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A B S T R A C T

Background: Treatment of spinal cord injury (SCI)-associated neuropathic pain is challenging, with

limited efficacy and no definitive options, and SCI patients often show resistance to pharmacologic

treatment. Virtual reality (VR) therapy is a non-invasive, non-pharmacologic alternative with minimal

adverse effects.

Objective: To investigate the effect of VR therapy on SCI-associated neuropathic pain in a systematic

review.

Methods: Articles needed to 1) be written in English; 2) include adult subjects, with at least half the study

population with a SCI diagnosis; 3) involve any form of VR therapy; and 4) assess neuropathic pain by

quantitative outcome measures. Articles were searched in MEDLINE/PubMed, CINAHL1, EMBASE, and

PsycINFO up to April 2018. Reference lists of retrieved articles were hand-searched. Methodologic

quality was assessed by the Physiotherapy Evidence Database Score (PEDro) for randomized controlled

trials and Modified Downs and Black Tool (D&B) for all other studies. Level of evidence was determined

by using a modified Sackett scale.

Results: Among 333 studies identified, 9 included in this review (n = 150 participants) evaluated

4 methods of VR therapy (virtual walking, VR-augmented training, virtual illusion, and VR hypnosis) for

treating neuropathic pain in SCI patients. Each VR method reduced neuropathic pain: 4 studies

supported virtual walking, and the other 3 VR methods were each supported by a different study.

Combined treatment with virtual walking and transcranial direct current stimulation was the most

effective. The quality of studies was a major limitation.

Conclusion: VR therapy could reduce SCI-associated neuropathic pain, although the clinical significance

of this analgesic effect is unclear. Clinical trials evaluating VR therapy as standalone and/or adjunct

therapy for neuropathic pain in SCI patients are warranted.
�C 2018 Elsevier Masson SAS. All rights reserved.
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1. Introduction

Patients with spinal cord injury (SCI) frequently experience
pain, with rates reported between 26% and 96% [1], over one-third
with severe pain [2–4]. This pain has impacts on function, quality
of life, and mood that can exceed the other consequences of
SCI such as physical impairment or psychologic distress [1,5,6].
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Because of the impact, combined with overall prevalence, SCI-
associated pain is an important topic to address [1].

Multiple types of pain occur with SCI. To classify pain in SCI
patients, the International Spinal Cord Injury Pain Classification
(ISCIP) was developed and validated [7,8] to provide a standard
approach to SCI pain for clinicians and researchers, potentially
facilitating assessment and treatment [7]. In addition, the
International Spinal Cord Injury (ISCI) Data Sets provide a
standardized, validated approach for clinicians and researchers
to collect information on pain related to SCI [9–12].

This systematic review focused on neuropathic pain, defined as
‘‘pain caused by a lesion or disease of the somatosensory nervous
system’’ [13]. This type of pain is reported in 40% to 50% of SCI
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Table 1
Modified Sackett’s Levels of Evidence.

Levels Evidence

1 RCTs with PEDro score � 6

2 RCTs with PEDro score < 6, cohort and non-RCTs

3 Case control studies

4 Pre-post studies, post-test studies or case series

5 Observational studies, clinical consensus, or case reports

RCT: Randomized controlled trial; PEDro: Physiotherapy Evidence Database.

Adapted from Eng et al. [27].
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patients and typically develops within the first year following
injury, often becoming chronic [2,14,15]. SCI-related neuropathic
pain can be subtyped as ‘‘at level’’, referring to pain experienced at
or within 3 dermatomes of the neurologic level of injury, or ‘‘below
level’’, referring to pain experienced more than 3 dermatomes
below the neurologic level of injury [7]. Currently, multiple
mechanisms are believed to play a role in neuropathic pain of SCI
patients, although the process is not completely understood
[16]. Despite this understanding, treatment options for neuro-
pathic pain are limited because in most cases of neuropathic pain,
an underlying cause is not found [17]. Importantly, treatment of
neuropathic pain is difficult and the efficacy of the current
recommended treatment options are modest [18].

Virtual reality (VR) is a computer-based technology that allows
users to gain immersion and presence within a virtual environment.
Two general categories of VR exist: immersive and non-immersive.
In immersive VR, users’ sensations are completely encompassed by
the virtual environment. This VR typically involves a head-mounted
display that blocks the users’ vision of the real world. Conversely,
non-immersive VR allows users to retain some sensory connection
with the real-world environment. Virtual illusion was first used
successfully in 1992 by Ramachandran for neuropathic pain in
patients with phantom limb pain (PLP) [19]. Pain reduction seen
with Mirror Visual Feedback (MVF) is believed to be due a various
mechanisms including reversal of maladaptive neuroplastic chan-
ges and effects on central regulation [19].

