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ABSTRACT

Virtual Reality(VR) is a novel treatment approach for stroke rehabili-
tation as it enables individuals to reproduce standard controlled 
movements to accomplish functional task. In contrast to conven-
tional rehabilitation that is monotonous, long-term and challenging, 
VR increases patient interest in rehabilitation thereby reduces the 
boredom and adaptation therefore enhances the visuo-spatial 
feedback. It has been observed that approximately 65% of the 
stroke survivors suffer hemiparesis that predominantly leads difficulty 
in performing daily living activities. Therefore, this study aims to assess 
the sensorimotor and functional performance in post-stroke hemipa-
retic patients using VR based gaming system. A total of 81 partici-
pants who had first-ever ischemic or hemorrhagic stroke with onset 
of >6 months, enrolled in post-acute rehabilitation program at Tertia-
ry Care Hospital were included. The VR gaming software named 
Wonder Tree (WT) © was used for the intervention. All participants 
were required to play two different games i.e. bucket ball and 
bubble pop for 15-20 minutes, 3 days/week for the duration of 8th 
weeks. Participants were assessed on baseline and post-intervention 
on Fugyl-Meyer Assessment for Upper Extremity (FMA-UE) and Wolf 
Motor Function Test (W.MFT) to assess sensorimotor function and 
functional skills. Participants showed significant improvement in 
sensorimotor function and functional abilities (p<0.05) after 8th 
weeks of intervention. It was concluded that VR gaming is effective 
in improving motor recovery in post-stroke hemiparesis. Besides, 
future clinical trials are needed to be conduct to establish VR 
gaming system as an alternative to conventional stroke rehabilita-
tion. 
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INTRODUCTION

Cerebrovascular Accident (CVA), referred to as 
stroke is the leading cause of death and long-term 
disability in adults1. The annual stroke incidence 
based on crude and sex-adjusted age is 95/100,000 
persons per year in the tenure 2000-20162. In 
Pakistan, the mean age affected by stroke is 59 
years that is approximately 10 years earlier as com-
pared to Western countries2. In particular, substan-
tial portion of post-survivors typically experiences 
neurological sequelae or prolonged disease-relat-
ed complications that may have adverse effects on 
patient’s quality of life3-6. Therefore, the foremost 
aim of stroke rehabilitation emphasizes on improv-
ing functional independence and maximizes quali-
ty of life, ultimately reduces the level of dependen-
cy3. However, true incidence of stroke is still 
unknown due to lack of multi-center epidemiologi-
cal studies. It has been observed that approximate-
ly 65% of the stroke survivors suffer hemiparesis7, a 
second-most frequently recognized impairments 
following stroke causes either complete or incom-
plete paralysis affecting either of the body side8. This 
condition predominantly leads difficulty in perform-
ing daily living activities. However, the course of 
functional recovery in post-stroke hemiparetic 
patients may vary among individuals with respect to 
right or left hemiparesis9-10. From the last three 
decades, the field of stroke rehabilitation has 
recent advances constitutes of Non-Invasive Brain 
Stimulation, Constraint Induced Movement Therapy 
(CIMT), Robotics and Virtual Reality (VR) with an 
emphasis to maximize their mobility, decrease 
disability, community integration, subsequently 
reduces the disease burden and better quality of 
life11. At present, VR is a novel treatment approach, 
defined as the computer-generated interactive 
simulated environment that allows users to engage 
with real-world objects or events with an aptitude to 
provide repetitive and task-specific training. The 
system included multisensory provision constitutes of 
visual, auditory and tactile feedback that is easy to 
be implemented hence the program has potential 
to optimize participant performance, motivation 
and interest in rehabilitation12.
Moreover, VR is found to be well-suited for stroke 
rehabilitation as the treatment provides concurrent 
feedback with respect to patient’s ability13. Exercise 
in simulated VR environment enables individuals to 
reproduce standard movements with control in 
order to accomplish functional task that can be 
adequately manipulated with respect to individu-
al’s treatment14. In contrast to conventional rehabili-
tation which is monotonous, long-term, least 
interesting and adaptable whereas VR increases 
patient interest in rehabilitation which results in the 
reduction of boredom and adaptation, also 
enhances the visuo-spatial feedback15. Further-
more, to the best of author’s knowledge, no studies 
have been conducted to determine the exercise 
dosage in recovery of post-stroke impairments16. 

Choi et al17 demonstrated that commercial VR 
gaming is effective in recovery of gross motor func-
tions and improving daily living activities in 
post-stroke survivors with mild-to-severe impair-
ments. Additionally, Commercial VR gaming would 
be an effective therapeutic alternative as it 
provides repetitive and task-specific training in 
stroke rehabilitation. However, the system usage 
has been limited only to the patients with moderate 
grip strength and flexibility. Unfortunately, most of 
the VR systems and equipment are expensive and 
requires adequate space therefore the intervention 
can only be administered in hospital-based or 
clinical setting. On the contrary, new style of com-
mercial VR technologies such as Wii or Nintendo is 
relatively inexpensive, easy to use and reported to 
promote functional recovery following stroke. At 
present, commercial VR gaming are reported to be 
used by 1/5th of therapist in stroke rehabilitation 
while 3/5th use available VR games, yet the 
intervention should only be commenced with 
recommended dosage and use18. Moreover, VR 
environment provides opportunity to make treat-
ment enjoyable; despite of the fact some therapists 
also described barriers related to time duration, 
space and treatment costs18. Precisely, several 
features of VR gaming may be relevant in neurore-
habilitation according to its complexity and intensi-
ty that may more effectively stimulates cortical 
reorganization, making sessions more pleasant.  In 
this context, participants are continuously 
challenged by newly designed tasks, that implies a 
more active participation in exercise program 
require to hastening the recovery process, poten-
tially improving the rehabilitation outcomes19.
Furthermore, some studies also indicated effective-
ness of VR in combination to conventional rehabili-
tation for functional recovery of post-stroke deficits 
of upper extremity. Similarly, a study conducted by 
da Silva et al20 used VR gaming program in addition 
to conventional rehabilitation indicated that VR 
group  showed significantly improved motor recov-
ery, speed and better scores on assessment param-
eters hence indicated VR as a promising tool for 
neurorehabilitation.  Nevertheless, more empirical 
evidences of VR based standardized protocol are 
needed to establish to target specific impairments 
of upper extremity prompting functional recovery 
with respect to heterogeneity of population16. 
Despite of the presence of intensive rehabilitation of 
stroke, limited data is available regarding functional 
outcomes in unilateral or bilateral hemiparetic 
patients9. Likewise, Sapnosiket al21 determined 
positive results of VR in improving upper limb motor 
function. Though, author also highlighted disparity in 
outcome measures due to limited studies that may 
lead to study bias. More VR trials are needed to be 
addressed to assess cognition, executive function, 
visuo-spatial and ADL’s performance. 
Consecutively, as per the reported statistics, the 
stroke pattern in Asia demonstrates geographical 
diversity. As the burden of disease is rising, associat-

ed conditions are evolving with time. Therefore, 
substantial measures are needed to be addressed 
in order to prevent stroke related complications 
that may leads to morbidity or mortality2. Moreover, 
large-scale epidemiological studies should be 
conducted to observe disease related conse-
quences in order to plan interventions to reduce 
disease burden. Therefore, the purpose of our study 
is to investigate the effectiveness of commercial VR 
based gaming system in improving sensorimotor 
and functional performance of hemiparetic 
patients. This study will also serves as a potential 
evidence for future clinical trials.

