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Abstract
Objectives To investigate whether balance and mobility
training at home using Wii Fit is feasible and can provide
clinical benefits.
Design Single-group, pre–post intervention study.
Setting Participants’ home.
Participants 20 children with cerebral palsy (6–12 years).
Intervention Participants undertook 8 weeks of homebased Wii Fit training in addition to usual care.
Main measures Feasibility was determined by
adherence, performance, acceptability and safety.
Clinical outcomes were strength, balance, mobility and
participation measured at baseline (preintervention) and 8
weeks (postintervention).
Results The training was feasible with 99% of training
completed; performance on all games improved; parents
understood the training (4/5), it did not interfere in life
(3.8/5), was challenging (3.9/5) and would recommend
it (3.9/5); and there were no injurious falls. Strength
increased in dorsiflexors (Mean Difference (MD) 2.2 N m,
95% CI 1.1 to 3.2, p<0.001), plantarflexors (MD 2.2 N m,
95% CI 1.3 to 3.1, p<0.001) and quadriceps (MD 7.8 N m,
95% CI 5.2 to 10.5, p<0.001). Preferred walking speed
increased (MD 0.25 m/s, 95% CI 0.09 to 0.41, p<0.01),
fast speed increased (MD 0.24 m/s, 95% CI 0.13 to 0.35,
p<0.001) and distance over 6 min increased (MD 28 m,
95% CI 10 to 45, p<0.01). Independence in participation
increased (MD 1.4 out of 40, 95% CI 0.0 to 2.8, p=0.04).
Conclusions Balance and mobility training at home
using Wii Fit was feasible and safe and has the potential
to improve strength and mobility, suggesting that a
randomised trial is warranted.
Trial registration number ACTRN12616001362482.

Introduction
Cerebral palsy is a non-progressive neurological condition resulting in permanent
motor impairments which can originate
from damage to an immature brain or indirectly from compensatory movements learnt
during development.1 Current intervention
in cerebral palsy has generally been aimed
at the achievement of independent walking
in infants and young children. Various interventions involved in assessing, treating and
caring for children with cerebral palsy tend
to focus on the achievement of walking.

Strengths and limitations of this study
►► This is the first study to test the feasibility of using a

commercially available system to train balance and
mobility in a resource-efficient way, that is, using
Wii Fit games that required moving the base of support at home with minimal supervision.
►► Wii Fit games were employed to provide motivation
and fun, in order to achieve high adherence.
►► The researchers that provided supervision and collected data were trained.
►► However, measurers were not blinded to the aims of
the study and this could have influenced outcomes.

Even though children may undergo sessions
of therapy throughout their childhood in
order to achieve independent walking or at
least walking with assistive device, their motor
development appears to reach a plateau by
6–7 years of age.2 Furthermore, their ability
to ambulate may gradually decline as they
grow up3 or even be lost during adolescence
or young adulthood.4 5 This indicates that
current intervention for children over 7 years
of age who have already achieved independent walking is of little value on the improvement of mobility. This may be because the
content and environment of the intervention
delivered in this child-oriented (or infant-oriented) approach are not suitable for older
children or adolescents with cerebral palsy6 or
children have little or no interest in conventional therapy by late childhood. Therefore,
it is important to try and find an intervention
that is effective and appeal to children of
elementary school age.
Recently, virtual reality in the form of interactive computer games has been proposed as
a potentially promising method of paediatric
rehabilitation that meets the requirements
of being motivating and engaging, while
providing an opportunity for practice and
repetition of real life skills.7 For example,
Wii Fit is a commercially available interactive
computer game consisting of fun activities
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Method
Design
A single-group, pre–post intervention study was carried
out. Children with cerebral palsy were recruited from
elementary schools via advertisement or referral (from
school therapists, cerebral palsy liaison officer and word
of mouth) and screened by an independent recruiter.
Participants undertook 8 weeks of Wii Fit training in
their home, three times a week. Clinical measures were
collected at baseline (before intervention) and at 8
weeks (after intervention). All measures were completed
by a therapist trained in the measurement procedures.
Informed consent was obtained from all participants
and parents/guardian of participants. This study was
registered on the Australian New Zealand Clinical Trials
Registry (ACTRN12616001362482).
Participants
Children with cerebral palsy were included if they had
been diagnosed with cerebral palsy before 5 years of age,
were aged between 5 and 13 years, were classified level
I, II or III at Gross Motor Function Classification System
(GMFCS).13 They were excluded (1) if they had severe
cognitive and/or language deficits which precluded them
from participation in the training sessions (as judged by
researchers at screening or relatives); (2) if they had
2