Since the development of MVF, the use of VR to treat chronic pain
has increased because of its similarity to MVF. Additionally, some
advantages of VR over traditional MVF include improved interaction,
compatibility for bilaterally affected patients, and potential for
customization [19]. VR treatment has been successful for chronic
neuropathic pain, including musculoskeletal pain [20–22], PLP [23],
complex regional pain syndrome [24], and fibromyalgia [25].

As previously discussed, treatment of SCI-associated neuro-
pathic pain is challenging, with limited efficacy and no definitive
options [18]. Furthermore, SCI patients often show resistance to
pharmacologic treatment and request alternative treatment
[26]. VR is a non-invasive, non-pharmacologic therapeutic
alternative with minimal adverse effects. This review aimed to
examine the role of VR therapy for treating SCI-associated
neuropathic pain in patients with SCI.

2. Methods

2.1. Search strategy

In April 2018, multiple databases (Medline/Pubmed, CINAHL1,
EMBASE, PsycINFO) were searched for articles published up to
April 2018 by using the keywords ‘‘spinal cord injury’’, ‘‘tetra-
plegia’’, ‘‘quadriplegia’’, or ‘‘paraplegia’’ with ‘‘virtual reality’’. Each
pairing was then searched with and without ‘‘pain’’. Therefore,
8 searches per database were performed, for a total of 32 searches.
Abstracts of all articles were read, and those indicating use of VR
with SCI patients were read in full. Articles that met inclusion
criteria were selected for the review. References and bibliographies
of all selected articles were also examined. We included articles of
studies that 1) were written in English, (2) included adults with at
least half the study population with a SCI diagnosis, (3) used any
form of VR therapy, and (4) assessed neuropathic pain by
quantitative outcome measures. The exclusion criterion was
publication in non-peer-reviewed journals.

2.2. Data extraction

Data were extracted separately by 2 authors (BC, EY) who used a
table specifically designed for this review. The extracted data
included 1) study author name and publication date, 2) study
design, 3) sample size, 4) methodologic quality, 5) study
population demographics, 6) VR system, 7) pain outcomes, and
8) major results and 9) adverse events. Discrepancies were
resolved by discussion by all authors for consensus.

2.3. Methodological quality

The methodological quality of studies was assessed by the
previously established Spinal Cord Injury Research Evidence
(SCIRE) methodology [27]. Quality was assessed by 2 reviewers
(BC, EY) who used the Physiotherapy Evidence Database Score
(PEDro) [28] for randomized controlled trials (RCTs) or the
modified Downs and Black Tool (D&B) [27,29] for all other study
types. Both tools are validated and have been used in reviews of SCI
rehabilitation [27]. The strength of evidence for each study was
determined by using a modified Sackett scale with 5 levels of
evidence as described by the SCIRE (Table 1) [27]. The protocol of
this review was not registered.

This review is reported according to PRISMA guidelines [30].

3. Results

The flow of studies in the review is in Fig. 1. After an initial
screening, 35 of 104 studies were selected for full review; the most
common reason for exclusion was lack of quantitative pain
outcome measure. Ultimately, 9 articles met inclusion criteria for
this review.

The study quality and level of evidence across studies varied.
Two of the 9 studies were RCTs, with PEDro scores of 8 (level 1) [31]
and 5 (level 2) [32]; 6 were pre-post studies, with D&B scores
ranging from 18–21 (level 4) [33–38]; and 1 was a case report
(D&B = 15, level 5) [39] (Table 2).

Various pain-assessment tools were used. The most common
measures of pain intensity were the numerical rating scale (NRS,
n = 6) [40] and visual analog scale (VAS, n = 3) [41] (Table 2). Other
outcome measures included the McGill pain questionnaire (MPQ)
[42], neuropathic pain symptom inventory (NPSI) [43], brief pain
inventory (BPI) [44,45], and patient global impression of change
(PGIC) [40] (Table 2).

Studies varied in protocol, ranging from a single 10-min session
to 33 sessions of 90 min each over a 6-month period. Outcomes
were also measured at various times including before the study
(baseline), immediately before and after individual sessions (pre-
post session), after completion of all study sessions (post-
treatment), or an extended period of time after study completion
(follow-up) (Table 2).

3.1. Methods of VR therapy

3.1.1. Virtual walking

The most frequent method of VR was virtual walking, which
involves a VR environment that enhances the subjects’ ability to
imagine themselves walking. Moseley [33] first described virtual
walking by using a setup in which subjects viewed a large screen



Fig. 1. PRISMA flow diagram describing screening and review process [30]. SCI, spinal cord injury.
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with a life-size projection of an actor walking. The top half of the
screen could be covered with a mirror so that subjects saw a
reflection of their own upper body aligned with the actor’s lower
body. Subject were asked to move their upper body in time with
the projected lower body, creating the illusion that the subject was
walking. Soler et al. [31], Kumru et al. [37] and Ozkul et al. [32]
adopted the same methodology. In Jordan and Richardson [35],
participants viewed a video presented on a 3-D monitor of an actor
in first-person view walking along a path. The control group
viewed a video of the same actor pushing a wheelchair. Roosink
et al. [38] created an interactive virtual walking system in which a
3-D virtual avatar in third-person view walking forward or
backward along a path was displayed on a large screen in front
of the subject. The subject controlled the movement and speed of
the avatar by using an inertial movement sensor attached to the
subject’s arm.