METHODOLOGY

This Quasi-experimental study was conducted in 
Physiotherapy Department of a Tertiary Care Hospi-
tal in Karachi. Participants who were enrolled in 
post-acute care rehabilitation program were 
recruited using non-probability convenient 
sampling technique in the tenure of January 
2017-Decemeber 2018. A total of 81 participants 
were included based on the following inclusion and 
exclusion criteria:

Inclusion Criteria22-23

• Both male and female patients aged 18-80 years 
who had first-ever ischemic or hemorrhagic stroke 
with onset of >6 months.  
• Modified Ashworth Scale (MAS) scores <3.
• Mini-Mental Scale Examination (MMSE) scores >25.
• Upper extremity paresis with no loss of propriocep-
tion in fingers of affected side.
• Ability to raise paretic hand to the height of the 
nipple and voluntarily flex the paretic fingers.
• Participants willing to participate.

Exclusion Criteria22-23 
• Patients with previous history of stroke.
• Reduced visual fields on both or single eye.
• Stroke patients with onset of <6 months enrolled in 
special rehabilitation for upper extremity paresis 

such as CIMT, Botulinum Toxin (BTX) injections treat-
ment etc.
• Serious medical conditions including uncontrolled 
hypertension, acute pulmonary heart diseases, 
renal dysfunctions, severe cognitive impairment or 
psychiatric disorders.

Data Collection Tool24-25

Two assessment parameters were included for the 
assessment of motor function of UE:
• Fugyl-Meyer Assessment Scale for Upper Extremity 
(FMA-UE) is a stroke-specific scale to assess senso-
rimotor function, balance, joint pain and range of 
motion. The scale has an excellent reliability 
(alpha=0.94 to 0.98) and correlation (r=0.93) for 
post-stroke hemi-paretic patients applied to deter-
mine stroke severity and motor recovery for further 
planning and treatment assessment.
• Wolf Motor Function Test (WMFT)is a clinical assess-
ment tool to quantify upper limb functional abilities 
through timed-based functional tasks. The test has 
an excellent reliability (ICC=0.94) and validity (r= 
0.86) forhemiparetic stroke patients.

Intervention Protocol
The protocol was based on Virtual Reality Gaming 
Software named Wonder Tree (WT) ©. Before starting 
the intervention, all participants were initially 
assessed at the baseline on FMA-UE and WMFT. 
Afterwards, subjects were given an average of 
three trials to provide clear understanding of the 
games and playing device. Two different games i.e. 
bucket ball and bubble pop were selected for the 
trials that were required to be played for 15-20 
minutes, 3 days/week for the duration of 8th weeks. 
Both the games emphasized on the use of affected 
and sound upper extremities for the motor function 
recovery. Post-assessment was performed at 8th 
week after the end of trial. Detailed gaming proto-
col is represented in Table-1.

Data Analysis
Data was analyzed on IBM SPSS (Statistical Package 

for Social Sciences) Software version 20. Demo-
graphic characteristics of participants were 
presented in frequency, mean and standard devia-
tions. Paired t-test was applied for within the group 
analysis on the basis of symmetrical normality 
assumption while p-value <0.05 was considered 
significant.

Ethical Considerations
Subjects’ data and related information was kept 
confidential. Before the commencement of 
intervention, participants were provided with partic-
ipant information sheet tonsure about the details of 
the study in order to obtain the consent. The data 
was collected in the Institute/hospital after the 
permission from the Head of Department of Physio-
therapy.

RESULT

A total of 81 participants included in the study 
consisted of 54 males and 27 females with mean 
age of 52.7±18.3. Majority of the cases were 
presented with left sided stroke (59.3%) whereas 
right sided stroke cases (40.7%) were in minority 
based on ischemic and hemorrhagic sub-types 
respectively.

After 8th weeks post-intervention, participants 
showed significant improvement in sensorimotor 
function (p<0.05) on FMA-UE scale with mean of 
37.7±9.7 from 30.4±8.7. Similar significant improve-
ment in functional abilities (p<0.05) was observed 
on WMFT from 19.8±6.3 to 22.9±7.0 respectively as 
shown in Table-2.

Moreover, the significant improvements were also 
observed on FMA-UE components in which motor 
function of upper extremity was significantly 
increased with mean of 26.2±5.0. Further improve-
ments were noted in wrist and function with mean 
values of 6.7±1.2 and 3.8±2.3 respectively. However, 
moderate significant improvement was evaluated 
in coordination and speed of participants with 
mean value of 3.2±1.8. Besides, the results were 
significant for all FMA-UE components which 
showed improved recovery of motor function 
post-intervention as shown in Figure-1.

DISCUSSION

The outcomes of the study showed significant 
improvement in motor function recovery at 8th 
weeks of intervention. This proved the efficacy of VR 
based gaming to enhance motor and functional 
abilities following stroke subsequently increased 
quality of life of hemiparetic patients. Quite a few 
previous studies indicated that VR based interven-
tion are potential to induce the mechanism of 
neuroplasticity in stroke survivors by activation of 
motor cortex and increased neuronal firing in stroke 
survivors27-35. Our results were consistent with the 
study of Soareset al36 who analyzed the therapeutic 
effects of VR based gaming in recovery of hemipa-
retic
patients. Results of the study indicated significant 
gains in FMA-UE with 34.0% increased range of 
motion abduction and 9% flexion with an increased 
quality of life. Although, these results were prelimi-
nary hence it was indicated that more empirical 
evidences are required to establish the effective-
ness of VR based gaming in post-stroke rehabilita-
tion. On the contrary, study conducted by da Silva 
Ribeiro37 demonstrated effectiveness of VR in com-
bination with conventional physical therapy using 
Nintendo Wii in improving passive movements and 
decreased pain among hemiparetic stroke 
survivors. This showed that VR based intervention 
decreases disease-related immobility and disuse 
extremities which limits joint amplitude and exacer-
bates pain. Furthermore, Mouawadet al38 demon-
strated Nintendo Wii as a rehabilitative tool for 
therapeutic reinforcement in home-based rehabili-
tation with an emphasis on passive and active 
upper extremities range of motion whereas a mean 
performance in time duration was also observed on 
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WMFT. Similarly, our study also reported decreased 
mean for timed-functional tasks on WMFT. Though, 
certain studies reported disparity of outcome mea-
sures in stroke measures39-40. In this regard, our study 
focused on two different outcome measures with 
respect to specific function. In particular several 
researchers emphasized on commercial VR gaming 
software for clinical and home program practice 
whereas our study used an augmented VR system 
that is only affordable by the tertiary care units 
hence it may not use as home based rehabilitation. 
Likewise, a trial conducted by Turollaet al41 revealed 
that VR combined with conventional upper limb 
rehabilitation led significantly greater improvements 
at FMA-UE scores in comparison to conventional 
therapy only. Though, the study has an un-matched 
intervention that leads to difficulty in analysis of 
intervention and control group. Despite of the fact, 
our study contributes to establish VR based gaming 
as a sole intervention in improving sensorimotor 
function and timed performance of hemiparetic 
stroke patients. Although, some participants faced 
technological limitations due to general lack of 
awareness about gaming and knowledge of tech-
nological integration42. Furthermore, it is advocated 
that low-cost VR technologies should be used for 
clinical and home-based rehabilitation. Yet, in com-
parison to VR, conventional rehabilitation is report-
ed to have the modest effect i.e. tedious for stroke 
survivors that lead to limited adherence and com-
pliance to the treatment as well as high cost of 
rehabilitation39-44. In addition, we believe that our 
findings establish VR system as a valuable tool for 
recovery in stroke patients which allows them to 
engage in safe simulated environment where 
sensorimotor contingencies can be modulated on 
the valid principles of neurorehabilitation45. 
Although, multiple studies specifically endorsed VR 
gaming for motor recovery of upper extremity while 
some studies included more general outcomes 
post-stroke such as balance, gait or cognitive-mo-
tor training. Despite of the heterogeneity in study 
design, observed effectiveness of VR systems, 
target population and multiple outcome measures 
may constitute limitations in drawing valid conclu-
sions. Unfortunately, some studies concluded that 
whether VR gaming is effective to improve motor 
function for activities of daily living remains unclear. 
Consequently, properly designed multicenter 
randomized controlled trials are needed to be 
established to reduce bias and to determine the 
efficiency and safety of VR gaming systems as an 
alternative therapeutic intervention to convention-
al rehabilitation in stroke patients39. In addition, it is 
also recommended to conduct the VR clinical trials 
at multiple sites with respect to different socioeco-
nomic status to generalize the results in population. 
Therefore, further clinical trials are recommended to 
evaluate effectiveness of VR based intervention on 
principles of neuro rehabilitation comprises of repet-
itive task practice, implicit and explicit feedback in 

