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Context: Virtual and augmented imagery are emerging technologies with potential to reduce the severity and
impact of neuropathic pain in people with spinal cord injury (SCI).
Objective: We aimed to identify and discuss studies using virtual and augmented reality applications for the
management of neuropathic pain in people with spinal cord injury.
Methods (data sources, data extraction): A systematic literature search was conducted using PRISMA scoping
review guidelines. Articles were searched in PubMed, Embase and Web of Science databases using search
terms relating to SCI, virtual and augmented reality and neuropathic pain. With no strong evidence for visual
imagery in the treatment of pain in SCI patients, we selected exploratory, feasibility and more rigorous
methodologies such as randomized controlled trials and case-control studies. We only selected studies
evaluating the effects of visual imagery on neuropathic pain at or below the spinal cord injury level.
Results: Of 60 articles located, we included nine articles involving 207 participants. All studies were exploratory
using head-mounted devices or 3D and 2D screens with virtual walking or limb movement imagery. Outcomes
included pain sensitivity, motor function and body ownership. Eight of the nine studies reported significant
reductions in neuropathic pain intensity. However, given small sample sizes in all studies, results may be unreliable.
Conclusion: Although the number of studies and individual sample sizes are small, these initial findings are
promising. Given the limited options available for the effective treatment of neuropathic SCI pain and early
evidence of efficacy, they provide valuable incentive for further research.
Keywords: Spinal cord injury, Virtual reality, Neuropathic pain, Visual illusion

Introduction
Spinal cord injury (SCI) is a life-changing event that
causes not only a debilitating loss of sensorimotor function, but also unremitting neuropathic pain in many
patients. Although our understanding of neuropathic
pain in these instances is largely derived from preclinical
studies, neuropathic pain below and at the level of spinal
injury is thought to be due to exaggerated neuronal
responses to stimuli below normal activation thresholds.1
This hyperexcitability results from altered expression of
various receptors, ion channels, glial cell stimulation
and decreased endogenous inhibitory neurons in the
dorsal horn.2 The mechanisms of neuropathic pain
below the neurological level of SCI are less clear.
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Current theories for explaining the mechanisms underlying neuropathic pain in people with these conditions
include neurophysiological changes at a supraspinal
level such as neuroplasticity with reorganization of the
primary somatosensory cortex.3–5 As well as changes in
cortical organization, neuropathic pain is also associated
with functional changes in both cortex and thalamus.
Animal studies show that neuropathic pain due to SCI
is associated with abnormal patterns of firing in the thalamus.6,7 It is not surprising then that currently available
pharmacological treatments are only of partial
benefit.8,9 Much of the difficulty in obtaining satisfactory
relief is due to these complex mechanisms involving multiple levels of the neuroaxis. These include functional and
structural changes in somatotopic regions of the central
nervous system and psychological factors such as perceptions which influence neuropathic pain.4,10
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Given the lack of benefit provided by current treatments, there is need to find alternative therapeutic
approaches such as the use of virtual reality (VR)
devices. Technological developments in virtual
imagery, including VR, offer an alternative approach
towards the treatment of several medical and psychological conditions. These techniques show promise in
improving symptoms and reducing pain in both the
short and long term. VR is a simulated construction
of a 3D environment using computer technology.11
While initial VR systems used computer screen technology, current VR systems include head-mounted devices
(HMD) with 3D-enabled glasses, sensory input devices,
headphones for noise-cancelling, sound and music, head
and/or body-tracking sensors and additional input
devices such as joysticks and data gloves.12 Together
this multisystem setup forms a realistic multisensory
experience. Because of these features, over the previous
decade, VR technology has been taken from entertainment businesses to clinical medicine. Here, researchers
and clinicians have investigated and used VR technologies for physical rehabilitation, pain management, psychiatric treatment as well as surgical training and
anatomical education.12
The processes underlying the effect of VR on pain
have been broadly divided into two main types: distraction and neuroplasticity.13 These processes that are
believed to contribute to the analgesic effect of VR
have quite different modes of action. Distraction refers
to the short-term diversion of attention away from
pain towards an alternative stimulus. In this context,
VR may act directly and indirectly to reduce pain by
“hijacking” of attention, emotion and memory as well
as visual, auditory and touch senses.14 Neuroplasticity
is the other putative process contributing to the effects
of VR and refers to long-term structural changes in
neuron populations. This may occur negatively due to
a stroke, or positively following long-term practice of
a skill such as playing a musical instrument. In the
context of VR, it may involve interactive real-time simulations of scenes or activities, leading to neuroplastic
alterations in sensory and motor brain regions.15
Assuming that below-level neuropathic pain in SCI is
considered to have a strong contribution from supraspinal mechanisms, it may be that this type of SCI pain
would benefit most from VR or other types of visual
imagery. Thus, based on findings showing changes in
cortical reorganization and function, several studies
have investigated the use of imagery and visualization
and its effect on neuropathic pain in people with
SCI.4,16 Although results from such studies show
promise, the use of imagery and visualization are not
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reliable. The development of more immersive VR has
led to the recent use of this technology to impact and
potentially modify central pain pathways. Here, there
is strong evidence for the benefits of VR in the treatment
of injurious and procedural acute pain,17 and more
recently for chronic pain disorders such as low back
pain and fibromyalgia.18,19 However, research into the
use of VR in people with neuropathic pain, especially
below-level SCI pain is currently still in its infancy.
Augmented reality (AR) technologies are also becoming
available. Here, a handful of studies have examined its
benefit with amputee patients with phantom limb pain
(PLP)20 and most recently with neuropathic upper
limb pain.21 Consequently, continued research in these
areas using VR and AR has the potential to improve
the physical and emotional wellbeing of people with
SCI as well as their overall quality of life.
Thus, the purpose of this scoping review is to first,
search and identify studies using both immersive and
non-immersive VR and AR applications investigating
both long and short-term treatment effects, specifically
for the management of neuropathic pain in people
with SCI. Second, to review and discuss advantages
and limitations of current VR technologies in SCI clinical settings in order to determine directions for future
studies.

