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Abstract

Introduction: Approximately 19% of adults complain of chronic pain, which poses considerable physical, mental, and economic burdens.
Conventional chronic pain management includes physical therapy, analgesic drugs, and the avoidance of pain triggers. Metaverse-related
technologies such as virtual reality (VR) are promising complementary approaches.This review aimed to systematically analyse the applications
of VR in chronic pain management in the context of rehabilitation.

Methods: Four electronic databases (MEDLINE, CENTRAL, PEDro, and IEEE Xplore) were searched following the PRISMA guidelines, and data
were collected until October 2023.

Results: A total of 56 articles were included in the qualitative synthesis. VR was used in several conditions: musculoskeletal disorders (40/56,
71%), fibromyalgia (5/56, 9%), burns (4/56, 7%), phantom pain after limb amputation (1/56, 2%), upper-limb pain after stroke (1/56, 2%),
mastectomy with axillary lymph nodes (2/56, 4%), vestibular rehabilitation (1/56, 2%), active ageing (1/56, 2%), and pain during cardiac
rehabilitation after cardiac surgery (1/56, 2%). VR was useful in increasing treatment adherence and pain tolerance and facilitating the
achievement of other endpoints such as functional measures, range of motion, and functional performance. No significant side effects were
reported aside from occasional episodes of nausea and headaches with immersive VR.

Discussion: The included studies were heterogeneous, limiting comparative analysis.

Conclusion: VR interventions are efficacious complementary methods for managing chronic pain, increasing the quality of care, and
potentially reducing drug intake in chronic pain management.

Keywords: Chronic pain, Virtual reality, Pain management, Rehabilitation, Quality of care, Development of new rehabilitative technologies

List of Abbreviations: AR: Augmented Reality; DASH: Disabilities of the Arm, Shoulder and Hand; PICOS: Population, Intervention,
Comparison, Outcomes, Study Design; PLP: Phantom Limb Pain; PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses;
QolL: Quality of Life; ROM: Range of Motion; RCTs: Randomised Controlled Trials; SCI: Spinal Cord Injury; VAS: Visual Analogue Scale; VR: Virtual
Reality; WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index

Article Summary

- VRinterventions are safe and effective for chronic pain management in rehabilitation settings.
. Immersive and non-immersive techniques are used in VR interventions.

«  Although VR interventions are heterogeneous, they reduce chronic pain intensity in several conditions.
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VR interventions increase treatment adherence and pain tolerance, facilitating the achievement of other endpoints such as increased

ROM and functional performance.

Quality of care in chronic pain rehabilitation benefits from VR as a complementary approach.

Introduction

Pain is a global health priority because of its high prevalence
worldwide [1], and physical and rehabilitation medicine is
one of the specialties in which publication-based academic
interest in pain management is most intensive [2]. Based
on the 2020 revised definition of pain by the International
Association for the Study of Pain, chronic pain is defined as pain
in one or more anatomical regions that (1) persists or recurs
for >3 months and (2) is associated with significant emotional
distress (e.g., anxiety, anger, frustration, or depressed mood)
or functional disability (i.e., interference in activities of daily
life and participation in social roles) [3]. Approximately 19—
20% of adults complain of chronic pain [4,5], which poses
considerable physical and mental burden and has significant
economic and social consequences [6]. Depression is three-
fold higher in patients with chronic pain than in those without
chronic pain [7]. Chronic pain also limits participation in work
through sickness absence and affects productivity; the cost of
productivity loss greatly exceeds the cost of absenteeism and
medical care combined [8].

Chronic pain management often entails a multidisciplinary
or interdisciplinary pain management program relying on
a biopsychosocial approach, including physical therapy,
analgesic and antidepressant drugs, and the avoidance of
pain triggers [9,10].

Opioid use has consistently increased over time, and global
opioid use has doubled to 7.35 billion daily doses per year
from 2001-2003 to 2011-2013 [11]. Chronic pain treatment
may improve some problems associated with opioid intake,
such as overdose, dependency, and mortality. However, the
financial cost of pain management is estimated to be greater
than the annual costs of heart disease, cancer, and diabetes
[12]. Thus, identifying effective, safe, and affordable tools to
treat and prevent chronic pain may improve the quality of care
and quality of life (QoL) of millions of people by reducing drug
intake as well as the physical, mental, and economic burden.

Quality of care is one of the most quoted principles of health
policy and is currently high on the agenda of policy-makers
[13-15]. As defined by the World Health Organization, quality
of care refers to the degree to which health services for
individuals and populations increase the likelihood of desired
health outcomes [16]. Quality health services across the world
should be effective, provide substation-grounded healthcare
services, and maximise the benefits of available coffers while
avoiding waste [17].

