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Abstract

Background: Neck painisaprevalent condition that causes an enormous health care burden dueto the lack of efficient therapies.
As a promising technology, virtua redlity (VR) has shown advantages in orthopedic rehabilitation. However, there is no
meta-analysis evaluating the effectiveness of VR in neck pain management.

Objective: This study aimsto review original randomized controlled trials (RCTs) evaluating the effectiveness of VR for neck
pain and to provide evidence for the clinical application of anew aternative approach for pain management.

Methods: A total of 9 electronic databases were systematically searched for relevant articles published from inception to October
2022. RCTsin English or Chinese that investigated VR therapy for participants with neck pain wereincluded. The methodological
quality and the evidence level were assessed using the Cochrane Back and Neck Risk of Bias tool and the Grading of
Recommendations Assessment, Development, and Evaluation (GRADE) guideline, respectively.

Results: A total of 8 studieswith 382 participants were included for the final analysis. For the pain intensity, the overall pooled
effect sizewas 0.51, with a standardized mean difference (SMD) of —0.51 (95% CI -0.91 to —0.11; GRADE: moderate), favoring
VR therapy compared with controls. Subgroups analyses revealed that significant differencesin pain intensity were found in the
multimodal intervention (VR in combination with other therapies) than in other interventions (SMD -0.45, 95% CI —0.78 to
-0.13; GRADE: moderate), and better analgesic effects were also observed in patients with chronic neck pain receiving VR
intervention (SMD -0.70, 95% CI —1.08 to —0.32; GRADE: moderate) and patients treated in the clinic or research unit (SMD
-0.52, 95% CI -0.99 to -0.05; GRADE: moderate) than controls. Regarding other health outcomes, the VR experienced less
disability, lower kinesiophobia, and greater kinematic function (cervical range of motion, mean and peak velocity). Nevertheless,
the follow-up effects of VR therapy on pain intensity and disability were not found.

Conclusions: Existing moderate evidence support VR as a beneficial nonpharmacological approach to improve pain intensity
in patients with neck pain, with advantages to multimodal intervention, people with chronic neck pain, and clinic or research
unit—based VR therapy. However, the limited quantity and high heterogeneity of the articles limit our findings.

Trial Registration: PROSPERO CRD42020188635; https://tinyurl.com/2839h8w

(J Med Internet Res 2023;25:€38256) doi: 10.2196/38256
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Introduction

Neck pain is a worldwide condition, with nearly 60% to 80%
of individuals developing neck pain during their lifetime [1,2].
Most patients with neck pain experience various physical
impairments, such asreduced cervical range of motion (CROM)
and moving speed [3,4]. In addition, neck pain can lead to
various psychologica issues (eg, fear of movement and
depression) [5,6]. These issues may impair patients work
performance and quality of life, leading to large economic losses
[7]. Current treatments for this health condition are mainly
medications, surgeries, and conservative therapies (eg,
physiotherapy or acupuncture), which can be time-consuming,
expensive, and unsustainable [8]. Therefore, thereis an urgent
need to explore effective treatmentsfor patientswith neck pain.

Exercise is recommended by current clinical guidelines as an
effective treatment for patients with neck pain [9,10]. Virtual
reality (VR) isauniqueform of exercise established by Morton
Heiling in 1962 and has been evolving over the past 60 years
[11,12]. VR technology is defined as a system that allows users
to interact with images and sounds in a virtual environment,
which can stimulate response and provide rea-time feedback
concerning their performance. Thistechnology can be combined
with computer or mobile device screens and head-mounted
displaysto better interact with users [13,14].

Over the past decade, VR has gradually become avaluable tool
for assessment and intervention in clinical rehabilitation dueto
the continuous research and cost reduction in thefield of virtual
technology [15]. A typical example of the application of VR in
the medical field is neurological rehabilitation, especially after
a stroke [16,17]. Numerous studies [18-20] have shown that
VR therapy can greatly improve upper limb motor function and
cognitive abilities in people who have had a stroke with an
acceptable safety profile. Other benefits of VR therapy could
be realized, on the other hand, in the management of patients
with mental health disorders, such as anxiety, depression, drug
addiction, and eating disorders[21,22]. The potential therapeutic
mechanisms of VR include task-oriented repetition, positive
feedback, and embodied simulation [23]. In addition, VR can
also assist researchers and clinicians in data collection and
monitoring of therapeutic processesviarelated evaluation tools,
which can facilitate medical decision-making and enhance safety
in clinical practice [24,25].

Asanoninvasive analgesic approach, VR therapy has attracted
plenty of studieson pain management. Previous studies|26-28]
demonstrated the potential efficacy of VR-based rehabilitation
on pain and disability in individuals with orthopedic diseases,
including rheumatoid arthritis, shoulder impingement syndrome,
low back pain, and chronic neck pain. In addition, a systematic
review [29] concluded that VR could improve pain intensity
and disability compared to other interventions in patients with
neck or lower back pain. However, to our knowledge, no
meta-analysis has been carried out to critically evaluate the
intervention effects of VR on neck pain. Therefore, we aimed
to conduct a meta-analysis of randomized controlled trials
(RCTs) through multiple literature searches to investigate the
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potential efficacy of VR in reducing pain intensity in patients
with neck pain.

