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Abstract
Background: Stroke is a leading cause of disability. It is difficult to devise an optimal rehabilitation plan once stroke survivors
are back home. Conventional rehabilitative therapies are extensively used in patients with stroke to recover motor functioning
and disability, but these are arduous and expensive. Virtual reality (VR) video games inspire patients to get involved in their
therapeutic exercise routine in a fun way. VR in the form of games provides a fruitful, secure, and challenging learning environment
for motor control and neural plasticity development in rehabilitation. The effects of upper limb sensorimotor functioning and
balance are the main focus of this trial.
Objective: The aim of this study is to compare the effects of VR training and routine physical therapy on balance and upper
extremity sensorimotor function in patients with stroke.
Methods: It was a single assessor-blinded randomized clinical trial. A total of 74 participants with their first chronic stroke
were included and rehabilitated in a clinical setting. The lottery method was used to randomly assign patients to either the VR
group (n=37) or the routine physical therapy group (n=37). The VR group received a 1-hour session of VR training for 3 weekdays
over 6 weeks, and the routine physical therapy group received different stretching and strengthening exercises. The outcome
measuring tools were the Berg Balance Scale for balance and the Fugl-Meyer Assessment (upper extremity) scale for sensorimotor,
joint pain, and range assessment. The assessment was done at the start of treatment and after the 6 weeks of intervention. Data
analysis was done using SPSS 22.
Results: The trial was completed by 68 patients. A significant difference between the two groups was found in the Berg Balance
Scale score (P<.001), Fugl-Meyer Assessment for motor function (P=.03), and Fugl-Meyer Assessment for joint pain and joint
range (P<.001); however, no significant difference (P=.19) in the Fugl-Meyer Assessment for upper extremity sensation was
noted.
Conclusions: VR training is helpful for improving balance and function of the upper extremities in the routine life of patients
with stroke; although, it was not found to be better than conventional training in improving upper limb sensation. VR training
can be a better option in a rehabilitation plan designed to increase functional capability.
Trial Registration: Iranian Registry of Clinical Trials RCT20190715044216N1; https://www.irct.ir/user/trial/40898/view
(JMIR Serious Games 2022;10(2):e29830) doi: 10.2196/29830
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Introduction
Stroke is a leading cause of disability, and it is difficult to devise
an optimal rehabilitation plan for patients with stroke once they
are discharged from the hospital [1]. Almost 85% of patients
with stroke have hemiparesis after stroke while 55% to 75% of
stroke survivors have motor dysfunction. South Asian people
(people of India, Pakistan, Sri Lanka, Bangladesh, Nepal, and
Bhutan) have a higher risk of stroke because of compromised
cardiac and metabolic rate [2,3]. Treatment for stroke is initiated
with drugs [4], and surgery might be another option to repair
any constriction or narrowing of blood vessels [5,6]. Patient
rehabilitation is an important part of treatment. The main
purpose of rehabilitation is to improve the quality of life for
patients with stroke and make them independent [7,8].
Conventional rehabilitative therapies are extensively used to
help patients with stroke recover motor functioning and
disability. However, the application of conventional techniques
is arduous and expensive, and requires transportation of patients
to tertiary care hospitals especially in countries like Pakistan
where hospitals are less in number. Virtual reality (VR) training
in the form of games [9] provides a fruitful, secure, and
challenging learning environment for motor control and neural
plasticity development after stroke. VR video games inspire
patients to get involved in their therapeutic exercise routine in
a fun way [10]. Depending on the remodeling and reorganization
of brain function, previous studies found that VR can be a great
alternative for quick functional recovery after stroke [11]. Mirror
neurons in the cortex can be activated through observational
learning by VR training. Participants who received sensory
input in VR training were also more likely to learn the desired
motor behavior [12]. The feedback can help to promote the
development of use-dependent cortical plasticity, which could
lead to improved motor control. Furthermore, the functional
improvement induced by VR training could significantly boost
participants’ confidence and self-efficacy in a new environment.
Moreover, another advantage of VR is that it can greatly save
on labor and cost of patients [13].
Stroke is seen to be more prevalent in countries like Pakistan,
as the people are more inclined toward using local drugs like
naswar, pipe smoking, and beetle leaf chewing (paan). Thus,
there is higher incidence of stroke in middle-aged populations
(<45 years) [14-16]. The study aimed for a younger population
with stroke and found cost-effective treatment protocols at the
same time. The unique needs of young people with stroke and
the promising opportunity provided by a low-cost serious game
would be a beneficial addition in treatment strategy. There is
inadequate evidence in the literature to generalize effects on
upper limb sensorimotor function and gait through commercial
gaming in young patients with stroke. Studies on effectiveness
of VR programs in comparison to traditional methods on
functional-motor improvement of an upper limb are needed in
low-resource countries to reduce cost and time through
target-oriented interventions. This study was conducted to
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compare the effects of VR training and routine physical therapy
on balance and function of upper limbs in patients with stroke
from the lower- and middle-class populations. This study is
conducted to accept or reject the hypothesis that VR has a
significantly better effect on balance and upper limb function
in patients with stroke.