The metaverse can be considered a new tool to improve
the quality of the healthcare system in terms of intervention,

education, and standardised training and to help create
world databases. Considering the time spent by the young
population in front of a screen, the metaverse could also
be a place where they can start to practice sports and learn
something [18].

Although healthcare has traditionally been thought of as
a human-to-human relationship, modern society has been
revolutionised by the rise of big data and artificial intelligence
technology [19]. Moreover, the pandemic has helped in
accelerating innovations in the digital age. We are now moving
rapidly towards the age of the metaverse, a graphically rich
virtual space, leaning towards verisimilitude where people
can do everything that they do in real life, such as shopping,
playing, socialising, and partying [20]. This includes the
Internet of Things, high-speed communication networks,
augmented reality (AR), virtual reality (VR), cloud computing,
edge computing, blockchain, artificial intelligence, and other
technologies [20].

The metaverse encompasses AR, VR, lifelogging, and mirror
world. VR and AR are more common concepts: VR is defined
as an entirely computer-generated virtual environment [21]
without means to connect with the real world or see it [22].
AR aims to augment users’ perception and comprehension
of reality by overlaying virtual content within the real-world
view [22]. Lifelogging refers to technologies that allow users
to record or monitor their internal states to augment their
lives (e.g., smartwatch to monitor the heart rate during
physical activity). A mirror world captures and creates a virtual
simulation of a person’s external reality (e.g., Google Street
View) [23]. Among these technologies, VR has gained greater
popularity as a valuable tool for treating various conditions in
rehabilitation care [24].

Research related to the applications of the metaverse to
health has been sparse [25], and even more so in rehabilitation.
VR is classified into non-immersive and immersive: immersive
360° surroundings allow users to feel as though they are
inside the terrain, whereas non-immersive surroundings
only allow users to see the contents grounded on how the
device in use—personal computer, smartphone, or tablet—
is held and moved [26]. VR has been used in several areas of
physiotherapy, occupational therapy, and speech therapy to
improve the upper-limb function in stroke survivors, including
hand therapy, pain management, rehabilitation from
COVID-19, lower back pain and balance treatment, cognition,
communication, and acquired brain injury rehabilitation [27-
29].

This review aimed to analyse the scientificevidence on the use
of VR in chronic pain management in the field of rehabilitation
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and to explore how VR could improve the quality of care. This
review focused on VR, irrespective of the level of immersion, as
it is the most studied domain of the metaverse. The research
question for this systematic review, which conformed to the
Population, Intervention, Comparison, Outcomes, Study
Design (PICOS) components [30], was as follows: in people
with chronic pain who need rehabilitation care (P), what is the
utility of VR (I) compared with standard care (C) in pain relief
(0), and how many randomised controlled trials (RCTs) were
published with results (S)?

This systematic review was registered in the PROSPERO
database (reference no. CRD42024506055).

Methods
Search strategy

This review was based on research material obtained from

MEDLINE, Cochrane Central Register of Controlled Trials
(CENTRAL), Physiotherapy Evidence Database (PEDro), and
IEEE Xplore; data were collected until October 2023. Articles
were selected manually, and no automatic limits were
applied. The search terms were those found in the controlled
vocabulary of the U.S. National Library of Medicine (Medical
Subject Headings [MeSH]). A search in PROSPERO was
conducted to exclude revisions that had already been initiated.
The same search terms were used for all databases to ensure
comparisons of the obtained results. The search strings and
Boolean operators used were as follows: (virtual reality) AND
(rehabilitation OR physiotherapy OR exercises) AND (pain).
This review was conducted and reported in accordance with
the PRISMA statement [31] (Figure 1). Additional searches
included visually scanning reference lists from relevant studies;
manually searching key journals and conference proceedings;
contacting study authors, experts, and other organisations;
searching Internet resources; and searching for citations.

Records identified through
database searching (n=734)

PubMed (n= 420)
Cochrane (n=197)

PEDro (n=49)

Identification

IEEE Xplore (n=68)

!

Records after duplicates
removed (n=644)

Screening

!

Records screened (n=644)

Additional records identified
through other sources (n=22)

Records excluded (n=317)

No involving rehabilitation
(n=83)

Not measured the pain as an
outcome (n=97)

No VR applied (n=14)

Control is a non-conventional
therapy (n=4)

VR was applied in combination
with other non-conventional
technology (n=14)

!

Full-text articles assessed for
eligibility (n=327)

Eligibility

RCT included in qualitative
synthesis (n=56)

Included

identifying and screening of the articles for inclusion and exclusion.

