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Abstract

Background: Chronic neuropathic pain (CNP) is a common consequence of neurological conditions such as spinal cord injury
(SCI), complex regiona pain syndrome (CRPS), and phantom limb pain (PLP). These conditions are often associated with
distorted body representation (BR) and altered sensory processing. Virtual reality (VR) offersimmersive, multisensory experiences
that can modulate attention, recalibrate BR, and potentially alleviate pain.

Objective: This systematic review aims to synthesize evidence on the use of VR-based interventions for managing CNP in
patients with neurological conditions. It explores how VR can influence pain perception through body remapping. Furthermore,
this review seeks to identify gaps in current research, offering recommendations for future research directions and clinical
applications.

Methods: We performed a comprehensive literature search in PubMed, Web of Science, and Scopus for studies published
between January 2014 and December 2024. We included original studies that examined VR interventions in patients with
neurological conditions and CNP, assessing pain reduction, improvements in BR, or functional recovery. We excluded reviews,
animal model studies, migraine-related studies, and those lacking aclear VR intervention or relevant clinical outcome data. The
quality of theincluded studieswas eval uated using the revised Cochrane Risk of Bias Tool for Randomized Trials and the Cochrane
Risk of Biasin Nonrandomized Studiesof Interventionstool. Given the heterogeneity in study design, VR protocols, and outcome
measures, a qualitative synthesis approach was adopted based on the synthesis without meta-analysis framework.

Results:  Ten studies—both randomized controlled trials and uncontrolled experimental designs—met the inclusion criteria.
These studies focused on the application of VR in SCI (n=4, 40%), CRPS (n=4, 40%), and PLP (n=2, 20%), using interventions
such asimmersive VR, mirror visual feedback, visuotactile stimulation, and virtual body illusions. Sample sizes ranged from 9
to 70 participants, with varying degrees of neurological impairment. Most of the studies (n=7, 70%) reported substantial reductions
in pain intensity and improvementsin embodiment and perceived body ownership. In SCI, combining VR with neuromodul ation
techniques enhanced analgesic effects. In CRPS, modifying the visual appearance of the affected limb improved body image and
decreased pain perception. In PLP, kinesthetic and visual feedback delivered through VR environments significantly reduced
PL P and improved movement representation.

Conclusions:  Overall, the quality of evidence ranged from moderate to low, mainly due to small sample sizes, protocol
heterogeneity, and risk of bias. Evidence regarding adherence to VR therapy was particularly limited. Nonetheless, VR shows
strong potential as a noninvasive, patient-tailored therapeutic tool for CNP. VR could provide innovative and engaging strategies
to reduce pain and enhance functional outcomes in populations with neurological conditions. Future research should focus on
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devel oping standardized protocols and conducting large-scal e, high-quality trialsto validate VR’ slong-term efficacy and integration

into routine clinical practice.
Trial Registration:

(J Med Internet Res 2025;27:e€71074) doi: 10.2196/71074
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pain management

Introduction

Background

Chronic neuropathic pain (CNP) can derive from lesions and
diseases involving the somatosensory nervous system [1]. This
type of pain is usualy chronic, that is, it either persists
continuously or manifests with recurrent painful episodes,
resulting from etiologically diverse disorders affecting the
peripheral or the central nervous system [2,3]. In this context,
CNP can be a common manifestation of various neurological
diseases (eg, complex regional pain syndrome[CRPS], phantom
limb pain [PLP], and spinal cord injury [SCI]), as patients may
experience altered sensory processing and disruptions in body
representation (BR) [4,5]. These pain experiences are frequently
linked to the dysregulation of nociceptive pathways, including
the spinotha amic, spinoreticular, and spinomesencephalic tracts,
which contributes to increased pain sensitivity and persistent
discomfort [4]. To better quantify these complex pain
experiences, assessment tools such as the visual analog scale,
McGill Pain Scale, and Numerical Rating Scale provide valuable
information about theintensity and characteristics of pain (such
asquality, location, and exacerbating and ameliorating factors),
highlighting the complex and often severe impact on apatient’s
quality of life [6]. A growing body of research supports the
critical role of BR in pain perception for patients with
neurological conditions [7-13]. BR refers to the cognitive and
sensory mapping of the physical self, a process that is often
distorted in neurological conditions [10]. This distortion can
contribute to an intensified experience of pain, highlighting the
need for therapeutic approaches that address this
cognitive-sensory mismatch [14,15]. A clearer understanding
of this connection emerges when considering that disruptions
in the somatosensory and motor cortices can lead to a
fragmented BR, where sensory inputs are misinterpreted,
resulting in exaggerated or worsened pain symptoms [16-18].
This effect is associated with maladaptive neuroplasticity in
cortical areas such asthe primary somatosensory cortex, anterior
cingulate cortex, and insular cortex, which together shape pain
perception and intensity [10,14]. Building on this understanding,
significant advancements in pain research have emerged from
theintroduction of the neuromatrix theory proposed by Melzack
[19]. This model views pain as a complex experience shaped
by sensory, emotional, and cognitive inputs within a
biopsychosocia framework [19]. Within this framework, the
neuromatrix, a broad neural network, processes pain by
integrating physiological and psychological signals [19,20].
However, recent research has suggested that pain intensity can
be dissociated from responsesin the neuromatrix, emphasizing
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the importance of nonnociceptive factors such as emotions and
anticipatory anxiety [21,22]. This perspective underscores that
pain, particularly in its chronic neuropathic forms, isnot merely
a physiological reaction to tissue damage. On the contrary, it
reflects a multifactorial experience shaped by the complex
interaction of sensory, emotional, cognitive, and social
dimensions. This multidimensional nature is evident in the
phenomenon of distorted BR, which can amplify pain perception
through mal adaptive sensory processing and disrupted cognitive
integration [10,13]. This disruption of BR often interacts with
psychological constructs (ie, catastrophizing, anticipatory fear,
and emotional distress), which can further intensify the pain
experience, exacerbating symptoms beyond the initial
nociceptive input [5,23]. In addition to these individual factors,
cultural and social contextsinfluence how individualsinterpret
and express pain, further demonstrating its biopsychosocial
complexity. This comprehensive approach is crucia for
developing effective therapeutic strategies, as highlighted by
the growing application of virtual reality (VR) to recalibrate
BR and modulate pain perception through immersive and
tailored interventions [19,24]. Indeed, psychological factors
such as attention and cognitive interpretation are crucia in
shaping pain perception; for instance, focusing on the painful
stimulus tends to amplify pain perception, while distraction
techniques can significantly reduce it [23,24]. In this context,
interventions delivered through innovative technologies have
proven effective in shifting attention away from pain, offering
immersive environmentsthat engage patients and diminish their
perceived pain levels[25]. VR has emerged as a promising tool
to fully immerse patients in simulated environments, using
devices such as headsets and noise-canceling headphones to
create interactive experiences[26]. Thistechnology has proven
effective for pain management, particularly in chronic pain
scenarios, helping patients redirect their attention and alleviate
perceived pain [27]. Indeed, VR offers a promising avenue to
address these challenges in neurological rehabilitation [21,28].
By providing immersive and controlled environments tailored
to individual sensory needs, VR interventions can stimulate
motor and sensory processing to recalibrate BR [29]. This
recalibration or “remapping” of the BR has shown the potential
to modulate pain by altering nociceptive processing and sensory
integration [24,30]. This effect provides the basis for
understanding how VR can be leveraged in pain management.
In fact, VR may have a positive impact on pain by modulating
sensory experiences and perceptions, shifting attention, and
recalibrating the internal body model [31]. Such “remapping”
could play a crucial role in reducing pain intensity and
improving functional outcomes in patients with neurological
conditions. By facilitating the reorganization of BR, VR-based
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interventions help modulate pain perception through targeted
aterations in sensory processing, offering new hope for
managing CNP [31]. Moreover, research has shown that VR,
combined with other psychologica approaches such as
relaxation and hypnosis, can optimize pain management,
offering a noninvasive solution that integrates both physical
and psychologica aspects of the pain experience [24,26,27].
These distraction-based interventions have been especialy
effective for managing acute pain during medical procedures
but also show potential for long-term treatment strategies [25].
This perspective underscores the need for an integrated approach
to pain management.