order to promote the recovery of paretic arm45.

CONCLUSION

VR gaming is effective in improving sensorimotor 
function and functional ability in post-stroke hemi-
paresis. Moreover, moderate to significant improve-
ment was observed in FMA-UE components i.e. 
upper extremity, hand, wrist and coordination/-
speed. Besides, future clinical trials are required for 
establishment of VR gaming system as an alterna-
tive to conventional stroke rehabilitation.
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INTRODUCTION

Cerebrovascular Accident (CVA), referred to as 
stroke is the leading cause of death and long-term 
disability in adults1. The annual stroke incidence 
based on crude and sex-adjusted age is 95/100,000 
persons per year in the tenure 2000-20162. In 
Pakistan, the mean age affected by stroke is 59 
years that is approximately 10 years earlier as com-
pared to Western countries2. In particular, substan-
tial portion of post-survivors typically experiences 
neurological sequelae or prolonged disease-relat-
ed complications that may have adverse effects on 
patient’s quality of life3-6. Therefore, the foremost 
aim of stroke rehabilitation emphasizes on improv-
ing functional independence and maximizes quali-
ty of life, ultimately reduces the level of dependen-
cy3. However, true incidence of stroke is still 
unknown due to lack of multi-center epidemiologi-
cal studies. It has been observed that approximate-
ly 65% of the stroke survivors suffer hemiparesis7, a 
second-most frequently recognized impairments 
following stroke causes either complete or incom-
plete paralysis affecting either of the body side8. This 
condition predominantly leads difficulty in perform-
ing daily living activities. However, the course of 
functional recovery in post-stroke hemiparetic 
patients may vary among individuals with respect to 
right or left hemiparesis9-10. From the last three 
decades, the field of stroke rehabilitation has 
recent advances constitutes of Non-Invasive Brain 
Stimulation, Constraint Induced Movement Therapy 
(CIMT), Robotics and Virtual Reality (VR) with an 
emphasis to maximize their mobility, decrease 
disability, community integration, subsequently 
reduces the disease burden and better quality of 
life11. At present, VR is a novel treatment approach, 
defined as the computer-generated interactive 
simulated environment that allows users to engage 
with real-world objects or events with an aptitude to 
provide repetitive and task-specific training. The 
system included multisensory provision constitutes of 
visual, auditory and tactile feedback that is easy to 
be implemented hence the program has potential 
to optimize participant performance, motivation 
and interest in rehabilitation12.
Moreover, VR is found to be well-suited for stroke 
rehabilitation as the treatment provides concurrent 
feedback with respect to patient’s ability13. Exercise 
in simulated VR environment enables individuals to 
reproduce standard movements with control in 
order to accomplish functional task that can be 
adequately manipulated with respect to individu-
al’s treatment14. In contrast to conventional rehabili-
tation which is monotonous, long-term, least 
interesting and adaptable whereas VR increases 
patient interest in rehabilitation which results in the 
reduction of boredom and adaptation, also 
enhances the visuo-spatial feedback15. Further-
more, to the best of author’s knowledge, no studies 
have been conducted to determine the exercise 
dosage in recovery of post-stroke impairments16. 

Choi et al17 demonstrated that commercial VR 
gaming is effective in recovery of gross motor func-
tions and improving daily living activities in 
post-stroke survivors with mild-to-severe impair-
ments. Additionally, Commercial VR gaming would 
be an effective therapeutic alternative as it 
provides repetitive and task-specific training in 
stroke rehabilitation. However, the system usage 
has been limited only to the patients with moderate 
grip strength and flexibility. Unfortunately, most of 
the VR systems and equipment are expensive and 
requires adequate space therefore the intervention 
can only be administered in hospital-based or 
clinical setting. On the contrary, new style of com-
mercial VR technologies such as Wii or Nintendo is 
relatively inexpensive, easy to use and reported to 
promote functional recovery following stroke. At 
present, commercial VR gaming are reported to be 
used by 1/5th of therapist in stroke rehabilitation 
while 3/5th use available VR games, yet the 
intervention should only be commenced with 
recommended dosage and use18. Moreover, VR 
environment provides opportunity to make treat-
ment enjoyable; despite of the fact some therapists 
also described barriers related to time duration, 
space and treatment costs18. Precisely, several 
features of VR gaming may be relevant in neurore-
habilitation according to its complexity and intensi-
ty that may more effectively stimulates cortical 
reorganization, making sessions more pleasant.  In 
this context, participants are continuously 
challenged by newly designed tasks, that implies a 
more active participation in exercise program 
require to hastening the recovery process, poten-
tially improving the rehabilitation outcomes19.
Furthermore, some studies also indicated effective-
ness of VR in combination to conventional rehabili-
tation for functional recovery of post-stroke deficits 
of upper extremity. Similarly, a study conducted by 
da Silva et al20 used VR gaming program in addition 
to conventional rehabilitation indicated that VR 
group  showed significantly improved motor recov-
ery, speed and better scores on assessment param-
eters hence indicated VR as a promising tool for 
neurorehabilitation.  Nevertheless, more empirical 
evidences of VR based standardized protocol are 
needed to establish to target specific impairments 
of upper extremity prompting functional recovery 
with respect to heterogeneity of population16. 
Despite of the presence of intensive rehabilitation of 
stroke, limited data is available regarding functional 
outcomes in unilateral or bilateral hemiparetic 
patients9. Likewise, Sapnosiket al21 determined 
positive results of VR in improving upper limb motor 
function. Though, author also highlighted disparity in 
outcome measures due to limited studies that may 
lead to study bias. More VR trials are needed to be 
addressed to assess cognition, executive function, 
visuo-spatial and ADL’s performance. 
Consecutively, as per the reported statistics, the 
stroke pattern in Asia demonstrates geographical 
diversity. As the burden of disease is rising, associat-

ed conditions are evolving with time. Therefore, 
substantial measures are needed to be addressed 
in order to prevent stroke related complications 
that may leads to morbidity or mortality2. Moreover, 
large-scale epidemiological studies should be 
conducted to observe disease related conse-
quences in order to plan interventions to reduce 
disease burden. Therefore, the purpose of our study 
is to investigate the effectiveness of commercial VR 
based gaming system in improving sensorimotor 
and functional performance of hemiparetic 
patients. This study will also serves as a potential 
evidence for future clinical trials.