Figure 1. Flow diagram adapted from Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA), showing the process for

Specific professions (n=9)
No peer reviewed (n=87)
No writing in English (n=3)
Retracted article (n=1)
Language (n=3)

> 10 years (n=2)

No RCT (n=172)
No published results (n=99)
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Study selection

After removing duplicates, two authors independently
screened the records based on the titles and abstracts of
papers. The inclusion criteria were as follows: (1) medical
conditions involving chronic pain that required rehabilitation;
(2) rehabilitation using VR as a target intervention; (3)
conventional rehabilitation treatment or no treatment as
control intervention to deal with chronic pain; (4) pain as an
outcome; (5) RCTs; (6) full-text articles published in English;
and (7) publications in the last 10 years. No restrictions were
imposed on race, sex, or age. The exclusion criteria were as
follows: (1) target population for specific professions; (2)
non-original articles and non-peer-reviewed articles (letters,
comments, and conference abstracts); (3) combination of VR
and other non-conventional therapies as the intervention
group; (4) non-conventional treatment as the control group;
(5) inability to secure full-text; (6) trial protocols without
published results; and (7) retracted articles. Records were
excluded if they were marked by two authors. The full text
of all remaining articles was further examined to exclude
irrelevant studies. Disagreements were resolved through a
team discussion.

Data extraction

Two authors independently extracted data on each included
study using a table designed for this review. Discrepancies
were resolved through consensus with a third author.
Extracted data included (1) the cause of pain; (2) study author
name, country, and publication year; (3) number, age, and sex
of patients and controls included in the analysis; (4) type of VR
(immersive or non-immersive); (5) intervention; (6) follow-up;
(7) outcomes (pain and others); (8) main findings; (9) effect on
pain; and (10) side effects.

Risk of bias and methodological quality of the included
RCTs

Two authors independently assessed the risk of bias in the
included articles. In the event of a disagreement, a third author
was consulted. The included RCTs were examined using the
PEDRo scale [32], which is one of the most frequently used
scales for assessing the methodological quality of RCTs in
systematic reviews of interventions in physiotherapy. The
PEDRo scale evaluated 11 items related to the study’s internal
validity and statistical reporting, except for eligibility criteria,
which were not computed in the total score. Each item was
scored as either present (1) or absent (0), with a maximum
score of 10. A trial was considered to have moderate-to-high
quality if it scored at least 6/10, although other criteria have
been suggested thereafter [33].

The internal validity of each item was assessed by calculating
the internal validity score (IVS). Criteria 2, 3, 5, 6, 7, 8, and 9
from the PEDro scale were selected to calculate the IVS.

Methodological quality was scored and interpreted as
follows: (1) studies with an IVS of 6-7 were considered to have
high methodological quality, (2) those with an IVS of 4-5 were
considered to exhibit moderate methodological quality, and
(3) those with an IVS of 0-3 were deemed to have limited
methodological quality.

To reduce inter-examiner bias, the quality of studies was
evaluated by three independent reviewers. Consensus was
reached by discussingandresolvingdiscrepanciesbetweenthe
PEDro scale scores (included in the Results section). Because
it was not possible to group the extracted and analysed data
and the overall effect size could not be calculated, qualitative
methods were employed to analyse the data.

Statistical analysis

A narrative synthesis of findings derived from the included
studieswasconductedandstructured around thestudysetting,
study population, intervention characteristics (immersive/
non-immersive VR, duration, and follow-up), type of outcome,
and main results. RCTs that used pain scales (numeric rating
scale or visual analogue scale [VAS]) to measure pain intensity
immediately after the intervention period were included.

Results

Table 1 summarises the main characteristics of the 56
included studies. A total of 2,993 participants were included,
with a sample size ranging from 17-287 participants. The
measurement outcomes, such as pain, physical function,
joint range of motion (ROM), self-efficacy, and QoL, and the
measurement tools used varied among the studies.

Most studies focused on musculoskeletal disorders
(40/56, 71%) (Table 2). Other conditions (Table 3) included
fibromyalgia (5/56, 9%), burns (4/56, 7%), phantom pain after
limb amputation (1/56, 2%), upper-limb pain after stroke
(1/56, 2%), mastectomy with axillary lymph nodes (2/56, 4%),
vestibular rehabilitation (1/56, 2%), active ageing (1/56, 2%),
and pain during cardiac rehabilitation after cardiac surgery
(1/56, 2%). Among musculoskeletal disorders, degenerative
causes were the most frequent condition in the included
studies (30/40, 75%), with lower back pain being the most
frequent (15/30, 50%), followed by chronic neck pain (8/30,
27%).

Eighteen studies used immersive VR techniques, whereas
37 used non-immersive techniques; one study [34] did
not specify the level of immersion. Within the immersive
technique category, VR games (10/56, 56%), mindfulness-
based and behavioural interventions (3/18, 17%), practical
exercises (3/18, 17%), and visual illusions (3/18, 17%) were
used. In the non-immersive technique category, an avatar or
exoskeleton in front of a television or computer screen was
used in exergames. The use of VR as a distraction in these
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Table 2. Musculoskeletal disorders included in the studies.

