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*  Purpose: To compile all the scientific evidence available to date to evaluate the effect of virtual reality based
therapy (VRBT) on reducing pain intensity, kinesiophobia, and associated disability, and on increasing the
hr-QoL in patients with chronic neck pain (CNP) or chronic low back pain (CLBP).

*  Methods: Studies published in PubMed Medline, SCOPUS, Web of Science, CINAHL Complete, and Physiotherapy
Evidence Database (PEDro) up to June 2023 were searched. All searches followed the PICOS Framework. Two
authors independently screened the studies found in the searches. Any differences of opinion regarding the
selection of studies were settled by a third author.

*  Results: Twenty-five RCTs, published between 2013 and 2022, providing data from 1261 patients (20 RCTs) with
CLBP and 261 patients (five RCTs) with CNP, were included. In reducing pain intensity for patients with CLBP,
meta-analyses showed that VRBT is effective in reducing pain just to the end of the intervention, and this effect
could be maintained 1 and 6 months after the therapy.

*  Conclusion: VRBT was found to be better than therapeutic exercise (TE), sham, and no intervention (NI), showing
a major effect when VRBT was used as a complementary therapy to conventional physiotherapy (CPT). Further,
VRBT showed an immediate effect and immersive VRBT was the most adequate VRBT modality in reducing pain
in CNP patients. No differences were found between non-immersive VRBT and immersive VRBT in reducing
pain, kinesiophobia, disability, and hr-QoL in patients with CLBP.

Keywords: chronic low back pain; chronic neck pain; virtual reality-based therapy; kinesiophobia; disability; health related-
quality of life

Introduction

According to the International Association for the  for more than 3 months, even if the injury has healed.
Study of Pain (IASP), pain is defined as ‘an unpleasant = Musculoskeletal pain is one of the most prevalent
sensory and emotional experience associated with, or  causes of chronic pain worldwide, characterized by
resembling that associated with, actual or potential discomfort in the muscles, tendons, ligaments, and
tissue damage’ (1). Chronic pain is pain that persists  bones. The back is one of the musculoskeletal areas
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most affected by chronic pain. Chronic neck pain (CNP)
and chronic low back pain (CLBP) are considered the
leading causes of musculoskeletal disability worldwide
(2, 3), and their symptoms tend to be recurrent and
persist over time. CLBP is the leading cause of years
lived with disability (YLD) (4) worldwide and in Spain (5).
About 50-70% of people will suffer back pain during
their lifetime (6), 50% of whom will experience CNP (7),
and 60-70% will present with CLBP (8). CNP is more
prevalent in women (9), whereas in cases of CLBP, no
significant differences are observed between men and
women (10). Patients with CNP and CLBP feel reduced
functional capability to perform basic, ordinary, family,
or social daily living activities (DLAs), thus decreasing
their health-related quality of life (hr-QolL) and work
productivity (11, 12, 13, 14). This results in a high socio-
economic cost to health services, such as in the United
States where $134.5 billion is spent on CNP and CLBP
management (15).

The most prevalent conservative therapeutic approaches
used for CNP and CLBP are pharmacotherapy and
physiotherapy. In terms of drug therapies, non-steroidal
anti-inflammatory drugs and opioids are the most widely
used to reduce the intensity of pain in these patients
(16, 17), although they have been found to cause
alterations in sleep and in the gastrointestinal (18),
cardiovascular, and physical functioning of patients (19,
20). Physiotherapy encompasses a set of passive (such
as massage, dry needling, or electrotherapy, among
others) and active procedures (such as therapeutic
exercise) that are used to reduce the disability associated
with CNP and CLBP. However, patients who receive any
type of physiotherapy frequently report kinesiophobia,
the presence of post-therapy musculoskeletal pain,
a lack of motivation, or the repetitive nature of their
treatment. These can hinder adherence to treatment
(21, 22, 23), which is a key factor in achieving training-
induced hypoalgesia (24).

Virtual reality-based therapy (VRTV) is a complementary
therapeutic tool that could increase motivation and
adherence to conventional physiotherapy programs and
could be a therapeutic option to add to physiotherapy
programs. There has been an increase in the creation
and use of virtual reality hardware and software in
physical rehabilitation, which has shown to be effective
in pathologies such as total knee arthroplasty (25), total
hip arthroplasty (26), or fibromyalgia (27). VR headsets
enable the recreation and motor interaction with
immersive or semi-immersive experiences and objects
that subjects consider to be similar to real ones. The
two most important characteristics of VR headsets are
presence, defined as the perception of being in a virtual
location; and immersion, which is the ability to interact
with the virtual environment (28). Depending on the
headset, VRBT can be immersive, semi-immersive,
or non-immersive (29). Immersive VR devices (iVR)
use head-mounted displays to visualize 360° virtual
environments in which the subject has the possibility
to interact with the virtual scenario using controllers
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or their hands (30). On the other hand, non-immersive
VR devices (niVR) reduce the level of presence and
immersion, as virtual scenarios are displayed on 2D
screens and do not interact directly with the subjects
(31). However, although VRBT is well accepted by
the general population for therapeutic use, it is not
exempt from side effects (32); one of the main ones is
cybersickness, caused by a discordance between visual
and vestibular information in the real and virtual world,
resulting in sensorimotor discordance and feelings of
dizziness and nausea (33).