Methods
Study Design and Participants
This study was a single assessor-blinded randomized clinical
trial. Participants were recruited by convenient sampling at
Kanaan Physiotherapy & Spine Clinic, Lahore, Pakistan, from
September 2018 to December 2020. Diagnosed patients with
subacute and chronic stroke were included in the study. The
inclusion criteria were patients aged between 40 to 60 years
irrespective of gender; unilateral involvement of extremity and
the first episode of stroke was either hemorrhagic or ischemic
in origin evident by computed tomography scan or magnetic
resonance imaging [17]; at least a score of 2 or more on the
medical research council scale; and patient is stable, alert, and
able to follow the instructions of physical therapists. Patients
with ischemic heart disease with unstable angina, history of
seizures, Parkinson disease, severe aphasia that can limit
participation or feedback, cognitive mental condition that can
interfere with comprehension of commands, any systematic
disease, BMI, or poor speech were excluded from the study.
Written informed consent was obtained from each participant
prior to data collection. The participants were randomly assigned
to two groups by lottery method: VR (n=37) and routine physical
therapy (n=37) groups [16].

Outcome Measures
All values were measured before and after the 6 weeks of
intervention. The Berg Balance Scale (BBS) was used to assess
balance. It is a 14-item list with each item consisting of a
five-point ordinal scale ranging from 0 to 4, with 0 indicating
the lowest level of function and 4 the highest level of function.
A score of 56 indicates functional balance. A score of <45
indicates individuals may be at greater risk of falling. The
Fugl-Meyer Assessment (FMA) tool for upper extremities (UEs)
was used to assess sensorimotor function, joint range, and pain.
The motor section of the FMA-UE has 33 points that evaluates
aspects of movement, reflex, coordination, and speed. Each
domain contains multiple items, each scored on a 3-point ordinal
scale (0=cannot perform, 1=performs partially, 2=performs
fully). Sensation has 6 points, while joint range and pain have
12 points each. Scoring is based on direct observation of
performance. FMA-UE is a valid and reliable tool that measures
the function of upper limbs, wrists, and hands while the BBS
is also a valid and reliable tool to assess balance [18,19].
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Interventions
Virtual Reality Training (Group I)
Wii comes with a console, adapter, infrared sensor bar, 2
wireless nunchucks, remote with wrist straps, sensor bar, Wii
balance board, and Wii Sports kit. The Wii Sports (tennis and
boxing), Wii balance board, and Wii Cooking Mama games
were the main games used. Depending upon the participant’s
ability, the training complexity and intensity were increased by
higher levels in the game. The therapist stood behind the
participant for protection and support, and the participant was
able to grab the handrail if they needed to avoid falling [20].
Patients in this group had a 1-hour session 3 days a week for a
period of 6 weeks.

Routine Physical Therapy (Group II)
These include stretching exercises for tight muscles (eg,
shoulder, elbow, and wrist flexors). The strengthening program

Anwar et al
includes exercises for weak extensor muscles and balance
training, and coordination exercises to improve motor control
and deficit. Each muscle group was targeted for strengthening
exercises in upper limbs. Manual resistance was applied and
increased according to the patient’s condition. The patients in
this group got 1-hour sessions, 3 days a week for a period of 6
weeks.