Musculoskeletal disorders

Condition Anatomic region Number of studies
Degenerative Chronic low back pain 15
Chronic neck pain 8
Sholder pain 4
Knee pain 2
Traumatic injury treated with conservative Ankle sprains 1
treatments Post-traumatic knee osteoarthritis 1
Orthopaedic surgery Distal radius fracture 1
Total hip arthroplasty 2
Total knee arthroplasty 4

Rheumatological diseases

LBP in ankylosing spondylitis

Juvenile idiopathic arthritis

Table 3. Conditions included in the studies other than musculoskeletal disorders.

Aetiology Condition Number of studies
Musculoskeletal disorders 40
Generalised chronic pain Fibromyalgia 5
Burn Pain during rehabilitation treatments in 4
burned patients
Neurological disorders Phantom pain after limb amputation 1
Upper limb pain after stroke 1
Cancer Mastectomy with axillary lymph node 2
dissection
Other Vestibular rehabilitation (headaches) 1

Active aging (pain during exercises)

Pain during cardiac rehabilitation after

cardiac surgery

patients was effective in reducing pain compared to the
control group, showing that it can be used as a bonus therapy
tool for pain management.

According to the PEDro scale (Table 4), the methodological
quality of the studies included in this systematic review was
generally moderate, with an IVS of 4-5 (37/56 studies, 66%).
Only two studies had high methodological quality (IVS of 6-7).
Out of 56 studies, 17 (30%) showed limited methodological
quality.

Many studies did not provide information about the blinding
of the research team members or outcome-measuring
assessors. The heterogeneity of the intervention protocols and
outcome measures also promoted bias in the comparisons
between studies.

Results According to the Conditions
Musculoskeletal disorders and degenerative aetiologies

Neck pain: Only one study [35] had a specific diagnosis
of spondylosis, whereas other studies evaluated patients
with non-specific chronic neck pain. Six studies [35-40] used
immersiveVR, whereasonlyonestudy[41]used non-immersive
VR. Study designs varied with different treatment durations (3
days to 12 weeks) and control groups: comparison of VR with a
no exercise program [37,41], training with neck exercises [35-
38,40], or rehabilitation programs [39]. Sarig Bahat et al. [37]
compared VR with training and a no exercise program, and
Nusser et al. [39] compared it with a standard rehabilitation
program and sensorimotor training. Tejera et al. [38] evaluated
conditioned pain modulation (a psychophysical experimental

J Phys Med Rehabil. 2025
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measure of the endogenous pain inhibitory pathway),
temporal summation, and functional and somatosensory
outcomes in patients with nonspecific chronic neck pain
and compared the effects of VR and exercise treatment on
pain intensity. The median patient age was 26-55 years. In all
studies, >50% of patients in each group were women. Almost
all studies [35-37,39-41] reported a significant improvement in
the Neck Disability Index and ROM in both groups. VR showed
better results in terms of global perceived change and pain
reduction, as assessed with the VAS. Cetin et al. [40] reported
that the VR group demonstrated the best results with respect
to pain pressure thresholds, proprioception, and functional
limitations.

Only three studies [36,39,41] reported the presence or
absence of side effects, two of which being immersive studies
[36,39]. One study [36] described motion sickness with the
use of a VR device, whereas the other study [39] just described
some discomfort due to the weight of the helmet. The non-
immersive study [41] referred no discomfort, motion sickness,
or pain exacerbation.

Low back pain: With respect to the evaluation of VR for lower
back pain, immersive VR was employed in three studies [42-
44], whereas non-immersive VR was used in other selected
studies [45-55]. Demographically, the studies were different:
some trials only evaluated female patients [43,45,47,53], one
study assessed only male participants [46], whereas other
studies had similar proportions of men and women. Chen
et al. [48] and Tomruk et al. [54] did not mention about sex.
The mean age was 20-72 years, indicating a large diversity of
participants.

The programs varied; some used VR yoga, whereas others
used a horse-riding simulator, balance board, or pelvic sensor.
In the studies by Yoo et al. [46], Zadro et al. [51], Park et al.
[53], and Yalfani et al. [43], the control group performed any
exercise, just their usual activities, whereas the other study
participants performed a trunk-stabilising exercise program.
Yilmaz et al. [42], Zavarize et al. [50], and Afzal et al. [55] used
physical therapy. The duration of studies varied from a single-
session intervention to 12 weeks.

