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Abstract

Background: Low back pain isone of the most prevalent pain conditions worldwide. Virtua reality—based training has been
used for low back pain as a new treatment strategy. Present evidence indicated that the effectiveness of virtual reality—based
training for people with chronic low back pain isinconclusive.

Objective: This study conducted a meta-analysis to evaluate the immediate- and short-term effects of virtual reality—based
training on pain, pain-related fear, and disability in people with chronic low back pain.

Methods: We searched the PubMed, Embase, Web of Science, PEDro, CENTRAL, and CINAHL databases from inception
until January 2024. Only randomized controlled trials assessing the effects of virtual reality—based training on individuals with
chronic low back pain were selected. The outcomes were focused on pain, pain-related fear measured by the Tampa Scale of
Kinesiophobia, and disability measured by the Oswestry Disability Index. The immediate term was defined as the immediate
period after intervention, and the short term was defined as 3 to 6 months after intervention. The Cochrane Risk of Bias tool and
the GRADE (Grading of Recommendations, Assessment, Development and Evaluation) approach were used to evaluate the
quality of the methodology and evidence, respectively.

Results: Intotal, 20 randomized controlled trialsinvolving 1059 patientswere eligiblefor analysis. Virtua reality—based training
showed significant improvementsin pain (mean difference [MD] —1.43; 95% Cl —1.86 to —1.00; 1°=95%; P<.001), pain-related
fear using the Tampa Scale of Kinesiophobia (MD —5.46; 95% Cl —9.40 to 1.52; 12=90%; P=.007), and disability using the
Oswestry Disability Index (MD —11.50; 95% Cl —20.00 to —3.01; 12=95%; P=.008) in individuals with chronic low back pain
immediately after interventions. However, there were no significant differences observed in pain (P=.16), pain-related fear
(P=.10), and disahility (P=.43) in the short term.

Conclusions: These findings indicated that virtual reality—based training can be used effectively for individuals with chronic
low back pain in the immediate term, especially to reduce pain, aleviate pain-related fear, and improve disability. However, the
short-term benefits need more high-quality trials to be demonstrated.

Trial Registration: PROSPERO CRD42021292633; http://tinyurl.com/25mydxpz
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Introduction

Low back pain is a common musculoskeletal symptom
influenced by complex interactions among biological,
psychological, and social factors [1-3]. With more than 568
million people experiencing low back pain globally, it has
become the leading cause of years lived with disability
worldwide [4,5]. Low back pain is defined by the location of
pain, typically between the lower rib margins and the buttock
creases|[6]. Oncethe symptom persistsfor more than 3 months,
it can be considered as chronic low back pain. Chronic low back
pain may be accompanied by fear avoidance and dysfunction.
Research has suggested that individuals who hold negative
beliefs about their pain or their condition may experience an
exaggerated fear of pain and the potential negative consequences
of their symptoms. This fear can lead to a cycle of
catastrophizing thoughts, pain-related fear, and avoidance of
movements that they perceive as potentially painful or harmful
[7]. Furthermore, fear avoidance and catastrophizing thoughts
are considered catalysts for chronicity, resulting in prolonged
recovery and increased disability rates[8].

Given the impaired physical function, quality of life, and even
social participation from chronic low back pain[9], itisaglobal
priority to establish an effective treatment [6,10,11].
Multicomponent exercises are freguently prescribed by
physicians for chronic low back pain, as recommended by
clinical practice guidelines and established by randomized
controlled trials (RCTSs) [12-16]. Exercisesencompass adiverse
set of components including specific activities, postures, or
movements (or all) [17]. It isreported that exercises may benefit
patients with chronic low back pain by improving muscle
strength and movement and enhancing postural musculature,
stability, and coordination, or a combination of these factors
[18]. Among the various exercises available, virtual
reality—based training is becoming increasingly popular for the
treatment of chronic low back pain [19-22]. It refers to digital
training via computer-generated realities implemented with
stereoscopic displays[23,24]. In addition, virtual reality—based
training has been shown to reduce the focus on pain by dividing
attention to tasks [25,26] and increase the motivation of
movement through progressive achievement [27-29].

Two systematic reviews suggested that virtual reality—based
training had a positive effect on improving pain intensity [30]
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and fear avoidance [31] in people with low back pain, while
other systematic reviews indicated that the effectiveness of
virtual reality—based training was inconclusive [32,33]. To our
knowledge, evidence on the immediate-, short-, and long-term
benefits of virtual reality—based training in patientswith chronic
low back pain does not exist as well. The evidence on the
potential effectiveness of virtual reality—based training for
chronic low back pain is still controversial and deficient.
Therefore, we conducted this systematic review and
meta-analysis to evaluate the immediate-term and short-term
efficacy of virtual reality—based training for chronic low back
pain.

Methods

Design

Thissystematic review and meta-analysisfollowed the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Anayses) [34] and PRISMA 2020 guidelines (Multimedia
Appendix 1) [35] and was performed following a protocol
registered in PROSPERO (CRD42021292633).

