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Stroke patients suffer impairments including sensory, motor, visual, and cognitive areas, as well as gait and balance manifestations
making activities of daily living difficult. In such conditions, virtual reality training can be a potential rehabilitation tool in
comparison to conventional physical therapy to cater to the burden of this disability; hence, this randomized clinical trial
compared the effects of virtual reality training and conventional physical therapy on balance and lower extremity function in
stroke patients. /e sample of 68 poststroke participants from Kanaan Physical /erapy and Spine Clinic, Lahore, Pakistan, were
divided into N� 34 cases each using the lottery method with one group given virtual reality training and the other received
conventional physical therapy. Each group received 60 minutes intervention, 3 days per week for 6 weeks. /e Berg balance scale
and the Fugl-Meyer assessment-lower extremity scale were employed for data collection preintervention, immediate post-
intervention, and 6 weeks postintervention. /e statistically significant differences between virtual reality and conventional
physical therapy groups for the Berg Balance score (p< 0.001), Fugl-Meyer assessment (FMA)-lower extremity domains of FMA-
motor function (p< 0.001), FMA-joint pain, and joint range (p< 0.001); however, there is no significant difference (p � 0.202) for
time vs. group interaction and significant (p< 0.001) for the time main effect for FMA sensation. Hence, virtual reality training is
more effective to restore balance and lower extremity function compared to conventional physical therapy in stroke patients. /e
results of the study have significant implications for the clinicians with better case management enhancing quality of life of
patients along with the dearth of local literature, thus providing base for future research from a developing country’s perspective.

1. Introduction

Stroke or cerebrovascular accidents (CVA) are considered as
the leading cause of disability globally with more youth
being affected in developing countries [1]; however, there is
equal gender prevalence marring quality of life (Qol) at every
level. Stroke has a global lifetime risk of 24.9% estimated in
2016 and extrapolated estimates by 2030 with 4% of pop-
ulation having a stroke event during the lifetime mounting
medical costs to $ 183.13 billion [2]. /e patients with stroke
may have a wide variety of impairments in motor, sensory,
visual, and cognitive areas including gait deficits and

balance-related manifestations [3]. Hence, they experience
restrictions to participate in activities of daily living (ADLs)
and compromising the Qol. In addition to improved pre-
ventive and acute care facilities, neurorehabilitation is a ray
of hope to cater to the burden of disability among this
population [1, 4].

Looking at the prospects of mobility, conventional
physical therapy (PT) is employed in lower limb rehabili-
tation including exercises and certain balance techniques. A
study by de Rooij et al. involving community dwellers ex-
amined by virtual reality (VR) gait training and non-VR gait
training containing conventional functional gait exercises
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and treadmill training was seen as effective in stroke patients;
however, VR training showed better results compared to
conventional therapeutic interventions [5].

Researchers have elaborated on the advancement of the
neuroplastic changes connected with poststroke motor im-
pairment and the inherent repair mechanisms [6]. An im-
portant role has been determined with PT focusing on the
sensory input reflecting improvement in the neuroplasticity
with sensory and motor learning [7]. When the patient ob-
serves his/her movements, the plasticity changes that depend
on the use of sensory areas belonging to the mirror neuron
system are strengthened./is exemplifies, among other factors,
the improvements the Wii can provide in such patients.
Moreover, this feedback could lead to a strengthening of the
learning mechanisms of different motor and sensory activities
that would ultimately improve quality of life [8].

/e poststroke balance rehabilitation using different
therapies is in use, and further research has been proposed
[9]. A local study by Saleem has also emphasized on the need
of clinical trials comparing VR gaming with conventional
rehabilitation for stroke patients in Pakistan [10].

