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Motor disability is one of the main consequences of cp 
treated by clinicians working in the neurological reha-
bilitation of children and adolescents.2 a common man-

the prevalence of cerebral palsy (cp) is 2.11 per 
1000 live births,1 where spastic hemiplegia (shE) 

and diplegia (sdi) are the most common subtypes.2, 3 
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a b s t r a c t
bacKGrouNd: Evidence on the effect of systemic exercise programs to improve the standing balance with the Nintendo Wii system is very 
limited and its post-treatment effectiveness is unknown in cerebral palsy (cp) patients.
aiM: primary aim was to compare the effect of Nintendo Wii balance board (Wii-therapy) and standard physiotherapy (spt), on the performance 
of standing balance in children and adolescents with cp. secondary aim was to determine the post-treatment effectiveness of Wii-therapy and spt.
dEsiGN: two-arm, matched-pairs, parallel-groups, randomized, controlled clinical trial.
sEttiNG: outpatient rehabilitation centre in the city of talca.
populatioN: patients with cp type spastic hemiplegia (shE) and spastic diplegia (sdi), aged 7 to 14 years, and level i or ii of GMfcs or GM-
fcs-Er. Were excluded patients with fsiQ<80, epilepsy, previous surgeries and application of botulinum toxin-a in the lower limb, uncorrected 
vision and hearing disorders. MEthods: thirty-two cp patients (10.7±3.2 years old) were randomly assigned to either Wii-therapy (sdi=7; 
shE=9) or spt intervention (sdi=7; shE=9). in each group, patients received three sessions per week over a period of 6 weeks. standing balance 
was assessed at baseline and every 2 weeks. additionally, two follow-up assessments (4 additional weeks) were performed to determine post-treat-
ment effectiveness. standing balance was quantified on force platform obtaining the outcomes area of center-of-pressure (cop) sway (copsway), 
standard deviation in the medial-lateral (sdMl) and the anterior–posterior (sdap) directions, and velocity in both directions (VMl and Vap).
rEsults: compared to spt, Wii-therapy significantly reduced the copsway (p=0.02) and sdap in the eyes-open condition (p=0.01). however, 
the effects wane after 2-4 weeks. Post-hoc analysis revealed that only shE children benefited from Wii-therapy.
coNclusioNs: Wii-therapy was better than spt in improving standing balance in patients with cp, but improves the balance only in shE 
patients. also, Wii-therapy effectiveness waned 2–4 weeks after the end the intervention.
cliNical rEhabilitatioN iMpact: a systematic exercise program like Wii-therapy using the Nintendo Wii balance board device can be 
considered to improves the standing balance in patients with cp, specifically in the shE type. this program is easy to transfer to physiotherapists 
and rehabilitation centers.
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do Wii balance board (Wii-therapy) and standard phys-
iotherapy (spt), on the performance of standing balance 
in children and adolescents with cp. the secondary aim 
was to determine how long the effects of Wii-therapy 
and spt were retained after the intervention. We hy-
pothesized that Wii-therapy will improve standing bal-
ance more than spt, this effect is cp-subtype-specific 
and lasts at least 4 weeks. the results of this study will 
support clinicians in using the Wii-therapy as a treat-
ment tool for improving balance in cp children.

Materials and methods

Study design

a matched-pairs (type of cp and age) randomized 
controlled trial investigated was designed to compare 
the effect of Wii-therapy and spt 6-week protocols 
to improve the standing balance in cp patients. four 
weeks postintervention measures were included to de-
termine post-treatment effectiveness. the trial was per-
formed between october 2012 and June 2014. Written 
informed consent was obtained from all parents/guard-
ians and participants. the study was approved by the 
bioethics committee of the university of talca (ref. 
No. 00068) and was conducted in accordance with the 
declaration of helsinki. the study was registered in the 
brazilian registry of clinical trials (rbr-3sc9zc).

Participants and setting

children and adolescents with congenital shE and 
sdi cp were recruited from an outpatient rehabilitation 
center for children and adolescents with neurological 
disorders in the city of talca, chile. Wii and spt in-
terventions were delivered in the aforementioned cen-
ter whereas posturography was measured at the Motor 
control laboratory, university of talca, chile. inclu-
sion criteria were: 1) cp type shE and sdi; 2) level i 
or ii of the Gross Motor function classification sys-
tem (GMfcs) 21 or Expanded and revised Gross Motor 
function classification system (GMfcs-Er); 22 and 3) 
males and females aged between 7 and 14 years. Exclu-
sion criteria included: 1) full-scale intelligence quotient 
(fsiQ) <80; 2) patients with other neurological dis-
orders, such as epilepsy; 3) patients with uncorrected 
vision and hearing disorders; 4) previous surgeries in 
lower limb over the last 18 months or application of 

ifestation of this disability is impaired balance control 
during standing, which is associated with poorer mo-
tor performance during daily life activities.4-6 balance 
control relies on visual, vestibular and proprioceptive 
inputs, but also on the sensorimotor integration process 
that occurs at a central level.7

during childhood, the central nervous system (cNs) 
exhibits great neural plasticity, and hence high-intensity 
physical therapy interventions at this stage can enhance 
rehabilitation outcomes.8 the neural maturity of sensory 
systems responsible for the control of postural balance 
is sequential and dependent on age, and fully matures 
by 15-16 years of age.7, 9 this is the key reason for pro-
viding postural balance rehabilitation programs during 
childhood and adolescence, a period in which the cNs 
exhibits high plasticity in response to multisensory stim-
ulation environments. Nintendo Wii and other commer-
cially available virtual reality (Vr) devices offer a rela-
tive low-cost, accessible and highly transferable option 
to cp patients and neurological care centers to perform 
rehabilitation interventions.10, 11 furthermore, providing 
immediate feedback, Vr environments can elicit multi-
sensory interactions that motivate and engage the patient 
in longer and more intensive sessions.11 although there 
is evidence of the effectiveness of Vr systems in im-
proving balance in some clinical populations (e.g. post-
stroke, parkinson’s disease, older adults and knee re-
placement),12-15 evidence regarding cp patients is scarce.

