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SHORT REPORT
Exer-gaming reduces fall risk and improves mobility after stroke
Memoona Aslam1, Qurat ul ain2, Pashmina Fayyaz3, Arshad Nawaz Malik4

Abstract
The current study evaluated the eﬀect of virtual reality
based balance training in 30 stroke patients recruited via
purposive sampling technique for a clinical trial. Sealed
envelope method was used to randomly allocate patients
into two groups, i.e. Exer-gaming group (EGG) (n=15) and
traditional training (TBT) group (n=15). Patients ranging in
age from 50 to 60 years were included using Modified
Rankin Scale (MRS). Patients with cognitive deficits, severe
physical impairments, contractures, inability to perform
tasks, complications of the joint that aﬀected movement,
history of recent fracture, arthritis and those on drugs that
could aﬀect their physical function were excluded. Data
was collected using Berg Balance Scale (BBS) and Timed Up
& Go Test (TUG). Significant improvement was observed in
the exer-gaming training group after completing
intervention (P<0.001). Exer-gaming appears to be more
eﬀective in improving functional level, mobility and
balance in stroke patients. The study also suggests that
exer-gaming further provides dynamic environment for
stroke patients, thereby improving dynamic balance and
mobility.
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Introduction
Stroke is known to be the major reason for both death and
disability in many countries. In 2013, it was reported that
globally there are around 25.7 million survivors of stroke,
6.5 million deaths due to stroke, 113 million disabilityadjusted life-years (DALYs) lost due to stroke, and 10.3
million new stroke cases.1 The burden of stroke was mainly
observed in developing countries and accounts for 75.2%
of all stroke-related deaths and 81.0% of the associated
DALYs lost.2
Stroke is the greatest risk factor for falls among the elderly
population. This is caused by Balance alteration, a common
outcome of stroke, aﬀecting daily activities (ADL) and
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adding risk of falls in stroke patients.3 One of the stroke
training programmes includes balance training that can
enhance dynamic balance control and static postural
sway.4 In stroke rehabilitation, a major concern which is the
centre of attention is avoiding falls. For this purpose,
balance training which reduces the risk of falls, is included
as a vital component of this therapy.5
An emerging trend in physical fitness has been inspired by
the invasion of a relatively new technology referred to as
Active Gaming or Exer-gaming. It can be defined as a series
of physical activities driven by technology, for example, a
video game that requires players to be more physically
engaged keeping them more active during the play; other
activities are also more exercise based. It has also made it
possible to put into practice the activities within secure,
developed and challenging settings. This innovative
technique termed as exer-gaming is an emerging expertise
that is recently being vastly implemented in settings for
physical and cognitive rehabilitation.6 These virtual
environment-based gaming procedures have a great
potential to enhance motor learning, thereby triggering
motor areas of the brain that can give long-term and
permanent results.6
Stroke patients face the aftermath of mobility and balance
decline. Treatment options have to be explored to improve
rehabilitation techniques and activities for enhancing
independence level of these patients. Virtual reality permits
the participants to perform diﬀerent balance tasks in
varying environments. The current study was planned to
explore the eﬀects of task specific balance training using
virtual reality or exer-gaming via X-box 360 using a kinect
in stroke patients. The results of this study will provide
some insights regarding how to improve static and
dynamic balance in stroke survivors.

Methods and Results
A clinical trial was conducted on 30 stroke patients,
experiencing the first episode, with a post period between
six and twelve months, of either gender, with ages between
50 and 60 years. The sample size was similar to the size used
in previous studies.7,8 The present study was ethically
approved by the Research Ethical Committee of Riphah
College of Rehabilitation Sciences, Islamabad, and was
conducted in six months (from June 2016 to December
2016). All the participants provided written informed
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consent by signing or thumb
printing the form. Participants
Week
Goal
Activity
Duration
having score 2-3 on Modified
Orientation session To understand treatment protocol
Orientation to Exer-games
15-20 minutes
Rankin
Scale were included in
1st-2nd Week
Dynamic and static balance training
Water leaks 20,000 (basic level)
15-20 minutes
the
trial
and those with severe
3rd-4th Week
Dynamic balance training
Water leaks + River Rush
15-20 minutes
disability
marking higher than 3
5th-6th Week
Static, dynamic and anticipatory balance training Water leaks + River Rush + Reflex Ridge 15-20 minutes
were excluded. Patients with
Table-2: Demographic Data of the Patients for Both groups.
co-morbidities like diabetes mellitus, hypertension and
ischaemic
heart disease, cognitive deficits, severe
Variables
n (%)
Between Groups
contractures, those who were unable to perform tasks, had
EGG [n (%)]
TBTG [n (%)]
complications of the joints that aﬀected movement, had a
Gender
history
of recent fracture, arthritis and patients on drugs
Male
18 (60.00)
11 (73.3)
7 (46.7)
which could impair their physical function, were excluded.
Female
12 (40.00)
4 (26.7)
8 (53.3)
Type of stroke
Patients able to sit and stand independently, having
Infarct
20 (66.70)
7 (46.6)
8 (53.3)
suﬃcient vision to see the television screen and characters
Hemorrhage
10 (33.30)
8 (53.3)
2 (13.3)
clearly from a distance of three metres, were recruited.
Table-1: Week-wise Intervention (Description of Games).