Sample Size
The sample size was calculated by sample size software [21,22].
The sampling technique used was convenient sampling with a
statistical power of 80% and ∂=0.5. Recruitment of 76
participants was done with an expected dropout of (10%) during
the intervention. One patient was excluded for not meeting the
criteria, and 1 left due to personal reasons. During the
intervention, 3 patients from each group were lost to follow-up
as shown in Figure 1.

Figure 1. CONSORT (Consolidated Standards of Reporting Trials) flow diagram.

Ethical Approval
The study protocol was approved by the Ethical Committee of
the
University
of
Lahore
(approval
IRB-UOL-FAHS/373-III/2018).

Randomization
Eligible participants were initially screened by a research
assistant. All participants were asked to sign the informed
consent. Subsequently, the participants were assessed by a
blinded independent assessor at baseline and were randomized.
The randomization was done by lottery method. Patients were
given the allotted intervention by a trained physical therapist.
After 6 weeks of the intervention, another assessment was done
by a blinded independent assessor.
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Statistical Analysis
SPSS 22.0 (IBM Corp) was used for the statistical analysis.
Descriptive statistics were applied for all outcome measures.
To check the normality of data, the Shapiro-Wilk test was
performed. Data were found to be normally distributed, so
parametric tests were applied. An independent t test was used
to compare data between the groups, while a paired t test was
used for analysis within the group. Statistical significance was
set at P<.05.

Results
The data were normally distributed. The mean age of the VR
training group was 51.56 (SD 7.199) years, while the mean age
for the routine physical therapy group was 51.35 (SD 5.783)
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(page number not for citation purposes)

JMIR SERIOUS GAMES

Anwar et al

years. The mean height of the VR training group was 1.68 (SD
0.11) meters, while the mean height for the routine physical
therapy group was 1.69 (SD 0.09) meters. The mean weight of
the VR training group was 86.50 (SD 11.41) Kg, while the mean
weight for routine physical therapy was 86.35 (SD 11.7) Kg as
shown in Table 1.
There was statistically significant differences between
posttreatment BBS values of the 2 groups with P<.001. The
balance increased to a greater extent post treatment for the VR
training group with a mean value of 36.62 (SD 7.76) as

compared to the routine physical therapy group (mean 26.94,
SD 6.46) as shown in Table 2. The mean of the FMA score for
motor function in the VR training group was 49.71 (SD 10.03)
as compared to 33.47 (SD 11.07) in the routine physical therapy
group, which was clinically more significant in the VR group.
There was no significant difference in the FMA score for
sensation across the 2 groups with P=.19. There was significant
difference in the FMA for joint pain and joint range across the
2 groups with P<.001 as shown in Table 2. A paired sample t
test was used to compare the values within each treatment group.

Table 1. Demographic characteristics (N=68).
Study groups

Patients, n

Value, mean (SD)

Age (years; virtual reality training)

34

51.56 (7.199)

Age (years; routine physical therapy)

34

51.35 (5.783)

Weight (kg; virtual reality training)

34

86.50 (11.41)

Weight (kg; routine physical therapy)

34

86.35 (11.70)

Height (m; virtual reality training)

34

1.68 (0.11)

Height (m; routine physical therapy)

34

1.69 (0.09)

BMI (kg/m2; virtual reality training)

34

30.66 (4.24)

BMI (kg/m2; routine physical therapy)

34

30.60 (4.67)

Table 2. Pre- and postintervention results for virtual reality and routine physical therapy treatment: t test between group statistics (N=68).
Berg Balance Scale and FMAa for upper extremity Treatment group

P value

Virtual reality training, mean (SD)

Routine physical therapy, mean (SD)

Berg Balance Scale score

<.001

Pre

18.38 (5.19)

19.68 (5.23)

Post

36.62 (7.76)

26.94 (6.46)

FMA for motor function

<.001

Pre

19.97 (5.45)

21.03 (7.24)

Post

49.71 (10.03)

33.47 (11.07)

FMA for sensation

.19

Pre

7.62 (2.15)

7.24 (2.41)

Post

8.44 (1.99)

8.44 (2.5)

FMA for joint range

<.001

Pre

12.82 (4.26)

11.88 (3.88)

Post

18.18 (3.71)

14.56 (4.13)

FMA for joint pain

a

<.001

Pre

12.47 (3.79)

11.65 (3.16)

Post

19.62 (2.86)

14.62 (4.00)

FMA: Fugl-Meyer Assessment.