Methods
This scoping review was conducted using a search strategy framework defined by the recently published
PRISMA guidelines for scoping reviews.22 PubMed,
Embase and Web of Science databases were searched
in May 2018 for articles published or in press up to
the end of April 2018 using the keywords shown in
Table 1. Study selection criteria were; publication in
full and English and non-English articles (to reduce
Table 1 Keywords used in the location of articles investigating
the use of visual illusion and virtual or augmented reality to
reduce pain in people with spinal cord injury.
PubMed
Keyword limits
Advanced search – “Title/
Abstract”
Boolean search – “AND”

Keywords
• Spinal cord injury
• Virtual reality / Visual
illusion / Augmented
reality
• Pain / Neuropathic pain

Web of
Science
Keyword limits
Basic
search –
“Topic”
Boolean
search “AND”

EMBASE
Keyword limits
Multifield search
– “Abstract”
Boolean search
“AND”
Exclude Medline
Journals
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cultural and language bias). Abstracts of all articles were
read and those showing the use of VR and AR in adults
with SCI and neuropathic pain were read in full. We
accepted articles where:

studies used virtual walking or limb movement applications in samples including para/tetraplegic and complete/incomplete SCI. Outcomes related not only to the
effects of VR on pain intensity but also other sensory
factors such as touch, proprioception, and body ownership in addition to alterations in motor function. All
accepted studies investigated changes in sensory,
motor and psychological function. All but one study
report reductions in neuropathic pain intensity.

• At least half the sample included para/tetraplegic and
complete/incomplete SCI patients
• Use any form of VR and AR therapy
• Included quantitative outcome measures assessing the
effects of VR and AR on pain intensity at or below
the SCI level
• Non-peer reviewed journals were not accepted for this
scoping review
• Single case studies were not accepted for this scoping
review

Results
Effectiveness of VR modalities for SCI-related
neuropathic pain

Due to the novelty of this type of research and the
lack of strong evidence relating to the use of VR and
AR in the treatment of pain in SCI patients, we selected
exploratory, feasibility and pilot studies in addition to
more rigorous methodologies such as randomized controlled trials and case-control studies.
Using the above search protocols, we located 60
articles relating to the use of VR or AR in people with
SCI pain (Fig. 1). After removing duplicates (n-32), literature reviews (n-9), VR developmental studies in
healthy samples (n-2), VR for pain in non-SCI patients
(n-2), VR for only motor skills in SCI patients (n-2), VR
for mindfulness training in SCI patients (n-1), VR for
body ownership only in SCI patients (n-1), VR and cortical activation in SCI patients (n-1) and a cross-sectional attitudes study (n-1), we identified nine articles
of interest (Table 2). We found no studies investigating
the use of AR for pain relief in SCI patients. All selected