In recent years, several reviews (34, 35, 36, 37, 38) have
analyzed the efficacy of VRBT for the treatment of CNP
and CLBP, demonstrating promising results in relation
to pain and associated disability. However, a new review
is needed in light of the growing scientific literature
published recently and due to the uncertainty as to
whether the effect of VRBT is maintained over time and
as to which VRBT modality is the most effective (iVR or
niVR) for each chronic condition. Therefore, the objective
of our review is to compile all the scientific evidence
available to date to evaluate the effect of VRBT on
reducing pain intensity, kinesiophobia, and associated
disability, and on increasing the hr-QoL in patients
with CNP or CLBP. The secondary objectives are: (1) to
evaluate whether the effect of VRBT is maintained 1
and 6 months after the end of the intervention; (2) to
understand which VRBT modality is most appropriate for
each variable; and (3) to specifically analyze the effect
of VRBT versus other therapies, such as therapeutic
exercise, conventional physiotherapy, a placebo, or no
intervention.

Methods

Study design

This systematic review with meta-analysis was carried
out following the guidelines of the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA 2020 version) (39) and the Cochrane Handbook
for Systematic Reviews of Interventions (40). The
protocol of this review was previously registered in
PROSPERO.

Search strategy

The literature search was carried out by two authors
(JMHJ and ICP), who independently searched for studies
published in PubMed Medline, SCOPUS, Web of Science
(WOS), CINAHL Complete, and Physiotherapy Evidence
Database (PEDro) up to June 2023. To complete the
search, the reference lists of previously published
studies, abstracts, grey literature, and document
excerpts were analyzed. All searches followed the PICOS
framework (41): population (patients with CNP or CLBP),
intervention (VRBT), comparators (other therapies,
sham, or no-intervention), outcomes (pain intensity,
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kinesiophobia, associated disability, and hr-QoL), and
study design (randomized controlled trials (RCTs) or
pilot RCTs). The main keywords used in the search
strategy corresponded to Medline Medical Subject
Headings (MeSH): ‘neck pain’, ‘low back pain’, ‘virtual
reality’, and ‘virtual reality-exposure therapy’. Boolean
operators ‘AND'/'OR’ were used to join and create the
search strategies for each database (Supplementary
Table 1, see section on supplementary materials given
at the end of this article). Filters related to language,
publication date, and free full-text access were not set
in our search strategy.

Eligibility criteria and study selection

Two authors (JMH) and ICP) independently screened
the studies found in the searches. Any differences of
opinion regarding the selection of studies were settled
by a third author (EOG).

The included studies met all the following PICOS
inclusion criteria: (1) population and study design, RCT
or pilot RCT involving patients with CNP or CLBP; (2)
intervention group that received VRBT; (3) comparator
group that carried out an alternative therapy to VRBT,
a sham treatment, or no intervention; (4) outcomes:
studies that provided statistical data that could be
included in the meta-analysis (mean and standard
deviation) on pain intensity, kinesiophobia, associated
disability, or hr-QoL. The exclusion criterion was studies
in which patients with CNP and CLBP were joined in the
same group.

Data extraction

Two authors (MCOP and MCLR) independently extracted
data from the studies that met the inclusion criteria
using a standardized Microsoft Excel data collection, and
differences settled by consulting a third author (ICP).

The following data were collected from the included
studies: (1) general characteristics of each study
(authorship, publication date, country, funding received,
study design, and blinding). (2) Characteristics of the
participants from each group (total sample size, number
of participants in each group, age, sex, and time with
pain). (3) Characteristics of the VRBT intervention
(type of VRBT employed, number of sessions received,
number of weeks, times per week, and duration of each
session in minutes). (4) Characteristics of the comparison
group (type of therapy employed). (5) Data from the
outcomes (type of variable assessed, instrument used
to assess it, point in time of the assessment, and
quantitative data reported). Quantitative data of the
outcomes used to perform the meta-analysis were
sample size and mean and standard deviation of each
outcome in each group. When a study provided the
standard error, the range, or interquartile range from
non-skewed distributions, it was transformed into a
standard deviation value (40, 42).
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Variables

The variables analyzed in this study were pain intensity
(subjective perception of discomfort from the neck
and lower back area), kinesiophobia (anxiety and fear
of movement following an injury), associated disability
(impact of CNP and CLBP on functional capability during
DLAs), and hr-QoL (subjective evaluation of the influence
of health status (43)).

Risk of bias and quality of evidence

The evaluation of the risk of bias and the quality of the
evidence was carried out by two authors (HGL and RLV),
and any discrepancies were resolved by a third author
(MCLR).