received botulinum toxin or surgery in the lower limb(s)
during the previous 6 months.
Intervention
Participants undertook Wii Fit training at home for
20 min a session, three times a week over 8 weeks, that
is, 24 sessions. Eight Wii Fit U games were chosen that
targeted balance and/or mobility. Each session consisted
of playing four of the eight games for 5 min each. The
order of the games was counterbalanced so that each
game was played 12 times over the 24 sessions. Participants were required to stand on the wireless Wii balance
board which senses weight shift in any direction thereby
allowing participants to use movement to drive an avatar
onscreen. Children stood without or with hand support
on the back of a chair, depending on their ability. Four
of the games (Balance Bubble, Table Tilt, Perfect 10 and
Super Hula Hoop) required the child to stand on the
balance board and shift weight forwards/backwards or
sideways in order to play the game. The other four games
(Obstacle Course, Ultimate Obstacle Course, Ski Jump
and Basic Step) required the child to march on the spot,
squat and extend the legs, or step up and down off the
balance board forwards/backwards or sideways in order
to play the game. Videotaped examples of the individual
games can be found on the official Nintendo website.14
Each participant was assigned one of eight therapists
trained in the eight games who supervised one session
a week and parents supervised the other two sessions.
At the beginning of the 8 weeks, the therapist made
sure that the children and their parents understood the
eight games, and that they were available for follow-up
telephone calls if necessary. The scores of each game
played were recorded to estimate compliance and performance. Participants continued usual care which may have
involved physiotherapy for up to 2 hours per week.
Outcome measures
Feasibility
Feasibility of using Wii Fit at home involved examining
recruitment, intervention (adherence, performance,
acceptability and safety) and measurement. Feasibility of
recruitment was determined by calculating the number of
eligible and enrolled participants as a proportion of the
screened population of children between 5 and 13 years
of age having had cerebral palsy. Feasibility of the intervention was determining adherence of the participant
to the intervention and performance over time. Acceptability of the intervention was determined from a survey
in which four statements about the training were rated
on a five-point Likert scale from strongly disagree (0) to
strongly agree (4). The four statements for parents were:
‘I clearly understood the purpose of using Wii Fit’, ‘Using
Wii Fit did not interfere with our daily life’, ‘Using Wii
Fit is challenging for my child’ and ‘I would recommend
using the Wii Fit to others having children with cerebral
palsy’. The four statements for participants were: ‘I think
walking becomes easier after using the Wii Fit’, ‘I enjoyed
Chiu H-C, et al. BMJ Open 2018;8:e019624. doi:10.1136/bmjopen-2017-019624
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that provide immediate feedback, are easy to pick up and
come with progression built in so that the more difficult
levels are able to challenge even the most experienced
gamers. If children can be motivated to engage in therapy,
they are more likely to practice, which in turn leads to the
potential for improvement in mobility.8 9 Furthermore,
this kind of interactive computer game can be used in the
home in order to provide resource-efficient intervention.
Two previous studies of interactive computer games
in children with cerebral palsy10 11 investigated using Wii
Fit to train postural control and therefore used games
that required the child to stand on the balance board
and shift weight forwards, backwards or sideways. Both
studies reported little or no effect on static postural sway,
measured as centre of pressure. In another study using
Wii Fit to train postural control,12 everyday mobility such
as standing up from a chair, walking and stair climbing
all improved. However, Wii Fit games that require moving
the base of support such as marching on the spot or stepping up and down off the balance board may be more
reflective of everyday mobility. Therefore, the aim of this
study was to determine the feasibility of using a commercially available system to train balance and mobility in a
resource-efficient way. The specific research questions
were:
1. Is it feasible for elementary school children with cerebral palsy to train balance and mobility at home using
Wii Fit?
2. Can 8 weeks of Wii Fit training improve strength, balance, walking and participation?
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Clinical outcomes
Strength was measured as maximum voluntary isometric
contraction of knee extensors, ankle dorsiflexors and
plantarflexors in the most-affected limb using the PowerTrack II commander (Australasian Medical & Therapeutic Instruments, Australia, 125 pounds rated capacity,
linearity 1%). Newtons were multiplied by length of the
part of body in order to report torque (N m).
Balance was measured using the One-Legged Stance
Test and reported in seconds.15 16 This test requires the
participant to stand on one leg and to maintain this for
as long as possible. Participants stood unassisted on the
most affected leg with eyes open and timing began once
one foot was lifted off the floor and stopped when the foot
touched the ground or the weight bearing leg moved.
Walking was measured using 10 m Walk Test and the
6 min Walk Test. The 10 m Walk Test was performed at
preferred and fast speed and speed was reported in
metres per second. This test is a simple, submaximal, clinical exercise test, in which speed walked barefoot over 10
m reflects quality of walking17 and is valid for children
with cerebral palsy.18 The 6 min Walk Test was performed
with shoes and usual aids and distance covered reported
in metres. This test is a simple, submaximal, clinical exercise test, in which distance walked in 6 min with shoes and
aids reflects community ambulation19 20 and is valid for
children with cerebral palsy.21
Participation was measured using the Assistance to
Participation Scale, an eight-item questionnaire which
has been previously used to study participation in children with cerebral palsy.22 The eight questions capture
levels of assistance with life within eight different domains
(watching television, listening to music, playing with a
toy/activity alone inside the house, playing with a toy/
activity alone outside the house, sharing time with a
friend within the house, sharing time with a friend at the
friend’s house, spending time at a playground or outdoor
recreation area, attending an organised recreational
club). Caregivers indicate the number from 1 (unable to
participate) to 5 (participates independently). The score
was calculated as a sum (8–40) to gauge independence of
participation in play and leisure.
Data analysis
Descriptive statistics were calculated for all variables at
both times (weeks 0 and 8). The between-time differences in strength, balance, walking and participation
from baseline to 8 weeks were analysed using paired
t-tests23 if normally distributed to ascertain statistical
significance, which was set at 0.05. The mean betweentime differences (95% CI) were calculated to ascertain
Chiu H-C, et al. BMJ Open 2018;8:e019624. doi:10.1136/bmjopen-2017-019624

