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Abstract

Background: Multiple sclerosis (MS) is a chronic progressive auto-immune disease that results in
demyelination of the central nervous system. The symptoms and complications in addition to impairments and
disability in MS patient often reduce the balance outcomes.

Purpose: To determine the influence of using the Wii interactive video game as a treatment program to
improve the balance outcomes in MS patient.

Materials and methods: Thirty MS patients were randomly allocated to two equal groups. The control group
received a traditional balance program for 45 minutes and the study group received a virtual reality
rehabilitation based on the Nintendo® Wii Balance Board® (WBB) for 30 minutes in addition to the balance
exercises given to the control group. The training was three times per week for 4 successive weeks.

The outcome measures: Berg Balance Scale (BBS), Timed Up and Go test (TUG), the overall dynamic limits
of stability measured by the Biodex Balance System, and the Activities-Specific Balance Confidence Scale
(ABC).

Results: There was an improvement in all measures in both groups. But the improvement in the balance
outcomes was more in the study group.

Conclusion: Wii rehabilitation appears to be a useful tool in improving balance outcomes in MS. Further
studies have to be carried out to assess the retention of results and generalization.

Keywords: Multiple sclerosis, Balance, Wii interactive video game

Introduction

Multiple sclerosis (MS) is a chronic inflammatory
disease in which the myelin sheaths of nerve cells
in the central nervous system are damaged ™.
Commonly, it affects many young and middle-
aged individuals, especially females more than
males (2-3:1) 2. Generally, MS patient presents
with many symptoms. One of the most symptoms

is fatigue affecting between 50% and 80% of
patients ™). Besides that, impaired balance affects
about 75% of patients over the course of the
disease. Balance impairments identified by
increased sway in static balance, delayed reactions
to postural perturbations, and a reduced capability
to move toward their limits of stability [
Furthermore, it is widely recognized that many
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MS patients have changes of sensation (e.g.,
numbness and paresthesia), motor abnormalities
such as muscle weakness, bladder/bowel
incontinence and cognitive impairment 1%,
However, these symptoms with high inactivity of
MS patient altogether increase the risk of
developing secondary complications (e.g., obesity
and heart disease). These complications in
addition to other impairments and disability often
prevent patients from performing their activities
of daily living (ADL) ™.

For this reason, wide traditional training programs
in physical therapy can be used such as balance
training and strengthening exercises but with time,
these exercises can become repetitive and
worthless, and thus decrease the motivation and
adherence to treatment . On the other hand,
exercise using interactive video games in the
rehabilitation scientifically growing in the last few
years and become quite providing meaningful,
intensive, enjoyable, motivational and purposeful
tasks related to ADL P!, In fact, the Nintendo Wii
is one of the inexpensive interactive video games
introduced in November 2006. It is virtual reality
training provide auditory and visual feedback. The
device is based on motion capture technology
using full body movements to control on-screen
action and receive instructions and feedback on
performing the exercise ©!. In addition, sometimes
require standing on a platform (the balance board)
to give a continuous visual feedback about
movement pattern accuracy by pressure sensors
and wireless signals ). Previous studies have
shown the benefits of Wii for spastic diplegic
cerebral palsy; it improves their visual-
perceptional processing, postural control and
functional mobility . Another study among
elderly with Parkinson’s disease (PD) using the
Wii for 4 weeks demonstrated that Wii effectively
improves the functional independence and quality
of life for individuals with PD in the short-term ',
In another study, Nintendo Wii has an effect in
improving standing balance with acquired brain
injury patients and in enhancing a general
condition of well-being™®. However, there is

alimited researches support the benefits among
MS patients. This study was conducted to
determine the influence of interactive therapy in
improving postural control in MS patient.

Materials and methods

There were 36 patients with MS who were
potential candidates for this study. Patients
referred from Neurology Out-patient Clinicat Kasr
El Aini Hospital, Cairo University. The inclusion
criteria were: (1) young adults with MS diagnosed
by a neurologist, (2) men and women between 20
and 35 years old, (3) having relapsing-remitting,
primary progressive, or secondary-progressive
MS, (4) having mild-to-moderate MS-related
disability (Expanded disability status scale
(EDSS) score <-6.0) (5) able to follow
instructions, (6) able to walk 10 meters indoors
with or without technical orthopedics aids, (7)
absence of cognitive impairment (Mini-Mental
State Examination (MMSE) cut-off >23) ¥, and
(8) no previous experience with virtual
rehabilitation systems.