On the one hand, the risk of bias and methodological
quality of the studies included were assessed using
the PEDro Scale (44). The PEDro scale has shown high
reliability and validity in assessing methodological
quality in RCTs (45), which, according to PEDro scores,
can be high (10-9 points), good (8-6 points), moderate
(5-4 points), and poor (>3 points). On the other
hand, the quality of the evidence of findings from
the meta-analyses was assessed using the Grading
of Recommendations Assessment, Development, and
Evaluation (GRADE) tool (46), and Meader's GRADE
checklist (47). The quality of evidence is determined
by five items: the risk of bias in individual studies,
inconsistency, indirect evidence, imprecision, and risk
of publication bias. Combining these items allowed for
the presentation of findings with four different levels of
evidence: high (if findings are robust), moderate (when
a future study can change the current findings), low
(the level of confidence is low), and very low (findings
are uncertain). If one of the items did not meet the level
of evidence, it was downgraded by one level.

Statistical analysis

The meta-analysis was carried out by two expert
authors (EOG and ICP) using the 4.0 version of the
Comprehensive Meta-Analysis software (48). The effect
size was calculated using the standardized mean
difference (SMD) and its 95% CI. The random-effects
model was used when fixed-effects model heterogeneity
was greater than 40%, with the aim of guaranteeing
the generalization of our findings (49). According to
Kinney et al., effect sizes in rehabilitation research can
be categorized as small (0.08-0.15), medium (0.19-0.36),
or large (0.41-0.67) (50). The results of each meta-
analysis were graphically represented in forest plots
(51). The risk of publication bias was assessed through
the visualization of the funnel plot (52) and the P-value
of the Egger test (53). Additionally, we estimated the
adjusted effect size taking into account the presence
of publication bias using the trim-and-fill method (54,
55), which shows if the publication bias in the original
effect can under or overestimate the true pooled effect.
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Variations >10% between the original and the adjusted
effect size indicate a possible risk of publication bias,
thus downgrading the quality of evidence one level even
though the funnel plot was asymmetric (56). To assess
the level of heterogeneity, we took into account the
P-value for the Q-test (P < 0.1 indicates heterogeneity)
and the Higgins' degree of inconsistency ([2): null
(I2: 0), low (I2: <25%), moderate (I2: 25-50%), or large
heterogeneity (I2: > 50%) (57, 58).

To assess the contribution of each study to the global
effect, we performed a sensitivity analysis (leave-one-
out method). In addition, we conducted some subgroup
analyses. First, when possible, we assessed the effect of
VRBT on each variable 1 and 6 months after finishing
the intervention, in order to assess if the effect would
be maintained over time. Secondly, we assessed the
effectiveness of each VRBT modality separately (iVR
or niVR). Finally, we analyzed the effect of VRBT based
on comparisons made in the included RCTs: VRBT
versus therapeutic exercise (TE), VRBT+conventional
physiotherapy (CPT) versus CPT, VRBT versus sham, and
VRBT versus no intervention (NI).

Results

Literature search and screening

The PRISMA flow diagram shows the eligibility process
of the included articles (Fig. 1). In total, 2163 records
were identified. Nine hundred and forty-four records
were excluded for being duplicates, and 799 articles
were deleted for not being relevant. Additionally, 395
articles were excluded for not meeting the inclusion
criteria (Fig. 1). Finally, 25 RCTs were included in this
systematic review with meta-analysis (59, 60, 61, 62, 63,
64, 65, 66, 68, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78,
79, 80, 81, 82, 83).

Characteristics of eligible studies

All RCTs included in this review were carried out between
2013 and 2022, reporting data on 1522 participants:
1261 patients with CLBP (59, 61, 62, 63, 64, 65, 66, 68,
68, 69, 70, 71, 72, 74, 77, 78, 79, 81, 82, 83) (mean age
of 49.1 + 16.2 years old; 482 men (38.22%) and 779
women; mean symptom duration 4.6 + 5.6 years) and
261 patients with CNP (60, 73, 75, 76, 80) (mean age of
38.9 = 9.5 years old; 113 men (39.37%) and 148 women;
mean symptom duration 1.9 years). The experimental
intervention was applied to 617 people with CLBP and
112 with CNP. For patients with CLBP, seven RCTs used
the iVR modality and 13 used niVR; and for CNP, iVR was
applied in four studies and niVR in one. In 20 studies,
VRBT was used as the sole therapy, while in five studies
it was used in combination with TE and CPT. In the
control group, participants received TE, CPT, and sham
treatment, or did not receive any intervention (being
instructed to continue their DLAS). The duration of VRBT
ranged from 4 to 8 weeks, and the duration of each
session ranged from 4 to 60 min. Twenty-four patients
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PRISMA flow diagram.

reported data of post-immediate assessment (19 for
CLBP and five for CNP); specifically, for CLBP, three
RCTs provided follow-up data at 1 month and five RCTs
at 6 months, and for CNP, two RCTs provided follow-up
data at 1 month. Supplementary Table 2 shows the
characteristics of the studies included.

Outcome measures

Pain intensity was assessed with data from the
following tests: Visual Analogue Scale for pain, Numeric
Rating Scale, and Defense and Veterans Pain Rating
Scale. Kinesiophobia was assessed using data using the
Tampa Scale for Kinesiophobia. Low back disability was
assessed using data from Modified Oswestry Disability
Index, Oswestry Disability Index, and Roland Morris
Disability Questionnaire), while cervical disability was
assessed using Neck Disability Index and ProFitMap-
Neck. Finally, hr-QoL was assessed with data using the
SF-36, SF-12, European Quality of Life Five-Dimension
Scale, RAND-36, Ankylosing spondylitis Quality of Life
questionnaire, and Physical Fitness Index.

