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A B S T R A C T

Background: Balance disorders, fatigue, and walking impairments are the most common symptoms of multiple
sclerosis (MS), which lead to a decrease in quality of life. To cope with these disability-increasing symptoms, it is
important to select and regularly apply appropriate rehabilitation approaches. In recent years, virtual reality
approaches have been suggested as a potentially useful tool in rehabilitation. Exergaming systems are used in the
treatment of symptoms associated with MS, but there are few randomized controlled studies investigating the
efficacy of these systems.
Objective: To investigate and compare the effects of exercise training with two different exergaming systems on
balance, functionality, fatigue, and quality of life in people with multiple sclerosis (PwMS).
Methods: Forty-seven volunteer PwMS were included in the study and randomized to the group I (Nintendo Wii
Fit), group II (Balance Trainer), and group III (control group). The participants in the study groups underwent an
exercise program under the supervision of a physiotherapist on 2 days a week for 8 weeks. Outcome measures
were the Berg Balance Scale (BBS), Timed Up and Go test (TUG), Six-Minute Walk Test (6MWT), Fatigue Severity
Scale (FSS), and Multiple Sclerosis International Quality of Life Questionnaire (MusiQol), which were performed
before and after the treatment.
Results: Forty-two participants completed the study protocol. All parameters evaluated in group I and II showed
statistically significant improvement after treatment. Changes in all outcome measures were found to be superior
in group I compared with group III. Similarly, all measures except the 6MWT were found to be superior in group
II compared with group III. Changes in BBS and MusiQol were found to be superior in group I compared with
group II.
Conclusion: In comparison with no intervention, exergaming with Nintendo Wii Fit and Balance Trainer im-
proves balance, increases functionality, reduces fatigue severity, and increases quality of life in PwMS.

1. Introduction

Multiple sclerosis (MS) is one of the most common causes of pro-
gressive neurologic disability among young adults (Brownlee et al.,
2017). Balance impairments are seen very commonly in people with
multiple sclerosis (PwMS), which may lead to falls, especially during
dynamic daily activities (Martyn, 2005; Nilsagård et al., 2013;

Sosnoff et al., 2011). The decrease in functional capacity, muscle
weakness, spasticity, and fatigue are common problems in PwMS that
cause balance impairments (Sosnoff et al., 2011; Sandroff et al., 2012).
All these symptoms may also affect the functionality and daily living
activities of patients (Prosperini et al., 2013; Brichetto et al., 2013). To
overcome these problems, it is observed that different physiotherapy
approaches have been used in the literature (Motl et al., 2017; Motl and
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Pilutti, 2012). In addition to the conventional physiotherapy and re-
habilitation applications, the use of technological methods is promising
in the treatment of MS (Peresedova et al., 2013) and especially virtual
reality approaches are suggested as potentially useful tools in re-
habilitation (Leocani et al., 2007). Interest in virtual reality approaches
has increased due to advantages such as active participation, repetitive
practice, performance feedback, and motivation.

In recent years, exergaming systems have become widely used in
treatment programs and clinical research. They provide benefits such as
facilitating exercise, improving balance and functional movement, en-
couraging training, and increasing motivation and participation, be-
sides being easy to use and enjoyable (Taylor and Griffin, 2015). Nin-
tendo Wii Fit is the most widely used system in clinical practice and
studies. Clinical and home-based studies have been conducted to in-
vestigate the effectiveness of the Nintendo Wii Fit in PwMS, especially
to improve balance and gait, but the results are controversial. Although
many studies support the use of Nintendo Wii Fit as an effective training
tool (Robinson et al., 2015; Prosperini et al., 2013; Brichetto et al.,
2013; Forsberg et al., 2015), Nilsagård et al. (2013) found no significant
differences between Nintendo Wii Fit and a control group.

Balance trainer (THERA Trainer balo), another technology-based,
biofeedback-controlled exercise system, can be used in patients with
MS, stroke, muscle diseases, and older adults. There is limited evidence
regarding its effectiveness in patients with stroke and hereditary sen-
sory motor neuropathy (Goljar et al., 2010; Matjacic et al., 2005;
Matjacic and Zupan, 2006). To our knowledge, in the literature, only
one study showed its effect on fatigue and mood in PwMS; however,
balance was not investigated in this study (Escudero-Uribe et al., 2017).