in a 3-week intervention with interactive video gam-
ing using the Nintendo Wii, a group of 14 shE children 
(7-14 years old) improved motor performance as mea-
sured with the bruininks–oseretsky test.16 similarly, in 
a longer Wii intervention study (12 weeks), a group of 
14 cp children (seven sdi, five shE and two dyskinet-
ic) showed an improved performance in several clinical 
tests.17 although these results are promising, few ran-
domized controlled trials have studied the effectiveness 
of Wii interventions compared with standard therapy 
or used posturographic measures of balance.18, 19 pos-
turography has been widely used to quantify balance, 
as it is able to measure the amount of sway by using the 
center-of-pressure (cop) displacements. overall, great-
er values of cop sway (i.e. sway area) indicate poorer 
balance control when standing still.20

the primary aim of this two-arm, matched-pairs, par-
allel-groups, randomized, controlled clinical trial was to 
compare the effect of two therapy programs, the Ninten-
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over 6 weeks (supplementary table i, online content 
only). to avoid interference between the groups, a dif-
ferent room within the rehabilitation center was as-
signed to deliver each intervention therapy at a similar 
time of day. all participants in the spt group received 
similar therapy sessions, which included stretching, 
flexibility, strengthening, and balance exercises for 
40 minutes in each session. Wii-therapy consisted of 
training sessions using the Wii fit plus with the Nin-
tendo Wii balance board for 30 minutes, divided into 
three series.12 for the first two series, the snowboard, 
penguin slide and super hula hoop games were used. 
between the first and the second series of exercises, 
there was a 1-2-minute break, where the children sat 
on a chair until they had recovered. the third series 
involved deep breathing in the yoga game with eyes 
open and closed. for those participants who were not 
able to perform the first two series of games, less chal-
lenging games, such as the run plus and heading foot-

botulinum toxin-a in the lower limb over the past 10 
months; and 5) participants with access to a Nintendo 
Wii at home. inclusion and exclusion criteria were as-
sessed by two physiotherapists and a clinical neurolo-
gist. it is noteworthy that all participants included in this 
study had little or no experience of using the Nintendo 
Wii balance board.

Each participant that met the inclusion criteria was 
randomly allocated to either the Wii-therapy or the spt 
group by an independent statistician not involved in the 
study using ibM-spss 20.00 (spss inc., armonk, Ny, 
usa).

the baseline demographics and clinical characteris-
tics of all participants are shown in table i.

Procedure

posturographic measures were obtained at baseline 
(week 0) and every 2 weeks for 6 weeks (weeks 2, 4 and 
6). additionally, two follow-up assessments were per-
formed post-intervention (weeks 8 and 10). to ensure 
consistency of the measurements, posturography was 
assessed at the same time of day for each measurement. 
Each participant performed six 30-second standing-still 
trials under two visual conditions: three trials with eyes 
open (Eo) and three trials with eyes closed (Ec).20 for 
the latter trials, participants were provided with an eye 
mask to ensure no visual inputs. trials were performed 
on an aMti or6-7 force plate (Watertown, Ma, usa) 
at 200 hz.

Acquisition and processing

the aMti Netforce software was used to collect 
momentum and force data, which were then used to cal-
culate the cop. data was low-pass filtered at 40 hz (sec-
ond-order butterworth). cop excursion data were used 
to determine balance control values during standing, 
including cop sway area (copsway), and cop velocity 
and standard deviation of the cop in the medial-lateral 
(VMl and sdMl) and anteroposterior (Vap and sdap) di-
rections. all variables were calculated using Matlab 
r2012 software (MathWorks inc., Natick, Ma, usa).

Interventions

both groups (Wii-therapy and spt) received 18 ses-
sions delivered at a frequency of three times per week 

Table I.—�Baseline participants’ characteristics in both groups

characteristics Wii-therapy  
(N.=16)

standard-therapy
(N.=16)

Mean age (sd) 10.2 (3.1) 11.2 (3.6)
Mean height (sd), m 1.38 (0.16) 1.38 (0.19)
Mean weight (sd), kg 39.66 (15.41) 40.54 (18.90)
Mean bMi (sd), m/kg2 20.00 (4.20) 20.10 (4.24)
sex, male (%) 10 (62.50) 9 (56.25)
hemiplegia, left side (%) 4 (44.44) 5 (55.55)
GMfcs, N. (%)

level i
level ii

3 (37.50)
5 (62.50)

3 (33.33)
6 (66.66)

GMfcs-Er , N. (%)
level i
level ii

2 (25.00)
6 (75.00)

3 (42.86)
4 (57.14)

other diagnoses, N. (%)
hearing impairment corrected
Vision impairment corrected

2 (12.5)
6 (35.5)

1 (6.25)
5 (31.25)

prior surgery, N. (%)
lower limb, right
lower limb, left

2 (12.5)
1 (6.25)

3 (18.75)
1 (6.25)

Geographic location, N. (%)
Major city
surrounding cities
rural town

5 (31.25)
9 (56.25)
2 (12.50)

6 (37.50)
7 (43.75)
3 (18.75)

socioeconomic level, N. (%)
high
Middle
low

1 (6.25)
6 (37.50)
9 (56.25)

2 (12.50)
4 (25.00)

10 (62.50)
bMi: body Mass index; GMfcs: Gross Motor function classification system; 
GMfcs-Er: Expanded and revised Gross Motor function classification sys-
tem. prior surgeries were gastrocnemius tenotomies at least 2 years prior to the 
study. None of the participants had a score <80 in the full-scale intelligence quo-
tient (fsiQ) and application of botulinum toxin-a over the past 10 months.
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the participants in each intervention group. assumptions 
of normality and homogeneity of the outcome measures 
were assessed using shapiro-Wilk and levene tests. 
the Mann-Whitney test was used to determine differ-
ences between the effects of the therapies in the sixth 
week. friedman’s one-way aNoVa with post hoc pair-
wise comparisons (Wilcoxon signed-ranks test) was 
used to determine the effect over time for each type of 
therapy and subtypes of cp (shE and sdi).

to allow repeated measures analysis, missing data in 
the follow-ups of the 8th and 10th weeks were adjusted 
in the following two ways: 1) missing data was replaced 
with the non-missing average values for each variable/
week; 2) multiple imputations were performed for miss-
ing outcomes and adjusting variables. both methods 
were used to make sure that the results were concordant. 
for all analyses, a p≤0.05 was considered statistically 
significant. all statistical analyses were performed us-
ing ibM-spss 20.0 (spss inc., armonk, Ny, usa).