Head-mounted devices
Two studies used HMD units.23,24 Most recently, in a
randomized repeated measures case-control study,
Pozeg and colleagues examined changes in body ownership and neuropathic pain in paraplegic patients. Using
both immersive virtual leg and body illusions in combination with visual-tactile stimulation on the patient’s
back and the participant’s virtual leg, the authors
showed a significant neuropathic pain reduction when
stimulated simultaneously (P = 0.04).24 In the second,
more complex study, Donati and co-workers explored
the effects of a long-term neurorehabilitation program
for eight people with complete paraplegia that combined
immersive VR training, visual-tactile feedback and
walking with robotic lower limb exoskeleton.23
Following 12 months of training, all participants
showed reductions in neuropathic pain intensity (P0.01, fine/crude touch (P-0.05) and proprioception
across
multiple
dermatomes.
Encouragingly,

Figure 1

Flow diagram showing the identification, eligibility and inclusion of articles for review.

The Journal of Spinal Cord Medicine

2019

3

Date

Objectives

Study type

Sample

Modality (VR/AR)

2019

Pozeg P 2017 Changes in body
ownership and
neuropathic pain

Case-control

1
2

Donati A 2016 Explore long-term
motor and sensory
effects of brainmachine interfaces in
SCI patients with
paraplegia

Exploratory
single cohort

8 chronic SCI
•
(paraplegia) patients •

Jordan
M

Single cohort
(randomized
selection from
larger sample)

15 of 35 SCI

VR

3D
monitor

Exploratory
Single cohort

9 SCI

VR

3D
screen

14 Incomplete SCI

VR

3D
monitor

2016 Investigate effects of
VR walking on belowlevel SCI pain
compared to at level
SCI pain

Roosink 2016 Assess immediate
M
effect of interactive
virtual feedback and
motor imagery after
SCI

Single cohort
Villiger M 2013 Assess effect of VRaugmented movement
on motor function and
neuropathic pain

SCI (paraplegia) VR
healthy controls

Interface VR treatment application
HMD

Lower limb exoskeleton Robotic
VR avatar
device
HMD

a)

Virtual leg and b)
full body illusion
b) b)
Synchronous
and asynchronous
tactile stimuli to
back and virtual leg
Virtual legs and arm
movement

Dose

Key Findings

2×2 repeated •
measure (60
s)
•

leg ownership
decreases with time
since SCI
small reduction in
neuropathic pain
(P = 0.04)
12 months
Neurological improvements
(663 h –
in
neuro-rehab • Pain intensity (P = 0.01)
training)
• Fine/crude touch
(P = 0.05)
• Proprioceptive sensing
(no P value)
• Voluntary muscle control
in muscles below lesion
level (P = 0.01)
• Greater decrease in ata) Virtual
walking 20-minute
video
level pain (P = 0.08)
(treatment) /
• Larger decrease in pain
wheeling (control)
b) virtual
wheeling
during VR walking
(control)
compared to VR
wheeling (P = 0.03)
X 2 sessions • No change in pain
Interactive and static
(90 min each)
intensity
virtual walking (forward
1 week apart • Motor imagery
and backward) in a
(vividness/speed) –
virtual scene
significantly higher
compared to a static
virtual scene (P = 0.03)
• Increased muscle
Foot and leg movement 16–20
strength (P = 0.001)
(foot and hand sensors) sessions
(45 min), 4–5 • Increased mobility
using 4 VR movement
(P = 0.004)
times / week
exercises
for 4 weeks
• Decreased pain
intensity (P = 0.004),
• Decreased pain
unpleasantness
(P = 0.004)
Continued
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Table 2 Characteristics of studies assessing the effects of VR on neuropathic pain in people with spinal cord injury. Abbreviations: BPI, Brief Pain Inventory; HMD, head-mounted
device; NP, neuropathic pain; NRS, Numerical Rating Scale; QST, quantitative sensory testing; SCI, spinal cord injury; tDCS, transcranial direct current stimulation; TENS,
transcutaneous electrical nerve stimulation; VR, virtual reality; VAS, Visual Analogue Scale.

