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Abstract
Background: Children with spastic cerebral palsy have some 
limitations in their functional mobility and also problems with their 
balance and postural control. The purpose of this study was to examine 
the effect of virtual reality training on balance and walking speed in 
children with spastic Cerebral Palsy (CP).
Methods: This is a single blinded randomized controlled trial. 
According to the preliminary data obtained from the pilot study, the 
total sample size was determined, and 30 children with spastic CP 
(5–12 years) were randomly allocated into the intervention (n: 15) 
and control groups (n: 15). Both groups received the treatment with 
conventional occupational therapy for 30-min sessions three times 
per week. The intervention group also received supervised therapy 
using Xbox Kinect games in each session for 6 weeks. Balance by 
TUG test and Pediatric Balance Scale (PBS), and walking speed by 10-
meter walking test were measured in pretest, post-test, and follow-up. 
Additionally, repeated measures analysis of variance (ANOVA) was 
used to examine the interaction effects of time and group.
Results: Thirty children with spastic CP (mean age: 8.5 years; Gross 
Motor Function Classification System: level I, 23.3%, level II,) were 
analyzed. The results showed that there was a statistically significant 
difference between the two groups only in the PBS score (p=0.013). 
Additionally, the interaction effect of time and group was significant 
for both TUG and PBS scores (p<0.001).
Conclusion: Using V.R therapy along with routine occupational 
therapy can be effective for improving balance and walking speed in 
children with spastic CP.
Keywords: Balance, Spastic cerebral palsy, Virtual reality, Walking 
speed
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Introduction 
Cerebral Palsy (CP) is an unprogressive neurological 
disorder caused by damage of immature brain, 
leading to progressive sensory and motor and postural 
disabilities (1). The prevalence of CP in the world is 2 
per 1000 live births and in Iran is 2.06 per 1000 live 
births (2). Spastic cerebral palsy is the most common 
type of CP, making up 70 to 80% of all cases (1). 
The main characteristic of this type of CP is spasticity 
which affects the balance as a significant component 
of child’s development that appears in the last stage 
of cortical motor development (3). 
Balance disabilities in children with spastic CP can 
cause problems in their executive function during 
activity of daily living (4). Frequent falls resulting 
from postural fluctuations, weakness, and loss of 
balance are very common among these children 
(4). Unlike traditional approaches that focus on 
isolated movement components, correct specific 
motor deficits in a nonfunctional context such as 
on a balance beam or exercise ball, and  not placing 
too much emphasis on the child’s motor function in 
natural environment (5), new functionally oriented 
rehabilitation approaches highlight the interventions 
delivered in different activities in a functional context. 
According to the motor learning and motor control 
theories, motivation, repetition, and special and 
purposeful target-directed training should be applied 
in the treatment of children with CP (6).  
Virtual Reality (VR) technology is one of these 
approaches that refers to an interactive artificial 
experience of reality that induces a sense of presence 
(7) and it can help children learn and perform their 
practical skills in a controlled environment by creating 
immersive experiences as games. Due to the precise 
adjustment of speed, intensity, and level of training in 
this technology, these exercises can range from simple 
to complex tasks (8). In such a situation, a CP child 
can do his/her activities and explore the environment 
with no feeling of fear (9). Previous studies have 
reported that using VR technique has a positive effect 
on the performance of upper extremity function (10) 
and balance (11) in children with spastic CP. Also, the 
results of a systematic review confirmed the positive 
effect of VR on balance and walking in children with 
CP to some extent. However, the authors believed that 
the results should be used with caution for various 

reasons such as differences in interventions used, the 
lack of randomized clinical trials, and the relatively 
small sample sizes of studies (12). Also, authors of 
other systematic reviews mentioned that considering 
the limited number of well-conducted RCTs in this 
field, a large homogeneous samples size is still 
needed for future RCTs (13,14). In addition, in the 
present study, standardized assessments for children 
with CP were used. Thus, the aim of this study was 
to use validated test for investigating the effect of VR 
training on balance and walking speed of children 
with CP.