METHODOLOGY

This Quasi-experimental study was conducted in 
Physiotherapy Department of a Tertiary Care Hospi-
tal in Karachi. Participants who were enrolled in 
post-acute care rehabilitation program were 
recruited using non-probability convenient 
sampling technique in the tenure of January 
2017-Decemeber 2018. A total of 81 participants 
were included based on the following inclusion and 
exclusion criteria:

Inclusion Criteria22-23

• Both male and female patients aged 18-80 years 
who had first-ever ischemic or hemorrhagic stroke 
with onset of >6 months.  
• Modified Ashworth Scale (MAS) scores <3.
• Mini-Mental Scale Examination (MMSE) scores >25.
• Upper extremity paresis with no loss of propriocep-
tion in fingers of affected side.
• Ability to raise paretic hand to the height of the 
nipple and voluntarily flex the paretic fingers.
• Participants willing to participate.

Exclusion Criteria22-23 
• Patients with previous history of stroke.
• Reduced visual fields on both or single eye.
• Stroke patients with onset of <6 months enrolled in 
special rehabilitation for upper extremity paresis 

such as CIMT, Botulinum Toxin (BTX) injections treat-
ment etc.
• Serious medical conditions including uncontrolled 
hypertension, acute pulmonary heart diseases, 
renal dysfunctions, severe cognitive impairment or 
psychiatric disorders.

Data Collection Tool24-25

Two assessment parameters were included for the 
assessment of motor function of UE:
• Fugyl-Meyer Assessment Scale for Upper Extremity 
(FMA-UE) is a stroke-specific scale to assess senso-
rimotor function, balance, joint pain and range of 
motion. The scale has an excellent reliability 
(alpha=0.94 to 0.98) and correlation (r=0.93) for 
post-stroke hemi-paretic patients applied to deter-
mine stroke severity and motor recovery for further 
planning and treatment assessment.
• Wolf Motor Function Test (WMFT)is a clinical assess-
ment tool to quantify upper limb functional abilities 
through timed-based functional tasks. The test has 
an excellent reliability (ICC=0.94) and validity (r= 
0.86) forhemiparetic stroke patients.

Intervention Protocol
The protocol was based on Virtual Reality Gaming 
Software named Wonder Tree (WT) ©. Before starting 
the intervention, all participants were initially 
assessed at the baseline on FMA-UE and WMFT. 
Afterwards, subjects were given an average of 
three trials to provide clear understanding of the 
games and playing device. Two different games i.e. 
bucket ball and bubble pop were selected for the 
trials that were required to be played for 15-20 
minutes, 3 days/week for the duration of 8th weeks. 
Both the games emphasized on the use of affected 
and sound upper extremities for the motor function 
recovery. Post-assessment was performed at 8th 
week after the end of trial. Detailed gaming proto-
col is represented in Table-1.

Data Analysis
Data was analyzed on IBM SPSS (Statistical Package 

for Social Sciences) Software version 20. Demo-
graphic characteristics of participants were 
presented in frequency, mean and standard devia-
tions. Paired t-test was applied for within the group 
analysis on the basis of symmetrical normality 
assumption while p-value <0.05 was considered 
significant.

Ethical Considerations
Subjects’ data and related information was kept 
confidential. Before the commencement of 
intervention, participants were provided with partic-
ipant information sheet tonsure about the details of 
the study in order to obtain the consent. The data 
was collected in the Institute/hospital after the 
permission from the Head of Department of Physio-
therapy.

RESULT

A total of 81 participants included in the study 
consisted of 54 males and 27 females with mean 
age of 52.7±18.3. Majority of the cases were 
presented with left sided stroke (59.3%) whereas 
right sided stroke cases (40.7%) were in minority 
based on ischemic and hemorrhagic sub-types 
respectively.

After 8th weeks post-intervention, participants 
showed significant improvement in sensorimotor 
function (p<0.05) on FMA-UE scale with mean of 
37.7±9.7 from 30.4±8.7. Similar significant improve-
ment in functional abilities (p<0.05) was observed 
on WMFT from 19.8±6.3 to 22.9±7.0 respectively as 
shown in Table-2.

Moreover, the significant improvements were also 
observed on FMA-UE components in which motor 
function of upper extremity was significantly 
increased with mean of 26.2±5.0. Further improve-
ments were noted in wrist and function with mean 
values of 6.7±1.2 and 3.8±2.3 respectively. However, 
moderate significant improvement was evaluated 
in coordination and speed of participants with 
mean value of 3.2±1.8. Besides, the results were 
significant for all FMA-UE components which 
showed improved recovery of motor function 
post-intervention as shown in Figure-1.

DISCUSSION

The outcomes of the study showed significant 
improvement in motor function recovery at 8th 
weeks of intervention. This proved the efficacy of VR 
based gaming to enhance motor and functional 
abilities following stroke subsequently increased 
quality of life of hemiparetic patients. Quite a few 
previous studies indicated that VR based interven-
tion are potential to induce the mechanism of 
neuroplasticity in stroke survivors by activation of 
motor cortex and increased neuronal firing in stroke 
survivors27-35. Our results were consistent with the 
study of Soareset al36 who analyzed the therapeutic 
effects of VR based gaming in recovery of hemipa-
retic
patients. Results of the study indicated significant 
gains in FMA-UE with 34.0% increased range of 
motion abduction and 9% flexion with an increased 
quality of life. Although, these results were prelimi-
nary hence it was indicated that more empirical 
evidences are required to establish the effective-
ness of VR based gaming in post-stroke rehabilita-
tion. On the contrary, study conducted by da Silva 
Ribeiro37 demonstrated effectiveness of VR in com-
bination with conventional physical therapy using 
Nintendo Wii in improving passive movements and 
decreased pain among hemiparetic stroke 
survivors. This showed that VR based intervention 
decreases disease-related immobility and disuse 
extremities which limits joint amplitude and exacer-
bates pain. Furthermore, Mouawadet al38 demon-
strated Nintendo Wii as a rehabilitative tool for 
therapeutic reinforcement in home-based rehabili-
tation with an emphasis on passive and active 
upper extremities range of motion whereas a mean 
performance in time duration was also observed on 

WMFT. Similarly, our study also reported decreased 
mean for timed-functional tasks on WMFT. Though, 
certain studies reported disparity of outcome mea-
sures in stroke measures39-40. In this regard, our study 
focused on two different outcome measures with 
respect to specific function. In particular several 
researchers emphasized on commercial VR gaming 
software for clinical and home program practice 
whereas our study used an augmented VR system 
that is only affordable by the tertiary care units 
hence it may not use as home based rehabilitation. 
Likewise, a trial conducted by Turollaet al41 revealed 
that VR combined with conventional upper limb 
rehabilitation led significantly greater improvements 
at FMA-UE scores in comparison to conventional 
therapy only. Though, the study has an un-matched 
intervention that leads to difficulty in analysis of 
intervention and control group. Despite of the fact, 
our study contributes to establish VR based gaming 
as a sole intervention in improving sensorimotor 
function and timed performance of hemiparetic 
stroke patients. Although, some participants faced 
technological limitations due to general lack of 
awareness about gaming and knowledge of tech-
nological integration42. Furthermore, it is advocated 
that low-cost VR technologies should be used for 
clinical and home-based rehabilitation. Yet, in com-
parison to VR, conventional rehabilitation is report-
ed to have the modest effect i.e. tedious for stroke 
survivors that lead to limited adherence and com-
pliance to the treatment as well as high cost of 
rehabilitation39-44. In addition, we believe that our 
findings establish VR system as a valuable tool for 
recovery in stroke patients which allows them to 
engage in safe simulated environment where 
sensorimotor contingencies can be modulated on 
the valid principles of neurorehabilitation45. 
Although, multiple studies specifically endorsed VR 
gaming for motor recovery of upper extremity while 
some studies included more general outcomes 
post-stroke such as balance, gait or cognitive-mo-
tor training. Despite of the heterogeneity in study 
design, observed effectiveness of VR systems, 
target population and multiple outcome measures 
may constitute limitations in drawing valid conclu-
sions. Unfortunately, some studies concluded that 
whether VR gaming is effective to improve motor 
function for activities of daily living remains unclear. 
Consequently, properly designed multicenter 
randomized controlled trials are needed to be 
established to reduce bias and to determine the 
efficiency and safety of VR gaming systems as an 
alternative therapeutic intervention to convention-
al rehabilitation in stroke patients39. In addition, it is 
also recommended to conduct the VR clinical trials 
at multiple sites with respect to different socioeco-
nomic status to generalize the results in population. 
Therefore, further clinical trials are recommended to 
evaluate effectiveness of VR based intervention on 
principles of neuro rehabilitation comprises of repet-
itive task practice, implicit and explicit feedback in 

