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Effects of Virtual Reality–Based Exercise on Balance in Patients
With Stroke

A Systematic Review and Meta-analysis
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What Is Known

• Virtual reality–based exercise has significant effects on
balance in patients with chronic stroke.

What Is New

• Significant effects of virtual reality–based exercise on
balance and functional ability, gait, and activities of
daily living ability for chronic stroke and statistically
more effective functional ability for acute/subacute
strokewere detected in this study. Longer-term virtual
reality–based interventions are more effective than
shorter-term interventions, especially regarding the
functional ability of stroke. The current evidence is in-
sufficient to draw conclusions on the effects of virtual
reality–based exercise combined with other physio-
therapy for stroke. Virtual reality–based exercise can
be a part of the treatment programs for stroke.
Objective: The aim of the study is to quantify the effects of virtual
reality–based exercise on balance after stroke.
Design: The PubMed, Embase, Cochrane Library, Cumulative Index of
Nursing and Allied Health Literature, andWeb of Science databases were
searched until December 31, 2021. Independent investigators abstracted
data, assessed the quality of the evidence, and rated the certainty of
the evidence. The intergroup differenceswere determined by calculating
mean difference and 95% confidence interval by RevMan 5.3 software.
Results: Fourteen randomized controlled trials involving 423 stroke
patients were included. Patients who received virtual reality–based ex-
ercise illustrated marked improvements in the Berg Balance Scale
(mean difference, 1.35; 95% confidence interval, 0.58 to 1.86; P <
0.00001; I2 = 44%), Timed Up and Go test (mean difference, −0.81;
95%confidence interval,−1.18 to−0.44;P<0.0001; I2 = 0%), Functional
Reach Test (mean difference, 3.06; 95% confidence interval, 1.31–4.80;
P = 0.0006; I2 = 0%), 10-Meters Walking Test (mean difference, −1.53;
95% confidence interval, −2.92 to −0.13; P = 0.03; I2 = 33%), and
Modified Barthel Index (mean difference, 5.26; 95% confidence inter-
val, 1.70 to 8.82; P = 0.004; I2 = 0%) compared with the control group.
Conclusions: Existing low-evidence analyses showed that virtual
reality–based exercise could effectively and safely improve balance
in chronic stroke. Longer-term virtual reality–based exercisewas more
effective on functional ability of stroke.
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S troke is the most common neurological disease caused by
cerebral ischemia or hemorrhage, resulting in physical im-

pairments, such as decreased muscle strength, abnormal muscle
tone, impaired proprioception, and cognitive dysfunction.1 Balance
and postural control, essential for keeping the body upright and
maintaining stability, are further adversely affected by sensorimotor
impairment in stroke.2 It has been reported that insufficient balance
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and poor postural control are the cardinal abnormal motor features
of 80% of chronic stroke patients who exhibit weight-bearing
asymmetry, postural swing, and gait disturbance.3,4

Several different classification systems have been used to de-
scribe the stage of stroke. One of the most strongly recommended
frameworks to stage stroke is based on the time from stroke onset.
Thus, 6 mos after stroke is the cutoff between acute and chronic
stroke.5 Among survivors, dependence in activities of daily living
3 mos after the event varies from 16.2%6 to 19.2%.7 Previous
studies have found that 38% of chronic stroke victims cannot am-
bulate after stroke onset, and their risk of falling increases.8,9

Therefore, the maintenance of balance is the most essential step
to improving functional status and quality of life after stroke.

Over the last couple of decades, some promising approaches
have emerged to improve balance and to promote active exer-
cise in patients after stroke. To treat stroke, conventional reha-
bilitation comprehends the physical therapy and occupational
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therapy, which focus on repetitive and task-specific practice.10