Study quality and risk of bias

The average score according to the PEDro scale
was 6.16 t 1.3 points, demonstrating moderate-to-
good methodological quality and moderate risk of bias.
Two studies presented high methodological quality and
very low risk of bias (63, 64), 14 good quality and low
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risk of bias (61, 62, 65, 68, 69, 70, 71, 72, 73, 75, 76,
80, 82, 83), and 9 moderate quality and medium risk of
bias (59, 60, 66, 68, 74, 77, 78, 79, 81). The impossibility
of blinding the participants and the therapist were
the items with the highest risk of bias in the selected
studies (affecting performance and detection biases).
The hidden allocation item was not met in repeated
studies, indicating a risk of selection bias. Table 1 shows
the evaluation of the methodological quality of the
studies included in this review using the PEDro scale.

Synthesis of results

Table 2 shows the main findings from the meta-analysis
for each variable and the quality of the evidence.
Supplementary Table 3 shows the main findings from
subgroup analyses.

Pain intensity

Chronic low back pain

With data from 19 RCTs (59, 61, 62, 63, 65, 66, 68,
68, 69, 70, 71, 72, 74, 77, 78, 79, 81, 82, 83, 84) (1415
subjects), our results showed a large immediate effect
(SMD=-1.27, 95% CI: -1.45 to -0.8, P < 0.001) in favor
of VRBT (Fig. 2). Trim-and-fill estimation showed the risk

Table 1 PEDro score for each study included in the review.
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of publication bias, indicating that the original effect
could be underestimated (adjusted SMD=-1.6, 25% of
variation) (Supplementary Figure 1). Heterogeneity was
high (2=63.9%; Q=66.5; df=24; P=0.87). Sensitivity
analysis showed a contribution similar to that of the
studies in the overall effect.

In relation to follow-up, the effect of VRBT was
maintained both at 1 month (SMD=-1.14; 95% CI: -1.41
to -0.87; P < 0.001) and at 6 months after completing
the intervention (SMD=-1.44; 95% CI. -1.7 to -1.18;
P < 0.001). In addition, VRBT was superior to TE
(SMD=-1.05; 95% CI: -1.27 to -0.82; P < 0.001), sham
(SMD=-0.83; 95% CI: -1.03 to -0.62; P < 0.001), and NI
(SMD=-0.5; 95% CI: -0.76 to -0. 22; P=0.003), and the
largest effect of VRBT was found when combined with
CPT, instead of CPT alone (SMD=-2; 95% CI: -2.45 to
-1.55; P < 0.001). Besides, no differences were found
between iVR (SMD =-0.78; 95% CI: -0.96 to -0.6; P=0.001)
and niVR (SMD =-0.98; 95% CI: -1.15 to -0.81, P < 0.001).

Chronic neck pain

With data from five RCTs (60, 73, 75, 76, 80) (417
subjects) our meta-analysis showed a large immediate
effect (SMD=-0.45, 95% CI: -0.68 to -0.21, P < 0.001)

Items
Study 1 2 3 4 5 6 7 8 9 10 1 Total  Quality
Afzal et al. (59) No Yes No Yes No No No Yes No Yes Yes 5/10 Moderate
Cetin et al. (60) Yes Yes Yes Yes No No No No No Yes Yes 5/10  Moderate
Eccleston et al. (61) Yes Yes Yes Yes Yes No No Yes Yes Yes Yes 8/10 Good
Garcia et al. 2021 (63) Yes Yes Yes Yes Yes No  Yes Yes Yes Yes Yes 9/10  High
Garcia et al. (62) Yes Yes Yes Yes No No No Yes Yes No Yes 7/10  Good
Garcia et al. (64) Yes Yes Yes Yes Yes No  Yes Yes Yes Yes Yes 9/10  High
Karahan et al. (65) Yes Yes Yes Yes No No No Yes Yes No Yes 6/10  Good
Kim et al. (66) No Yes No Yes No No No No Yes Yes Yes 5/10  Moderate
Li et al. (68) No Yes No Yes No No Yes No No Yes Yes 5/10  Moderate
Matheve et al. 2020 (68) Yes Yes Yes Yes No No No Yes No Yes Yes 6/10 Good
Monteiro-Jr et al. (69) Yes Yes No Yes No No Yes Yes No Yes Yes 6/10 Good
Nambi et al. (70) Yes Yes No Yes No No No Yes Yes Yes Yes 7/10  Good
Nambi et al. (72) Yes Yes Yes Yes No No No Yes Yes Yes Yes 6/10  Good
Nambi et al. (71) Yes Yes No Yes No No No Yes Yes Yes Yes 6/10  Good
Nusser et al. (73) Yes Yes No Yes No No No Yes Yes Yes Yes 6/10 Good
Park et al. (74) Yes Yes No Yes No No No Yes No Yes Yes 5/10 Moderate
Rezaei et al. (75) Yes Yes No Yes No No Yes Yes No Yes Yes 6/10  Good
Sarig Bahat, et al. (76) No Yes Yes Yes No No  Yes No Yes Yes Yes 7/10  Good
Sato et al. (77) Yes Yes Yes Yes No No No No No Yes Yes 5/10  Moderate
Soysal-Tomruk et al. (78) Yes Yes Yes Yes No No No No No Yes Yes 5/10  Moderate
Stamm et al. (79) Yes Yes Yes Yes No No No No No Yes Yes 5/10  Moderate
Tejera et al. (80) Yes Yes No Yes No No No Yes Yes Yes Yes 6/10 Good
Yalfani et al. (81) Yes Yes No Yes No No No No No Yes Yes 4/10  Moderate
Yilmaz-Yelvar et al. (82) Yes Yes No Yes No No  Yes Yes No Yes Yes 7/10  Good
Zadro et al. (83) Yes Yes Yes Yes No No  Yes Yes Yes Yes Yes 8/10  Good