Objectives

Despite the promising potential of VR interventions in pain
management, there is a lack of comprehensive evidence
regarding their underlying mechanisms and long-term
effectiveness in treating CNP in patients with neurological
conditions. Specifically, the contribution of body remapping
processes to pain modulation and functional recovery remains
poorly investigated, particularly in relation to neurological
conditions such as CRPS, PLP, and SCI. Thus, this systematic
review aims to synthesize the existing evidence on the use of
VR-based interventions for managing CNP in patients with
neurological conditions. It focuses on exploring how VR can
influence pain perception through mechanisms such as body
remapping and improvementsin BR, ultimately contributing to
pain modulation and functional recovery. Furthermore, this
review seeks to identify gaps in current research regarding the
underlying mechanisms and long-term efficacy of VR
interventions, while offering recommendations for future
research directions and clinical applications.

Table 1. Database search strategies and keyword strings.

Maggio et d

Methods
Search Strategy and Eligibility Criteria

Overview

This systematic review aimed to investigate the effects of
V R-based interventions on the management of CNP in patients
with neurologica conditions. Thereview protocol wasregistered
on PROSPERO (CRD42024606150), ensuring methodol ogical
transparency and adherence to systematic review standards.

We conducted the review following the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
2020 guidelines [32]. The PRISMA checklist is presented in
Multimedia Appendix 1.

We conducted a comprehensive literature search using the
PubMed, Web of Science, and Scopus databases, covering
studies published between January 2014 and December 2024.
To ensure a systematic and reproducible search strategy, a
combination of Medical Subject Headings (MeSH) terms and
free-text keywords was used. Three distinct keyword
combinations were applied across the databases:

« String 1. (al fields: “Nociceptive pathways’) AND (al
fields: “Neuroplasticity”) AND (al fieds: “Pain
sensitivity”)

« String 2: (al fields: “Virtual reality”) AND (al fields:
“Chronic pain”) AND (all fields: “Body awareness”)

- String 3: (al fields: “Body representation”) AND (all fields:
“Pain perception”) AND (all fields: “Neurological patients”)
AND (al fields: “Virtua reality”)

These distinct keyword combinations are summarized in Table
1.

Databases

Medical Subject Headings (MeSH) terms and keyword strings

PubMed .

(“Nociceptive pathways” AND “Neuroplasticity” AND “Pain sensitivity”)

o  (“Virtua reality” AND “Chronic pain” AND “Body awareness’)
«  (“Body representation” AND “Pain perception” AND “Neurological patients” AND “Virtual reality”)

Web of Science «

(“Nociceptive pathways’” AND “Neuroplasticity” AND “Pain sensitivity”)

o  (“Virtud reality” AND “Chronic pain” AND “Body awareness’)
. (“Body representation” AND “Pain perception” AND “Neurological patients” AND “Virtua reality”)

Scopus .

(“Nociceptive pathways” AND “Neuroplasticity” AND “Pain sensitivity”)

o (“Virtua reality” AND “Chronic pain” AND “Body awareness’)
«  (“Body representation” AND “Pain perception” AND “Neurological patients” AND “Virtual reality”)

Population, I ntervention, Comparison, and Outcomes
Evaluation

We applied the Population, Intervention, Comparison, and
Outcomes (PICO) model to define our search strategy. In
particular, the popul ation comprised patients with neurological
diseases experiencing CNP, specifically those with altered BR
and sensory processing issues. The intervention included the
use of VR-based rehabilitation aimed at modulating sensory
and motor processing to recalibrate BR and alleviate pain. The
comparison involved standard pain management techniques or

https://www.jmir.org/2025/1/€71074

other non-VR-based rehabilitation  methods  (ie,
nonpharmacological interventionsand rehabilitation intervention
without the use of VR). The outcomes included reduction in
pain intensity, improved pain perception through body
remapping, enhanced functionality, and improved quality of
life for patients with neurological conditions and CNP,

Inclusion Criteria

To be included in this systematic review, studies needed to
evaluate the potential of VR as a treatment for CNP. Studies
had to involve interventions using VR to modify sensory
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experiences, such as body remapping and improved BR, for
pain relief. They were required to provide quantitative or
qualitative data on pain reduction, alterations in sensory
experiences, or enhancements in BR. To maintain consistency
in understanding, only studies published in English were
considered. Eligible studies included original research such as
randomized controlled trials (RCTs), nonrandomized
experimental studies, cohort studies, and longitudinal studies
that presented detailed information about the intervention,
methodol ogy, and outcome measures associated with VR use.

Exclusion Criteria

Studiesthat did not involve VR as part of thetreatment for CNP
and body perception were excluded. In addition, studies were
excluded if they lacked comprehensive information about the
VR intervention, such asits duration, technical parameters, or
specific outcomes related to the targeted conditions. Only
articles published in English were included because reliable
translation for non-English studies could not be ensured, which
could lead to misinterpretation. Reviews, including literature
reviews, systematic reviews, integrative reviews, and narrative
reviews, were excluded from direct analysis, although their
referencelistswere screened toidentify relevant primary studies.
Research conducted on anima models or populations not
experiencing CNP was excluded to maintain the review’sfocus
on human popul ationswith relevant conditions. Studiesfocusing
on migraines were also excluded. While migraines are aform
of chronic pain, their neurovascular pathophysiology and
therapeutic approaches differ significantly from the mechanisms
underlying VR interventions aimed at “remapping” BR, which
is central to this review.

Selection Process

Two reviewers (MGM and AC) conducted searches
independently using Boolean operators and controlled
vocabulary such as MeSH terms to ensure comprehensive and
accurate identification of relevant studies.

The risk of bias in RCTs was assessed using the revised
Cochrane Risk of Bias Tool for Randomized Trials (RoB 2)
[33], whilethe Cochrane Risk of Biasin Nonrandomized Studies
of Interventions (ROBINS-I) tool [34] was used for the
nonrandomized studiesincluded in thisreview. In addition, the
overall quality of evidence for each outcome was evaluated
using the GRADE (Grading of Recommendations, Assessment,
Development, and Evaluation) framework [35], which considers
factors such as risk of bias, inconsistency, indirectness,
imprecision, and publication bias to provide a comprehensive
evaluation of the strength of evidence.

The 2 reviewers (MGM and AC) independently screened titles,
abstracts, and full texts of all articles. Any discrepanciesduring
this process were resolved by consulting a third reviewer (M
Bonanno), who made the final decision. Extracted dataincluded
information on study design, the number of participants,
participant characteristics, neurological disordersand pain types,
details of the VR rehabilitation intervention (eg, duration and
type), outcomes evaluated, and key findings. To minimize bias
(eg, missing results bias, publication bias, time lag bias, and
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language bias), the reviewers conducted cross-validation of the
extracted data.

Agreement between the 2 reviewers (MGM and AC) was
assessed using thek statistic, with a scoreindicating substantial
agreement (>0.61) demonstrating the reliability of the screening
and data extraction process. All articles meeting the inclusion
criteria were thoroughly reviewed and summarized, with key
topics identified based on predefined inclusion and exclusion
criteria.

Data Collection Process

To synthesize the available data, a qualitative analytical
approach was applied dueto the substantial heterogeneity among
the included studies. This heterogeneity was evident in various
aspects, including the study designs, such as RCTs and
observational studies; the VR intervention protocols, including
immersive VR, visua feedback, and biofeedback; and the
outcome measures used, such as pain reduction, changesin BR,
functional improvements, and quality of life.