The issues of cost-effectiveness, compliance, and generalizability
remain controversial in conventional stroke rehabilitation. In re-
cent years, previous reviews have indicated the potential of virtual
reality (VR) to solve some of the challenges due to lowmotivation
and adherence to therapy after stroke. Its immersive interactivity
is believed to provide a particularly engaging approach, as well
as a cost-effective and engaging procedural preparation medium.
Virtual reality–based training through its computer-generated and
interactive environment and experiences has begun to gain wide-
spread application as an augmented exercise for stroke rehabilita-
tion.11Virtual reality balance training, simulating avirtual rehabil-
itation scene, can be systematically manipulated to improve neu-
ral connectivity and enjoyable patient-specificmotor retraining by
repetition of practice and sensory and visual feedback input.12–14

A previous review of the literature reported significant
methodological issues and the need for further research but
found that the evidence still shows that VR has considerable
potential in a variety of clinical settings.15 Another challenge
in this field of VR rehabilitation is identifying the best time to im-
plement recovery and repair-focused interventions. The first week
to first month after stroke is a critical period for neuroplasticity,
but there is some uncertainty about how early and intensively to
start training.16 However, only a few studies have compared the
effects of VR-based exercise with conventional balance ther-
apy among adults with acute, subacute, and chronic stroke.

Although there is increasing evidence that VR can be ef-
fective for people with stroke, quantitative meta-analysis has
not been performed to investigate the effects of different dura-
tion time of VR-based exercise on stroke patients taking into
account the wide variation in the time since stroke and whether
it has significant differences in outcomes comparedwith general bal-
ance training andconventional physiotherapy.Thepresent systematic
reviewwith meta-analysis, therefore, aimed to examine the evidence
for the effects of duration time ofVR-based programs on improving
balance in patients with acute/subacute and chronic stroke.

METHODS

Data Sources and Search Strategy
Following the Preferred Reporting Items for Systematic

Reviews and Meta-analysis guidelines and PICOs principle
(population, intervention/exposure, comparison, outcomes and
study designs). For a completed Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) checklist,
see Supplementary Checklist (Appendix S1, Supplemental Digi-
tal Content 1, http://links.lww.com/PHM/B830). This review was
registeredwith the number CRD42021266012 on the PROSPERO
Website. A comprehensive search was conducted in the PubMed,
Embase, Cochrane Library, Cumulative Index of Nursing and
Allied Health Literature, and Web of Science databases until
December 31, 2021. Key terms were used including “stroke”
and “virtual reality,” to identify articles on the effects of VR
for balance training on stroke (Appendix S2, Supplemental
Digital Content 2, http://links.lww.com/PHM/B831).

Literature Selection
Studies were considered to be eligible if they met the fol-

lowing criteria: (1) randomized controlled trial; (2) patients
© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
who were diagnosed with stroke; (3) intervention: VR-based
exercise by using some devices to generate realistic images,
sounds, and other sensations that simulate a patient’s physical
presence in a virtual environment and interact with virtual fea-
tures or items; (4) comparisons: conventional therapies; (5)
outcomes concentrating on the effects for balance, functional
performance, and activities of daily living; and (6) peer-reviewed
English journals. Two reviewers (JS and XG) independently
assessed the eligibility of the articles. The preliminary screen-
ing was based on the title and abstract. The selected articles
were then evaluated in their entirety. If there was a disagree-
ment, the full text of the article was checked and discussed, if
necessary, with third-party adjudication (MS).

Data Extraction
Reviewers independently extracted data from the included

studies (HL and YS). If their results were inconsistent, a third
reviewer re-evaluated the articles and discussed them with the
two reviewers to reach an agreement (HB). They abstracted the
following data using a data extraction form: number of men and
women, age, mean weight/height/body mass index, number of
etiologies, lesion side, onset period of stroke, outcome assessed,
interventions, relevant statistical data, and adverse events. Vir-
tual reality–based exercise and control group interventions in
parallel group trials were extracted. The schedule of the VR-based
training was defined by its intensity (number of sets and repe-
titions), frequency (number of training sessions per week), and
duration (in weeks).

The Risk of Bias
Reviewers independently assessed the risk of bias using the

revised Cochrane risk of bias assessment tool for randomized
controlled trial studies (YYand LL).17 There are five domains
in the revised Cochrane risk of bias assessment tool: randomiza-
tion process, deviations from the intended intervention, missing
outcome data, measurement of the outcome, and selection of the
reported data. For missing outcome data in individual studies,
we stipulated a low risk of bias for loss to follow-up of less than
10% and a difference of less than 5% in missing data between
intervention/exposure and control groups. Publication bias
was assessed through visual inspection of funnel plots for each
outcome in which 10 or more eligible studies were identified.

