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ABSTRACT      
BACKGROUND: Children with ataxic cerebral palsy have unsteady movements and poor balance. Many therapeutic interventions are used to 
improve their upper and lower functioning.
AIM: To assess the effectiveness of virtual reality (VR) on balance impairment in ataxic cerebral palsy children.
DESIGN: RCT.
POPULATION: Sixty-four children with ataxic cerebral palsy.
METHODS: Children were randomly assigned into two equal groups with 32 patients in each group. The control group received a specially de-
veloped physical therapy program and the VR group received VR training on a Wii balance board in addition to the control group’s program. For 
three successive months the intervention program was implemented three times a week for both groups. Stability indices (overall, anteroposterior, 
and mediolateral) were measured using the Biodex balance system and Pediatric Balance Scale (PBS) at baseline and after three months of inter-
vention for both groups.
RESULTS: At the beginning of the intervention, there were no statistically significant differences between the two groups (P>0.05). However, fol-
lowing three months of the intervention, there was a statistically significant decline in the stability index scores., as well as a statistically significant 
improvement in the score of the PBS in both groups with a notable advancement in favor of the VR group (P≤0.05).
CONCLUSIONS: Adding VR training on a Wii balance board to a designed physical therapy program has a significant impact on improving bal-
ance deficits in ataxic cerebral palsy children.
CLINICAL REHABILITATION IMPACT: VR has a therapeutic effect on improving balance that may result in better and more efficient rehabili-
tation program of children with ataxic cerebral palsy.
(Cite this article as: Mouhamed HA, Abo-Zaid NA, Khalifa HA, Ali ME, Elserty NS, Behiry MA, et al. Efficacy of virtual reality on balance impair-
ment in ataxic cerebral palsy children: randomized controlled trial. Eur J Phys Rehabil Med 2024;60:949-55. DOI: 10.23736/S1973-9087.24.08617-9)
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Cerebral palsy is the most common disorder affecting 
motor function in childhood.1, 2 It is clinically classi-

fied according to the primary kind of motor involvement 

into spastic, dyskinetic, dystonic, and ataxic subgroups. 
Ataxic cerebral palsy represents 5-10% of all cases. It is 
caused by cerebellar damage and is characterized by prox-
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Blinding and allocation

This study was authorized by Cairo University’s Faculty 
of Physical Therapy Ethical Committee for Clinical Re-
search (P.T.REC/012/004402), and it was also registered 
on ClinicalTrials.gov. and has the NCT05411328 identifi-
cation number. Before starting the study procedures, each 
child’s parents signed an informed consent form to ensure 
their satisfaction and informed them that they have the 
right to withdraw from the study without any penalty by 
keeping their data confidential.

Seventy ataxic cerebral palsy children were initially 
assessed for eligibility. Five children failed to convene 
the inclusion criteria, one refused to enroll. The remain-
ing sixty-four children were assigned randomly into two 
groups of equal numbers (control and VR) by a blinded 
independent researcher; selection bias was minimized by 
using random allocation software.13 Figure 1 shows the 
flow chart of children and randomization of the study.

Sixty-four children with ataxic cerebral palsy were en-
rolled in our study. They were referred and diagnosed by 
a pediatric neurologist and diagnosis was confirmed by 
history of brain damage in addition to MRI finding that 
revealed atrophy of cerebellum. Their ages ranged from 

imal instability, involuntary tremors, clumsiness, loss of 
coordination, and poor balance.3

Children with ataxic cerebral palsy have a loss of mus-
cular control in their arms and legs, leading to unsteady 
movements, poor balance, and incoordination which limit 
everyday activities and increase the risk of falling. They 
walk with large sways of the center of pressure, mainly in 
an anteroposterior direction with irregular uncoordinated 
stepping.4

Conventional physical therapy modalities for balance 
disorder in ataxic cerebral palsy include balance training 
using weights, foot sensory stimulation, core stability, and 
home-based exercises.5 Virtual reality (VR) gaming is a 
modern technology which provides a variety of unique 
interventions that need patients’ full attention and active 
participation.6 It facilitates the interaction in multisensory 
tasks that are mainly used in activities of daily living such 
as hand skills, manipulation, mobility, balance, and cogni-
tion.1