1, eligibility criteria; 2, random allocation; 3, concealed allocation; 4, baseline comparability; 5, blind subjects; 6, blind therapists; 7, blind assessors; 8,
adequate follow-up; 9, intention-to-treat analysis; 10, between-group comparisons; 11, point estimates and variability. The ‘eligibility criteria’ item does
not contribute to the total score.
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in favor of VRBT (Fig. 3) without risk of publication bias
or heterogeneity (I2=0%; Q=4.4; df=6; P=0.62). No
variations were found between studies according to the
sensitivity analysis.

The effect of VRBT 1 month after finishing the
intervention was not greater than others (SMD=-0.18;
95% CI: -0.62 to 0.25; P=0.41). VRBT is more effective
than TE (SMD=-0.44; 95% CI: -0.75 to -0.14; P=0.005),
and iVR is the most appropriate VRBT modality for
reducing pain in patients with CNP (SMD=-0.36, 95%
CI: -0.61 to -0.11, P < 0.001).

Kinesiophobia

Chronic low back pain

With data from six RCTs (61, 72, 77, 79, 82, 83) (370
subjects), the results showed a large immediate effect
of VRBT (SMD=-0.75, 95% CI: -1 to -0.5, P < 0.001)
in reducing kinesiophobia (Fig. 4), without risk of
publication bias. Heterogeneity was moderate-high
(2=453%; Q=12.8; df=7, P=0.07). The sensitivity
analysis showed no variation with respect to the original
effect.

In relation to follow-up, the effect of VRBT was
maintained 6 months after the end of the therapy
(SMD=-1.33; 95% CI: -1.91 to -0.76; P < 0.001). VRBT
was more effective than TE (SMD=-0.98, 95% CI: -1.45
to -0.52, P=0.003), and NI (SMD=-0.23; 95% CIL: -0.6
to -0.13; P=0.027). No differences were found between
iVR (SMD=-1.16, 95% CI: -1.55 to -0.77; P=0.003) and
niVR (SMD=-0.47, 95% CI: -0.8 to -0.14; P=0.005).

Chronic neck pain

With data from two RCTs (76, 80) (224 participants), no
effect of VRBT was found (SMD=-0.08; 95% CI: -0.4 to
0.25; P=0.65) (Fig. 4), without risk of publication bias
or heterogeneity (I2=0%; Q=0.1; df=2; P=0.95). The
sensitivity analysis did not show substantial differences.

Associated disability

Chronic low back pain

With data from eight RCTs (59, 61, 65, 66, 68, 78, 82, 83)
(469 patients), a large immediate effect (SMD=-0.66,
95% CI: -1.26 to -0.1, P=0.031) was found in favor of
VRBT (Fig. 5) without heterogeneity (2=2%; Q=9.2;
df=9; P=0.42). The trim-and-fill demonstrated that the
original was underestimated (adjusted SMD=-0.96,
38% of variation), showing a risk of publication bias
(Supplementary Figure 2). There were no variations
after the sensitivity analysis.

Subgroup analysis showed that VRBT was more
effective than TE (SMD=-0.4; 95% CI: -0.83 to -0.09;
P=0.003), and NI (SMD=-0.34; 95% CI: -0.65 to -0.03;
P=0.031), and that the combination of VRBT and CPT is
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more effective than the use of CPT alone (SMD=-1.75;
95% CI: -2.2 to -1.32; P < 0.001). No differences were
found between iVR (SMD=-0.49; 95% CI: -0.9 to -0.1;
P=0.016) and niVR (SMD=-0.77; 95% CI: -1 to -0.53;
P < 0.001).

Chronic neck pain

With data from five RCTs (60, 73, 75, 76, 80) (417
participants), our meta-analysis showed a medium
immediate effect (SMD=-0.26, 95% CI: -0.49 to -0.03,
P=0.031) in favor of VRBT (Fig. 5) without heterogeneity
(2=5.1%, Q = 6.3, df=6, P=0.39). The trim-and-fill
showed that the original effect could be underestimated
(adjusted SMD =-0.4, 53% of variation), showing a risk
of publication bias (Supplementary Figure 3). There
were no changes after the sensitivity analysis.