To compare the efficacy of a standalone virtual walking
intervention with virtual walking as an adjunct to other inter-
ventions, study results were summarized by type of intervention.
Four studies reported on a virtual walking-only intervention.
Moseley [33], Soler et al. [31], and Jordan and Richardson [35]
found reduced pain intensity after treatment (84%, 11%, and 15% to
25%, respectively). Conversely, Ozkul et al. [32] demonstrated pain
reduction for only pre-post sessions (range: 19.8–26.8%). For the
2 studies that assessed pain at follow-up, Moseley [33] found
sustained pain reduction (67%) at 3 months and Soler et al. [31] did
not show a significant pain reduction during follow-up, However,
Soler et al. [31] found significant decreases in neuropathic pain
subtypes by using the NPSI; most notably, dysesthesia was
decreased post-treatment (41%) and at 24-day follow-up (27%).
Ozkul et al. [32] found decreased pain sharpness, hotness,
unpleasantness, and depth parameters post-treatment. Of the
2 studies that measured BPI, Soler et al. [31] reported significantly
reduced pain interference in mood, whereas Ozkul et al. [32]
reported improved ‘‘ability to get around’’ post-treatment. The
study measuring PGIC found that 10% of patients reported
‘‘markedly’’ improved pain [31]. Jordan and Richardson [35] found
an inverse association between at-level hypersensitivity and
below-level pain reduction. Soler et al. [31] found no correlation
between general pain change and confounding factors such as age,
sex, SCI etiology, time since SCI, level of injury, and SCI severity.

Two studies compared virtual walking to a control treatment
[33,35]. Moseley [33] found that virtual walking resulted in greater
amelioration of pain intensity and time to return to pre-
intervention pain than guided imagery and film watching controls.
Jordan and Richardson [35] found that virtual walking significantly
reduced pain relative to the virtual wheeling control.

3.1.2. Virtual walking and transcranial direct current stimulation

(tDCS)

Three studies examined the combined effects of virtual walking
with tDCS [31,37,38]. tDCS involves non-invasive cortical brain



Table 2
Study characteristics.

Author/Reference

Study design

Score (PEDro/D&B)

Level of evidence

Type of VR

Population: n = persons with

neuropathic pain

Age in years (mean [SD]), Years

since injury (mean [SD]), AIS

classification (n of persons)

VR modality

Session: number/

duration,

Treatment period

duration

Follow-up

Pain outcome

indicators

Primary findings

[33] Moseley 2007

Pre-post

D&B = 18

Level = 4

Non-immersive

(1) n = 5, (2) n = 4

32.3 (8.3), 11.2 (6.1)

AIS B = 5

VW

(1) Session: 1/10 min

Treatment: 1 day

(2) Session: 15/10 min

Treatment: 3 wk

Follow-up: 3 mo

MPQ, VAS (1a) Decrease in pain VAS for VW* (42 mm

[11–73 mm]) greater than GI* (18 mm [4–

31 mm]) and film (4 mm [�3–11 mm]); (1b)

Time to return to pre-task pain VAS longer

for VW* (34.9 min [20.1–49.8 min]) than GI*

(13.9 min [�0.9–28.8 min]) and film*

(16.3 min [1.5–31.2 min])

(2) Decrease in pain VAS post-treatment*

was 53 mm [45–61 mm] and at 3-month

follow-up* was 43 mm [27–53 mm]

[32] Ozkul et al., 2015

RCT

PEDr = 5

Level = 2

Non-immersive

n = 24

32.3 (13.0), 1.6 (2.2)

AIS A = 17, B = 4, C = 3

VW

Session: 10/15 min

Treatment: 2 wk

MPQ, VAS,

NPS, BPI

(1) Decreased pre-post session pain VAS*:

range from 19.8–26.8% decrease

(2) No significant post-treatment changes

in VAS pain intensity; decrease in average

pain: .42 [–0.03–0.86]; decrease in

maximal pain: .09 [�0.31–0.48]; decrease

in minimal pain: �0.04 [�0.62–0.54]

(3) Improvement of sharpness*, hotness*,

unpleasantness*, and depth* parameters of

NPS post-treatment

(4) Improved ‘‘ability to get around’’* on BPI

post-treatment

[35] Jordan and Richardson 2016

Pre-post

D&B = 21

Level = 4

Immersive

(1) n = 35, (2) n = 15

47.5 (9.4), 16.1 (10.4)