Table 1

Baseline characteristics of participants

Characteristic of participants

n=20

Age (years), mean (SD)
Gender (males), n (%)

8.7 (2.4)
11 (55)

Gestation (premature), n (%)

18 (90)

Type of cerebral palsy, n (%)
 Hemiplegia
 Diplegia
 Quadriplegia

8 (40)
10 (50)
2 (10)

Education class, n (%)
 Regular

11 (55)

 Resource

6 (30)

 Special

3 (15)

GMFCS, n (%)
 Levels I and II
 Level III

17 (85)
3 (15)

MACS, n (%)
 Levels I and II

17 (85)

 Level III
Physiotherapy service (hours per week),
mean (SD)

3 (15)
1.0 (0.7)

GMFCS, Gross Motor Function Classification System; MACS,
Manual Ability Classification System.

the clinical significance. Analyses were performed
using Statistica, v.10.
Results
Characteristics of participants
Twenty
children
with
cerebral
palsy
aged
8 years 9 months (SD 2 years 5 months), of which 11
(55%) were male, participated in the study (table 1).
Eighteen (90%) participants were born prematurely.
Eight participants were hemiplegic (40%), 10 were
diplegic (50%) and 2 were quadriplegic (10%).
Seventeen (85%) participants were levels I and II of
GMFCS and Manual Ability Classification System.24
Usual care incorporated an average of 1 hour per week
(SD 0.7) of physiotherapy.
Feasibility
Recruitment
Forty-four children with cerebral palsy were screened
over 1 year (figure 1). Twenty-four were eligible giving
an eligibility fraction of 55%. Twenty were enrolled
giving a recruitment fraction of 45%. There were no
dropouts and flow of participants through the trial is
presented in figure 1.
Intervention
In terms of adherence, each participant should have
completed 24 sessions of training so the 20 participants
should have completed 480 sessions. Since 477 sessions
3
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using the Wii Fit’, ‘Using the Wii Fit was challenging’ and
‘If you left Wii Fit with me, I would keep using it’. Safety
was measured by recording events such as muscle soreness, fatigue, non-injurious falls and injurious falls. Feasibility of measurement was determined by being able to
measure the clinical outcomes in all participants.
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were completed, the overall adherence was 99%. In
terms of performance over time, the scores improved
by 18%–179% (table 2). However, the improvement in
one game (Super hula hoop) had wide CIs, suggesting
a large variability in improvement. In terms of acceptability, 20 (100%) parents rated:
1. understanding the purpose of using the Wii Fit as 4.0
out of 5.0 (SD 0);
4

2. using the Wii Fit did not interfere with daily life as 3.8
(SD 0.5);
3. the challenge of the training as 3.9 (SD 0.3);
4. whether they would recommend the training to others having children with cerebral palsy as 3.9 (SD 0.3).
Twenty (100%) participants rated:
1. walking becomes easier after using the Wii Fit as 2.8
out of 5.0 (SD 1.0);
Chiu H-C, et al. BMJ Open 2018;8:e019624. doi:10.1136/bmjopen-2017-019624
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Figure 1 Design and flow of participants through the trial. GMFCS, Gross Motor Function Classification System; 6 MWT, 6 min
Walk Test; 10 MWT, 10 m Walk Test; wk, week.
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Times
Outcome