Given this methodological diversity, it was not feasible to
conduct a meta-analysis, which requires a sufficient level of
similarity across studies in terms of design, intervention type,
and measured outcomes to ensure meaningful statistical
comparison. To address this limitation and ensure
methodological rigor, the synthesis was structured according
to the synthesis without meta-analysis framework [36]. This
approach promotes transparency and consistency in data
interpretation, particularly when quantitative synthesis is not
possible.

The qualitative synthesisaimed to identify key themes, recurring
patterns, and discrepancies across the studies, focusing on
outcomesrelated to pain reduction, therecalibration of BR, and
improvementsin functional outcomesand quality of life. Studies
were categorized based on the type of VR intervention, patient
characteristics, and the specific outcome domains addressed in
the research.

The results were systematically presented in tabular form,
summarizing key study characteristics, intervention details, and
measured outcomes. This structured synthesis provided a
comprehensive understanding of the potential effectiveness of
VR-based interventions in managing CNP in patients with
neurological conditions. In addition, thefindingswere critically
evaluated to highlight existing gaps in the literature, address
methodological limitations, and suggest specific directions for
future research.

Results

Overview

We identified 3984 articles, of which 396 (9.94%) were
excluded after screening because they were duplicates, 22
(0.55%) were excluded because they were not published in
English, and 3135 (78.69%) were excluded based on title and
abstract screening. Finally, of the remaining 431 articles, 421
(97.7%) were removed based on screening for inadequate and
untraceable study designs (refer to the PRISMA flow diagram
[37] in Figure 1), and 10 (2.3%) articles that met the inclusion
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criteria were included in the review. These studies are summarized in Tables 2 and 3.

Figure1l. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 2020 flow diagram of evaluated studies.
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in PubMed
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Table 2. Characteristics of studiesincluded in the review.
Study Aim Study design  Sample size and characteristics Outcome measures
Pozeg et al [38], To examine how the sensationsand ~ gcTb e 40individuas (20 with SCI and 20 Questionnaire for illusion
2017 pain levels of individuals with SCI? healthy controls) N _ intensity, VAS®, and CDS?
areimpacted by experiencing virtual « Ageand sex: the 20 participants with
leg illusion and full-body illusion SCl included 2 femaleindividualsand
ranged in age from 23 to 71 (mean
47.3, SD 12.0) y; the 20 healthy partic-
ipantsincluded 2 female individuals
and ranged in agefrom 23to 70 (mean
43.0,SD 11.8)y
Lewiset al [8], To assesswhether usingtheMIRAGE  RCT 45 participantsassigned randomly: 23 gppsd NRS", NPSI', and
2021 system (anoninvasive MV R® system) inthe manipulation group and 22 percentual statement ratings
for avisual illusion intervention en- the control group (eg, ownership and satisfac-
hancgs_body perception, ownership, . Age mean52(SD 13)y tion with hand appearance)
and liking of the affected hand and o Sex(female): 29 (64%)
decreases pain in patientswith crpPs'
Hwangetd [7], 1o assesshow BPD! and painintensi-  RCT « 39 patients BPD assessed using the up-
2014 ty in patientswith CRPS areimpacted « Agemean36.31ly (VBS); mean43.00 dated Body Perception Dis-
) I y (WM); mean 43.08 y (MR) turbance Questionnaire and
by 3 tree:ﬁments. VBS, WM only, e Sex: predominantly male (92.3%in  pain severity ranked on a
and MR VBSgroup; 61.5%in WM and MR Likert scale
groups)
Tabacof et al [39], Toassessthepracticality and efficien- RCT o 32 participants NPSI, NPSP, SCIM I11P,
2024 cy of virtual settings (scenic, somatic, o Age adultsaged 218y r s t
, BDIY,1TQ", PQ°, UES, and
and control) for managing CNP" in + Sex(male): 15 (68%) S QP
people with SCI
Scandolaetal [11], To investigate the effects of passive  Uncontrolled « 70 individuals (19 with complete Physiological responses
2020 movement and VR visual cueson  €xperimental paraplegia, 23 withincompleteparaple-  (skin conductance, pulse
body perception and physiological  Study gia, and 28 healthy controls) pressurewaves, and respira-
responses in individuals with SCI +  Age: 40-45y (mean) tion), BPQY and CCE*
compared to those who are healthy e Sex: :!_3 f_emale individuals and 57
male individuals
Ichinoseet a [40], Toassesshow well aneurorehabilita-  Uncontrolled « 9 patients NRS for pain, SF-MPQ?,
2017 tion system using VR and sensory experimental «  Age 43-75y o and evaluation of referred
feedback works in decreasing PLPY ~ Study + Sex1femdeindividud and8mae  senstions
in individuals with brachial plexus individuals
avulsion or arm amputation, while
improving body perception
Osumi etal [41], 7o examine how VR-MVF®@rehapil- Uncontrolled 19 patients NPSI, SF-MPQ, and BCT®
2019 itation impactsthe intensity of PLP ~ &perimental  «  Age: mean 48.10 (SD 11.31) y
and the movements of phantom limbs study «  Sex:5femaleindividualsand 14 male
in individuals with amputations and individuals
patientswith brachial plexusavulsion
Matamala-Gomez ~ To examine the impact of different ~ Uncontrolled « 19 patients NRS, MMSE®, and FAB™
etd [9], 2019 morphological traits (transparency experimental Age: 40-55
and size) of avirtual arm ontheway study ¢ ge ooy
patients with upper limb CNP per- o  Sex:14femaeindividuasand 5 male
ceive pain, particularly in comparing individudls
patients with CRPS type | and those
with peripheral nerveinjury
Solca et a [12], To explorewhether addingaVR syss  Uncontrolled « 15 patients VAS
2021 tem that showsthetingling sensation experimentd «  Age: mean 47.7 (range 33-61) y
caused by SCS® canimprove pain ~ Study o Sex:5femaleindividualsand 10 male

relief

individuals
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Study Aim Study design  Sample size and characteristics Outcome measures

Solca et a [42], To assess how HEVR® impacts pain, Uncontrolled « 24 patientswith CRPSand 24 age-and  Brief Pain Inventory, VAS,

2018 embodiment, and upper limb function €xperimental sex-matched healthy controls 9-Hole Peg Test, Jamar grip
in patients experiencing CRPS after study « Age 27-80 (me_an _5(_).3) y str'ength test propri pcepti_ve
trauma or stroke to the upper limb «  Sex: 14 femaleindividuals and 10 drift, 10-item questionnaire

male individualsin the patient group; on virtual hand ownership,
14 femaleindividualsand 10 malein- and heart rate (measured via
dividualsin the control group frequency-domain analysis)

85CI: spinal cord injury.

PRCT: randomized controlled trial.

SVAS: visual analog scale.

deps: Cambridge Depersonalization Scale.
EMVR: mediated virtual reality.

fcRPs: complex regional pain syndrome.
9BPDS: Body Perception Disturbance Scale.
PNRS: Numerical Rati ng Scale.

INPSI: Neuropathic Pain Symptom Inventory.
IBPD: body perception disturbance.

kvBS: virtual body swapping.

WM: watchi ng movement.

™MR: mental rehearsal.

"CNP: chronic neuropathic pain.

ONPS: Neuropathic Pain Scale.

PSCIM 111: Spinal Cord Independence Measure |11
9BDI: Beck Depression Inventory.

"ITQ: Immersive Tendencies Questionnaire.
SPQ: Presence Questionnaire.

'UES: user experience score.

UPGIC: Patient Global Impression of Change.
YWR: virtual reality.

YWBPQ: Body Perception Questionnaire.
XCCE: crossmodal congruency effects.

YPLP: phantom limb pain.

ZSF-MPQ: Short-Form McGill Pain Questionnaire.
#\/R-MVF: virtual reality—based mirror visual feedback.
®BCT: bimanual circle-line coordination task.
EMMSE: Mini-Mental State Examination.
aEAB: frontal assessment battery.

#3CS: spinal cord stimulation.

