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Abstract: Background and Objectives: This systematic review aimed to clarify the effectiveness of virtual
reality rehabilitation on physical outcomes for people with stroke. Materials and Methods: Articles were
searched through PubMed, EMBASE, the Cochrane Library, the Physiotherapy Evidence Database,
CINAHL, Web of Science, and ProQuest Dissertations and Theses, from inception to 30 April 2022.
Methodological quality was scored using the Assessing the Methodological Quality of Systematic
Reviews 2 tool. Each systematic review for the outcome of interest was assessed by two independent
reviewers using the Grading of Recommendations Assessment, Development, and Evaluation system.
Results: Twenty-six articles were selected. These studies evaluated the effectiveness of virtual reality
on limb motor function, balance, gait, and daily function in patients with stroke. The findings
suggested a beneficial effect of virtual reality; there was a “very low” to “moderate” quality of
evidence for improved limb extremity function, balance, and daily function, and a “very low” to
“moderate” quality of evidence for improved gait. Conclusions: Despite widespread interest in the use
of virtual reality rehabilitation, high-quality evidence for its routine use in stroke treatment is lacking.
Further research is needed to determine the treatment modality, duration, and long-term effects of
virtual reality on stroke populations.

Keywords: virtual reality; stroke; systematic review; rehabilitation; limb motor function; gait

1. Introduction

Stroke is the second leading cause of disability and death worldwide. In 2019,
12.2 million stroke events were reported, and the prevalence of stroke was 101 million [1].
Stroke is the main cause of cognitive deficits [2], and most stroke survivors suffer from
long-term functional impairment. Current evidence suggests that most patients with cere-
brovascular diseases with upper or lower limb injuries have persistent difficulties in dealing
with the challenges of daily life, for instance, falls due to gait and balance problems [3].
Damage to the cerebral cortex affects patients’ physical function and motion ability and
their quality of life [4].

Rehabilitation training can effectively improve the limb activity function of stroke
patients, and reduce the rate of disability [5]. Traditional rehabilitation therapy relies heavily
on physiotherapy and occupational therapy. Repetitive and task-specific exercises lead to
controversy regarding the compliance and cost-effectiveness of traditional rehabilitation
therapy, and its space and time constraints; the rehabilitation effect is highly related to the
skills of the physical therapists, and traditional rehabilitation therapy cannot fully meet the
needs of patients [6,7].

Virtual reality (VR) is achieved through computer hardware and software, whereby
interactive simulations created by a computer provide participants with virtual environ-
ments similar to actual objects and events [8]. VR has been introduced as a potential
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new therapeutic approach to stroke rehabilitation and an alternative to physiotherapy
and occupational therapy, which demonstrate only a modest effect on restoring motor
function [8]. Choi et al. [9] found that post-stroke patients who used VR for upper extremity
rehabilitation were satisfied with the procedure. Lloréns et al. [10] used VR for lower
extremity rehabilitation in post-stroke patients, and showed that participants considered
this approach to be highly usable.

Previous systematic reviews presented varied results regarding the effectiveness
of VR. A meta-meta-analysis by Wu et al. [11] showed remarkable improvement in the
recovery of upper limb function and balance in a VR group. However, the results showed
considerable heterogeneity. Peng et al. [12] reported a substantial improvement in limb
motor function among subacute stroke patients using VR for rehabilitation compared to
conventional therapy. Compared to training without VR, Rooij et al. [13] found that VR
training was more effective in improving balance or gait in stroke patients. In addition to
these inconsistent results, the value of VR-related rehabilitation, such as effective methods,
the timing of rehabilitation, and the intensity of rehabilitation, remains unclear.

The therapeutic value, including benefits and harms, associated with VR rehabilitation
interventions for people with stroke must be determined. The most effective methods,
timing, and intensity of these interventions warrant investigation. To our knowledge,
no studies have comprehensively evaluated the existing systematic reviews of various
rehabilitation interventions using VR. Therefore, this study aimed to systematically evaluate
the evidence from systematic reviews of clinical trials; clarify the effectiveness of VR in the
limb motor function, balance, gait, cognition, and daily function of patients with stroke;
and explore the duration and form of rehabilitation using VR to provide a theoretical basis
for clinical patient recovery.

2. Materials and Methods

This study was conducted following the Cochrane recommendations [14] and the
Preferred Reporting Items for Overviews of SRs Including Harms (PRIO-harms) [15]. The
protocol was prospectively registered on PROSPERO (CRD42022341986).

2.1. Search Methods

A systematic search of the following databases was conducted by two separate re-
searchers (B.H. Zhang and K.P. Wong) from inception until 30 April 2022: PubMed, EM-
BASE, the Cochrane Library, the Physiotherapy Evidence Database (via the PEDro website),
CINAHL, Web of Science, and ProQuest Dissertations and Theses. The following combi-
nations of MeSH terms and free terms were used: “stroke”, “cerebrovascular disorders”,
“virtual reality”, “computers”, and “systematic review”, and their synonyms. The reference
lists of included studies were additionally reviewed. Disagreements were resolved through
discussions among three researchers (B.H. Zhang, K.P. Wong, and J. Qin). Table 1 shows
the research strategy for the PubMed database.

Table 1. Mapped medical subject headings (MeSH) terms and keywords employed in electronic
search strategy.

Concept MeSH Terms Keywords

Stroke

Cerebrovascular disorders; basal ganglia cerebrovascular
disease; brain ischemia; intracranial arterial diseases;

intracranial arteriovenous malformations; intracranial
embolism and thrombosis; intracranial hemorrhages;

stroke; brain infarction; hemiplegia; paresis

Stroke; cva; poststroke; post-stroke; cerebrovasc*;
hemipleg*; hemipar*; paresis; brain; cerebral*; cerebell*;

brain*; vertebrobasilar

Virtual reality

User–computer interface; computers; microcomputers;
computer systems; software; computer simulation;

computer-assisted instruction; therapy, computer-assisted;
computer graphics; video games

Virtual next reality*; virtual-reality; VR; video game*; video
next gaming; gaming next console*; interactive next game;
interactive next gaming; Nintendo next Wii; gaming next

program*; haptics; haptic next device*

Systematic review - Systematic review; systematic overview; meta-analysis

* To search for all words with the same prefix.
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2.2. Eligibility Criteria

The inclusion and exclusion criteria of this review were established based on the
PICOS principles, which facilitate the article selection process to enable the extraction of
the most relevant studies. The inclusion criteria were as follows: patients with stroke
aged over 18 years (P); VR rehabilitation therapy (I); conventional rehabilitation or placebo
therapy (C); and outcome indicators that reflect the effectiveness of limb motor function,
balance, gait, and daily function (O). Systematic reviews and/or meta-analyses of random-
ized controlled trials, cluster randomized controlled trials, and controlled clinical trials
were included (S).

The exclusion criteria were as follows: (1) incomplete information (unable to obtain
the required data, for example, where only an abstract was available, which would not
enable retrieval of the full text, or where the outcomes of limb function, balance, gait, and
daily function were not reported); (2) protocol, narrative reviews, and conference reviews;
(3) duplicate records; and (4) non-English studies.

2.3. Study Selection and Data Extraction

After the duplicates were removed, the abstracts and titles of all studies were indepen-
dently screened by the two researchers (B. Zhang and K.P. Wong), and the studies that did
not meet the inclusion and exclusion criteria were excluded before further reading the full
texts to determine final inclusion.