The Wii balance board is a popular VR design used to 
promote balance and fitness while entertaining users. It 
provides children with challenges, increases curiosity, and 
promotes fantasy for them to fully engage with the inter-
vention.7

VR is more motivating than traditional exercises for 
children as it provides motivation, quantitative recording 
of the balance changes, and visual feedback.8 Several stud-
ies demonstrated the efficacy of the Wii balance board for 
improving balance in spastic and dyskinetic cerebral palsy, 
down syndrome, and acquired brain injury.9-11 Also, other 
studies reported its effect in improving cognitive function 
in traumatic brain injury and enhancing gait and balance 
after stroke and SCI.12 However, till now studies on ataxic 
cerebral palsy were case reports and no randomized con-
trolled trial was performed. So, our study aimed to assess 
the efficacy of VR training on a Wii balance board in ad-
dition to a physical therapy rehabilitation program on bal-
ance impairment in ataxic cerebral palsy children. We hy-
pothesized that adding VR training on a Wii balance board 
to the physical therapy rehabilitation program would have 
a favorable impact on balance impairment in ataxic cere-
bral palsy children after three months of training.

Materials and methods

A single-blinded (children) randomized controlled ex-
periment was carried out in the Cairo University faculty 
of physical therapy outpatient clinic between November 
2022 to April 2024. Figure 1.—Flow chart of children randomization.

Control group (N.=32)

Excluded children (N.=6)
- �Not meeting inclusion criteria 

(N.=5)
- �Not accept to enroll (N.=1)

Assessed for eligibility (N.=70)

Randomized (N.=64)

Enrollment

Virtual reality group (N.=32)

Allocation

Analyzed (N.=32)
- Excluded from analysis (N.=0)

All children received 60 min  
of a designed physical therapy 

program

All children received 30 min of 
the same physical therapy program 
as control group plus 30 min VR 

training on Wii balance board

Intervention

Analyzed (N.=32)
- Excluded from analysis (N.=0)

Analysis

Base line assessment

Post treatment

Post treatment assessment



VIRTUAL REALITY ON BALANCE IMPAIRMENT IN ATAXIC CEREBRAL PALSY	 MOUHAMED

Vol. 60 - No. 6	 European Journal of Physical and Rehabilitation Medicine	 951

tions on movements used during playing the intervention 
games like lateral weight shifting, stepping side/forward/
backward, and squatting while controlling the movements 
of the upper extremities. The physiotherapist stood next to 
each child asking him to collect as many points as possible 
and keeping him from falling over while playing the ac-
tivities due to an extreme body movement. Both groups re-
ceived the treatment regimen three times a week for three 
consecutive months conducted by a certain therapist and 
to avoid bias; examination was done by another therapist.

In the tennis game

The child was asked to hold the Wii remote as if it was the 
grip of a tennis racket and swing it. The racquet was timed 
to strike the ball so that it bounced to the left (forehand 
early strike) or right (forehand late strike). The child was 
asked to hit a forehand shot, when he early hit the ball, it 
hooked and aimed to the player’s left. When he later hit the 
ball (it closed his body), it sliced and aimed to the right.

In Baseball game

Baseball games on the Wii are not played in the same way 
as traditional baseball. There is only batting and pitching 
involved. For batting: the child was asked to hold the re-
mote with both hands; on the screen, the child showed his 
model, and the pitcher threw the ball. The child observes 
the bat’s movement in relation to the ball’s position as they 
are swinging. This helps the child learn about the swing’s 
direction and speed. Furthermore, a sound indicating the 
swing’s speed is produced during the swing. The child 
hears a crack and hears applause from the crowd when the 
bat makes contact with the ball. The remote is also vibrat-
ing simultaneously. The child observes the ball’s trajectory 
after the bat strikes it. The child can tell if the batter struck 
the ball too early or too late by hearing the audience’s dis-
pleasure if the batter misses the ball. The announcer re-
ports the result of the batting bat after every swing. For 
pitching: the child can release the ball for the pitch by 
moving their arm in a variety of ways while holding the 
remote in one hand. The child hears and sees the ball land 
in the catcher’s mitt. The key to an effective pitch is to ac-
celerate the child’s swing movement.23