In addition, the effect of VRBT was maintained 1 month
after the end of the intervention (SMD=-0.64; 95%
CL: -1.1 to -0.2, P=0.005). VRBT is greater than TE in
reducing cervical disability (SMD=-0.42, 95% CI: -0.73
to -0.12, P=0.007).

Health-related quality of life

Chronic low back pain

With data from seven RCTs (61, 65, 71, 74, 79, 81, 82)
(400 participants), our results showed a large effect
(SMD=0.62; 95% CIL: 0.38 to 0.85; P < 0.001) in favor
of VRBT in increasing hr-QoL (Fig. 6). The trim-and-fill
estimation demonstrated that the original effect was
underestimated (adjusted SMD=0.71, 14% of variation),
showing a risk of publication bias (Supplementary
Figure 4). Heterogeneity was medium (I2=28.5%;
Q=12.6; df=9; P=0.19), and there were no variations
after the sensitivity analysis.

The effect of VRBT was maintained both at 1 month
(SMD=1.99; 95% CI: 1.41-2.56; P=0.001) and at 6
months after intervention (SMD =2.23; 95% CI: 1.64-2.83;
P=0.001). VRBT was more effective than TE (SMD=0.72,
95% CI: 0.31-1.13, P=0.001) and NI (SMD=0.38, 95%
CL: 0.38-1.18; P < 0.001) in improving hr-QoL. No
differences were found between iVR (SMD=0.45; 95%
CI: 0.11-0.79; P=0.019) and niVR (SMD=0.78; 95% CI:
0.45-1.11; P < 0.001).

Chronic neck pain

With data from two RCTs (60, 76) (221 patients), our
results did not show an effect of VRBT (SMD =0.06; 95%
CL: -0.29 to 0.4; P=0.736) (Fig. 6), nor the risk of bias
of publication or heterogeneity (I2=11.5%; Q=2.2; df=2;
P=0.33).

Discussion
The objective of this review was to analyze the
effectiveness of VRBT in reducing pain, kinesiophobia,
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Study name Statistics for each study Std diff in means and 95% CI

Std diff Standard Lower Upper

in means error Variance limit limit Z-Value p-Value
Afzal, MW et al 2022 -3,255 0,333 0,111 -3,907 -2,603 -9,784 0,000 K |
Eccleston, C etal 2022 (1) -0,147 0,403 0,163 -0,938 0,643 -0,366 0,715
Eccleston, C etal 2022 (2) -0,341 0,363 0,132 -1,063 0,371 -0,938 0,348 el
Garcia, LM et al 2021a -1,100 0,160 0,026 -1,414 -0,786  -6,858 0,000 -
Garcia, LM et al 2022a -0,667 0,150 0,022 -0,960 -0,373  -4,449 0,000 -l
Karahan, AY et al 2020 -0,671 0,272 0,074 -1,205 -0,137 -2,465 0,014 ==
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Matheve, T et al 2020 -0,666 0,224 0,050 -1,105 -0,227 -2,971 0,003 -
Monteiro-Junior, RS et al 2015 0,123 0,401 0,161 -0,662 0,909 0,308 0,758 ——
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Nambi, G et al 2021b (2) -6,641 0,807 0651 -8222 -5059 -8,229 0,000
Nambi, G et al. 2020 (1) -3,157 0,547 0,299 -4230 -2,085 -5770 0,000
Nambi, G et al. 2020 (2) -8,069 1,104 1,218 -10,232 -5905 -7,310 0,000
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Zadro, JR etal 2018 -0,255 0,259 0,067 -0,763 0,253 -0,985 0,325 —-

-1,273 0,242 0,059 -1,748 -0,799  -5259 0,000
-2,00 -1,00 0,00 1,00 2,00
Favors VRBT Favors Others
Figure 2
Forest plot for pain intensity in CLBP (59, 61, 62, 63, 65, 66, 68, 68, 69, 70, 71,72, 74,77, 78,79, 81, 82, 83, 84).
Study name Statistics for each study Std diff in means
0,

Std diff ~ Standard Lower Upper and 95% Ci

in means error Variance limit limit Z-Value p-Value
Cetin, H et al 2022 -0,625 0,351 0,123 -1,313 0,064 -1,779 0,075 -
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-1.00 -0.50 0.00 0.50 1.00

Favors VRBT Favors Others

Figure 3
Forest plot for pain intensity and CNP (60, 73, 75, 76, 80).
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Study name Statistics for each study Std diff in means
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in means error Variance limit limit Z-Value p-Value
Eccleston, C etal 2022 (1) -0,839 0,420 0,176 -1,662 -0,016 -1,997 0,046 [k
Eccleston, C et al 2022 (2) -1,171 0,390 0,152 -1,936 -0,406 -3,000 0,003
Nambi, G et al 2021b (1) -0,304 0,318 0,101 -0,927 0,320 -0,955 0,339 L
Nambi, G et al 2021b (2) -5,189 0,661 0,437 -6,484 -3,894 -7,853 0,000
Sato, T et al 2021 0,624 0,324 0,105 -0,011 1,258 1,926 0,054 —l—
Stamm, O et al 2022 -0,438 0,431 0,186 -1,284 0,408 -1,015 0,310
Yizmaz-Yelvar, GD et al 2017 -1,908 0,364 0,132 -2,620 -1,195 -5,245 0,000
Zadro, JR etal 2018 -0,555 0,263 0,069 -1,071 -0,040 -2,110 0,035