Materials and Methods
Participants 
This single blinded randomized controlled trial 
(IRCT20200415047094N1) in which assessors were 
kept unaware of knowledge of group assignment, 
was conducted at Yekta and Raha occupational 
therapy clinics, Khorram Abad, Iran. Sample size was 
calculated with an α-value of 5% and power of 80%. 
According to the preliminary data obtained from the 
pilot study, the total sample size was determined 
30 that according to the inclusion criteria, 30 
children with spastic CP who were receiving routine 
occupational therapy as outpatients of above clinics 
were enrolled. After getting informed written consent 
by the parents and determining the final participants 
in the study, each of them was assigned a number 
from 1 to 30, and then using the Kittest program, 15 
random numbers were considered for the intervention 
group and the rest for the control group. The inclusion 
criteria were as follows: age 5-12 years, Gross Motor 
Function Classification System (GMFCS) level I-II, 
no use of sedatives during the intervention, absence 
of any hearing or visual impairments that cannot 
be remedied by assistive devices, absence of any 
intellectual disability, and absence of drug-resistant 
epilepsy. The exclusion criteria were lack of child 
cooperation and absence of more than three sessions 
in therapy sessions. 
The ethics committee of Shahid Beheshti University 
of Medical Sciences approved all the protocols (IR.
SBMU.RETECH.REC.1398.206). Also, all the 
children’s parents signed a written sign consent to 
participate in the study. 
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Instruments
After completing the demographic questionnaire, 
children’s balance was evaluated by using Time 
Up and Go test (TUG) and Pediatric Balance Scale 
(PBS). TUG is a quick and simple test that assesses 
a person’s functional balance by using the time that a 
person takes to rise from a chair, walk three meters, 
turn around, walk back to the chair, and sit down (15). 
The TUG test is a reliable and responsive measure of 
balance and mobility for children with CP (16). PBS 
is designed to assess the static and dynamic balance 
in children with balance disorders and consists of 
14 items scored from 0 to 4 points with a maximum 
score of 56 (17). Kalantari et al investigated the 
psychometric properties of the Persian version of PBS 
and reported that PBS is appropriate for measuring 
functional balance in children with spastic cerebral 
palsy with mild to moderate motor impairment. 
CVR (1-0.73) and CVI (0.96) were in the acceptable 
range (18). For the present study, the total score of 
PBS was considered. The 10-metre walking test 
is a performance measure used to assess walking 
speed. In this test, a 14-meter route is determined 
and marked by a strip. Two meters before and two 
meters after this route are specified to create and 
reduce the acceleration of child’s movement and he/
she would be asked to walk this path once at normal 
and comfortable speed and once at maximum speed. 
The movement time in middle 10 meters is recorded 
by the therapist (19). Previous studies have reported 
that the 10-metre walking test  is valid for evaluating 
the walking speed of CP children with GMFCS I-III 
(20,21).

Procedure 
All the evaluations were performed two times with a 
one-week interval before study to check for absence of 
spontaneous recovery, with no significant difference 
in the values of two evaluations. Then, all the 
assessments were repeated at the end of intervention 
and 3 months later. 
All the interventions for both groups were performed 
in the clinic environment. The control group received 
30 min conventional occupational therapy (Neuro-
developmental treatment) sessions 3 times per week 
over a 6-week period. The intervention group, in 
addition to usual occupational therapy, received 

non-immersive virtual reality. The intervention 
included 20 to 30-min sessions 3 times per week for 
a total of 6 weeks. In each session, the participants 
played the selected games. To play the balance games, 
a Kinect device was used, which was designed and 
released by Microsoft for using with the Xbox 360 
platform. By using depth, image and sound sensors, 
Kinect allows a person to control the game using 
only his body. Each session included different games 
(holahob, skate, basket and ball, football, basketball, 
dance, motion explosion, and bodybuilding) that 
facilitated weight shifting in both anteroposterior and 
mediolateral directions. The time allocation of the 
selected games in each session was as follows: 5 min 
for weight shifting in the anteroposterior directions, 5 
min for weight shifting in the mediolateral directions, 
and 10 min for weight shifting in all directions. 
Selecting the exercises was based on 4 types of games. 
All the games were presented to each child for weight 
shifting in each direction and child selected them 
based on his/her interest. In the treatment sessions, 
a 5-min break between each game was considered in 
order to prevent possible fatigue in the participants. In 
addition, the intervention was stopped whenever the 
child expressed fatigue and needed rest. Therefore, 
the game did not continue until the fatigue was over.

Data analysis
The resulting data were analyzed by SPSS statistical 
software for social sciences (version 21, IBM. 
Corporation, Armonk, NY, USA). To summarize 
the descriptive statistics, the mean and Standard 
Deviation (SD) were used for quantitative variables, 
while the frequency and percentage were used for 
qualitative variables. For comparing the quantitative 
demographic variables between the two groups, an 
independent t-test was used. Meanwhile, the Chi-
square test was employed to compare qualitative 
variables between the two groups. Additionally, 
repeated measures analysis of variance (ANOVA) 
was used for the analysis of the statistical data. p 
values less than 0.05 were considered statistically 
significant.

Results
Thirty children with spastic CP (aged 5-12 years) 
were analyzed (Figure 1). Table 1 shows the children’s 
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Figure 1. The study process diagram.