In the bowling game

The child attempted to knock down 10 pins with a ball, 
the child was asked to hold the B button to throw and was 
asked to release it when he was ready to throw. The spin 
was quite amazing, and it followed a very realistic curve 

nine to fourteen years. All children had incoordination, 
tremors, balance disturbance and were able to walk inde-
pendently without assistance with ataxic gait. The severity 
level of motor impairment was level I and II according to 
GMFCS.14 All children had sufficient intelligence to fol-
low the instructions during testing and training procedures 
(IQ scores >70 according to Stanford-Binet Intelligence 
Test).15 We exclude children who scored ≥28 according to 
the pediatric symptom checklist that had a degree of be-
havioral and emotional dysregulation2 and children with 
structural abnormalities, visual or auditory impairments, 
or a history of epilepsy.

Children in the control group underwent sixty minutes 
of a specially developed physical therapy program. While 
children in the VR group underwent the same specially de-
veloped physical therapy program as control group for 30 
min adding VR training on the Wii balance board for thirty 
min. with a total session duration of sixty min.16

The specially developed physical therapy program in-
cluded stretching hamstrings, and calf muscles, rhythmic 
stabilization for shoulder and pelvic girdle, balance train-
ing (from different positions such as kneeling, half kneel-
ing, and standing), standing on a balance board; standing 
on the single leg; stoop and recovery; gait training on a 
balance beam and stepper; walking on wedges and stair 
climbing.17-20

VR training was performed by using Nintendo Wii Fit 
Plus with balance board,16 a device attached to a suffi-
ciently distant screen at which the center of pressure’s dis-
placement on the device balance board was displayed. The 
device provides a wide variety of games, in our study, ten-
nis,20 baseball,21 and bowling games22 were selected. Ten-
nis and baseball games were used to increase the strength 
of muscles in both upper and lower limbs (e.g. rectus fem-
oris, biceps femoris, vastus medialis, gastrocnemius, and 
gluteus maximus muscles),20, 21 while bowling games were 
used to enhance balance and core muscles strength.22

During the intervention process, the child stood on the 
balance board and used visual feedback to control the shift-
ing of the screen’s center of pressure. The child can change 
the center of gravity in several planes (dynamic balance) 
and keep the center of gravity at a constant location (static 
balance). The therapist also gave verbal feedback for each 
game according to the balance abilities of each child. All 
games were played at the basic level.

An illustrative training trial of VR games was per-
formed before starting the treatment sessions. Each child 
was asked to complete one round of each game. The train-
ing trial included multiple verbal instructions and explana-
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The sample size was calculated by using G power pro-
gram version 3.1, Heinrich-Heine-University, Düsseldorf, 
Germany based on F tests (MANOVA: Special effects and 
interactions), Type I error (α)=0.05, power (1-α error prob-
ability)=0.80, Pillai V=0.20 and effect size f2 (V)=0.1111. 
Twenty-two children were the ideal bare minimum sample 
size for this investigation. According to pilot research with 
ten participants, the effect size was computed considering 
the outcome measures. As a result, the projected sample 
size for all patients was twenty-two, and when dropouts 
were taken into account from the time of randomization 
to the conclusion of the treatment regimen, the number of 
children climbed to 32.

Statistical analysis

An unpaired t-test was used to compare the subject char-
acteristics of the groups. The data was tested for normal 
distribution using the Shapiro-Wilk Test. To evaluate the 
homogeneity between groups, Levene’s Test for homoge-
neity of variances was used. A mixed MANOVA was used 
to investigate how the therapy affected the PBS, OASI, 
APSI, and MLSI. The Bonferroni adjustment was used in 
post-hoc tests to perform multiple comparisons later. All 
statistical tests were conducted with a significance level of 
P<0.05. The statistical package for social studies (SPSS) 
version 25 for Windows was used for all statistical analy-
sis (IBM SPSS, Chicago, IL, USA).

Results

Subject characteristics

Table I shows the subject characteristics of VR and con-
trol groups. There was no significant difference between 
groups in age, weight, height and BMI (P>0.05).