VR has achieved a greater attention in recent times, and it
is an adjuvant rehabilitation method capable of producing
neuroplasticity with the help of visual, sensory, as well by
evoking cognitive interactions at the intercortical level. Its
application by robotics has shown to restore the lower limb
function by inducing neuroplasticity [11]. A number of
randomized clinical trials have appraised the Nintendo Wii-
based rehabilitation of stroke patients especially the balance.
/e research by Cho et al. worked on the balance training of
stroke patients by using Nintendo Wii gaming. /e results
showed significant improvement of dynamic balance [12]. In
contrast, another study conducted by Fritz et al. [13] revealed
only slight improvement in balance in the Nintendo Wii
group as compared to the control group.While VR has shown
improvement in motor function and functional capacity in
Nintendo Wii®, electronic game for the stroke survivors to
improve sensorimotor rehabilitation [14] has shown to have
higher impact on improvement of balance and fall prevention
than conventional PT [15]. It has also been noted to be cost-
effective therapeutic intervention [16] and hence needs to be
considered for a developing country like Pakistan.

Stroke is 5–10 times more prevalent in certain countries
including Pakistan compared to the west, with South Asia
sharing 20% of the world’s population and shouldering the
highest burden of cardiovascular disease./is is marred with
high incidence of stroke in the middle-aged group with 1/3rd
strokes occurring in those <45 years age accompanied with
more prevalent risk factors especially nontraditional ones
including the use of local drugs like naswar, smoking of pipe,
and chewing betel leaf (paan) and higher incidence of
diseases like rheumatic heart disease and liver diseases
[17–19]. /is is also associated with higher prevalence of
hypertension at younger age with increased frequency of
lacunar infarcts among ischemic stroke, a subtype of stroke
in Pakistan that differs from Western literature as reported
[20–22]. With the rate of prevalence and the fact is that
Pakistan, harbouring a young population of 63% aged be-
tween 15 and 33 years, could be facing a grave health peril

[23]. Hence, the need to focus on younger age groups for
research seems inevitable. Good posture and adequate
balance maintenance are essential prerequisites for per-
forming active ADLs and therefore should be targeted in
rehabilitation interventions [12].

/us keeping in view the unique position of stroke in
Pakistan with epidemiological and the clinical dissimilarities
with the Western literature, especially due to the involve-
ment of the younger population and the cost-effectiveness of
VR, there is a need to establish the fact that neuro-
rehabilitation using virtual therapy to improve the balance
and gait of poststroke cases is a better option compared to
conventional therapies, and in this connection, there is need
of randomized clinical trials (RCT) for evaluation of impact
of VR on balance [24].

Hence, this study was conducted to compare the effects
of VR training and routine PT on balance and lower ex-
tremity function in stroke patients, with the hypothesis that
VR training is better than conventional PT for balance and
lower extremity function restoration in 40–60 years old
stroke patients.

2. Materials and Methods

/is single (assessor) blinded randomized clinical trial
recruited diagnosed stroke patients using convenience
sampling from Kanaan Physiotherapy and Spine Clinic,
Lahore, Pakistan, over a period of 15 months from October
2019 to December 2020. /e sample included diagnosed
cases with first episode of haemorrhagic or ischemic stroke,
of both genders, aged 40–60 years, having unilateral ex-
tremity involvement with a minimum score of 2 on medical
research council scale. /e unstable cases who could not
follow instructions, cases with ischemic heart disease, un-
stable angina, history of seizers, motor impairments such as
neuropathy or Parkinson’s disease, aphasia, cognitive
compromise that can interfere with comprehension of
commands, and any systematic disease were excluded from
the study. /e participants were randomly assigned to
virtual reality (N� 34) and routine physical therapy (N� 34)
groups by the lottery method.

/e current study was conducted after obtaining
ethical approval of research from Institutional Research
Board (IRB) of/e University of Lahore vide Ref No. IRB-
UOL-FAHS/373-III/2018 and registration of trial vide
registration number RCT20190715044216N1 and after
acquiring consent of participants. Consort guidelines
were followed to screen participants for inclusion in the
study (Figure 1).