The exclusion criteria were: (1) having flare-up
symptoms, (2) patients whose visual or hearing
impairment does not allow possibility of
interaction with the system, (3) patients with
ataxia or any other cerebellar symptom, having a
self-reported musculoskeletal, neurological, or
medical condition other than MS that is known to
affect balance or gait and is associated with falls,
such as a lower-limb joint replacement, peripheral
neuropathy, vestibular disorder, stroke, and
seizures, (4) being >3 months pregnant, or (5)
cannot physically complete all rehabilitation
sessions.

With these criteria, a final sample of 30 patients
was selected and randomly assigned to either the
control group (motor strategy training) or the
study group (Wii balance board therapy). All
patients were on a similar baseline, with a level
and type of impairment constant within groups.
The randomization schedule was computer-
generated using a basic random number generator.
All subjects provided informed consent approved
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by the ethical committee of the Faculty of
Physical therapy, Cairo University, prior to their
participation.

Intervention

Before starting a program, the examiner physical
therapist conducted initial assessment before
introducing the physical program by other
therapists. Thenfinal assessment procedures were
conducted using the same measurements that
included:

1. Berg Balance Scale (BBS): It consists of a
14-items used to evaluate balance and
explore the ability of patient’s
performance in various tasks such as
sitting, standing. Rate the performance
from 0 (cannot perform) to 4 (normal
performance), a maximum total score is
56. The validity and reliability of the scale
have been assessed on population of
subjects with multiple sclerosis M0,

2. Timed Up and Go test (TUG): The time
that the patient took to stand up from an
armchair, walked as quickly as he or she
could for 3 meters, turned, walked back to
the chair, and sat down, was recorded. It is
valid and reliable for MS patient [*2).

3. Biodex Balance System (Biodex Crop.
Shirley, Ny, USA): This system uses a
circular platform that is free to move in the
anterior-posterior and medial-lateral axes
simultaneously. It allows up to 20° of foot
platform tilt so the patient is challenged to
maintain  his/her center of gravity
(COG)over their base of support by trying
to keep the platform level. The Biodex
Stability System offers several levels of
difficulty from L1 (most difficult) to L8
(least difficult), which determines the rate
of deflection of the platform. The dynamic
stability test was used in this study to
challenge the patient by promoting the
movement of the cursor to eight blinking
target within the dimension of limits of
stability (LOS) within a specific time

(maximum 5 minutes). The overall
dynamic limit of stability (ODLOS) score
calculated by the stability system was
chosen for this study as the average of the
eight individual dynamic limit of stability
scores generated by the device for each
test (Score = (Shortest distance between
the central and the target box/Total
distance covered between the central and
target box)x100)*2.
In the present study, patients were tested
bilaterally at L8. The test was conducted once,
preceded by a 30 second practice trial. Patients
were dressed comfortably with bared feet. Prior to
the test, they were asked to adopt a standardized
foot position on the platform. After the auditory
countdown, the subject was instructed to start
moving the cursor toward the flashing target. The
cursor had to stay within the target box for a
minimum of 0.5 seconds before it disappeared and
showed the next target on the screen. The test
ended when the eight target boxes had been
reached and the cursor repositioned in the central
box. Touching the rail was permitted to avoid
falling but grasping was not allowed. No specific
upper limb position was imposed during the test.
4. Activities-Specific Balance Confidence
Scale (ABC): A questionnaire developed
to measure an aspect of the psychological
impact of balance impairment and/or falls.
The patient was asked to rate his or her
confidence in performing each of the
activities on a scale from 0 (no confidence)
to 100% (complete confidence) without
losing balance or becoming unsteady. The
average score obtained is an indication on
balance confidence™*™**!.
The control group (G1) received balance exercises
just for motor strategies. The study group (G2)
received Wii balance board therapy program that
aimed at improving motor and sensory strategies.
Patients from both groups participated in a 45
minutes session (excluding rest time) three times
per week for a period of four weeks. Control and
study group patients participated in exercise
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sessions composed of the following exercises 1!
1- stepping forward, backward, and sideways on
the exercise step; 2- stepping over blocks of
various heights; 3- standing up from a chair,
walking four steps forward, performing a bilateral
stool touch and walking backwards to the chair;
4- standing up from a chair, walking four steps
forward, turning to the right, stepping over the
exercise step, turning to the right again and
walking forwards to the chair (repeat the exercise
circuit in the opposite direction); 5- from a sitting
position on a 65-cm Swiss ball, performing a
range of motion and balance exercises (forward
and backward rolling of the arms; bending the
trunk forward and side to side).