Most studies [43-45,47,48,50,54,56] reported significant
improvements in pain scale scores, disability index, stability,
and kinesiophobia in both groups, although they were better
in the VR group. Yoo et al. [46] reported reduced pain and
enhanced trunk torque; however, the control group did not
do anything. Yilmaz et al. [42] demonstrated a significant
improvement in Timed Up and Go Test results. In the study
by Thomas et al. [49], all participants completed a pre-study
baseline program, and the control group did not do anything
more; their results indicated an effective increase in lumbar
flexion within and across the gameplay sessions in the VR
group. Zadro et al. implemented an unsupervised home-
based exercise program and reported improvements in pain

and function [51]. Matheve et al. [52], who provided the
intervention in just a single session, demonstrated that VR
distraction had a hypoalgesic effect during and immediately
after the exercise.

Park et al. [53] included only elderly women in their study,
in which the control group watched a video while sitting
on a horse simulator. As expected, the VR group exhibited a
significant reduction in back pain compared to the control
group, as well as significantly improved spinal alignment and
peak torque of the trunk extensors.

Yalfani et al. [43] showed a significant decrease in pain
intensity and fall risk with VR; the control group had a normal
daily life without any special treatment.

Only Thomas et al. [49], Zadro et al. [51] and Groenveld et al.
[51] referred to the presence or absence of side effects. The
immersive study by Groenveld et al. reported mild temporary
dizziness, whereas Thomas et al. and Zadro et al. reported no
adverse effects.

Subacromial impingement syndrome and subscapular
dyskinesis: Pekyavas et al. [57] investigated the short-term
effects of a home exercise program and a VR exergaming
program on scapular dyskinesis in participants with
subacromial impingement syndrome. They concluded that
the VR exergaming program improved symptoms more
effectively than the same program without VR (control group).
However, the data indicated a significant reduction in pain
intensity in both groups. The results showed a significant
difference in the Neer test between the VR and control groups,
but no difference in the Hawkins test. Shoulder pain and
disability index results suggested significant differences in the
VR group. The population was not well defined (sex was not
specified), and it was not possible to determine whether the
participants performed the exercises at home regularly.

Frozen shoulder: Gunawan et al. [34] compared the effects
of stretching exercises using VR games and stretching using an
overhead pulley. Both groups received ultrasound diathermy
in the shoulder pain area and were stretched 3-9 times per
week. The number of participants included in this study was
not mentioned, and the complete protocol used in this study
was not explained. No significant differences were observed
between the two groups.

Rotator cuff rupture: Menek et al. [58] evaluated the
effectiveness of video-based game exercises, structured
closed kinetic chain exercises, and conventional exercises in
patients with pain and partial supraspinatus tendon rupture.
The exercises for both groups were meticulously described,
and the results indicated significant differences in the pre-
and post-treatment values for all parameters among the three
groups. The video game exercises were found to be more
effective. The games were task-oriented and allowed the
shoulder to be exercised at different angles.
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Shoulder pain: Rizzato et al. [59] investigated whether a
gaming rehabilitation program was effective in improving
patient engagement (perceived enjoyment and self-efficacy
during therapy, as well as attitude and intention to train at
home) compared with a control non-gaming rehabilitation
program. The study was well-described, with well-defined
inclusion criteria, device used to measure maximal strength,
and duration of daily rehabilitation in both groups. However,
the sample size was small (n = 22).

The main findings were that the rehabilitation carried out
with gaming rehabilitation was as effective as the equivalent
non-digital rehabilitation and that both effectively enhanced
shoulder rehabilitation, improved strength, reduced pain,
and globally increased the participants’ self-perceived
satisfaction and functionality. The questionnaires confirmed
that the device favoured greater engagement of participants,
potentially leading to a greater predisposition to exercise at
home.

Distal radius fracture: Naqvi et al. [60] described cases
of distal radial fractures managed with closed reduction
and K-wire internal fixation. The study sample comprised
20 patients. They used immersive VR with an Oculus head-
mounted display; however, the methods were not completely
clarified.

Both groups displayed significant improvements in
pain, ROM, grip strength, and functional independence;
nevertheless, improvements in hand function and functional
independence were significantly greater in the gamification

group.

Patellofemoral pain in women: Rizzato et al. [59] reported
sustained improvement in balance and pain, potentially due
to neurodynamic modulation at the cerebral level, which
enhanced the patients’ capacity for distraction and relaxation.
Limitations include a small sample size, exclusive focus on
females, lack of data on the duration of VR effects after one
month, and use of only non-immersive VR. The primary goal
was to improve balance.

Traumatic injury treated with conservative treatments

Post-traumatic knee osteoarthritis: Ozl et al. [61]
applied immersive VR, whereas Nambi et al. [62] applied non-
immersive VR. Both studies demonstrated early improvements
in functionality (Western Ontario and McMaster Universities
Osteoarthritis Index [WOMAC]) and pain (VAS) compared
with conventional programs. For knee osteoarthritis
following anterior cruciate ligament injury, there appears
to be an improvement in inflammatory biomarkers with
the VR programs, which could explain these results. These
improvements appeared to be sustained for up to three
months.