Methods

Study Protocol and Registration

This study protocol was registered on PROSPERO
(CRD42020188635). This study was reported according to the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-analyses) guidelinesto ensurethetransparency of the
research [30]. The Cochrane Handbook for Systematic Reviews
of Interventions (version 5.1.0) was followed [31].

Data Sour ces and Searches

Databases utilized to search the eligibletrialsinclude 7 English
literature databases, namely, Medline (via PubMed), Embase,
Web of Science Core Collection, CENTRAL, Scopus,
Physiotherapy Evidence Database (PEDro), and Clinical Trial,
aswell as2 Chinese literature databases, namely, ChinaNational
Knowledge Infrastructure Library and Wan Fang database. The
databases were searched from their inception until October
2022. Relevant journals were manually searched to identify
eligible studies. The last search was conducted on October 30,
2022.

The search was performed using a combination of relevant
Medical Subject Headings (MeSH) terms and free text words:
(neck pain or neck ache or cervical spondylosis) AND (virtual
reality or virtual reality exposure therapy or VR or virtual
reality smulator or virtua reality system or virtua reality
head-mounted display or telerehabilitation or remote
rehabilitation). Search strategiesfor each database are presented
in Multimedia Appendix 1. After the selection stage, a further
search was carried out by tracking the citations of the included
trial (snowballing). The inclusion and exclusion criteria of
studies were designed based on the PICO (Participants,
Interventions, Control, and Outcomes) principle [32].

Study Selection

Studieswereincluded for RCTsreported in English or Chinese
and published in apeer-reviewed journal. The selection criteria
were established according to the prespecified PICO strategy:
(2) Participants: patientswith neck pain, irrespective of ageand
the stage of pain; (2) Interventions: unimodal intervention (VR
therapy alone) or multimodal intervention (VR therapy in
combination with other interventions), including various VR
delivery device and levels of immersion. We define VR therapy
as a technology that enables patients to interact with a virtual
environment by motion sensors or other devices and receive
real-time feedback to improve their performance; (3) Control:
comparison with other interventions (eg, interventions without
VR, standard treatment, no intervention); (4) Outcomes. pain
intensity and other health outcomes related to neck pain.

Studies were excluded if they were nonrandomized controlled
trials or quasi-RCTs, where quasi-randomized was considered
as allocating patients based on a pseudorandom sequence (eg,
admission number, date of birth, or aternate assignment). In
addition, clinical observations, case reports, letters, abstracts,
review articles, studies published in languages other than English
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and Chinese, and those with insufficient data after contacting
the author were excluded from the final synthesis.

Outcome M easures

Pain intensity measured by a numeric rating scale (NRS) or a
visual analog scae (VAS) was the primary outcome, and
disability, kinesiophobia, CROM, and motion velocity (mean
and peak) were descriptively presented as the secondary
outcomes.

Identification of Studies

Duplicateswere removed by EndNote X9 (Clarivate Analytics),
and then 2 reviewers (authors QFG and LZ) independently
screened the titles, abstracts, and full texts within the included
databases to identify the relevant studies. Any discrepancies
were resolved by discussion or by consulting a third reviewer
(author QG).

Data Extraction and M anagement

The extracted data included basic information about the study
(ie, author name, year published, and country); risk of bias based
on the Cochrane Back and Neck (CBN) Risk of Biastool [33];
patients demographic information (ie, sample size, age, sex
ratio, and symptoms duration); type of intervention (ie, brief
details of VR therapy, duration, and the number of sessions);
type of control; outcomes (ie, time of outcome assessment, and
outcome measures); and adverse events. In addition, follow-up
data were also collected to present the lasting effect of VR
therapy. Where available, mean and SD values were extracted
from the text and tables.

Two reviewers (authors QFG and L Z) conducted data extraction
independently based on the predecided data extraction form.
Any dispute was solved by consulting thethird reviewer (author
QQG). If the relevant data were not enough, we contacted the
original author for more information viaemail.

Quality Assessment

The 2 reviewers (authors QFG and L Z) independently evaluated
the methodological quality and the evidence levels of the
included trials using the updated 2015 CBN Risk of Bias tool
[33] and the Grading of Recommendations Assessment,
Development, and Evaluation guideline (GRADE) [34],
respectively. Unresolved disagreements were reviewed by the
third reviewer (author QG).

The Risk of Biastool is recommended by the CBN group for
quality assessments of studies on neck or back pain and has
demonstrated great interrater reliability [35]. It consists of 13
items in the following domains: randomization, concealed
alocation, blinding (participants, personnel, and assessor),
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intention-to-treat, dropouts, reporting bias, baseline differences,
cointerventions, compliance, timing, and other bias. Datawere
imported into RevMan (version 5.3; Cochrane Collaboration)
software to create the risk-of-bias plots.

The GRADE guidelines were used to assess the certainty of the
evidence for each primary and secondary outcome measure in
the meta-analysis [36]. This grading criterion classified the
evidence into 4 levels (ie, high, moderate, low, and very low)
depending on the bias factors, including the risk of bias,
inconsistency, indirectness, imprecision, and other
considerations.

