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Abstract
Background: Hemiplegia shows the partial weakness of the 
body where balance and walking abilities are majorly affect-
ed. Exergaming can enhance balance after a stroke by utilizing 
game-specific exercises. Hence, the study aims to identify the 
effects of multi-exergames training on the parameters of bal-
ance and gait in hemiplegic subjects. Methods: The select-
ed study subjects were forty-two as per the inclusion criteria 
and were allotted to a single group using convenient sampling. 
The Berg balance scale (BBS) was used to measure balance 
parameters, and the Dynamic gait index (DGI) was used for 
gait. The subjects were given exergaming training combined 
with conventional physical therapy exercises for 6 consecutive 
weeks 4 times a week. After a post-test evaluation, the pre-
test and post-test data were examined using descriptive and 
interferential statistics. Findings: The study findings for the DGI 
pre-test were  (16.83±1.102), and the Post-test was  (21.05±1.248, 
P = 0.001). BBS pre-test was (41.02±3.605) and Post-test was 
(46.33±3.746,  P = 0.001). A significant improvement was noted 
in the balance and gait parameters using paired t-tests. Nov-
elty and Applications: There is a paucity of literature on the 
efficacy of multi-exergames training on balance and gait in 
hemiplegic patients. Hence there is a need to study the effects 
of multi-exergames training on balance and gait in hemiplegic 
patients. 
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1. Introduction
Stroke is characterized as “rapidly acquired clini-

cal symptoms of focal (or global) impairment of brain 
function, lasting longer than 24-48 hours or resulting 
to death, with no clear cause other than of vascular 
origin” [1]. Stroke has a high mortality rate, and survi-
vors may endure visual and/or speech loss, paralysis, 
and disorientation. Stroke is characterized by how it 
strikes people down [2]. 

A stroke affects 15 million individuals globally an-
nually [2]. The estimated incidence is 119-145/100, 000 
people. According to current population-based stud-
ies, the prevalence rate remains high, 334-424/100, 
000, indicating a major cause of death [3]. In addition 
to age and gender being the non-modifiable risk fac-
tors, hypertension and lack of exercise are direct risk 
factors [4]. 

The disability diminishes the individual’s QOL, 
and, as a result, lack of community participation im-
poses a significant socio-economic weight on soci-
ety [5]. Following a stroke, several elements of balance 
functions are changed, including a delay in regain-
ing balance and lower limb activities [6]. Also, patient 
shows sluggish walking pace, which are all signs of 
balance impairment, which may increase the risk of 
falling, being apprehensive about the fall can lead the 
subject to sedentary lifestyle and an increase in dis-
ability, resulting in a lower QOL  [7]. The gait patterns 
vary widely depending on the level of rehabilitation [8]. 

Being characterized as hemiplegia on either right 
or left side [9]. nine in ten stroke patients show im-
mediate paralysis. Stroke survivors continue to have 
significant locomotor abnormalities and challenging 
recovery [10]. 

Conventional treatments, as well as neurophysio-
logical techniques, are used in physiotherapy treatment. 
Neurophysiological Methods: Muscle Re-education 
[11], Neurodevelopmental Methodologies: – Sensorim-
otor Approach [12], Brunnstrom’s Therapy [13], Neurode-
velopmental Therapy (Bobath) [14], PNF Approach [15], 
Stroke Motor Relearning [16], Modern Task-Oriented 
Approach [17]. 



444 | Cardiometry | Issue 26. February 2023

The Xbox Kinect is a low-cost virtual reality gam-
ing device. It is a camera system without a controller 
that works with infrared technology and Smart tech-
nology features such as hand gestures, facial expres-
sions, verbal commands, and body movement. This 
application tracks many body parts in real-time for up 
to two players, and it is the 3D full-body video game 
system that reads and includes the movement of the 
entire body in the game [18]. 

Lee et al. [19] demonstrated the benefits of exer-
games on walking abilities in patients affected with 
stroke and the noted progress in muscle strength. 
Considering the benefit, it’s been suggested that the 
exergames program could be an adjunct to traditional 
rehabilitation. 

Following the above evidence, a necessity arises to 
explore the benefits of exergames program on balance 
and walking capacity in hemiplegics, as it could bene-
fit the rehabilitation process. 