FHEVR: heartbeat-enhanced virtual redlity.
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Table 3. Results of studiesincluded in the research.

Maggio et d

Study Intervention
duration

Main findings

Effect sizeand certainty of evidence \/r2intervention and body remapping

Each session
lasted 60 s
per condition

Pozeg et a
[38], 2017

Attendees
took part in
4 interven-
tion meet-
ingsacross4
wk and 1 fol-
|ow-up meet-
ing held 2
wk after the
last interven-
tion

Lewisetd
[8], 2021

Hwangetal Single ses-
[7], 2014 sion

Tabacof etal 8wk, includ-

[39], 2024 ing 4 wk of
intervention
(12 sessions)
and a4-wk
follow-up

Synchronousvisual andtactile

stimulation greatly boosted
perceived ownership and feel-
ings of touch

Patients with SCIP had less of
asense of ownership over their
legs compared to the control
group but reported similar sen-
sations of touch

Pain decrease was noted exclu-
sively during the synchronous
condition for lower-back stim-
ulation, although this result
was not maintained after adjust-
ing for multiple comparisons

The control group experienced

ahigher level of BPD® and
painintensity than the manipu-
lation group after both single
and repeated interventions
The therapeutic effects were
sustained over time through
repeated exposure
Customized changesin appear-
ance played avital rolein en-
suring participant contentment
and therapeutic advantages

The VBS® group exhibited
marked progressin BPD, par-
ticularly in ownership, temper-
ature, pressure, and theinclina-
tion to cut off the limb

There were no notable differ-
encesnoted inthe BPD or pain
intensity levels between the

wm' and MRY groups

Virtual settings, particularly
those centered on somaticsin

VR, notably diminished CNP"

(overall NPSI' scores) in con-
trast to the control group
Enhancementsin pain-related
quality of life (PGIC!) and user
satisfaction (UESY) were ob-
served

Participants indicated a favor-
able experience with VR envi-
ronments, endorsing its practi-
cality for clinical or telehealth
applications

Effect size: significant results
were found with P valuesindi-
cating significancefor different
variables (eg, synchrony and
ownership: P=.04; synchrony
and touch: P=.008)

Certainty of evidence: moder-
ate, backed by strong statistical
analyses yet hindered by the
small sample size and the ab-
sence of correction for certain
comparisons

Effect size: effect sizeswere
determined by dividing the av-
erage group difference by the
combined SD, using a95% ClI
Certainty of evidence: the
study followed strict random-
ized controlled trial guidelines,
such as randomization, blind-
ing of participants, and obtain-
ing ethics approvals; yet, the
reduced sample size could im-
pact confidencein thefindings

Effect size: moderate effect
size (Cohen d=0.16) found for
the groupxtime interaction in
BPD

Certainty of evidence: moder-
ate because of the limited
sample size and the absence of
notable impactsin certain
groups

Effect size: not specified
Certainty of evidence: moder-
ate, based on the pilot nature
of thetrial and robust random-
ization and blinding procedures

The VR protocols used visuotactile
synchrony to create ownership illu-
sionsfor virtual legs and a virtual
body; the study demonstrated that
cortical reorganization can beinflu-
enced after SCI, indicating that syn-
chronized stimulation close to thein-
jury site may affect sensory perception
and possibly help reduce neuropathic
pain

Device: head-mounted display
Setting: clinical environment, with
participants seated in wheelchairs

The MIRAGE system, a noninvasive

MV R device, wasused in theinterven-
tionto digitally change the look of the
impacted hand, resulting in enhance-
mentsin body perception and pain re-
lief

Device: MIRAGE system

Setting: laboratory-controlled setting

The treatment consisted of giving pa-
tients corrective visual feedback
through matching their movements
with avirtual body shownonaVR
device; thisblend of visual and mental
movements involving sensory, motor,
and cognitive input was designed to
restore the affected limb and enhance
body awareness, ultimately decreasing
BPD

Device: VR2000 3D visor head-
mounted display

Setting: tertiary pain management
center located in Seoul, South Korea

The VR intervention in this study en-
compassed both scenic and somatic
virtual settings, along with a control
condition; the scenic settings show-
cased engaging 360-degree vistas, in-
cluding woodlands, shorelines, and
galleries, with vibrant alterations, de-
pending on the user’s head movements

Device: in theclinic sessions, HTC
Vive headsets were used, providing a
premium immersive experiencewithin
acontrolled setting; home sessions
used Destek V5 headsets paired with
smartphones, enabling participants to
connect on the web through a selected
YouTube VR playlist

Setting: in the clinic and at home
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Main findings

Effect sizeand certainty of evidence \/r?intervention and body remapping

Study Intervention
duration
Scandolaet  Participants
a [11],2020 underwent 2
experimental
sessions sep-
arated by a
washout peri-
od ranging
from 81 to
257d
Ichinoseet 2-4d
al [40], 2017
Osumi eta  Single-ses-
[41], 2019 sion, 20-min
VR-MVF"
rehabilita-
tion
Matamala  Single 55-
Gomezeta minsession
[9], 2019

Thegroupsof individualswith
SCI exhibited varying reac-
tionsto tactile and visual stim-
uli in comparison to the control
group

The passive motion videoshad
varying effects on physiologi-
cal and perceptua responses
among different groups

The BPQ' showed differences
in how groups experienced
body awareness subjectively

The study discovered that tac-
tile feedback, especially from
the cheek condition, greatly
decreased painin patientswith
PLP™

Some participants reported re-
ferred sensations, indicating
better body perception, which
helped improve the rehabilita-
tion process

VR-MVF rehabilitation led to
a notable enhancement in
phantom limb mobility and re-
ductionin PLP

The virtual phantom limb's
feeling of reality waslinked to
improvementsin phantom limb
movement and relief from PLP

The pain perception of patients
with CRPSP type | and those
with peripheral nerve injury
was influenced by the trans-
parency and size of the virtual
arm, as different levels of
transparency and arm size im-
pacted the pain ratings

These virtual changes also in-
fluenced the sensory percep-
tion of the arm, specifically in
terms of body ownership

Effect size: physiological and
perceptual differencesbetween
the groups showed a moderate
effect size (Cohen f=0.25)
Certainty of evidence: moder-
ate

Effect size: the pain reduction
effect sizeranged from moder-
ateto large (r=0.68 for cheek
condition vs no stimulus condi-
tion; r=0.68 for cheek condi-
tion vsintact hand condition);
the size of the effect in reduc-
ing sensory pain wasgreater in
the cheek condition

Certainty of evidence: moder-
ate, asthere were significant
results with some variation in
the pain reduction responses
across participants and condi-
tions

Effect size: large effects were
indicated by effect sizes of
0.87 for phantom limb move-
ment improvement and 0.83

for PLPalleviation (SF-MPQP)
Certainty of evidence: high
level of confidence, backed by
statistical significance (P<.001)
and substantial effect magni-
tudes

Effect size: not specified
Certainty of evidence: moder-
ate

The VR intervention aimed to investi-
gate how participants perceived
movement in their legswhile watching
videos of either passiveleg movements
(vision: mobilization) or immobilelegs
(vision: no mohilization); the videos
were shown from a first-person view-
point, and each lasted 2 min; the study
concentrated on how visual and tactile
cues impacted the participants’ sense
of body awareness and perception
Device: Oculus Rift DK1 head-
mounted display

Setting: laboratory environment where
participants were seated comfortably
in achair, and their feet were placed
in designated foot compartments at-
tached to awooden frame

The VR system used visual and tactile
feedback to improve alignment be-
tween perceived and real limb move-
ments, atechnique proven to help with
pain perception and assist in body im-
age reconstruction

Device: Oculus Rift immersive head-
mounted display and Kinect sensor to
track the movements of theintact limb
Setting: quiet room within the Anesthe-
siology and Pain Relief Center at the
University of Tokyo Hospital