Separate Excel sheets were used by the two researchers (B. Zhang and K.P. Wong)
to extract data. The information extracted from all reviews included the following: title,
published year, published journal, first author, database, search terms, how many original
studies were included and sample size, studies bias risk assessment methods, heterogeneity,
intervention measures, data synthesis methods, and outcomes. The conflicts were discussed
and resolved by three researchers (B. Zhang, K.P. Wong, and J. Qin).

2.4. Assessment of the Included Studies’ Methodological Quality

The methodologies included in this review were assessed using the Assessing the
Methodological Quality of Systematic Reviews 2 (AMSTAR-2) tool [16]. AMSTAR 2 contains
16 items, among which items 2, 4, 7, 9, 11, 13, and 15 are the critical domains. If the answer
to the item is correct and well-founded, then the judgment is “Yes”; if the answer to the
item is correct but not well-founded, then the judgment is “partial Yes”; if the entry has
no relevant evaluation information, then the judgment is “No”. Methodologies with no
or one noncritical weakness(es) were rated “High”; those with more than one noncritical
weakness were rated “Moderate”; those with one critical flaw with or without noncritical
weaknesses were rated “Low”; and those with more than one critical flaw with or without
noncritical weaknesses were rated as “Critically Low”.

In terms of quality of evidence, each systematic review of the outcomes of interest was
assessed by two independent reviewers (B. Zhang and K.P. Wong) using the Grading of
Recommendations Assessment, Development, and Evaluation (GRADE) system [17]. The
GRADE system was based on five lower factors. The quality of evidence was rated “High”,
“Moderate”, “Low”, or “Very Low”. The quality of evidence rating for randomized con-
trolled trials (RCTs) was preset as “High”, downgraded by 1 to “Moderate”, downgraded
by 2 to “Low”, and downgraded by 3 to “Very Low”. All disagreements were resolved by
three researchers (B. Zhang, K.P. Wong, and J. Qin).

2.5. Data Synthesis

The characteristics of the included systematic reviews were described in a narrative
manner. Differences in the participants, interventions, and types of data analysis in each
review, and the main outcomes, were considered when assessing the effects of the inter-
ventions. Wherever possible, a summary of the results and of the statistical analyses for
each included review is provided in summary tables and figures. More than one eligible
review was found for VR and conventional rehabilitation. Common findings were reported
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when the reviews had similar conclusions, and the reasons for any differences related to
the AMSTAR scores and the differences in participants, interventions, and type of data
analysis included in the reviews were explored when the findings differed. Overlap in the
trials included in the reviews that evaluated similar interventions was expected. In this
case, the results were compared across all reviews and collapsed wherever possible.

3. Results
3.1. Search Results

A total of 891 studies were initially retrieved, and three reviews were determined
by manually searching the references of related articles. After 454 duplicate articles were
excluded, the title abstracts were read to exclude irrelevant literature. After further reading
of the full texts, 26 systematic reviews were finally included. The PRISMA flow diagram of
the study selection process is shown in Figure 1.
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3.2. Study Characteristics

A total of 26 systematic reviews involving 22,031 adult participants with post-stroke
disorders were included, and one of these reviews did not report the number of partici-
pants. This study identified 22 papers comprising systematic reviews and meta-analyses
and 4 papers comprising systematic reviews only. The age range of participants was
18–94 years, and eight studies reported the sex of participants, with 5350 males and
3400 females.

Nine systematic reviews (n = 8740 participants) evaluated the effectiveness of VR on
upper extremity functional recovery. Lower extremity functional recovery was reported in
three systematic reviews (n = 1124), limb function (upper and lower extremity) was evalu-
ated in five systematic reviews (n = 7255), the effectiveness of VR on balance function was
reported in seven systematic reviews (n = 5356), gait was reported in five systematic reviews
(n = 5019), and daily living skills were assessed in four systematic reviews (n = 5073).

Fourteen systematic reviews performed subgroup analyses regarding time since the
onset of stroke, the intervention method, the type of VR, VR intervention duration, the
frequency of intervention, control group type, the severity of paresis, outcomes, and study
quality. The basic characteristics and a reference list of the included systematic reviews are
shown in Table 2.
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Table 2. Characteristics of the included systematic reviews (n = 26).

Author, Year Country Included
Articles Participants Intervention Risk of Bias

Assessment Tool Focus Meta-
Analysis Subgroup Outcome Main Findings

Angela
Aguilera-Rubio,
2021 [18]

Spain 6

n = 144
Subacute stroke: 30
Chronic stroke: 65
Acute stroke: 8
Age range (years): 18–91

VR 1: the Leap Motion
Controller system in VR
environments
CT 2Frequency:
20 min/d~60 min/d;
3 d/w~5 d/w
Duration: 2~12 weeks
Number of sessions:
6~40 sessions

The Downs and Black
scale and the
CONSORT checklist

UL 3 No No

Clinical scores: Upper
Extremity Fugl-Meyer
Assessment; Action
Research Arm Test; Wolf
Motor Function
Test; Functional
Independence Measure;
and the Stroke Upper Limb
Capacity Scale

After using VR, UL
function in stroke patients
was improved.

Azka Khan,
2021 [19] Pakistan 150

n = 1617
Stroke
Age range (years): 42–94
Time since stroke onset:
0.5 -> 12 months

VR: rehabilitation gaming
system; electromagnetic
motion tracker; IREX;
Nintendo Wii Fit;
RehabMasterTM system;
RAPAEL Smart GloveTM;
Kinect
CT: physical therapy;
occupational therapy
Frequency: 5 min/d~
120 min/d; 1 d/w~
7 d/w
Duration: 2~12 weeks
Number of sessions:
9~56 sessions

The ROBINS-2 tool

Cognitive,
UL,
balance,
LL 4

Yes No

Clinical scores: Fugl-Meyer
Assessment, Berg Balance
scale; Mini Mental Scale
Examination; Box and Block
Test; 10 m Walk Test; Timed
Up-and-Go test; The
Manual Function Test;
Action Research Arm

Qualitative synthesis: UL
function and balance was
improved in the VR group
compared to non-VR group.
Meta-analysis: For the
MMSE score and the
Fugl-Meyer score, the
difference between the two
groups was not statistically
significant.

Bohan Zhang,
2021 [20] China 87

n = 3540
Infarction stroke: 1664
Hemorrhage stroke: 866
Age range (years): 46–76
Time since stroke onset:
12.7 days–19.2 years
Sex: male: 2000; female:
1329

VR: BioMster; STB-110;
MOTOmed; GaitWatch;
Xbox360; smart board; Leap
Motion; Wii balance board;
Kinect; Lokomat; IREX
CT: physical therapy;
occupational therapy;
routine therapy
Frequency: 15 min/d~100
min/d; 3 d/w~6 d/w
Duration: 2~12 weeks
Number of sessions: 6~40
sessions

The Cochrane risk of
bias tool and the
PEDro scale 5

UL, LL,
balance,
gait,
cognition,
and daily
function

Yes
VR inter-
vention
duration

Clinical scores: Upper
Extremity Fugl-Meyer
Assessment; Action
Research Arm Test; Wolf
Motor Function Test; Box
and Block Test; Lower
Extremity Fugl-Meyer
Assessment; Functional
Ambulation Classification
(FAC); Berg Balance Scale;
10 m Walk Test; Timed
Up-and-Go Test; Velocity;
Cadence; Mini Mental State
Examination; Auditory
Continuous Performance
Test; Visual Continuous
Performance Test;
Functional Independence
Measure; Modified Barthel
Index

Stroke patients who
received VR intervention
showed considerable
improvements in UL and
LL movements, balance,
walking, and self-care
abilities.
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Table 2. Cont.