Statistical Analysis
RevMan 5.3 software (Cochrane Collaboration, Oxford,

United Kingdom) was used to analyze the data in this
meta-analysis (YL). The effects of VR-based exercise were
expressed as the mean difference (MD) with 95% confidence
interval (CI). The heterogeneity was estimated by using the I2

test. If the I2 valuewas smaller than 50%, a fixed-effects model
was used; otherwise, a random-effects model was used. Publi-
cation bias was assessed with a funnel plot. A statistically sig-
nificant P value was set to 0.05.

The evidence and its certainty separately for bodies of ev-
idence from randomized controlled trials were summarized
(JF). The evidence for each outcome was divided into four
levels (high, moderate, low, or very low) by the Grading of
Recommendations Assessment, Development and Evaluation
system. The overall risk of bias, imprecision, inconsistency,
www.ajpmr.com 317
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FIGURE 1. The flowchart of selection process.
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indirectness, and publication bias five parts were used to sum-
marize the quality of the results.18

RESULTS
Fourteen randomized control trials were finally selected

with a total of 423 stroke patients, as shown in Figure 1. The
baseline demographic and clinical characteristics of the included
studies are shown in Appendix S3 (Supplemental Digital Con-
tent 3, http://links.lww.com/PHM/B832). The mean age of the
participants ranged from 45.91 to 65.26 yrs in the VR-based ex-
ercise group19,20 and 49.16 to 63.50 yrs in the control group.19,21

Three studies included patients with acute/subacute stroke
(<3 mos)22–24 and 11 targeted patients with chronic stroke
(≥6 mos).19–21,25–32 Comparison were made before and after
interventions in 11 studies, and comparisons were conducted
before, after interventions, and at follow-up of patients by
Morone et al.,23 de Rooij et al.,24 and Yatar and Yildirim.29
TABLE 1. The Cochrane tool of assessing risk of bias for methodologica

Article, Year
Randomization

Process
Deviations From

Intended Interventions

Jeon et al.,22 2019 High Low
Barcala et al.,21 2013 Low Low
Cho et al.,20 2012 Low Low
Yu and Cho,25 2016 Unclear Low
Lee et al.,19 2015 Unclear Low
Lee et al.,26 2017 Low Low
Lloréns et al.,27 2015 Low Low
Marques-Sule et al.,28 2021 Low Low
Yatar and Yildirim,29 2015 High Low
Song and Park,30 2015 Unclear Low
Choi et al.,31 2018 Low Low
Morone et al.,23 2014 Low Low
Kim et al.,32 2009 Unclear Low
de Rooij et al.,24 2021 Low Low
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Patients had the ability to walk 10 meters independently with
or without assistive devices in two studies19,20 and the ability to
stand for 30mins in another two studies.31,32 The level of patients
was more than two grades of FAC (Functional Ambulation Cate-
gory) in two studies, and Brunnstrom reported that patients were
grade 3 or higher.21,26 Only the state of consciousness, which
was K-MMSE (Korean Mini-Mental Status Examination) scores
greater than 24, was mentioned in three studies.19,25,30

According to the inclusion criteria, all studies were balance-
interventions oriented. The intervention was only VR balance
training in two studies and combined VR exercise with con-
ventional therapy in 12 studies. There was a wide variety in
the frequency, intervention time, type, and duration of the
VR intervention. The frequency of VR training varied between
2 and 5 times aweek. The VR took 30mins per session in most
studies and was 20 mins in only one study.23 The duration of
intervention was ranged from 4 to 8 wks in hospitals. To pro-
ject the virtual environment, a Wii balance board system was
used in five studies, and the game setting of lower extremity
balance was suitable for seniors. All subjects in this study were
older stroke patients, and most games consisted of performing
activities of daily living, such as washing, cooking, and bathing.
The difficulty degree of training in all courses was divided into
different levels based on the previous level. The therapist ex-
plained the VR training method to the subjects and provided
adequate rest to avoid fatigue during the training. Participants
selected specific VR activities (Appendix S4, Supplemental
Digital Content 4, http://links.lww.com/PHM/B833).