Discussion
Principal Findings
The aim of the study is to compare the effects of two techniques,
VR training and routine physical therapy, on balance and
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function of upper extremities in patients with stroke. Virtual
training is a modern technique that has more interest now
because of its affordability and that patients can easily use it at
home as well. VR training improved balance, pain, range of
motion, and motor function of the upper extremities. However,
there was no significant effect on sensation.
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This study had a significant result in the improvement of the
balance during group analysis. Posttreatment balance in the VR
group had a mean value of 36.62 (SD 7.76), as compared to the
routine physical therapy group (mean 26.94, SD 6.46). Similar
results were seen in a study conducted by Jeon et al [23] that
suggested that VR in combination with balance training had
significant improvement in patients with stroke as compared to
the VR alone. Another study conducted by Aramaki et al [24]
showed that VR training improved balance and upper limb
function, and improved the quality of life in patients with stroke,
who also reported that VR is more effective in improving
dynamic balance as compared to conventional treatment.
Specifically, balance in walking was the most underperformed
activity of patients with stroke, so improvement in it would be
a substantial help for them. Most of the patients considered
playing games as a fun activity in their leisure time. Routine
physical therapy was found to be somewhat boring for patients
and less attractive [11]. The results of this study will help
therapists to use VR for the rehabilitation of patients with stroke.
A patient tries to use his muscles, and thus, coordination with
the brain improves. Most of the postural muscles are involved
in an upright position. On the contrary, routine physical therapy
is somewhat passive, and thus improvement is slow. Postural
muscles should be targeted in treatment protocols. Sometimes,
stroke directly affects the patient’s ability to manage the
surrounding environment. So, it is difficult to balance yourself
when you are unsure about your position in the surroundings
[25-27]. This study proved that VR improves functional
independence of patients after stroke.
In this study, both groups experienced positive improvements
in the FMA on the motor function level. The study’s
posttreatment results of motor function in patients with stroke
had a mean value of 49.71 (SD 10.03) in the VR group, while
in the routine physical therapy group, where the mean value
was 33.47 (SD 11.07) after treatment, the score was substantially
higher than the baseline, suggesting a clinically meaningful
increase in the VR training community relative to the routine
physical therapy group. A study conducted by Maier et al [28]
investigated whether VR training was beneficial for upper limb
motor recovery as compared to conventional therapy. A review
conducted by Levin and Demers [12] also concluded that VR
training has significant results in improving balance and motor
function of upper limbs in stroke rehabilitation.
Motor function in upper limbs improves during virtual training
because this system provides extra spatial transformation and
uncoupled eye-hand movements; it also enhances movement
control and creates an entertaining environment, further
motivating patients. Repeated motions improve motor learning
and patient’s functional and anatomical reorganization [29].
The study showed nonsignificant results of sensation by using
VR in patients with stroke, the VR group posttreatment mean
value was 8.44 (SD 1.99) as compared to the routine physical
therapy group (mean 8.44, SD 2.5). A study conducted by Yeh
et al [17] showed that the VR system helps promote functional
movements and motor control like pinching and grasping
activity, with significant results, but our sensory control patients
strongly intended to continue it for a long time. Another study
conducted by Serrada et al [30] highlights the sensory training,
https://games.jmir.org/2022/2/e29830
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but limited evidence was available on the sensory impairment
of patients with stroke. Further evaluation is required to analyze
the effectiveness for active sensory training. Vigorous methods
and high-class research is needed to measure outcomes of
sensory rehabilitation. This largely overlooked topic is an
important component for stroke rehabilitation.
This study showed significant results in joint range of motion
in the VR group. The VR group had a posttreatment mean value
of 18.18 (SD 3.71) as compared to the routine physical therapy
group (mean 14.56, SD 4.13). A study conducted by Aşkın et
al [31] stated that kinetic VR training improved UE motor
function and range of motion in patients with stroke. Another
study conducted by Huang et al [32] suggested that VR training
improves fine hand movements and active ranges of motion,
and promotes coordination, which support the results from our
study.
A study conducted by Choi and Paik [33] showed that a VR
mobile game–based program for upper limb rehabilitation had
significant results with conventional therapy, and it was a good
tool for rehabilitation of the UE, indicating that the joint range
is achieved in patients with stroke by VR training. Different
visual and auditory sounds engage patients in activity, and
patients spend more time in performing activities. This creates
a desire of interaction, and at the end, a desired joint movement
is achieved [33], similar to kinetic VR where shoulder flexion,
abduction external rotation, and elbow extension significantly
improved by repetitive training more than once a day.
The study results showed significant results in improving pain
in the poststroke treatment VR group, which had a mean value
of 19.62 (SD 2.86), as compared to routine physical therapy
group, which had a mean of 14.62 (SD 4.00). A study conducted
by Shahrbanian et al [34] showed that VR training helped in
pain management as compared to conventional therapy. A study
conducted by Powell and Simmonds [35] suggested that
musculoskeletal pain caused activity limitation, but VR training
could improve pain and enhance movement speed, which also
supports our study results.
Another study conducted in 2014 by Triberti et al [36] stated
that VR training improved pain. It is a distraction and analgesic
tool, and creates an environment in which the patients immerse
themselves in a 3D computer-generated environment. This
pleasurable and colorful environment diverts attention from
noxious stimuli. It provides a psychological effectiveness,
reduces anxiety, and promotes positive emotions so patients
feel relaxed and experience less pain [36].
VR has a great neurobiological impact on neuroplasticity that
results in an improved volume of gray matter, improved
cognitive efficiency, and higher electroencephalographic beta
wave concentrations. Innovative brain-computer interfaces assist
clinical applications of VR by allowing a direct effect on the
electric activity caused by different cortical areas of the brain
to ensure efficient control of connected gaming devices. Healthy
people may use VR as a storytelling tool to rewrite their own
stories as part of an integrative process of self-improvement
and personal growth [37,38].

