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Abstract.
PURPOSE: The purpose of this study was to compare the clinical efficacy of a virtual reality rehabilitation-based training
(VRT) with balance-specific training (BST) and conventional training (CT) on the balance and gross motor functions (GMF)
of children with cerebral palsy (CwCP).
METHODS: This study was a double blinded, randomized controlled trial. Participants were recruited from different CP
rehabilitation centers and clinics and were then randomly allocated using the block randomization method into three groups:
(1) group 1 (VRT using a set of Xbox 360 games that triggered balance), (2) group 2 (BST applying a protocol of 13 exercises
to enhance balance in different conditions), and (3) control group 3 (CT using traditional physiotherapy techniques). All
groups received 18 sessions over six weeks, three sessions per week, each lasting 60 minutes. Participants were assessed
at three timepoints (baseline, post-treatment, and follow-up) using the Pediatric Balance Scale (PBS), the Gross Motor
Function Measure (GMFM D & E), the Five Times Sit-To-Stand Test, and upper and lower segments’ center of mass (COM)
displacement (UCOM and LCOM).
RESULTS: A total of 46 CwCP participated in this study. The repeated measures ANOVA revealed a statistically significant
difference between groups in the dependent variables, except for the GMFM (D & E) and the PBS (p < 0.05 and partial
�2 = 0.473). The post-hoc test showed a statistically significant difference in favor of the VRT group compared to other
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groups in terms of right UCOM (p < 0.05) with a large effect size of the time*group interaction (partial �2 = 0.87). Moreover,
there was a statistically significant effect of time (i.e., baseline to post-treatment and baseline to follow-up) with F (18,
23) = 59.954, p < 0.05, Wilks’ lambda = 0.021, partial �2 = 0.979.
CONCLUSION: The findings revealed that VRT was not superior to BST in the rehabilitation of balance and GMF in
CwCP aged four to 12 years. However, when compared to CT, better results were reported. Furthermore, it appears that
customized programs lead to greater improvements in balance than commercial programs. Future studies are needed to
assess the physiological effects of the three types of rehabilitation interventions using more advanced measurement tools,
such as functional magnetic resonance imaging, following VRT protocols.
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1. Introduction

Cerebral palsy (CP) is defined as a group of non-
progressive disorders that affect the immature brain
during the prenatal, neonatal, or postnatal period
leading to disturbances in the development of move-
ment and posture [1]. It is frequently associated
with epilepsy, secondary musculoskeletal problems,
and disturbances of sensation, perception, cognition,
communication, and behavior. It can also lead to
activity limitations [2].

It is worth noting that balance in bipedal standing,
as detected by the reduction of the area (range) and
the change in the speed of adjustment of the center of
pressure (CoP) sway [3] is typically achieved during
the first year of life, as described by the ontogenetic
model [4]. In this model, children utilize different
strategies to maintain balance, with a primary focus
on choosing a stabilized anatomical reference seg-
ment and effectively utilizing and coordinating the
degrees of freedom of body joints [4]. Consequently,
accurate timing of these parameters reflects the mat-
uration of the central nervous system (CNS) [5] and
leads to good static and dynamic balance functions.

In contrast, there is still controversy regarding
the age at which children exhibit more efficient
(i.e., functional) balance. Rival et al. found that, at
10 years of age, children display higher maximal
excursion and mean velocity of the CoP displace-
ment in controlling static and dynamic balance than
adults, especially when the eyes are closed, suggest-
ing that they remain visually dependent [6]. However,
Forssberg and Nashner stated that the maturation of
adult-like balance-control strategies occurs around
the age of 7-8 years [7].

Within this context, numerous studies have been
established to explore the impact of balance deficits
on the motor abilities and cognitive levels of chil-
dren with CP (CwCP) [3, 4, 8–10]. In 2006 and
2013 respectively, Swaiman et al. and Richards et al.

suggested that impaired postural control might lead
to difficulties in walking or reaching for objects in
CwCP [11]. Additionally, in 2013, Pavão et al. and
Chen et al. emphasized that balance is crucial for
being independent in activities of daily life tasks [12,
13].

Accordingly, substantial evidence suggests that
balance training should be a primary focus for any
rehabilitation program in order to enhance the per-
formance of motor skills as well as other functional
activities [14].

Virtual reality intervention (VRI) is defined as
the use of interactive simulations to enable patients
to practice exercises in virtual environments similar
to real-world scenarios, which can facilitate mul-
timodal sensorimotor procedures [15]. In essence,
virtual reality provides the opportunity for users
to interact, move, and manipulate virtual objects
while experiencing a sense of virtual presence in
the simulated world [16]. Recent meta-analysis stud-
ies have reported good evidence that VRI could
improve standing balance and gait in CwCP, whether
used alone or in combination with traditional phys-
iotherapy protocols, regardless of the settings and
parameters of the intervention protocol [17–21].