order to promote the recovery of paretic arm45.

CONCLUSION

VR gaming is effective in improving sensorimotor 
function and functional ability in post-stroke hemi-
paresis. Moreover, moderate to significant improve-
ment was observed in FMA-UE components i.e. 
upper extremity, hand, wrist and coordination/-
speed. Besides, future clinical trials are required for 
establishment of VR gaming system as an alterna-
tive to conventional stroke rehabilitation.

Table 1. Wonder Tree Gaming Protocol26

 Game Aim Procedure

Bucket Ball

Bubble Pop

 Aim This game is designed to improve
bi- lateral upper extremity coordination,

attention span, visuo-spatial skills 
and decision making skills.

 The game helps to improve  and-eye
coordination as well as sorting

skills and attention span.

In an augmented 3D virtual environment,
participant is required to collect the balls and 

put in to the bucket using bilateral arms  for
15-20 minutes, 3days/week for the 
duration of 8th weeks. Scores was 

noted after 3 trials.

 Similarly, in 3D environment, patient was asked to
pop the virtual bubbles by pointing finger using 

hand-eye coordination of affected upper extremity 
for the duration of 15-20 minutes, 3 days/week for 

total 8th weeks. The scores were observed after 3 trials.
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INTRODUCTION

Cerebrovascular Accident (CVA), referred to as 
stroke is the leading cause of death and long-term 
disability in adults1. The annual stroke incidence 
based on crude and sex-adjusted age is 95/100,000 
persons per year in the tenure 2000-20162. In 
Pakistan, the mean age affected by stroke is 59 
years that is approximately 10 years earlier as com-
pared to Western countries2. In particular, substan-
tial portion of post-survivors typically experiences 
neurological sequelae or prolonged disease-relat-
ed complications that may have adverse effects on 
patient’s quality of life3-6. Therefore, the foremost 
aim of stroke rehabilitation emphasizes on improv-
ing functional independence and maximizes quali-
ty of life, ultimately reduces the level of dependen-
cy3. However, true incidence of stroke is still 
unknown due to lack of multi-center epidemiologi-
cal studies. It has been observed that approximate-
ly 65% of the stroke survivors suffer hemiparesis7, a 
second-most frequently recognized impairments 
following stroke causes either complete or incom-
plete paralysis affecting either of the body side8. This 
condition predominantly leads difficulty in perform-
ing daily living activities. However, the course of 
functional recovery in post-stroke hemiparetic 
patients may vary among individuals with respect to 
right or left hemiparesis9-10. From the last three 
decades, the field of stroke rehabilitation has 
recent advances constitutes of Non-Invasive Brain 
Stimulation, Constraint Induced Movement Therapy 
(CIMT), Robotics and Virtual Reality (VR) with an 
emphasis to maximize their mobility, decrease 
disability, community integration, subsequently 
reduces the disease burden and better quality of 
life11. At present, VR is a novel treatment approach, 
defined as the computer-generated interactive 
simulated environment that allows users to engage 
with real-world objects or events with an aptitude to 
provide repetitive and task-specific training. The 
system included multisensory provision constitutes of 
visual, auditory and tactile feedback that is easy to 
be implemented hence the program has potential 
to optimize participant performance, motivation 
and interest in rehabilitation12.
Moreover, VR is found to be well-suited for stroke 
rehabilitation as the treatment provides concurrent 
feedback with respect to patient’s ability13. Exercise 
in simulated VR environment enables individuals to 
reproduce standard movements with control in 
order to accomplish functional task that can be 
adequately manipulated with respect to individu-
al’s treatment14. In contrast to conventional rehabili-
tation which is monotonous, long-term, least 
interesting and adaptable whereas VR increases 
patient interest in rehabilitation which results in the 
reduction of boredom and adaptation, also 
enhances the visuo-spatial feedback15. Further-
more, to the best of author’s knowledge, no studies 
have been conducted to determine the exercise 
dosage in recovery of post-stroke impairments16. 

Choi et al17 demonstrated that commercial VR 
gaming is effective in recovery of gross motor func-
tions and improving daily living activities in 
post-stroke survivors with mild-to-severe impair-
ments. Additionally, Commercial VR gaming would 
be an effective therapeutic alternative as it 
provides repetitive and task-specific training in 
stroke rehabilitation. However, the system usage 
has been limited only to the patients with moderate 
grip strength and flexibility. Unfortunately, most of 
the VR systems and equipment are expensive and 
requires adequate space therefore the intervention 
can only be administered in hospital-based or 
clinical setting. On the contrary, new style of com-
mercial VR technologies such as Wii or Nintendo is 
relatively inexpensive, easy to use and reported to 
promote functional recovery following stroke. At 
present, commercial VR gaming are reported to be 
used by 1/5th of therapist in stroke rehabilitation 
while 3/5th use available VR games, yet the 
intervention should only be commenced with 
recommended dosage and use18. Moreover, VR 
environment provides opportunity to make treat-
ment enjoyable; despite of the fact some therapists 
also described barriers related to time duration, 
space and treatment costs18. Precisely, several 
features of VR gaming may be relevant in neurore-
habilitation according to its complexity and intensi-
ty that may more effectively stimulates cortical 
reorganization, making sessions more pleasant.  In 
this context, participants are continuously 
challenged by newly designed tasks, that implies a 
more active participation in exercise program 
require to hastening the recovery process, poten-
tially improving the rehabilitation outcomes19.
Furthermore, some studies also indicated effective-
ness of VR in combination to conventional rehabili-
tation for functional recovery of post-stroke deficits 
of upper extremity. Similarly, a study conducted by 
da Silva et al20 used VR gaming program in addition 
to conventional rehabilitation indicated that VR 
group  showed significantly improved motor recov-
ery, speed and better scores on assessment param-
eters hence indicated VR as a promising tool for 
neurorehabilitation.  Nevertheless, more empirical 
evidences of VR based standardized protocol are 
needed to establish to target specific impairments 
of upper extremity prompting functional recovery 
with respect to heterogeneity of population16. 
Despite of the presence of intensive rehabilitation of 
stroke, limited data is available regarding functional 
outcomes in unilateral or bilateral hemiparetic 
patients9. Likewise, Sapnosiket al21 determined 
positive results of VR in improving upper limb motor 
function. Though, author also highlighted disparity in 
outcome measures due to limited studies that may 
lead to study bias. More VR trials are needed to be 
addressed to assess cognition, executive function, 
visuo-spatial and ADL’s performance. 
Consecutively, as per the reported statistics, the 
stroke pattern in Asia demonstrates geographical 
diversity. As the burden of disease is rising, associat-

ed conditions are evolving with time. Therefore, 
substantial measures are needed to be addressed 
in order to prevent stroke related complications 
that may leads to morbidity or mortality2. Moreover, 
large-scale epidemiological studies should be 
conducted to observe disease related conse-
quences in order to plan interventions to reduce 
disease burden. Therefore, the purpose of our study 
is to investigate the effectiveness of commercial VR 
based gaming system in improving sensorimotor 
and functional performance of hemiparetic 
patients. This study will also serves as a potential 
evidence for future clinical trials.