While patients in the study group (G2) after
completed the traditional balance exercises were
engaged in each session to participate in a virtual
reality system based on the Nintendo® Wii
Balance Board® (WBB) for 30 minutes. The
hardware components of this system consist of a
conventional PC, a 42” LCD screen and a WBB.
The communication between this device and the
computer is established via Bluetooth protocol.
This way, the exercises run on a PC and the
system uses the WBB as interface. Three games
were selected by the physical therapist and
repeated throughout the training period. They
consisted of Table Tilt, Basic step, and Ski
Slalom. “Table Tilt” required very refined weight
shifts in all directions in order to move balls
across a board and into holes. “Basic step,” patient
step to the front, back, left,and right to help to
improve his or her sense of rhythm. “Ski Slalom,”

Table (1): General characteristics of the patients

the patient shifted his or her weight right and left
to ski through the various flags on the screen.
Then, shifted the weight to the front and to the
back to effect the speed of the virtual skier 71,
During all sessions, the physical therapist
encouraged the patient to progress to more
difficult games and registered the time needed to
rest during the session.

Statistical analysis

All statistical tests were performed using SPSS for
windows Version 19 (Chicago, IL, USA). All
values were expressed as a mean * standard
deviation (SD) or median (range) value, as
appropriate. Non parametric tests (Wilcoxon
Signed-ranks, Mann Whitney and Chi-squared
tests) were also used. The significant level of p <
0.05 was considered significant.

Results

No significant differences in demographical (age
and gender) or clinical (duration of illness and
EDSS) variables at inclusion were detected
between groups (Table. 1). No statistically
significant differences were found in base line
measurements between both groups (Table 2).
There was significant difference for all variables
before and after treatment for both groups,
however the study group (G2) showed more
improvement in proportion to the control group
(G1) as shown in table 3 and 4. In addition, all the
patients in G2 remarked that they had fun during
the treatment.

Variables G1 (n=20) G2 (n=20) Significance
Age (yrs)x (SD) 29.2(5.5) 28.5(5.3) 0.739°
Gender (M:F) 10:5 9:6 0.704°
Duration of illness (yrs) x 3.6(1.9) 4.1(1.2) 0.373%

(SD)

EDSS median (range) 3 (1-5) 3.1(1.5-5.5) 0.849°

X, mean; SD,EDSS, Expanded Disability Status Scale; standard deviation; 4, significance determined by an
independent t-test; °, significance determined by Chi-squared Test; ©, significance determined by Mann-
Whitney test.
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Table (2): Baseline values of the scores of scales and tests in the assessments carried out before the
treatment in both groups

Gl G2
Test % (SD) % (SD) MD P-value
BBS, median 36(34-42) 37(32-43) -1 0.280
(range)
TUG () 25.4(2.5) 25.5(2.4) -0.12 0.968
ODLOS (%) 42(2.1) 43.7(2.6) -1.67 0.109
ABC (%) 53.4(4.4) 55.9(3.7) -2.53 0.061

BBS, Berg Balance Scale; TUG, Timed Up and Go Test; ODLQOS, Overall Dynamic Limits of Stability,
ABC, Activities-Specific Balance Confidence Scale, P-value, probability level.

Table (3): Comparison between the values of the scores of scales and tests in the assessments carried out
before and after the treatment within each group.

Gl MD S G2 MD P-value
Test Before After Before After

treatment  treatment treatment treatment

X (SD) X (SD) X (SD) X (SD)
BBS median 36 41 -4 0.001 37 43 -7 0.0006*
(range) (34-42) (37-45) (32-43) (40-48)
TUG (s) 25.4(2.5) 21.1(2.8) 434 0.000 255(2.4) 18.8(2) 6.72 0.000*
ODLOS (%) 42.1(2) 51.9(4.1) -9.8 0.0006 43.7(2.6) 60.8(4.1) -17.13 0.0006*
ABC (%) 53.4(4.4) 63.2(5.9) -9.86 0.0006 55.9(3.7) 69.1(3.6) -13.2 0.0006*

BBS, Berg Balance Scale; TUG, Timed Up and Go Test; ODLOS, Overall Dynamic Limits of Stability;
ABC, Activities-Specific Balance Confidence Scale;x, Mean; MD, Mean difference;P-value, probability
level; *, significant.

