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Effects of interactive games on motor performance
in children with spastic cerebral palsy
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Abstract. [Purpose] Motor control and muscle strength impairments are the prime reasons for motor behavior
disorders in children with spastic cerebral palsy. These impairments lead to histological changes in muscle growth
and the learning of motor skills. Therefore, such children experience reduced muscle force generation and de-
creased muscle flexibility. We investigated the effect of training with Nintendo Wii Fit games on motor performance
in children with spastic cerebral palsy. [Subjects and Methods] Forty children with cerebral palsy spastic diplegia
aged 6-10 years diagnosed with level-3 functional capabilities according to the Gross Motor Classification System
(GMFCS) were enrolled. Participants were divided randomly into equal groups: group (A) that practiced with the
Nintendo Wii Fit game for at least 20 minutes/day for 12 weeks and group (B) that underwent no training (control
group). The Movement Assessment Battery for Children-2 (mABC-2) was used to assess motor performance, be-
cause it mainly involves motor tasks very similar to those involved in playing Nintendo Wii Fit games, e.g., goal-
directed arm movements, balancing, and jumping. [Results] There were significant improvements in the subscales
of the motor performance test of those who practiced with the Nintendo Wii, while the control group showed no
significant changes. [Conclusion] Using motion interactive games in home rehabilitation is feasible for children with

cerebral palsy.
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INTRODUCTION

Cerebral palsy (CP) is a non-progressive developmental
movement and posture disorder that occurs during fetal
or infant development). It is the most common physical
developmental disability in childhood and encompasses a
group of disorders of the development of movement and
posture that cause activity limitations. These are attributed
to non-progressive disturbances that occur in the developing
infant brains® ). The impairment in CP, including secondary
impairments such as spasticity, muscle contracture, bone
deformity, muscle weakness, and coordination disorders, is
multifactorial and primarily affects the lower extremities,
such as deficits in walking ability* 3. The varying levels
of impairment affecting children with CP can be described
according to the Gross Motor Classification System (GM-
FCS)®.

Physical inactivity in children with CP increases the
risks of secondary problems such as pain, depression, social
isolation, fatigue, pressure sores, and mobility limitations.
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Children with CP suffer from motor and cognitive disabili-
ties, which usually require a long-term, multifaceted, and
multidisciplinary approach”. Children with CP also tend to
have lower endurance, muscular strength, and cardiorespira-
tory fitness than the general population®. The consequences
of chronic muscle imbalance and the resultant deformities
can cause increasing disability with age®).

One of the most significant problems faced by children
with CP is defective postural control. Maintaining postural
control, which is required to perform activities of daily liv-
ing, is often a major challenge for children with CP. Active
videogames such as those on the Nintendo Wii system may
allow children with CP to perform many types of activities
that are less affected by environmental barriers, which limit
accessibility. Such videogames allow children with CP to
perform self-directed, on-demand, and affordable physical
activity!®. The growing popularity of interactive gaming in
healthcare is partially due to the belief that the fun and com-
petitive aspects of videogames can direct a patient’s focus
away from the repetitive and mundane nature of rehabilita-
tion exercises'’). Some studies have evaluated interactive
videogames, especially Wii Fit games, in different neuro-
logical diseases'?. However, no trials have demonstrated the
benefits of Wii-based training for patients with CP'®), Nin-
tendo Wii interactive games provide children with CP many
health-related benefits such as improved postural control,
mobility, postural stability, functional independence, and
self-esteem!¥. Therefore, this study determined the effects
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of interactive play with Nintendo Wii Fit games on motor
performance in children with spastic CP.

SUBJECTS AND METHODS

Forty children diagnosed with CP spastic diplegia, their
age ranged from 6-10 years old, with a matching functional
capability of level 3 on the GMFCS, lower-limb muscle
power no less than grade 4 according to the manual muscle
test, and no fixed contractures in the lower limbs were
recruited from the Pediatric Physical Therapy Department,
King Abdulaziz University Hospital. Children with severe
hearing loss, marked visual impairment, epilepsy, or autism
were excluded. The patients were randomly divided into two
study groups: group A played the Nintendo Wii Fit game for
20 minutes/day for 12 weeks, while group B did not (control
group). This study was approved by the Faculty of Applied
Medical Sciences Scientific Research Ethics Committee at
King Abdulaziz University hospital, and informed consent
was obtained from the parents or guardians of all children
prior to participation.

Each child in group A was provided a Nintendo Wii
Fit, which includes about 20 games, for use at home over
a 12-week period. Measures reported in the present study,
interviews with the parents/guardians about the families
Measures rep with the intervention, and kinematic measure-
ments of goal-directed arm movements were performed and
will be presented in parallel papers.