The risk of bias measured by the revised Cochrane risk of
bias assessment tool in the included studies is presented in
Table 1. Seven studies generated an adequately randomized se-
quence, and the overall methodological assessment of the stud-
ies was high for two studies, low for six studies, and unclear for
five studies. The Grading of Recommendations Assessment,
Development and Evaluation for all outcome measurements
was inconsistent and ranged from moderate to very low qual-
ity; thus, most studies were classified as fair thereby (Appendix
S5, Supplemental Digital Content 5, http://links.lww.com/
PHM/B834).
l assessment (RoB 2.0 tool)

Missing
Outcome Data

Measurement of
the Outcome

Selection of
the Reported Overall

Low Low Low High
Low Low Low Low
Low Unclear Low Unclear
Low Unclear Low Unclear
Low Unclear Low Unclear
Low Low Low Low
Low Low Low Low
Low Low Low Low
Low Unclear Low High
Low Unclear Low Unclear
Low Low Low Low
Low Low Low Low
Low Low Low Unclear
Low Low Low Low

© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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FIGURE 2. Forest plots of VR-based exercise on the BBS.
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The Berg Balance Scale (BBS) was designed to rate the
ability of balance. The BBS consists of 14 items, each scored
on a scale of 0–4 and a total of 56 points, with higher scores in-
dicating better balance. When data from 11 randomized con-
trolled studies were pooled (Fig. 2), a significant improvement
in balance was found after VR-based balance intervention
(MD, 1.35; 95%CI, 0.85 to 1.86; P < 0.00001; I2 = 44%). Nine
studies reported a significant improvement in chronic stroke
patients in the VR-based balance group (MD, 1.35; 95% CI,
0.84 to 1.86; P < 0.0001, I2 = 55%). However, we failed to find
any differences between the two groups for acute/subacute
stroke patients (MD, 1.43; 95% CI, −1.70 to 4.55; P = 0.61;
I2 = 0%; Fig. 2). In addition, the funnel plot showed an asym-
metrical distribution regarding balance, which suggested that
there would be a high risk of publication bias (Fig. S1, Supple-
mental Digital Content 6, http://links.lww.com/PHM/B835).
According to the different intervention durations, significantly
better improvement on the BBS was observed in the VR-based
FIGURE 3. Forest plots of VR-based exercise on the TUG.

© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
balance group than in the control group (MD, 2.70; 95% CI,
0.69 to 4.71; P = 0.008), and heterogeneity was low (P = 0.35,
I2 = 11%) at 4 wks. The meta-analysis showed that the VR-based
balance group exhibited significant improvement compared
with the control group after 5–8 wks of treatment (MD, 1.26;
95% CI, 0.74 to 1.78, P < 0.00001), and heterogeneity was
high (P = 0.03, I2 = 62%; Fig. S2, Supplemental Digital Con-
tent 7, http://links.lww.com/PHM/B836).

The Timed Up and Go (TUG) test was used to evaluate
functional performance. The patient was asked to sit on a
height-adjusted chair with an armrest and was instructed to
get up at the cue of “start,” walk forward to a 3-meter point,
and then return to the chair. The height of the chair seat was ad-
justed so that the knee joint of the patient was at 90 degrees.
The average time for three trials recorded using a stopwatch was
the TUG. The pooled results for the TUG showed a significant
MD of −0.81 (95%CI, −1.18 to −0.44; P < 0.0001; I2 = 0%) in
favor of the VR-based balance group (Fig. 3). Seven studies
www.ajpmr.com 319
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reported a significant improvement in chronic stroke in the
VR-based balance group (MD, −0.85; 95% CI, −1.38 to −0.32;
P = 0.002; I2 = 0%). The pooled MD for VR-based balance
in addition to conventional therapy was also significantly dif-
ferent between the two groups for acute/subacute stroke pa-
tients (MD, −0.78; 95% CI, −1.29 to −0.26, P = 0.003, I2 = 0%).
Improvements were observed in patients (MD, −0.81; 95% CI,
−1.18 to −0.44, P < 0.0001, I2 = 0%) after 5–8 wks of interven-
tion. However, no significant difference was observed in the
subgroup analysis of 4 wks of intervention, along with high het-
erogeneity (MD, −1.69; 95% CI, −6.59 to 3.20; P = 0.5;
I2 = 58%; Fig. S3, Supplemental Digital Content 8, http://
links.lww.com/PHM/B837).