The VR intervention intended to recon-
figure the perception of the missing
limb by displaying a mirrored virtual
representation of the unaffected limb,
enabling individuals to observe and
manage the movements of their virtual
phantom limb using the motion of their
actual limb

Device: Oculus Rift for immersive
feedback; the system also used Kinect
for Windows v2 and Leap Motion to
detect and capture the movements of
theintact arm and hand

Setting: clinical outpatient setting at
the University of Tokyo Hospital

The virtual body was used to create a
feeling of possessing the virtual arm,
along with combining visual and tactile
stimuli to strengthen the sense of
owning the body

Device: Oculus Rift Development Kit
2, ahead-mounted display with areso-
lution of 960x1080 pixels per eye and
afield of view of 100°, presented at
75Hz

Setting: pain unit at Hospital Clinic de
Barcelona, where patients participated
in asingle 55-min experimental ses-
sion
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Effect sizeand certainty of evidence

VRZintervention and body remapping

Study Intervention Main findings
duration
Solca et d 2experimen- o A substantial decreasein pain
[12],2021  tal sessions when using SCSY-VR resulted
conducted in lower pain levels after the
24 h apart stimulation period
« A dlight decreasein pain was
noticed in the incongruent *
SCS-VR condition, whereasno
painrelief wasseeninthe VR-
only condition
Solcaetd  Everyindi-  «  gynchronousHEVR' decreased *
[42], 2018 vidud experi- pain perception and enhanced
enced 3 sets embodiment in patients with
of synchro- CRPS, whereas asynchronous
nized and conditions did not haveano-  *
unsynchro- table impact
nized situa-
tions during
asingle ses-
sion lasting
approximate-
ly 90 min

Effect size: significant painre-
duction (t14=-4.11; P=.001)
for congruent SCS-VR; moder-
ate reduction for incongruent
SCS-VR (t14=-1.99; P=.07)
Certainty of evidence: moder-
ate

Effect size: Hedges g=0.99
(indicating a large effect size
for pain reduction and embodi-
ment improvements)

Certainty of evidence: high due
to the controlled design, suit-
able statistical analysis, and
strong effect size

The visual feedback helped patients
“remap” their body sensations by
aligning the visual experiencewith the
physical sensations (paresthesia) that
they felt from the SCS, which was hy-
pothesized to enhance the analgesic
effects

Device: OculusRift with a2160x1200
display resolution, 110-degreefield of
view, and 90-Hz refresh rate; the de-
vice included motion tracking via ac-
celerometer, gyroscope, and magne-
tometer

Setting: physiotherapy room where
patients experienced a VR scenario
customized to their sensory feedback
from the SCS

The study used VR treatmentsto eval -
uate body remapping in individuals
with CRPS after upper limb injury or
stroke

Device: Oculus DK1

Setting: clinical setting, specifically at
the Department of Orthopedic Surgery
and the Department of Clinical Neuro-
science at GenevaUniversity Hospital,
aswell asthe Hand Rehabilitation Unit
at Sion Clinique Romande de Réadap-
tation

8/R: virtual reality.

bsc: spinal cord injury.

°BPD: body perception disturbance.

dMVR: mediated virtual resl ity.

&VBS: virtual body swapping.

f\WM: watchi ng movement.

9MR: mental rehearsal.

"CNP: chronic neuropathic pain.

INPSI: Neuropathic Pain Symptom Inventory.
IpGIC: Patient Global Impression of Change.
KUES: user experience score.

IBPQ: Body Perception Questionnaire.

MpLP: phantom limb pain.

"VR-MVF: virtual reality—based mirror visual feedback.
OSF-MPQ: Short-Form McGill Pain Questionnaire.
PCRPS: complex regional pain syndrome.

95CS: spinal cord stimulation.

"HEVR: heartbeat-enhanced virtual reality.

Quiality of Included Studies: Risk of Bias

We assessed the risk of bias using appropriate tools based on
the design of the included studies[7-9,11,12,38-42].

RoB 2 Tool Evaluations

Of the 10 studies, 4 (40%) RCTs [7,8,38,39] were evaluated
with the RoB 2 tool [33] (Figure 2) across 5 domains:

+ D1: biasarising from the randomization process

https://www.jmir.org/2025/1/€71074

+ D2: biasdue to deviations from intended interventions
+  D3: bias due to missing outcome data

» D4 biasin measurement of the outcome

+ D5: biasin selection of the reported result

The RoB 2 analysis highlighted the study by Lewiset a [8] as
the most methodologically robust study, demonstrating a low
risk of bias across al domains except for D4 (bias in
measurement of the outcome), where some concerns were
identified. By contrast, Pozeg et a [38] and Hwang et al [7]
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showed recurring issues in D1 (bias arising from the
randomization process), D4, and D5 (bias in selection of the
reported result), suggesting potential weaknesses in
randomization processes, measurement practices, and reporting
transparency. All studies demonstrated alow risk of biasin D2
(bias due to deviations from intended interventions) and D3
(bias due to missing outcome data), reflecting adherence to
intervention protocol s and appropriate handling of missing data.
The common issues observed in D4 highlight the need for more
consistent and unbiased measurement strategies, while concerns
in D1 and D5 underline theimportance of robust randomization

Maggio et d

and prespecification of outcomes. However, the study by
Tabacof et a [39] presented low risk in D1 (randomization
process) and D4 (outcome measures) but reported some concerns
in D2, D3, and D5, showing reduced control for bias in
intervention-related domains, potential bias due to missing
outcome data, and the presentation of the results. Overall, the
study by Lewis et a [8] emerged as the strongest, while the
findings from the studies by Pozeg et al [38], Hwang et a [7],
and Tabacof et al [39] should be interpreted cautiously due to
the identified methodological limitations.

Figure 2. Risk-of-bias assessment of the randomized controlled trial studies using the revised Cochrane risk-of-bias tool for randomized trias.

Hisk of bias domains

D1

Pozeg et al., 2017
Lewis et al., 2021

Studly

Hwang et al., 2014

Tabacof et al., 2024

LMo e

Judgament

D1: Bias ansing Irom (he randomizalion process,

D2: Blas due to deviations from intended intervention
0i3: Bias due bo missing oulcome data,
D Bias in measurement of the cuicoma.

= Some concems

®

05: Bias in selection of the reported result.

ROBINS-I Tool Evaluations

For the nonrandomized experimental studies (6/10, 60%)
[9,11,12,40-42], we applied the ROBINS-I tool (Figure 3) [34],
which assesses biasin 7 domains:

« D1 biasdueto confounding

« D2: biasin participant selection

+ D3: biasin classification of interventions

+ D4 bias due to deviations from intended interventions
« D5: bias dueto missing data

+ D6: biasin outcome measurement

« DT7: biasin selection of the reported outcome

The analysis showed a diverse range of methodological quality
invarious fields. The studies by Matamala-Gomez et al [9] and
Solca et a [12] exhibited the highest methodological rigor, with
predominantly low-risk judgments across domains and no
serious concerns. By contrast, the studies by Osumi et a [41]
and Solca et al [42] showed substantial weaknesses, with serious
risksin D1 (bias dueto confounding) and D7 (biasin selection
of the reported outcome), affecting their overall reliability. The
study by Ichinose et a [40] displayed serious concerns in D2

https://www.jmir.org/2025/1/€71074

RenderX

(bias in participant selection) and D7, indicating challenges
with participant recruitment and outcome reporting. Common
methodol ogical issues were observed in D1 (confounding; 6/6,
100%) and D7 (selection of the reported outcome) across most
of the studies (5/6, 83%), except for the study by
Matamala-Gomez et al [9], which managed to avoid theserisks.
Moderate concernsin D4 (bias dueto deviations from intended
interventions) were also noted in several of the studies (6/6,
100%), reflecting potential inconsistencies in intervention
protocols. The study by Scandola et a [11] showed mixed
results, with moderate risks in D1, D2, and D5 (bias due to
missing data), indicating limitationsin controlling confounders,
participant selection, and data handling. Overall, while studies
such as the ones by Matamala-Gomez et a [9] and Solca et a
[12] demonstrated strong methodological quality, others, such
as the ones by Osumi et a [41] and Solca et a [42], revealed
substantial biases, particularly in confounding and outcome
reporting. Overall, the quality varied substantialy, with the
studies by Matamala-Gomez et a [9] and Solca et a [12]
standing out as methodologically sound and providing reliable
evidence, while other studies faced notable challenges that
limited the robustness of their findings.
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Figure 3. Risk-of-biasassessment of the nonrandomized experimental studies using the Cochrane Risk of Biasin Nonrandomized Studies of Interventions

tool.
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Overall Quality of Studies

In addition to assessing the risk of bias using the RoB 2 tool for
RCTs and the ROBINS:I tool for nonrandomized studies, we
evaluated the overall quality of evidence using the GRADE
framework. The GRADE approach considers5 key factors: risk
of bias, inconsistency, indirectness, imprecision, and publication
bias.