Statistical Analysis

The af orementioned RevMan software was used to perform the
statistical analysis and create forest plotsto display the results.
Related statistical indicators (mean, SD, and sample size) were
extracted and imported into RevMan. Continuous outcomes
were presented using mean difference for outcomes measured
using the sameinstrument, standardized mean difference (SMD)
for outcomes measured by different methods, and 95% Cls. A
fixed effects model was used to calculate the size of the pooled
effect. When significant heterogeneity (12>50%) was observed,
the random effects model was used, and subgroup analysiswas
conducted to explore the possible causes of heterogeneity among
the studies. Subgroups analyses were performed according to
the comparisons of intervention (unimoda vs multimodal
intervention), the stage of neck pain (chronic neck pain vs
various stagesincluding acute, subacute, and chronic neck pain),
the clinical operational model of VR therapy (clinic or research
unit—based therapy vs home-based therapy), and the type of
scale used (VAS vsNRS).

Regarding the follow-up results, only follow-up effects on pain
intensity and disability were explored dueto the lack of current
studies.

Results

Search and Selection

A total of 334 records were selected from 7 English and 2
Chinese el ectronic databases. Two studieswere obtained through
manual retrieval. After removing duplicates, 264 studies
remained, among which 12 studies were identified for full-text
retrieval based on the aforementioned criteria. An additional
article [37] was retrieved through the references of relevant
articles, yielding asum of 8 studies[37-44]. All 8 studieswere
included in the final quantitative synthesis. Figure 1 presents
the selection process and reasons for study exclusion.
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Figurel. Flow chart of the review process.
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Study and Patient Char acteristics

Study Characteristics

All 8 (100%) RCTs[37-44] included in the meta-analysiswere
written in English. They were conducted in Oceania (Australia
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[38,42]), Europe (Spain [39], Germany [40], and Turkey [44]),
and Asia (Iran [41], India[37], and Israel [43]). The studies
were published between 2015 and 2022, and a total of 382

participants (intervention: 167; control: 215) wereenrolled. The
sample sizes of these studies ranged from 32 to 90. Detailed
characteristics of the eligible studies are shown in Table 1.
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Table 1. Summary of the included studies.
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Author,  Patient characteristics Intervention Dosage Outcomes Time points
year
Partici- Age(years), Stageof Experiment Control
pants,n  mean (SD) pain
(FYMP)
SarigBa- 32 IGS Chronic  IG: kinematic CG: kinematic ~ 4-6sessions  yasf NDI9, Tokh,  Preintervention,
F;;]a d @D 1) 063 MK PAN :La ning+ VR raining ‘:g:ﬁ?,vg(‘ CROM!, and veloci- p%s; nt)ervegtfi on 5
' . er weeks), and follow-
2015 (14.18); wy over 5 weeks ty (mean and peak) up (3 months)
cGY (n=16):
41.13 (12.59)
Tejeraet 44 1G (n=22): Chronic  1G: VRthera- CG: exercise 8 treatment VAS, NDI, TSK Preintervention,
a [39], (23/21) 32.72(11.63); neck pain py sessions for 4 postintervention (4
2020 CG (n=22): weeks weeks),
26.68(9.21) follow-up (1 month),
and
follow-up (3
months)
Nusser et 51 IG (n=17): Chronic  IG: VRthera- CGL: Sensorimo- 620-minsess NRg, NDI, CROM  Preintervention and
a [40], (32/19) 51.2 (8.8); neck pain py + standard tor training + sionsover 3 postintervention (3
2021 CG1 (n=16): rehabilitation  standard rehabili- weeks weeks)
53.1 (5.7); tation
CG2 (n=18): CG2: standard re-
Rezaei et 42 1G (n=21): Chronic  IG: VRtheras CG: conventional 8training ses- VAS, NDI Preintervention,
a [41], (20/22) 36.19(9.80); neck pain py proprioceptive sions postintervention (4
2015 CG (n=21): training over 4 weeks weeks), and follow-
31.23(9.49) up (5 weeks)
SarigBa- 90 IG (n=30): 48 Chronic 1G: VRtheraa CGLl:laser exer- 20minaday, VAS, NDI, TSK, Preintervention,
hateta  (63/27)  (NRY); neck pain  py cise 4timesa CROM, velocity postintervention (4
[42], CG1 (n=30): CG2 nointerven-  Week, for4 - (meanandpeak)  yeeks), and follow-
2017 48 (NR): tion weeks up (3 months)
CG2 (n=30):
48 (NR)
Mukher- 44 1G (n=22): Subacute 1G: VRthera CG:conventiona 10mineach  NRS, TSK, CROM Preintervention and
jeeeta  (21/23) 55.81 (15); or chron- py + conven-  physiotherapy day for 3 con- postintervention (3
[37], CG (n=22): ic neck tional physio- secutive days days)
2021 54.81 (13) pain therapy for 1 week
SarigBa- 45 (4/41) 1G(n=22): 30 Acute, IG: VR thera CG: conventional 20 min for VAS, NDI, ROM, Preintervention,
hat et a (5.8); subacute, py physical therapy — each week velocity (meanand  pogiintervention (4
[43], CG(n=23):28 O chron- over 4 weeks  peak) weeks), and
2020 (5.1) ic neck
: pain follow-up (6
months)
Cetinet 34 IG (n=17): 40 Chronic  1G: VRthera= CG: Motor con- 40mineach  VAS, CROM Preintervention and
a [44], (23/11) (11.88); neck pain py + Motor trol session for 18 postintervention (6
2022 CG (n=17): control sessions over weeks)
41.94 (10.76) & weeks
F: female.
OM: male.