Ankle sprain: Punt et al. [63] included a heterogeneous

population with different prognoses for grade | and Il sprains,
affecting the relevance of rehabilitation. Their study did not
include patients with total ligament rupture (grade Ill) or
chronic instability and did not consider the implications of
recurrence risk, focusing on younger patients who were more
frequently affected.

Orthopaedic surgery

Total hip arthroplasty: In total hip of [64,65] only non-
immersive VR was used. The studies did not include the type
of surgery (cemented or non-cemented arthroplasty) or
presence of other osteoarthritis pathologies (hip or knee).
Functional measures varied across studies (Hip Disability
and Osteoarthritis Outcome Score-Joint Replacement,
WOMAC, Functional Independence Measure, and Barthel
scale), showing no significant clinical relevance compared
with conventional rehabilitation. There was no control group
without a directed rehabilitation program for comparison of
measures.

Total knee arthroplasty: These studies [66-69] included
various types of immersive and non-immersive VR. Functional
measures were similar, focusing on WOMAC and VAS scores,
suggesting that immersive VR provides at least comparable
functional results for up to six months [66,69]. Initial pain
control was apparent and less time was required to achieve
90° knee flexion [66]. Other studies did not show significant
pain control differences but highlighted VR’s role of VR in
proprioceptive reinforcement, reflected in fewer falls in the
VR group [68]. Limitations include inconsistent postoperative
pain control medication/blockage and a lack of universal
application. Notable were the results of lower healthcare costs
and rehospitalizations with VR programs [68].

Rheumatological diseases

Ankylosing spondylitis: Only one RCT [70] with non-
immersive VR was found to be related to ankylosing spondylitis.
The results were promising on important scales, such as the
Bath Ankylosing Spondylitis Disease Activity Index, compared
to conventional rehabilitation, suggesting that VR could be an
extra stimulus for regular physical activity. The limitations of
this study include the lack of patient stratification by disease
progression and disease-modifying antirheumatic drug
use, with insufficient information on allocation and assessor
blinding.

Juvenile idiopathic arthritis: Only one study [71] on non-
immersive VR was found in this pathology. Patients with
monoarticular or polyarticular involvement and significant
clinical heterogeneity were included. This study focused on the
upper-limb functionality and muscular strength endpoints,
which might bias the results owing to the small sample size
and high dropout rates. Comparing VR with a physical therapy
program could be interesting, as previous studies have focused
on comparisons with occupational therapy techniques.
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Generalised chronic pain: fibromyalgia

Four studies [72-76] used non-immersive VR and one
used immersive VR [75]. Study designs varied with different
treatment durations (7-24 weeks) and control groups,
comparingVRwith noexercise program[72,77]orrehabilitation
programs [74,76] with aerobic exercise and clinical pilates
[78]. Regardless of the control group, VR showed superiority in
crucial endpoints, such as multifocal pain control, particularly
lumbar pain [76] (Oswestry Disability Index), fatigue, anxiety,
depression, kinesiophobia, and reconditioning.

Burns

Two studies [80,81] used immersive VR, and another two
studies [82,83] utilized non-immersive VR. Despite clinical
heterogeneity (different burn degrees, locations, and ages,
including paediatric and adult patients), VR was superior with
respect to pain control and ROM gains [80-82] with faster
improvements [83].

Neurological disorders

Phantom limb pain (PLP): Rothgangel et al. [84] compared
conventional physiotherapy with VR-enhanced mirror therapy
and conventional mirror therapy. Contrary to the literature,
their RCT demonstrated no benefit of VR for a PLP duration of
>6 months. Longer treatment (>1 month) with conventional
mirror therapy benefitted women and patients with motor
changes associated with PLP, such as cramping and unnatural
positioning, indicating the impact of VR on maladaptive
neuroplasticity in PLP pathophysiology. Future studies should
include less-heterogeneous groups with similar amputation
levels, causes, and PLP descriptors.

Stroke: Only one RCT [85] involving the use of non-
immersive VR reported improvements in ROM and joint pain
in the upper limb after stroke, as well as marked functional
improvement on the Fugl-Meyer motor and Berg scales,
compared to conventional physiotherapy.

Cancer

Mastectomy and axillary dissection: Basha et al. [86-87]
reported similar designs and homogeneous groups using
non-immersive VR along with manual techniques for oedema
drainage and scar retraction prevention. VR was not inferior in
pain control or ROM, showing superiority over conventional
physiotherapy in terms of upper-limb functionality (Disabilities
of the Arm, Shoulder and Hand [DASH] questionnaire). Despite
noting reduced kinesiophobia with VR, they reported poorer
functional results on the DASH questionnaire with a shorter
follow-up period.