Table 2 Continued
First
author

Date

Objectives

Study type
Exploratory
single cohort

Kumru H 2013 Assess whether pain
relief with tDCS + VR
interventions is
accompanied by
changes in thermal
QST scores

Case-control

Soler M

Single cohort

VR

Interface VR treatment application
2D
screen

•
•
•

1
2
3

SCI patients with VR
NP
SCI patients with
no NP
healthy controls

40 SCI patients with
NP

2D
screen

•
•

2D
screen

•
•
•

Virtual walking (actor •
legs, patients’ upper
body)
Guided imagery
Animated comedy
•
(placebo)
Virtual walking (actor •
legs, patients’ upper
body)
Guided imagery

Virtual walking (actor •
legs, patients’ upper
body)
Guided imagery
Graphical landscapes
(placebo)

Dose

Key Findings

X 3 10•
minute
visual
conditions •
Virtual
walking
daily for 3
weeks
X 10, 20- •
minute
sessions
over 2
weeks
•

X 10, 20minute
sessions
over 2
weeks

•

•

•
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Özkul C 2014 Compare effects of VR Single cohort
and TENS on pain
intensity, quality and
functional capacity

24 SCI patients with
NP

2D
screen

•
•

Virtual walking (actor •
legs, patients’ upper
body)
Guided imagery

X 10 15minute
sessions
over 2
weeks

•
•

•

•

Virtual walking
(decrease of 42 on
0–100 VAS)
Daily virtual walking
(decrease of 52 on a
0–100 VAS)

2019

Average decrease in
pain intensity (NRS)
after tDCS + VR
compared to baseline
(37% = P < 0.05)
No significant difference
in evoked heat pain
perception between SCI
NP and non-NP groups
SCI patients receiving
tDCS + VR showed
significant decreases in
NP (NRS) compared to
single interventions
(P < 0.005)
At 12-week follow up,
tDCS + VR showed
maintained decreases in
pain intensity (P < 0.05)
Single treatments show
no improvements at 12week follow up
Immediate pain relief
after VR and TENS
(VAS) (P < 0.05).
Significant decrease in
NP after 2 weeks with
TENS, but not VR
(P < 0.05)
Significant decrease in
pain quality (hot, sharp,
unpleasantness) with VR
but not TENS at 2 weeks
(P < 0.05)
Significant increase in
functional capacity with
VI at 2 weeks (BPI)
(P < 0.05)
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2010 Evaluate analgesic
effect of tDCS + VR
interventions applied
in isolation or in
combination

5 SCI (paraplegia)

Modality (VR/AR)
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Moseley 2007 Investigate effect of
L
visual illusion for the
treatment of
neuropathic SCI pain