Author, Year Country Included
Articles Participants Intervention Risk of Bias

Assessment Tool Focus Meta-
Analysis Subgroup Outcome Main Findings

Minxia Jin, 2021
[21] China 40

n = 2018
Infarction stroke: 1311
Hemorrhage stroke: 433
Age range (years): 52–76
Time since stroke onset:
0.6–250 months
Sex: male: 1252; female:
766

VR: Playstation EyeToy
Games; RFVE; IREX; Xbox
Kinect; BilMater; Nintendo
Wii; RAPAEL Smart Glove
CT: occupational therapy;
usual activity; physical
therapy
Frequency: 20 min/d~60
min/d; 2 d/w~5 d/w
Duration: 2~8 weeks
Number of sessions: 10~30
sessions

The PEDro scale UL, daily
function Yes

Severity of
paresis;
chronicity;
type of
control;
type of
virtual
reality in-
tervention;
and degree
of
immersion

Clinical scores: Action
Research Arm Test; Box and
Block Test; Barthel Index;
Brunnstrom stage;
European Quality of Life
5-Dimension 5-Level
Questionnaire; Functional
Independence Measure;
Fugl-Meyer Assessment
Upper Extremity subscale;
Jebsen Taylor Hand
Function Test; Motor
Activity Log—Amount of
Use; Motor Activity
Log—Quality of Movement;
modified Ashworth Scale;
modified Barthel Index;
Manual Function Test;
Manual Muscle Test; Range
of Movement; Stroke
Impact Scale; Wolf Motor
Function Test; 9-Hole Peg
Test

Compared to the control
group, VR showed better
results for overall arm
function, and activity
limitation. For participation
and activity limits (specific
tasks), no significant
improvements were
observed.
More progress after training
for patients with
moderate-to-severe arm
palsy.
Greater beneficial impact
with immersive virtual
reality.

Reem M.
Al-Whaibi, 2021
[22]

Saudi
Arabia 6

n = 174
Infarction stroke: 65
Hemorrhage stroke: 18
Age range (years): 51–71
Sex: male: 124; female: 50

VR: Cy-Wee Z game; video
games
CT: physical therapy; gym
therapy; occupational
therapy
Frequency: 30 min/d~90
min/d; 3 d/w~4 d/w
Duration: 1~12 weeks
Number of sessions: 6~18
sessions

The Cochrane risk of
bias tool UL Yes No

Clinical scores: Fugl-Meyer
Assessment for upper
extremities; Wolf Motor
Function Test; Intrinsic
Motivation Inventory;
Lawton Instrumental
Activities of Daily Living;
Stroke Impact Scale;
Manual Function Test; Box
and Block Test; Chedoke
McMaster Arm and Hand
Activity Inventory; Fatigue
Severity Scale; Motor
Activity Log; Reaching
Performance Scale in Stroke;
Motor Activity
Log-Amount Scale

Patients with chronic stroke
showed a significant
improvement within the
group after receiving VR
treatment.
VR interventions produced
similar results to traditional
rehabilitation.
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Table 2. Cont.

Author, Year Country Included
Articles Participants Intervention Risk of Bias

Assessment Tool Focus Meta-
Analysis Subgroup Outcome Main Findings

Yi Li, 2021 [23] China 31

n = 1299
Subacute stroke: 544
Chronic stroke: 707
Acute stroke: 24
Age range (years): 49–69
Time since stroke onset:
0.5–95 months
Sex: male: 827; female:
472

VR: Wii sports games;
Nintendo; Kinect
CT: physical therapy;
occupational therapy
Frequency: 30 min/d~60
min/d; 1 d/w~7 d/w
Duration: 2~12 weeks
Number of sessions: 8~42
sessions

The Cochrane risk of
bias tool UL Yes

Session
time (≤45
min vs. >45
min); inter-
vention
duration
(<6 weeks
vs. ≥6
weeks);
sample size
(n ≤ 30 vs.
n >3 0; n,
total
enrolled
partici-
pants).

Clinical scores: Upper
Extremity Fugl-Meyer
Assessment; Stroke Impact
Scale; strength; grip
strength; Motricity Index;
Box and Block Test; Action
Research Arm Test; Wolf
Motor Function Test;
modified Barthel Index;
Jebsen Hand Function Test;
Functional Independence
Measure; Barthel Index;
Motor Activity
Log—Quality of Movement

For UL motor function
recovery, VR was more
effective than time
dose-matched CT, and even
more effective when using a
virtual environment or VR
mixed with CT.
In contrast to CT, no
improvement was achieved
in patient performance and
participation in daily
activities with VR (VR only
or VR mixed with CT).
VE 6, a type of VR, was
clearly superior to CG 7 in
terms of movement of the
overlying limbs.
Structural/functional
recovery benefited more
from VR when session
duration exceeded 45 min.
When intervention duration
was less than 6 weeks, VR
was found to be more
beneficial for
structural/functional
recovery.

Zongwei Fang,
2021 [24] China 21

n = 619
Stroke
Age range (years): 45–76
Affected side (left): 260

VR
CT
Frequency: 20 min/d~60
min/d; 1 d/w~5 d/w
Duration: 4~8 weeks
Number of sessions: 8~30
sessions

The Cochrane risk of
bias tool UL, balance Yes

Session
time (≥18
sessions
versus <18
sessions);
VR type
(Immersive
versus Non-
Immersive)

Clinical scores: Fugl-Meyer
Assessment–Upper
Extremity; Box and Block
Test; Functional
Independence Measure;
Berg Balance Scale

Traditional rehabilitation
with VR rehabilitation
outperformed traditional
rehabilitation in terms of
UL flexibility.
In terms of activities of
daily living and balance,
there were no major
differences between VR and
traditional rehabilitation.
Immersive VR may lead to
more improvement in UL
motor function than
non-immersive VR.
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Table 2. Cont.

Author, Year Country Included
Articles Participants Intervention Risk of Bias

Assessment Tool Focus Meta-
Analysis Subgroup Outcome Main Findings

Destaw B. Mekbib,
2020 [25] China 27

n = 1094
Subacute stroke: 12
studies, range: 0.43–5.7
months
Chronic stroke: 14
studies, range: 6.11–51
months;
Age range (years): 64.48

VR: “off-the shelf”
commercial video gaming
console; custom-built
virtual environment
CT
Frequency: not reported
Duration: not reported
Number of sessions: not
reported

The PEDro scale UL Yes

Subacute
stage
(within 6
months)
versus
chronic
stage (more
than 6
months);
and total
amount of
interven-
tion: <15 h
of interven-
tion versus
≥15 h of in-
tervention

Clinical scores: Fugl-Meyer
Assessment for Upper
Extremities; Box and Block
Test; Motor Activity Log

VR group showed
statistically significant
improvement in the
recovery of UL, activity, and
participation versus the
control group.
When the intervention time
exceeded 15 h, the VR
group showed a significant
improvement in the
recovery of UL function.
Improvement in the
recovery of UL dysfunction
was evident in subacute
stroke patients but not in
chronic patients.