-0,753 0,128 0,016 -1,003 -0,503 -5,897 0,000
-1,00 -0,50 0,00 0,50 1,00
A Favors VRBT Favors Others
Study name Statistics for each study Std diff in means
0,

Std diff  Standard Lower Upper and 95% Cl

in means error Variance limit limit Z-Value p-Value
Sarig Bahat, H et al. 2018 (1) -0,099 0,280 0,079 -0,648 0,451 -0,352 0,725 -
Sarig Bahat, H et al. 2018 (2) -0,015 0,283 0,080 -0,570 0,539 -0,054 0,957 -
Tejera, DM et al 2020 -0,115 0,302 0,091 -0,706 0,477 -0,380 0,704

-0,075 0,166 0,028 -0,400 0,251 -0,450 0,653
B -1,00 -0,50 0,00 0,50 1,00
Favors VRBT Favors Others
Figure 4

Forest plot for kinesiophobia in CLBP (A) (61, 72, 77, 79, 82, 83) and CNP (B) (79, 80).

and disability, and in improving hr-QoL in patients with
CLBP and CNP. A secondary objective was to analyze
whether the possible beneficial effect of VRBT was
maintained over time after the intervention ended and
which VRBT modality (iVR or niVR) was more suitable for
each variable. To this end, our bibliographical search
yielded a total of 25 RCTs that analyzed the effectiveness
of VRBT in the treatment of CNP and CLBP. Of the
included RCTs, 20 studies reported data of patients with
CLBP (59, 61, 62, 63, 64, 65, 66, 68, 68, 69, 70, 71, 72,
74,77, 78,79, 81, 82, 83) and five of patients with CNP
(60, 73, 75, 76, 80).

First, concerning the reduction of pain intensity in
patients with CLBP, our findings showed that VRBT
is effective in immediate post-assessment, and its
effectiveness is maintained at follow-ups 1 and 6
months after the end of the intervention. In terms of
specific therapy comparisons, VRBT was better than
TE, sham treatment, or NI, while no differences were
found between VR and niVR VRBT modalities.
Furthermore, our findings reported that combining
VRBT and CT is more effective in reducing pain in
CLBP than the use of CT alone. These findings align
with Brea-Gomez et al. (35), although our results show
greater generalizability and quality of evidence due to
the larger number of studies included. Grassini et al.
(36) did not show differences between VRBT and TE,
yet our findings did report that VRBT is better than

TE in reducing pain intensity in CLBP. With regard to
CNP, VRBT is better than comparators right after the
intervention is completed, but not 1 month later, so its
effect is not maintained over time. Subgroup analysis
revealed that iVR is the most effective VRBT device for
reducing pain intensity in patients with CNP. These
results are in line with the reviews of Ahern (34), Grassini
(36), Guo (37), and Ye (38) who also found differences in
favor of VRBT in short-term pain treatment but not at
follow-up.

Secondly, concerning the reduction of kinesiophobia
in patients with CLBP, our meta-analysis showed that
VRBT is effective at the end of the intervention and at
6 months post intervention, while for CNP patients, no
differences were found between VRBT and comparators
in decreasing kinesiophobia. For patients with CLBP,
VRBT was more effective than TE and NI in reducing
kinesiophobia, and no differences were found for the
VRBT modality. These results are in line with those of
Brea-Gomez (35), who also found greater effectiveness
in favor of VRBT both in the short and long term.
However, our meta-analysis includes three more RCTs,
which gives our results greater statistical precision
as the confidence interval range is considerably
smaller. Our results also provide new evidence of
the effectiveness of VRBT compared to the review of
Grassini (36), whose results were not significant in the
study of this variable in the short term.
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Study name Statistics for each study Std diff in means
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Study name Statistics for each study Std diff in means
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in means error Variance limit limit Z-Value p-Value
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Nusser, M et al 2021 (3) -0,299 0,350 0,123 -0,985 0,388 -0,853 0,394 B
Nusser, M et al 2021 (4) -0,317 0,340 0,116 -0,984 0,350 -0,933 0,351 )
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-0,258 0,119 0,014 -0,492 -0,024 -2,160 0,031

B

-1,00 -0,50 0,00 0,50 1,00
Favors VRBT Favors Others

Figure 5

Forest plot for disability in CLBP (A) (59, 61, 65, 66, 68, 78, 82, 83) and CNP (B) (60, 73, 75, 76, 80).