On the other hand, Kim et al. defined task-specific
training (TST) as a neural rehabilitation approach [5],
based on a systems model of motor control and con-
temporary motor learning theories [22], designed to
systematically enhance specific motor tasks, includ-
ing balance and activities of daily living [23] through
goal-directed practice and repetition [22, 24]. Within
this context, TST including specific, interesting, and
motivating exercises to improve spatiotemporal ori-
entation of balance and gross motor functions was
studied in CwCP [25]. Kumar et al. reported that TST
is more effective in improving the functional mobility
and balance of children with spastic diplegia when
compared to conventional training (CT) [26]; how-
ever, it demonstrated similar improvements in stride
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length, cadence, and gait velocity as well as in balance
functions of CwCP when compared to the propri-
oceptive neuromuscular facilitation approach [22].
Similarly, in 2016, Han et al. stated that task-oriented
training led to a significant improvement in walk-
ing and balance functions as detected by increased
Gross Motor Function Measure (GFMF; D and E
dimensions) scores [24].

Interestingly, the existing literature lacks stud-
ies examining the effects of virtual reality training
(VRT) and TST approaches. The primary objective
of this study was to examine the efficacy of a virtual
reality rehabilitation-based protocol on balance and,
subsequently, the gross motor functions of CwCP
compared to a protocol of balance-specific train-
ing (BST) and CT. Furthermore, the study aimed to
demonstrate that a well-designed active videogame
rehabilitation protocol using an Xbox 360 device
could improve balance in CwCP and could be rec-
ommended for home-based rehabilitation if properly
monitored. The research also sought to assess the gen-
eralization of balance improvement in the daily life
activities of CwCP after six weeks of training.

2. Design and methods

2.1. Study design

This was a double-blinded, randomized controlled
study in which both participants and assessors were
blinded. Informed written consent was signed by par-
ents before participation.

2.2. Participants

The sample size calculation was powered using
“G-Power” software, employing a t-test statistical
model based on previously published data [14, 27, 28]
(refer to Appendix 1 for details). The mean and stan-
dard deviation of the outcome measures utilized in the
study, including the GMFM, Pediatric Balance Scale
(PBS), and Five Times Sit-To-Stand Test (FTSTST),
were used for this purpose. The assumed effect size
(ES, r ≥ 1.05) and a statistical power of 80% were
considered during this calculation.

Upon conducting the power analysis, it was deter-
mined that the largest sample size would be 12
participants in each group. Therefore, to ensure ade-
quate participant representation, a minimum of 12
patients were to be recruited for each group, adhering
to the following criteria:

1. Diagnosis of CP: participants must have a
confirmed diagnosis of spastic monoplegic,
hemiplegic, or diplegic CP, as verified by a
physician.

2. Age Range: the study included children aged
four to 12 years.

3. Eligibility Criteria: Children were included if
they were able to walk (Level I and II according
to the Gross Motor Function Classification Sys-
tem – Expanded & Revised [GMFCS-ER]), had
a mild level of spasticity (graded less than two
according to the Modified Ashworth Scale) in
the involved lower extremities, had not received
any surgical intervention or botulinum toxin
injections in the last six months, were able to
understand therapist instructions and participate
in the active videogame rehabilitation proto-
col, and were willing to voluntarily participate
in the study. Conversely, children with severe
sensory (visual or auditory) or cognitive impair-
ments that hindered their participation in the
rehabilitation program, those who had engaged
in any active videogames (AVG) system based
on parental reports (more than one hour per
week for more than four weeks) within the last
year, or those with medical conditions prevent-
ing engagement in the rehabilitation protocols
were excluded from this study.

4. Consent: informed consent was obtained from
the parents or legal guardians of all participants
before their inclusion in the study.

Consequently, it was planned to recruit a mini-
mum of 15 participants in each group, which included
an additional 25% (+25%) to account for potential
patient dropouts or missing data. The participants
were selected from various CP rehabilitation centers
and clinics to ensure a robust and reliable sample size
for the study.

2.3. Method of allocation to study groups

After the baseline assessment, all eligible children
were randomly allocated to either the VRT, BST,
or CT group. Block randomization was stratified by
sex and GMFCS levels (I and II). Within each stra-
tum, equal-sized blocks were determined to minimize
the risk of imbalances in the sample sizes. Sealed
envelopes opened by a third party not involved in
the study were used to achieve the allocation con-
cealment. Following randomization, the participants
underwent reassessment at two time points: immedi-
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Fig. 1. Map of the study. T0: baseline assessment; G1: group 1; VRI: virtual reality intervention; G2: group 2; BST: balance-specific training;
G3: group 3; CR: conventional rehabilitation; T1: post-training assessment; T2: follow-up assessment.

ately after completing the treatment cycle and again
after a six-week follow-up (Fig. 1).

2.4. Outcome measures

Four outcome measures were carefully selected to
provide a comprehensive evaluation of the balance
function:

(1) The GMFM (dimensions D and E) is a stan-
dardized, valid, and reliable observational
instrument [29, 30] for quantitatively evaluat-
ing changes in gross motor function over time
in CwCP [31] and has been shown to be highly
correlated with the PBS as clinical measures of
static and dynamic CwCP balances [32].