Pablo
Domı’nguez-
Te´llez, 2020
[26]

France 20
n = 874
Stroke
Age range (years): 53–76

VR: immersive VR; Xbox
Kinect; 3D immersive VR;
mechatronic VR; Nintendo
Wii; Smart Glove; Armeo
Spring
CT
Frequency: 30 min/d~60
min/d; 2 d/w~6 d/w
Duration: 2~12 weeks
Number of sessions: 10~30
sessions

The PEDro scale UL, daily
function Yes No

Clinical scores: Fugl-Meyer
Assessment for the Upper
Extremities; Box and Block
Test; modified Barthel
Index; Functional
Independence Measure

The VR intervention was
found to be effective for UL
motor function and quality
of life.
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Table 2. Cont.

Author, Year Country Included
Articles Participants Intervention Risk of Bias

Assessment Tool Focus Meta-
Analysis Subgroup Outcome Main Findings

Shashank Ghai,
2020 [27] Canada 32

n = 809
Stroke
Age range (years): 41–81
Time since stroke onset:
19 days–15.1 years
Sex: male: 541; female:
268

VR
CT
Frequency: 20 min/d~60
min/d; 2 d/w~5 d/w
Duration: 2~12 weeks
Number of sessions: 8~40
sessions

The PEDro scale Gait Yes Intervention
method

Clinical scores: 3 min Walk
Test; 6 min Walk Test; 10 m
Walk Test; 30 s Sit-to-Stand
test; Activity-Specific
Balance Confidence Scale;
Action Reach Arm Test;
Berg Balance Scale; Brunel
Balance Assessment; Beck
depression Inventory;
cadence;
Chedoke–McMaster Stroke
Assessment; Fugl–Meyer
Assessment; Four Square
Step Test; Functional Reach
Test; gate speed; Hamilton
Depression Rating Scale;
Lateral Reach Test;
modified Ashworth Scale;
modified Motor
Assessment; muscle
strength; Tinetti
Performance-Oriented
Mobility Assessment;
Relationship Change Scale;
Rivermead Mobility Index;
sitting balance test; stride
length; System Usability
Scale; Tardieu scale; Timed
Up-and-Go test; Visual
Analog Scale; Walking
Ability Questionnaire

VR training was beneficial
for cadence, stride length,
and speed.

Túlio Brandão
XAVIER-ROCHA,
2020 [28]

Brazil 8 -

VR: Xbox Kinect; virtual
reality games
CT: standard therapy;
task-oriented therapy
Frequency: 30 min/d~120
min/d; 2 d/w~5 d/w
Duration: 4~8 weeks
Number of sessions: 12~40
sessions

The PEDro scale and
Higgins visual scale

UL, LL,
balance,
gait, and
daily
function

No No

Clinical scores: Fugl-Meyer
Assessment—Upper
extremity; Brunnstrom
Stage
Recovery; Box and Block
test; Functional
Independence Measure;
Berg balance scale;
Activity-Specific Balance
Confidence Scale; Stroke
Impact Scale; Fugl-Meyer
Lower
Extremities Assessment;
Timed Up-and-
Go Test; Manual Muscle
test; Active range of motion

VR was effective for
restoring balance, UL, and
LL in post-stroke patients.
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Table 2. Cont.

Author, Year Country Included
Articles Participants Intervention Risk of Bias

Assessment Tool Focus Meta-
Analysis Subgroup Outcome Main Findings

Han Suk Lee, 2019
[29] Korea 21

n = 562
Stroke
Age range (years): 46–72
Time since stroke onset:
6–87 months

VR: Wii balance board system;
Nintendo Wii; treadmill
training based real-world
video; Xbox Kinect
CT: standard training;
physical therapy
Frequency: 30 min/d~180
min/d; 2 d/w~5 d/w
Duration: 2~8 weeks
Number of sessions: 8~40
sessions

The PEDro scale
UL, LL,
and daily
function

Yes

The effects
on
functional
improve-
ment

Clinical scores: Rivermead
mobility index; modified
Ashworth Scale; postural
sway velocity—AP eyes
open; postural sway
velocity—ML eyes closed;
Berg Balance Scale; Timed
Up-and-Go test;
anteroposterior postural
sway velocity; mediolateral
postural sway velocity;
postural sway velocity
moment; Fugl-Myer
Assessment; Short-Form 36
Health Survey; Wolf Motor
Function Test; Reach to
Grasp Test; Functional
Reach Test; 10 m walking
velocity; Box and Block Test;
Manual Function Test;
Functional Independence
Measure; six-minute Walk
Test; Wolf Motor Function
Test; functional ability;
Stroke-Specific Quality of
Life Test—Upper Limb

VR was most effective
in improving muscle
tension, next to muscle
strength.

Roghayeh
Mohammadi, 2019
[30]

Iran 14

n = 344
Subacute stroke: 40
Chronic stroke: 265
Age range (years): 52–65
Time since stroke onset: 15
days- >1 year
Sex: male: 182; female: 162

VR: Wii Fit balance board;
virtual walking program;
BalPro; IREX; BCT VR; Bio
Rescue; Xbox Kinect
CT: traditional rehabilitation
Frequency: 20 min/d~45
min/d; 2 d/w~5 d/w
Duration: 2~6 weeks
Number of sessions: 10~20
sessions

The PEDro scale Balance Yes No

Clinical scores: Brunel
Balance Assessment; Berg
Balance Scale; Functional
Reach Test; modified Motor
Assessment Scale; Timed
Up-and-Go test

In terms of balance, the
improvement was even
more pronounced with
the combination of VR
and traditional
therapy.

Sinae Ahn, 2019
[31] Korea 34 n = 1604

Hemiplegic stroke

VR: gaming-based VR; RFVE;
RehabMaster intervention
CT: occupational therapy;
Traditional rehabilitation
Frequency: 20 min/d~60
min/d; 2 d/w~7 d/w
Duration: 2~6 weeks
Number of sessions: 10~24
sessions

The Jadad scale. UL Yes No

Clinical scores: Action
Research Arm Test; Barthel
Index; Chedoke Arm and
Hand Activity Inventory;
Functional Independence
Measure; Fugl-Meyer
Assessment; motor activity
log; modified Barthel index;
Mini Mental State
Examination; manual
muscle testing; Wolf Motor
Function Test.

Stroke patients’ UL
function and
independent mobility
were effectively
restored with VR
exercises.
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Table 2. Cont.

Author, Year Country Included
Articles Participants Intervention Risk of Bias

Assessment Tool Focus Meta-
Analysis Subgroup Outcome Main Findings

Anna Aminov,
2018 [32] Australia 31

n = 971
Subacute stroke: 266
Chronic stroke: 602
Age range (years): 48–74
Time since stroke onset:
2–428 weeks

VR: virtual environment;
commercial gaming
CT
Frequency: 20 min/d~60
min/d; 1 d/w~5 d/w
Duration: 3~12 weeks
Number of sessions: 4~24
sessions

The PEDro scale

UL,
cognitive,
and daily
function

Yes

Intervention
type;
simulation
type; study
quality;
recovery
stage;
control
group type;
duration;
frequency;
dose; daily
intensity;
weekly
intensity

Clinical scores: Auditory
Continuous Performance
Test; Action Research Arm
Test; Ashworth scale,
Backward Digit Span Test;
Backward Visual Span Test;
Barthel Index; Box and
Block test; color of word in
word-color test; Composite
Spasticity Index;
Fugl-Meyer Assessment;
Fugl-Meyer
Assessment—Upper
Extremity; Forward Digit
Span Test; Forward Visual
Span Test; Jebsen Hand
Function Test; modified
Ashworth Scale; Motor
Activity Log; Manual
Function Test; Motricity
Index; Toulouse–Pieron
Test; Visual Continuous
Performance Test; Visual
Learning Test; Verbal
Learning Test; Trail Making
Test A; Tower of London
Test; Quality of Movement;
Reaching Performance
Scale for Stroke; Wolf Motor
Function Test; Wechsler
Memory Scale Third
Edition; color of word in
word-color test

The overall effect that VR
generated extended beyond
the effects of traditional
therapies.
Patient participation
outcomes were not
dramatically helpful.