Results

during recruitment, 70 patients were screened. thir-
ty-two children (16 matched pairs) were randomly as-

ball, were used. overall, all games demand continuous 
weight shifting in the medial-lateral (left-to-right), an-
teroposterior (heel-to-toes) directions, as well as their 
combinations. furthermore, these games do challenge 
the sensorimotor integration by utilizing continuous 
feedback to perform motor tasks as accurately and 
precisely as possible. Qualified physiotherapists previ-
ously trained in the use of the Wii games delivered the 
intervention therapies for the Wii-therapy group.

Outcome measurement

the primary outcome measure is the cop sway area 
(copsway), which is defined as the total trajectory that 
the cop makes in the medial-lateral (Ml) and anterior–
posterior (ap) directions.20 previous studies using cop-
sway have shown that this is a reliable and valid measure 
of balance during standing in different clinical and non-
clinical populations.23, 24 furthermore, cop sway has 
been shown to be more sensitive to cp subtypes (shE 
and sdi) than other posturographic measures.5, 9

the secondary outcome measures were: 1) standard 
deviation of the cop in the medial-lateral direction 
(sdMl); 2) standard deviation of the cop in the an-
teroposterior direction (sdap); 3) velocity of the cop 
in the medial-lateral direction (VMl); and 4) velocity of 
the cop in the anteroposterior direction (Vap).20 these 
measures have also been shown to be reliable for the 
assessment of balance control.23

Sample size

the sample size was calculated to detect postural 
balance changes in response to Wii-therapy and spt 
based on clinical data and previous measurements.3 We 
proposed a mean difference of 21.5 cm2 (copsway) as 
the minimum difference required for substantial clini-
cal relevance and a standard deviation of 20.68 cm2. a 
significance alpha level of 0.05, 80% power, and allow-
ing for 8% attrition, a minimum of 16 participants were 
required in each group (total sample of 32).

Statistical analysis

descriptive statistics were calculated for all demo-
graphic and clinical measures, and unpaired t-tests and 
χ² tests were used to compare these measures between 

figure 1.—flow chart according to the consolidated standards of re-
porting trials (coNsort). participants, assessments and interventions 
through the two groups of the trial.
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weeks 0 to 8 (p=0.044), 4 to 8 (p=0.023) and 6 to 8 
(p=0.011) (table ii).

only shE patients of the Wii-therapy group exhibited 
significant effects on copsway over time for both mea-
surement conditions (Eo: F=11.35, p=0.045 and Ec: 
F=13.90, p=0.016). in Eo, shE exhibited a decrease 
that was not significant in the copsway between weeks 
2 and 6. however, between weeks 6 and 10 (p=0.011) 
and between weeks 4 and 10 (p=0.021), the increase 
was significant. in Ec, post hoc analysis showed that 
Wii-therapy significantly reduced the copsway between 
weeks 4 and 6 (p=0.028); however, this effect was lost 
at week 8 (p=0.017) and week 10 (p=0.008) (figure 
2). in the secondary outcomes, shE patients showed 
no effect over time in the Eo condition. however, in 
the Ec condition, children with spastic hemiplegia in 
the Wii-therapy group showed effects over time for the 
sdap variable (F=14.02, p=0.016). in this outcome, 
Wii-therapy produced an increase between weeks 0 
and 2 (p=0.028), followed by a significant decrease 
between weeks 0 and 4 (p=0.021) until week 6 (not 
significant). this effect had waned by week 10 since 
the post hoc analysis showed an increase from weeks 
0 to 10 (p=0.008) and from weeks 6 to 10 (p=0.021). 
finally, children with sdi showed no significant effect 
over time for either of the two therapies, both primary 
and secondary variables.

signed to each therapy protocol. compliance was 100% 
for Wii-therapy (9 h) and 100% with standard therapy 
(12 h) (figure 1). there were no differences between 
groups for demographics, clinical characteristics (table 
i) and baseline in standing balance.

the mean age was 10 years and 5 months, and the 
children were predominantly classified as level ii on 
both the GMfcs and the GMfcs-Er scales. None of 
the children had received any physical therapy prior to 
the study in the previous 3 months, and 12% were en-
rolled in a regular weekly painting workshop or occu-
pational therapy.

Wii-therapy vs. SPT: effects of the therapies in the sixth 
week

the measurement data for each therapy over time is 
presented in table ii. the Wii-therapy group exhibited 
better balance than the spt group, with a significantly 
decreased copsway (95% ci: -2.92 to -4.92; p=0.02) and 
sdap (95% ci: -2.92 to 4.92; p=0.01) only under the 
Eo condition.

Wii-therapy and SPT: effect over time

Missing data was noted for follow-up assessments 
for two children from the Wii-therapy group (one shE 
and one sdi) and one child from the spt group (spastic 
hemiplegia) (table ii). the spt had no effect over time 
for the primary and secondary outcomes in either of the 
measurement conditions.

Wii-therapy decreased the copsway with Eo (F=17.42, 
p=0.004). the post hoc analysis showed a reduction 
in copsway from weeks 0 to 6 (p=0.044), and from 
weeks 2 to 6 (p=0.023). in contrast, from weeks 6 to 10 
(p=0.001) and from weeks 8 to 10 (p=0.034), the cop-
sway increased significantly, and therefore the effects of 
the Wii-therapy wane at weeks 8 and 10. Wii-therapy 
had no effect over time for the copsway in Ec.

Wii-therapy group showed significant differences 
over time in sdap (F=15.38, p=0.009) and Vap (F=11.37, 
p=0.045) only in Ec condition. in this condition, the 
post hoc analysis showed an increase in sdap between 
weeks 0 and 2 (p=0.015), followed by a decrease that 
was not significant by week 6, and finally an increase 
at week 8 (p=0.03). Vap reduced during Wii-therapy in 
weeks 2 to 6 (p=0.03), followed by an increase from 

figure 2.—boxplots illustrating of copsway for spastic hemiplegia 
(shE) in the time. Wii-therapy reduced the copsway in eyes closed (Ec) 
between weeks 4 and 6 (p=0.028). instead, copsway increased between 
the weeks 6 and 8 (p=0.017), and weeks 6 and 10 (p=0.008). shE pa-
tients showed no improvement over time in standard physiotherapy 
(spt). *p value <0.05.
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balance by using posturographic measures but found no 
significant changes after the intervention. Nonetheless, 
it is noteworthy that in the latter study, Wii training was 
self-guided at home for 5 weeks (minimum 30 minutes 
each time) with only 66% compliance.18 interestingly, 
that study did not include copsway and standard devia-
tion as outcome measures, which are among the most 
common in posturography, and this hampers further 
comparisons with the current findings.