Search Strategy

Two reviewers (RL and YL) independently searched the
PubMed, Embase, Web of Science, PEDro, CENTRAL, and
CINAHL databases from inception until January 2024. Low
back pain and virtual reality were searched as keywords. The
full search strategy isdescribed in Multimedia Appendix 2. The
bibliographic references of the included studies and previous
systematic reviews were also checked to identify additional
trials.

Study Selection

Studies concerning the effects of virtual reality involving
individual swith low back pain wereincluded in this systematic
review. The inclusion criteria were as follows. (1) RCTs of
parallel groups, (2) participants experiencing chronic low back
pain, (3) virtua reality as intervention, (4) studies assessed
clinical outcomes (eg, pain, pain-related fear, or disability), and
(5) duration of intervention =8 sessions. The exclusion criteria
were as follows: (1) reviews, case reports, and conference
abstracts; (2) studies without enough information for data
analysis; and (3) studies not written in English. The detailed
inclusion and exclusion criteria are shown in Textbox 1.
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Textbox 1. Theinclusion and exclusion criteria.
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Inclusion criteria

«  Paper type: randomized controlled trials of parallel groups

duration of intervention is =8 sessions

«  Language: written in English

Exclusion criteria

«  Paper type: reviews, case reports, and conference abstracts

« Interventions: no interventionsinvolved virtual reality

«  Language: non-English publications

«  Study subjects: participants with chronic low back pain (3 months or more)

. Interventions: virtual reality—based training as intervention alone or in combination with physical therapy, irregular of virtual reality devices; the

o  Outcomes: at least 1 of the following outcome measurements. pain (Visual Analog Scale, Numerical Rating Scale, and Defense and Veterans
Pain Rating Scale), pain-related fear (Tampa Scale of Kinesiophobia), or disability (Oswestry Disability Index)

o Study subjects: participants with other pain or low back pain lasting for less than 3 months

«  Outcomes: without the required outcomes or no available data and not enough information for analysis

Outcome M easures

The outcomes were focused on pain, pain-related fear, and
disability. The pain intensity was measured by the Visual Analog
Scale, Numerical Rating Scale, and Defense and Veterans Pain
Rating Scale, which have demonstrated strong validity and
reliability in clinica and research settings [36-39]. The
pain-related fear was measured by the Tampa Scale of
Kinesiophobia, which is frequently used in patients with back
pain [40,41]. As for the functiona disability, the Oswestry
Disability Index (ODI) was used [42].

Data Extraction

Two reviewers (RL and YL) independently extracted the main
information for theincluded studies using a standard extraction
spreadsheet (Microsoft Excel, Microsoft Corp). A third reviewer
(YK) was consulted if the initial reviewers (RL and YL)
disagreed. The detailed characteristics of the selected studies
were summarized, which included study characteristics (author,
year of publication, country, sample size, and follow-up points),
population characteristics (gender, age, and pain duration),
intervention characteristics (type, frequency, and duration), and
outcome measurements (pain, pain-related fear, and disability).

Quality Assessment

The quality of RCTs was assessed using the Cochrane Risk of
Bias tool [43], which consists of 5 domains and an overall
judgment. The 5 domains include randomization process,
deviations from intended interventions, missing outcome data,
measurement of the outcome, and selection of the reported
result. Based on the answers to a series of signaling questions,
the judgment options in each domain consist of “low risk of
bias” “some concerns” and “high risk of bias” Two
independent researchers (RL and HL) assessed the quality of
each eligible study. Disagreements in the data were settled by
consensus.

We used the GRADE (Grading of Recommendations,
Assessment, Development and Evaluation) approach to assess
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the quality of evidence, which is rated as high, moderate, low,
and very low [44]. The quality of RCTsis initially considered
high and then downgraded based on risk of bias, imprecision,
inconsistency, indirectness, and publication bias [45-49].

Statistical Analysis

This meta-analysis was conducted using Review Manager
(version 5.30; Cochrane Collaboration), and all extracted data
were input and checked by the reviewers (RL, YL, and YK).
Mean differences (MDs) were calculated with the 95% Cls
using the inverse variance method, when the outcomes were
evaluated with the same scale. The chi-square test and

inconsistency (12) were used to cal cul ate statistical heterogeneity.

The random effect model was used when 12>50%; otherwise,
the fixed-effect model was used. Statistical differences by
meta-analysis were identified as P<.05. Furthermore, the
minimal clinically important difference (M CID) was taken into
consideration in this study, and the standard was established
according to a previous report.

Subgroup analyses comparing the efficacy of virtual reality on
pain, pain-related fear, and disability were performed for
immediate-term and short-term outcomes separately. The
immediate term was defined as the immediate period after
intervention, and the short term was defined as 3 to 6 months
after intervention.

Results

Study Selection and Char acteristics

The initial search procedure yielded 583 records in total, 294
of which were removed due to duplication. After the screening
process, 20 studieswere selected for this systematic review and
meta-analysis (Figure 1). The 20 papers included 1059
individuals diagnosed with chronic low back pain. The
characteristics (sample size, gender, interventions, exposures,
and outcome measurements) of the involved studies were
summarized (Table 1). All studies had an RCT design: 7 used

JMed Internet Res 2024 | vol. 26 | e45406 | p. 3
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Lietd

a 3-arm parallel-group design [21,50-55], and 1 used a4-arm involved only female patients [20,22,57,58], and 6 studies
parallel-group design [56]. Of the included papers, 4 studies involved only male patients [52-56,59].