AIS A = 17, B/C/D = 18a

VW (1st person view)

Session: 1/20 min

Treatment: 1 day

NRS (1a) Larger decrease in pain NRS in VW

compared to wheeling group*: VW change

in NRS pain A/L �1.58 (1.62) and B/L �0.78

(1.51); Wheeling change in NRS pain A/L

�0.63 (1.49) and B/L 0.78 (1.51)

(1b) No significant interaction between

treatment condition and location of pain

but relationship between higher A/L

sensitivity and less favorable B/L pain

outcome

[31] Soler et al., 2010

RCT

PEDro = 8

Level = 1

Non-immersive

n = 40

45 (15.5), 8.4 (7.9)

AIS A = 31, B = 8

VW, tDSC + VW

Session: 10/20 min

Treatment: 2 wk

Follow-up: 10 days,

24 days, 12 wk

NRS, NPSI,

BPI, PGIC

(1) Decreased overall pain NRS for VW

group post-treatment* but not follow-up:

baseline pain: 7.2 (1.6); post-treatment

pain*: 6.4 (1.6); follow-up pain: 10-day 7.2

(1.5), 24-day 7.1 (1.4)

(2) Decreased pain NRS for tDCS+VW group

post-treatment* and follow-up*: baseline

pain: 7.5 (1.2); post-treatment pain*: 5.2

(1.5); follow-up pain: 10-day* 5.3 (1.4), 24-

day* 5.5 (1.8)

(3) Greater pain reduction from tDCS+VW

than other interventions: post-treatment:

VW* and placebo*; 10-day follow-up: tDCS*,

VW*, and placebo*; 24-day follow-up: no

difference between groups; 12-week

follow-up: tDCS* and VW*

(4) Pain subtypes post-treatment: VW –

decrease in continuous pain* and

dysesthesia*; Continuous: baseline 8.4

(1.5), post-treatment 4.9 (1.9); Dysesthesia:

baseline 7.4 (1.8), post-treatment* 4.4 (2.7),

24-day follow-up* 5.4 (1.8); tDCS+VW –

decrease in all pain subtypes*; Paroxysmal:

baseline 8.5 (2.3), 24-day follow-up* 5.5

(3.2); Dysesthesia: baseline 6.8 (1.7), 24-

day follow-up* 5.1 (1.8)

(5) Self-reported markedly improved pain-

relieving effect (PGIC) post-treatment: a.

tDCS + VW – 50%; b. tDCS – 30%; c. VW –

11%

(6) No significant changes in overall pain

NRS for tDCS and placebo:

[37] Kumru et al., 2013

Pre-post

D&B = 20

Leve = 4

Non-immersive

n = 18

49.4 (12.4), 8.3 (10.0)

AIS A = 3, B = 3, C = 1, D = 11

tDSC + VW

Session: 10/20 min

Treatment: 2 wk

NRS (1) Average decrease in pain NRS post-

treatment of 37.4% (24.8%); (2) Evoked heat

pain perception decreased post-treatment*

(2.8 [1.8]) and was no different from SCI

without NP patients (2.7 [1.2])
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Table 2 (Continued )

Author/Reference

Study design

Score (PEDro/D&B)

Level of evidence

Type of VR

Population: n = persons with

neuropathic pain

Age in years (mean [SD]), Years

since injury (mean [SD]), AIS

classification (n of persons)

VR modality

Session: number/

duration,

Treatment period

duration

Follow-up

Pain outcome

indicators

Primary findings

[38] Roosink et al., 2016

Pre-post

D&B = 19

Level = 4

Non-immersive

n = 7

56.7 (9.5), 6.5 (3.9)

AIS A = 4, C = 1, D = 2

tDCS + VW

Session: 2/90 min

Treatment: 2 wk

NRS (1) No significant effect of tDCS + VW on

pain intensity

(2) Average change in pain NRSc post-

treatment was �2 [–6–2]

[36] Villiger et al., 2013

Pre-post

D&B = 20

Level = 4

Non-immersive

n = 9

50.8 (14.3), 6.8 (5.7)

AIS C = 2, D = 7

VR-augmented training

Session: 16–20/45 min

Treatment: 4 wk

Follow-up: 12–16 wk

NRS, PGIC (1) Decreased pain NRS: a. intensity – post-

treatment* (38.9%) and follow-up* (36.3%);

b. unpleasantness – post-treatment*

(37.9%) and follow-up* (29.6%)