Vilma Ferreira,
2018 [33] Brazil 11

n = 310
Subacute stroke: 137
Chronic stroke: 154
Acute stroke: 19

VR: real-world video; Wii
Kinect; balance-challenging
virtual reality exercise
CT: walking training;
physiotherapy
Frequency: 20 min/d~60
min/d; 2 d/w~5 d/w
Duration: 2~12 weeks
Number of sessions: 12~20
sessions

The PEDro scale
Balance
and
mobility

Yes No

Clinical scores: two-minute
Walk Test; Timed
Up-and-Go Test; Intrinsic
Motivation Inventory;
Functional Ambulation
Category; Berg Balance
Scale

With the application of VR,
balance was improved.
However, there was no
change in mobility.
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Table 2. Cont.

Author, Year Country Included
Articles Participants Intervention Risk of Bias

Assessment Tool Focus Meta-
Analysis Subgroup Outcome Main Findings

Laver KE, 2017 [8] Australia 72
n = 2470
Stroke
Age range (years): 46–75

VR: commercially available
gaming consoles; Nintendo
Wii; Microsoft Kinect;
gaming consoles;
GestureTek IREX; Armeo;
CAREN system
CT: activity retraining;
global motor function
training
Frequency: 20 min/d~90
min/d; 2 d/w~5 d/w
Duration: 5~12 weeks
Number of sessions: 8~36
sessions

The Cochrane ‘risk of
bias’ tool

UL, LLL
balance,
and daily
function

Yes

Dose of in-
tervention;
Time since
onset of
stroke;
Specialised
or gaming;
Severity of
impair-
ment

Clinical scores: Action
Research Arm Test;
Canadian Occupational
Performance Measure;
Stroke Impact Scale;
modified Rankin Scale;
EQ5D;
Motor Activity Log Arm
Function Test; Useful Field
of View Test; Barthel Index;
Timed Up-and-Go Test;
Functional Independence
Measure; Box and Block
test; Tapper Test;
Fugl-Meyer UE; Chedoke
Arm and Hand Activity
Inventory; hand grip
strength

Results were not
statistically significant for
UL function.
For daily function, the
between-group
comparisons showed
differences when virtual
reality was combined with
usual care.
VR had the same effect on
gait speed and balance as
traditional rehabilitation.

Emma Maureen
Gibbons, 2016 [34] Australia 22

n = 552
Acute/subacute stroke:
190
Chronic stroke: 362
Age range (years): 41–78

VR: Wii Fit balance training;
VR treadmill training; Xbox
Kinect
CT: standard care; treadmill
training; ergometer bicycle
training
Frequency: 20 min/d~60
min/d; 2 d/w~6 d/w
Duration: 2~12 weeks
Number of sessions: 9~30
sessions

The PEDro scale LL Yes No

Clinical scores: Berg
Balance Scale; Timed
Up-and-Go Test; Functional
Reach Test; Stroke
Rehabilitation Assessment
of Movement Measure; 6
min Walk Test;
medial–lateral; 10 m Walk
Test; Performance-Oriented
Assessment of Mobility

In the chronic stroke
population, the VR group
was found to favor balance,
gait speed, stride length,
and step length.

Ilona J.M. de Rooij,
2016 [13] Netherlands 21

n = 516
Stroke
Age range (years): 46–66
Time since stroke onset:
13 days–12 years

VR: VR treadmill training;
VR balance training; virtual
object training
CT: conventional therapy;
PNF exercise program;
ergometer bicycle training
Frequency: not reported
Duration: not reported
Number of sessions: not
reported

The PEDro scale Gait speed Yes

Time dose-
matched
and
VR-added
conven-
tional
therapy

Clinical scores: 10 m Walk
Test; Activity-Specific
Balance Confidence; Berg
Balance Scale; Functional
Reach Test; medial–lateral,
modified Motor
Assessment Scale;
Performance-Oriented
Mobility Assessment;
postural sway path length;
postural sway velocity
moment; Stability Index;
Timed Up-and-Go Test;
Walking Ability
Questionnaire; Weight
Distribution Index

VR training had a better
effect on balance and gait
recovery after stroke than
traditional rehabilitation.
For gait and balance, VR
combined with
conventional training
provided better results than
VR alone.
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Table 2. Cont.

Author, Year Country Included
Articles Participants Intervention Risk of Bias

Assessment Tool Focus Meta-
Analysis Subgroup Outcome Main Findings

Jerome
Iruthayarajah,
2016 [35]

Canada 20

n = 469
Infarction stroke: 127
Hemorrhage stroke: 101
Age range (years): 47–78
Time since stroke onset:
9.2–73.2 months
Affected side (left): 156
Sex: male: 233; female:
203

VR: Xbox Kinect; Nintendo
Wii Fit; treadmill walking;
training with real-world
video
CT: ergometer bicycle
training; task-oriented
training; general exercise
therapy
Frequency: 30 min/d~60
min/d; 2 d/w~5 d/w
Duration: 6~12 weeks
Number of sessions: 10~40
sessions

The PEDro scale Balance Yes Type of VR

Clinical scores: Berg
Balance Scale; Timed
Up-and-Go Test; Tinetti
Performance-Oriented
Mobility Assessment;
Brunel Balance Assessment;
10 m Walking Test; Tinetti
Performance-Oriented
Mobility Assessment;
Functional Reach Test

VR led to significant
improvement in the balance
of the patient.

Ling Chen, 2016
[36] China 9

n = 265
Stroke
Age range (years): 52–66
Time since stroke onset:
35 days–3 years

VR: IREX VR games; VR
treadmill; Nintendo Wii Fit;
IREX VR games
CT: usual balance therapy;
non-VR treadmill; physical
therapy
Frequency: 20 min/d~60
min/d; 3 d/w~5 d/w
Duration: 3~5 weeks
Number of sessions: 9~20
sessions

The PEDro scale Balance No No

Clinical scores: Brunel
Balance Assessment
Category; Berg Balance
Scale; Barthel Index;
Balance Performance
Monitoring; center of
pressure; Functional
Ambulation Categories;
functional electrical
stimulation; Fugl-Meyer
Assessment; modified
Motor Assessment Scale;
Two-Minute Walk Test;
Timed Up-and-Go Test

All but one study
demonstrated positive
improvements in static or
dynamic balance.

Carlos
Luque-Moreno,
2015 [37]

Spain 11

n = 231
Chronic stroke
Age range (years): 47–66
Time since stroke onset:
1–11years

VR: Immersive VR; IREX
VR system; Rutgers Ankle;
WBB easy balance virtual
rehabilitation
CT
Frequency: 20 min/d~60
min/d; 3 d/w~4 d/w
Duration: 2~6 weeks
Number of sessions: 6~20
sessions

The PEDro scale LL No No

Clinical scores: 3 min Walk
Test; 6 min Walk Test; 10 m
Walk Test; 30 s Sit-to-Stand
Test; Activity-Specific
Balance Confidence Test;
Anterior Reach Test; Brunel
Balance Assessment; Berg
Balance Scale; Functional
Ambulatory Scale;
Fugl-Meyer Scale; modified
Motor Assessment Scale;
Stepping Test; Timed Stair
Test; Timed Up-and-Go Test

There was a significant
improvement in gait speed,
balance, and motor function
following VR intervention.
In more than 10 sessions,
VR interventions had a
positive impact on balance
and gait.
When combining VR with
traditional physiotherapy,
better results were obtained
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Table 2. Cont.