/e Berg balance scale (BBS) and Fugl-Meyer assessment
tool for lower extremity (FMA-LE) were used for data
collection. All the values were measured preintervention,
immediate postintervention, and at 6 weeks post-
intervention. /e period of 6 weeks was chosen to avoid
patients being lost to longer follow-up.

/e BBS is a valid and reliable tool to assess balance and
functional mobility in stroke patients [25], and FMA-LE is a
valid and reliable tool to measure function of lower ex-
tremity in the stroke patients [26].
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/e FMA comprises of 5 domains and 155 items ana-
lyzing motor and sensory function, balance, joint motion
range, and joint pain and scored on 3-point scale, where
O� cannot perform, 1� partial performance, and 2� full
performance with maximum possible score being 226. BBS
has 14 items scored 0–4 for 56 points with higher score
indicating lower risk of falling.

Intervention with virtual reality training was instituted
using Nintendo Wii home video game console [27], and the
NintendoWii fit balance games were used./ese require the
patient to shift his/her weight while standing on the balance
board. /e overall intervention includes the following ac-
tivities: (1) Wii balance games, e.g., tilt table and skiing, that
target weight shifting in different directions, (2) Wii aero-
bics, e.g., stepping on balance board and running on spot, (3)
Wii strength training includes Matt exercises and dynamic
standing that targets weak muscles for strength, and (4) Wii
yoga for static exercises. Balance board was put in the middle
of parallel bars for any upper extremity assistance required
by the patient in case of imbalance during exercise [28–30].

/e patient played the game in real time natural envi-
ronment and received 60-minute sessions four times a week for
six weeks and training complexity and intensity changed
according to patient’s performance [27], while the PT group
received 60-minute sessions, four times a week for six weeks
including stretching exercises for tight muscles specially flexors
in lower limb./e strengthening program is for weak extensor
muscles and balance training, and coordination exercises is to
improve motor control and deficit. Each muscle group was
targeted for strengthening exercises in lower limb. Manual
resistance was applied and increased according to the patient’s
condition. /e motivational sessions included motivation of
each patient by the researcher before and after each session for
both groups to participate actively during the session.

/e sampling technique used was convenience sampling
using the online sample size calculator [31], with statistical
power of 80% and α� 0.5. /e total 76 participants were
recruited to compensate dropout during the intervention.

/e SPSS 22.0 was employed for statistical analysis.
Descriptive statistics were applied for all outcome measures.
Repeated measure ANOVA was used to compare between
groups. Statistical significance was set at p< 0.05.

3. Results and Discussion

3.1. Results. /e study population had a normal sample
distribution with no significant difference between the VR
and PT groups (Table 1).

Results revealed (Table 2) a statistically significant differ-
ence between the BBS score for the time main effect as well as
time vs. group interaction (p< 0.001) with significantly higher
scores indicating improved balance for the virtual reality group.
/ere was a statistically significant difference in mean scores of
FMA-motor function (FMA-MF), FMA-joint range (FMA-
JR), and FMA-joint pain (FMA-JP) for both the time main
effect and time vs. group interaction (p< 0.001) with signifi-
cantly higher scores for virtual reality training indicting im-
proved motor function, joint range, and pain. However, no
significant difference was noted for FMA sensation (FMA-S)
for time vs. group interaction (p � 0.202); however, it was
significant for the time main effect (p< 0.001).

3.2. Discussion. Virtual reality training is a modern tech-
nique of treatment receiving great attention because of being
economical, and it provides motivation to the patient due to
realistic visual objects and multiple sensory stimuli and the
freedom of use, hence becoming more important for

Assessed for eligibility (n=76)

Randomization
(n=74)

Allocated to intervention (n=37) Allocated to intervention (n=37)

Lost to follow up (n=3) Lost to follow up (n=3)

Analyzed (n=34) Analyzed (n=34)

Excluded (n=2)
¨Not meeting inclusion criteria (n=1)
¨Declined to participate (n=0)
¨Other reasons (n=1)

Allocation

Follow up

Analyzed

Enrollment

Figure 1: Methodology: consort flow diagram.
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Pakistan due to the fact that stroke has revealed epidemi-
ological and clinical picture which is in contrast to the
Western literature with involvement of relatively younger
population due to different risk factors [17, 18], and the need
for economical strategies [16] being a developing economy
with the weak healthcare system.

