 2-62 min
prospective randomized controlled trial parallel design PP
. ¢ virtual reality f . Hospitali A . Duri .
Scapin Use o VII‘t‘ll‘a rea .1ty or treating burned case series 2(8 and 9) ospita 1zec.l pediatric patients uring burn dressing 5.35 min
(2017) children: case reports with burns change
Van Computer-generated virtual reality to RCT: within- Hospitalized pediatric patients
Twillert control pain and anxiety in pediatric and su.bjects 6(8-18) with burns without facial During burn dressing Mean 19.2 min
2007) adult burn patients during wound dressing design burns or other physical change

changes

limitations

o 01 B~ W

* Participants included in final analysis
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Author

VR equipment

VR Environment

(year)

Chan
(2007)

Das
(2005)

Hoffman
(2000)

Hoffman
(2019)

Jeffs
(2014)

Kipping
(2012)

Scapin
(2017)

Van
Twillert
(2007)

VR-system with I-glasses and a computer mouse as input

A laptop (Dell Inspiron 5100, Pentium 4 2.4 Ghz CPU with a Radeon Mobility
7500 Video Card) with, a head-mount display (HMD) (IOGlasses Head Mount
Display with a SVGA video resolution of 800 x 600 16 million colours), with a
tracking system (Intersense IS300 6 degree of freedom Inertia Cube with a USB-
Serial converter, required for Inertia Cube)

A Silicon Graphics Octane MXE with Octane Channel Option coupled with a
wide field of view head mounted visual display, a stationary Polhemus low
energy source detected by movable Polhemus 6df sensors. Information about the
sensor's position relative to the source was fed into the VR computer system

MX90 VR goggles from Nvis, with 90 degrees field of view diagonal, per eye,
and 1280 x 1024 pixels resolution per eye. Held by the 'Magula arm', a robot-like
articulated arm goggle holder

Kaiser Optics SR80a VR helmet with SXGA resolution (1280-1024) 80-degree

field-of-view mounted on a custom-built, articulated-arm tripod device and via a

desktop VR analgesia workstation Falcon NW Fragbox, with interactivity using
a Kensington orbit trackball and music through Bose Quiet Comfort 3
headphones

Head mounted display (eMagin, Z800 3DVisor with head tracking, joystick hand

control (LOGIK PC ATTACK 3), personal computer and off the-shelf software
games
Three-dimensional vision goggles and stereo sound from a Samsung Gear VR

Innovator Edition for Note 4®. The images were reproduced by a Samsung Note

54® mobile phone

Cybermind Hi-Res900 3D Head Mounted Display was used with an integrated
audio system and controlled by a FasTrak control-box: the Polhemus FasTrak 6

DOF motion tracking system

The patient functioned as a patrol person for an ice-cream factory. The
purpose was preventing the fox from harming the factory by shooting at
it with ice-cream

The patient visualized being on a track, using a pointer to aim and shoot
monsters

The patient experienced SpiderWorld. Using tactile augmentation
patients could ‘physically’ touch the furry body of a virtual Guyana bird-
eating tarantula with wiggling legs

SnowWorld is an iceworld where patients interact with snowmen, igloos,
penguins, wooly mammoths, and flying fish by throwing snowballs.
During VR, patients heard music and 3D sound effects e.g. ice breaking
when a snowball hits a snowman, mammoths trumpeted angrily when
pelted, etc.

SnowWorld is an iceworld where patients interact with snowmen, igloos,
penguins, wooly mammoths, and flying fish by throwing snowballs.
During VR, patients heard music and 3D sound effects e.g. ice breaking
when a snowball hits a snowman, mammoths trumpeted angrily when
pelted, etc.

Chicken LittleTM for the 11-13 years old, and an additional choice of
Need for SpeedTM for the 14-17 years old

Roller coaster ride and a marine environment

SnowWorld is an iceworld where patients interact with snowmen, igloos,
penguins, wooly mammoths, and flying fish by throwing snowballs.
During VR, patients heard music and 3D sound effects e.g. ice breaking
when a snowball hits a snowman, mammoths trumpeted angrily when
pelted, etc.
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Author
(year)

Treatment Conditions

Comparison Intervention

Key Findings

Chan
(2007)

Das
(2005)

Hoffman
(2000)

Hoffman
(2019)

Jeffs
(2014)

Kipping
(2012)

Scapin
(2017)

Van
Twillert
(2007)

VR distraction with a standard
pharmacologic analgesic (Tylenol)

VR distraction with routine
pharmacological analgesia

VR distraction with standard
pharmacological analgesia

VR distraction with the usual standard
pharmacological analgesia

VR distraction with standard care

VR distraction with standard medication
protocols (Entonox)

VR distraction with standard
pharmacological treatment (Morphine)

VR distraction with standard
pharmacological analgesia

A standard pharmacologic
analgesic (Tylenol)