METHODOLOGY

This Quasi-experimental study was conducted in 
Physiotherapy Department of a Tertiary Care Hospi-
tal in Karachi. Participants who were enrolled in 
post-acute care rehabilitation program were 
recruited using non-probability convenient 
sampling technique in the tenure of January 
2017-Decemeber 2018. A total of 81 participants 
were included based on the following inclusion and 
exclusion criteria:

Inclusion Criteria22-23

• Both male and female patients aged 18-80 years 
who had first-ever ischemic or hemorrhagic stroke 
with onset of >6 months.  
• Modified Ashworth Scale (MAS) scores <3.
• Mini-Mental Scale Examination (MMSE) scores >25.
• Upper extremity paresis with no loss of propriocep-
tion in fingers of affected side.
• Ability to raise paretic hand to the height of the 
nipple and voluntarily flex the paretic fingers.
• Participants willing to participate.

Exclusion Criteria22-23 
• Patients with previous history of stroke.
• Reduced visual fields on both or single eye.
• Stroke patients with onset of <6 months enrolled in 
special rehabilitation for upper extremity paresis 

such as CIMT, Botulinum Toxin (BTX) injections treat-
ment etc.
• Serious medical conditions including uncontrolled 
hypertension, acute pulmonary heart diseases, 
renal dysfunctions, severe cognitive impairment or 
psychiatric disorders.

Data Collection Tool24-25

Two assessment parameters were included for the 
assessment of motor function of UE:
• Fugyl-Meyer Assessment Scale for Upper Extremity 
(FMA-UE) is a stroke-specific scale to assess senso-
rimotor function, balance, joint pain and range of 
motion. The scale has an excellent reliability 
(alpha=0.94 to 0.98) and correlation (r=0.93) for 
post-stroke hemi-paretic patients applied to deter-
mine stroke severity and motor recovery for further 
planning and treatment assessment.
• Wolf Motor Function Test (WMFT)is a clinical assess-
ment tool to quantify upper limb functional abilities 
through timed-based functional tasks. The test has 
an excellent reliability (ICC=0.94) and validity (r= 
0.86) forhemiparetic stroke patients.

Intervention Protocol
The protocol was based on Virtual Reality Gaming 
Software named Wonder Tree (WT) ©. Before starting 
the intervention, all participants were initially 
assessed at the baseline on FMA-UE and WMFT. 
Afterwards, subjects were given an average of 
three trials to provide clear understanding of the 
games and playing device. Two different games i.e. 
bucket ball and bubble pop were selected for the 
trials that were required to be played for 15-20 
minutes, 3 days/week for the duration of 8th weeks. 
Both the games emphasized on the use of affected 
and sound upper extremities for the motor function 
recovery. Post-assessment was performed at 8th 
week after the end of trial. Detailed gaming proto-
col is represented in Table-1.

Data Analysis
Data was analyzed on IBM SPSS (Statistical Package 

for Social Sciences) Software version 20. Demo-
graphic characteristics of participants were 
presented in frequency, mean and standard devia-
tions. Paired t-test was applied for within the group 
analysis on the basis of symmetrical normality 
assumption while p-value <0.05 was considered 
significant.

Ethical Considerations
Subjects’ data and related information was kept 
confidential. Before the commencement of 
intervention, participants were provided with partic-
ipant information sheet tonsure about the details of 
the study in order to obtain the consent. The data 
was collected in the Institute/hospital after the 
permission from the Head of Department of Physio-
therapy.

RESULT

A total of 81 participants included in the study 
consisted of 54 males and 27 females with mean 
age of 52.7±18.3. Majority of the cases were 
presented with left sided stroke (59.3%) whereas 
right sided stroke cases (40.7%) were in minority 
based on ischemic and hemorrhagic sub-types 
respectively.

After 8th weeks post-intervention, participants 
showed significant improvement in sensorimotor 
function (p<0.05) on FMA-UE scale with mean of 
37.7±9.7 from 30.4±8.7. Similar significant improve-
ment in functional abilities (p<0.05) was observed 
on WMFT from 19.8±6.3 to 22.9±7.0 respectively as 
shown in Table-2.

Moreover, the significant improvements were also 
observed on FMA-UE components in which motor 
function of upper extremity was significantly 
increased with mean of 26.2±5.0. Further improve-
ments were noted in wrist and function with mean 
values of 6.7±1.2 and 3.8±2.3 respectively. However, 
moderate significant improvement was evaluated 
in coordination and speed of participants with 
mean value of 3.2±1.8. Besides, the results were 
significant for all FMA-UE components which 
showed improved recovery of motor function 
post-intervention as shown in Figure-1.

DISCUSSION

The outcomes of the study showed significant 
improvement in motor function recovery at 8th 
weeks of intervention. This proved the efficacy of VR 
based gaming to enhance motor and functional 
abilities following stroke subsequently increased 
quality of life of hemiparetic patients. Quite a few 
previous studies indicated that VR based interven-
tion are potential to induce the mechanism of 
neuroplasticity in stroke survivors by activation of 
motor cortex and increased neuronal firing in stroke 
survivors27-35. Our results were consistent with the 
study of Soareset al36 who analyzed the therapeutic 
effects of VR based gaming in recovery of hemipa-
retic
patients. Results of the study indicated significant 
gains in FMA-UE with 34.0% increased range of 
motion abduction and 9% flexion with an increased 
quality of life. Although, these results were prelimi-
nary hence it was indicated that more empirical 
evidences are required to establish the effective-
ness of VR based gaming in post-stroke rehabilita-
tion. On the contrary, study conducted by da Silva 
Ribeiro37 demonstrated effectiveness of VR in com-
bination with conventional physical therapy using 
Nintendo Wii in improving passive movements and 
decreased pain among hemiparetic stroke 
survivors. This showed that VR based intervention 
decreases disease-related immobility and disuse 
extremities which limits joint amplitude and exacer-
bates pain. Furthermore, Mouawadet al38 demon-
strated Nintendo Wii as a rehabilitative tool for 
therapeutic reinforcement in home-based rehabili-
tation with an emphasis on passive and active 
upper extremities range of motion whereas a mean 
performance in time duration was also observed on 