Schrodre et al. in their study concluded that VR is a good
tool to increase patients’ motivation towards rehabilitation
and balance training, and the combined effects with other
therapies enhance the patient’s recovery [32]. It is significant
for the present national stroke scenario that the current
study revealed a significant difference for BBS score values
(p< 0.001) with significantly higher scores of 36.62± 7.76
and 44.09± 9.37 for virtual reality compared to 26.94± 6.46
and 30.97± 7.48 for the physical therapy group indicating
improved balance for the virtual reality group. Similarly,
Kumar et al. reported that hemiplegic patients using Wii
balance board performed weight shifting showed a signifi-
cant difference in final catch trial [33]. Another study by Lee
et al. reported improvement in specific outcomes for VR
programs which showed most effective results of muscle

strength, balance, joint range, gait, and muscle tension of
lower limb and improve activities of daily living (ADL’s) in
stroke patients with the moderate effect [16]. Similar results,
regarding improvement in balance, have been reported in
the current study and in previous studies suggesting that VR
is a beneficial tool to improve balance in the stroke pop-
ulation because patients enjoyed these games and spent
more time with these gadgets and exercise repeatedly to
show better performance, enhancing self-motivation, ulti-
mately leading to increased number of repetitions and pa-
tient’s retention and learning skills being considerably
improved [32].

According to O’Briena et al., VR training in stroke
population has significant impact since it improves patient’s
interest towards exercises with different gaming techniques
and also increases repetitions with substantial impact on
patient’s condition. /is technique activates the neuro-
physiological level, enhances neural activity, promotes ex-
citability of cortical spinal level, and engages patient’s
ipsilateral and contralateral brain regions [34]. A local study
by Salman reported that VR gaming was an effective

Table 1: Demographic characteristics (N� 68).

Variable Virtual reality training group Routine physical therapy group
P valueMean± SD/n Mean± SD/n

Age (years) 51.56± 7.19 51.35± 5.78 0.897
Weight (kg) 86.5± 11.41 86.35± 11.70 0.958
Height (meter) 1.68± 0.11 1.68± 0.09 1.000
Bone mass index (kg/m2) 30.66± 4.24 30.60± 4.67 0.057
Gender
Male 20 14 0.146Female 14 20

Table 2: Pre and postintervention results for virtual reality and routine physical therapy treatment: RM-ANOVA statistics (N� 68).

Scale Scale domain Intervention timing

Training group ANOVA statistics

Virtual
reality

Routine physical
therapy

Time main
effect

Time∗ group
interaction

Mean± SD Mean± SD F P value F P value

Berg balance scale

Preintervention 18.38± 5.19 19.68± 5.23 492.8 <0.001 77.8 <0.001Postintervention 36.62± 7.76 26.94± 6.46
Postintervention (6

weeks) 44.09± 9.37 30.97± 7.48

Fugl-Meyer scale-lower
extremity

Motor
function

Preintervention 12.68± 3.67 13.74± 5.51

46.19 <0.001 52.37 <0.001Postintervention 26.38± 3.63 19.68± 4.96
Postintervention (6

weeks) 30.26± 3.12 22.76± 5.33

Sensation

Preintervention 9.91± 1.38 9.74± 1.54

73.7 <0.001 1.62 0.202Postintervention 10.76± 1.21 11.03± 1.14
Postintervention (6

weeks) 11.26± 1.02 11.30± 0.95

Joint range

Preintervention 10.47± 2.03 10.44± 2.03

423.68 <0.001 29.4 <0.001Postintervention 17.50± 1.11 14.18± 2.14
Postintervention (6