Effect of treatment on PBS, OASI, APSI and MLSI

Mixed MANOVA revealed a significant interaction ef-
fect of treatment and time (F=19.70, P=0.001, Partial eta 
squared=0.57). There was a significant main effect of treat-

that led to the ball’s path. The path taken and, consequent-
ly, the number of pins dropped are determined by the de-
gree of twist applied at release as well as the moment of 
the ball’s release. It is therefore best to bowl normally and 
fully for success. At all games, the child played against the 
computer.

All children were examined by Biodex Balance System 
(BBS) for measuring stability indices and the Pediatric 
Balance Scale (PBS) at baseline and after three months of 
intervention for both groups.

Stability indices were assessed by using the BBS 
(Model 945-302, software version 3.12, New York). It is 
an objective method used to evaluate and train subjects 
with balance problems.24 The system is comprised of a 
circular platform with supports. It is capable of a 20° tilt 
from the horizontal in different directions. The actuator of 
the system, which is based on a microprocessor, regulates 
how much the platform’s surface is unstable. Changing 
the surface instability from a minimally unstable level (8) 
(minimally unstable) to very unstable level (1) is possible. 
According to our previous pilot research, Level 8 was uti-
lized to evaluate balance in all children. Each child was 
instructed to keep his center of mass in the center of a 
concentric circle that was displayed on the screen in front 
of them to measure his balance indices. The device deter-
mines the variation from the center, which is reported as 
a balancing index, and records the actual postural sway. A 
larger variation that is measured as a higher balance index 
score reflects more postural sway. The test was composed 
of three trials, each lasting 20 seconds and interspersed 
with a 25-second rest. The three trials’ average value was 
calculated. The system measures the overall stability index 
(OASI), anteroposterior stability index (APSI), and medio-
lateral stability index (MLSI) that calculate a child’s abil-
ity to keep his balance in all directions, forward-backward 
directions, and medial-lateral directions respectively.25-28

The PBS is a modified version of the Berg Balance Scale 
intended to assess children’s functional balance abilities. It is 
a valid and reliable tool.29 The intra-rater reliability and inter-
rater reliability were (ICC=0.998, ICC=0.997 respectively), 
it consists of 14 tasks; simple mobility tasks (e.g., transfers, 
standing unsupported, sit-to-stand) and more difficult tasks 
(e.g., tandem standing, turning 360°, single-leg stance). Ev-
ery item has a grade of 0 to 4, and the total score has a grade 
of 0 to 56. The maximum score is 56 indicates better balance 
and reflects the child’s ability to maintain a static position, 
alter positions, and reduce the basis of support for each task 
from different positions. Three trials are allowed, and the 
best performance was measured for analysis.29

Table I.—��Comparison of subject characteristics between VR and 
control groups.

VR group
Mean±SD

Control group
Mean±SD MD t-value P value

Age (years) 10.72±1.25 11.16±1.39 -0.44 -1.32 0.19
Weight (kg) 44.03±6.15 43.47±9.27 0.56 0.29 0.77
Height (cm) 140.72±8.98 138.47±8.42 2.25 1.03 0.31
BMI (kg/m2) 22.35±3.21 22.85±5.30 -0.5 -0.46 0.65
SD: standard deviation; MD: mean difference; P value: probability value.
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ings showed that there was a statistically significant decline 
in stability indices measured by BBS including OASI, APSI, 
MLSI and a significant increase in PBS post-treatment in 
both groups with more improvement in favor of VR group.

Our participant’s age was limited to 9-14 years old as 
postural stability and adjustments were associated with 
age. The capability to control anterior-posterior adjust-
ments became increasingly apparent, and sensory devel-
opment began with the visual system, then the propriocep-
tive system, and ultimately the vestibular system, achiev-
ing functional maturity at nine years of age. Children of 
seven years seem to have a distinct singularity in their 
postural control.30 Additionally, children with cerebral 
palsy always lose their balance between the ages of four 
and fourteen years.31

The result of this study revealed a statistically signifi-
cant decrease in Biodex stability indices as well as a sta-
tistically significant improvement in PBS scores in both 
groups. The reduction of balance indices indicates proper 
neuromuscular control as they exhibit the complete pro-
prioceptive reflex control necessary to generate timely 
coordinated movements that are required to maintain 
balance and equilibrium.32 This may be attributed to the 
restorative goal of physical therapy exercises for ataxic 
children that focus on improving the strength and endur-
ance of the trunk-stabilizing muscles, as well as the link 
between brain control and the musculoskeletal system.25 
Exercises also increase proprioceptive stimulation33 and 

ment (F=9.16, P=0.001, Partial eta squared=0.38). There 
was a significant main effect time (F=454.50, P=0.001, 
Partial eta squared=0.96).