six weeks of Wii-therapy were more effective than 
spt, as it improved standing balance in cp expressed 
in the reductions in copsway (primary outcome) and 
sdap (secondary outcome) only in the Eo condition. 
children and adolescents with cp improved their stand-
ing balance performance because of multisensory kin-
aesthetic and visual interactions. Most of the games 
utilized in this study challenge medial-lateral and an-
terior–posterior balance by eliciting weight-shifting 
strategies in order to move interactive elements, i.e. av-
atars.19, 27 this causes the displacement of body weight 
on the foot and lower limbs, producing a sufficient 
mechanical stimulation to trigger the proprioceptors at 

Adverse events

all participants completed each therapy without any 
adverse effects.

Discussion

this is the first study aimed to compare the effects 
of a Nintendo Wii balance board intervention with 
standard physiotherapy to improve standing balance 
in children with cp using posturographic measures. 
this is also the first study determining post-treatment 
effectiveness of Wii-therapy. overall, we found that 
Wii-therapy was better able to improve standing bal-
ance than a spt intervention, especially in shE, and 
that these positive effects wane within 2-4 weeks post-
intervention.

two previous randomized controlled trials using Wii 
have reported significant improvements in the balance 
of cp children when assessed with clinical tools such as 
the functional reach 25 and the pediatric balance score.26 
ramstrand and lygnegård reported the effects of Wii on 

Table II.—�Outcome measures during standing balance for both groups over time.

Measure Group baseline
Median (iQr)

2 weeks
Median (iQr)

4 weeks
Median (iQr)

End therapy
(6 weeks)

Median (iQr)

follow-up
(8 weeks)

Median (iQr) a

follow-up
(10 weeks)

Median (iQr) a
difference in medians (95%ci) p value b

primary outcome
copsway, open-eyes, cm2

copsway, closed-eyes, cm2

Wii-therapy
standar-therapy

Wii-therapy
standar-therapy

3.75 (1.66 to 8.15)
3.92 (2.73 to 5.25)
4.17 (1.94 to 7.40)
6.64 (4.28 to 8.94)

3.58 (1.74 to 9.01)
4.08 (1.65 to 0.24)
4.73 (3.00 to 2.04)
6.26 (3.55 to 8.60)

3.06 (2.08 to 6.38)
4.84 (3.29 to 7.42)
4.85 (2.80 to 9.68)
5.36 (3.35 to10.30)

2.19 (1.40 to 6.02)
4.68 (3.56 to 7.17)
4.83 (2.39 to 7.69)
3.69 (2.66 to 7.51)

3.85 (1.92 to 6.89)
5.55 (2.70 to 7.46)
5.81 (2.88 to 9.23)
7.16 (5.93 to 9.03)

4.05 (2.39 to 8.24)
5.30 (3.52 to 6.52)
6.42 (3.37 to 8.87)
5.86 (5.14 to 6.90)

1 (-2.92 to 4.92)
1 (-2.92 to 4.92)

1,5 (-2.42 to 5.42)
-1 (-4.92 to 2.92)

0.004
0.656
0.058
0.402

secondary outcomes
sdMl, open-eyes, cm

sdMl, closed-eyes, cm

sdap, open-eyes, cm

sdap, closed-eyes, cm

VMl, open-eyes, cm/sec

VMl, closed-eyes, cm/sec

Vap, open-eyes, cm/sec

Vap, closed-eyes, cm/sec

Wii-therapy
standar-therapy

Wii-therapy
standar-therapy

Wii-therapy
standar-therapy

Wii-therapy
standar-therapy

Wii-therapy
standar-therapy

Wii-therapy
standar-therapy

Wii-therapy
standar-therapy

Wii-therapy
standar-therapy

0.43 (0.26 to 0.73)
0.46 (0.34 to 0.60)
0.45 (0.29 to 0.74)
0.51 (0.42 to 0.69)
0.43 (0.39 to 0.67)
0.48 (0.42 to 0.71)
0.45 (0.29 to 0.74)
0.51 (0.42 to 0.69)
0.85 (0.65 to 1.19)
0.97 (0.75 to 1.15)
0.92 (0.77 to 1.28)
1.05 (0.75 to 1.30)
0.94 (0.85 to 1.50)
1.10 (0.77 to 1.37)
1.11 (0.89 to 1.70)
1.32 (0.95 to 1.59)

0.39 (0.31 to 0.75)
0.42 (0.31 to 0.53)
0.42 (0.32 to 0.78)
0.53 (0.42 to 0.65)
0.61 (0.34 to 0.70)
0.55 (0.34 to 0.80)
0.70 (0.51 to 0.90)
0.63 (0.46 to 0.88)
1.00 (0.66 to 1.33)
0.91 (0.60 to 1.21)
1.15 (0.84 to 1.70)
1.03 (0.77 to 1.28)
1.00 (0.84 to 1.44)
0.97 (0.69 to 1.57)
1.18 (1.09 to 1.79)
1.14 (0.82 to 1.58)

0.42 (0.35 to 0.54)
0.46 (0.29 to 0.58)
0.48 (0.39 to 0.78)
0.50 (0.32 to 0.71)
0.47 (0.32 to 0.69)
0.60 (0.48 to 0.70)
0.64 (0.39 to 0.72)
0.60 (0.45 to 0.77)
0.90 (0.66 to 1.24)
0.94 (0.70 to 1.13)
1.07 (0.76 to 1.44)
0.96 (0.62 to 1.37)
0.95 (0.88 to 1.15)
1.02 (0.74 to 1.37)
1.13 (1.05 to 1.53)
1.05 (0.91 to 1.55)

0.36 (0.28 to 0.55)
0.44 (0.34 to 0.58)
0.45 (0.39 to 0.52)
0.43 (0.33 to 0.68)
0.47 (0.29 to 0.67)
0.64 (0.55 to 0.90)
0.60 (0.35 to 0.77)
0.60 (0.46 to 0.90)
0.84 (0.69 to 1.17)
0.88 (0.69 to 1.22)
0.96 (0.73 to 1.33)
0.91 (0.62 to 1.22)
1.00 (0.80 to 1.14)
1.06 (0.77 to 1.23)
1.22 (0.82 to 1.76)
1.15 (0.81 to 1.53)