Sample
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participants also recovered voluntary motor control in
muscles below SCI levels (P-0.01) to the extent that
half of the sample were reclassified as incomplete paraplegia. As with Pozeg’s study, but in a long-term rehabilitation setting, visual stimulation of a body part within
a VR environment is hypothesized to most influence
sensory improvement.
Computer monitors and screens
The remaining seven studies used either 3D monitors,25,26
a large 3D screen27 or a large 2D screen.16,28–30 All seven
studies primarily investigated the effects of virtual
walking on neuropathic pain at and/or below the level
of SCI. Jordan and Richardson examined the effects of
virtual walking on neuropathic pain in 15 tetraplegic
and paraplegic SCI patients compared to virtual wheeling.25 The greatest decreases in pain, regardless of location
were found using virtual walking compared to virtual
wheeling (P = 0.03). Given the associations between
below level neuropathic SCI pain and altered spinal and
supraspinal mechanisms,31,32 the authors hypothesized
that below level pain would respond to VR interventions
more positively than at level pain. However, although not
significant, reductions in pain severity occurred in people
with at level neuropathic pain (P = 0.08). Although surprising, these results do suggest that neuropathic pain in
any location may be due to altered supraspinal mechanisms as well as additional spinal and peripheral
mechanisms.33
Moseley investigated the effects of virtual walking
( patient’s body aligned in a mirror above a film of a
lower body walking), guided imagery ( psychologistrun script guiding patients through a “pain-free”
scene) and watching a film (animated comedy) on four
paraplegic SCI patients.16 Results showed that greatest
decreases in pain were observed with virtual walking
(mean 42mm reduction on 0–100 visual analogue
scale) (VAS) compared to 18mm reduction for guided
imagery and only 4mm reduction for watching a
film.16 Importantly, in the second part of this study,
the clinical applicability of virtual walking was examined where participants performed this intervention for
10 min over 15 consecutive days. Here, the mean
decrease in pain over this time-period was 53mm, but
more significantly, this pain relief continued where at
three-month follow-up, pain-relief continued with a
mean VAS reduction of 43mm.
Alternatively, Özkul and colleagues compared the
effect of Moseley’s virtual imagery protocols with transcutaneous electrical nerve stimulation (TENS) on neuropathic pain intensity in SCI patients with
neuropathic pain.29 In this randomized cross-over trial,
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ten 15-minute sessions were applied for two weeks, separated by a one-week washout period. Although
decreases in neuropathic pain occurred immediately
after both applications, only TENS showed significant
decreases in pain after two weeks (P = 0.04).
Interestingly however, virtual imagery application use
showed significant improvements in specific neuropathic
pain symptoms such as “hot” (P = 0.05), “sharp” (P =
0.02) and “unpleasant” (P = 0.03), in addition to
improvements in functional capacity (P = 0.04) compared to TENS.
Roosink and colleagues hypothesized that motor
imagery immediately after virtual walking would be
more vivid and require less mental effort. In nine SCI
patients, using both forward and backward virtual
walking, the authors showed that motor imagery vividness and speed were significantly higher compared to
static walking scenes.27 However, in contrast with
other studies, there was no effect on neuropathic pain
either at or below the lesion level. Although these
results are surprising, it may be that motor imagery
takes time to practice and that the effort and possible
frustration in visualising forward and backward
walking may negate the positive effect of virtual
walking on neuropathic pain. It may also be realistic
to assume that therapeutic motor imagery takes time
and training: for example, chronic regional pain syndrome studies show motor imagery is a practice that
involves mental training, which in turn promotes
changes in cortical activity and as such reorganization
in these brain regions.34,35 However, studies additionally
show that patients with SCI have more difficulty in imagining movements compared to healthy controls, thus
underlining a lack of immediate effect and the requirement for training.36,37
Effectiveness of virtual modalities in combination with
other non-pharmacological therapies
Two studies using 2D screens investigated the combined
effects of VI and other non-pharmacological treatments.
Both examined virtual walking plus transcranial direct
current stimulation (tDCS). First, in a sham-controlled,
double-blind parallel group study with 39 SCI patients,
Soler and colleagues showed that over ten 20-minute
treatment sessions over two weeks, the combination of
virtual walking (Moseley’s methods described above)
and tDCS reduced neuropathic pain intensity significantly more than any single intervention (P = 0.008).
At the 12-week follow-up, only the patients in the combined treatment group showed continued significant
reductions in pain intensity (P = 0.05). More recently,
the same research group used the same VI and tDCS

Austin and Siddall
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protocols in 18 SCI patients with neuropathic pain, 20
SCI patients without neuropathic pain and 14 healthy
controls. They further tested whether pain relief was
accompanied by changes in experimental evoked heat
potentials and quantitative thermal testing.28 Again, in
ten 20-minute treatment sessions over two weeks, SCI
patients reporting nearly 50% reductions in neuropathic
pain after receiving tDCS and VI also showed significantly greater reductions in evoked heat potentials
(P < 0.0001) compared to SCI (no pain) and healthy
controls.
Villiger and colleagues examined the effect of VRaugmented training of observed and performed leg
movement on limb function and neuropathic pain in
14 established incomplete SCI patients.26 With VR
systems using limb sensors, participants performed
foot and leg movements, balance, strength and mobility
exercises augmented by four different VR games. After
between 16 and 20 forty-five-minute sessions over four
weeks, results showed significant decreases in pain intensity (P-0.004) and unpleasantness (P = 0.004) as well as
improvements in locomotion (P-0.005) and balance
(P = 0.005). These findings remained stable for up to
16 weeks after the study. Concerning pain outcomes,
these results again show that in addition to continued
pain relief after treatment, pain relief may also increase
over the course of training, suggesting again the possibility of cortical reorganization.