There are few randomized controlled studies investigating the effi-
cacy of exergaming in MS. Furthermore, no studies have been found
that compare exergaming systems used to improve balance, function-
ality, fatigue, and quality of life in PwMS. The present study aimed to
evaluate and compare the effects of Nintendo Wii Fit and Balance
Trainer in these terms in PwMS. We hypothesized that, after completion
of the exercise programs, each parameter would be improved and sig-
nificantly better in the Nintendo Wii Fit and Balance Trainer groups in
comparison with the no exercise group.

2. Material and methods

2.1. Participants

This single-blind, randomized controlled, three-arm trial was con-
ducted with participants who were diagnosed with MS and followed up
regularly at the MS Outpatient Clinic of our Neurology Department.
Participants who were ambulatory and volunteered to participate in the
study, who were in a stable phase of the disease, without relapses or
worsening in the last 3 months, with an Expanded Disability Status
Scale (EDSS) between 2.5 and 6 and aged between 25 and 60 years
were included. PwMS were excluded if they had a diagnosis of any
other disorder affecting the central nervous system, musculoskeletal
disorder, pregnancy, blurred vision, psychiatric problems or severe
cognitive impairment. Participants who met all eligibility criteria were
randomly assigned to one of the three groups using a computer-assisted
randomization table; group I (Nintendo Wii Fit), group II (Balance
Trainer), and group III (controls). All assessments and trainings were
performed by the same physiotherapist who was not blinded to group
allocation. The study was approved by the Clinical Research Ethics
Committee of Istanbul Medical Faculty, was conducted in accordance
with the tenets of the Declaration of Helsinki, and was registered at
ClinicalTrials.gov (NCT03436927). Informed written consent was ob-
tained from all participants.

2.2. Interventions

Participants in the intervention groups were included in exergaming

programs that consisted of 16 individual physiotherapist (PT)-su-
pervised sessions (two 60-min sessions/week) for 8 consecutive weeks.
Exergaming programs were guided by an experienced physiotherapist
in MS rehabilitation who was preparing, monitoring and applying the
training protocols and coaching for the progressions of the games. In
the intervention groups, each session started with 10 min of non-re-
sistance cycling work for warm-up. Then, the participants performed
the games as specified in their intervention group. All games were
played in the standing position. The patients were rested after playing
each game in the number of repetitions designated for them, or when
they specified that they were tired.

The group I (Nintendo Wii Fit) training protocol comprised games
such as Penguin Slide, Table Tilt, Ski Slalom, Heading, and Balance
Bubble, selected from the Wii Fit Plus balance games section. Game
levels and repetition numbers for each patient were determined by
therapists, to standardize the progression of exercises. Each game was
started at a basic level. When the participant achieved a certain score,
the advanced level of the game was unlocked and the participant was
transferred to this level.

The group II (Balance Trainer) training protocol consisted of Collect
Apples, Outline, Paddle War, and Evaluation of Movement games,
which were included in the device software and allowed the patients to
perform balance exercises in different directions. Progression in the
treatment protocol was provided by increasing the repetition number of
the games and changing the difficulty ratings.

Participants randomized to group III (the control group) were
placed on a waiting list and invited to start exercising using Nintendo
Wii Fit or Balance Trainer after the end of the study period.

2.3. Outcome measures

All participants were evaluated using validated objective and self-
reported outcome measures before and after the training protocols by a
non-blinded assessor. EDSS scoring was performed by a neurologist.
The following outcomes were collected in a standardized order as de-
scribed below.

The primary outcome was the Berg Balance Scale (BBS), which as-
sesses the change in balance. The BBS is a task performance scale
consisting of 14 balance activities. Each activity is scored between 0
and 4 and higher total scores indicate less impaired balance. It is valid
and reliable for PwMS (Cattaneo et al., 2007).