0.38 (0.29 to 0.53)
0.46 (0.33 to 0.60)
0.51 (0.36 to 0.75)
0.66 (0.48 to 0.89)
0.54 (0.37 to 0.71)
0.59 (0.42 to 0.75)
0.65 (0.56 to 0.81)
0.66 (0.54 to 0.83)
1.02 (0.76 to 1.30)
0.94 (0.66 to 1.14)
1.12 (0.89 to 1.62)
1.09 (0.82 to 1.35)
1.10 (0.89 to 1.49)
1.05 (0.89 to 1.44)
1.48 (1.17 to 1.77)
1.19 (1.07 to 1.45)

0.39 (0.30 to 0.69)
0.50 (0.42 to 0.60)
0.55 (0.36 to 0.71)
0.49 (0.42 to 0.57)
0.54 (0.46 to 0.68)
0.63 (0.53 to 0.72)
0.57 (0.47 to 0.79)
0.66 (0.54 to 0.73)
0.96 (0.84 to 1.18)
0.87 (0.69 to 1.09)
1.17 (0.94 to 1.49)
1.23 (0.92 to 1.26)
1.18 (0.88 to 1.40)
1.10 (0.91 to 1.37)
1.34 (0.99 to 1.61)
1.24 (1.01 to 1.40)

1 (-2.92 to 4.92)
0 (-3.92 to 3.92)
1 (-2.92 to 4.92)

-1 (-4.92 to 2.92)
1 (-2.92 to 4.92)
1 (-2.92 to 4.92)
2 (-1.91 to 5.92)

-1.5 (-2.42 to 5.42)
1 (-2.92 to 4.92)

-1 (-4.92 to 2.92)
0 (-2.92 to 4.92)

-1 (-3.92 to 3.92)
0 (-3.92 to 3.92)
0 (-3.92 to 3.92)
0 (-3.92 to 3.92)

-1 (-4.92 to 2.92)

0.213
0.873
0.595
0.279
0.351
0.252
0.008
0.707
0.647
0.896
0.153
0.263
0.101
0.711
0.045
0.493

aMissing values from three children at follow-up during the eighth and tenth weeks (Wii-therapy, N.=2; spt, N.=1); bfriedman’s one-way aNoVa.
iQr: interquartile range; cop: centre-of-pressure; copsway: area of cop sway; sdMl and sdap: standard deviation of cop in the directions medial-lateral and anterior–
posterior: both in cm; VMl and Vap: cop velocity in the directions medial-lateral and anterior-posterior.
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with hemiparetic cp, which was associated with an in-
crease in their functional abilities.29 Neural activation 
is based on the existence of mirror neurons that were 
stimulated by observation of the execution of analo-
gous tasks by other people in a mirror-like effect cre-
ated by virtual environments;30 2) sensory feedback. 
provided by proprioceptive, visual, vestibular and au-
ditory systems when are activated in the performance. 
three of them are directly associated with the control 
of postural balance;11 3) individual motivation. this 
motivation was achieved through various attractive and 
interesting exercises introduced by the Nintendo Wii 
balance board.11

the reduction of copsway, similar to Vap, was weak-
ened 2 and 4 weeks after the end of therapy, suggesting 
that Wii-therapy should be repeated over a period of no 
longer than this. so, is possible that cp children required 
an initial 2-week adaptation during Wii-therapy, which 
was revealed in the sdap in Ec of balance responses.

the spt had no effect over time. it has previously 
been reported that patients move more during Wii than 
spt sessions, which may have meant that — despite the 

this level. furthermore, an advantage of the Nintendo 
Wii system is the visual feedback that the participants 
receive during each session. Visual feedback has been 
postulated to improve balance in participants, as the 
video game creates the perception that they can perform 
more complex activities.28 also, Wii-therapy generated 
a virtual reality environment with gesture-based inter-
actions with the patient with cp.11 in contrast, the spt 
did not generate changes in the standing balance under 
either of the two conditions even after 18 sessions.

the effect over time was observed only for the Wii-
therapy group, where the reduction in copsway in Eo 
(from 0 to 6 and 2 to 6 weeks) and Vap in Ec (from 
2 to 6 weeks) indicated improvements in the stand-
ing balance. the following physiological foundations 
and clinical evidence support these effects: 1) repeti-
tion. Each virtual game involved the successive repeti-
tion of exercises in different planes of motion in each 
session.11 repetition is the basis of neuroplasticity. a 
4-week intervention using Vr therapy caused neural 
activation and subsequent reorganization in the prima-
ry sensorimotor cortex of the affected side in a child 

Table II.—�Outcome measures during standing balance for both groups over time.

Measure Group baseline
Median (iQr)

2 weeks
Median (iQr)

4 weeks
Median (iQr)

End therapy
(6 weeks)

Median (iQr)

follow-up
(8 weeks)

Median (iQr) a

follow-up
(10 weeks)

Median (iQr) a
difference in medians (95%ci) p value b

primary outcome
copsway, open-eyes, cm2

copsway, closed-eyes, cm2

Wii-therapy
standar-therapy

Wii-therapy
standar-therapy

3.75 (1.66 to 8.15)
3.92 (2.73 to 5.25)
4.17 (1.94 to 7.40)
6.64 (4.28 to 8.94)

3.58 (1.74 to 9.01)
4.08 (1.65 to 0.24)
4.73 (3.00 to 2.04)
6.26 (3.55 to 8.60)

3.06 (2.08 to 6.38)
4.84 (3.29 to 7.42)
4.85 (2.80 to 9.68)
5.36 (3.35 to10.30)

2.19 (1.40 to 6.02)
4.68 (3.56 to 7.17)
4.83 (2.39 to 7.69)
3.69 (2.66 to 7.51)

3.85 (1.92 to 6.89)
5.55 (2.70 to 7.46)
5.81 (2.88 to 9.23)
7.16 (5.93 to 9.03)

4.05 (2.39 to 8.24)
5.30 (3.52 to 6.52)
6.42 (3.37 to 8.87)
5.86 (5.14 to 6.90)

1 (-2.92 to 4.92)
1 (-2.92 to 4.92)

1,5 (-2.42 to 5.42)
-1 (-4.92 to 2.92)