JMIR Serious Games 2022 | vol. 10 | iss. 2 | e29830 | p. 5
(page number not for citation purposes)

JMIR SERIOUS GAMES
This study has some limitations, as VR training is a
comparatively new technique in Pakistan, which is why patients
faced difficulties with familiarity despite the fact that it is being
used widely for rehabilitation in higher-income countries. Few
outcome measures were used in the trial, so we suggest that
more outcome measures be used in future trials. This trial did
not have long-term follow-up assessments to check continuous
effects. These limitations need to be addressed in future studies.

Anwar et al

Conclusions
In this study, VR training was an effective way to improve
balance, sensorimotor function, joint range, and pain of the
upper limbs. Routine physical therapy is beneficial, but VR
training can be more target-oriented. This study has a lot of
potential in the field of stroke rehabilitation, as it demonstrated
that low-cost technologies can offer additional benefits to usual
care. Moreover, further randomized controlled trials are required
to find the effects of VR in different occupational performances
in patients with stroke.

Conflicts of Interest
None declared.

Multimedia Appendix 1
CONSORT-eHEALTH checklist (V 1.6.1).
[PDF File (Adobe PDF File), 1143 KB-Multimedia Appendix 1]

References
1.
2.

3.

4.

5.

6.

7.

8.
9.

10.

11.

12.
13.