Difference between times

Week 0

Week 8

11 (3)

14 (4)

673 (242)

900 (286)

32 (10)

48 (18)

16 (8 to 25)
↑ 50%

109 (59)

166 (100)

57 (16 to 98)
↑ 52%

98 (40)

149 (62)

51 (34 to 67)
↑ 52%

132 (78)

240 (162)

108 (53 to 163)
↑ 82%

Obstacle Course (m)

73 (76)

204 (153)

Super Hula Hoop (higher score)

35 (53)

160 (345)

131 (80 to 182)
↑ 179%
126 (−29 to 280)

Perfect 10 (0–20)
Balance Bubble (0–1200)
Table Tilt (higher score)
Ski jump (m)
Basic Step (higher score)
Ultimate Obstacle Course (m)

Week 8 minus week 0
2 (1 to 3)
↑ 18%
227 (134 to 321)
↑ 34%

Percentage (%) improvement was calculated by mean difference between times/baseline.

2. enjoying using the Wii Fit as 3.6 (SD 0.8);
3. the challenge of the training as 3.6 (SD 0.7);
4. whether they would like to keep using the Wii Fit after
the completion of training as 3.4 (SD 0.8).
In terms of safety, two (10%) participants reported
muscle soreness most sessions and nine (45%) reported
it occasionally. Three (15%) participants reported fatigue
most sessions and seven (35%) reported it occasionally.
Three (15%) participants reported non-injurious falls
most sessions and five (25%) reported falling occasionally. However, none of these events were serious enough
to stop participants from training. Five (25%) participants needed to use hand support on the back of a chair
for some games.

Measurement
Measurement of the clinical outcomes was completed for
all participants. However, the One-Legged Stance Test
yielded highly skewed results. Most participants (75%)
scored <2 s at both preintervention and postintervention
measures, indicating a floor effect in the measure. Therefore, the scores from this measure were not included in
the analysis.
Clinical outcomes
Group data for the two measurement occasions and
between-time differences are presented in table 3 for
all clinical outcomes. Compared with baseline, strength
increased in dorsiflexors (Mean Difference (MD)

Table 3 Mean (SD) of clinical outcomes at each time and mean difference between times (week 8 minus week 0) (95% CI)
(n=20)
Times

Difference between times

Outcome

Week 0

Week 8

Week 8 minus week 0

Strength
 Ankle dorsiflexion (N m)

4.2 (2.8)

6.4 (3.1)

2.2 (1.1 to 3.2)

 Ankle plantarflexion (N m)

3.7 (2.8)

6.0 (3.4)

2.2 (1.3 to 3.1)

 Quadriceps (N m)

14.0 (8. 3)

21.8 (10.9)

7.8 (5.2 to 10.5)

 6 min Walk Test (m/s)

319 (131)

346 (141)

 10 m Walk Test—preferred speed
(m/s)

1.04 (0.51)

1.29 (0.69)

0.25 (0.09 to 0.41)

 10 m Walk Test—fast speed (m/s)

1.42 (0.66)

1.66 (0.77)

0.24 (0.13 to 0.35)

Assistance to Participation Scale
 Score (8–40)

32.3 (7.2)

33.7 (6.6)

1.4 (0.0 to 2.8)