0.004
0.656
0.058
0.402

secondary outcomes
sdMl, open-eyes, cm

sdMl, closed-eyes, cm

sdap, open-eyes, cm

sdap, closed-eyes, cm

VMl, open-eyes, cm/sec

VMl, closed-eyes, cm/sec

Vap, open-eyes, cm/sec

Vap, closed-eyes, cm/sec

Wii-therapy
standar-therapy

Wii-therapy
standar-therapy

Wii-therapy
standar-therapy

Wii-therapy
standar-therapy

Wii-therapy
standar-therapy

Wii-therapy
standar-therapy

Wii-therapy
standar-therapy

Wii-therapy
standar-therapy

0.43 (0.26 to 0.73)
0.46 (0.34 to 0.60)
0.45 (0.29 to 0.74)
0.51 (0.42 to 0.69)
0.43 (0.39 to 0.67)
0.48 (0.42 to 0.71)
0.45 (0.29 to 0.74)
0.51 (0.42 to 0.69)
0.85 (0.65 to 1.19)
0.97 (0.75 to 1.15)
0.92 (0.77 to 1.28)
1.05 (0.75 to 1.30)
0.94 (0.85 to 1.50)
1.10 (0.77 to 1.37)
1.11 (0.89 to 1.70)
1.32 (0.95 to 1.59)

0.39 (0.31 to 0.75)
0.42 (0.31 to 0.53)
0.42 (0.32 to 0.78)
0.53 (0.42 to 0.65)
0.61 (0.34 to 0.70)
0.55 (0.34 to 0.80)
0.70 (0.51 to 0.90)
0.63 (0.46 to 0.88)
1.00 (0.66 to 1.33)
0.91 (0.60 to 1.21)
1.15 (0.84 to 1.70)
1.03 (0.77 to 1.28)
1.00 (0.84 to 1.44)
0.97 (0.69 to 1.57)
1.18 (1.09 to 1.79)
1.14 (0.82 to 1.58)

0.42 (0.35 to 0.54)
0.46 (0.29 to 0.58)
0.48 (0.39 to 0.78)
0.50 (0.32 to 0.71)
0.47 (0.32 to 0.69)
0.60 (0.48 to 0.70)
0.64 (0.39 to 0.72)
0.60 (0.45 to 0.77)
0.90 (0.66 to 1.24)
0.94 (0.70 to 1.13)
1.07 (0.76 to 1.44)
0.96 (0.62 to 1.37)
0.95 (0.88 to 1.15)
1.02 (0.74 to 1.37)
1.13 (1.05 to 1.53)
1.05 (0.91 to 1.55)

0.36 (0.28 to 0.55)
0.44 (0.34 to 0.58)
0.45 (0.39 to 0.52)
0.43 (0.33 to 0.68)
0.47 (0.29 to 0.67)
0.64 (0.55 to 0.90)
0.60 (0.35 to 0.77)
0.60 (0.46 to 0.90)
0.84 (0.69 to 1.17)
0.88 (0.69 to 1.22)
0.96 (0.73 to 1.33)
0.91 (0.62 to 1.22)
1.00 (0.80 to 1.14)
1.06 (0.77 to 1.23)
1.22 (0.82 to 1.76)
1.15 (0.81 to 1.53)

0.38 (0.29 to 0.53)
0.46 (0.33 to 0.60)
0.51 (0.36 to 0.75)
0.66 (0.48 to 0.89)
0.54 (0.37 to 0.71)
0.59 (0.42 to 0.75)
0.65 (0.56 to 0.81)
0.66 (0.54 to 0.83)
1.02 (0.76 to 1.30)
0.94 (0.66 to 1.14)
1.12 (0.89 to 1.62)
1.09 (0.82 to 1.35)
1.10 (0.89 to 1.49)
1.05 (0.89 to 1.44)
1.48 (1.17 to 1.77)
1.19 (1.07 to 1.45)

0.39 (0.30 to 0.69)
0.50 (0.42 to 0.60)
0.55 (0.36 to 0.71)
0.49 (0.42 to 0.57)
0.54 (0.46 to 0.68)
0.63 (0.53 to 0.72)
0.57 (0.47 to 0.79)
0.66 (0.54 to 0.73)
0.96 (0.84 to 1.18)
0.87 (0.69 to 1.09)
1.17 (0.94 to 1.49)
1.23 (0.92 to 1.26)
1.18 (0.88 to 1.40)
1.10 (0.91 to 1.37)
1.34 (0.99 to 1.61)
1.24 (1.01 to 1.40)

1 (-2.92 to 4.92)
0 (-3.92 to 3.92)
1 (-2.92 to 4.92)

-1 (-4.92 to 2.92)
1 (-2.92 to 4.92)
1 (-2.92 to 4.92)
2 (-1.91 to 5.92)

-1.5 (-2.42 to 5.42)
1 (-2.92 to 4.92)

-1 (-4.92 to 2.92)
0 (-2.92 to 4.92)

-1 (-3.92 to 3.92)
0 (-3.92 to 3.92)
0 (-3.92 to 3.92)
0 (-3.92 to 3.92)

-1 (-4.92 to 2.92)

0.213
0.873
0.595
0.279
0.351
0.252
0.008
0.707
0.647
0.896
0.153
0.263
0.101
0.711
0.045
0.493

aMissing values from three children at follow-up during the eighth and tenth weeks (Wii-therapy, N.=2; spt, N.=1); bfriedman’s one-way aNoVa.
iQr: interquartile range; cop: centre-of-pressure; copsway: area of cop sway; sdMl and sdap: standard deviation of cop in the directions medial-lateral and anterior–
posterior: both in cm; VMl and Vap: cop velocity in the directions medial-lateral and anterior-posterior.
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after 11 sessions of training using the Wii sports games. 
the sessions lasted between 60 and 90 minutes, and 
used four games that involved the use of the hand with 
the Wii remote, and training in both sitting and standing 
positions.34 previous studies with longer protocols and 
heterogeneous samples (diplegic, hemiplegic and dys-
kinetic) were inconclusive.17, 26

a drawback of research exploring the benefits of 
Wii for the treatment of balance in cp children is the 
non-standardization of interventions. although it has 
been suggested that games should be chosen based on 
clinical reasoning,16, 35 there is still no consensus for the 
selection of games for specific rehabilitation aims, e.g. 
reaching or stepping. in our study, we used the snow-
board, penguin slide and super hula hoop games that 
mainly elicit reactive balance control for correct weight 
shifting,12, 36 which is known to be highly affected in 
shE and sdi children, and has been associated with 
difficulties initiating the gait.33 We also selected the 
deep breathing in the yoga game as it challenges proac-
tive balance control for maintaining static positions.12 
since ap balance is more affected in shE and Ml bal-
ance in sdi,4-6 a diagnosis-specific selection of games 
could be more effective in the rehabilitation of balance, 
especially for sdi. further research should explore the 
balance challenges imposed by each of the games used 
in rehabilitation in order to better guide their use with 
different clinical populations.