WMFT. Similarly, our study also reported decreased 
mean for timed-functional tasks on WMFT. Though, 
certain studies reported disparity of outcome mea-
sures in stroke measures39-40. In this regard, our study 
focused on two different outcome measures with 
respect to specific function. In particular several 
researchers emphasized on commercial VR gaming 
software for clinical and home program practice 
whereas our study used an augmented VR system 
that is only affordable by the tertiary care units 
hence it may not use as home based rehabilitation. 
Likewise, a trial conducted by Turollaet al41 revealed 
that VR combined with conventional upper limb 
rehabilitation led significantly greater improvements 
at FMA-UE scores in comparison to conventional 
therapy only. Though, the study has an un-matched 
intervention that leads to difficulty in analysis of 
intervention and control group. Despite of the fact, 
our study contributes to establish VR based gaming 
as a sole intervention in improving sensorimotor 
function and timed performance of hemiparetic 
stroke patients. Although, some participants faced 
technological limitations due to general lack of 
awareness about gaming and knowledge of tech-
nological integration42. Furthermore, it is advocated 
that low-cost VR technologies should be used for 
clinical and home-based rehabilitation. Yet, in com-
parison to VR, conventional rehabilitation is report-
ed to have the modest effect i.e. tedious for stroke 
survivors that lead to limited adherence and com-
pliance to the treatment as well as high cost of 
rehabilitation39-44. In addition, we believe that our 
findings establish VR system as a valuable tool for 
recovery in stroke patients which allows them to 
engage in safe simulated environment where 
sensorimotor contingencies can be modulated on 
the valid principles of neurorehabilitation45. 
Although, multiple studies specifically endorsed VR 
gaming for motor recovery of upper extremity while 
some studies included more general outcomes 
post-stroke such as balance, gait or cognitive-mo-
tor training. Despite of the heterogeneity in study 
design, observed effectiveness of VR systems, 
target population and multiple outcome measures 
may constitute limitations in drawing valid conclu-
sions. Unfortunately, some studies concluded that 
whether VR gaming is effective to improve motor 
function for activities of daily living remains unclear. 
Consequently, properly designed multicenter 
randomized controlled trials are needed to be 
established to reduce bias and to determine the 
efficiency and safety of VR gaming systems as an 
alternative therapeutic intervention to convention-
al rehabilitation in stroke patients39. In addition, it is 
also recommended to conduct the VR clinical trials 
at multiple sites with respect to different socioeco-
nomic status to generalize the results in population. 
Therefore, further clinical trials are recommended to 
evaluate effectiveness of VR based intervention on 
principles of neuro rehabilitation comprises of repet-
itive task practice, implicit and explicit feedback in 

order to promote the recovery of paretic arm45.

CONCLUSION

VR gaming is effective in improving sensorimotor 
function and functional ability in post-stroke hemi-
paresis. Moreover, moderate to significant improve-
ment was observed in FMA-UE components i.e. 
upper extremity, hand, wrist and coordination/-
speed. Besides, future clinical trials are required for 
establishment of VR gaming system as an alterna-
tive to conventional stroke rehabilitation.
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Figure 1. Represents prepost mean 
differences of FMA-UE sub-components

Component of FMA-UE

Table 2. Pre-Post Mean Comparison 

Improvements are presented as Mean± S.D. Paired
t-test determined significant p-value <0.05* Fugyl-Meyer
Assessment Scale for upper extremity Wolf Motor
Function Test

Assessment
Scales Pre Post P-value

 FMA-UE

 WMFT 

30.4±8.7

19.8±6.3 

37.7±9.7

22.9±7.0
<0.05*
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INTRODUCTION

Cerebrovascular Accident (CVA), referred to as 
stroke is the leading cause of death and long-term 
disability in adults1. The annual stroke incidence 
based on crude and sex-adjusted age is 95/100,000 
persons per year in the tenure 2000-20162. In 
Pakistan, the mean age affected by stroke is 59 
years that is approximately 10 years earlier as com-
pared to Western countries2. In particular, substan-
tial portion of post-survivors typically experiences 
neurological sequelae or prolonged disease-relat-
ed complications that may have adverse effects on 
patient’s quality of life3-6. Therefore, the foremost 
aim of stroke rehabilitation emphasizes on improv-
ing functional independence and maximizes quali-
ty of life, ultimately reduces the level of dependen-
cy3. However, true incidence of stroke is still 
unknown due to lack of multi-center epidemiologi-
cal studies. It has been observed that approximate-
ly 65% of the stroke survivors suffer hemiparesis7, a 
second-most frequently recognized impairments 
following stroke causes either complete or incom-
plete paralysis affecting either of the body side8. This 
condition predominantly leads difficulty in perform-
ing daily living activities. However, the course of 
functional recovery in post-stroke hemiparetic 
patients may vary among individuals with respect to 
right or left hemiparesis9-10. From the last three 
decades, the field of stroke rehabilitation has 
recent advances constitutes of Non-Invasive Brain 
Stimulation, Constraint Induced Movement Therapy 
(CIMT), Robotics and Virtual Reality (VR) with an 
emphasis to maximize their mobility, decrease 
disability, community integration, subsequently 
reduces the disease burden and better quality of 
life11. At present, VR is a novel treatment approach, 
defined as the computer-generated interactive 
simulated environment that allows users to engage 
with real-world objects or events with an aptitude to 
provide repetitive and task-specific training. The 
system included multisensory provision constitutes of 
visual, auditory and tactile feedback that is easy to 
be implemented hence the program has potential 
to optimize participant performance, motivation 
and interest in rehabilitation12.
Moreover, VR is found to be well-suited for stroke 
rehabilitation as the treatment provides concurrent 
feedback with respect to patient’s ability13. Exercise 
in simulated VR environment enables individuals to 
reproduce standard movements with control in 
order to accomplish functional task that can be 
adequately manipulated with respect to individu-
al’s treatment14. In contrast to conventional rehabili-
tation which is monotonous, long-term, least 
interesting and adaptable whereas VR increases 
patient interest in rehabilitation which results in the 
reduction of boredom and adaptation, also 
enhances the visuo-spatial feedback15. Further-
more, to the best of author’s knowledge, no studies 
have been conducted to determine the exercise 
dosage in recovery of post-stroke impairments16. 

Choi et al17 demonstrated that commercial VR 
gaming is effective in recovery of gross motor func-
tions and improving daily living activities in 
post-stroke survivors with mild-to-severe impair-
ments. Additionally, Commercial VR gaming would 
be an effective therapeutic alternative as it 
provides repetitive and task-specific training in 
stroke rehabilitation. However, the system usage 
has been limited only to the patients with moderate 
grip strength and flexibility. Unfortunately, most of 
the VR systems and equipment are expensive and 
requires adequate space therefore the intervention 
can only be administered in hospital-based or 
clinical setting. On the contrary, new style of com-
mercial VR technologies such as Wii or Nintendo is 
relatively inexpensive, easy to use and reported to 
promote functional recovery following stroke. At 
present, commercial VR gaming are reported to be 
used by 1/5th of therapist in stroke rehabilitation 
while 3/5th use available VR games, yet the 
intervention should only be commenced with 
recommended dosage and use18. Moreover, VR 
environment provides opportunity to make treat-
ment enjoyable; despite of the fact some therapists 
also described barriers related to time duration, 
space and treatment costs18. Precisely, several 
features of VR gaming may be relevant in neurore-
habilitation according to its complexity and intensi-
ty that may more effectively stimulates cortical 
reorganization, making sessions more pleasant.  In 
this context, participants are continuously 
challenged by newly designed tasks, that implies a 
more active participation in exercise program 
require to hastening the recovery process, poten-
tially improving the rehabilitation outcomes19.
Furthermore, some studies also indicated effective-
ness of VR in combination to conventional rehabili-
tation for functional recovery of post-stroke deficits 
of upper extremity. Similarly, a study conducted by 
da Silva et al20 used VR gaming program in addition 
to conventional rehabilitation indicated that VR 
group  showed significantly improved motor recov-
ery, speed and better scores on assessment param-
eters hence indicated VR as a promising tool for 
neurorehabilitation.  Nevertheless, more empirical 
evidences of VR based standardized protocol are 
needed to establish to target specific impairments 
of upper extremity prompting functional recovery 
with respect to heterogeneity of population16. 
Despite of the presence of intensive rehabilitation of 
stroke, limited data is available regarding functional 
outcomes in unilateral or bilateral hemiparetic 
patients9. Likewise, Sapnosiket al21 determined 
positive results of VR in improving upper limb motor 
function. Though, author also highlighted disparity in 
outcome measures due to limited studies that may 
lead to study bias. More VR trials are needed to be 
addressed to assess cognition, executive function, 
visuo-spatial and ADL’s performance. 
Consecutively, as per the reported statistics, the 
stroke pattern in Asia demonstrates geographical 
diversity. As the burden of disease is rising, associat-