Routine pharmacological
analgesia

Nintendo 64 with standard
pharmacological analgesia

Traditional pharmacological
analgesia

Standard care

Standard medication
protocols (Entonox) with the
possibility of TV, stories,
music, caregivers or no
distraction

Standard pharmacological
treatment (Morphine)

Standard pharmacological
care and the possibility of
alternative distractions (TV,
stories, music, caregivers or
no distraction)

In the VR-group less pain was experienced during dressing change
but this was not statistically significant compared to the non VR-
group (df=7, t=1.58, p > 0.05)

The average pain scores for only pharmacological analgesia was 4.1
(SD = 2.9), while VR coupled with pharmacological analgesia, the
average pain score was 1.3 (SD = 1.8). The mean pain score difference
between administrations was 3.2 (SD 2.1), which was significant using
paired t-tests (p < 0.01)

Both patients showed drops in pain during VR treatment compared to
the comparison intervention
VR significantly reduced children’s pain ratings during dressing
change. Worst pain during No VR = 8.52 (SD = 1.75) vs. during Yes VR
=5.10 (SD = 3.27), t(47) = 7.11, p < 0.001, SD = 3.33, CI = 2.45-4.38,
Cohen’s d =1.03
Participants in the VR group reported less procedural pain compared
with the SC group (difference = 9.7mm, 95% CI: 9.5 to 28.9, P = .32).
Pair-wise effect sizes were estimated between treatment groups. The
estimated effect size between VR and SC groups was 0.535

The self-reported pain experienced during dressing application was
lower in the VRG than the SDG. But the difference was not
statistically significant

Case 1: during the standard care the child scored his pain the
maximum FACE-scale value (10/10). During VR intervention he
scored his pain 4/10. Case 2: during standard care the child rated his
pain 6/10. During the VR treatment was the pain rated 0/10

Mean pain experienced by patients younger than 18: VR: 2.90 vs SC:
5.85. Mean difference between VR and SC was -2.95 (p: 0.688)
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Author Type of Outcome Moment of Quality Risk of Bias Statistical ~ Effect 95% CI (Lower  95% CI (Upper
(year) Measure Outcome Measure Assessment Significance Size Bounds) Bounds)
Before, during and
PEDro-scale:
((2223;) Faces scale (0 - 100) after dressing ;;)1 ica ¢ RoB 2: some concerns p>0.05 0.44 -0.56 1.43
change
Das After dressing PEDro-scale:
(2005) Faces scale (0 - 10) change 711 RoB 2: some concerns p<0.01 1.09 -0.06 2.24
Hoffman Visual analogue After dressing MD&B: .
ROBINS-L I
(2000) scale (0 - 100) change 15/27 OBINS-I: low risk / / / /
Hoffman Graphic rating After dressing PEDro-scale: . .
RoB 2: high <0.001 1.2 . 1.74
(2019) scales (0 - 10) change 7/11 © igh risk p <000 ? 085
Adolescent
Jeffs pediatric pa'm tO(')l - After dressing PEDro-scale: RoB 2: low risk p=032 0.53 950 28.90
(2014) word graphic rating change 7/11
scale (0 - 100)
. Before, during and
Kipping Visual analog scale . PEDro-scale: ) _ )
2012) (0-10) after dressing 8/11 RoB 2: some concerns p=0.40 0.41 0.21 1.03
change
Before, during and
Scapin : MD&B: . .
2017) Faces scale (0 - 10) after dressing 15/27 ROBINS-I: low risk / / / /
change
Van . . . .
Twillert Graphic rating During dressing PEDro-scale: RoB 2: some concerns p=0.68 / / /
2007) scales (0 - 10) change 7/11

11
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14
15
16

Table A2. Pedro-scale adapted from “The PEDro scale is a valid measure of the methodological quality of clinical
trials: a demographic study.” by de Morton N.A., 2009, Aust ] Physiother 55(2), p. 131 [43].

d0i:10.20944/preprints202010.0047.v1

N° Criteria Evaluation

1.  Eligibility criteria were specified? Yes (1)/No (0)

5 Subjects were randomly allocQated t’o groups (in a crossover. study, subjects were Yes (1)/No (0)
randomly allocated an order in which treatments were received)?

3. Allocation was concealed? Yes (1)/No (0)

4 ffhe. groups were similar at baseline regarding the most important prognostic Yes (1)/No (0)
indicators?

5. There was blinding of all subjects? Yes (1)/No (0)

6. There was blinding of all therapists who administered the therapy? Yes (1)/No (0)

7.  There was blinding of all assessors who measured at least one key outcome? Yes (1)/No (0)
M fatl k ined f h % of th

8. easures <.).at east one key outcome were obtained from more than 85% of the Yes (1)/No (0)
subjects initially allocated to groups?
All subjects for whom outcome measures were available received the treatment

9.  or control condition as allocated or, where this was not the case, data for at least Yes (1)/No (0)
one key outcome was analysed by “intention to treat”?