(2) Clinical improvement in pain: a. post-

treatment – 6/9 met MDC and 5/9 met

MCID; b. follow-up – 5/9 met MDC and

MCID

(3) Self-reported improved pain-relieving

effect (PGIC) post-treatment: a. markedly

reduced – 4/9; b. minimally reduced – 4/9;

c. no change – 1/9

[34] Pozeg et al., 2017

Pre-post

D&B = 20

Level = 4

Immersive

n = 11

47.3 (12.0), 17.1 (18.1)b

AIS A = 15, B = 3, C = 2b

Virtual illusion

Session: 1/not specified

Treatment: 1 day

VAS (1) No significant decrease in pain VAS with

VLI group

(2) Decrease in pain VAS for FBI group*:

Synchronous*: 0.43 [0.03–0.84];

Asynchronous*: .46 [0.03–0.88]

(3) Synchronous visuotactile stimulation

induced greater ownership in VLI* and FBI*

groups

[39] Oneal et al., 2008

Case report

D&B = 15

Level = 5

Immersive

n = 1

36, 5

AIS Not specified

VR hypnosis

Session: 33/40 min

Treatment: 6 mo

NRS (1) No significant decrease in post-

treatment pain intensity and

unpleasantness VAS

(2) Pre-post session reduction in pain VAS:

a. 36% reduction in average intensity; b. 33%

reduction in average unpleasantness

(3) Average duration of post-session pain

reduction: No pain for 3.86 hrs (8.90 hrs);

Reduced pain for 12.21 hrs (27.06 hrs)

wk: week; mo: month; RCT: randomized controlled trial; PEDro: Physiotherapy Evidence Database Score; D&B: Modified Downs and Black Tool; AIS: American Spinal Injury

Association Impairment Scale; VAS: visual analogue scale; VW: Virtual walking; GI: Guided imagery; tDCS: Transcranial direct current stimulation; PGIC: Patient global

impression of change; MDC: Minimal Detectable Change; MCID: Minimal Clinically Important Difference; NP: Neuropathic pain; NRS: numeric rating scale; NPS: Neuropathy

Pain Scale; NPSI: Neuropathic Pain Symptom Inventory; BPI: brief pain inventory; VLI: virtual leg illusion; FBI: full-body illusion; A/L: at-level; B/L: below-level. Mean [95%

confidence interval]. Mean (standard deviation).
* P < 0.05.
a Eighteen individuals with incomplete SCI but unknown AIS classification.
b Includes individuals without neuropathic pain.
c Scale 0–100.
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stimulation delivered by electrodes [31]. Kumru et al. [37] and
Soler et al. [31] found a significant reduction in neuropathic pain
intensity after treatment (37% and 31%, respectively). Conversely,
Roosink et al. [38] found that combined treatment had no effect on
neuropathic pain. In the sole study following patients after
treatment, Soler et al. [31] reported decreased pain (18%) up to
12 weeks’ follow-up. The authors also found a reduction in all pain
subtypes post-treatment, with reduced paroxysmal (61%) and
dysesthesia pain (26%) persisting for more than 24 days’ follow-up
(35% and 25%, respectively). The same study reported a significant
improvement in 5 of 7 BPI variables post-treatment, including the
‘‘ability to get around’’ and mood. Also, 50% of participants in the
combined group reported ‘‘markedly’’ improved pain-relieving
effect by the PGIC.

The Soler et al. [31] study was the only one to compare
combined treatment to other treatment conditions and found that
the combined intervention performed better than all other
interventions in reducing pain intensity: tDCS only, virtual walking
only, and placebo. Also, PGIC improvement was better than with all
other treatments. Kumru et al. [37] found decreased heat pain
perception after treatment, with post-treatment mean values
(2.8 � 1.8) not significantly different from those for SCI patients
without neuropathic pain (2.7 � 1.2). A significant positive correla-
tion was found between amelioration of neuropathic pain and
reduced evoked heat pain perception.

3.1.3. VR augmented training

Villiger et al. [36] developed a VR augmented therapy system
for lower-limb training. The system differs from augmented
reality, which involves using virtual objects to supplement the real
world [46]. Subjects participated in four virtual training environ-
ments involving interactive use of virtual lower-limb avatars that
they controlled by using motion sensors attached to the leg. The
study found significant decreases in pain intensity and unpleas-
antness post-treatment (38.9% and 37.9%, respectively) and at 12-
to 16-week follow-up (36.3% and 29.6%, respectively). Post-
treatment change in NRS pain for 6 of 9 participants reached
the minimal detectable change (MDC, NRS = 2 points), and 5 of
9 reached the minimal clinically important difference (MCID,
NRS = 1.71 points or 27.9% reduction). At follow-up, 5 of 9 parti-
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cipants continued to meet the MDC and MCID; 4 of 9 reported
‘‘markedly’’ reduced PGIC pain.