Figure 1. Flowchart showing the study selection process. RCT: randomized controlled trial.
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Table 1. Characteristics of the included studies.

Study Country Sample  Gender Meanage Paindura- Intervention Exposure  Outcome Follow-
(year) size (years) tion measures up points
(months)
Afzal etad Pakistan o BP e Mae o Exp: _C¢ o  Exp: Virtua reali- 12 ses- VASd; oD|e 4 weeks
(2022)[19] 42 28 38.2 ty—based exercisesvia sions; 3
ot Fe- o Con: kinetic ex- times per
e male: 375 ergamestphysical ther-  week
56 apy

o  Con: Back strengthen-
ing exercises+physical

therapy
Eccleston  Finland . Bpl . Made5 . B@L . >6 o Expl: Virtua reali- 30 ses- NRSf; oDl 9 weeks,
eta (2022) 14 . Fe 514 ty—based cognitivebe- sions; 5 PROM |9 5 months
[50] . B male: . B havioral intervention  times per h
17 37 276 viaOculusQuest and  week; 15-  60; TSK™;
. Con . Con Touch virtual reality ~ 60 minutes painmedica
11 5709 headset and handheld  per session  tions; Euro-
controllers QoL-5D-
«  Exp2: Viewed text- 5L'; adverse
based cognitive behav- events, PG-
ioral intervention via ICi; Game
Touchuirin reiy Expeionce
uch virtu ! Question-
headset naire
«  Con: Standard care
Garciaeta United e Exp: ¢« Made .« Exp. o =6 o  Exp: Virtuad reali- 56 ses- DVPRSk; 8 weeks,
(2021)[60] States %4 43 52.1 ty—based cognitivebe-  sions; 7 DVPRSI;  3months,
« Con . Fe « Con: havioral therapy via times per PSE Q'- 5. 6 months
94 male: 51.3 Pico G2 4K head- week; 2-16 PGIC: '
144 mounted virtual reality minutes PR OI\}I 1S6b
device (3D visual dis- per session and 6a;
plays)
«  Con: Shamvirtual real- pCS™;
ity—based cognitive be- CPAQ-8"
havioral therapy via
Pico G2 4K head-
mounted virtual reality
device
Groenveld  Nether- o Expr ¢ Mde7 . Exp: o Exp: . Exp:Virtual reali- 60 ses- SF-12°% 4 weeks,
eta (2023) lands 20 . Fe 51 5 ty—based exercisesvia sions; 3 VAS PCs, 4 months
[61] « Con: male: « Con . Con: an Oculus Go head- times per HADS
20 33 52 4 mounted display day; 10-30 oDI- PC
o  Con: Daily liferoutines minutes '
per sesson  CLY;
NEADL;
BPI®
Kimetal SouthKo- « Exp: « MdeO . Expi — o  Exp: Virtua redi- 12 ses- VAS; press 4 weeks
(2014)[20] rea 15 .« Fe 433 ty—based yogaprogram sions; 3 surealgome-
« Con: male: « Con: viaWii Fit activities timesper  try; ODI;
15 30 5046 «  Con: Trunk stabilizing  week; 30 gmpQt:
exercisetphysical ther-  minutes FABQ
apy program per session
Kimetal SouthKo- « Exp: « Mde « Exp: « Exp: o Exp: Virtua redi- 16 ses- NRS; ODI; 4 weeks,
(2020)[62] rea 24 26 26.0 58.2 ty—based simulated sions; 2 RMDQ; 8 weeks,
« Con « Fe « Con « Con: horseback riding timesper  FABQ 6 months
24 male: 271 10155 «  Con: Stabilizationexer- week; 46
22 Cise via suspension minutes
per session
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Study Country Sample  Gender Meanage Paindura- Intervention Exposure  Outcome Follow-
(year) size (years) tion measures up points
(months)
Lieta China e« Bl « Made9 . B@l . Expl: .o Expl: Virtua reali- 10 ses VAS; ODI; 2 weeks
(2021) [51] 11 .« Fe 2191 30.18 ty—based Fruit Ninja ~ sions; 5 EMGY
. B male: .« B . Exp2 game viaKinect Xbox times per
12 25 VAY: 38.83 360+magnetic therapy  week; 30
. Con: e« Com « Con: « Exp2: Ultrasound- minutes
11 536 49.82 guided abdominal per session