10. The results of between-group statistical comparisons are reported for at least one Yes (1)/No (0)
key outcome?

11 The study provides both point measures and measures of variability for at least Yes (1)/No (0)

one key outcome?

Table A3. MD & B-checklist adapted from “The feasibility of creating a checklist for the assessment of the

methodological quality both of randomised and non-randomised studies of health care interventions.” [44].

N° Criteria Evaluation
1. Is the hypothesis/aim/objective of the study clearly described? Yes (1)/No (0)
Are the main outcomes to be measured clearly described in the
2 Introduction or Methods section? g Yes (1)/No (0)
3. Are t.he characteristics of the patients included in the study clearly Yes (1)/No (0)
described?
4.  Are the interventions of interest clearly described? Yes (1)/No (0)
Are the distributions of principal confounders in each group of subjects .
> to be compared clearly discribid? S ] Yes (2)/Partially (1)/No (0)
6.  Are the main findings of the study clearly described? Yes (1)/No (0)
7 Does t]ftle study provide estimates of the random variability in the data for Yes (1)/No (0)
the main outcomes?
8. Have all'important adverse events that may be a consequence of the Yes (1)/No (0)
intervention been reported?
9.  Have the characteristics of patients lost to follow-up been described? Yes (1)/No (0)
Have actual probability values been reported (e.g. 0.035 rather than <
10.  0.05) for the main outcomes except where the probability value is less Yes (1)/No (0)
than 0.001?
1 Were the subjects asked to participate in the study representative of the  Yes (1)/No (0)/Unable to
" entire population from which they were recruited? determine (0)
1 Were those subjects who were prepared to participate representative of  Yes (1)/No (0)/Unable to
" the entire population from which they were recruited? determine (0)
13 Were the staff, places, and facilities where the patients were treated, Yes (1)/No (0)/Unable to
" representative of the treatment the majority of patients receive? determine (0)
14 Was an attempt made to blind study subjects to the intervention they  Yes (1)/No (0)/Unable to
" have received? determine (0)
15 Was an attempt made to blind those measuring the main outcomes of the ~ Yes (1)/No (0)/Unable to
" intervention? determine (0)
16. If any of the results of the study were based on “data dredging”, was this Yes (1)/No (0)/Unable to

made clear?

determine (0)
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18

19
20

21
22
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17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

In trials and cohort studies, do the analyses adjust for different lengths of
follow-up of patients, or in case-control studies, is the time period
between the intervention and outcome the same for cases and controls?

Were the statistical tests used to assess the main outcomes appropriate?
Was compliance with the intervention/s reliable?

Were the main outcome measures used accurate (valid and reliable)?

Were the patients in different intervention groups (trials and cohort
studies) or were the cases and controls (case-control studies) recruited
from the same population?

Were study subjects in different intervention groups (trials and cohort
studies) or were the cases and controls (case-control studies) recruited
over the same period of time?

Were study subjects randomised to intervention groups?

Was the randomised intervention assignment concealed from both
patients and health care staff until recruitment was complete and
irrevocable?

Was there adequate adjustment for confounding in the analyses from
which the main findings were drawn?

Were losses of patients to follow-up taken into account?

Did the study have sufficient power to detect a clinically important effect
where the probability value for a difference being due to chance is less
than 5%?

Yes (1)/No (0)/Unable to
determine (0)

Yes (1)/No (0)/Unable to
determine (0)

Yes (1)/No (0)/Unable to
determine (0)

Yes (1)/No (0)/Unable to
determine (0)

Yes (1)/No (0)/Unable to
determine (0)

Yes (1)/No (0)/Unable to
determine (0)

Yes (1)/No (0)/Unable to
determine (0)

Yes (1)/No (0)/Unable to
determine (0)

Yes (1)/No (0)/Unable to
determine (0)
Yes (1)/No (0)/Unable to
determine (0)
<nl (0)/n1 -n2 (1)/n3 - n4
(2)/n5 - n6 (3)/n7 - n8
(4)/>n8 (5)

Bias due ta deviations from intended inerventions

Figure Al. Risk of bias weighted summary plot: review authors' judgements about each risk of bias item

Bias arizing from the randomizaton process

Blas due to missing outcome data

Bias in measurament of the oulcome

Bias In selection of the reported result

Cwearall risk of bias

. - D PA—— . ek

presented as percentages across all included RCT studies.
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Figure A2. Risk of bias traffic light plot: review authors' judgements about each risk of bias item presented as
percentages across all included RCT studies.

Blas due to confounding
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Figure A3. Risk of bias weighted summary plot: review authors' judgements about each risk of bias item

presented as percentages across all included non-randomized studies
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32 Figure A4. Risk of bias traffic light plot: review authors' judgements about each risk of bias item presented as
33 percentages across all included non-randomized studies.
34
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38 Figure A5. Funnel plot: fixed effects meta-analysis for the effect of VR on self-reported pain during dressing

39 changes compared to SC.
40
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