3.1.4. Virtual illusion

Pozeg et al. [34] used VR to induce virtual leg illusions (VLI) and
full-body illusions (FBI). Participants were shown a real-time video
of realistic legs in the first-person view (VLI) or their back (FBI) via
a head-mounted display. Tactile stimuli were delivered to the
participant and the object in the video in a synchronized or
asynchronized manner. The FBI group showed significant post-
treatment reduction in mean VAS pain (sync = 0.43 [95% confi-
dence interval 0.03–0.84], async = 0.46 [0.03–0.88]), regardless of
the synchronicity of tactile stimulus. The VLI group did not show
significantly reduced pain.

3.1.5. Virtual reality hypnosis (VRH)

The VRH developed by Oneal et al. [39] consisted of the
participant ‘‘travelling’’ through a snowy mountain virtual
environment accompanied by hypnotic audio recordings. Pain
relief was reported after each session, with mean reduction in NRS
pain intensity of 36% and unpleasantness of 33%. The mean
duration of analgesia after sessions was 3.9 hr pain-free and
12.2 hr with reduced pain. VRH outperformed a prior non-VR
hypnosis treatment for pain reduction.

3.1.6. Adverse effects

Seven of the studies reported on adverse events [31–33,36–
39]. Four reported adverse effects [31,33,36,38]. One patient
withdrew 45 sec into the virtual walking treatment because of
distress [33]. Reported adverse effects were all mild and transient,
including musculoskeletal pain and physical fatigue attributed to
increased activity during the interventions.

4. Discussion

VR therapy is a promising non-pharmacologic, non-invasive
alternative treatment for chronic neuropathic pain in SCI patients
that can be used individually or to augment other therapies.
Evidence supporting its efficacy is limited but suggests it can provide
an immediate analgesic effect with questionable long-term benefit.

4.1. Virtual walking

All 4 studies investigating virtual walking for treating neuro-
pathic pain in SCI patients found that it reduced pain intensity,
which suggests that virtual walking has an analgesic effect. Still,
some of the conflicting results from these studies raise multiple
questions. First, the length of time that virtual walking reduces pain
intensity is unclear because the studies reported pain reduction
ranging from pre-post sessions to 3 months post-treatment.

Many reasons could explain these differences. First, the studies
had no uniform protocol. Three studies used the same virtual
walking set-up, but the number of treatment sessions ranged from
10 to 15 [31–33]. Jordan and Richardson [35] used a unique first-
person view, immersive virtual walking set-up with only
1 treatment session. Moseley [33] demonstrated the greatest
reduction in neuropathic pain but also used the most sessions,
potentially indicating that session number is directly associated
with analgesic impact. Furthermore, the number of sessions in
other virtual-illusion studies has been higher, which suggests an
added benefit [47,48]. Another notable difference in VR protocols
was the first-person view and immersive VR used by Jordan and
Richardson [35]. Considering that only a single session was
completed, pain reduction was similar to studies using the other
third-person–view virtual walking protocols.
Important demographic information varied between studies.
The studies showing post-treatment and long-term effects studied
individuals with significantly longer time since their injury than
the study reporting only post-session effects (Table 2). This
observation is interesting because the most significant recovery is
achieved within the first year following SCI with a plateau in
improvement thereafter [49,50], which suggests that the mecha-
nism for SCI-related pain may evolve over time. Also, the degree
and classification of injury differed among studies. All participants
in Moseley [33] had incomplete SCI, classified as American Spinal
Injury Association Impairment Scale (AIS) B. Conversely, the other
studies enrolled people with complete and incomplete SCI, with
close to half or more of patients having complete SCI (AIS A). The
greater pain reduction seen in Moseley [33] may be consistent with
the recovery being in general less with complete than incomplete
SCI [50,51]. Additionally, the level of injury may impact the effect
of virtual walking. The study population in Moseley [33]
predominantly had lumbar-level lesions, and the other studies
had a heterogeneous mix of cervical, thoracic, and lumbar level
injuries. People with lumbar injuries report the highest prevalence
of pain and pain intensity, primarily in the lower limbs
[52]. Therefore, virtual walking may provide more benefit for
these patients given the illusion of lower-limb movement.

Other relevant questions include the effect of virtual walking on
the location and quality of neuropathic pain. The location of
neuropathic pain is classified as at-level and below-level, which
represent different pathophysiologic mechanisms. Only one study
attempted to address this question, predicting that virtual walking
therapy would have greater impact on below-level pain in patients
with greater at-level hypersensitivity, because of the central pain
mechanism [35,53,54]. The results suggested the opposite, showing
an inverse association between at-level hypersensitivity and below-
level pain. Further research is needed to investigate this association.

In addition to pain intensity, various treatment options can
affect the quality of neuropathic pain and make the pain more
tolerable to patients [32]. These findings suggest that virtual
walking can have differing effects on specific types of pain, but the
lack of overall evidence disallows drawing premature conclusions.