For patients with CLBP, VRBT is effective in reducing low
back disability, and is better than TE and NL In terms
of VRBT devices, no statistically significant differences
were found between iVR and niVR. Moreover, our meta-
analysis showed that when VRBT is combined with CT,
the reduction of low back disability is more significant
than when CT alone is used. Our findings contrast with
the reviews of Brea-Gémez (35) and Grassini (36), who
did not find differences between VRBT and comparators
for low back disability. These differences could be
explained by the fact that these authors included
hypotherapy simulators, whereas we only included
VRBT interventions. For CNP, VRBT was effective at the
end of the intervention and at the 1-month follow-up.
Minimal statistically significant differences were found
in favor of VRBT over TE, and it is not clear whether iVR
was the best VRBT device to be employed in reducing
low back disability. These results are in line with those
of Guo (37) and Grassini (36). Our results provide new
evidence of how VRBT is more effective than ET in
improving disability in CNP.

Finally, in the assessment of hr-QolL, for patients
with CLBP, VRBT proved to be effective at the end

of the intervention, and at 1- and 6-month follow-
ups. Subgroup analysis revealed that VRBT was better
than TE and NI, and no differences between iVR and
niVR were found. For CNP, no statistically significant
differences were found between VRBT and comparators,
most likely due to the low number of studies included.
However, no reviews have assessed the effect of VRBT
on hr-QoL in patients with CNP, so our findings and the
very low quality of evidence are susceptible to change
with the publication of new RCTs in the future. Only
Ahern (34) concluded in a systematic review without
meta-analysis that VRBT was probably better than
comparators. Nonetheless, the statistical analysis of our
review contradicts the hypothesis of Ahern.

The beneficial effect of VRBT as a therapeutic tool could
be due to several phenomena. First, distraction can be
highlighted for its effectiveness in pain management
(85, 86, 87, 88). VRBT can act on brain structures such as
the hippocampus and the cortico-limbic system, which
are related to the cognitive-affective dimension of pain,
stimulating the descending pain modulation systems
that reduce kinesiophobia or catastrophizing (89, 90,
91). In addition, positive emotions related to virtual
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Cetin, H et al 2022 -0,886 0,359 0,129 -1,591 -0,182  -2,466 0,014
Sarig Bahat, H et al. 2018 (1) 0,549 0,285 0,081 -0,011 1,108 1,923 0,054
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0,059 0,175 0,031 -0,285 0,403 0,337 0,736
-2,00 -1,00 0,00 1,00 2,00
B Favors Others . Favors VRBT
Figure 6

Forest plot for health related-quality of life in CLBP (A) (61, 65, 71, 74, 79, 81, 82) and CNP (B) (60, 76).

experiences that simulate reality can help to reduce
the pain experience. ‘Embodiment therapy’ that uses
virtual avatars in videogames or exergames can help
to produce these changes and reorganize nociceptive
input in motor and sensory areas of the brain, thus
reducing the experience of pain (92).

The results of this review are useful for the clinical
practice of physiotherapists as they provide relevant
and high-quality information on the use of VRBT in the
management of CLBP and CNP, in relation to different
variables. A key finding in our results demonstrated
the greater effect of combining VRBT and CT in
comparison to using CT alone. Furthermore, VRBT
could be a more useful therapeutic option than TE in
reducing pain intensity and disability associated with
CLBP and CNP. These results can guide clinicians in
choosing the most effective therapeutic combination or
the most appropriate VRBT modality, according to the
characteristics of their patient. This therefore represents
a new advance in the treatment of CLPB and CNP.

Although the results have clinical relevance, a number
of limitations need to be addressed. First, the moderate
risk of bias in the included studies, generally due to
the fact that patients, therapists, and evaluators were
not blinded, increases the detection and performance

biases, potentially decreasing the generalizability of the
results. Secondly, the low number of studies included
in the meta-analyses of some variables or the CNP
could reduce the generalizability of the results, as well
as affect the quality of its evidence. Thirdly, the high
heterogeneity in pain intensity and kinesiophobia
outcomes in CLBP means that we should be cautious
when drawing conclusions. Fourthly, the observed
publication bias and the percentage of variation in
the trim-and-fill method in some of the meta-analyses
reduce the generalizability of the results, while showing
how the original effect could be underestimated by the
presence of publication bias. Finally, another limitation
is that our meta-analysis did not report findings about
the effect of VRBT on each variable according to VRBT
intensity (number of sessions or time in minutes of
each session) due to the low level of evidence of these
analyses by the low number of studies that would be
included in each subgroup. In the future, new studies
would be carried out, especially in patients with CNP,
with the aim of obtaining results with more evidence
and generalization. Additionally, it would be important
to assess the effect of VRBT according to its intensity
(number of sessions, sessions per week, minutes) with
the aim of establishing homogenous protocols of VRBT
in these patients.
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Conclusion

Our results show that, in the short term, VRBT is
effective in reducing pain intensity and associated
disability, as well as increasing hr-QolL in patients with
CLBP and CNP. However, kinesiophobia is only reduced
in patients with CLBP. The beneficial effect of VRBT on
pain, kinesiophobia, and hr-QoL can be maintained for
up to 6 months in patients with CLBP. VRBT appears
to be more effective than TE in reducing pain and
disability in both populations and better at improving
kinesiophobia and hr-QoL in patients with CLBP. Our
results demonstrate that the effect of VRBT on pain and
associated disability is greater when combined with CT.
Finally, both iVR and niVR seem to be equally effective,
with no statistically significant differences as to which
VRBT modality produces a greater effect.
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