2. Materials and Methodology

2.1 Subjects
After acquiring approval from the IEC of 

Krupanidhi College of Physiotherapy (reference 
number EC-MPT/21/PHY/016), the study proce-
dure was well explained to the forty-two patients. 
The study was designed as a single group pre and 
post-test experimental study with a convenient sam-
pling approach. The study was conducted at OPD of 
Krupanidhi College of Physiotherapy, Hospitals in 
and around Bangalore, and Home care centers. The 
study duration was from June 2021 to June 2022.In-
clusion criteria were ischemic stroke with Middle ce-
rebral artery involvement, Sub-acute phase (4 weeks 
to 6 months). The capability of independent walking 
of 10m with or without walking aids, patient able 
to do a Single leg stance for more than 5 seconds, 
Mini-mental state examination MMSE score of > 24, 
both male and female gender with the age limit 40 to 
70 years. 

Hemorrhagic stroke subjects with Sensory or glob-
al aphasia, Orthopedic impairment of the trunk and 
lower limb, Visual and auditory deficits, Lower limb 
fractures, and a history of seizures in the last 6 months 
were excluded. The treatment was one session per day, 
4 days a week for four weeks. The participants received 
30 minutes of multi-Exergames Training and 30 min-
utes of Conventional therapy. 

2.2 Procedure

2.2.1 Multi-ExerGames Training
The participants were given multi-exergames 

training along with conventional therapy. Patients 
were instructed and demonstrated about the train-
ing program. The multi-exergame comprises five 
different games for the affected lower limb a) Tar-
get kick: The goal of the game was to score a total 
of maximum points by hitting the targets with the 
ball and has to clear a wave of targets to increase the 
time limit. b)  Discuss whether the participant has 
to twist their bodies or crouch down and raise their 
arm at a 45-degree angle. c) Pin rush: The purpose of 
the game was to have an unlimited number of bowls 
to clear as many pins as possible. Once a set of pins 
were cleared, a new set replaced them. The partic-
ipant begins with 60 seconds to clear as many pins 
as possible. During the training, participants have to 
bowl with both arms. The best technique is to use a 
double windmill movement, with two arms opposite 
one another. d) Hurdles: Participants must step over 
an obstacle by raising a foot. As they get closer to the 
obstacle, it turns orange and green. They will have 
to jump as soon as the light turns green, and then 
they will continue sprinting. Sufficiently tiny jumps 
should suffice. e) Sprints: the participant should run 
as far as possible before the time limit runs out. The 
duration was set to 3 min for each segment of the 
precise game under supervision. 

2.2.2 Conventional Therapy
Participants also received conventional phys-

ical therapy. Exercises were Ankle rolls, Gastro 
soleus stretch, Hamstring stretch, Bridging, Ter-
minal knee extension, and Parallel bar exercises. 
The treatment duration was set to 30mins under 
supervision. 

2.2.3 Measurement Tools 
The gait parameters were measured by the Dynam-

ic gait index [20], and balance was measured by the Berg 
balance scale [21]. 

2.2.4 Statistical Analysis
The data was analyzed using SPSS version 29.0.To 

determine the significance of differences between 
variables for dynamic gait index (gait) and berg bal-
ance scale (balance), the paired t-test was used. 
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3. Results
The average age is 53.21 years for 40 to 70 years. 

The average the BMI of the subjects collected between 
males and females was 26.676 /m2 as shown in table 1.

Table 1
Age and BMI of study subjects

Variables Mean Std. Deviation
Age in years 53.21 9.246
BMI 26.676 2.1824

Responses received were more from males than fe-
male subjects as shown in table 2.

Table 2
Distribution of study subjects

Gender Frequency percentage
Male 32 76.2
Female 10 23.8

The change in mean values indicates the progress 
in both variables. 

 Results obtained after the analysis using paired 
t-test reflect the significant improvement in DGI, 
having a Pre-test score of 16.83±1.102 post-test score 
of 21.05±1.248 (P= 0.001). Whereas for BBS, it is 
41.02±3.605 and 46.33±3.746, respectively (P=0.001) 
as shown in table 3.