%I G: intervention group.

dca: control group.
SVR: virtual redlity.

fVAS: visual analog scale.
INDI: Neck Disability Index.
Prsk: Tampa Scale of Kinesiophobia.
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ICROM: cervical range of motion.
INRS: numeric rating scale.
KNR: not reported.

Participant Characteristics

The 8 studies [37-44] included participants with chronic neck
pain, among which 1 (13%) study [37] also included patients
in the subacute phase, and another study (n=1, 13%) [43]
recruited patients in the acute or subacute stages. All studies
included both male and female participants, and 5 (63%)
[38,39,42-44] included more femalesthan males. The mean age
of patients ranged between 26.68 (SD 9.21) years and 55.81
(SD 15) years. Only 2 (25%) studies [38,41] reported the
duration of symptoms, which ranged from 22.04 (SD 16.79)
monthsto 98.06 (SD 96.81) months. The characteristics of the
participants are presented in Table 1.

I ntervention

The 8 studies [37-44] compared VR with other interventions
(eg, kinematic exercise [38,39], general sensorimotor training
[40], conventional rehabilitation [37,40,43], proprioceptive
training [41], laser training [42], motor control [44], and no
intervention [42]). All interventions used the immersive VR
device, with theintervention duration varying from 1 to 6 weeks
and intervention frequency ranging from once per week to once
per day. As atraditional face-to-face care model, participants
in7 (88%) studies[37-41,43,44] received VR therapy inaclinic
[37,40,44] or research unit [38,39,41,43]. However, 1 (13%)
study [42] adopted a new approach to telemedicine and
home-based rehabilitation.

Various VR programs were developed in the included studies.
To reduce disability, Sarig Bahat et a [38] from Australia
developed a VR system with 3 modules containing CROM,
velocity, and accuracy therapy, which were tailored to each
participant and progressed according to their performance.
Participants were guided to compl ete between 4 and 6 supervised
intervention sessions over 5 weeks. Similarly, Tejeraet a [39]
from Spain used a VR program that alowed participants to
perform cervical flexion, extension, rotation, and lateral flexion
movements when immersed in asimulated living room or ocean.
The photos of animals in the simulated environment offered
enough feedback to motivate the participants’ neck motions.
The participants were recommended to perform 3 series
comprising 10 repetitions of VR exercise with 30 seconds of
rest between exercises. Nusser and colleagues [40] from
Germany provided VR-based “neck-specific sensorimotor
training” for participants with nontraumatic chronic neck pain.
During treatment, participants were asked to gradually follow
avirtual globe by increasing the CROM to train their cervical
kinematic function. Thetraining wasdivided into six 20-minute
sessions, during which the study staff provided assistance. In
Iran, Rezaei and colleagues [41] studied the effectiveness of
VR (Cervigame) for adults with neck pain. The novel video
game comprised 50 stages that were further divided into
unidirectional and 2-directional stages ranging from easy to
hard. Participantswere required to complete 8 training sessions
over 1 month. In Australia, Sarig Bahat and colleagues[42] had
participants with chronic neck pain receive VR training at home
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4 times each week for 1 month. Each participant was provided
with atraining plan directed toward (1) increasing CROM, (2)
increasing motion velocity, and (3) increasing motion accuracy
in smooth head pursuit, which was a so applied in another study
conducted in Isragel [43]. Mukherjee et ad [37] from India
conducted a VR therapy using an immersive VR headset.
Participants were requested to sit on a chair with back support
and movetheir necksto hit each virtual goal by increasing their
CROM for 3 consecutive days a week. In addition, the VR
equipment applied by Cetin et a [44] from Turkey enabled the
participants to sit in a chair that allowed 360° movement and
required them to rotate their necksin all directions during VR
sessions to achieve therapeutic effects. Patients in the
intervention group were expected to receive 20 minutes of VR
treatment each session and attend a total of 18 treatments over
6 weeks. The characteristics and details of each intervention
arelisted in Table 1.

Outcome Measures

Various instruments were used to measure the intervention
effects. For the primary outcomes, pain intensity was measured
using aVVAS [38,39,41-44] and an NRS [37,40]. These 2 tools
graded the pain intensity from 0 (no pain) to 10 cm or 100 mm
(worst pain imaginable) [45-47]. For the secondary outcomes,
disability was evaluated by the Neck Disability Index (NDI) in
5 (63%) studies[38-42]. Kinesiophobiawas assessed using the
Tampa Scale of Kinesiophobia (TSK) in 4 (50%) studies
[37-39,42]. Additionally, 5 (63%) studies evaluated CROM
using VR devices[38,40,42], a cervical measuring gauge [44],
and a standard goniometer [37], respectively. Two (25%) studies
[38,42] measured the mean and peak velocity of cervical motion
by VR devices. These tools (NDI, TSK, VR devices, and
standard goniometer) have proven to have high validity and
reliability in measuring these health indicators [48-51]. The
outcome measures are shown in Table 1.