weeks) 19.03± 0.90 15.68± 2.22

Joint pain

Preintervention 11.50± 1.94 10.50± 1.99

472.69 <0.001 43.8 <0.001Postintervention 17.68± 1.51 13.50± 2.18
Postintervention (6

weeks) 18.97± 0.94 14.68± 1.90
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treatment method to improve motor as well as sensory
function indicating neuroplasticity in cases with hemi-
paresis following stroke and help the patient gain his/her
functional ability [10]. Similarly, the present study revealed
significantly higher (p< 0.001) scores for virtual reality
training for FMA-motor function. /ese significant results
are close to a RCT conducted by Vitor Antonio in 2019
which supports our study that the VR group is effective for
motor functioning of the lower limb patients [35]. Another
comparable study revealed greater influence on patient’s
movement restoration of the affected lower limb after
stroke as compared to the other standard therapeutic in-
terventions [11]. VR in contrast to prolonged, monotonous
nature of PT raises patients interest by cutting down
boredom and augments visuospatial feedback [10]; hence,
it suits the Pakistani stroke population which is relatively
younger [19].

In the present study, no significant association was noted
in FMA-sensation for time vs. group interaction (p � 0.202),
while it was significant for the time main effect (p< 0.001).
Carey et al. in a study conducted in 2016 stated that a lit-
erature gap exists in understanding how sensory function is
achieved in stroke patients; therefore, further multidisci-
plinary approach and advancement as a prerequisite in field
is necessitated [36].

/e current study revealed significant improvement
(p< 0.001) for FMA joint range with significantly higher
scores for VR training. In positive correspondence to the
current study, another international research by Lee et al.
postulated that VR training is most effective in improving
joint range of motion and kinematics, hence improving
ADL’s and the patient’s Qol [16], while another study
conducted by Junior VADS et al. also supported the current
study that VR programs improve the movement of the lower
limb which in turn augments mobility leading to functional
independence with improved Qol [35].

/e present study exhibited significant (p< 0.001) im-
provement of FMA pain scores with higher scores for virtual
reality training. Similarly, Junior et al. reported significant
results in improving pain scores in poststroke patients using
VR [35], while a study conducted by Shahnaz suggested that
nonimmersive VR is adjunct intervention in PT and can be
recommended for the management of acute to chronic pain,
since it works as a counterirritant and diverts the patient’s
attention from painful stimulus, thus decreasing the anal-
gesic need and also improving the tolerance to painful
stimuli [37].

/e usefulness of the VT approach in treatment of
poststroke cases is a useful strategy and the current study
strengthens the role of virtual reality training in the treat-
ment of poststroke balance and lower limb functional im-
provement with special reference to the 40–60 years age
group.

4. Limitations

/e current study was conducted in one centre of the
country, and hence, results cannot be generalized therefore
necessitating larger trials.

5. Conclusions

/e current study concluded that virtual reality training
proved more effective to restore balance and lower extremity
function compared to conventional physical therapy in
stroke patients though no significant difference in sensory
improvement transpired. /e present research has signifi-
cant propositions for clinicians with better case management
enhancing quality of life of patients along with the dearth of
local literature, thus providing base for future research for a
developing country.
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been made available because article is part of PhD research
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L. Suso-Mart́ı, F. Cuenca-Mart́ınez, and G. V. Espı́-López,
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[15] I. Cortés-Pérez, F. A. Nieto-Escamez, and E. Obrero-Gaitán,
“Immersive virtual reality in stroke patients as a new approach
for reducing postural disabilities and falls risk: a case series,”
Brain Sciences, vol. 10, no. 5, p. 296, 2020.

[16] H. S. Lee, Y. J. Park, and S. W. Park, “/e effects of virtual
reality training on function in chronic stroke patients: a
systematic review and meta-analysis,” BioMed Research In-
ternational, vol. 2019, Article ID 7595639, 2019.