(2) The PBS is a valid and reliable tool used to
evaluate the functional balance of school-age
children [12, 33]. It assesses 14 items related
to balance: sitting to standing, standing to sit-
ting, transfers, standing unsupported, sitting
unsupported, standing with eyes closed, stand-
ing with feet together, standing with one foot
in front, standing on one foot, turning 360
degrees, turning to look behind, retrieving an
object from the floor, placing alternate foot on
stool, and reaching forward with outstretched
arm.

(3) The FTSTST is a reliable, objective functional
test for measuring one component of transfer
skill, quantifying functional lower extremity
strength, and/or identifying movement strate-
gies used by a patient during transitional

movements [34, 35]. It measures the time
required to perform the sit-to-stand function
five times.

4) The Digital Photography Tool (DP) is a
simple-to-use, safe, convenient, time-efficient
and cost-effective method [36]. It can provide
a high degree of reliability when conducting
other clinical assessments, serving as a “snap-
shot in time” or an objective reference point
for future re-assessment by the same examiner
(test-retest reliability) or by a colleague (inter-
rater reliability) [37]. In a previous study, the
DP was validated as a measurement tool for
assessing the balance function of CwCP [38].

In the current study, the DP was used as a sec-
ondary outcome measure to assess the location of the
total center of mass (COM) of the upper and lower
limbs (UCOM and LCOM) in reference to the shoulder
and hip, respectively. The analysis of the changes in
the COM location computed from the DP was then
considered a predictor of the postural adjustment the
child developed or acquired through training.

Accordingly, a Nikon COOLPIX L340 camera
(Nikon Inc., Melville, NY) with a zoom lens rang-
ing from 18 to 200 mm was used to capture digital
photos of the eligible participants. The images were
captured with a focal length of 4 mm and an aperture
of F3.1. To ensure clarity for the purpose of locating
measurement landmarks, a resolution of 2 megapixels
was combined with a convergently low sensitivity to
light (International Organization for Standardization
[ISO]; 400).
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Fig. 2. Standardized position of the patients. The patient is stand-
ing in his natural position, trying to keep his both feet parallel
to each other. Non-reflective markers were attached on the eight
selected anatomical landmarks.

The assessors followed the same procedure
described in a previous study [38] to record and com-
pute the DP data. Figures 2 and 3 depict the vectors
of the UCOM and LCOM on both sides.

In addition, demographic information including
age, sex, height, weight, CP subtype, spasticity levels,

Fig. 3. Center of mass (COM) vectors. The vectors of upper and
lower COM are drawn.

and GMFCS level was also recorded. An independent
therapist with five years of experience in assessing
and treating CP evaluated the participants at base-
line, post-intervention, and after a six-week follow-up
period (Fig. 1). Adequate rest between tests was taken
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Table 1
Games used in virtual reality-based training

Game
Categories

Kinect Sports Kinect Adventures Your Shape: Fitness
Evolved

Carnival

Specific games Brunswick Pro Bowling
Table tennis Boxing

20,000 Leaks
Space Pop

Cardio boxing Wall
breaker Zen (yoga)

Gold Rush Mountain
Knockout Punch

into consideration by the therapist to avoid participant
fatigue.

2.5. Intervention

In the current study, the focus was to develop
and implement a simple and cost-effective vir-
tual reality-based rehabilitation protocol tailored for
CwCP. The primary aim was to create a user-friendly
approach that remains adaptable to future technolog-
ical advancements. Additionally, the study aimed to
introduce a novel program of BST based on func-
tional exercises, with the goal of activating various
balance strategies and enhancing the overall balance
abilities of participants.

Group 1: Virtual Reality Rehabilitation-Based
Therapy (VRT)

In the virtual reality rehabilitation-based therapy
session, an Xbox 360 with the Kinect device for
motion capture was used in order to provide a full-
body three-dimensional motion demonstration as a
kind of visual feedback [39]. This enabled the user to
control an avatar and to interact with the virtual envi-
ronment mainly using gestures and body movements
through a natural user interface without the need for
a traditional game controller [40].

The Kinect intervention consisted of a six-week
program with three individual 60-minute sessions per
week. The games were chosen based on previous
studies that showed their effectiveness in engaging
body movements in all directions and facilitating bal-
ance adjustments similar to those required in daily life
activities [39, 41–44]. The intervention included the
following Kinect games: 1) Kinect Sports, 2) Kinect
Adventures, 3) Your Shape: Fitness Evolved, and 4)
Carnival (Table 1).

In the session, a trained physical therapist super-
vised and assisted the child’s practice by providing
physical support or feedback as needed to maintain
balance and ensure the best practice. In addition, the
progression in the difficulty of the games was deter-
mined by the physical therapist based on the balance
performance of each participant to ensure that the
program triggered improvement. Furthermore, a rest
time was offered in case of fatigue, in addition to

the rest period between games, which was set at two
minutes for all children.