Table (4): Comparison between the values of the scores of scales and tests in the assessments carried out
after the treatment in both groups.

Test sto) E?SD) MD P-value
BBS median 41(37-45) 43(40-48) -2 0.006*
(range)

TUG () 21.06+2.81 18.8+2.0 2.26 0.019*
ODLOS (%) 51.86+4.19 60.86+4.10 -9 0.000*
ABC (%) 63.26+5.93 69.13+3.62 -5.87 0.008*

BBS, Berg Balance Scale; TUG, Timed Up and Go Test; ODLOS, Overall Dynamic Limits of Stability;
ABC, Activities-Specific Balance Confidence Scale;x, Mean; MD, Mean difference;P-value, probability
level; *, significant.
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Discussion

Nintendo Wii was selected for this study because
it is one of the popular video games consoles.
There were a lot of researches that support the
efficacy of Nintendo Wii among different
conditions such as, cerebral palsy, stroke, acquired
brain injury and Parkinson disease. As yet, no
published study investigated the influence of
Nintendo Wii in improving balance outcomes
among MS patients. In the treatment program of
this study the patient trained for 4 weeks, 3 times
per week at the most relaxed, comfortable and
preferred time for such patients during the day,
since the appropriate time is an important factor to
gain successful treatment in MS patient. Also, to
provide the accuracy and validity for the
outcomes. In each session total of 45-min trained
using Wii, taking a rest for 5-min after every 10-
min of exercising to prevent the occurrence of
fatigue. Additionally, all sessions were done under
supervision of physical therapists, may have
increased confidence and motivation to exercise
due to the presence of a therapist and monitoring
during training. This could especially affect
factors, such as fatigue, which is linked to mood
21 The main finding of this study is that of the
Nintendo Wii training reduce the impact of MS on
patient quality of life through improving balance,
weight distribution, functional activity, reducing
fatigue and depression level.

A clarification for the noticeable improvement of
balance in MS patient who trained by Nintendo
Wii is that to maintain symmetrical weight shift
on both legs. This is agreed with McGough et al.
(2011) who previously reported that the
asymmetries of the weight shift were assessed and
generally improved by using Nintendo Wii 8.
Another study supported that reasoning of
improved balance; it was among cerebral palsy
patients according to Deutsch, et al., (2008) "the
weight distribution of lower extremities became
more symmetrical, and hehad a decrease in
postural sway, indicating an increase in stance
stability" ®. In addition; another study used the
Nintendo Wii Fit for balance training in an elderly

healthy subjects; the result of the study was a high
significant improvement on the balance after 4
weeks of intervention especially in BBS measures
(9 This is may be due to the nature of the MS
disease which is considered as progressive type.
In addition to that, the patient COG was closed to
the center at the end of treatment sessions.
Furthermore, the fatigue level decreased and this
is may be due to decreased the level of depression.
Induruwa et al. (2012) stated that fatigue and
depression were highly correlated, and that
depressed mood and disability were significant
predictors of fatigue in MS patients, they also
found that depressed subjects had such symptoms
as lack of motivation, inability to complete tasks
and sleep disturbance, can overlap with fatigue®.
There was a positive effect of the device in
reducing the depression level by motivating the
patient to increase his or her practice volume and
attention span during training. The increased
scores of ABC scale seen in the study group could
be seen in engaging the patients with exercise,
build up their confidence in their abilities,
improve self-identify and positivity?®. These
finding also agreed with studies suggesting that an
increase in postural control strategies lead to
clinical improvement not only in balance skills but
also in walking performance!. So, numerous
advantages and benefits of using the Wii for
rehabilitation  purposesas it  provides an
inexpensive interactive environment for the
patient. Also, it is ease of use as well as the entire
system is small and low weights (approximately
five kilograms). In addition to that, the level of
difficulty can be increased by using various
heights and densities applied on the top of WBB.
One limitation of this study is the small sample
size, as the results have restricted generalizability.
A larger study with a numerous group of patients,
more treatment sessions and a follow-up
assessment are needed to increase confidence in
the results.
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Conclusion

The Wii rehabilitation appears to be a useful tool
in improving balance outcomes for MS patients.
Further studies have to be carried out to assess the
ability to retain and generalize the effect of
videogame intervention.
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