Author, Year Country Included
Articles Participants Intervention Risk of Bias

Assessment Tool Focus Meta-
Analysis Subgroup Outcome Main Findings

Davide Corbetta,
2015 [38] Italy 15

n = 341
Ischemic stroke
Age range (years): 48–64
Sex: male: 191; female:
150

VR: Nintendo WBB; virtual
outdoor environment; 3D
virtual reality environment
CT: treadmill walking
training; conventional
therapy
Frequency: 20 min/d~60
min/d; 2 d/w~4 d/w
Duration: 2~6 weeks
Number of sessions: 6~20
sessions

The Cochrane
Collaboration’s tool

LL,
Balance,
daily
function

Yes No

Clinical scores: 10 m Walk
Test; 6 min Walk Test;
Activity-Specific Balance
Confidence Test; activities
of daily living; Brunel
Balance Assessment; Berg
Balance Scale; Barthel Index;
Community Walk Test;
Functional Independence
Measure; Fugl-Meyer
Assessment; Functional
Reach Test; Barthel Index;
modified Motor
Assessment Scale; Timed
Up-and-Go Test; Functional
Ambulatory Category

VR had benefits in terms of
speed, balance, and
mobility.
Movement improved when
VR was combined with
formal rehabilitation
training, but there were no
significant advantages for
walking speed and balance.

Zhen Li, 2015 [39] China 16

n = 428
Acute/subacute stroke: 4
studies
Chronic stroke: 12
Age range (years): 46–66

VR: Wii Fit VR; IREX VR;
VR-based treadmill
CT: treadmill; conventional
therapy
Frequency: 15 min/d~30
min/d; 2 d/w~5 d/w
Duration: 3~12 weeks
Number of sessions: 9~24
sessions

The Cochrane
Collaborations ‘risk of
bias’ tool

Balance Yes

Time since
stroke (less
or more
than six
months),
type of in-
tervention

Clinical scores: Force
Platform Indicators;
Functional Reach Test;
Activity-Specific Balance
Confidence Scale; Berg
Balance Scale; Timed
Up-and-Go Test; Stability
Index; functional electrical
stimulation

People who received virtual
reality interventions
showed marked
improvements in the Berg
Balance Scale and the
Timed Up and Go Test
compared with controls.
The difference between the
“within six months of
stroke” group and the
“more than six months after
stroke” group was not
significant for balance.
There were no significant
differences between
different intervention types
for balance.

Juliana M.
Rodrigues-Baroni,
2014 [40]

Brazil 7

n = 154
Chronic stroke
Age range (years): 52–66
Time since stroke onset:
10–72 months

VR: virtual reality-based
treadmill training; video
game exercises
CT: treadmill training;
ankle movements
Frequency: 20 min/d~60
min/d; 3 d/w~5 d/w
Duration: 2~6 weeks
Number of sessions: 6~20
sessions

The PEDro scale Walking
speed Yes No Clinical scores: walking

speed

Compared to the control
group, the training with VR
resulted in a significant
increase in walking speed.
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Assessment Tool Focus Meta-
Analysis Subgroup Outcome Main Findings

Keith R. Lohse,
2014 [41] Canada 26

n = 626
Stroke
Age range (years): 47–71
Time since stroke onset:
0.04–6.02 years

VR: 3D computer games;
VR tasks; Wii balance board;
IREX VR; VRBS training
CT: standard occupation
therapy
Frequency: not reported
Duration: not reported
Number of sessions: not
reported

The PEDro scale UL, LL,
Balance Yes VR type

Clinical scores: Action
Research Arm Test; Brunel
Balance Assessment; Berg
Balance Scale; Box and
Block Test; Functional
Independence Measure;
Fugl-Meyer Assessment;
International Classification
of Function, Disability, and
Health; Jebsen–Taylor Hand
Function Test; modified
Barthel Index; Manual
Function Test; modified
Motor Assessment Scale;
Postural Assessment Scale;
Reaching Performance for
Stroke Scale; Stroke Impact
Scale; Timed Up-and-Go
test; Wolf Motor Function
Test; 10 m Walk Test

In terms of physical
function and activity
outcomes, compared to the
traditional therapy group,
VR therapy showed
significant benefits.

1 VR: virtual reality; 2 CT: conventional therapy; 3 UL: upper limb; 4 LL: lower limb; 5 PEDro scale: The Physiotherapy Evidence Database Scale; 6 VE: virtual environments; 7 CG:
commercially available gaming systems.
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3.3. Quality of the Systematic Reviews

Among the 26 systematic reviews, 1 was rated “High”, 5 were rated “Moderate”,
14 were rated “Low”, and 6 were rated “Critically Low”. All 26 systematic reviews com-
prehensively searched the database, and seven of them also searched the grey databases
and references in the included literature. All 26 systematic reviews reported the included
studies’ basic characteristics and a list of excluded literature, and used appropriate bias
tools to conduct a risk assessment. Among the 26 systematic reviews, 16 used The Phys-
iotherapy Evidence Database scale, 7 used the Cochrane risk of bias tool, and 1 used The
Downs and Black scale and the CONSORT checklist, the Jadad scale, and the ROBINS-2
tool. However, none of the 26 systematic reviews reported the reasons for the selection
of RCTs and the funding of the original studies. Seven systematic reviews completed the
registration of research methods ahead of schedule. Only one systematic review did not
consider the effect of risk of bias on the results in its discussion. Given that four systematic
reviews were only qualitative evaluations, no publication bias analysis was carried out.
Among the remaining 22 meta-analyses, only seven analyzed publication bias. Table 3
demonstrates the results of the AMSTAR-2 quality evaluation.

The overall quality of the evidence for VR rehabilitation was assessed using the
GRADE system (Table 4). Owing to the specific nature of this therapy, all included system-
atic reviews were at risk of bias in terms of blinding. Table 5 shows a synthesis of the best
evidence on VR rehabilitation for patients with stroke.
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Table 3. Results of the Assessing the Methodological Quality of Systematic Reviews 2 tool quality evaluation (n = 26).