Other conditions

Pain during cardiac rehabilitation after cardiac surgery:

Only one RCT [88] with potential bias due to high dropout
rates in the subgroups showed the benefits of complementing
conventional cardiac rehabilitation programs with non-
immersive VR in phase 1, improving pain control, functionality
(Functional Independence Measure), and endurance
(6-Minute Walk Test), resulting in shorter hospitalisation
times. The limitations include the inclusion of only post-valve
replacement or bypass surgery patients in phase 1, suggesting
that future studies should broaden the scope to include
interventions with established evidence in other phases of
cardiac rehabilitation programs.

Vestibular rehabilitation: Only one RCT [89] with immersive
VR showed non-inferiority in balance improvement and fall
risk reduction compared to conventional physiotherapy.
Increased reports of nausea and dizziness did not interfere
with the VR programs after six weeks. The study included
patients with central and peripheral nervous system
disorders, indicating the need for stratification by pathology
to identify conditions benefiting most from VR compared with
conventional programs.

Active aging (pain during exercises): Good adherence to
non-immersive VR programs has been noted in the geriatric
population, with benefits in mental health and lower-limb
muscle strength, presenting VR as an additional therapeutic
modality for fall risk prevention and reduced caregiver
supervision needs [90]. The results were similar to those of
conventional programs, contributing to active aging and
improved QoL.

Discussion
Efficacy of VR in chronic pain management

The analysis of the results of this systematic review concluded
that VR seems to have positive effects on chronic pain
management in several rehabilitation settings, which agrees
with the conclusions of other systematic reviews [9,91,92].

The use of VR in psychological and physical rehabilitation
can reduce stress, emotional tension, total Hospital Anxiety
and Depression Scale score, anxiety, depression, pain, systolic
blood pressure, and length of hospitalisation [93]. VR can
also aid patients in complementing their rehabilitation
programmes and performing some exercises at home,
either without supervision or through remote supervision
(telerehabilitation) [94].

Studies have applied VR to several painful conditions,
including degenerative, traumatic, rheumatological, and
neurological conditions.

Musculoskeletal pain, particularly neck and lower back pain,
is the most common type.
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The distraction generated by VR programs may explain
increased pain tolerance because pain is largely controlled by
cognition. This may lead to better adherence and outcomes in
rehabilitation programs with VR, facilitating the achievement
of other endpoints such as functional measures, ROM, and
functional performance, which become more attainable with
pain control. Distraction is a simple nonpharmacological
technique that reduces pain perception by altering
nociceptive responses [95,96]. Regarding lower-limb
rehabilitation, VR seems to play a significant role in improving
proprioception and balance [59,67], potentially because of
the neuromodulation occurring at the central nervous system
level.

In addition to the distraction effect, serious games with VR can
activate the nucleus accumbens with the release of dopamine,
which is associated with reward-based learning and feelings
of pleasure and motivation to perform specific behaviour [97].
Evidence from both animal and human studies suggests that
chronic pain results in a hypodopaminergic tone that impairs
motivated behaviour [98].

Pain duration is more difficult to classify in certain situations
such as postoperative pain. In post operatory period
after cardiac surgery, patients can develop complications
such as pain, respiratory complications, functional loss,
neurocognitive decline, depression and increased anxiety [99-
102]. These complications are the main causes of morbidity
and mortality after surgery [103], contributing to an increase in
the length of hospital stay and its cost [104,105]. The benefits
of inserting a postoperative patient into a rehabilitation
program are well established [106]. However, treatment faces
some restrictions owing to pain, fear, insecurity, and post-
operatory unwillingness [107]. The use of VR as a support for
physiotherapeutic treatment brings several benefits, including
less pain after painful procedures [108] and greater motivation
during treatment [109]. In addition, after breast cancer
surgery, VR therapy is comparable to standard physiotherapy,
promoting task-oriented programs that are superior to
exercises involving multiple repetitive movement patterns
[86]. These principles are also applicable to other types of
surgeries that benefit from postoperative rehabilitation.

In neurological conditions, such as post-stroke pain,
neuropathic and nociceptive pain occur in up to 30% of
stroke survivors; the most common is musculoskeletal pain,
affecting up to 72% of stroke patients, with shoulder pain
being the most frequent cause. Other pain syndromes include
central poststroke pain, pain secondary to spasticity, complex
regional pain syndrome, and headache [110].

In addition, most amputees report PLP at some point after
limb amputation, and lifetime prevalence estimates are
between 50 and 80% [111]. Pain is typically neuropathic in
origin, usually reported within the first week after amputation,
and generally decreases in severity and frequency over time in
most individuals [112].

Given the chronic nature of PLP, non-pharmacological
approaches which address central malplasticity are potentially
effective in reducing PLP, including mental imagery and mirror
therapy [113,114]. VR involves placing an individual in a virtual
world, whereas AR adds digital elements, such as the missing
limb, to a real environment. These interventions represent a
‘high-tech’ alternative to conventional mirror therapy, as they
allow amputees to move their intact and phantom limbs
independently while seeing their phantom limb integrated
into, and interacting with, the surrounding setting.