Secondary outcomes were the Timed Up and Go test (TUG), Six-
minute Walking Test (6MWT), Fatigue Severity Scale (FSS), and the
Multiple Sclerosis International Quality of Life Questionnaire
(MusiQol), which are used for assessing the changes in functional
status, fatigue, and quality of life, respectively. The patient's mobility
requiring both static and dynamic balance was assessed using TUG. The
participants were asked to stand up from a chair, walk 3 m, turn back,
walk back and sit down on the chair again, and the time taken to
complete the test was recorded (Nilsagard et al., 2007). The 6MWT is a
feasible, reproducible, and reliable measure in MS. Patients were in-
structed to walk a 30-m corridor for 6 min and the distance completed
after 6 min (6MWD) was recorded (Rampello et al., 2007). The FSS is a
nine-item, self-administered questionnaire that assesses the fatigue
level in the daily functions of PwMS. Higher FSS scores indicate greater
severity of fatigue (Krupp et al., 1989). MusiQol is a quality of life scale
specific to MS that consists 31 questions in six sub-groups. High scores
indicate better quality of life (Simeoni et al., 2008).

2.4. Statistical analysis

The sample size was determined using the G*power sample size
calculator. The required sample size was 12 for each group with a 95%
power (α = 0.05), considering the minimal clinically important dif-
ference of 3 points in the BBS (Gervasoni et al., 2017). We aimed to
enroll at least 45 participants considering the drop-outs.
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The SPPS ver. 20.0 software was used for the statistical analysis.
Descriptive statistics are presented as mean (standard deviation) or
frequency (percentage). The normality of data distribution was assessed
using the Kolmogorov–Smirnov test. Within-group differences were
analyzed using the Wilcoxon signed-rank test. The Kruskal–Wallis test
was used for the comparison of data between groups. Difference scores
were analyzed using the Mann–Whitney U test. The level of statistical
significance was set at p < 0.05.

3. Results

Seventy-seven participants were screened for eligibility according to
the inclusion criteria and thirty were excluded. Forty-seven (42 females,
5 males) participants were assigned to group allocation. Five partici-
pants were lost to follow-up due to personal problems, transportation
problems, and exacerbation of symptoms. Therefore, 42 participants
(38 females, 4 males) completed the study (see CONSORT Flow
Diagram, Fig. 1). There was no change in the medications of the pa-
tients during the course of the study. All participants completed 16
sessions of exercise with excellent adherence to the exergaming systems
in the treatment groups. The patients did not report any falls during or
out of the training sessions and no other adverse events were observed
during the study period.

The baseline demographic and clinical characteristics of the parti-
cipants in each group and comparison between groups are summarized
in Table 1. Age, gender, body mass index (BMI), EDSS, duration of
disease, and MS subtypes (except relapsing-remitting) were similar
between the groups (p > 0.05). There was a significant difference be-
tween the groups only in the distribution of RRMS type (p = 0.002).
There was no statistically significant difference observed between the
groups in terms of primary and secondary outcome measure scores at
baseline (p > 0.05).

Intra-group changes for primary and secondary outcome measures
are shown in Table 2. All parameters evaluated in groups I and II
showed statistically significant improvement after treatment. In group
III, a significant change was observed only in the BBS parameter.

The comparison of differences for primary and secondary outcome
measurements between groups is shown in Table 3. After the treatment,
changes in BBS (p< 0.001), TUG (p = 0.005), 6MWD (p = 0.008), FSS
(p < 0.001), and MusiQol (p < 0.001) were found to be superior in
group I compared with group III. Group II was found to be superior to
group III in BBS (p = 0.012), TUG (p = 0.011), FSS (p < 0.001), and
MusiQol (p = 0.004). Changes in BBS (p = 0.038) and MusiQol
(p = 0.005) were found to be superior in group I compared with group
II.

Fig. 1. CONSORT flow diagram.
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4. Discussion

Balance disorders, fatigue, and walking impairments are the most
common symptoms of MS and lead to a decrease in quality of life. To
cope with these disability-increasing symptoms, it is important to select
and regularly apply appropriate rehabilitation approaches. MS re-
habilitation is a long-term process, and because of this, interventions
that will increase the motivation and participation of the patients
should be added to programs. Technological methods have been used
frequently in the rehabilitation of PwMS in recent years with the aim of
decreasing symptoms, reducing treatment costs, and increasing patients
success with better motivation by using these methods alone or adding
them to rehabilitation programs. The present study investigated the
effects of Nintendo Wii Fit and Balance Trainer based exercise programs
on balance, functionality, fatigue, and quality of life in PwMS.
Generally, we found significant improvements in both the intervention
groups compared with the controls, as well as significantly higher BBS
and MusiQol scores in the Nintendo Wii Fit group compared with the
Balance Trainer group.