Author, Year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Quality of Studies

Angela Aguilera-Rubio, 2021 [18] Y 1 N 3 N PY 2 Y N Y Y Y N NP 4 NP Y N NP Y Low

Azka Khan, 2021 [19] Y PY N PY Y Y Y Y Y N Y Y Y N N Y Low

Bohan Zhang, 2021 [20] Y Y N Y Y Y Y Y Y N Y Y Y Y N Y Low

Minxia Jin, 2021 [21] Y Y N Y Y Y Y Y Y N Y Y Y Y N Y Low

Reem M. Al-Whaibi, 2021 [22] Y PY N Y Y Y Y Y Y N Y Y Y N Y Y High

Yi Li, 2021 [23] Y N N PY N Y Y Y Y N Y Y Y Y N Y Low

Zongwei Fang, 2021 [24] Y Y N PY N Y Y Y Y N Y Y Y Y Y Y Moderate

Destaw B. Mekbib, 2020 [25] Y N N PY N Y Y Y Y N Y Y Y N N Y Moderate

Pablo Domı´nguez-Te´ llez, 2020
[26] Y PY N PY Y Y Y Y Y N Y Y Y N N Y Low

Shashank Ghai, 2020 [27] Y Y N PY Y Y Y Y Y N Y Y Y Y Y Y Moderate

Túlio Brandão XAVIER-ROCHA,
2020 [28] Y PY N Y Y N Y Y Y N NP NP Y N NP Y Moderate

Han Suk Lee, 2019 [29] Y N N PY Y Y Y Y Y N Y Y Y N Y Y Low

Roghayeh Mohammadi, 2019
[30] Y PY N PY Y Y Y Y Y N Y Y Y Y N N Low

Sinae Ahn, 2019 [31] Y N N PY Y Y Y Y Y N Y Y Y Y Y Y Low

Anna Aminov, 2018 [32] Y N N PY Y Y Y Y Y N Y Y Y N N Y Critically Low

Vilma Ferreira, 2018 [33] Y Y N PY Y N Y Y Y N Y Y Y Y Y Y Moderate

Laver KE, 2017 [8] Y N N Y Y Y Y Y Y N Y Y Y Y Y Y Low

Emma Maureen Gibbons, 2016
[34] Y N N PY Y Y Y Y Y N Y Y Y N N N Critically Low

Ilona J.M. de Rooij, 2016 [13] Y N N PY Y Y Y Y Y N Y Y Y Y N Y Critically Low

Jerome Iruthayarajah, 2016 [35] Y PY N Y Y Y Y Y Y N Y Y Y N N N Low

Ling Chen, 2016 [36] Y N N Y Y Y Y Y Y N NP NP Y N NP Y Low

Carlos Luque-Moreno, 2015 [37] Y N N PY N N Y Y Y N NP NP Y N NP Y Low

Davide Corbetta, 2015 [38] Y N N PY Y N Y Y Y N Y Y Y Y N Y Critically Low

Zhen Li, 2015 [39] Y Y N PY Y Y Y Y Y N Y Y N N N Y Critically Low

Juliana M. Rodrigues-Baroni,
2014 [40] Y N N PY Y Y Y Y Y N Y Y Y Y N Y Critically Low

Keith R. Lohse, 2014 [41] Y Y N PY Y Y Y Y Y N Y Y Y Y N Y Low

1 Y = Yes, 2 PY = partial Yes, 3 N = No, 4 NP = meta-analysis was not performed.
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Table 4. Results of the Grading of Recommendations Assessment, Development, and Evaluation
system (n = 26).

Author, Year

Lower Factors

Risk of Bias Inconsistence Indirectness Imprecision Publication Bias Quality of
Evidence (GRADE)

Angela Aguilera-Rubio, 2021 [18] −1 0 0 −1 0 Low

Azka Khan, 2021 [19] −1 −1 0 0 −1 Very Low

Bohan Zhang, 2021 [20] −1 −1 0 0 −1 Very Low

Minxia Jin, 2021 [21] −1 −1 0 0 −1 Moderate

Reem M. Al-Whaibi, 2021 [22] −1 0 0 −1 0 Low

Yi Li, 2021 [23] −1 0 0 0 −1 Low

Zongwei Fang, 2021 [24] −1 0 0 0 0 Moderate

Destaw B. Mekbib, 2020 [25] −1 −1 0 0 −1 Low

Pablo Domı´nguez-Te´ llez, 2020 [26] −1 −1 0 0 −1 Very Low

Shashank Ghai, 2020 [27] −1 0 0 0 0 Moderate

Túlio Brandão XAVIER-ROCHA, 2020
[28] −1 0 0 0 0 Moderate

Han Suk Lee, 2019 [29] −1 0 0 0 0 Moderate

Roghayeh Mohammadi, 2019 [30] −1 0 0 −1 −1 Very Low

Sinae Ahn, 2019 [31] −1 0 0 0 0 Moderate

Anna Aminov, 2018 [32] −1 0 0 0 −1 Low

Vilma Ferreira, 2018 [33] −1 0 0 −1 0 Moderate

Laver KE, 2017 [8] −1 0 0 0 0 Moderate

Emma Maureen Gibbons, 2016 [34] −1 −1 0 0 −1 Very Low

Ilona J.M. de Rooij, 2016 [13] −1 −1 0 0 −1 Very Low

Jerome Iruthayarajah, 2016 [35] −1 0 0 0 −1 Low

Ling Chen, 2016 [36] −1 0 0 −1 0 Low

Carlos Luque-Moreno, 2015 [37] −1 0 0 −1 0 Low

Davide Corbetta, 2015 [38] −1 0 0 −1 −1 Very Low

Zhen Li, 2015 [39] −1 0 0 0 −1 Low

Juliana M. Rodrigues-Baroni, 2014 [40] −1 0 0 −1 −1 Very Low

Keith R. Lohse, 2014 [41] −1 −1 0 0 −1 Very Low

Table 5. Synthesis of the best evidence (n = 26).

Evidence Number of Studies and Participants
Number of GRADE 1 Results

Very Low Low Moderate High

Upper limb function 554 RCTs
16,986 participants 3 5 6 0

Lower limb function 262 RCTs
7696 participants 4 1 3 0

Balance 165 RCTs
5356 participants 2 3 2 0

Gait 155 RCTs
5019 participants 3 0 2 0

Daily function 147 RCTs
5073 participants 1 1 2 0

1 GRADE: Grading of Recommendations Assessment, Development, and Evaluation.

3.4. Evidence Synthesis of VR Interventions
3.4.1. Evidence Synthesis of Upper Limb Function

Fourteen systematic reviews assessed the outcome of VR in the rehabilitation of upper
extremity motor function among patients with stroke. The results of 10 systematic reviews
indicated that VR rehabilitation was more effective than traditional training in restoring
upper limb function in stroke patients. Al-Whaibi et al. [22] and Laver et al. [8] suggested
that VR rehabilitation training was effective but not statistically significant compared
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with conventional rehabilitation training. The study of Khan et al. [19] was divided into
two parts: qualitative synthesis, which suggested that VR rehabilitation was effective,
and meta-analysis, which showed that the comparison of Fugl-Meyer scores was not
statistically significant.

3.4.2. Evidence Synthesis of Lower Limb Function

Eight systematic reviews summarized the VR rehabilitation results for lower limb
function in stroke patients. Corbetta et al. [38] indicated that patients with stroke demon-
strated the effectiveness of limb function recovery only when they received VR intervention
combined with conventional training. However, Laver et al. [8] found that the use of VR for
rehabilitation in addition to usual nursing did not have a significant influence on patients’
motor function.

3.4.3. Evidence Synthesis of Balance

Balance was reported in seven systematic reviews, all of which concluded that VR
could provide better balance in stroke patients compared with conventional rehabilitation.
After further analysis, VR rehabilitation was found to be more effective in the chronic phase
in patients with stroke than in the acute phase (95% CI: 0.03–0.53, p = 0.03). Three studies
found that the combination of traditional rehabilitation with VR could significantly im-
prove the balance ability of patients, and is better than conventional rehabilitation alone.
Iruthayarajah et al. [35] also observed that postural VR was better for balance function than
other types of VR.

3.4.4. Evidence Synthesis of Gait

Five studies reported gait, all of which confirmed that VR significantly improved
walking speed and cadence in patients with stroke. Zhang et al. [20] found that a minimum
of 5 weeks of VR intervention was needed for great improvements in gait and self-care
in daily life (95% CI: 7.63–17.64, p < 0.001). Rooij et al. [13] stated that VR combined with
conventional therapy and time-dose matching was more effective for training gait than
conventional training (95% CI: 0.38–1.69, p = 0.002).