The findings suggest an association of increased number of
treatment sessions with greater pain reduction. Other differences
in protocol such as point-of-view may influence effects, but more
evidence is needed. Among the patient characteristics, classifica-
tion of SCI seems the most important and reliable predictor of
success with virtual walking because pain reduction was greater
with incomplete than complete SCI. Findings also suggest that
length of time since SCI may influence the effects of VR therapy,
with greater impact the further time away from injury. Finally,
virtual walking may have greater benefit for lumbosacral SCI than
higher-level injuries.

4.2. Virtual walking with tDCS

Evidence supporting combined virtual walking and tDCS in
reducing neuropathic pain is relatively strong and suggests a
synergistic effect between the 2 interventions. The effect size was
larger in Kumru et al. [37] than Soler et al. [31] despite identical
protocols. This finding may be explained by a greater proportion of
incomplete SCI patients in Kumru et al. [37], which is consistent
with the findings from virtual walking-only studies suggesting
greater benefit with incomplete SCI (Table 2). The mechanism
explaining the effects are not fully understood. Virtual walking
combines imagery with visual observation, which has been shown
to enhance corticospinal excitability and decrease intracortical
inhibition [55,56]. Enhanced cortical excitability has also been
found with tDCS, potentially explaining a mechanism for syner-
gism [57,58]. The sole study that did not find a significant
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reduction in pain used a unique immersive VR protocol with a
patient-controlled avatar motion. Immersive VR has been found to
outperform non-immersive VR in reducing acute pain [59], with
promising results for chronic pain, and was used successfully for
virtual walking by Jordan and Richardson [35]. Furthermore,
increased interaction in VR, as seen with subject-controlled
motions, has been associated with greater pain reduction likely
because of a distraction effect [60]. Therefore, the Roosink et al.
[38] VR protocol should be more effective than non-immersive VR
protocols, which contradicts their findings. However, the study
also had a small sample size and older population, and participants
completed significantly few sessions, which may better explain the
lack of analgesic effect.

In summary, the findings suggest that virtual walking and tDCS
combined can significantly reduce pain intensity, with potential
for sustained benefit. Additionally, combined treatment reduced
pain to a greater extent than with virtual walking alone. Studies
comparing VR methods are needed to investigate the effects of
different types of VR on SCI pain.

4.3. Other options

Alternative strategies for using VR showed potential to decrease
neuropathic pain. Treatment with the VR-augmented lower-limb
training system demonstrated sustained pain relief [36]. Impor-
tantly, this system differs from virtual walking in that subjects
must retain adequate lower-extremity motor function. All study
participants had incomplete motor SCI (AIS C or D). This type of
system is particularly promising because similar set-ups have been
shown to reduce neuropathic pain in other conditions such as PLP
and complex regional pain syndrome [23]. The mechanism of these
chronic pain conditions differs, but certain similarities such as
maladaptive neuroplastic changes may underlie the analgesic
effects of VR-augmented training.

The findings of Pozeg et al. [34] are consistent with prior work
suggesting that VR can be used to modify body ownership and
perception of pain [61–63]. An important consideration is that
most of studies in this review used motor illusion. This study
shows the potential for VR-based visuotactile illusion in reducing
pain for SCI individuals. These findings could be considered when
developing therapeutic systems.

Hypnotic therapy has been used widely for many types of acute
and chronic pain [64]. Our findings suggest that although use of
VRH is limited to short-term analgesia, it can provide hours of post-
session pain reduction, which is considerably longer than that seen
with hypnotic therapy alone. A potential advantage of VRH over
traditional hypnosis is lowering the effort needed to induce
hypnosis, thereby improving pain reduction [65]. Findings of
greater pain reduction with VRH than traditional hypnosis despite
a low hypnotizable score in the individual support this theory.
Although limited by quality of evidence, VR shows promise in
augmenting hypnosis therapy for pain.

4.4. Mechanism

An overall understanding of the mechanisms underlying the
analgesic effects of VR is incomplete. Additionally, SCI-associated
neuropathic pain is known to be multi-faceted and heterogenous,
so isolating specific mechanisms is challenging [16]. Recently,
functional cortical reorganization has been found associated with
SCI and other chronic pain conditions, although whether this
finding is causal or reactionary to chronic pain is unclear [66,67].

Multiple theories attempt to explain the effects of VR on pain,
many based on virtual illusion (VI). VI was first used successfully
for neuropathic pain in patients with PLP by using MVF. One theory
suggests that VI corrects the disconnect between stimulus and
response, experienced by many patients with chronic neuropathic
pain [19]. A later study found a significant reversal of cortical
dysfunction in the primary somatosensory cortex of PLP individu-
als after MVF [68]. Additionally, VI was found to activate
sensorimotor areas known to have cortical reorganization in SCI
patients with neuropathic pain [69]. These findings support the
theory of reversal of maladaptive cortical reorganization. Another
theory suggests that visualization in VI could train mirror neurons
for rehabilitation and pain relief [19,70].