For each outcome, we assigned aquality rating (high, moderate,
or low) based on these criteria. The fina assessment is
summarized in Table 4.

The GRADE assessment indicated variability in the overall
quality of evidence across different outcomes. The quality of

https://www.jmir.org/2025/1/€71074
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0 No information

evidence for pain reduction was generally moderate, reflecting
a mix of well-conducted RCTs and nonrandomized studies,
with some concerns regarding risk of bias and imprecision.
Evidencefor improvementsin BR and functional outcomeswas
more heterogeneous, with lower overall ratings due to study
design limitations and variability in intervention protocols. The
weakest evidence was associ ated with adherence to VR therapy,
where most of the studies (6/10, 60%) were observational and
exhibited high risk of bias and inconsistency.

The evaluation of evidence strength was based on standardized
GRADE criteria, considering study design, sample size, risk of
bias, and the reproducibility of results (Table 4).
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Table4. GRADE (Grading of Recommendations, Assessment, Development, and Evaluation) evaluation.

Outcome Study design Risk of bias Inconsistency  Indirectness Imprecision Publicationbias Overall quality
of evidence

Painreduction RcT<?andnon-RCTs Moderate Moderate Low Moderate High Moderate

Improved body RCTsandobservetion- High High Moderate High High Low

representation  a studies

Functional im-  RCTsand cohort Moderate Moderate Low Moderate Moderate Moderate

provement studies

Adherence to Observationa studies High High High High High Low

VRP therapy and case reports

3RCT: randomized controlled trial.
BvR: virtual reality.

Synthesis of Evidence

Overview

We synthesized studies on the application of VR-based
interventions combined with sensory feedback to address key
challengesin the management of CNPin neurological disorders.
These interventions focused on recalibrating BR, modulating
pain experience, and improving embodiment. The 10 selected
studies included 4 (40%) on managing CNP and SCI
[11,12,38,39], 4 (40%) on modulating BR in CRPS and chronic
pain [7-9,42], and 2 (20%) on VR-based BR for PLP and
amputation-related pain [40,41]. These studies were diversein
design, populations, and methodologies, providing a
comprehensive perspective on the application of VR for chronic
pain management. The sample sizes ranged from 9 to 70
participants, with different age groups and both sexes
represented, although male participants predominated in some
of the CRPS studies (4/10, 40%) [7]. Interventions primarily
involved RCTs or uncontrolled experimental studies, with
intervention durations ranging from 60 seconds to 90 minutes
and intervention periodsranging from asingle session to several
weeks. Outcomes were assessed using instruments for pain
intensity (eg, visual analog scale and Numerical Rating Scale),
BR, embodiment, and ownership. Theresults showed substantial
pain reduction and improved embodiment, particularly with
interventions that used synchronous sensory feedback. In
individuals with amputations, VR substantially reduced PLP,
while patients with CRPS experienced improved BR and
ownership of the virtual limbs.

While the results demonstrated medium to high certainty,
limitations (ie, small sample sizes, short intervention durations,
and insufficient adjustment for multiple comparisons) potentially
impacted generalizability. However, by addressing the
cognitive-sensory mismatch underlying pain, the studies
highlighted that VR may represent a promising therapeutic
innovation that integrates neuroscience and technology to
improve patient outcomes.

VR-Based Rehabilitation | nterventionsfor CNP and SCI

Of the 10 studies, 4 (40%) highlighted the potential benefits of
using VR and multisensory integration to enhance pain
management and BR among individuals with SCI and CNP
[11,12,38,39]. These studies implemented innovative

https://www.jmir.org/2025/1/€71074

neurorehabilitation protocols that integrated VR with
neuromodulatory techniques or passive motion to influence
body ownership, peripersonal space (PPS), and chronic pain.

In an RCT, Pozeg et a [38] investigated body ownership and
pain regulation through a virtua leg illusion and full-body
illusion in 20 patients with SCI and paraplegia and 20 healthy
controls. The patients with SCI exhibited reduced reactions to
multisensory stimuli that created a sense of leg ownership
compared to controls, with leg ownership declining further as
thetime sinceinjury increased. Notably, global body ownership
did not differ significantly (P=.03) between the groups. Mild
pain relief was observed only when visuotactil e stimulation was
applied simultaneously to the lower back during the virtual leg
illusion. These findings suggest that VVR-based interventions
targeting specific body parts could enhance body ownership
and dleviate pain in patients with SCI by leveraging
multisensory inputs [38].

An uncontrolled experimental study examined how PPS was
represented in 30 patients with paraplegia and SCI (with both
completeand incompl etelesions) aswell asin healthy controls.
The results indicated that residual motor feedback, provided
through immersive VR videos during passive movement, was
crucial for restoring PPS near the feet in patientswith paraplegia
By contrast, healthy individual s showed PPS suppression when
faced with visual and motor mismatches. Patients with
incomplete lesions demonstrated greater PPS restoration when
they had higher interoceptive sensitivity, underscoring the role
of residual motor responsesand internal BR in PPS rehabilitation
for patients with SCI [11]. Moreover, Solca et al [12] tested a
novel approach combining spinal cord stimulation (SCS) with
personalized VR feedback in 15 individuals with chronic leg
pain and SCS implants. When SCS-induced paresthesia was
paired with congruent VR feedback, pain ratings dropped by
44%, outperforming incongruent SCS-VR or VR aone.
Repeated sessions enhanced these analgesic effects, which
persisted beyond the stimulation period, indicating a carryover
benefit. This method highlights the synergistic potentia of VR
and neuromodulation in delivering targeted, durable pain relief
for chronic pain management [12]. Finally, Tabacof et al [39]
examined the viability of virtual environments for addressing
CNP among patients with SCI. The researchers randomly
assigned 32 participants to scenic, somatic, and control VR
groups, achieving acompl etion rate of 68.75%. Themain results
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(Neuropathic Pain Symptom Inventory scores) indicated notable
enhancement in both somatic and scenic VR groups compared
to the control group. The secondary outcomes, such as
depression and functionality, emphasized improved well-being
and autonomy. The research confirmed the potential of VR as
anoninvasive, scalable method for managing CNP [39].

VR Applications and BR Modulation in CRPS and
Chronic Pain Conditions

The reviewed studies highlighted the potential of VR-based
rehabilitation interventions for managing pain in individuals
with CRPS and chronic arm pain, particularly those experiencing
disruptions in BR and sensory processing. Despite variations
in VR methodol ogies across these studies, all demonstrated the
significant impact of VR on the sensory and perceptual aspects
of pain, reinforcing its potential as a nonpharmacological
therapeutic approach.