Within group comparison

There was a significant increase in PBS and a signifi-
cant decrease in OASI, APSI, and MLSI in both groups 
post-treatment compared with pre-treatment (P>0.001). 
The percentage of improvement in PBS, OASI, APSI, 
and MLSI of the VR group was 85.23, 20.27, 33.40 and 
33.91% respectively, and that in the control group was 
51.51, 13.50, 26.71 and 22.42% respectively (Table II).

Between-group comparison

There was a significant increase in PBS and a signifi-
cant decrease in OASI, APSI, and MLSI of the VR group 
compared with that of the control group post-treatment 
(P<0.01) (Table II).

Discussion
Ataxic cerebral palsy children struggle to regulate their 
movements. They have trouble with accurate motions and 
are unsteady as well as static and dynamic balance. These 
problems increase the chance of falling and impede daily liv-
ing activities independence. So, our trial aimed to evaluate 
the efficacy of VR using Wii balance board training on bal-
ance impairment in ataxic cerebral palsy children. The find-

Table II.—��Mean PBS, OASI, APSI, and MLSI pre and post-treatment of VR and control groups.
Pre-treatment

Mean±SD
Post treatment

Mean±SD MD (95% CI) % of change P value

PBS
VR group 22.34±3.21 41.38±2.72 -19.04 (-20.51, -17.56) 85.23 0.001
Control group 23.78±3.89 36.03±2.85 -12.25 (-13.72, -10.78) 51.51 0.001
MD (95% CI) -1.44 (-3.22, 0.34) 5.35 (3.95, 6.73)

P=0.11 P=0.001
OASI

VR group 5.40±0.56 3.32±0.77 2.08 (1.83, 2.32) 20.27 0.001
Control group 5.55±0.47 4.36±0.64 1.19 (0.95, 1.43) 13.50 0.001
MD (95% CI) -0.15 (-0.41, 0.10) -1.04 (-1.39, -0.68)

P=0.23 P=0.001
APSI

VR group 5.21±0.55 3.47±0.36 1.74 (1.52, 1.94) 33.40 0.001
Control group 5.13±0.58 3.76±0.38 1.37 (1.16, 1.59) 26.71 0.001
MD (95% CI) 0.08 (-0.21, 0.36) -0.29 (-0.47, -0.10)

P=0.59 P=0.003
MLSI

VR group 4.60±0.35 3.04±0.42 1.56 (1.38, 1.74) 33.91 0.001
Control group 4.55±0.46 3.53±0.38 1.02 (0.84, 1.20) 22.42 0.001
MD (95% CI) 0.05 (-0.15, 0.26) -0.49 (-0.69, -0.29)

P=0.60 P=0.001
SD: standard deviation; MD: mean difference; CI: confidence interval; P value: probability value.
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had a great impact on improving balance in patients with 
cerebellar dysfunction.

Also, Staiano et al.,47 reported that active video games 
like Wii fit increase fine and gross motor function and en-
hanced their daily activity on cerebral palsy children and 
concluded that Wii fit can be utilized as a home-based or a 
school-based solution for rehabilitation.

Wang and Reid48 found improvement in lower limb 
function, weight distribution on anterior-posterior, medial-
lateral axes, and loading on the lower limb, in addition to an 
increase in the distance of walking using forearm crutches 
with a decrease of center of pressure sway and reliance on 
a walker in cerebral palsy children after 4 weeks of Wii 
system intervention. Some limitations of our study should 
be considered. First, the findings of this study should be 
investigated with a longer duration of treatment and to pro-
vide for follow-up period to ensure the maintenance of our 
statistical findings over time. Second, the psychosocial as-
pects of a child’s improvement have not been investigated, 
which could have an impact on the outcome measures.

Conclusions

The findings of our study showed that VR has an evident 
therapeutic effect on improving balance during the reha-
bilitation of children with ataxic cerebral palsy.
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