this is the first study to explore the retention effects 
of a Wii-therapy intervention, which wane within 4 
weeks after the intervention period. Most cp children 
undergo much longer rehabilitation periods than the 18 
sessions (6 weeks) comprehended in this study. hence, 
if adopted as part of long-term rehabilitation programs, 
the effects of Wii-therapy may be sustained for more 
time, for example including one session every two/four 
weeks to maintain its positive effect on balance.

although the sample size of cp patients was ade-
quate for testing the main hypothesis, the sample size 
reduction when performing the post hoc analysis on cp 
subtypes (sdi and shE) was a limitation. the inclu-
sion of children with mild levels and without intellec-
tual disability in this study limits the generalizability of 
these results to cp populations with severe intellectual 
disability. there was no blinding and, although trained 
in different rooms, group contamination may have oc-
curred due to all patients being trained within the same 

spt sessions habitually were of 40 minutes, that is 10 
minutes longer than the Wii sessions — the Wii-therapy 
was more intense.8, 23 as previously indicated, repeti-
tion of a motor task is fundamental in improving motor 
control during rehabilitation and it is possible that this 
is better achieved during Wii sessions due to its continu-
ous weight shifting,28 which is crucial for upright and 
walking stability.31

the literature broadly describes the differences in 
motor control impairment between shE and sdi. the 
quiet standing balance between these types of cp is dif-
ferent.4-6 Within these differences, greater standard de-
viation and displacement have been reported in the ap 
axis in shE; however, sdi patients exhibit greater stan-
dard deviation and displacement in the Ml axis.5, 6 fur-
thermore, in sdi has been reported that the rapid Ml 
weight-shifting capacity is affected, which can explain 
the difficulty in initiating the gait.31 a matched-pairs de-
sign used in our study according to the type of cp and 
age, controlled the possible bias, an identified limitation 
in rehabilitation studies of this type.

in this study, significant effects of Wii on posturo-
graphic measures of balance were found only for the 
shE group. it has been suggested that shE patients are 
better able to use proprioceptive and somatosensory 
information arising from the unaffected limb,6 which 
may have been enhanced (sensory up-weighting) by 
the Wii-therapy. therefore, the improvement in the bal-
ance performance for shE during Ec for both copsway 
and sdap may be due to proprioceptive stimuli gener-
ated during Wii-therapy. the use of Vr games also 
provides continuous visual feedback, which elicits not 
only reactive but also proactive balance responses, such 
as weight shifting, to accomplish a task.28 during Wii 
games, visual feedback is predominant and therefore 
up-weighted, and this would explain a greater improve-
ment in the Eo condition. our results agree with Gati-
ca-rojas et al.’s findings that in a recent study reported 
spasticity reduction of calf muscles and improved static 
standing balance after a Nintendo Wii intervention in a 
population of ten cp patients of which sixty percent had 
spastic hemiplegia.32

children with sdi did not show an improvement in 
their standing balance in either Wii-therapy or spt. in 
contrast, deutsch et al. reported improvements in pos-
tural control during Ec, functional mobility, and vi-
sual–perceptual processing in an adolescent with sdi 

P
R
O
O
F

M
IN

ERVA
 M

EDIC
A

PROFF ID.indd   1 10/09/10   14:28



Wii balaNcE board aNd staNdiNG balaNcE With cErEbral palsy Gatica-roJas

Vol. 53 - No. ?? EuropEaN JourNal of physical aNd rEhabilitatioN MEdiciNE 9

10. alsaif aa, alsenany s. Effects of interactive games on motor 
performance in children with spastic cerebral palsy. J phys ther 
sci 2015:27:2001-3.

11. Gatica-rojas V, Méndez-rebolledo G. Virtual reality interface de-
vices in the reorganization of neural networks in the brain of patients 
with neurological diseases. Neural regen res 2014:9:888-96.

12. Gatica rV, Elgueta cE, Vidal sc, cantin lM, fuentealba aJ. impact 
of balance training with a Virtual reality in Elderly. int J Morphol 
2010:28:303-8.

13. fung V, ho a, shaffer J, chung E, Gomez M. use of Ninten-
do Wii fit™ in the rehabilitation of outpatients following to-
tal knee replacement: a preliminary randomised controlled trial. 
physiotherapy 2012:98:183-8.

14. bateni h. changes in balance in older adults based on use of physical 
therapy vs the Wii fit gaming system: a preliminary study. physi-
otherapy 2012:98:211-6.

15. pompeu JE, Mendes fa, silva KG, lobo aM, oliveira tde p, Zomig-
nani ap, et al. Effect of Nintendo Wii™-based motor and cognitive 
training on activities of daily living in patients with parkinson’s 
disease: a randomised clinical trial. physiotherapy 2012:98:196- 
204.

16. Jelsma J, pronk M, ferguson G, Jelsma-smit d. the effect of the 
Nintendo Wii fit on balance control and gross motor function of 
children with spastic hemiplegic cerebral palsy. dev Neurorehabil 
2013:16:27–37.

17. tarakci d, ozdincler ar, tarakci E, tutuncuoglu f, ozmen M. Wii-
based balance therapy to improve balance function of children with 
cerebral palsy: a pilot study. J phys ther sci 2013:25:1123-7.

18. ramstrand N, lygnegård f. can balance in children with cerebral 
palsy improve through use of an activity promoting computer game? 
technol health care 2012:20:501-10.

19. ballaz l, robert M, parent a, prince f, lemay M. impaired visu-
ally guided weight-shifting ability in children with cerebral palsy. res 
dev disabil 2014:35:1970-7.

20. duarte M, freitas sM. revision of posturography based on force 
plate for balance evaluation. braz J phys ther 2010:14:183-92.