Stroke area involved
MCA
PCA
ACA
Hemiplegia
Right
Left

26 (86.70)
1 (3.30)
3 (10)

13 (86.6)
1 (6.6)
1 (6.6)

13 (86.6)
2 (13.3)

19 (63.30)
11 (36.70)

11 (73.3)
8 (53.3)

4 (26.7)
7 (46.6)

EGG- Exer –gaming group; TBTG- traditional balance training group; MCA- middle cerebral artery;
PCA-posterior cerebral artery; ACA-anterior cerebral artery.

Table-3: Comparison of BBS between EGG & TBTG.
Berg Balance Scale

EGG
(Mean±SD)

TBTG
(Mean±SD)

p-value

BBS at baseline
BBS after 4 weeks
BBS after 6 weeks

24.4±2.87
28.1 ± 3.15
31.3 ±2.51

22.2±3.87
23.1 ±4.41
25.09±4.41

0.349
0.184
0.040*

Data was collected using purposive sampling technique,
while sealed envelope method was used to randomly
allocate the patients equally in two groups, i.e. exer-gaming
group (EGG) and traditional balance training group (TBT)
systematically. The intervention was planned for five days
a week for a total duration of six consecutive weeks.
Balance assessment was done vigilantly through berg
balance scale (BBS) and mobility was assessed through
timed up & go test (TUG) at the baseline before starting the
intervention; the assessment was repeated after four weeks
and additional two weeks. In order to minimise biased
assessment, a blind assessor measured the baseline data at
the beginning of the study and then after four weeks and
six weeks of training. The total duration of the study was six
weeks with minimum 30 sessions.
Task-oriented activities performed by the traditional group
included side stepping, standing on wobble board, and sit
to stand activity. Activities that included improving
anticipatory balance were perturbation given externally,
rising on toes and single leg stance. The detailed protocol
of intervention given to the exer-gaming group is shown
in table 1. The training session was conducted by
experienced physiotherapists, who also supervised
individual practice to ensure patient safety and avoid
health hazards.
Final analysis was performed on 30 patients, with 15
patients in each group. Mean age of the participants was
53.3 ± 6.2 years. Sample included 60% male and 40%
female patients. Further details of the demographic data
are given in Table 2.

Figure: Independent Samples T-Test for Time Up & Go Test.
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Statistical analysis was conducted using Statistical Product
and Service Solutions (SPSS) Version 20.0.0 IBM.
Independent samples T test was used to compare the two
groups and showed a significant improvement (p>0.05) in
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dynamic balance and reducing falls in exer-gaming group
in comparison to the traditional balance training group for
both scales, i.e. Timed up and go test (TUG) and berg
balance scale (BBS). However, the improvement was more
prominent in the last two weeks of intervention; from week
four to week six as shown in figure 1 and table 3.

Discussion
The current study suggested that virtual reality based or
gaming-based rehabilitation balance training is superior to
conventional treatment in stroke patients. Similar results
were also reported by Malik et al using virtual reality in
stroke patients9 and Barcala et al on balance assessment in
hemi-paretic patients who were trained to improve balance
using Wii Fit software-based gaming. Results of the study
indicated gain in dynamic balance among the participants
of both the groups.10
Another study based on exer-gaming using Wii fit was
conducted by Bieryla et al in which balance training was
given for three weeks and balance assessment was done
using berg balance scale. This study concluded that virtual
reality significantly improves balance in stroke patients (P
<0.037).11 These results are coherent with results of the
current study.
SR Shema and colleagues in their study showed that the
average time taken to complete timed up and go test
reduced by 10.3% (p<0.001) thereby indicating a major
decrease in the risk of falls in stroke patients.12 The current
study also showed significant results of intervention over
time on timed up and go test within virtual reality training
group, Wilk’s –Lambda values were 0.000** which means
that virtual reality balance training showed a notable time
decrease to complete the timed up and go test. In their
study, KL Molina et.al also indicated improvement in timed
up and go test as well as functional reach test after virtual
reality-based training.13
Although the present study adds to the evidence of
eﬀectiveness of exer-gaming based rehabilitation, it still
lacks in sample size and does not target a particular stroke
type. Future studies can be conducted on larger sample
size and the eﬀect of gaming can be compared in diﬀerent
types of strokes as well. Level of depression, fatigue and
anxiety may also aﬀect the level of physical activity and
should also be considered as a variable.
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VR helps stroke patients to enhance performance of ADLs.
Kinect-based exer-gaming training has a positive eﬀect on
dynamic balance, mobility and fall reduction. While
evidence strongly supports VR based rehabilitation training
as an integral part of intervention for stroke patients, more
research is still required to further explore its long-term
eﬀects.
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