Participants in this group received a pre-training
session to ensure their complete comprehension of
the Xbox-Kinect system and the goal of the individual
games. For children with a high risk of fall, small
parallel bars were used.

Group 2: BST
This group of participants underwent a BST pro-

gram consisting of 18 sessions over six weeks (three
sessions/week, one hour each). This protocol was
developed based on the key components of the PBS,
a primary indicator of balance function. Thus, the
exercises aimed to activate the muscle synergies
responsible for maintaining balance in the standing
position. Thirteen exercises were developed within
three categories: (1) transfer, in which the child was
asked to transfer from one position to another while
keeping their balance, (2) holding balance, in which
static balance was enhanced in various positions (sit-
ting, standing, one leg stance), and (3) mobility in
standing, in which the child performed movements
while keeping their balance in standing (Table 2 and
Appendix 2). Exercise settings, including holding
time, repetitions, sets, and rest between exercises,
were carefully established after in-depth discussion
with pediatric physical therapists with more than five
years of experience in this field.

The therapist adjusted the intervention based on
each child’s balance level, taking into account the
level of difficulty and the progression policy outlined
in the protocol (Appendix 3). They were aware of the
number of repetitions and the rest period (20 seconds)
between repeats, as well as the child’s fatigue during
the exercise. If the child was unable to complete the
entire protocol during the session owing to fatigue,
the therapist was instructed to increase the rest period
so that the three categories of exercises could be com-
pleted in each session. Even if the rest period was
extended, the session lasted only 60 minutes.

Group 3: control group
In the control group, participants received treat-

ment from their therapists under the supervision
and guidance of the principal investigator of this
study. They underwent three sessions per week for
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Table 2
Summary of Task-Specific exercises

Exercises Repetitions Holding (sec) Rest (sec)

Transfer Sitting to standing 5 20
Standing to sitting 5 20
Transferring from chair to another 5 30

Holding balance Standing unsupported 5 30 20
Sitting with back unsupported 5 30 20
Standing with feet together 5 30 20
Standing unsupported with one foot 5 30 20
Standing on one leg 5 30 20

Mobility in standing Turning 360 degrees 5 20
Turning to look behind 5 20
Retrieving object from floor 5 20
Placing alternate foot on step stool 8*5 60
Reaching forward 5 30 20

Fig. 4. A therapist conducting conventional balance training used
in the control group.

six weeks, consisting of stretching, strengthening,
neurodevelopmental treatment exercises, functional
balance exercises, and aerobic exercises (such as
treadmills, bicycle, etc.) [45] (Fig. 4).

2.6. Statistical analysis

Statistical analyses were conducted using IBM
SPSS for Windows, version 23 (SPSS Inc., Chicago,
Illinois, USA). The normal distribution of data was
examined using the Kolmogorov-Smirnov test and Q-
Q plot. Descriptive statistics were calculated for the
demographic data using percentages and frequencies.
Subsequently, the ANOVA test was used to compare
baseline clinical measures between the groups.

To examine changes in dependent variables
across time in all groups, repeated measures
ANOVA (2 times × 3 groups) was conducted with
the time*group interaction considered in a ran-
dom model. Mauchly’s test of sphericity was not
assumed, and the degree of freedom for the aver-
aged tests of significance was adjusted using the
Greenhouse-Geisser correction. The Bonferroni pair-
wise comparison determined the changes in outcome
measures at specific time intervals. Moreover, the
independent t-test was used to detect the significant
changes between times of evaluation (baseline, post
treatment, and follow-up) with respect to group repar-
tition.

The ES was calculated using partial eta squared
(�2) for the repeated measures ANOVA and the
Cohen’s d for the independent t-test. The magnitude
of the ESs was classified as small (0.01), medium
(0.06), and large (>0.14). A p-value of less than 0.05
was used to detect significance.

3. Results

3.1. Descriptive analysis

This study initially recruited 46 patients with var-
ious subtypes of CP. However, two participants from
the VRT group and one from the BST group dropped
out of the study due to an inability to continue their
protocols (n = 2) or a refusal to undergo reassessment
(n = 1). Therefore, the final analysis included 43 par-
ticipants, consisting of 31 males and 12 females, who
completed the follow-up assessment (refer to Fig. 5).
The participants had a mean age of 7.9 ± 2.7 years,
a mean height of 115.02 ± 20.17 cm, and a mean
weight of 25.11 ± 8.9 kg. Among them, there were 15
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Fig. 5. Modified CONSORT flow diagram of randomized controlled trial.