21. palisano r, rosenbaum p, Walter s, russell d, Wood E, Galuppi 
b. development and reliability of a system to classify gross mo-
tor function in children with cerebral palsy. dev Med child Neurol 
1997:39:214-23.

22. fowler EG, staudt la, Greenberg Mb, oppenheim Wl. selective 
control assessment of the lower Extremity (scalE): development, 
validation, and interrater reliability of a clinical tool for patients with 
cerebral palsy. dev Med child Neurol 2009:51:607-14.

23. Zoccolillo l, Morelli d, cincotti f, Muzzioli l, Gobbetti t, paolucci 
s, et al. Video-game based therapy performed by children with cer-
ebral palsy: a cross-over randomized controlled trial and a cross-sec-
tional quantitative measure of physical activity. Eur J phys rehabil 
Med 2015:51:669-76.

24. lin d, seol h, Nussbaum Ma, Madigan Ml. reliability of cop-
based postural sway measures and age-related differences. Gait pos-
ture 2008:28:337-42.

25. bauer cM, Gröger i, rupprecht r, tibesku co, Gassmann KG. reli-
ability of static posturography in elderly persons. Z Gerontol Geri-
atr 2010:43:245-8.

26. tarakci d, Ersoz huseyinsinoglu b, tarakci E, razak ozdinçler a. 
the Effects of Nintendo Wii-fit Video Games on balance in children 
with Mild cerebral palsy. pediatr int 2016;58:1042-50.

27. sharan d, ajeesh ps, rameshkumar r, Mathankumar M, paulina rJ, 
Manjula M. Virtual reality based therapy for postoperative rehabilita-
tion of children with cerebral palsy. Work 2012:41:3612-5.

28. dewar r, love s, Johnston lM. Exercise interventions improve pos-
tural control in children with cerebral palsy: a systematic review. dev 
Med child Neurol 2015:57:504-20.

29. you sh, Jang sh, Kim yh, Kwon yh, barrow i, hallett M. corti-
cal reorganization induced by virtual reality therapy in a child with 
hemiparetic cerebral palsy. dev Med child Neurol 2005:47:628-35.

30. rizzolatti G, craighero l. the mirror-neuron system. annu rev Neu-
rosci 2004:27:169-92.

rehabilitation center. another limitation of this study is 
the absence of information concerning the number of 
repetitions used for the stretching, flexibility, strength 
and balance exercises for the spt group. since other 
aspects of balance control (e.g. dynamic balance) were 
not assessed, the benefits of spt and/or Wii-therapy 
may have been underestimated by only analyzing static 
posturography. therefore, it is necessary to consider 
more dynamic measures of balance, such as tracking 
tasks. the exercise programs with the Nintendo Wii 
should also consider children with cp with greater mo-
tor disabilities, such as GMfcs/GMfcs-Er levels iii, 
iV and V.

Conclusions

Wii-therapy over a period of 6 weeks significantly 
improved standing balance in children and adolescents 
with cp. these improvements were significantly great-
er than in spt, which did not improve balance over a 
similar period. further analysis found that significant 
improvements in balance control only occurred in shE 
and that positive effects wane 2-4 weeks after the end of 
the intervention.
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ONLINE SUPPLEMENTARY MATERIALS

SupplemenTary Table I.—�Description of the treatments applied through Template for Intervention Description and Replication (TIDieR) 
checklist.

Brief name

randomized controlled clinical trial to compare the effect of two therapy programmes, the Nintendo Wii balance board and standard physiotherapy, on 
the performance of standing balance in children and adolescents with cerebral palsy.

Why

the neural maturity of sensory systems responsible for the control of postural balance is sequential and dependent on age, and fully matures by 15–16 
years of age. this is the key reason for providing postural balance rehabilitation programmes during childhood and adolescence, a period in which the 
cNs exhibits high plasticity in response to multisensory stimulation environments. Nintendo Wii and other commercially available virtual reality (Vr) 
devices offer a relative low-cost, accessible and highly transferable option to cp patients and neurological care centres to perform rehabilitation interven-
tions. furthermore, providing immediate feedback, Vr environments can elicit multisensory interactions that motivate and engage the patient in longer 
and more intensive sessions. although there is evidence of the effectiveness of Vr systems in improving balance in some clinical populations (e.g. post-
stroke, parkinson’s disease, older adults and knee replacement), evidence regarding cp patients is scarce.

What

all participants in the standard physiotherapy group received similar therapy sessions, which included stretching, flexibility, strengthening, and balance 
exercises for 40 minutes in each session. Wii-therapy consisted of training sessions using the Wii fit plus with the Nintendo Wii balance board for 30 
minutes, divided into three series. for the first two series, the snowboard, penguin slide and super hula hoop games were used. between the first and 
the second series of exercises, there was a 1-2-minute break, where the children sat on a chair until they had recovered. the third series involved deep 
breathing in the yoga game with eyes open and closed. for those participants who were not able to perform the first two series of games, less challenging 
games, such as the run plus and heading football, were used. overall, all games demand continuous weight shifting in the mediolateral (left-to-right), 
anteroposterior (heel-to-toes) directions, as well as their combinations. furthermore, these games do challenge the sensorimotor integration by utilising 
continuous feedback to perform motor tasks as accurately and precisely as possible.

Who provided

for both groups, qualified physiotherapists previously trained in the use of the Wii games delivered the intervention therapies.

How

the interventions were delivered face-to-face individually.

Where

both interventions were delivered in the aforementioned centre whereas posturography was measured at the Motor control laboratory, university of 
talca, chile.

When and how much

both groups received 18 sessions delivered at a frequency of three times per week over 6 weeks. to avoid interference between the groups, a different 
room within the rehabilitation centre was assigned to deliver each intervention therapy at a similar time of day. all participants in the spt group received 
similar therapy sessions, which included stretching, flexibility, strengthening, and balance exercises for 40 minutes in each session. Wii-therapy consisted 
of training sessions using the Wii fit plus with the Nintendo Wii balance board for 30 minutes, divided into three series.

Tailoring

the intervention was planned to be standardized amongst all participants.

Modifications

the intervention was no modified during the course of the study.

How well

all patients comply with the intervention as planned

P
R
O
O
F

M
IN

ERVA
 M

EDIC
A

PROFF ID.indd   1 10/09/10   14:28