Discussions
Hemiplegia is paralysis that only affects one side of 

the body. Another crucial component of stroke survi-
vors’ restoration is gait recovery [9]. After a stroke, indi-
viduals have a wide range of walking abilities based on 
the level of sensorimotor impairment [8]. 

The study objective was to evaluate multi-exerga-
mes’ effects on gait and balance in hemiplegic subjects. 
The p-value indicates a significant improvement in 
gait and balance measures in this research. 

Our study results are favoured by Henrique et al 
[22], demonstrating improvement in the balance with 
the score of (23.63±6.10, p <0.002) in the experimen-

tal group and (28.53±9.45, P <. 001) in the control 
group, similar results were found in the effects of ex-
ergames on balance after stroke. Similar results were 
also noted in the study by Aslam et al [23], showing an 
improvement in balance (P<0.001). Interestingly Ma-
lik et al [24] showed supportive outputs by comparing 
the effects of task-oriented training to virtual reality 
training on stroke patients’ mobility, physical perfor-
mance, and balance by demonstrating a significant 
difference in Berg Balance Test scores compared to the 
control group (p= <. 005). After training, both groups 
significantly improved on the Dynamic Gait Index 
(p = <. 005). 

Lee et al [19] showed VR training successfully im-
proves both upper and lower limb function (SE=0.045, 
CI=0.336-0.513). Results for each item were statisti-
cally significant (p < 0.05). VR training might thus be 
beneficial in enhancing functional outcomes in chron-
ic stroke patients in their walking abilities (BBS). 

Multi-exergames training and Virtual reality have 
improved sensory and motor function in neurological 
disorders [25, 26]. 

Exergame’s use of bodily movement creates a feel-
ing of amusement for the patients and boosts their ad-
herence to exercise regimens [27]. 

VR amplifies the sensory-motor cortex firing, ac-
celerating or increasing functional motor recovery 
[28]. While utilising a VR, the mirror neuron system 
(MNS) may undergo usage-dependent plastic alter-
ations, which the technology may accelerate. Viewing 
an action–even a simulated one–enables the recruit-
ment of motor programming stored in the brain and 
would later aid movement execution recovery [29]. 

Virtual reality masks the physical characteristics 
and can impact and broaden the cortical regions as-
sociated with MNS activation by theta and gamma 
oscillations. The recovery of stored motor memory 
traces has been connected to theta activity, whereas 
gamma activity might be associated with visual target 
inputs [30]. The participation of many brain networks 
exhibiting the patterned recruitment of locomotor 
cells with the task-driven neural processes in the MNS 

Table 3
Outcome measures pre-test and post-test evaluation

Parameter Pre-test 
mean

Post-test 
mean

Difference in 
Mean

Standard 
deviation

t p Significant/No signif-
icant

DGI 16.83 21.05 -4.214 1.507 -18.127 0.001 Highly Significant
BBS 41.02 46.33 -5.310 2.181 -15.779 0.001 Highly Significant
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might provide insight into this extensive involvement 
[31]. Virtual reality may result in a stronger and more 
widespread adaptation in the brain cells, mainly the 
Broca’s area and ventral premotor cortex (putative 
MNS), having the interplay within the Mirror neurons 
of the brain, thereby augmenting locomotor function 
gain [32]. 

5. Limitation and Suggestions
The study was conducted only on a single group. It 

can be done to compare with Action observation ther-
apy (AOT) to know the efficacy of the intervention for 
the lower limb. The findings of the study cannot be 
generalized to all stroke patients. It can be performed 
with chronic stroke patients and with a large sample 
size to know the effectiveness. The study lacks fol-
low-up; the long-term effect of the intervention can 
be checked. 

6. Conclusion
Hemiplegia can result in functional restriction 

due to lower extremity weakness. It was proposed 
that multi-exergames training is a useful interven-
tion for enhancing hemiplegic individuals’ lower ex-
tremity function. The results demonstrate that adding 
multi-exergames training to the rehabilitation routine 
significantly improved stroke patients’ lower extrem-
ity function, balance, and gait. In order to improve 
a patient’s functional ability in hemiplegia, it is pro-
posed that multi-exergames training be used as ad-
junct training to be included with the conventional 
programme. 
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