Charles D, Holmes D, Charles T, McDonough S. Virtual reality design for stroke rehabilitation. In: Rea PM, editor.
Biomedical Visualisation: Volume 6. Cham: Springer; 2020:53-87.
Singh V, Prabhakaran S, Chaturvedi S, Singhal A, Pandian J. An examination of stroke risk and burden in South Asians.
J Stroke Cerebrovasc Dis 2017 Oct;26(10):2145-2153. [doi: 10.1016/j.jstrokecerebrovasdis.2017.04.036] [Medline:
28579510]
Saposnik G, Teasell R, Mamdani M, Hall J, McIlroy W, Cheung D, Stroke Outcome Research Canada (SORCan) Working
Group. Effectiveness of virtual reality using Wii gaming technology in stroke rehabilitation: a pilot randomized clinical
trial and proof of principle. Stroke 2010 Jul;41(7):1477-1484 [FREE Full text] [doi: 10.1161/STROKEAHA.110.584979]
[Medline: 20508185]
Williams EI, Betterton RD, Davis TP, Ronaldson PT. Transporter-mediated delivery of small molecule drugs to the brain:
a critical mechanism that can advance therapeutic development for ischemic stroke. Pharmaceutics 2020 Feb 14;12(2):154
[FREE Full text] [doi: 10.3390/pharmaceutics12020154] [Medline: 32075088]
Glegg SMN, Levac DE. Barriers, facilitators and interventions to support virtual reality implementation in rehabilitation:
a scoping review. PM R 2018 Nov;10(11):1237-1251.e1 [FREE Full text] [doi: 10.1016/j.pmrj.2018.07.004] [Medline:
30503231]
Patel BM, Reinert NJ, Al-Robaidi K, Gao X, Fabio A, Esper SA, et al. Independent predictors of perioperative stroke-related
mortality after cardiac surgery. J Stroke Cerebrovasc Dis 2020 May;29(5):104711. [doi:
10.1016/j.jstrokecerebrovasdis.2020.104711] [Medline: 32184023]
Long Y, Ouyang R, Zhang J. Effects of virtual reality training on occupational performance and self-efficacy of patients
with stroke: a randomized controlled trial. J Neuroeng Rehabil 2020 Nov 13;17(1):150 [FREE Full text] [doi:
10.1186/s12984-020-00783-2] [Medline: 33187532]
Stinear CM, Lang CE, Zeiler S, Byblow WD. Advances and challenges in stroke rehabilitation. Lancet Neurol 2020
Apr;19(4):348-360. [doi: 10.1016/S1474-4422(19)30415-6] [Medline: 32004440]
Cortes M, Elder J, Rykman A, Murray L, Avedissian M, Stampas A, et al. Improved motor performance in chronic spinal
cord injury following upper-limb robotic training. NeuroRehabilitation 2013;33(1):57-65. [doi: 10.3233/NRE-130928]
[Medline: 23949034]
Van der Loos M. Virtual reality video games make rehab fun for younger patients. Vancouver Coastal Health Research
Institute. 2019 Sep 23. URL: https://www.vchri.ca/stories/2019/09/23/
virtual-reality-video-games-make-rehab-fun-younger-patients [accessed 2022-06-08]
Aramaki AL, Sampaio RF, Cavalcanti A, Dutra FCMSE. Use of client-centered virtual reality in rehabilitation after stroke:
a feasibility study. Arq Neuropsiquiatr 2019;77(9):622-631 [FREE Full text] [doi: 10.1590/0004-282X20190103] [Medline:
31553392]
Levin MF, Demers M. Motor learning in neurological rehabilitation. Disabil Rehabil 2021 Dec;43(24):3445-3453. [doi:
10.1080/09638288.2020.1752317] [Medline: 32320305]
Demers M, Fung K, Subramanian SK, Lemay M, Robert MT. Integration of motor learning principles into virtual reality
interventions for individuals with cerebral palsy: systematic review. JMIR Serious Games 2021 Apr 07;9(2):e23822 [FREE
Full text] [doi: 10.2196/23822] [Medline: 33825690]

https://games.jmir.org/2022/2/e29830

XSL• FO
RenderX

JMIR Serious Games 2022 | vol. 10 | iss. 2 | e29830 | p. 6
(page number not for citation purposes)

JMIR SERIOUS GAMES
14.
15.
16.
17.

18.

19.

20.
21.
22.

23.

24.

25.
26.

27.
28.

29.

30.
31.

32.

33.
34.

35.