3.4.5. Evidence Synthesis of Daily Function

Four systematic reviews reported the results of daily function. Only Aminov et al. [32]
concluded that the rehabilitation effect of VR was consistent with that of conventional
rehabilitation in terms of daily activities. Hence, their results were not considered signif-
icant. The remaining studies suggested that VR can better improve daily function than
conventional rehabilitation.

3.4.6. Evidence Synthesis of Subgroup Analysis

Through subgroup analysis, Laver et al. [8] pointed out that VR plus traditional reha-
bilitation training was highly beneficial for upper limb recovery. The same results were
obtained by Fang et al. [24] and Li et al. [23]. Mekbib et al. [25] indicated that VR rehabil-
itation was highly effective in improving upper limb function in patients with subacute
stroke. However, Al-Whaibi et al. [22] found that VR intervention can effectively improve
upper limb function in subacute stroke and in the chronic phase of stroke. Fang et al. [24]
found that immersive VR devices were better for rehabilitation than non-immersive VR.
In addition, the duration and dose of VR were reported. Two systematic reviews found
that a minimum of 10 sessions should be received by patients to ensure that the treatment
is useful [8,24]. Laver et al. [8] and Mekbib et al. [25] noted that in VR training with an
intervention duration of more than 15 h, the intervention group showcased great improve-
ments in upper limb dysfunction and activity limitation compared with the control group.
Li et al. [23] revealed that VR sessions lasting longer than 45 min for less than 6 weeks are
highly beneficial to structure/function. Lee et al. [29] found that VR rehabilitation required
a minimum of 5 weeks to improve the daily abilities of patients.
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The overall results of this systematic review of the use of VR in stroke patients suggest
“Very Low” to “Moderate” evidence quality for improved upper extremity function after
stroke; “Very Low” to “Moderate” evidence quality for improved lower extremity function
after stroke; “Very Low” to “Moderate” evidence quality for improved balance after stroke;
“Very Low” and “Moderate” evidence quality for improved gait after stroke; and “Very
Low” to “Moderate” evidence quality for improved daily function after stroke.

4. Discussion

This systematic review is the first study to comprehensively evaluate systematic
reviews of VR’s efficacy in stroke patients. Twenty-six systematic reviews (758 RCTs
with 22,031 participants) were included to summarize the best and latest evidence of the
effectiveness of stroke rehabilitation interventions. This systematic approach to assessing
review outcomes allows us to conduct a comparison of results from multiple reviews,
providing a comprehensive evidence-based summary of the results. Our findings suggest
beneficial effects of VR in improving limb function, balance, gait, and daily function, but
the quality of evidence is low.

VR provides real-time multisensory feedback such as visual, auditory, and haptic
feedback [42], and tracks patient performance and training details, such as the type and
intensity of exercise [43]. The characteristics of VR make most RCTs unsuccessful in blinding
participants and conductors, resulting in low-quality evidence. In addition, the systematic
reviews included in this study involved different ethnicities and regions, resulting in high
heterogeneity and the risk of inconsistent bias in quality assessment, which is one of the
reasons for the low-quality evidence.

This study found that VR can successfully enhance the upper and lower limb func-
tion, balance, gait, and daily function of patients with stroke; however, high-quality evi-
dence is severely lacking. VR positively affected functional recovery processes in patients
with stroke, including pain reduction, muscle strengthening, and sensation recovery [29].
Lee et al. [44] used VR to intervene in the balance function of patients with stroke, and
found that VR games had a positive effect on the balance of patients with stroke, who
experienced greater pleasure during the intervention than during the standard treatment.
Furthermore, VR improves the neural plasticity of patients with stroke by allowing them
to perform functional task-specific activities in an enriched environment [5,45]. The high
task variability, flexibility, and specificity of VR successfully boost patients’ motivation
to comply with the therapeutic training [46]. Intensive therapy, the use of games to com-
plete rewarding therapy, stimulus learning, and constructive feedback between stimulus
and response are four components that can work together to ensure success through VR
therapy [47].

Exercise intensity is a key factor in meaningful training after a stroke. This study found
that VR requires at least 5–8 weeks, and a total time of more than 15 h of rehabilitation
to improve upper extremity function, gait cadence, and self-care in the lives of patients
with stroke. Stroke patients take some time to adjust to VR programs, it is crucial that
patients undergo at least 8 weeks of VR training for adaptability [22]. Meanwhile, the
recovery of patients’ structure/function was more evident when the session duration of
VR exceeded 45 min compared with conventional therapy. This finding was identical
to the recommendations for rehabilitation outlined in the national clinical guidelines for
stroke in the United Kingdom [48]. Patients who received 45 min of daily upper extremity
VR rehabilitation after a stroke experienced significant improvements in upper extremity
function [49]. Moore et al. [50] implemented high-intensity rehabilitation training for
45–60 min per day in hospitalized patients with stroke, and found that the patients’ lower
limb function and balance ability were significantly improved. However, none of the
studies we included performed subgroup analyses of intervention frequency with VR
effectiveness. By performing a pooled analysis of intervention frequency across all the
included studies, we found 3–5 interventions per week to be an appropriate frequency.
Further studies are needed in the future to validate this finding.
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Using immersive VR technology, Mekbib et al. [51] found effective recovery of active
motor function in patients with stroke. Since fully immersive VR brings participants
into a 360◦ VR environment via a stereoscopic head-tracking head-mounted display, it
provides effective treatment for impaired patients by enhancing the realism of experiencing
another world [52]. This may be the reason why immersive VR is more effective than
non-immersive VR.

This study was performed strictly in accordance with the PRISMA guidelines; however,
some limitations may have influenced the results. First, although this study conducted
a comprehensive search, only published studies were included, which may have led to
selection bias. Second, due to the incompleteness of the included studies, this study did
not summarize and analyze the follow-up data or the incidence of adverse effects of VR
rehabilitation. Hence, the continuous effect and safety of VR rehabilitation cannot be
determined. Given that this study focused on stroke patients’ limb motor function, balance,
gait, and daily function outcomes, it did not include and analyze the effects of VR on the
cognitive domain. With the increasing number of systematic reviews being published,
an overlap in RCT data in the included systematic reviews may occur, leading to bias
due to the inclusion of the same outcome data. However, according to the Cochrane
Handbook [14], this overview presented and described the physical outcomes of stroke
patients under VR intervention and summarized them without further data analysis, so
the results are acceptable. Finally, although the selection and quality assessment of studies
were carried out independently by two researchers with group consensus, the included
studies were of low quality. Caution should be taken when interpreting the results of this
systematic review.

5. Conclusions

With the development of technology, the role of VR rehabilitation in patients with
stroke has received increasing awareness. Our review suggests that VR exercise for a
duration of 5–8 weeks, with a session frequency of 3–5 days/week, for 45 min/day, and
with a total time of more than 15 h can make this intervention very effective, although the
quality of evidence that VR can effectively improve limb motor function, balance, gait, and
daily function in patients with stroke is low. Owing to the unsatisfactory quality of the
included studies and the lack of methodologically reliable trials, additional high-quality
RCTs are needed in the future to prove the rehabilitation effects of VR and to further clarify
its treatment modality, duration, and frequency for application as a complementary strategy
for conventional rehabilitation.
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