Quality and Certainty of Evidence Assessment

The overall risk of bias assessment results is shown in Figure
2. All (8/8, 100%) included studies did not obtain a high risk
of bias in random sequence generation, blinding of outcome
assessment, alocated analysis, selective reporting, baseline
comparison, and measuring time point. In addition, 3 (38%)
studies [38,42,43] reported alocation concealment, while 4
(50%) [39,40,42,43] addressed whether to collect follow-up
data. A similar cointervention was satisfied in 4 (50%) studies
[37,38,40,44], and 7 (88%) studies [37-42,44] revealed great
compliance with theintervention. However, none of theincluded
studies met the criteria of therapist or participant masking due
to the nature of the VR intervention.

Based on the GRADE approach, we found moderate or high
levels of evidence regarding pain intensity (overal, NRS,
multimodal intervention, and chronic neck pain), disability,
kinesiophobia, CROM, mean velocity, and peak vel ocity. These
results suggested that the actual effect was likely close to the
estimation. Moreover, the quality of evidence for the follow-up
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effect on pain intensity and disability was classified as very criteria are presented in Multimedia Appendix 2. Agreement
low, indicating that the actual effect may differ substantially —between the authors was 100% at each stage.
from the estimates. The assessment details by the GRADE

Figure 2. Summary of the quality evaluation and risk of biasin theincluded studies.
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The effect of VR therapy on reducing pain was evaluated by
comparing the changes in pain intensity of the VR group and
the control. Asshown in Figure 3, the randomized effect model

In Figure 4, theresults show significant differences (SMD -0.45,
95% Cl -0.78 to -0.13) in pain intensity in favor of the

revedled a statistically significant decrease in pain intensity multi modal intgrvention (VR therapy in gombi nat_ion with any
favored VR intervention compared to controls (SMD —-0.51, other interventions) compared to other interventions, and no

95% Cl -0.91 to -0.11). Given the significant heterogeneity ~heterogeneity wasfound (1°=0%). When unimodal intervention
observed (1=69%), we performed subgroup analyses to (VR therapy alone) was compared with other therapies, the

investigate the source of heterogeneity based on the different SUPgroup anaysis snowed no significant differences (SMD
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-0.58, 95% Cl —1.40t0 0.25; 1°=86%). These results show that
the heterogeneity was mainly derived from the studies using
unimodal intervention, indicating that multimodal intervention
had a better impact on reducing pain intensity than unimodal
intervention.

In terms of the stages of neck pain, the significant decrease in
pain intensity in the VR group was 0.70 lower than that in the
control group (SMD -0.70, 95% Cl -1.08 to —0.32; 12=53%)
for patients with chronic neck pain. However, for patients with
various stages of neck pain, no significant changes were found
(SMD 0.08, 95% CI -0.78 to 0.93; 1°=74%) (Figure 5).
Regarding the measuring tools, the results show significant
changesin painintensity in studiesinvestigating neck pain with
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an NRS (SMD -0.47, 95% ClI -0.89 to —0.04) with no
heterogeneity (1°=0%). However, no significant differences
wereobserved in studiesusing VAS (SMD -0.52, 95% CI -1.08
to 0.03; 1%=78%) (Figure 3). Meanwhile, significant
improvementswererevealed in the clinic or research unit-based
therapy (SMD -0.52, 95% CI —0.99 to —0.04; 1°=74%) but not
found in the home-based therapy (SMD -0.46, 95% Cl —-0.98
to 0.05) subgroup (Figure 6).

In addition, we found no statistical difference in pain intensity
at follow-up between the VR group and the control group (SMD
-3.53, 95% Cl -17.34 10 10.28; 1°=84%). Dueto thelimitations
of eligible literature, no subgroup analysis could be carried out
(Figure 7).

Figure 3. Forest plot of the effectiveness of virtual reality (VR) therapy in reducing pain intensity. NRS: numeric rating scale; VAS: visua analog

scale.
Intervention Control Standardized mean  Weight
Study N Mean SD N Mean SD difference with 95% Cl (%)
VAS
Cetin 2022 17 =369 185 17 -244 214 —— -0.61 [-1.30 to 0.08] 11.8%
Rezaei 2019 21 -36.36 947 21 -1932 964 —&— -1.75[-2.47 to —-1.03] 11.5%
Sarig Bahat 2015 16 -12.52 195 14 -7.66 202 —— —-0.24 [-0.96 to 0.48] 11.5%
Sarig Bahat 2017 30 -16.69 2237 30 -6.33 21.75 —— -0.46 [-0.98 to 0.05] 14%
Sarig Bahat 2020 19 -10.7 2347 21 =226 2172 —— 0.52 [-0.12to 1.15] 12.5%
Tejera 2020 22 -23 19 22 -116 14.1 - -0.67[-1.28t0 -0.06] 12.8%
Heterogeneity: P<.001, I’=78% . -0.52 [-1.08 to 0.03]
NRS
Mukherjee 2021 22 -427 47 21 -3.01 1.3 N -0.35[-0.96 to 0.25] 12.9%
Nusser 2021 17 -27 182 34 -124 276 —a— -0.58 [-1.17 10 0.02] 13%
Heterogeneity: P=.61, I’=0% <o -0.47 [-0.89 to -0.04]
Overall
Heterogeneity: P=.002, ’=69% —— -0.51 [-0.91 to -0.11]
25-2-15-1-050 05 1
Figure 4. Forest plot of the effectiveness of different virtual reality (VR) interventionsin reducing pain intensity.
Intervention Control Standardized mean Weight
Study N Mean SD N Mean SD difference with 95% Cl (%)
Unimodal
Rezaei 2019 21 -36.36 947 21 -19.32 964 —=w— -1.75[-247t0-1.03] 11.5%
Sarig Bahat 2017 30 -16.69 22.37 30 -6.33 21.75 —— -0.46 [-0.98 to 0.05] 14%
Sarig Bahat 2020 19 -10.7 2347 21 -226 21.72 —— 0.52[-0.12 to 1.15] 12.5%
Tejera 2020 22 -23 19 22 -116 141 —— -0.67 [-1.28 to —0.06] 12.8%
Heterogeneity: P<.001, I*=86% = -0.58 [-1.40 to 0.25]
Multimodal
Cetin 2022 17 =369 185 17 =244 214 —— -0.61 [-1.30 t0 0.08] 11.8%
Mukherjee 2021 22 -427 47 21 -3.01 1.3 —a— -0.35 [-0.96 t0 0.25] 12.9%
Nusser 2021 17 -2.7 1.82 34 -124 276 —a— -0.58 [-1.17 t0 0.02] 13%
Sarig Bahat 2015 16 -1252 195 14 -7.66 20.2 —a— -0.24 [-0.96 to 0.48] 11.5%
Heterogeneity: P=.85, I’=0% <& -0.45 [-0.78 to -0.13]