Short-term versus long-term effects of VR on
neuropathic pain
Short-term effects of VR on neuropathic SCI pain
Results of studies measuring immediate effects of VR
for reducing neuropathic pain in SCI patients are unconvincing. In this review, only Pozeg and colleagues show
significant decreases in pain severity when applying VR
alone (Table 2). Again, methodologies between these
studies differed. Pozeg and colleagues used virtual leg
illusion together with actual and virtual tactile stimuli,
Jordan and Richardson used interactive virtual
walking and wheeling on a 3D monitor, while Roosink
and co-workers used a walking avatar on a large 3D
screen.
However, differences in results may be due primarily
to the type of VR application used to create visual illusion. By way of illustration, Pozeg used a fully immersive head-mounted display compared to Jordan25 and
Roosink27 who used 3D screen applications. Thus,
fully-immersive VR may provide greater immediate distraction from neuropathic pain. The use of immersive
VR has been further investigated in chronic pain and
phantom limb patients. This is supported by the findings

of studies using immersive VR in other chronic pain
conditions such as phantom limb pain. For example,
Jones and colleagues investigated the impact of fullyimmersive and interactive VR fantasy landscapes on
30 chronic pain patients. After one session, participants
reported significant reductions in pain severity (P =
0.001).18 Equally, studies examining the use of immersive VR applications in PLP patients also show significant pain relief after both single and multiple
sessions.38–40
Long and mid-term effects of VR on neuropathic
SCI pain
The greatest reductions in neuropathic pain intensity
were shown in four studies examining mid-to-longterm VR effects, where training over a longer timeperiod shows greater reductions in neuropathic pain
intensity (Table 2). In three studies, VR was used in
combination with another treatment modality, namely
tDCS (two weeks)28,30 and exoskeleton muscle training
(one year),23 while one study used VR alone.26
Concerning the former studies, the effect of VR combined with tDCS over multiple sessions show greatest
reductions in neuropathic pain. Concerning the Soler
study, this improvement remained 12 weeks after
treatment.
Alternatively, Donati and colleagues with their use of
an immersive VR avatar (arm and leg movement)
together with a lower-limb exoskeleton show significant
decreases in below-level neuropathic pain over a oneyear period (663 h).23 Although sampling and VR applications were not comparable, Villiger and co-workers26
and Moseley16 showed increasing reductions in neuropathic pain over four and three weeks of VR training
respectively. More encouragingly, follow-up data from
both studies showed continued improvement at three
and four months after treatment, suggesting long-term
neuroplastic changes in central pain pathways.23,41
Combined findings from the long and mid-term
studies in this review suggest that continued exposure
to VR training over weeks or longer initiates cortical
functional plasticity that in turn may be associated
with decreases in neuropathic pain. Indeed, Donati
and colleagues using longitudinal EEG recordings
over one year of neurorehabilitation showed both the
emergence and subsequent activation in the leg representation region of somatosensory and motor
cortices.23

Discussion
Findings from our scoping review of nine studies suggest
that VR is an effective analgesic intervention for at and
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below-level neuropathic SCI pain with short, medium
and long-term effects especially in combination with
tDCS. However, although these results are promising,
the use of VR in SCI settings remains exploratory. As
such, more rigorous investigations are needed not only
to verify these experimental findings in clinical settings
but additionally to determine differences in neurophysiological mechanisms between short and long-term
VR and AR use. Different VR techniques show different
findings and implications for potential use as discussed
below.