Functional performance was also evaluated using the
Functional Reach Test (FRT) and the 10-Meter Walking Test.3

The patients moved their upper limbs and trunk to the front, if
possible, and the distances were measured to the end of the
middle finger by a standard ruler. The tests were repeated 3
times, and the average valuewas recorded for the FRT. Overall,
the VR-based balance group had a higher score than the control
group (MD, 3.06; 95% CI, 1.31 to 4.80; P = 0.0006; I2 = 0%;
Fig. 4). The 10-Meters Walking Test is a performance measure
used to assess walking speed in meters per second over a short
distance. The subject was instructed to walk for 14 meters, and
the average walking speed for 10 meters was measured by ex-
cluding 4meters corresponding to the acceleration and deceler-
ation distances. When data from four randomized controlled
studies were pooled (Fig. S4, Supplemental Digital Content 9,
http://links.lww.com/PHM/B838), statistically significantly dif-
ference was found associated with VR-based exercise in stroke
(MD, −1.53; 95% CI, −2.92 to −0.13; P = 0.03). There was
moderate evidence of heterogeneity (I2 = 33%).

The Modified Barthel Index was used to assess the activ-
ities of daily living. The Modified Barthel Index contains 10
parts, and the total score is summed as a minimum of 0 and a
maximum of 100 points. A score of 60 on theModified Barthel
Index means that daily activities are self-supporting by the pa-
tient. The higher the score, the more independent the patient is
in completing activities of daily livings. The meta-analysis showed
that VR-based exercise produced a significant and sustained
improvement (MD, 5.26; 95% CI, 1.70 to 8.82; P = 0.004;
I2 = 0%; Fig. S5, Supplemental Digital Content 10, http://
links.lww.com/PHM/B839). Adverse events reported in only
one study were soreness (6), hypertonicity (5), dizziness (6),
and leg pain (2) in the intervention group and soreness (15),
hypertonicity (7), dizziness (2), and shoulder pain (4), and
low back pain (2) in the control group (Appendix S3, Supple-
mental Digital Content 3, http://links.lww.com/PHM/B832).26
FIGURE 4. Forest plots of VR-based exercise on the FRT.
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DISCUSSION
This systematic review was conducted to identify the ef-

fects of VR-based exercise on stroke survivors. The results of
this study indicated that VR-based exercise was valuable in
producing significantly greater improvements in balance, func-
tional ability, gait, and activities of daily living ability than
physical therapy, including conventional balance training, al-
though the changes in VR-based exercise did not indicate an
active trend in balance with a mean time since stroke of less
than 6 mos. The positive motor function improvement of
VR-based exercise was in line with previous reviews on the ef-
fects of VR on the lower limbs in patients with stroke.33 Some
studies focused on upper extremity function with no balance
measures.34,35 Taking sports rehabilitation as an example, the
advantages of immersive properties of VR include how it in-
duces the illusion of virtual body ownership and agency through
multisensory feedback. To characterize and ultimately predict
those most likely to respond to a given intervention, efforts to
understand the recovery of different types of stroke will help tar-
get efficacious treatments toward responders and focus on de-
veloping better treatments for nonresponders. This review is
the first to analyze the changes in balance function of acute/
subacute and chronic stroke, and different duration intervention
time after VR training. Virtual reality training has a better bal-
ance improving effect on stroke in the chronic stage than in
the acute/subacute stage. As its most distinguishing mechanism,
a VR-based balance program inducing cortical reorganization
from aberrant ipsilateral to contralateral sensory-motor cortex
activation has been explored.36 Based on the enhanced cortical
reorganization, the restoration of motor function could be facil-
itated in patients with chronic stroke by VR training.