[17] M. Hashmi, M. Khan, and M. Wasay, “Growing burden of
stroke in Pakistan: a review of progress and limitations,”
International Journal of Stroke, vol. 8, no. 7, pp. 575–581, 2013.

[18] A. Sherin, Z. Ul-Haq, S. Fazid, B. H. Shah, M. I. Khattak, and
F. Nabi, “Prevalence of stroke in Pakistan: findings from
Khyber Pakhtunkhwa integrated population health survey
(KP-IPHS) 2016-17,” Pakistan journal of medical sciences,
vol. 36, no. 7, pp. 1435–1440, 2020.

[19] A. Z. Nomani, M. Iqbal, U. Jamil et al., “Etiology of stroke in
young Pakistani adults; results of a single center study,”
Pakistan Journal of Neurological Scence.vol. 10, no. 4, p. 6,
2015.

[20] B. A. Khealani, B. Hameed, and U. U. Mapari, “Stroke in
Pakistan,” JPMA. �e Journal of the Pakistan Medical Asso-
ciation, vol. 58, no. 7, pp. 400–403, 2008.

[21] J. A. Khan and M. A. Shah, “Young stroke-clinical aspects,”
Journal College of Physicians Surg Pak, vol. 10, no. 12,
pp. 461–466, 2000.

[22] N. A. Syed, B. A. Khealani, S. Ali et al., “Ischemic stroke
subtypes in Pakistan: the aga khan university stroke data
bank,” JPMA.�e Journal of the Pakistan Medical Association,
vol. 53, no. 12, pp. 584–588, 2003.

[23] E. Hafeez and T. Fasih, “Growing population of Pakistani
youth: a ticking time bomb or a demographic dividend,”
Journal of Education and Educational Development, vol. 5,
no. 2, pp. 211–226, 2018.

[24] G. Juras, A. Brachman, J. Michalska et al., “Standards of
virtual reality application in balance training programs in
clinical practice: a systematic review,” Games for Health
Journal, vol. 8, no. 2, pp. 101–111, 2019.

[25] M. Kudlac, J. Sabol, K. Kaiser, C. Kane, and R. S. Phillips,
“Reliability and validity of the Berg balance scale in the stroke
population: a systematic review,” Physical & Occupational
�erapy in Geriatrics, vol. 37, no. 3, pp. 196–221, 2019.

[26] E. Y. Park and Y. I. Choi, “Psychometric properties of the
lower extremity subscale of the fugl-myer assessment for
community-dwelling hemiplegic stroke patients,” Journal of
Physical �erapy Science, vol. 26, no. 11, pp. 1775–1777, 2014.

[27] M. K. Holden and T. Dyar, “Virtual environment training,”
Neurology Report, vol. 26, no. 2, pp. 62–71, 2002.

[28] A. A. Rendon, E. B. Lohman, D. /orpe, E. G. Johnson,
E. Medina, and B. Bradley, “/e effect of virtual reality gaming
on dynamic balance in older adults,” Age and Ageing, vol. 41,
no. 4, pp. 549–552, 2012.

[29] C. A. Miller, D. M. Hayes, K. Dye, C. Johnson, and J. Meyers,
“Using the Nintendo Wii fit and body weight support to
improve aerobic capacity, balance, gait ability, and fear of
falling,” Journal of Geriatric Physical �erapy, vol. 35, no. 2,
pp. 95–104, 2012.

[30] B. Imam, W. C. Miller, L. McLaren et al., “Feasibility of the
Nintendo WiiFit™ for improving walking in individuals with
a lower limb amputation,” SAGE open medicine, vol. 1, Article
ID 2050312113497942, 2013.

[31] S.-C. Chow, J. Shao, and H.Wang, Sample Size Calculations in
Clinical Research, Chapman & Hall/CRC, Boca Raton, FL,
USA, 2nd edition, 2008.
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