Walking activities

Chiu H-C, et al. BMJ Open 2018;8:e019624. doi:10.1136/bmjopen-2017-019624
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Table 2 Mean (SD) of performance of intervention at each time, mean difference between times (week 8 minus week 0)
(95% CI) and percentage improvement between times (n=20)
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Discussion
This study demonstrates that balance and mobility
training at home using the Wii Fit in children with cerebral palsy is feasible and safe, and that parent’s and children’s rating of satisfaction was high. The Wii Fit games
required the children to stand on a balance board and
to shift weight, march on the spot, squat or step up and
down off the balance board forward, backwards or sideways. The clinical outcomes demonstrate that Wii Fit
training has the potential to improve lower limb strength
and walking.
The recruitment rate (45%) was usual. The most
common reason for exclusion was because children were
GMFCS IV or V. Although we included some children
with cerebral palsy who were GMFCS III, they were not
able to perform all the games without hand support.
Other studies investigating Wii Fit training only included
children with cerebral palsy at GMFCS I and II.10 11
Perhaps children who are GMFCS III require less challenging games and different measures to investigate their
response to Wii Fit training.
Adherence to the Wii Fit training was extremely high
and both parents and children rated satisfaction as high.
The finding that Wii Fit training was appealing is consistent with previous findings that children with cerebral
palsy enjoy playing interactive computer games.12 25–28
Interactive computer games are engaging and appear to
motivate children to participate even when a therapist is
not present. Only one child reported becoming bored,
stating that he ‘would rather play with X-box’. In another
study investigating Wii Fit training,11 22% participants
dropped out or lost interest and stopped practising. The
children in this study were older than in the present study,
which may explain why Wii Fit training was less appealing.
Performance in the Wii Fit games improved over
time. However, in two games, the CIs around the mean
improvement were high, because only five participants
(25%) improved. These two games (Obstacle course and
Super hula hoop) are too difficult for most children with
cerebral palsy, and may be better reserved to act as a challenge for mildly disabled children.
Safety of training at home using Wii Fit was acceptable.
Fifty per cent of children reported some muscle soreness and 50% reported some fatigue, suggesting that the
training provided a strenuous workout. Forty per cent
had non-injurious falls during training, five fell one to
two times and three fell more than three times. Two of the
6

children who fell more than three times were less than
7 years old, and this may account for their inability to
keep their balance while on the balance board. Although
other researchers consider that more severely disabled
(ie, GMFCS III) may be at a higher risk of falls,28 we did
not find this since these children tended to be cautious
during training. Neither non-injurious falls, fatigue nor
general muscle soreness impacted on willingness or
ability to complete the training.
Two of the measures used to reflect clinical benefit were
problematic. In the One-Legged Stance Test, only 5 of
20 participants (25%) could perform the test adequately
and they were above normal level, implying that measure
of balance was unable to distinguish the severity. In two
previous studies of Wii Fit training,10 11 balance measured
as postural sway did not show improvements. Perhaps
balance can best be examined when embedded in everyday
activities, such as walking. There was little change found
in the Assistance to Participation Scale. This was despite
the fact that parents and children perceived an increase
in participation such as ‘my children can walk faster and
longer distance when we went out after the intervention’,
‘I have done something that I was unable to do before’, ‘It
was fun because I would not have usually had the opportunity to learn these games’, ‘I have felt more confident
to achieve things’. A measure of participation that better
reflects mobility such as Children’s Assessment of Participation and Enjoyment and the Preferences for Activities
of Children which include diversity, intensity and enjoyment of children’s participation could be used in future.
There were significant improvements in all measures of
lower limb strength and in all three measures of walking,
suggesting that Wii Fit training in the home has the potential to be beneficial in children with cerebral palsy. The
time to walk 10 m decreased by 17% which is consistent
with a recent study investigating a similar amount of Wii
Fit training in slightly older children with cerebral palsy.12
The amount of improvement in the strength and walking
suggests that further investigation is warranted, and this
study provides useful information for the design of a
randomised controlled trial.
This feasibility study has both strengths and limitations.
The main strength of the study is that the children were
engaged in training, implying that Wii Fit games provided
motivation and fun, so that adherence was almost
maximum. This is despite the fact that only 33% of the
sessions were supervised. On the other hand, we cannot
be sure of the potential effect of the Wii Fit training on
balance because the measure we used demonstrated a
floor effect. In addition, the measure of participation
demonstrated a ceiling effect.
In conclusion, this study suggests that balance and
mobility training at home using a commercially available
interactive computer game—Wii Fit—is feasible and safe
and may confer clinical benefits on children with cerebral palsy. It appears to be a promising way of improving
walking in children with cerebral palsy and warrants
further study in a randomised controlled trial.
Chiu H-C, et al. BMJ Open 2018;8:e019624. doi:10.1136/bmjopen-2017-019624
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2.2 N m, 95% CI 1.1 to 3.2, p<0.001), plantarflexors (MD
2.2 N m, 95% CI 1.3 to 3.1, p<0.001) and quadriceps (MD
7.8 N m, 95% CI 5.2 to 10.5, p<0.001). Walking increased
at preferred speed (MD 0.25 m/s, 95% CI 0.09 to 0.41,
p=0.004), at fast speed (MD 0.24 m/s, 95% CI 0.13 to
0.35, p=0.0001), and distance over 6 min also increased
(MD 28 m, 95% CI 10 to 45, p=0.004). Independence in
participation increased (MD 1.4 out of 40, 95% CI 0.0 to
2.8, p=0.04).
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