Table 3
Demographic characteristics of participants

Virtual reality training Balance-specific training Conventional training Total

Sex M 10 10 11 31
F 4 4 4 12

Total 14 14 15 43
Diagnosis LSH 6 5 4 15

RSH 3 3 2 8
SD 4 5 8 17
MP 1 1 1 3

Spasticity 1 11 9 13 33
2 3 5 2 10

GMFCS I 11 10 14 35
II 3 4 1 8

Age Mean (SD) 8.29 (±2.09) 7.94 (±2.85) 7.40 (±3.02) 7.86 (±2.67)
Height Mean (SD) 118.36 (±13.57) 115.50 (±21.90) 111.47 (±24.01) 115.02 (±20.17)
Weight Mean (SD) 24.50 (±8.60) 26.71 (±9.46) 24.20 (±9.02) 25.12 (±8.87)

M: male, F: female, LSH: left spastic hemiplegia, RSH: right spastic hemiplegia, SD: spastic diplegia, MP: monoplegia, GMFCS: Gross
Motor Function Classification System, SD: standard deviation.

participants with left spastic hemiplegia (LSH), eight
with right spastic hemiplegia (RSH), 17 with spastic
diplegia (SD), and three with monoplegia (Table 3).

Compliance with treatment was consistent across
the groups with 91% (mean of 16.35 sessions) in the
VRT, 94% (mean of 16.93 sessions) in the BST, and
95% (mean of 17.2 sessions) in the CT group.

It is noteworthy that no children in any of the
three groups had unusual extra rest time during the

exercises. The exercises were performed in the same
sequence for all children in the VRT and BST groups,
with each session lasting 60 minutes.

3.2. Statistical analysis

The Kolmogorov-Smirnov test of all variables
revealed that the data was normally distributed at
baseline (p > 0.05) (Appendix 4). Visual interpreta-



H. Ziab et al. / Effectiveness of virtual reality training compared to balance-specific training 9

Fig. 6. Multivariate Analysis of between and within groups (with Blue: Virtual Reality Training, Green: Balance Specific Training, and
Grey: Conventional Training). LUCOM: left upper center of mass, RUCOM: right upper center of mass, LLCOM: left lower center of
mass, RLCOM: right lower center of mass, GMFM: Gross Motor Function Measure, PBS: Pediatric Balance Scale, 5TSTST: Five Times
Sit-To-Stand Test.

tion of histogram, Q-Q plots, and boxplots satisfied
the normal distribution. Moreover, no significant dif-
ferences in demographic or clinical variables were
found at baseline among the three groups (p > 0.05)
(Appendix 5).

The repeated measures ANOVA yielded a large
ES for the time*group interaction with F (36,
46) = 7.878, p < 0.05, Wilks’ lambda = 0.019, and par-
tial �2 = 0.87, which revealed that VRT and BST had
a greater positive impact on the participants’ balance
and GMFM compared to CT with regard to time of
evaluation (Fig. 6). Interestingly, the main effect of
group allocation (i.e., intervention protocol) analysis
revealed a statistically significant positive difference
between groups in the dependent variables (i.e., PBS,
GMFM, FTSTST, and DP outcomes) with F (18,
64) = 3.188, p < 0.05, Wilks’ lambda = 0.278, and par-
tial �2 = 0.473, except for GMFM D & E and time of

PBS (Fig. 6 and Appendix 6). Moreover, regardless
of group repartition, the effect of time (i.e., effect of
intervention over time) analysis revealed that there
were positive improvements at post-treatment assess-
ments that were sustained to follow-up with F (18,
23) = 59.954, p < 0.05, Wilks’ lambda = 0.021, and
partial �2 = 0.979 in all dependent variables except
the time of PBS, which did not show significant pos-
itive or negative change among participants in all
groups with F (2.09, 1.348) = 58.551, p = 0.148, and
partial �2 = 0.05 (Table 4).

On the other hand, the comparison between groups
performed by using Tukey’s honestly significant dif-
ference post-hoc test showed a statistically significant
difference in the right UCOM in favor of the VRT
group compared to other groups (i.e., BST and CT),
while the left UCOM, right LCOM, PBS scores, and
FTSTST showed its superiority to the CT group
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Table 4
Pairwise comparison based on Time regardless of group repartition

Measure MD Sig. 95% Confidence Interval
for Difference

Lower Bound Upper Bound

Digital
Photography

LUCOM Baseline* Post-treatment 2.35∗ 0.000* 1.396 3.294
Baseline* Follow-up 2.72∗ 0.000* 1.666 3.778
Post-treatment* Follow-up 0.38 0.088 –0.040 0.794

RUCOM Baseline* Post-treatment 3.75∗ 0.000* 3.020 4.470
Baseline* Follow-up 4.02∗ 0.000* 3.385 4.660
Post-treatment* Follow-up 0.28∗ 0.045* 0.004 0.551

LLCOM Baseline* Post-treatment 2.65∗ 0.000* 1.963 3.327
Baseline* Follow-up 2.86∗ 0.000* 2.040 3.685
Post-treatment* Follow-up 0.217 1.000 –0.478 0.912

RLCOM Baseline* Post-treatment 2.36∗ 0.000* 1.690 3.028
Baseline* Follow-up 2.79∗ 0.000* 1.884 3.694
Post-treatment* Follow-up 0.43 0.379 –0.258 1.119

Clinical
Measures

GMFM dimension D Baseline* Post-treatment –3.39∗ 0.000* –4.033 –2.757
Baseline* Follow-up –2.81∗ 0.000* –3.405 –2.214
Post-treatment* Follow-up 0.59∗ 0.000* 0.248 0.923