Balance impairment is one of the most disabling symptoms of MS
(Prosperini et al., 2013; Maggio et al., 2019). It is reported that phy-
siotherapy programs have a small but significant effect on balance in
PwMS who have a mild-to-moderate level of disability (Paltamaa et al.,

Table 1
Baseline demographic and clinical characteristics of the groups.

Variables Group I Group II Group III p

Age (years) (mean, SD) 47.46 (10.53) 43.08 (8.74) 40.66 (8.82) 0.136
Gender (frequency,%)

Female 13 (86.7) 12 (100) 13 (86.7) 0.413
Male 2 (13.3) 0 2 (13.3)

BMI (kg/m2) (mean, SD) 25.52 (4.47) 24.05 (4.21) 23.91 (4.86) 0.537
EDSS (0–10) (mean, SD) 4.16 (1.37) 3.83 (1.49) 4.06 (1.26) 0.808
Years since MS diagnosis

(mean, SD)
12.06 (6.56) 14.91 (6.54) 11.06 (5.70) 0.383

MS subtype (frequency,%)
Relapsing-remitting 11 (73.3) 8 (66.7) 14 (93.3) 0.002
Secondary progressive 1 (6.7) 1 (8.3) 0 1
Primary progressive 1 (6.7) 0 0 1
Progressive relapsing 2 (13.3) 3 (25) 1 (6.7) 0.381

BBS (0–56) 43.33 (8.32) 46.75 (5.15) 44.46 (7.72) 0.594
TUG (sec) 12.31 (5.13) 12.36 (11.14) 10.73 (5.88) 0.592
6MWD (m) 360.01

(125.33)
363.41
(113.16)

380.45
(108.27)

0.899

FSS (9–63) 47.46 (17.44) 46.66 (8.00) 40.86 (17.47) 0.425
MusiQol (0–100) 58.99 (12.72) 69.62 (10.75) 63.28 (13.85) 0.077

BMI: Body mass index, EDSS: Expanded Disability Status Scale, MS: Multiple Sclerosis, BBS: Berg Balance Scale, TUG: Timed up and go test, 6MWD: 6-min walking
distance, FSS: Fatigue Severity Scale, MusiQol: Multiple Sclerosis International Quality of Life Questionnaire, SD: standard deviation, Group I: Nintendo Wii Fit,
Group II: Balance Trainer, Group III: Control.

Table 2
Intra-group changes for primary and secondary outcome measures.

Group I (n = 15) Within-group
changes

Group II (n = 12) Within-group
changes

Group III (n = 15) Within-group
changes

BT Mean (SD) AT Mean (SD) p BT Mean (SD) AT Mean (SD) p BT Mean (SD) AT Mean (SD) p

Primary Outcome Measure
BBS (0–56) 43.33 (8.32) 49.13 (4.29) 0.001 46.75 (5.15) 49.41 (4.33) 0.004 44.46 (7.72) 45.40 (7.10) 0.028
Secondary Outcome Measures
TUG (sec) 12.31 (5.13) 10.77 (4.86) 0.003 12.36 (11.14) 11.72 (10.59) 0.003 10.73 (5.88) 10.79 (5.87) 0.712
6MWD (m) 360.01

(125.33)
402.73
(127.00)

0.001 363.41
(113.16)

386.66
(105.59)

0.034 380.45
(108.27)

388.05
(113.49)

0.798

FSS (9–63) 47.46 (17.44) 34.06 (14.99) 0.002 46.66 (8.00) 38.33 (9.38) 0.002 40.86 (17.47) 40.33 (17.71) 0.751
MusiQol (0–100) 58.99 (12.72) 71.60 (11.30) 0.001 69.62 (10.75) 74.94 (11.77) 0.003 63.28 (13.85) 63.08 (13.17) 0.706

BT: Before therapy, AT: After therapy, BBS: Berg Balance Scale, TUG: Timed up and go test, 6MWD: 6-min walking distance, FSS:Fatigue Severity Scale, MusiQoL:
Multiple Sclerosis International Quality Of Life Questionnaire, sec: second, m: meter, SD: standard deviation, Group I: Nintendo Wii Fit, Group II: Balance Trainer,
Group III: Control.