Visual display units
Head mounted displays
Positive results were obtained with the use of HMDs
and they have been shown to benefit people with other
chronic pain conditions such as fibromyalgia. For
example, Jones and colleagues showed significant
decreases in pain during a short 5-minute session (P <
0.001) invoking a slow interactive journey through
virtual landscapes that included hills, snow scenes,
caves and animals.18 Again, using a single VR session
(15 min), Wiederhold and colleagues exposed six
chronic pain patients to calming environments such as
beaches, mountains and forests with both relaxing
music and natural sound effects (wind, swaying
branches etc.).42 Here, all participants reported a
reduction in pain intensity with significance ranging
from P < 0.05 to P < 0.001 in reported outcomes). In
another exploratory study, Jin and co-workers showed
that when people with chronic pain play an interactive
VR game (Cryoslide® – sliding in an ice world), they
again reported significant decreases during the experience (P < 0.001).43 It should be noted that although significant pain relief occurred in these single session
studies during VR immersion, these improvements did
not continue after interventions. It is also interesting
to note significant differences in HMD VR protocols
between SCI and chronic pain participant studies. SCI
studies use interactive virtual limb illusion and movement, while the chronic pain studies use more ambient
environments that include both visual and auditory
stimuli. Additionally, observation of these exploratory
data suggests there may be differences in pain relief
between these different immersive VR protocols.
However, larger, more randomized trials are needed to
address these observations.
Computer monitors and screens
Seven of the nine located studies used 3D and 2D computer monitors or screens, two of which use VR in combination with tDCS. Although the heterogeneity of
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methodologies between studies makes it difficult to
compare different these VR approaches, all but one
study27 show borderline reductions pain intensity with
stand-alone VR (P = 0.08 to P = 0.05), compared to
combined treatments (P < 0.005 to P = 0.004). More
convincingly, these studies show more significant
reductions in pain unpleasantness,26 increased mobility26 and increased muscle strength (incomplete
SCI).27 These findings are similar to studies investigating the effects of screen-projected VR on people
with chronic pain. For example, Garcia-Palacios and
colleagues exposed fibromyalgia patients to three 20minute VR sessions using a screen projection.
Although there were no significant decreases in pain
intensity, there were significant increases in perceived
quality of life and reduced impact of fibromyalgia.44
Although reductions in pain with these techniques
alone are not large, current evidence suggests that the
immersiveness of an experience is an important contributing factor to outcomes.45 Therefore, more immersive
experiences using HMD may be more effective in reducing pain than 2D and 3D screens.
Short-term VR use (distraction)
As described in the Introduction, VR can be broadly
divided into two main types based on presumed mechanisms and it may be helpful to discuss the potential
of VR according to these types which are thought to
be quite different. The ability of short-term VR use to
decrease pain severity has mostly been attributed to
active distraction where attention towards pain is
diverted towards an alternative stimulus.46 Although
distractive methods have been used for many years to
reduce pain and enhance mood, immersive VR is considered to be a more effective form of distraction.
These immediate effects of distraction type VR may
be due to short-term cellular changes accompanied by
temporary alterations in excitability of neuron populations in brain regions associated with pain modulation.15 For example, Bantick and colleagues showed
that when healthy participants are distracted during
painful thermal stimulation, they report decreases in
pain intensity. Simultaneously, functional imaging
using fMRI showed decreases in activation of the thalamus, insula and cognitive anterior cingulate cortex
(ACC) and increase inactivity in the affective ACC
and orbitofrontal cortex were observed.47 Later, Valet
and co-workers showed similar results using distraction
task during positron emission tomography and fMRI.
However, in addition to increases in ACC and orbitofrontal cortex activity, they further showed activity
increases in the periaqueductal grey (PAG) and
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posterior thalamus, suggesting a “top-down” influence
of the cingulo-frontal cortex on pain modulation via
the PAG during distraction.48 These findings strongly
suggest that uncontrolled attention to “bottom-up”
influences of pain may be modulated in a “top-down”
manner by voluntary goal-directed attention. Thus,
VR, an arguably more potent form of distraction
should hypothetically activate these supraspinal
regions to decrease the perception of pain in people
with SCI. The studies identified in this review were not
convincing, but this may be due to the relative lack of
immersion of the VR techniques used in the studies.
Long-term VR use (neuroplasticity)
A key mechanism thought to contribute to the onset and
maintenance of SCI neuropathic pain is neuroplasticity.31 Here, neuroplasticity is defined as the ability of
the nervous system to respond to intrinsic and extrinsic
stimuli by reorganizing its structure, function and connections.49 SCI is shown to be associated with structural
atrophic changes within the brain and spinal cord, most
notably reduced grey matter volumes in the ACC,
insula, somatosensory cortex and the thalamus.31
Recently, Jutzeler and colleagues found that in SCI
patients, the presence of neuropathic pain was associated with smaller cord area, increased grey matter in
the ACC, primary motor cortex and decreased grey
matter in the primary somatosensory cortex.31
Interestingly, they also found that the level of neuropathic pain below the level of spinal cord lesion
related to greater grey matter volumes in the primary
motor cortex.
Modalities including VR are now known to provide
short-term pain relief due to altered cortical excitability
(seconds to hours).50 However, longer-term reductions
in neuropathic pain intensity (weeks to years) due to
SCI are scarce. VR may be capable of promoting neuroplastic changes which occur over time that may allow for
complete or partial recovery of both sensory and motor
function. One of the SCI studies examining longer term
effects used tDCS which is believed to induce alterations
in neuronal membrane potentials due to changes in
extracellular ion concentrations.51 Indeed, tDCS alone
provides analgesic benefits both during and after stimulation where effects are thought to be due to alterations
in local glutamate concentrations and μ-opioid receptor
activity.52 This, in conjunction with VR shown to
enhance corticospinal excitability and intracortical inhibition, may combine to produce a significant synergistic
analgesic effect.28,30
To date, long-term changes in brain activity have only
been investigated among stroke patients using physical