drawing-in maneuver
training+magnetic
therapy

«  Con: Conventional
thermal magnetic thera-

Py
Meinkeet  Switzer- e Exp: ¢« Mde o Expi — o  Exp: Virtua reali- 9sessions; NRS; TSK;  3weeks
a (2022) land 13 10 4014 ty—based exergamevia 3timesper RMDQ;
[63] « Con . Fe « Con: 2inertiadl measurement  week; 20  WHOQOL-
14 male: 408 units minutes Bref
17 «  Con:Dallyliferoutines per session
Monteiro-  Brazil . Exp: » Mde 0 . 68 — . Exp: Virtud reali- 24 ses- NRS; WBB; 8 weeks
Junior et a 6 . Fe ty—based physical sions; 3 sit-to-stand
(2015) [57] o Con: male: training viaNintendo  timesper  {eq: pOMSY
14 30 Wii-motion and WB-  week; 90
Bx+core and strength ~ minutes
training per session
o Con: Coreand strength
training
Nambieta Saudi Araa « Bq@l « Mde .« Bl o Expl: « Expl: Virtuad reali- 20 ses- VAS; player 4 weeks,
(2020)[54] bia 15 45 225 4.1 ty—based-balancetrain- sions; 5 wellness; 8 weeks,
. B@® . Fe « B2 . Exp2 ingviaPro-Kinsystem timesper  sprintperfor- 6 months
15 male: 0 2023 4.1 PK 252 N week; 30  mance; jump
« Con: « Con « Con: . Exp2 Baancetraining minutes performance
15 2078 4.3 via Swiss ball per session

«  Con: Conventional bal-
ancetraining viaactive
isotonic and isometric
exercise

Nambieta Saudi Araa « B@l « Mde .« Bl « Expl: »  Expl: Virtud redity 20 ses NRS; physi- 4 weeks,

(2021) [55] bia 20 60 2145 4.8 training viafiringgame sions; 5 cal fitnessin- 8 weeks,
. B® . Fe o B o Exp2: o Exp2: Corestabiliza- timesper  dex; sprint 6 months
20 male: 0 2139 5.2 tiontraining viathera  week; 30  perfor-
o Con: « Con « Con: peutic ball minutes mance; jump
20 2097 4.9 «  Con: Traditional active per session performance
balance exercise

Nambieta SaudiAra « B¢l « Made « Bgl « Expl: « Expl: Virtua redlity 20 ses VAS; TSK; 4 weeks,

(2021)[53] bia 18 54 22.3 54 training+hot pack ther-  sions; 5 blood serum 6 months
. B@® . Fe .« B . Exp2 apy-+ultrasound timesper  level of
18 male: 0 214 53 o  Exp2:Isokinetic train- week; 30  stress hor-
. Con: « Con . Con: ing+hot pack thera- minutes mones
18 219 55 py+ultrasound per session

«  Con: Conventional
core training+hot pack
therapy-+ultrasound

Nambieta Saudi Ara « Bq@l « Mde . Bql . Expl: 20 ses- VAS; TSK; 4 weeks,
(2021)[52] bia 20 60 232 5.8 sions; 5 blood serum 6 months
. B® . Fe . B@ . Exp2 timesper  level of
20 male: 0 22.8 5.2 week; 30  stress hor-
« Con: . Con: Con: minutes mones
20 233 54 per session
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Study Country Sample  Gender Meanage Paindura- Intervention Exposure  Outcome Follow-
(year) size (years) tion measures up points
(months)