Indeed, Lewis et al [8] conducted an RCT that investigated 45
patients with treatment-resistant CRPS and body perception
disturbance (BPD) in their upper limbs. In the experimental
group, patients viewed a digital image of their affected hand
through VR, modified to appear as they desired, while the
control group saw unchanged images. The findings reveded a
notable decrease in BPD after just 1 session. Furthermore, the
subgroup receiving multiple interventions consistently
experienced significant pain reduction. These results suggest
that changing the visual appearance of the painful limb can
successfully reduce pain and enhance BR [8]. Similarly, Hwang
et a [7] explored immersive techniques by introducing virtual
body swapping with mental rehearsal to 39 patientswith CRPS.
While overall pain levels remained stable across the groups,
only those in the virtual body swapping condition showed
improvementsin BPD, suggesting that immersive, realistic VR
experiences can uniquely target BR disturbances.

A different approach was adopted by Solca et a [42], who
combined VR with neuromodul ation in adouble-blind crossover
study of 24 patientswith CRPS. By synchronizing VR feedback
with the patient’s heartbeat (heartbeat-enhanced VR), they
achieved significant (P=.001) reductions in pain and
improvementsin motor skills[42]. The absence of these effects
in asynchronous conditions and healthy controls underscores
the specificity of heartbeat-enhanced VR, highlighting the
potential for integrating physiological signalsinto VR to deliver
personalized, targeted therapies.

Finaly, Matamala-Gomez et a [9] examined how modifying
the transparency and size of avirtual arm in VR affected pain
perception in 19 patients with CRPS or peripheral nerveinjury.
Transparency adjustments reduced pain in patients with CRPS
but worsened it in those with peripheral nerveinjury, whilesize
changes dlightly aggravated pain in those with CRPS. These
results emphasize the importance of customizing VR
interventions to the underlying pathology, further illustrating
the interplay between BR and pain experience.

Virtual BR for PLP and Amputation-Related Pain

Recent evidence highlights the combined benefits of VR
neurorehabilitation in reducing PLP through the integration of
visual and tactile feedback. The studies by Ichinose et al [40]
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and Osumi et al [41] underscored theimportance of personalized
treatmentstail ored to the unique characteristics of pain, resulting
in significant (effect size=0.68 and 0.87) improvementsin both
pain intensity and mobility. These findings suggest that using
sensory feedback mechanisms within VR environments could
enhance rehabilitation outcomes, paving the way for more
customized therapeutic approaches.

Ichinose et al [40] investigated the effects of tactile feedback
on the cheek during VR-based neurorehabilitation for PLP.
Their study involved 9 patients with phantom pain in the upper
limbs, who performed exercises mimicking the movements of
avirtua limb. In the " cheek condition,” where tactile feedback
was applied to the cheek during virtual object interaction, pain
intensity significantly (effect size=0.68) decreased compared
to the“intact hand condition” and “no stimulus condition.” Even
patients without referred sensations experienced notable pain
reduction. These findings demonstrate that combining
somatosensory and visual feedback can amplify the
pain-relieving effects of VR rehabilitation, making it apromising
treatment for PLP.

Osumi et a [41] further explored the relationship between PLP
characteristics and the efficacy of VR rehabilitation. Their study
included 19 patients with PLP who participated in a 20-minute
VR session where a virtual arm mimicked phantom limb
movement in a mirror-reversed manner. The intervention
significantly reduced PLP intensity and improved movement
representation (effect size=0.87 and 0.83). A factor analysis
revealed 2 distinct types of pain: somatosensory-related pain
(eg, burning) and kinesthesia-related pain (eg, clamping).
Notably, relief from pain was strongly associated with
kinesthetic traits, while no significant correlation was observed
with somatosensory characteristics. These results highlight the
importance of addressing the kinesthetic aspects of PLP in
VR-based rehabilitation programs to optimize therapeutic
outcomes.

Discussion

Principal Findings

This review represents the first comprehensive analysis of the
use of VR as a tool for body remapping in patients with
neurological conditions, offering new insightsinto its potential
to manage CNP. Existing studiesdemonstrate how VR leverages
multisensory integration, including visua, tactile, and
proprioceptive inputs, to enhance BR and reduce pain [43-45];
for instance, VR-induced leg illusions in individuals with SCI
[46] and the manipulation of visual representations of the
affected limbs in patients with CRPS reveal how sensory
reconfiguration can alleviate pain and reshape BR [47,48]. These
findings highlight VR’s capacity to disrupt maladaptive neural
pathways and provide a drug-free dternative for pain
management [49,50]. Combining VR with SCS enhances pain
relief in SCI, whilein CRPS, VR with biometric indicators such
as heart rate variability reduces pain and modulates responses
[45,51-54]. In PLP, kinesthetic inputs outperform sensory cues
for rehabilitation [51,55]. Advances in PPS rehabilitation
emphasize motor input and sensory awarenessfor recovery [56].
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These findings highlight therole of VR asatransformative tool
for neurorehabilitation [46].

Table 5 provides a comprehensive overview of the clinical
applications of VR, detailing its benefits across neurological
conditions and highlighting its capacity to integrate technology
with therapeutic outcomes.

As stated previously, chronic pain involves maladaptive
neuroplasticity, altered sensory pathways, and disrupted
sensorimotor integration [57]. VR demonstrates significant
potential in addressing these mechanisms by recalibrating
distorted BR and promoting neuroplasticity [58]. VR reshapes
the brain’s BR, reducing pain and improving functionality
through integrating visual, tactile, and proprioceptive feedback
withinimmersive environments [59,60]. This approach has been
particularly effective in conditions such as CRPS, where VR
reduces pain and associated disabilities by correcting altered
BR[52,61].

For PLP, VR simulations of the missing limb have shown
remarkable success in facilitating cortical reorganization and
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fostering sensorimotor synchrony, significantly alleviating pain
[49]. VR aso enhances PPS, aiding sensory and motor recovery
in individuals with SCI and amputations [45,62]. VR enables
highly personalized treatments that sustain neuroplasticity and
enhance long-term therapeutic outcomes, incorporating
biofeedback systems such as heart rate variability and spinal
cord activity [54,63].

Beyond its physical benefits, VR addresses the emotional and
cognitive dimensions of pain by engaging brain regions such
astheinsular cortex and anterior cingulate cortex [64]. For these
reasons, immersive environments could promote the reduction
of pain perception, improve emotional regulation, and foster
attentional control, actively involving patientsin their recovery
process [65]. Furthermore, by creating personalized, adaptive
interventions informed by real-time physiological data, VR
refines its therapeutic effects, offering a robust platform for
managing complex pain conditions [54]. These features
underscore VR's capacity to integrate multidimensional pain
management strategies, paving the way for its expanded usein
clinical practice.

Table 5. Descriptions and advantages of virtual reality (VR) therapies on neurological conditions.

Typesof VR therapies Mechanism of action Intervention duration and Neurological condi-  Benefitsand practical  Body remapping after
number of sessions (based  tions (based on find-  application of the virtual therapy
on findings) ings) technique
VR and SCS combi- Synchronizationof ~ Repeated sessions, strong  Chronic pain (e, after  Significant painreduc-  Strengthened link be-
nation (Solca et a SCS-induced paresthe-  analgesic carryover scl b) tion; long-lasting ef-  tween motor and visu-
[12]) siawith VR feedback fects; reliable“digiceu-  al sensory feedback
tical” option mechanisms
Immersive VR for Altersvisual appear-  Singleto multiplesessions CRPS and treatment-  Enhanceslimb percep-  Improved limb repre-
CRPS® (Lewiset a ance of affected limb resistant CRPS tion, practica for non-  sentation; greater spa-
[8]; Solca et al [42])  toreducebody percep- pharmacological tial awareness
tion disturbance chronic paintreatment
vBS? (Hwangeta ~ Mental rehearsal with - Single session; further stud-  CRPS Enhances body Better integration of
[7) atered body percep-  iessuggest stronger effects awareness, supports  spatial and kinesthetic
tion; focusesonim-  with repetition visual-motor integra-  awareness
mersive, redistic expe- tionforimmersive VR
riences
Virtud aamtransparen-  Adjusting limbappear- Not specified CRPS and peripheral  Tailored interventions M odifies body
cy modulation (Mata- ancein VR to alter nerveinjury based on condition-  schemalinked to
mala-Gomezetal [9]) pain and perception specific pain mecha-  transparency or pro-
nisms portionality cues
VR for PLP® (Ichi- Mimicsvirtual limb ~ 20-min sessions PLP ReducesPLPintensity Enhanced internal
noseet a [40]; Osumi Movement and incor- and restores move- body schema; im-
et al [41]) porates tactile feed- ment representation;  proved kinesthetic and
back to reduce phan- unique integration of ~ sensory feedback
tom sensations visuotactile inputs
85CS: spinal cord stimulation.
bscl: spinal cord injury.
CCRPS: complex regional pain syndrome.
dvBS: virtual body swapping.
€PLP: phantom limb pain.
age, cognitive capacity, technological familiarity, and