Concerning the primary outcomes, a statistically signifi-
cance change of 1.62 points on the BBS in favor of VR-based
exercisewas observed in this review (P = 0.002). It was revealed
that the effects of VR-based exercise were higher in chronic pa-
tients. During upright standing posture, the individual integrates
sensory inputs to execute of the movement to get equilibrium
body.37 Because of an alteration in somatosensory and vestibu-
lar systems, patients with stroke frequently present a high reli-
ance upon environmental visual information to control body
posture.38 Virtual reality not only senses the weight distribution
but also reflects it onto a television screen using an avatar, thus
allowing patients to observe movements and providing positive
feedback, and fun resources may produce greater motivation
during physical therapy sessions. When patients perform im-
mersion motion and visualization, the use-dependent plasticity
changes in the higher sensor motor areas belonging to the mirror
neuron system are stimulated and improved.39
© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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We found that the time of TUGwas decreased by VR-based
exercise. Most VR programs are based on game-based tasks,
using the Nintendo Wii, meaning that patients show more in-
terest in training.40 In addition, task-oriented training in the in-
cluded VR studies is considered to facilitate the reorganization
of the brain to allow functional improvement.We observed sig-
nificant results in the functional reach test. However, Lee et al.26

have reported negative effects of VR in the FRT. The execution
of the FRT requires shifting the center of gravity forward, but
the lower limbs cannot bemoved, which is similar to the require-
ment of the Wii balance board training. The VR game–based
tasks encourage the load-unloading sway strategy at the hip by
increasing speed and precision to carry out different actions.
Balance function is closely related to activities of daily living
performance. Virtual reality is thought to be an evidence-based
intervention for chronic stroke that can enhance high intensity,
repetition, and task-oriented training.

The equipment required for such rehabilitation is often
complex and expensive and can only be used in specialized
centers. Not only does the NintendoWii offer relatively simple
and inexpensive opportunities for VR treatments, but it also
shows good results in the progression of chronic stroke survi-
vors. Most treatments, including those in studies, are short-
lived, and many studies have increased the frequency of treat-
ments per week. This suggests that patients with chronic stroke
need rest to learn the exercises. However, the number of studies
included in this study was limited, and the quality of the results
was not statistically high. Therefore, it was felt that there was a
limit to the interpretation and that more research needs to be
conducted and reanalyzed in the future.

This review acknowledges several limitations that should
be taken into account in explaining the impact of VR-based ex-
ercise on stroke rehabilitation patients. As shown in the funnel
plot, there was some chance of publication bias. Furthermore,
we cannot exclude the possibility of bias in our meta-analysis
because of the small sample size and short intervention period
of the included studies. Follow-up was conducted in only three
randomized controlled trial studies, and it is unknown whether
the changes would persist beyond this time point. Given the
outcome metrics of this study, participants need to achieve
the ability to maintain a stride-standing position for some sec-
onds or to walk a distance of 10 meters before participating in
VR. Further exploration requires stricter evaluation standards
and a high-quality randomized controlled trial design to deter-
mine the effects of VR-based exercise on patients with wide
variations in the time since stroke.
CONCLUSIONS
This meta-analysis suggests that VR-based exercise can

improve the balance, functional ability, gait, and activities of
daily living compared with the conventional therapy, including
balance training, although the changes in VR-based exercise
did not indicate an active trend in balance with a mean time
since stroke of less than 6 mos. In particular, VR-based therapy
for patients with acute or subacute strokewas statistically more
effective as reflected in the TUG test than conventional therapy.
However, the effectiveness of VR-based exercise on balance re-
mains unclear in acute or subacute stroke patients. Longer-term
(5–8 wks) VR-based interventions are more effective than
© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
shorter-term interventions (4 wks), especially regarding functional
ability after stroke. Therefore, additional high-quality large ran-
domized controlled trials and/or patients in the acute or sub-
acute stroke phase will be needed to provide better evidence
supporting its use.
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