Table 3
Comparison of differences for primary and secondary outcome measures be-
tween the groups.

Group I (n = 15) Group II
(n = 12)

Group III
(n = 15)

P-value

Δ Mean (SD) Δ Mean (SD) Δ Mean (SD)

Primary Outcome Measure
BBS (0–56) 5.80 (5.29) 2.66 (1.92) 0.93 (1.53) <0.001#,§,¥

Secondary Outcome Measures
TUG (sec) −1.54 (1.60) −0.64 (0.64) 0.05 (1.06) 0.003#,§

6MWD (m) 42.71 (30.50) 23.25 (29.06) 7.59 (43.30) 0.024#

FSS (9–63) −13.40 (13.39) −8.33 (5.95) −0.53 (4.95) <0.001#,§

MusiQoL (0–100) 12.61 (7.03) 5.32 (3.13) −0.19 (5.97) <0.001#,§,¥

Δ: after treatment-baseline, BBS: Berg Balance Scale, TUG: Timed up and go
test, 6MWD: 6-min walking distance,
FSS: Fatigue Severity Scale, MusiQoL: Multiple Sclerosis International Quality
Of Life Questionnaire, Group I: Nintendo Wii Fit,
Group II: Balance Trainer, Group III: Control.
Data expressed as mean (SD).

# Significant change in favor of Group I compared with Group III.
§ Significant change in favor of Group II compared with Group III.
¥ Significant change in favor of Group I compared with Group II.

Y.Z. Yazgan, et al. Multiple Sclerosis and Related Disorders 39 (2020) 101902

4



2012; Motl et al., 2017). Nowadays, with the increasing use of tech-
nology in rehabilitation applications, exergaming interventions are
being used within the scope of virtual reality treatment in the field of
neurologic rehabilitation. Rehabilitation through virtual reality tools
could improve motor (especially balance and gait) and cognitive
functions, as well as increase the self-efficacy, motivation, and parti-
cipation in PwMS (Maggio et al., 2019). Nintendo Wii Fit is a low-cost,
easy-to-use system suitable for different exercises work. Studies on the
efficacy of Nintendo Wii Fit on balance in PwMS have shown different
results. We found significant improvement in the balance parameters of
both intervention groups compared with the control group. Similar to
our study, Brichetto et al. (2013) reported significant improvement in
the BBS for the Wii group. Prosperini et al. (2013) stated that home-
based Nintendo Wii training might potentially provide an effective and
engaging balance rehabilitation solution for PwMS; however, attention
should be paid to training-related injuries. In contrast,
Nilsagard et al. (2013) found no statistically significant difference in the
balance parameters of the Nintendo Wii Fit group compared with a
control group. We think that the main reasons for the difference be-
tween the study results are methodologic differences such as the
duration and number of sessions, and evaluation scales. Although there
are no studies using Balance Trainer for improving balance in PwMS,
significant improvements were obtained in patients with subacute
stroke and hereditary sensory motor neuropathy (Goljar et al., 2010;
Matjacic and Zupan, 2006). In our study, the BBS results were found
significantly better in the Nintendo Wii group compared with the Bal-
ance Trainer group. During the BBS assessment, patients were required
to perform the assigned tasks independently while maintaining balance
in different positions. The better results in the Nintendo Wii Fit group
may be due to attempts to control balance over a wider range of motion
during Nintendo games. Although there was a significant change in the
BBS in the control group, this was not reflected in functional parameters
as in the intervention groups.

The level of functionality is important for PwMS to be able to per-
form daily living activities independently and to ensure participation.
Studies show that walking speed and endurance improves with exercise
in PwMS (Pearson et al., 2015). Functionality was increased in the in-
tervention groups after treatment in the present study. Previous studies
with Nintendo Wii Fit in PwMS have shown improvement in walking
performance as well as balance, and this finding is consistent with our
results (Prosperini et al., 2013; Brichetto et al., 2013; Plow and
Finlayson, 2011). Similarly, in the Balance Trainer studies conducted in
different patient groups, it was stated that there were statistically sig-
nificant improvements in TUG and 10-m walk tests (Goljar et al., 2010;
Matjacic and Zupan, 2006). The improvements in functional mobility in
the intervention groups may be explained by many factors including
improved confidence with mobility and the physiological effects of
training (Brichetto et al., 2013; Plow and Finlayson, 2011;
Mackintosh et al., 2016). In addition, it is stated in the studies that these
variables are related to psychological effects of exergaming (Lee et al.,
2017; Song et al., 2013).