Overall
Heterogeneity: P=.002, I?=69%
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Figure5. Forest plot of the effectiveness of virtua reality (VR) therapy for different stages of pain.

Intervention Control Standardized mean Weight
Study N Mean SD N Mean SD difference with 95% Cl (%)
Chronic neck pain
Cetin 2022 17 -36.9 185 17 -244 214 —a— -0.61 [-1.30 to 0.08] 11.8%
Nusser 2021 17 =27 1.82 34 -124 276 —— -0.58 [-1.17 t0 0.02] 13%
Rezaei 2019 21 -36.36 947 21 -19.32 964 —8— -1.75 [-2.47 to -1.03] 11.5%
Sarig Bahat 2015 16 -12.52 19.5 14 -766 20.2 —a— -0.24 [-0.96 to 0.48) 11.5%
Sarig Bahat 2017 30 -16.69 22.37 30 -6.33 21.75 —— -0.46 [-0.98 to 0.05] 14%
Tejera 2020 22 -23 19 22 -11.6 141 —— -0.67 [-1.28 to -0.06] 12.8%
Heterogeneity: P=.06, I’=53% <> -0.70 [-1.08 to -0.32]
Various neck pain stages
(Acute, Subacute, Chronic) .
Mukherjee 2021 22 -427 47 21 -301 13 —a— -0.35[-0.96 t0 0.25] 12.9%
Sarig Bahat 2020 19 -10.7 2347 21 -226 21.72 — 0.52[-0.12t0 1.15] 12.5%
Heterogeneity: P=.05, I>=74% -  0.08 [-0.78 to 0.93]
Overall
Heterogeneity: P=.002, 1°’=69% —— lQI =0.51 [-0.91 to -0.11]
-25-2-15-1-050 05 1
Figure 6. Forest plot of the effectiveness of virtual reality (VR) therapy in different clinical operational models.
Intervention Control Standardized mean Weight
Study N Mean SD N Mean SD difference with 95% Cl (%)
Clinic or research unit-based therapy
Cetin 2022 17 -36.9 185 17 =244 214 —a— -0.61 [-1.30 to 0.08] 11.8%
Mukherjee 2021 22 -427 47 21 =301 13 —— -0.35 [-0.96 to 0.25] 12.9%
Nusser 2021 17 -27 1.82 34 -124 276 —i— -0.58 [-1.17 t0 0.02] 13%
Rezaei 2019 21 -36.36 947 21 -1932 964 —B— -1.75[-2.47 to —-1.03] 11.5%
Sarig Bahat 2015 16 -12.52 195 14 -766 202 —— —-0.24 [-0.96 1o 0.48] 11.5%
Sarig Bahat 2020 19 -10.7 2347 21 -226 21.72 —u— 0.52[-0.12 t0 1.15] 12.5%
Tejera 2020 22 -23 19 22 -116 141 —— -0.67 [-1.28 to —0.06] 12.8%
Heterogeneity: P<.001, I’=74% S -0.52 [-0.99 to -0.04]
Home-based therapy
Sarig Bahat 2017 30 -16.69 22.37 30 -6.33 21.75 —— -0.46 [-0.98 to 0.05] 14%
Heterogeneity: Not appliable <> =0.46 [-0.98 to 0.05]
Overall
Heterogeneity: P=.002, I’=69% ? -0.51 [-0.91 to -0.11]
[ I I I I I 1
-25-2-15-1-050 05 1
Figure 7. Forest plot of the follou-up effects of VR therapy in reducing pain intensity. VAS: visual analog scale.
Intervention Control Mean difference  Weight
Study N Mean SD N Mean SD with 95% CI (%)
VAS
Rezaei 2019 21 -3.754 1.066 21 -1.878 1.114 —=— -18.76 [-25.35t0 —12.17] 28.6%
Sarig Bahat 2015 14 -0.777 1.66 12 -0.707 1.99 — -0.70[-14.93t0 13.53] 23.1%
Sarig Bahat 2020 18 -1.34 2256 17  -25 2172 11.60 [-3.07 t0 26.27] 22.8%
Tejera 2020 22 -28 194 22 -255 1.84 — -2.50 [-13.67 to 8.67] 25.5%