Nomani AZ, Iqbal M, Jamil U, Nabi S, Mughal S, Badshah M, et al. Etiology of stroke in young pakistani adults; results
of a single center study. Pakistan J Neurol Sci 2015;10(4):18-22.
Hashmi M, Khan M, Wasay M. Growing burden of stroke in Pakistan: a review of progress and limitations. Int J Stroke
2013 Oct;8(7):575-581. [doi: 10.1111/j.1747-4949.2012.00827.x] [Medline: 22759392]
Anwar N, Karimi H, Ahmad A, Mumtaz N, Saqulain G, Gilani SA. A novel virtual reality training strategy for poststroke
patients: a randomized clinical trial. J Healthc Eng 2021;2021:6598726. [doi: 10.1155/2021/6598726] [Medline: 34840701]
Yeh S, Lee S, Chan R, Wu Y, Zheng L, Flynn S. The efficacy of a haptic-enhanced virtual reality system for precision
grasp acquisition in stroke rehabilitation. J Healthc Eng 2017;2017:9840273. [doi: 10.1155/2017/9840273] [Medline:
29230275]
Gladstone DJ, Danells CJ, Black SE. The fugl-meyer assessment of motor recovery after stroke: a critical review of its
measurement properties. Neurorehabil Neural Repair 2002 Sep;16(3):232-240. [doi: 10.1177/154596802401105171]
[Medline: 12234086]
Downs S, Marquez J, Chiarelli P. The Berg Balance Scale has high intra- and inter-rater reliability but absolute reliability
varies across the scale: a systematic review. J Physiother 2013 Jun;59(2):93-99 [FREE Full text] [doi:
10.1016/S1836-9553(13)70161-9] [Medline: 23663794]
Holden MK, Dyar T. Virtual environment training: a new tool for neurorehabilitation. Neurol Rep 2002;26(2):62-71. [doi:
10.1097/01253086-200226020-00003]
Sample size for before-after study (Paired T-test). Sample Size Calculators. URL: http://www.sample-size.net/
sample-size-study-paired-t-test/ [accessed 2017-07-18]
Yoon J, Chun MH, Lee SJ, Kim BR. Effect of virtual reality-based rehabilitation on upper-extremity function in patients
with brain tumor: controlled trial. Am J Phys Med Rehabil 2015 Jun;94(6):449-459. [doi: 10.1097/PHM.0000000000000192]
[Medline: 25251249]
Jeon M, Moon J, Cho H. Effects of virtual reality combined with balance training on upper limb function, balance, and
activities of daily living in persons with acute stroke: a preliminary study. Phys Ther Rehabil Sci 2019 Dec 30;8(4):187-193.
[doi: 10.14474/ptrs.2019.8.4.187]
Aramaki AL, Sampaio RF, Reis ACS, Cavalcanti A, Dutra FCMSE. Virtual reality in the rehabilitation of patients with
stroke: an integrative review. Arq Neuropsiquiatr 2019 May 13;77(4):268-278 [FREE Full text] [doi:
10.1590/0004-282X20190025] [Medline: 31090808]
Lee HS, Park YJ, Park SW. The effects of virtual reality training on function in chronic stroke patients: a systematic review
and meta-analysis. Biomed Res Int 2019;2019:7595639. [doi: 10.1155/2019/7595639] [Medline: 31317037]
Noveletto F, Soares AV, Mello BA, Sevegnani CN, Eichinger FLF, Hounsell MDS, et al. Biomedical serious game system
for balance rehabilitation of hemiparetic stroke patients. IEEE Trans Neural Syst Rehabil Eng 2018 Nov;26(11):2179-2188.
[doi: 10.1109/TNSRE.2018.2876670] [Medline: 30334802]
Kim N, Park Y, Lee B. Effects of community-based virtual reality treadmill training on balance ability in patients with
chronic stroke. J Phys Ther Sci 2015 Mar;27(3):655-658 [FREE Full text] [doi: 10.1589/jpts.27.655] [Medline: 25931701]
Maier M, Rubio Ballester B, Duff A, Duarte Oller E, Verschure PFMJ. Effect of specific over nonspecific VR-based
rehabilitation on poststroke motor recovery: a systematic meta-analysis. Neurorehabil Neural Repair 2019 Feb;33(2):112-129
[FREE Full text] [doi: 10.1177/1545968318820169] [Medline: 30700224]
Huang Q, Wu W, Chen X, Wu B, Wu L, Huang X, et al. Evaluating the effect and mechanism of upper limb motor function
recovery induced by immersive virtual-reality-based rehabilitation for subacute stroke subjects: study protocol for a
randomized controlled trial. Trials 2019 Feb 06;20(1):104 [FREE Full text] [doi: 10.1186/s13063-019-3177-y] [Medline:
30728055]
Serrada I, Hordacre B, Hillier SL. Does sensory retraining improve sensation and sensorimotor function following stroke:
a systematic review and meta-analysis. Front Neurosci 2019;13:402. [doi: 10.3389/fnins.2019.00402] [Medline: 31114472]
Aşkın A, Atar E, Koçyiğit H, Tosun A. Effects of Kinect-based virtual reality game training on upper extremity motor
recovery in chronic stroke. Somatosens Mot Res 2018 Mar;35(1):25-32. [doi: 10.1080/08990220.2018.1444599] [Medline:
29529919]
Huang X, Naghdy F, Naghdy G, Du H, Todd C. The combined effects of adaptive control and virtual reality on robot-assisted
fine hand motion rehabilitation in chronic stroke patients: a case study. J Stroke Cerebrovasc Dis 2018 Jan;27(1):221-228.
[doi: 10.1016/j.jstrokecerebrovasdis.2017.08.027] [Medline: 28919312]
Choi Y, Paik N. Mobile game-based virtual reality program for upper extremity stroke rehabilitation. J Vis Exp 2018 Mar
08;133:56241 [FREE Full text] [doi: 10.3791/56241] [Medline: 29578520]
Shahrbanian S, Ma X, Aghaei N, Korner-Bitensky N, Moshiri K, Simmonds MJ. Use of virtual reality (immersive vs. non
immersive) for pain management in children and adults: a systematic review of evidence from randomized controlled trials.
Eur J Exp Biol 2012:1408-1422.
Powell W, Simmonds MJ. Virtual reality and musculoskeletal pain: manipulating sensory cues to improve motor performance
during walking. Cyberpsychol Behav Soc Netw 2014 Jun;17(6):390-396. [doi: 10.1089/cyber.2014.0061] [Medline:
24892203]