The Movement Assessment Battery for Children-2
(mABC-2) was used to assess motor performance, because
it mainly involves motor tasks very similar to those involved
in playing Nintendo Wii Fit games, e.g., goal-directed arm
movements, balancing, and jumping. This test is a new ver-
sion of the mABC and was developed to be more appropriate
for research. The mABC-2 targets children aged 3—16 years
with coordination disorders and scores movement quality on
the basis of 8 items included in 3 tests of manual dexterity,
balance, and catching and aiming. The original mABC test
was demonstrated to be both valid and reliable for assess-
ing motor performance!?. Upper-limb coordination was
assessed by subtest 5:6 (touching a swinging ball) from the
Bruininks-Oseretsky Test of Motor Proficiency (BOTMP).
Finally, the one-minute walk test, the validity of which has
been established, was performed to assess the general motor
function of children with CP'0),

The mean values of the investigated parameters were
determined at the beginning and end of the study in both
groups and compared by paired Student’s t-tests. Meanwhile,
comparisons between groups will be made using unpaired
t-tests.

RESULTS

The present study evaluated the motor performance in
response to training with Nintendo Wii Fit games in children
with spastic CP. All children were able to practice the motion
interactive games and were generally capable of handling
the technology and setting up the gaming system. The motor
performance scores of group A before and after the inter-
vention are shown in Table 1. The total mABC-2 test score

Table 1. Motor performance test variables before and after Nin-
tendo training of group(A) (Unit: LogS)

Test Pre Post

mABC-2 total test score 383 +542 44.1 +£5.21
Manual dexterity 104 +2.32 17.3+1.25
Aiming & catching 12.5+2091 159 +3.18
Balance 12.1+3.12 16.1 £3.10
BOTMP 5:6 2.23+£047 3.78 £0.39
1-minute walk test 90.1 +7.21 98.8 + 6.75

Data are mean + SD. BOTMP 5:6: Bruininks-Oseretsky Test of
Motor Proficiency subtest 5:6 (i.e., touching a swinging ball);
mABC-2: Movement Assessment Battery for Children-2

Table 2. Motor performance test variables in group B (control

group) (Unit: LogS)
Test Pre Post
mABC-2 total test score 38.9+5.27 39.1+£5.16
Manual dexterity 11.1+2.44 11.3+£2.42
Aiming & catching 12.8 +£3.15 13.1+3.11
Balance 12.5+£3.62 12.7+3.74
BOTMP 5:6 2.82 +0.51 3.12+0.66
l-minute walk test 91.1 £6.93 91.8+£6.82

Data are mean + SD. BOTMP 5:6: Bruininks-Oseretsky Test of
Motor Proficiency subtest 5:6 (i.e., touching a swinging ball);
mABC-2: Movement Assessment Battery for Children-2

Table 3. Motor performance parameters after the 12-week study

period (Unit: LogS)

Test Group A Group B

mABC-2 total test score 441+ 5.21 39.1+5.16
Manual dexterity 173 £1.25 11.3+2.42
Aiming & catching 159+3.18 13.1 £3.11
Balance 16.1 £3.10 12.7+3.74
BOTMP 5:6 378 £0.39 3.12+0.66
1-minute walk test 98.8 £6.75 91.8 +6.82

Data are mean + SD. BOTMP 5:6: Bruininks-Oseretsky Test of
Motor Proficiency subtest 5:6 (i.e., touching a swinging ball);
mABC-2: Movement Assessment Battery for Children-2

increased significantly after the intervention. Furthermore,
subtest scores, included manual dexterity, aiming and catch-
ing, balance, one-minute walk test, and BOTMP 5:6 showed
significant improvements. Meanwhile, there were no signifi-
cant changes in any parameter in group B (Tables 2 and 3).
Furthermore, the differences in parameters between groups
at the end of the study were significant.

DISCUSSION

Children with CP are physically less active than normal
children!?. Accordingly, children with CP, who already
have additional challenges, should be urged to perform more
physical activity!®. Playing motion interactive videogames



can be more physically demanding than traditional sedentary
games'?. However, the extent of improvement in daily phys-
ical activity motion among physically disabled children due
to interactive videogames remains unclear owing to a lack
of research; furthermore, most existing studies are limited in
size and do not provide strong evidence?”. Two controlled
studies and a few uncontrolled reports show positive results
of motion interactive videogames on movement control?!),
A few small studies also demonstrate motion interactive
videogames can be useful for enhancing children be useful
disposition, motivation to practice, and self-esteem??). In the
present study, the standing domains of gross motor function
increased significantly after the intervention. This can be
attributed to the regular physical activities performed by the
children during the 12-week period, which is concordant
with a study indicating virtual reality games such as the
Nintendo Wii system improve arm and hand movements
in children with CP?). The impairment in CP, including
secondary impairments such as spasticity, muscle contrac-
ture, bone deformity, muscle weakness, and coordination
disorders, is multifactorial and primarily affects the lower
extremities, such as deficits in walking ability?*). Moreover,
one study demonstrates children with CP who play interac-
tive videogames for 3 weeks show improvements in balance
and motor performance?). Children with CP may have
impaired postural balance, which contributes to gait abnor-
malities?® 27, Furthermore, loaded sit-to-stand exercises
improve basic motor abilities, functional muscle strength,
and walking efficiency?®3%. In conclusion, Nintendo Wii
Fit games improve the motor performance of children with
spastic CP, warranting further study.
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