Heterogeneity: P<.001, /=84%

Effects of VR Therapy on Other Related Health
Outcomes

Asshownin Table 2, patientsin the VR group had less disability
(SMD -3.23, 95% Cl -4.32 to -2.14; 12=46%)[38-42], lower
kinesiophobia (SMD -0.30, 95% CI -0.59 to -0; 1°=0%)
[37-39,42], greater CROM (SMD 0.21, 95% CI 0.08-0.33;
12=35%) [37,38,40,42,44], greater cervical mean velocity (SMD
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RenderX

-3.53 [-17.34 to 10.28]

-26 -16-85-14 914 215

8.98, 95% Cl 2.91-15.06; 1°=46%) [38,42], and peak velocity
(SMD 10.24, 95% CI 1.28-19.15; 1°=39%) [38,42] compared
to the control group. As for the follow-up effect on disability,
we found no significant difference between the VR group and
the control group (SMD —3.07, 95% CI -6.57 to 0.43; 1°=67%)
[38,39,41]. Considering the high heterogeneity across studies,
no subgroup analysis was performed.
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Table 2. Evaluation of virtua reality (VR) therapy for other health outcomes.

Variables Studies, n Patients, n Effect size 95% ClI P value 12
NDI2 5 211 -3.23 ~4.32t0-2.14 <.001 46%
NDI (follow-up) 3 112 -3.07 -6.57t00.43 .09 67%
Tskb 4 177 -0.30 -0.59 to -0.00 .05 0%
CROME 5 1018 0.21 0.08100.33 05 35%
Mean velocity 2 352 8.98 2.911t015.06 .004 46%
Peak velocity 2 352 10.24 1.28t019.15 .03 39%

3NDI: Neck Disability Index.
brsk: Tampa Scale of Kinesiophobia.
“CROM: cervical range of motion.

Safety

Adverse events were reported in 2 (25%) studies[38,42]. In an
RCT performed by Sarig Bahat et a [38], 10% (4/140) of
partici pants experienced motion sickness during VR assessment,
but no pain exacerbation was reported. In another study [42]
conducted by the same authors, 6% (5/90) of the participants
quit due to simulator sickness and headache during training,
which may be attributed to the need for ahigh immersion level
of VR devices. The remaining studies reported no evidence of
adverse events.

Discussion

Overview

This systematic review investigated the effectiveness of VR
therapy in treating patients with neck pain. The results, with a
moderate level of evidence, indicated that VR was a beneficia
nonpharmacol ogical approach to pain management. Theresults
of subgroup analyses showed that multimodal intervention had
a better therapeutic effect on reducing pain intensity, whereas
unimodal intervention did not have obvious effects. For different
stages of pain, subgroup analyses indicated that VR could
effectively relieve chronic neck pain. Based on the clinical
operational model, patientstreated in the clinic or research unit
reported better outcomes than home-based rehabilitation.
Regarding the other health indicators, VR therapy significantly
alleviated disability, reduced kinesiophobia, and improved
CROM and mean and peak velocity. Nevertheless, thefollow-up
effects of VR therapy on reducing pain intensity and disability
were not found.

M ethodological Consider ations

Among the risk factors of the CBN tool, various items of the
selection, detection, and attrition biasin this systematic review
were well controlled, as presented in Figure 2. The low level
of biasin these 3 aspectsindicates that the included RCTs may
have effectively collected, evaluated, and analyzed the data,
improving the generalizability and reliability of their findings.

However, a potential primary source of bias in the included
studies was that none of the eligible studies achieved the
blinding of participants or personnel due to the nature of the
proposed VR therapy. Theresults might beinevitably influenced

https://www.jmir.org/2023/1/e38256

by these performance biases. There are currently no studies
setting standard control groups to eliminate the placebo effect,
which requires more attention from future researchers.
Moreover, only 38% (3/8) of the studies reported outcomes in
aprespecified manner. Thisunclear reporting bias may produce
misleading results due to the selective outcomes reporting, so
we recommend that readers treat our results more cautiously.

Discussions of Results

Intermsof pain management, studies using unimodal programs
better represented theindividual effects of VR therapy, whereas
the multimodal approach may be consistent with the clinical
scenario. The results of subgroup analyses revealed that the
multimodal approach had a better analgesic effect than the
control, while no significant difference was found in the
unimodal intervention. Our conclusions are consistent with
those of earlier studies[33,52]. Theseresults might be explained
by the effectivenessof VR in distracting attention and improving
neuromuscular control [53,54]. However, the add-on effect of
the multimodal intervention may exaggerate the actua
therapeutic effect of VR therapy. Therefore, the individual
analgesic effect of VR is still unclear.