Table 1. Participants’ demographic data

p-valueFrequency 
(%)

Group
SubgroupCharacteristics

Intervention (%)Control (%)

0.937-8.53±2.208.47±2.39-Age (years)

1.00
18(60%)9(60%)9(60%)Male 

Gender
12(40%)6(40%)6(40%)Female 

0.109
9(30%)2 (13.3%)7(46.7%)Level I

GMFCS Level
21(70%)13(86.7%)8(53.3%)Level II

1.00

14(46.7%)7(46.7%)7(46.7%)Hemiplegic 

Spastic Type 8(26.7%)4(26.7%)4(26.7%)Diplegic 

8(26.7%)4(26.7%)4(26.7%)Quadriplegic 

Effect of Virtual Reality Therapy on Balance and Walking Speed in CP
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demographic information (gender, GMFCS level, and 
spastic type) in control and intervention groups.
The results of the independent t-test demonstrated 
no significant difference in the mean age between 
the intervention and control groups (p=0.937). 
Additionally, the results of the Chi-square test 
indicated no significant differences between the 
control and intervention groups in terms of gender 
(p=1.00), GMFCS level (p=0.109), and spastic type 
(p=1.00). Descriptive statistics for the research 
variables, separated by the two groups at the 
measurement stages, are reported in table 2.
Based on the repeated measures ANOVA analysis, a 
statistically significant difference was found between 
the two groups over time in PBS scores (p=0.013), 
while no significant differences were observed in 
other variables (p>0.05). Additionally, the interaction 

Table 2. Descriptive statistics of the two groups across baseline, immediately after the intervention and follow-up

Parameters

Intervention group Control group

Baseline
Immediately after 

intervention
Follow-up Baseline

Immediately after 
the intervention

Follow- up

Balance

  TUG (s) 19.32(3.74) 12.44(2.58) 12.62(1.75) 15.89(1.94) 14.50(1.92) 14.13(2.12)

  PBS (score) 35.13(3.02) 45.53(2.50) 46.64(2.34) 34.46(5.06) 39.86(5.6) 40.40(5.53)

Walking speed

  Normal walking speed (s) 0.21(0.15) 0.34(0.27) 0.34(0.30) 0.26(0.13) 0.32(0.18) 0.33(0.23)

  Max walking speed (s) 0.41(0.13) 0.65(0.18) 0.64(0.15) 0.51(0.08) 0.56(0.12) 0.60(0.13)

Pediatric Balance Scale (PBS); Timed Up and Go (TUG).

effect of time and group was significant for both TUG 
and PBS scores (p<0.001). The effect of time on TUG 
and PBS scores was also significant (p<0.001). The 
effect size indicated that this difference is high and 
acceptable (Table 3).
Furthermore, the repeated measures ANOVA showed 
no statistically significant difference between the 
two groups over time in Normal walking speed and 
Max walking speed scores (p>0.05). However, the 
interaction effect of time and group was significant for 
normal walking speed and max walking speed scores 
(p<0.001). The effect of time on these scores was also 
significant (p<0.001). The effect size suggests that 
this difference is high and acceptable (Table 3). 

Discussion 
The purpose of this study was to investigate the effect 

Table 3. Summaries of two-way repeated-measures ANOVA comparison

Variables

Within-group
Between-group

Time Time × group

F p ƞ2 F p ƞ2 F p ƞ2

Balance

TUG (sec) 74.02 <0.001 0.72 29.01 <0.001 0.50 0.01 0.954 0.00

PBS (score) 259.55 <0.001 0.90 26.38 <0.001 0.49 7.02 0.013 0.21

Walking speed

Normal walking speed (s) 64.40 <0.001 0.69 9.47 0.001 0.25 0.03 0.874 0.01

Max walking speed (s) 61.79 <0.001 0.68 18.62 <0.001 0.40 0.06 0.805 0.01

 Ƞ2: partial eta squared; Pediatric Balance Scale (PBS); Timed Up and Go (TUG).