o  Expl: Virtua redity
training+hot pack ther-
apy+ultrasound

o Exp2: Isokinetic train-
ing+hot pack thera-
py+ultrasound

«  Con: Conventional
core training+hot pack
therapy-+ultrasound

Oheta SouthKo- « Bl « Mde .« Bl « Expl: o Expl: Virtud redity 40 ses VAS; body 8 weeks
(2014) [56] rea 9 37 20.7 6.38 trainingviahorsesmu- sions; 5 composition;
. B@® . Fe e B@®@ . Exp2 lator machinefor 10  timesper  isokinetic
9 male: 0 205 6.21 minutes week; 15-  trunk and
. BB o B ¢ Exp3: o Exp2: Virtua reality 35 minutes hip exten-
10 2033 757 trainingviahorsesmu- per session sion or flex-
« Con: « Con « Con: lator machine for 20 ion and hip
9 04 6.75 minutes abduction or
o  Exp3:Virtua redlity adduction
training viahorse simu-
lator machine for 30
minutes
«  Con: Dally liferoutines
Parketa  SouthKo- « Bl — « Bl . Expl: . Expl: Virtua redli- 24 ses- VAS, isomet- 8 weeks
(2013)[21] rea 8 2412 17.0 ty-based trainingvia  sions; 3 ric lifting
. B .« B . Exp2 Nintendo Wii pro- timesper  strength for
8 4337 16.0 gram+physical therapy week; 80  back
. Con: e« Com « Con: « Exp2 Lumbarstabiliza minutes strength; 1-
8 2412 18.75 tion exercisetphysica  per session legged Stand
therapy Test for bal-
«  Con: Physical therapy ance ability;
(eg, hot pack, interfer- RAND-36%
entia current therapy, aa
and deep heat with ul- SF-36
trasound)
Paketa  SouthKo- « Exp: « MadeO « Exp: « Exp: « Exp:Virtua redi- 36 ses- VAS; ODI; 12 weeks
(2020) [58] rea 40 .« Fe 7135 23.6 ty-based trainingvia  sions; 3 body compo-
. Con: male: « Con . Con: equestrian simulator timesper  sition; isoki-
40 80 7206 2210 « Con: Sitting on the week; 30 netic trunk
equestrian simulator minutes extension
per session and flexion;
spina align-
ment
Yafani et Japan e Exp: ¢« MaeO « Exp. o« >6 o  Exp: Virtuad reali- 24 ses- VAS; SF-36; 2 weeks
al (2022) 3 .« Fe 68 ty-based trainingvia ~ sions; 3 FRIZ:
[22] . Con: male: « Con: Xbox Kinect headset  times per BBS®
12 25 6708 o  Con: Dally liferoutines week; 30
minutes
per session
Yilmaz Iran e Exp: ¢+ Made o Exp: o Exp: .o  Exp:Virtuad waking 10 ses VAS; TSK; 2 weeks
Yelvar et a 22 16 4627 5.27 task via Vita Digital sions; 5 ODI; Not-
(2017) [64] e« Con . Fe « Con . Con: Productions+physical  timesper  tingham
22 male: 281 7.45 therapy week Health Pro-
28 «  Con: Physical therapy file TUG®:
(eg, hot pack, TENSad, af.
deep heat with ultra- 6.M VIVT| ’
sound, and therapeutic Egl]gjieetgest
EXercises)
Yoo et & South Ko- 8 weeks
(2014)[59] rea
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Study Country Sample  Gender Meanage Paindura- Intervention Exposure  Outcome Follow-
(year) size (years) tion measures up points
(months)
e Exp: ¢+ Made .« Expi o Exp: . Exp:Virtud reali- 24 ses- VAS; body
24 47 044 941 ty-based trainingvia  sions; 3 composition;
« Con . Fe « Con . Con: horse simulator timesper  isokinetic
23 male: 0 20.7 835 « Con:Dallyliferoutines week; 20-  trunk
50 minutes  strength
per session
Zadroeta Turkey e Exp: ¢+ Made .« Exp. o >3 «  Exp: Video game 24 ses- NRS; TSK; 8 weeks
(2019) [65] 30 29 68.8 home-based exercise  sions; 3 PSEQ; 3-
e« Con « Fe « Con: viaNintendo Wii U timesper  item ques-
30 male: 67.8 console week; 60  tionnaire;
31 « Con:Dallyliferoutines minutes Rapid As-
per session  sessment of
Physical Ac-
tivity ques-
tionnaire;
PSFSX;
RMDQ; 16-
item Falls
Efficacy
Scale-Inter-
national
Question-
naire

3Exp: experimental group.

bCon: control group.

®Not available.

dVAS: Visua Anal og Scale.

€ODI: Oswestry Disability Index.

'NRS: Numerical Rating Scale.

9PROMIS: Patient-Reported Outcomes Measurement Information System.
Prsk: Tampa Scale of Kinesiophobia.

iEuroQoL-SD-SL: European Quality of Life 5-dimension, 5-level scale.
IpGIC: Patient’s Global Impression of Change.

KDVPRS: Defense and Veterans Pain Rati ng Scale.

IPSEQ: Pain Self-Efficacy Questionnaire.

MPCS: Pain Catastrophizing Scale.

"CPAQ-8: Chronic Pain Acceptance Questionnaire.
OSF-12: 12-item Short-Form Health Survey.

PHADS: Hospital Anxiety and Depression Scale.

9PCCL: Pain Coping and Cognition List.

'NEADL: Nottingham Extended Activities of Daily Living.
SBPI: Brief Pain Inventory.

'RMDQ: Roland Morris Disability Questionnaire.

UFABQ: Fear Avoidance Beliefs Questionnaire.

VSEMG: surface electromyography.

"WVHOQOL -Brief: World Health Organization Quality of Life Questionnaire-short version.
*WBB: Wii Balance Board.

YPOMS: Profile of Mood States.

“RAND-36: RAND-36 Health Status Inventory.

%gF.36: 36-item Short-Form Health Survey.

®FRI: Fall Risk Index.

BBS: Biodex Balance System.

TENS: transcutaneous electrical nerve stimulation.
#TUG: Timed Up and Go Test.

FBMWT: 6-Minute Walk Test.
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IPSFS: Patient-Specific Functiona Scale.

Risk of Bias

In total, 20 studies were considered as having some concerns
in overall bias, 2 as having ahigh risk of bias[20,21], and 1 as
having alow risk of bias[19] (Figure 2 [19-22,50-65]). Dueto
the nature and setting of the intervention, it was not possible to
blind the patients or therapists delivering the intervention,

Figure 2. Risk-of-bias graph and summary.

Lietd

leading to some concernsin the second domain (deviationsfrom
the intended intervention). There was a high risk of bias
regarding the measurement of outcome because of insufficient
information on blinded assessment [20,21]. Baseline between
intervention groups had significant differences in 2 studies
[64,65].