Clinical Challenges and Practical Barriersof VR

Despite the promising potentia of VR, severa practica
challenges must be addressed to ensure its effective integration
into clinical practice. A significant obstacle is the individual
variability in patient response to VR therapy. Factors such as
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psychological characteristics can influence patient engagement
and therapeutic outcomes, potentially affecting the overall
effectiveness of the intervention.
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Another challengeis cybersickness, which can cause symptoms
such as nausea, headache, dizziness, and disorientation,
particularly in sensitive and predisposed individuals or during
prolonged VR sessions. This side effect can reduce patient
adherence and must be mitigated through appropriate system
calibration and careful control of session duration.

Moreover, accessibility remains amajor concern, especially in
resource-limited settings. The high costs associated with
hardware, software development, and technical support can
prevent the widespread adoption of V R-based interventions. To
address these barriers, future developments should focus on
creating cost-effective VR solutions, including affordable
headsets, mobile-based apps, and open-source platforms that
reduce financial barriersfor health care providers. Investments
ininfrastructure and simplified device usability through intuitive
interfaces are also essential to ensure equitable access [66].

The requirement for specialized clinical expertise further
complicates VR integration. Medical staff must undergo specific
training to ensure the proper use of VR systems, maximize
therapeutic benefits, and safeguard patient safety. Developing
comprehensive training programs for clinicians will be vital to
facilitate the widespread adoption of VR-based interventions
while minimizing reliance on specialized technical support.
Addressing these challenges will require ongoing collaboration
among clinicians, researchers, and technology developers to
refine VR systems; minimize adverse effects; and ensure that
VR remainsapractical, accessible, and effectivetool for diverse
patient populations.

Future Directions and Clinical Applications

The future of VR in pain management lies in expanding its
applications to underexplored conditions and integrating
cutting-edge technol ogies such asreal -time neurophysiol ogical
monitoring, artificial intelligence (Al), and machine learning.
Al isincreasingly being applied in the field of rehabilitation,
from assessment to treatment. Regarding rehabilitation
treatment, Al-based applications can be implemented in the
context of the metaverse—a virtual space in which users can
interact with a computer-generated environment and other users
[67]. In this context, Al applications can be used for motor
assessment and for generating virtual character movements to
enhance user engagement and enjoyment. These advances could
enable the development of more precise and personalized
interventions while providing deeper insights into pain
mechanisms through adaptive and patient-specific feedback
systems.

Moreover, dueto itscharacteristics, VR can easily be combined
with other targeted treatments, such as manua therapy, to
alleviate chronic pain conditions.

Future studies should investigate the integration of VR with
manual therapy because it may enhance chronic pain
management through the modulation of pain perception,
improving patient engagement and facilitating movement
retraining in a controlled environment. However, successful
implementation requires therapist expertise, patient suitability,
and a strong therapeutic rel ationship to maximize benefits safely
[68]. Furthermore, future research should prioritize large-scale
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longitudinal clinical trials to assess the long-term efficacy of
VR interventions and establish standardized protocols that can
be applied across different patient populations. In addition,
identifying specific subgroups of patients morelikely to benefit
from VR therapy could enable more personalized and targeted
treatment approaches.

By leveraging advancesin immersive technol ogies and fostering
interdisciplinary collaboration, VR could improve therapeutic
and diagnostic strategies for different chronic pain conditions,
including CNP. If financial, logistical, and clinical barriers are
adequately addressed, VR hasthe potential to become awidely
accessible, affordable, and evidence-based tool for pain
management across various health care settings.

Strengths and Limitations of the Review

Thisreview presents acomprehensive and qualitative synthesis
of current evidence on the use of VR in pain management. It
highlightsthe potentia of VR-based interventionsto recalibrate
BR, alleviate pain, and foster neuroplastic changes. The
strengths of thisreview lieinitsanalysis of diverse applications
of VR across conditions such as CRPS, PLP, and SCI, providing
insights into VR's therapeutic possibilities. In addition, the
inclusion of biofeedback and adaptive technol ogies reflects the
growing emphasis on personalized treatment approaches.

However, several limitations must be acknowledged. This
review is based solely on a qualitative analysis, which, while
providing valuable descriptive insights, does not allow for a
statistical evaluation of effect sizes or direct comparisons
between studies. As a result, our review provides a
comprehensive qualitative synthesis of the available evidence,
offering valuable insights into the field of VR applications for
specific chronic pain conditions, identifying key implications
for clinical practice and considerationsfor futureinvestigation.

Moreover, the GRADE assessment revealed variations in the
quality of evidence across the included studies. The strongest
evidence was found for the outcome of pain reduction, with
most of the studies (7/10, 70%) providing moderate-quality
evidence, despite some concerns regarding risk of bias and
imprecision. The evidence supporting improvementsin BR and
functional outcomes was generally of moderate to low quality,
primarily dueto the heterogeneity of intervention protocolsand
patient populations. The weakest evidence was found for
adherence to VR therapy because most of the studies (6/10,
60%) were observational and had a high risk of bias and
inconsistency. These findings highlight the need for future
high-quality, standardized RCTs with larger sample sizes to
confirm the long-term benefits of VR interventions for CNP
management. Indeed, many of the included studies were
conducted with small sample sizes and heterogeneous
methodologies, limiting the generalizability of the findings.
Furthermore, thelack of standardized VR protocols complicates
the comparison of results across studies. Future research should
prioritize longitudinal clinical trials to assess whether the
benefits of VR are sustained over extended periods. Given the
persistent nature of chronic pain, it is essential to determine
whether VR-induced relief remains effective over months or
years, thus providing stronger evidence for its integration into
long-term pain management strategies. Indeed, the lack of
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large-scale, standardized clinical trials limits definitive
conclusions about the widespread applicability of VR-based
interventions. Moreover, potential placebo effects and
uncontrolled variables are a challenge in evaluating the true
efficacy of VR-based interventions. Accessibility remains an
issue because high technological demands and training
requirements could hinder widespread implementation,
particularly in low-resource settings.

Finally, another limitation of this review is the exclusion of
studies focusing on migraines. While this decision was made
to maintain a clear methodological focus on conditions where
BR mechanisms are central, it might limit the applicability of

Maggio et d

the findings to other neurological conditions with different
pathophysiological mechanisms. Future research could explore
the role of VR in migraine treatment to expand the
understanding of its broader applicability in neurological care.

Conclusions

In conclusion, this review highlights VR’s transformative
potential in managing CNP. VR could offer a noninvasive,
personalized therapeutic approach that recalibrates BR and
promotes neuroplasticity by integrating sensory, emotional, and
cognitive dimensions. Although challenges such as accessibility
and methodological limitations remain, VR could represent a
revolutionary tool in pain management in the neurological field.
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PPS: peripersonal space

RCT: randomized controlled trial

RoB 2: revised Cochrane Risk of Bias Tool for Randomized Trials
ROBINS-I: Risk of Biasin Nonrandomized Studies of Interventions
SCI: spina cord injury

SCS: spinal cord stimulation

VR: virtua reality
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