Kalantari M, et al
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of VR training on balance and walking speed of 
children with spastic CP. The findings revealed that 
VR exercises could improve balance and walking 
speed in the intervention group. 
Balance and walking speed difficulties are serious 
problems of children with CP, leading the challenge 
on performing many their daily activities. VR can 
help the children perform many activities regardless 
of environmental barriers. In addition, the recreational 
nature of the virtual environment diverts children’s 
attention from the number of repetitions and the 
nature of exercises and increases duration of exercise 
therapy, thereby can be effective in the process of 
children’s rehabilitation (22). The VR also provides 
visual feedback related to performance which is 
critical for motor learning in children with CP (22). 
Tasks used in this approach should have three features: 
being challenging, using real activities and objects, 
and being inherently purposeful. VR technique has 
all three of these features (8). Also, the principles 
of the task-oriented approach are client-centered, 
occupational-based therapy, person-environment 
interaction, and feedback that these principles are 
clearly seen in VR training (8,23). 
The findings of the present study demonstrated that 
implementing regular weight-bearing exercises on the 
legs and shifting the weight between the legs while 
standing can have a positive effect on improving 
children’s balance with diplegic and hemiplegic CP 
(24). Hence, it is possible that implementing these 
exercises with moving the center of gravity on 
the frontal and sagittal plans could lead to practice 
balance strategies in the ankle and hip of both legs. 
On the other hand, combining these exercises with 
VR technique and providing the playful exercises in 
the form of video games in fun environment keep 
children’s focus away from repeated movements and 
increase their motivation and active participation to 
perform better and more accurate, and the children 
will able to practice their selected games for a longer 
period of time and lead to better motor learning 
(8). Literature review suggested that implementing 
purposeful exercises with sufficient frequency can 
facilitate the plasticity of the musculoskeletal system 
and improve practiced activity (25). Therefore, 
appropriate features of the virtual environment and 
doing repeated weight-bearing exercises on different 

plans can promote the balance strategies of the ankle 
and hip. This can be considered as the reasons for 
more improvement of the children’s balance in the 
intervention group. Salem et al, in a study aimed at 
investigating the effects of low-cost virtual reality 
systems on balance and muscle strength in children 
with developmental delays, reported that virtual 
reality can be used as an effective, feasible, and safe 
therapeutic tool in rehabilitation interventions for 
children with developmental delays  that is consistent 
with the current study  (25-28).
When children with CP have poor postural control, 
they may fall in walking. Thus, balance control 
training is effective in reducing the risk of fall (7). 
By VR exercises, based on the results, the PBS score 
in the intervention group was significantly increased 
from 35.13 to 45.53 and after the follow-up period 
reached to 46.64. According to Kim’s study, children 
who score below 45.5 were more likely to experience 
falls (29). Therefore, it seems that VR exercises 
have been able to reduce the risk of falling in the 
intervention group. 
In this study, walking speed was increased in both 
groups, but it was greater in the intervention group 
than in the control group. These results are consistent 
with previous studies that used VR to improve 
walking speed (25-28). Salem et al showed an 
improvement in the walking speed of the children 
with developmental delay, but this improvement was 
not significant in the statistical analysis (25). Jelsma 
et al, in a study aimed at examining the impact of 
Nintendo Wii Fit on balance control and gross motor 
function in children with spastic hemiplegia, reported 
that the effects of these exercises on the studied 
variables were not statistically significant (26). One 
possible reason for the inconsistent between the 
results of their study and the present study could be 
the selection of exercises type. The selected exercises 
in the present study were performed in in three 
directions, forward and backward, up and down and 
sideways and included all the stages of walking such 
as lifting one leg and moving it forward. Therefore, 
it is possible to consider the proportionality of the 
type of selected exercises with the measured test as 
one of the effective factors in achieving such a result. 
It seems that the implementation of weight shifting 
exercises on the forward and backward, up and down 
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and sideways during playing in VR has been resulted 
in the difference in the walking speed between the 
two groups. It has been able to affect the walking 
cycle (swing and stance phases). Thus, walking speed 
showed greater improvement in the intervention 
group compared with the control group even though 
according to GMFCS, the experimental group had 
more movement problems (15 people were at level 
2). 
Ramstrand et al suggested that type and duration of 
the game, as well as the complexity and specificity of 
the selected exercises, were also an effective factor in 
the results of using VR. The selected exercises in this 
study were performed around three directions. Also, 
these exercises included whole gait cycle. Moreover, 
all the participants believed that this type of exercises 
was fun and attractive  and it could be a key factor 
in determining the duration of children’s engaging in 
exercise therapy (23). Therefore, selecting appropriate 
exercises can be considered as one of the effective 
factors in achieving desired results.
Finally, all the mentioned active elements resulting 
from VR assist to change personal and environmental 
barriers that a child with CP may face. By reduction 
of these barriers or enhancement of  the enablers, a 
child may gradually decrease impairments of his/her 
body function and structure and activity limitations 
and improve participation in communities, school,  
and society (7).
One of limitations in the present study was that types 
of CP were included in each group.  Therefore, it is 
recommended that the effect of VR be compared 
in different types of CP in future studies. Also, 
comparing non-immersive and immersive virtual 
reality can be conducted in other studies. Another 

limitation was the randomization process that had not 
led to the match between two groups according to the 
primary outcome measures.

Conclusion 
These data provided evidence for the effectiveness 
of VR exercises in virtual environment on balance 
and walking speed of children with spastic CP. 
VR technology could make therapy sessions more 
attractive and reduce the fatigue of children and 
therapists. Also, this approach can be used as an 
effective and efficient clinical tool in rehabilitation 
clinics, especially occupational therapy along with 
routine programs.
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