SwayID DI D2 D3 D4 DS Overall
Afzal et al (2022) . . . . . . . Low risk
Ecclestonetal 2022) (@) [ @ | ¢« (@] ¢+ | (1) ! Some concerns
Gacinetal202) @ | 1 | @ | @ | @ . High risk
Groenveld et al (2023) . . . ! . G}
Kim et al (2014) 1 [} . . L] . D1 Randomization process
Lietal {2021) . ] . . ] G’) D2 Deviations from the intended interventions
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Outcomes

Pain

All studies investigated the efficacy of virtual reality on pain
using the Visual Analog Scale, Numerical Rating Scale, and

Defense and Veterans Pain Rating Scale on a scale from 0 to
10. In total, 19 RCTs provided available data that were pooled

https://www.jmir.org/2024/1/e45406
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into ameta-analysis (Figure 3[19-22,50-60,62-65]). Therewere
statistically significant differences between virtual reslity—based
training and conventional treatments for pain reduction in the
immediate term (MD —1.43; 95% CI —1.86 to —1.00; 1°=95%;
P<.001) but not in the short term (MD —0.57; 95% Cl —1.36 to
0.22; 12=99%; P=.16). Both did not reach an MCID at the level
of 2.5[66,67].
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Figure 3. Forest plots for virtual reality—based training compared with controlsin pain. I1V: inverse variance.

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV. Random, 95% Cl IV, Random. 95% CI
immediate
Afzal 2022 1 086 42 332 0.8 42 7.2% -232[262,-202 -
Eccleston 2022 41 17 14 48 23 17 42%  -070[211,071) -1
Garcia 2021 29 039 39 4 04 90  7.4% -1.10[1.22,-0.83 -
Kim 2014 227 11 15 463 1.9 15  50% -2.36[-3.48,-1.24] -
Kim 2020 127 09 24 164 157 24 61%  -0.37[-1.09,0.35) T
Li 2021 318 1.08 11 217 189 12 46% 1.01 [-0.24, 2.26) T
Meinke 2022 25 157 12 288 18 9  39% -0.38[1.91,1.15] N
Monteiro-Junior 2015 17 14 16 14 29 14 33% 0.30[-1.48, 2.08) -
Namhi 2020 1.2 04 15 27 03 15 7.2% -1.50[1.75,-1.29] -
Nambi 2021 41 03 20 49 05 20 7.2% -0.80[-1.06,-0.54] -
Namhi 2021 18 03 18 36 04 18 7.3% -1.80[2.03,-1.57) -
Nambi 2021 24 02 20 27 03 20 73% -0.30[0.46,-0.14) -
Oh 2014 344 1.04 ] 38 087 9 57% -0.36[1.25 053] T
Park 2013 487 083 8 587 112 2  54% -1.00[1.97,-0.03] -/
Park 2020 21 254 40 764 1.3 40 57% -5.54[6.43,-465) -
Yalfani 2022 219 1.49 13 754 19 12 43% -535[6.70,-4000 ————
Yilmaz Yelvar 2017 252 18 22 49 339 22 37% -2.38[3.98,-0.79)
Yoo 2014 222 215 24 1 0 23 Mot estimahle
Zadro 2018 38 24 29 44 23 28 47%  -060[-1.82 062
Subtotal (95% CI) 441 438 100.0% -1.43[-1.86,-1.00]

Heterogeneity: Tau® = 0.66; Chi*= 374.10, df= 17 (P = 0.00001); F= 85%
Testfor overall effect Z = 6.46 (F < 0.00001)

short-term
Eccleston 2022 44 19 14 4 18 17 108%  040[091,1.71) —
Garcia 2022 36 044 94 46 045 94 153% -1.00[-1.13,-087]
Kim 2020 142 127 16 122 103 15 132%  0.20[061,1.01] -
Mambi 2020 18 03 15 08 04 15 151%  1.10[0.85,1.35) -
Nambi 2021 1.1 0.3 19 28 03 19 152% -1.70[-1.89,-1.51] -
Nambi 2021 05 02 18 28 03 18 1532% -2.30[2.47,-2.13] -
Nambi 2021 06 01 19 09 02 20 153% -0.30(-0.40,-0.20] -
Subtotal (95% CI) 195 198 100.0%  -0.57 [1.36,0.22] P

Heterogeneity: Tau®= 1.06; Chi*= 730,19, df= 6 (P < 0.00001); F= 98%
Testfor overall effect. Z=1.42 (P = 0.16)

1 Il
T T

t +
-4 -2 0 2 4
Favours [experimental] Favours [control]

. individuals with chronic low back pain in the immediate term
Pain-Related Fear 5 o
(MD -5.46; 95% Cl —9.40 to —1.52; 1°=90%; P=.007), while it

'zd_tftimgd -?“_di?s i”"@_gﬁgdat;‘ef efficacy t‘: ¥"t“a' did not show statistically significant differences in the short
oy ranng on pan-t G USNG The Tamba. 1 (MD —5.66; 95% Cl —12.34 to 1.01; 12=96%; P=.10). The

Scale of Kinesiophobia (Figure 4 [50,52,53,63-69]). Virtud difference in the immediate- and short-term performance was
reality—based training showed significant improvements in extremely close to an MCID at the level of 5.5 [68].
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Figure 4. Forest plots for virtual reality—based training compared with controlsin pain-related fear. |V: inverse variance.