GMFM dimension E Baseline* Post-treatment –4.01∗ 0.000* –4.997 –3.031
Baseline* Follow-up –4.13∗ 0.000* –5.156 –3.108
Post-treatment* Follow-up –0.12 1.000 –0.955 0.720

PBSS Baseline* Post-treatment –4.27∗ 0.000* –5.069 –3.461
Baseline* Follow-up –4.22∗ 0.000* –5.023 –3.409
Post-treatment* Follow-up 0.049 1.000 –0.280 0.379

PBST Baseline* Post-treatment –1.62 0.442 –4.353 1.118
Baseline* Follow-up –1.70 0.372 –4.405 1.005
Post-treatment* Follow-up –0.08 1.000 –1.376 1.211

FTSTST Baseline* Post-treatment 4.68∗ 0.000* 3.959 5.403
Baseline* Follow-up 5.17∗ 0.000* 4.342 5.988
Post-treatment* Follow-up 0.48∗ 0.026* 0.045 0.923

*. The mean difference is significant at the 0.05 level. LUCOM: left upper center of mass, RUCOM: right upper center of mass, LLCOM:
left lower center of mass, RLCOM: right lower center of mass, GMFM: Gross Motor Function Measure, PBSS: Pediatric Balance Scale
scores, PBST: Time of Pediatric Balance Scale, FTSTST: Five Times Sit-To-Stand Test, Sig.: significant, MD: mean difference.

(p < 0.05). In contrast, the remaining outcome mea-
sures (i.e., left LCOM, GMFM D & E, and time of
PBS) did not exhibit any preferences among the three
groups (p > 0.05) (Table 5).

Furthermore, the independent sample t-test con-
ducted in each group analysis revealed significant
positive changes over time from baseline to post-
treatment assessments in the majority of outcome
measures within the VRT group except for right
UCOM (p = 0.045), GMFM (p = 0.000), and FTSTST
(p = 0.026). These improvements were maintained
with no statistically significant positive or negative
changes from post-treatment to follow-up assess-
ments (Table 6).

4. Discussion

The primary objective of this study was to compare
the effectiveness of three approaches (virtual reality
rehabilitation-based training, BST, and CT) on the
balance function of CwCP. The study hypothesized

that a meticulously designed and cost-effective active
videogame rehabilitation protocol utilizing an Xbox
360 device could significantly enhance the balance
of CwCP and, if appropriately monitored, could be
recommended for home-based rehabilitation.

The results of the current study revealed statisti-
cally significant differences between the VRT and
CT groups in improving the balance function. Five
outcome measures (LUCOM, RUCOM, RLCOM, PBS
scores, and FTSTST) were more improved for the
VRT group than the CT group. These findings were
consistent with previous research [15, 46–50] show-
ing that various VRI protocols led to an improvement
in balance and gross motor functions in CwCP. For
instance, Ren et al. suggested that VRT led to a
greater improvement in the GMFM D & E and PBS
scores when compared to the control group [47]. It
is worth noting that Ren et al. focused on evaluat-
ing the effect of VRT on gross and fine motor skills
in CwCP by using flexibility and mobility exercises
rather than specific balance exercises. Similarly, Cho
et al. found that children in the virtual reality tread-
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Table 5
Post-hoc multiple comparison analysis (Tukey’s honestly significant difference)

Measure Combination MD Sig. 95% CI for Difference
Lower Bound Upper Bound

Digital Photography LUCOM VRT*BST –3.35 0.055 –6.7516 0.0602
VRT*CT –3.49∗ 0.039 –6.8474 –0.1501
BST*CT –0.15 0.993 –3.5017 3.1956

RUCOM VRT*BST –4.88∗ 0.004* –8.3355 –1.4284
VRT*CT –5.83∗ 0.000* –9.2348 –2.4438
BST*CT –0.96 0.773 –4.3529 2.4382

LLCOM VRT*BST –4.23 0.064 –8.6644 0.2044
VRT*CT –4.26 0.057 –8.6200 0.0998
BST*CT –0.03 1.000 –4.3900 4.3298

RLCOM VRT*BST –4.58 0.063 –9.3645 0.2049
VRT*CT –5.51∗ 0.018* –10.2185 –0.8099
BST*CT –0.93 0.880 –5.6387 3.7699

Clinical Measures GMFM dimension D VRT*BST 1.02 0.580 –1.4638 3.5115
VRT*CT 1.19 0.472 –1.2601 3.6315
BST*CT 0.16 0.986 –2.2839 2.6077

GMFM dimension E VRT*BST 4.36 0.143 –1.1357 9.8500
VRT*CT 4.68 0.101 –0.7228 10.0783
BST*CT 0.32 0.989 –5.0799 5.7212