ed conditions are evolving with time. Therefore, 
substantial measures are needed to be addressed 
in order to prevent stroke related complications 
that may leads to morbidity or mortality2. Moreover, 
large-scale epidemiological studies should be 
conducted to observe disease related conse-
quences in order to plan interventions to reduce 
disease burden. Therefore, the purpose of our study 
is to investigate the effectiveness of commercial VR 
based gaming system in improving sensorimotor 
and functional performance of hemiparetic 
patients. This study will also serves as a potential 
evidence for future clinical trials.

METHODOLOGY

This Quasi-experimental study was conducted in 
Physiotherapy Department of a Tertiary Care Hospi-
tal in Karachi. Participants who were enrolled in 
post-acute care rehabilitation program were 
recruited using non-probability convenient 
sampling technique in the tenure of January 
2017-Decemeber 2018. A total of 81 participants 
were included based on the following inclusion and 
exclusion criteria:

Inclusion Criteria22-23

• Both male and female patients aged 18-80 years 
who had first-ever ischemic or hemorrhagic stroke 
with onset of >6 months.  
• Modified Ashworth Scale (MAS) scores <3.
• Mini-Mental Scale Examination (MMSE) scores >25.
• Upper extremity paresis with no loss of propriocep-
tion in fingers of affected side.
• Ability to raise paretic hand to the height of the 
nipple and voluntarily flex the paretic fingers.
• Participants willing to participate.

Exclusion Criteria22-23 
• Patients with previous history of stroke.
• Reduced visual fields on both or single eye.
• Stroke patients with onset of <6 months enrolled in 
special rehabilitation for upper extremity paresis 

such as CIMT, Botulinum Toxin (BTX) injections treat-
ment etc.
• Serious medical conditions including uncontrolled 
hypertension, acute pulmonary heart diseases, 
renal dysfunctions, severe cognitive impairment or 
psychiatric disorders.

Data Collection Tool24-25

Two assessment parameters were included for the 
assessment of motor function of UE:
• Fugyl-Meyer Assessment Scale for Upper Extremity 
(FMA-UE) is a stroke-specific scale to assess senso-
rimotor function, balance, joint pain and range of 
motion. The scale has an excellent reliability 
(alpha=0.94 to 0.98) and correlation (r=0.93) for 
post-stroke hemi-paretic patients applied to deter-
mine stroke severity and motor recovery for further 
planning and treatment assessment.
• Wolf Motor Function Test (WMFT)is a clinical assess-
ment tool to quantify upper limb functional abilities 
through timed-based functional tasks. The test has 
an excellent reliability (ICC=0.94) and validity (r= 
0.86) forhemiparetic stroke patients.

Intervention Protocol
The protocol was based on Virtual Reality Gaming 
Software named Wonder Tree (WT) ©. Before starting 
the intervention, all participants were initially 
assessed at the baseline on FMA-UE and WMFT. 
Afterwards, subjects were given an average of 
three trials to provide clear understanding of the 
games and playing device. Two different games i.e. 
bucket ball and bubble pop were selected for the 
trials that were required to be played for 15-20 
minutes, 3 days/week for the duration of 8th weeks. 
Both the games emphasized on the use of affected 
and sound upper extremities for the motor function 
recovery. Post-assessment was performed at 8th 
week after the end of trial. Detailed gaming proto-
col is represented in Table-1.

Data Analysis
Data was analyzed on IBM SPSS (Statistical Package 

for Social Sciences) Software version 20. Demo-
graphic characteristics of participants were 
presented in frequency, mean and standard devia-
tions. Paired t-test was applied for within the group 
analysis on the basis of symmetrical normality 
assumption while p-value <0.05 was considered 
significant.

Ethical Considerations
Subjects’ data and related information was kept 
confidential. Before the commencement of 
intervention, participants were provided with partic-
ipant information sheet tonsure about the details of 
the study in order to obtain the consent. The data 
was collected in the Institute/hospital after the 
permission from the Head of Department of Physio-
therapy.

RESULT

A total of 81 participants included in the study 
consisted of 54 males and 27 females with mean 
age of 52.7±18.3. Majority of the cases were 
presented with left sided stroke (59.3%) whereas 
right sided stroke cases (40.7%) were in minority 
based on ischemic and hemorrhagic sub-types 
respectively.

After 8th weeks post-intervention, participants 
showed significant improvement in sensorimotor 
function (p<0.05) on FMA-UE scale with mean of 
37.7±9.7 from 30.4±8.7. Similar significant improve-
ment in functional abilities (p<0.05) was observed 
on WMFT from 19.8±6.3 to 22.9±7.0 respectively as 
shown in Table-2.

Moreover, the significant improvements were also 
observed on FMA-UE components in which motor 
function of upper extremity was significantly 
increased with mean of 26.2±5.0. Further improve-
ments were noted in wrist and function with mean 
values of 6.7±1.2 and 3.8±2.3 respectively. However, 
moderate significant improvement was evaluated 
in coordination and speed of participants with 
mean value of 3.2±1.8. Besides, the results were 
significant for all FMA-UE components which 
showed improved recovery of motor function 
post-intervention as shown in Figure-1.

DISCUSSION

The outcomes of the study showed significant 
improvement in motor function recovery at 8th 
weeks of intervention. This proved the efficacy of VR 
based gaming to enhance motor and functional 
abilities following stroke subsequently increased 
quality of life of hemiparetic patients. Quite a few 
previous studies indicated that VR based interven-
tion are potential to induce the mechanism of 
neuroplasticity in stroke survivors by activation of 
motor cortex and increased neuronal firing in stroke 
survivors27-35. Our results were consistent with the 
study of Soareset al36 who analyzed the therapeutic 
effects of VR based gaming in recovery of hemipa-
retic
patients. Results of the study indicated significant 
gains in FMA-UE with 34.0% increased range of 
motion abduction and 9% flexion with an increased 
quality of life. Although, these results were prelimi-
nary hence it was indicated that more empirical 
evidences are required to establish the effective-
ness of VR based gaming in post-stroke rehabilita-
tion. On the contrary, study conducted by da Silva 
Ribeiro37 demonstrated effectiveness of VR in com-
bination with conventional physical therapy using 
Nintendo Wii in improving passive movements and 
decreased pain among hemiparetic stroke 
survivors. This showed that VR based intervention 
decreases disease-related immobility and disuse 
extremities which limits joint amplitude and exacer-
bates pain. Furthermore, Mouawadet al38 demon-
strated Nintendo Wii as a rehabilitative tool for 
therapeutic reinforcement in home-based rehabili-
tation with an emphasis on passive and active 
upper extremities range of motion whereas a mean 
performance in time duration was also observed on 
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