Experimental Control Mean Difference Mean Difference

Study or Subgroup  Mean  SD Total Mean SD Total Weight [V, Random, 95% CI IV, Random, 95% CI
immediate

Eccleston 2022 337 T4 14 431 85 17 8.2% -9.40[-15.00,-3.80]
Meinke 2022 20.25 6.34 12 1933 497 3  99% 0.92[-3.92, 5.76] -
Namhi 2021 2832 33 18 3854 35 18 121% -10.22[-12.44,-8.00] -
Narmbi 2021 2643 35 20 2754 38 20 121% =111 13.37,1.19] -
Yilmaz Yelvar 2017  29.56 4.04 22 387 544 22 11.7% -9.14[11.97,-6.31] -
Zadro 2018 323 71 29 359 58 28 11.3% -3.60 [-6.96,-0.24] —
Subtotal (95% CI) 115 114 66.2%  -5.46 [-9.40,-1.52] R g

Heterogeneity: Tau® = 20.88; Chi*= 47 66, df= 5 (P < 0.00001); F=90%
Testfor overall effect: 2= 2.71 (P = 0.007)

short-term

Eccleston 2022 337 92 14 402 75 17 B8.8% -6.50[-12.49,-0.51]

Nambi 2021 2007 28 18 2966 2.2 18 125% -9.59[11.24,-7.94] -
MNambi 2021 2012 25 19 21.21 24 200 12.5% -1.09 [-2.63, 0.45] ™
Subtotal (95% Cl) 51 55 33.8% -5.66[-12.34,1.01] i

Heterogeneity: Tau®= 31.70; Chi*= 54.89, df= 2 (P < 0.00001); F= 96%
Test for overall effect: Z=1.66 (P =0.10)

<>

+ + + +
-20 -10 0 10 20
Favours [experimental] Favours [control]

Disabilit conventional treatments in terms of the ODI in the immediate
y . . . . . term (MD —11.50; 95% CI —20.00 to —3.01; I2:95%; P=.008)
In total, 8 sSudies investigated the efficacy of virtud 1 ot in the short term (MD —1.28; 95% Cl —4.47 to 1.90;

reality—based training on disability using the ODI (Figure 5 . . )
- C e [“=0%; P=.43). Only theimmediate-term outcome did reach an
[19,20,50,51,58,61,62,64]). There were statistically significant MCID at the level of 10 [66,69].

differences between virtual reality—based training and
Figure5. Forest plotsfor virtual reality—based training compared with controls in disability. IV: inverse variance.

Experimental Control Mean Difference Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

immediate
Afzal 2022 16.04 6.82 42 4056 8.59 42 1386% -2452[-27.84,-21.20] -
Eccleston 2022 288 156 14 385 162 17 11.2% -9.70 [20.93,1.53] - 1
Groenveld 2023 324 151 19 388 177 18 11.4% -6.40 [[17.03, 4.23] I
Kim 2014 13.82 765 15 2455 1088 15 128% -10.73[-17.46,-4.00) -
Kim 2020 11.55 895 24 1481 937 24 132% -3.26[-8.44,1.92] T
Li 2021 1277 6.28 11 1429 21.34 12 106% -1.52[14.15,11.11] I
Park 2020 17.82 4.66 40 4571 8.04 40 137% -27.89[-30.77,-25.01) -
Yilmaz Yelvar 2017 169 545 22 21.05 9.94 22 133% -4.15[-8.89, 0.59] ]
Subtotal (95% CI) 187 190 100.0% -11.50 [-20.00, -3.01] ‘
Heterogeneity: Tau®= 135.00; Chi*= 141.34, df= 7 (P < 0.00001}; F= 95%
Test for overall effect: Z= 2.65 (P = 0.008)

short-term
Eccleston 2022 2891 17.2 14 3.3 128 17 86% -2.20 [[13.07,8.67] 1
Groenveld 2023 373 145 18 409 176 16 85% -3.60 [14.52,7.32] - I
Kim 2020 828 6.26 16 923 334 15 8258% -0.95 [-4.45, 2.55) ,
Subtotal (95% CI) 48 48 100.0% -1.28 [-4.47,1.90]

Heterogeneity: Tau®= 0.00; Chi*=0.24, df=2 (P=0.89), F= 0%
Test for overall effect: Z=0.79 (P = 0.43)

-50 -25 0 25 50
Favours [experimental] Favours [control]

(Table 2). None were downgraded because of indirectness and

Quiality of Evidence publication bias.

The quality of evidence ranged from low to very low dueto the
risk of bias, imprecision, and inconsistency of included trials
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Table 2. Summary of the findings and level of certainty using GRADE (Grading of Recommendations, Assessment, Development and Evaluation).