PBSS VRT*BST 2.48 0.075 –0.2004 5.1528
VRT*CT 4.92∗ 0.000* 2.2922 7.5554
BST*CT 2.45 0.073 –0.1840 5.0792

PBST VRT*BST –2.83 0.297 –7.4028 1.7361
VRT*CT –1.59 0.665 –6.0911 2.8942
BST*CT 1.23 0.783 –3.2577 5.7276

FTSTST VRT*BST –2.17 0.218 –5.2690 0.9357
VRT*CT –4.24∗ 0.005* –7.2899 –1.1895
BST*CT –2.07 0.235 –5.1232 0.9772

*. The mean difference is significant at the.05 level. LUCOM: left upper center of mass, RUCOM: right upper center of mass, LLCOM: left
lower center of mass, RLCOM: right lower center of mass, GMFM: Gross Motor Function Measure, PBSS: Pediatric Balance Scale scores,
PBST: Time of Pediatric Balance Scale, FTSTST: Five Times Sit-To-Stand Test, Sig.: significant, MD: mean difference, CI: confidence
interval, VRT: virtual reality training, BST: balance-specific training, CT: conventional training.

mill training (VRTT) group exhibited higher GMFM
and PBS scores than those in the treadmill train-
ing group, implying that VRTT is more effective in
improving balance abilities in children with spastic
CP. Likewise, Brien and Sveistrup reported that the
functional balance and mobility of four adolescents
with CP improved significantly after five consecutive
days of VRT [15]. They attributed this improvement
to the neuroplasticity of the CNS, which allows chil-
dren to acquire and implement new complex tasks
into their daily life activities as defined by the motor
learning process. Correspondingly, Gatica-Rojas et
al. stated significantly better improvement of standing
balance in children with spastic hemiplegic CP when
compared to a standardized physiotherapy protocol
[50].

On the other hand, no previous studies in the
literature directly compared the effects of virtual
reality-based rehabilitation protocols and TST on the
balance function of CwCP. However, one study of
participants with developmental coordination disor-
der found that Wii-based training (WT) and TST were

both effective on some aspects of balance and motor
performance [51]. They did, however, suggest that
TST was more effective than WT on balance skills,
while WT had slightly stronger effects on manual
dexterity than TST. Kaur et al. (2020) found that
VRT was more effective than TST in improving the
upper limb motor recovery of stroke survivors, while
both treatments improved trunk performance equally
[52]. Similarly, Molhemi et al. (2020) suggested that
VRT and balance-specific exercises improved spe-
cific dimensions of balance in patients with multiple
sclerosis; VRT improved cognitive motor function
and reduced falls, whereas BST improved directional
control [44].

In the current study, only one outcome measure
(i.e., right UCOM) showed that VRT was superior
to BST; however, both interventions resulted in sig-
nificant improvements in balance and gross motor
functions of CwCP. This lack of significant differ-
ences between VRT and BST could be attributed
to the following: (1) Both approaches are basically
designed on specific exercises that enhance the bal-
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Table 6
Independent t-test of pre-post-treatment and follow-up in each group

Variables Groups Baseline to Post- Baseline to Post-treatment
treatment Follow-up to Follow-up

MD Sig. MD Sig. MD Sig.

D
ig

ita
lP

ho
to

gr
ap

hy

LUCOM VRT 6.68 0.00* 7.36 0.00* 0.67 0.14
BST 0.09 0.69 0.32 0.19 0.22 0.17
CT 0.26 0.25 0.49 0.17 0.24 0.29

RUCOM VRT 9.68 0.00* 10.07 0.00* 0.39 0.14
BST 0.85 0.08 1.07 0.03* 0.22 0.22
CT 0.70 0.00* 0.92 0.00* 0.22 0.14

LLCOM VRT 6.15 0.00* 6.13 0.00* –0.02 0.87
BST 0.44 0.35 1.30 0.09 0.87 0.27
CT 1.35 0.03* 1.16 0.05* –0.19 0.59

RLCOM VRT 5.75 0.00* 6.02 0.00* 0.27 0.36
BST 0.97 0.1 0.92 0.20 –0.05 0.86
CT 0.36 0.36 1.43 0.07 1.07 0.15

C
lin

ic
al

M
ea

su
re

s

GMFM dimension D VRT –6.50 0.00* –5.71 0.00* 0.79 0.01*
BST –2.29 0.00* –1.71 0.00* 0.57 0.01*
CT –1.40 0.01* –1.00 0.03* 0.40 0.14

GMFM dimension E VRT –7.07 0.00* –7.43 0.00* –0.36 0.71
BST –2.57 0.00* –2.50 0.00* 0.07 0.82
CT –2.40 0.00* –2.47 0.00* –0.07 0.81