https://games.jmir.org/2022/2/e29830

XSL• FO
RenderX

Anwar et al

JMIR Serious Games 2022 | vol. 10 | iss. 2 | e29830 | p. 7
(page number not for citation purposes)

JMIR SERIOUS GAMES
36.

37.
38.

Anwar et al

Triberti S, Repetto C, Riva G. Psychological factors influencing the effectiveness of virtual reality-based analgesia: a
systematic review. Cyberpsychol Behav Soc Netw 2014 Jun;17(6):335-345. [doi: 10.1089/cyber.2014.0054] [Medline:
24892195]
Georgiev D, Georgieva I, Gong Z, Nanjappan V, Georgiev G. Virtual reality for neurorehabilitation and cognitive
enhancement. Brain Sci 2021 Feb 11;11(2):221 [FREE Full text] [doi: 10.3390/brainsci11020221] [Medline: 33670277]
Pintado-Izquierdo S, Cano-de-la-Cuerda R, Ortiz-Gutiérrez RM. Video game-based therapy on balance and gait of patients
with stroke: a systematic review. Appl Sci 2020 Sep 15;10(18):6426. [doi: 10.3390/app10186426]

Abbreviations
BBS: Berg Balance Scale
FMA: Fugl-Meyer Assessment
UE: upper extremity
VR: virtual reality

Edited by N Zary; submitted 26.04.21; peer-reviewed by M Bashir, J Zhang, M Demers; comments to author 17.05.21; revised version
received 30.06.21; accepted 13.05.22; published 13.06.22
Please cite as:
Anwar N, Karimi H, Ahmad A, Gilani SA, Khalid K, Aslam AS, Hanif A
Virtual Reality Training Using Nintendo Wii Games for Patients With Stroke: Randomized Controlled Trial
JMIR Serious Games 2022;10(2):e29830
URL: https://games.jmir.org/2022/2/e29830
doi: 10.2196/29830
PMID:

©Naveed Anwar, Hossein Karimi, Ashfaq Ahmad, Syed Amir Gilani, Kehkshan Khalid, Ahmed Sohaib Aslam, Asif Hanif.
Originally published in JMIR Serious Games (https://games.jmir.org), 13.06.2022. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work, first published in JMIR Serious Games, is properly
cited. The complete bibliographic information, a link to the original publication on https://games.jmir.org, as well as this copyright
and license information must be included.

https://games.jmir.org/2022/2/e29830

XSL• FO
RenderX

JMIR Serious Games 2022 | vol. 10 | iss. 2 | e29830 | p. 8
(page number not for citation purposes)