Although this systematic review did not find any RCT
comparing VR alone (without other techniques) with
conventional therapy in spinal cord injury (SCl), chronic
pain is a common secondary complication post-SCl, with an
estimated prevalence of 61% [115].

Immersive VR could be a helpful adjunct to current
pharmacotherapy to provide neuropathic pain relief for
patients with SCI [116].

Pain is one of the most common chronic symptoms
experienced by cancer survivors, with prevalence rates of
55.0% during anticancer treatment, 39.3% after curative
treatment, and 66.4% in advanced, metastatic, or terminal
diseases [117].

Cancer pain is complex and has multidimensional
behavioural, emotional, cognitive, and sensory components
[118]. Cancer pain requires multimodal, targeted, dynamic,
and personalised management, including, in addition to
pharmaceutical and/or interventional therapies, the use
of non-pharmacologic, non-invasive approaches, called
complementary integrative therapies [119]. VR has been
successfully used in rehabilitation systems to treat cancer
survivors coping with chronic pain [119-121].

VR acts as a nonpharmacologic type of analgesia through a
collection of emotional-affective, emotion-based cognitive,
and attentional processes in the body-involved pain
modulation system [108,122]. A recent systematic review
and meta-analysis [123] included 17 studies involving 799
cancer patients. Within-group pooled analysis indicated
that the patients demonstrated significant improvements in
pain (P<0.001), fatigue (P<0.001), anxiety (P<0.001), upper-
extremity function (P<0.001), and QoL (P=0.008) after the
VR intervention. Between-group pooled analysis indicated
significant improvements in pain (P=0.004), anxiety (P<0.001),
and upper-extremity function (P<0.001) compared with
controls. Three studies reported the positive effects of VR on
cognition.

The most important benefits and opportunities of using VR
from a mental perspective in this group of patients were that
it reduced anxiety and pain, and led patients to underestimate
the time spent using VR technology compared to the duration
of treatment without this technology [124].
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To determine whether immersive VR is an effective adjuvant
of morphine alone in relieving pain and anxiety, Bani
Mohammad et al. [125] performed an RCT involving 80 women
with breast cancer, in which the VR session started exactly at
the peak time effect of morphine for 15 min (i.e., reassessment
was performed at 15 min from the peak time effect). The
comparison group was assessed just before morphine
administration and at 15 min after the peak time effect. The
study findings showed that one session of immersive VR plus
morphine resulted in a significant reduction in self-reported
pain and anxiety scores compared to morphine alone in
patients with breast cancer.

The use of VR in other situations, such as vestibular
rehabilitation or pain during exercise in the elderly, has
multiple possibilities, as the use of VR does not appear to have
deleterious side effects, aside from occasional episodes of
nausea and headaches with immersive VR.

Adverse Effects and Challenges

VR appears to be a secure approach to pain management,
with cybersickness symptoms reported in some studies. The
weight of headsets and helmets, quality of the visual image,
and cost of equipment are other challenges of using this
technology [124].

Strengths and Limitations

This systematic review focused on chronic pain, which is a
highly prevalent problem, and on the use of new technologies
to complement conventional approaches. The study followed
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines. The major strengths of
this review are its rigorous assessment of the prior literature
and the focus on an emerging area of patient care in the
rehabilitation field.

Animportant limitation of this study was related to the search
strategy. The focus of this review was chronic pain; however,
most studies did not mention the duration or recurrence
of pain. Furthermore, the authors included conditions that
accompanied pain for >3 months, and conditions in which
obvious pain was acute, such as pain associated with needle
interventions, were excluded.

There was a lack of comparison between immersive and
non-immersive VR across different pathologies in this review;
nonetheless, simulation sickness appears to negatively affect
spatial ability in more immersive conditions [126]. Although
the results were positive in terms of efficacy, safety, and patient
adherence, several methodological problems arose in most
studies. Several studies did not provide sufficient information
about the methodology. With the available information, a high
percentage of studies had limited methodological quality.
The heterogeneity of intervention protocols and outcome

measurements made comparisons between studies difficult.
Furthermore, the included studies did not measure the long-
term benefits of VR in chronic pain management. Future
studies should be aware of these limitations to develop more
robust protocols in terms of methodologies and evaluate the
long-term benefits of VR.

Conclusion

VR is an enjoyable, safe, and well-tolerated
nonpharmacological approach that may reduce the need
for opioids and other analgesic drugs, offering multiple
possibilities in terms of scenarios and tasks according to
patients’ needs and preferences in the rehabilitation field. As
a complementary intervention, VR may improve the quality of
conventional rehabilitation care.
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