tasks to increase motor function. For example, studies
show that therapy-related improvements in hand function correlate with increases in fMRI activity in the
pre-motor and secondary somatosensory cortices contralateral to the affected hand.53,54 Concerning the use
of VR in stroke rehabilitation, a recent Cochrane
review identified 72 studies involving 2470 post-stroke
patients.55 The authors found that VR and interactive
gaming was not more beneficial than conventional
therapy but was beneficial when used as an adjunct to
usual care. Interestingly, they also found that severity
of impairment, time since onset or type of device were
not strong influencers to outcomes. However, they
further suggested that higher doses over longer time
periods were preferable, suggesting that increased time
practicing with VR applications may increase the likelihood of more long term neuroplastic changes in sensory
and motor brain regions.

Conclusions and future directions
Current treatments for SCI neuropathic pain have major
limitations. For example, both short and long-acting
opioids have been commonly prescribed in an attempt
to control pain after SCI, regardless of risk and lack
of benefit.56 Additionally, although tricyclic, antiepileptic and other centrally acting analgesic medications
show efficacy in the management of SCI neuropathic
pain, the occurrence of side-effects, especially with
high doses are common.8 Consequently, alternative
and/or adjunct therapeutic options are required for
most SCI patients.46 Here, VR applications may
provide a non-pharmacological option where less medication is required to control neuropathic pain.
Despite recent awareness of VR and its short-term
benefits for people with pain following a SCI, its longterm effect on pain in this and other populations
shows much potential but requires further investigation.
Of the studies we located for this scoping review, six of
nine studies included multiple VR sessions over several
weeks. Only one of these studies investigated the longterm effects (12 months) of immersive VR on neuropathic pain, this in combination with brain machine
interfaces.23 These findings together with studies using
VR and tDCS suggest that the longer the course of a
combined treatment, the greater the reduction in pain
intensity. However, the long-term use of VR as a
stand-alone treatment is yet to be determined.
Despite showing promise, the statistical power of all
studies was limited with no investigation having more
than 40 enrolled SCI participants and outcomes were
variable. Although evidence is limited, the reason for
the difference in outcomes may be due to differences
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in influence on underlying mechanisms. For example,
short-term distraction-type VR may offer immediate
pain relief due to fast recruitment of brain neuronal networks that activate inhibitory circuits. On the other
hand, neuroplasticity-type VR which is applied over
weeks or months may result in pain relief due to more
long term neuroplastic changes in sensorimotor
regions of the brain.
Studies investigating the use of VR and AR in other
neuropathic pain conditions such as PLP, show similar
positive findings for decreases in pain intensity and
provide further support for the potential of these technologies in providing pain relief. Likewise, these studies are
also varied in approach and under-powered, with most
being confined to case studies and case series reports.57–59
However, given the increasing availability and accessibility of affordable commercial VR technologies that have
increased levels of realism and immersion, there are
greater opportunities to develop randomized studies
addressing the long-term benefits of VR and AR in
larger samples of people with pain following a SCI.
Additionally, reduced costs, increased flexibility and the
ability to customize VR environments mean that VR
may have numerous applications for not only SCI
patients, but also many other chronic medical conditions.
Here, current evidence46,60,61 further suggests that the
quality, the level of immersion and number of different
senses provided by VR applications are associated with
the measured quantity of pain relief; all of which must
be considered when developing future SCI neuropathic
pain VR studies.
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