Besidesintervention, subgroup analysisindicated the beneficial
effect of VR on patients with chronic neck pain, which wasin
line with the findings of previous studies [41,42]. Alterations
of sensorimotor control were identified in many patients with
chronic neck pain and were considered to play an important
role in neck disability and limited motor function [55,56].
However, Rezaei et al [41] reported that VR effectively
improved pain due to improved coordination between the deep
and superficial cervical muscles. Enhanced coordination could
better support the cervical segments and unload the stress on
cervical structuresto relax the neck and relieve pain, which was
also confirmed by the therapeutic effects of VR therapy on
cervical kinematic indicators (eg, CROM, mean and peak
velocity) in this review. However, as a type of pain that lasts
longer than 3 months, the lasting analgesic effect on chronic
neck pain was a common problem in related research. In this
review, no statistical difference at follow-up between the VR
group and the control wasfound, limiting the subsequent clinical
application of VR therapy.
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Asfor the measuring tool, the results demonstrated that studies
using an NRS showed a significant improvement in pain
intensity, but no significant difference was observed in studies
using a VAS. This conclusion is different from that of 2 earlier
studies [33,57]. We speculated that this might be due to the
different measuring sensitivities of the 2 scales on pain
measurement. Regarding the clinical operational model, our
findings supported the benefits of clinic or research unit—based
therapy. As compared to home-based therapy, clinical or
research unit—based therapy allowed for real-time supervision
of patients by therapiststo ensure the compl eteness and accuracy
of the VR treatment, which probably contributed to a better
recovery response. However, the actual therapeutic effect of
VR therapy across different operational modelsremainselusive
because of therelatively scarce literature and high heterogeneity
across studies.

Apart from pain intensity, VR therapy was shown to be effective
in improving other health-related indicators (disability,
kinesiophobia, CROM, and mean and peak velocity). For the
NDI score representing neck disability, our data suggested a
beneficial effect of VR compared with other therapeutic
methods, which is consistent with previous research [38,41].
We propose that this might be due to the pain relief, which
allowed patientsto perform more activities of daily living (ADL)
involving cervical movement, resulting in an increasein CROM
and velocity. Meanwhile, VR treatment significantly relieved
kinesiophabiain patients dueto the effectiveness of VR therapy
in distracting attention, thus reducing disability and removing
limitations on cervical movement.

However, the lasting therapeutic effects of VR on neck pain
and disability were not found. This might be because the
intervention period was short, and treatment effects could not
be shown. Among the included studies, participantsin 4 (50%)
studies [37,38,40,43] received an overall VR intervention
duration lower than 180 minutes, while 3 (38%) studies
[39,42,44] alowed participants a total VR treatment time
ranging between 180 minutes and 360 minutes. Such low
trestment dosages might lead to unsustai nable therapeutic effects
of VR intervention. Therefore, more high-quality studies with
long-term VR intervention on neck pain are required to
investigate its sustained efficacy.

Study Limitationsand Implications

Thisstudy hasafew limitationsto consider. First, only 8 studies
comprising a total of 382 patients were eligible for the
meta-anaysis. The heterogeneity between theincluded literature
inevitably yields methodological errorsand potential bias given
thelimited amount and different research designs of theincluded
studies. Second, the conclusion of this systematic review should
be treated with caution due to blinding limitations, although it
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was deemed very difficult to conduct blinding on therapists or
participants due to the nature of the VR intervention. Third,
psychological (eg, anxiety, depression, or stress) and
health-related outcome (eg, ADL or quality of life) werelacking
in this review. These outcomes were not found in most of the
included studies but should be evaluated in future studies. (4)
Only 4 (50%) studies [38,39,42,43] investigated the follow-up
data over 3 months or more, indicating a lack of assessments
on the lasting therapeutic effect of VR in patients with neck
pain.

Currently, the COVID-19 pandemic can be an impetus for
driving the adoption of VR in telemedicine to meet new
requirementsfrom public health measuresto mitigate COVID-19
transmission [58,59]. However, due to the operationa
complexity and high expenditure of current VR therapy, the
shuffling card or lighthouse model may be more appropriate
for subsequent clinical applications[60,61]. Patients with neck
pain can receive individual assessment and treatment in the
community and provide real-time feedback to specialists for
plan adjustment. These approaches help improve the efficiency
of health care workers, reducing the risk of outbreaks, and
enabling patients to access suitable therapies with efficacy
monitoring, which arelikely to be the future application scenario
[62]. The findings of this study may provide some guidance
and inspire researchers to perform more studies and clinical
applicationsin thisfield.

Nonetheless, there is still insufficient evidence investigating
the benefits of VR therapy on neck pain. The efficacy of VR
intervention with different levels of immersion, desired
intervention parameters, and common adverse events is
uncertain. Theseissues have beenillustrated in previous studies
[15,63] and need to be refined in more well-designed trid's, with
a focus on larger sample sizes and longer interventions to
facilitate the development of clinical guidelines. Further,
researchers should classify the inclusion criterion for eligible
trials and conduct a suitable experimental design for blinding
therapists and participants to reduce bias. In addition, more
comprehensive evaluation indicators (eg, psychological function
or health-related quality of life) should be explored to reflect
the effectiveness of VR therapy in all dimensions of health.

Conclusion

There is moderate-quality evidence that VR therapy is a
beneficial nonpharmacological approach to improve pain
intensity in patients with neck pain, with advantages to
multimodal intervention, patients with chronic neck pain, and
clinic or research unit-based VR therapy. However, due to the
high heterogeneity acrosstheincluded RCTs, more robust future
RCTsarerequired to yield firmer conclusions.
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