In our study, severe fatigue was found in all three groups according
to the FSS in the first evaluations before the treatment protocols. After
treatments, the fatigue severity significantly reduced in the intervention
groups, but only in the Nintendo Wii Fit group, in which it dropped
below the cut-off value of the FSS. Studies with Nintendo Wii Fit show
different results related to changes in fatigue (Brichetto et al., 2013;
Plow and Finlayson, 2011), in contrast, a study conducted with Balance
Trainer reported a significant improvement in fatigue (Escudero-
Uribe et al., 2017). Ijmker et al. (2013) stated that increased balance
control during walking in healthy subjects reduced energy expenditure.
We think that improved balance may have been associated with less
energy expenditure and lower fatigue ratings in our study. In addition,
it is possible that less anxiety and increased confidence with balance
could lower energy expenditure.

Increased disability, fatigue, anxiety, depression, and physical

comorbidities in MS lead to decreased quality of life (Berrigan et al.,
2016). Some studies reported improvement in the quality of life of
PwMS through rehabilitation programs designed to improve balance
(Marandi et al., 2013; Tarakci et al., 2013). There are few exergaming
studies evaluating the quality of life in PwMS and the results are in-
consistent (Prosperini et al., 2013; Plow and Finlayson, 2011; Escudero-
Uribe et al., 2017). However, it is stated in the studies that additional
research is needed to evaluate the effects of exergaming systems on
quality of life (Massetti et al., 2016; Donze, 2015). We observed that the
increase in quality of life was significantly better in the intervention
groups than in the control group and also in the Nintendo Wii Fit group
compared with the Balance Trainer group. Berrigan et al. (2016) de-
monstrated that interventions focused on improving factors such as
fatigue and physical comorbidities provided significant changes in
quality of life in PwMS. In our study, the increased quality of life in the
intervention groups may be related to a decrease in fatigue and physical
comorbidity.

To our knowledge, this is the first randomized controlled study to
compare the effects of Nintendo Wii Fit and Balance Trainer based
exercise programs on balance, functionality, fatigue, and quality of life
in PwMS. We think that exergaming with Nintendo Wii Fit and Balance
Trainer is fun, enjoyable, and competitive, also the motivation increase
provided by games is effective in achieving the developments. In ad-
dition, implementation of these exercise programs under the super-
vision of a physiotherapist allows selection of appropriate games, assists
to push the limits of stability and increases the motivation and self-
confidence.

4.1. Limitations

Our study has several limitations. First, most of our patients were
female with a relapsing-remitting subtype of MS. These factors may
affect the generalization of the results. Second, evaluations and train-
ings were performed by the same physiotherapist who was not blinded
to group allocation. Third, we did not compare our results with a
conventional rehabilitation method to determine the effects of ex-
ergaming systems. Fourth, no long-term follow-up was performed.
Fifth, energy expenditures, anxiety and confidence with balance were
not assessed. Evaluating these factors in future studies will be important
in understanding what is influencing the positive outcomes associated
with the interventions. Further studies are needed to explore the long-
term effects and cost-effectiveness of these interventions.

5. Conclusion

It can be concluded that in comparison with no intervention, ex-
ergaming with Nintendo Wii Fit and Balance Trainer improves balance,
increases functionality, reduces fatigue severity, and increases quality
of life in PwMS. We think that they are enjoyable, safe, and efficient
supplementary methods. Nintendo Wii Fit is a portable, inexpensive,
space-saving and easy-to-install device, which increases its usage.
However, maintaining the erect posture on the balance board and
playing games that require dynamic control in this posture may not be
safe in patients with high levels of disability. Therefore, Balance
Trainer, which provides more postural stability support, would be more
appropriate for use by these patients.
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