Timepointand  Riskof bias Inconsisten- Indirectness Imprecision  Publication Partici- RCT2 n Mean differ-  Certainty
outcomes cy bias pants, n ence (95%
Cl)
Immediate term
Pain Serious? Serious® Not serious  Not serious  Notserious 879 19 -143(-1.86 @o0O0O
to—1.00)
Low
Pain-related  ggpjoud Serious® Not serious  ggrjgued Not serious 229 6 546 (-9.40 o000
fear to—1.52)
Very low
Disability Serious? Serious® Not serious  ggyrjgyed Not serious 377 8 -11.50 a000
(-20.00to
-3.01) Very low
Short term
Pain-related  garjoud Serious® Not serious  ggyrjgued Not serious 106 3 -5.66 a000
fear (-12.34to
1.01) Very low
Pain Serious? Serious® Not serious  ggrjgusd Not serious 393 7 -057(-136 @000
t00.22)
Very low
Disability Serious? Not serious  Not serious  ggrjgued Not serious 96 3 -1.28(4.47 @900
t0 1.90)
Low

8RCT: randomized controlled trial.

bDowngraole due to the majority of trials rated as some concerns.
°Downgrade due to 12 statistics >50%.

dDowngrade due to pooled sample sizes <400.

Discussion

Principal Findings

This systematic review and meta-analysis, based on 20 RCTSs,
aimed to assess the available evidence on the efficacy of virtual
reality—based training for people with chronic low back pain.
The findings indicated that virtual reality—based training
appeared to be an effective method of improving pain,
pain-related fear, and disability immediately after intervention.
However, current evidence failed to support the effectiveness
of virtual reality—based training in the short term.

Virtual reality—based training has demonstrated efficacy inpain
reduction for people with chronic low back pain [30,70].
However, our pooled results showed only a statisticaly
significant reduction in pain immediately after interventions
but not in the short term, which is consistent with previous
studies[71-73]. Inthisstudy, therewere no clinically significant
differences between theimmediate- and short-term performance.
This may be explained by the fact that the virtual reality
environment contributes to distraction from pain-related
information [74,75]. However, once they gradually return to
routines, the attention bias to pain might develop more often
than being immersed in a virtua reality environment. Thisis
supported by the finding that patients with chronic pain may
less easily distract from the pain [76,77] dueto higher levels of
attention biasto pain [78].

https://www.jmir.org/2024/1/e45406

Pain-related fear can activate the avoidance of movement,
leading to the progression of disability [1]. In this study, we
found that virtual reality—based training was superior to improve
pain-related fear immediately after interventions, which is
consistent with the effect on disability for individuals with
chronic low back pain. It is worth noting that fear avoidance
limits the opportunity to attune expectations to actual
experiences, leading to long-term disability [ 79]. Consequently,
with thealleviation of pain-related fear, individual swith chronic
low back pain may be willing to pursue a positive experience,
which is helpful to increase the level of physical activity.
Although the large difference in the efficacy on pain-related
fear in the short term indicated clinically important results but
not statistically significant results, it should be interpreted
cautiously dueto the very low quality of evidence. Furthermore,
the efficacy of virtual reality—based training on disability in the
short term is also with low evidence. More high-quality RCTs
are urgently needed for future research.

Strengths and Limitations

This systematic review and meta-analysis conducted athorough
screening and search strategy in 6 important databases.
Additionally, this study focused on RCTs to reinforce the
evidence of pooled results. We also used the Cochrane Risk of
Bias tool and the GRADE approach to rate the quality of the
included studies and evidence, respectively. However, the
potential limitations in this study need to be mentioned. First,
high heterogeneity was presented in this meta-analysis due to
the variety of sample size, intervention items, frequency,

JMed Internet Res 2024 | vol. 26 | e45406 | p. 12
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duration, and control items. Second, the study population varied
from each other, especially age and gender. Third, there were
only data on short-term outcomes (3 to 6 months after
interventions), and no available data on the mid- or long-term
(more than 6 months) effects of virtual reality—based training
for participants with chronic low back pain. These findings
indicated that more studies are required to strengthen the
evidence.

Implicationsfor Clinical Practiceand FutureResearch

Despite the low level of certainty, these findings may provide
important implicationsfor health care professionals. In clinical
practice, thevirtual reality—based training may be recommended
for patients with chronic low back pain in order to distract and
reduce the focus on pain. However, the persistence of efficacy
needs to be considered when applying virtual reality—based
training. Based on the present evidence in this study, it may be
even better for immediate effects. Furthermore, the virtua
reality—based training should be tailored to the needs and
characteristics of patientsin order to optimize the performance

Lietd

and maintain the efficacy. Future research should focus on
different types of virtual reality, intervention parameters (eg,
types, frequency, intensity, and time), and different population.
These issues require further refinement through larger sample
sizes, longer intervention duration, and longer follow-ups. In
addition, it is urgent to explore the feasibility of virtual
reality—based training in different socioeconomic contexts to
ensure broader and cost-effective access to this type of
intervention.

Conclusions

In general, these findings support that virtual reality—based
training is a promising treatment strategy for individuals with
chronic low back pain immediately after interventions,
especialy to aleviate pain, pain-related fear, and disability.
However, there is till not sufficient evidence to suggest that
virtual reality—based training is effective in chronic low back
pain in the short term. More high-quality RCTs are required to
find short- and long-term benefits and to obtain more robust
evidence.
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