Other theories involve distraction and effects on emotion. VR
can have a powerful effect on capturing a users’ attention and
influencing emotions. Studies of brain activity show a correlation
between regions of the brain associated with distraction and pain
perception [71–73]. Emotions can also significantly modulate the
perception of pain [74].

4.5. Immersive vs non-immersive VR

Prior studies have found that immersive VR outperforms non-
immersive VR in decreasing pain [75]. Three studies included in
this review used immersive VR [34,35,39] but did not compare VR
directly to non-immersive VR (Table 2). Because of the heteroge-
neity in study protocols, concluding on the effects of immersive
versus non-immersive VR for SCI pain is difficult. Future studies
may look to explore the differences.

4.6. Treatment implications

Treating SCI-associated neuropathic pain is challenging, with
no gold standard treatment option. VR offers multiple advantages
as a non-pharmacologic and non-invasive alternative treatment
with minimal adverse effects. Other advantages include portabili-
ty, ease of use, and potential for personal customization.

VR therapy likely has some analgesic effect, but the clinical
importance of this effect is uncertain. The estimated decrease in
MCID in chronic pain intensity measures is approximately 33%
with both NRS and VAS scales [76,77]. Overall, the findings are
mixed. For virtual walking, only 1 of 4 studies demonstrated an
MCID [33]. For combined virtual walking and tDCS treatment,
results were more favorable. Between one and two thirds of
patients reported pain reduction consistent with an MCID and an
average reduction across all patients also met criteria. Overall,
conclusions are limited by the quality of evidence. The findings
suggest that virtual walking does not consistently result in a
clinically meaningfully reduction in pain although it could on an
individual basis. The combined treatment likely results in clinically
meaningfully pain reduction in a substantial proportion of
patients.

In the other applications of VR, the Villiger et al. [36] findings
were strongest, with more than half of patients achieving an MCID.
VRH resulted in a clinically meaningful reduction in mean pre-post
session pain intensity and unpleasantness [39]. Pain reduction in
the visual illusion study did not meet this threshold [34]. Because
of the limited number and quality of these studies, no strong
conclusions can be made.

Chronic pain has wide-ranging impacts on patients; therefore,
assessment of treatments should consider measures beyond just
pain. The IMMPACT recommendations for outcome measures
include physical functioning, emotional functioning, and patient
ratings of global improvement and satisfaction [78]. These
outcomes were inconsistently reported in the studies we exam-
ined, which limits the ability for conclusions. Overall, findings are
generally associated with changes in neuropathic pain. Improve-
ment in functioning and patient impression, measured by the BPI
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and PGIC, respectively, were consistent with pain intensity
findings in that the combined treatment significantly outperfor-
med virtual walking alone. Thus, VR therapies may have holistic
benefits for patients.

4.7. Research implications

VR therapy for SCI warrants additional research, but inherent
challenges in studying SCI and VR exist. For example, neuropathic
pain associated with SCI is heterogeneous in nature and the
mechanisms are not fully understood [17,79]. VR protocols vary
significantly, which limits inter-study or multi-facility compari-
sons. Furthermore, the full mechanism of VR therapy is still
incompletely understood. This review identified deficits in the
current literature. Overall, the quality of studies was a major
weakness. Quality could be improved by stronger study designs,
homogenized population selection, and multivariate analysis for
confounding factors. Future studies may aim to compare VR
therapy against other treatment alternatives for SCI-associated
neuropathic pain. Also, the impact of clinical factors such as SCI
severity, time since injury, and level of injury on the effects of VR
therapy should be further investigated. The review also highlights
the importance of standardized data collection and its utility in
research applications. In addition to the ISCI Data Sets, outcome
measures of pain quality and patient impact associated with pain,
as recommended by IMMPACT, should also be considered for study
outcomes. Implementing these measures in future studies will
help improve understanding and maximize research efforts.

5. Limitations

This review was limited by the included studies. Conclusions
were significantly limited by the quality of studies and inherent
biases. Pre-post studies were typically not blinded and so were at
risk of detection bias. Furthermore, the limited number of studies
published addressing the topic is concerning for reporting bias. All
studies measured pain intensity, but other important outcomes
including pain quality, functioning, and psychosocial response
were inconsistently reported. Sample populations between studies
were typically heterogeneous in age, time since injury, SCI etiology,
level of injury, and AIS classification, which may limit the
genealizability of findings. Alternatively, these factors could be
considered in a multivariate analysis.

6. Conclusions

VR therapies are an attractive alternative for treating SCI-
associated neuropathic pain, with potential for clinically signifi-
cant analgesic effects. Further research is warranted to verify these
benefits and the need to combine VR with other therapies such as
tDCS.
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