PBSS VRT –9.14 0.00* –9.29 0.00* –0.14 0.34
BST –2.79 0.00* –2.43 0.00* 0.36 0.31
CT –0.87 0.00* –0.93 0.00* –0.07 0.67

PBST VRT –1.71 0.36 –1.71 0.39 0.00 1.00
BST –2.07 0.21 –2.79 0.03* –0.71 0.55
CT –1.07 0.63 –0.60 0.8 0.47 0.48

FTSTST VRT 9.21 0.00* 9.43 0.00* 0.21 0.62
BST 3.43 0.00* 4.00 0.00* 0.57 0.06
CT 1.40 0.00* 2.07 0.00* 0.67 0.00*

*. The mean difference is significant at the.05 level. LUCOM: left upper center of mass, RUCOM: right upper center of mass, LLCOM:
left lower center of mass, RLCOM: right lower center of mass, GMFM: Gross Motor Function Measure, PBSS: Pediatric Balance Scale
scores, PBST: Time of Pediatric Balance Scale, FTSTST: Five Times Sit-To-Stand Test, VRT: virtual reality training, BST: balance-specific
training, CT: conventional training, MD: mean difference, Sig.: significance.

ance and gross motor functions of CwCP through
repetition, practice, and increased complexity [53],
(2) both trainings emphasize a global approach focus-
ing on functions rather than an analytical approach
focusing on impairments, and (3) both approaches
may stimulate proprioceptive senses, leading to an
improvement in sensory inputs that are essentials in
motor learning processes, including the control of
balance and gross motor functions, and can facilitate
the transfer of motor skills from the training context
to real-life situations.

Moreover, the authors attempted to develop a
VRT protocol that specifically triggered trunk mobil-
ity in different plans and directions in standing,
incorporating arm and leg movements similar to real-
life practice, taking into account that increasing the
homogeneity between reality and game settings may
facilitate the transfer of spatial knowledge from a vir-
tual reality context to real-life conditions, as stated
by Behrouz and Maryam in 2021 [54]. Addition-
ally, the virtual environment and the settings of the

selected games imposed unexpected changes in direc-
tions, speeds, and contexts, requiring participants to
practice the movements repeatedly with respect to the
difficulty, adjusted by the therapist. As a result, repeti-
tion may stimulate the CNS to build on prior attempts
and coordinate new muscle synergies to maintain bal-
ance or perform motor functions.

Furthermore, it was also revealed that 10 days
of active videogame practice may lead to a sig-
nificant increase in attention [55] as well as in
the perception-action coupling process [54], facil-
itating performance in motor tasks. In the current
study, it was believed that the Xbox 360 device
offered two types of visual feedback to partici-
pants. First, achievement-related feedback through
their game scores motivated children to enhance their
performance. Second, posture-related feedback was
conveyed through their avatar, encouraging them to
adjust their posture and prevent falls or failure dur-
ing gameplay, thereby facilitating the experience of
challenging conditions.
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As a result, the authors contend that active
videogames can indirectly contribute to improve-
ments in multidirectional postural adjustment, reduce
the displacement of the COM and its transfer from a
larger to a smaller base of support while in a stand-
ing position, and challenge equilibrium strategies,
ultimately promoting better balance and gross motor
functions in CwCP.

Furthermore, the BST, as a kind of task-oriented
training, consisted of 13 exercises that enhanced the
balance function of children in sitting and standing
positions by activating different trunk muscle groups
(flexion, extension, rotations, and lateral flexions) and
reducing unnecessary compensations. It thus led to
better improvement in balance in various directions.
This aligns with previous studies emphasizing the
effectiveness of task-oriented training in improving
the gross motor functions and balance of CwCP [24,
26, 53, 56].

In contrast, some outcome measures (the left
LCOM, GMFM D & E, and time of PBS) revealed no
preferences for any of the three groups. These results
are consistent with other research regarding the effect
of VRT compared to other techniques [57–60]. For
example, in 2012, Chen et al. reported no significant
differences between the home-based cycling train-
ing (hVCT) group and the CT group in the balance
subset of the Bruininks Oseretsky Test of Motor Profi-
ciency after 12 weeks of intervention. However, they
reported that the hVCT program enhanced knee mus-
cle strength in CwCP [58]. Pin et al. (2019) suggested
no significant differences between the virtual reality
group receiving seated interactive computer play for
four sessions per week, 20 minutes per session, for six
weeks and the conventional physiotherapy program
[59]. Similarly, Saxena et al. reported no significant
difference in balance improvement (as measured by
the velocity of sway of the CoP) between the interven-
tion group receiving computer-based visual feedback
and the CT groups.

On the other hand, the lack of significant differ-
ences between the three groups in the PBS time was
attributed to the fact that time was not the most
influential factor in distinguishing item scores. For
instance, a child could receive a score of 3 for stand-
ing unsupported for 10 seconds with eyes closed
under supervision or a score of 4 for maintaining the
same position for the same duration without supervi-
sion. Consequently, the improvements in overall PBS
scores of a participant might not necessarily reflect
changes in the time aspect of this scale for the same
participant.

Interestingly, the significant improvement detected
by clinical outcome measures at post-treatment eval-
uations was objectively confirmed by significant
changes in DP variables (UCOM and LCOM), specif-
ically in the VRT group. Accordingly, taking into
consideration the previous findings regarding the
correlation between the PBS scores and the DP vari-
ables as assessors of balance parameters, the authors
hypothesize that VRT is more effective in closely
relocating UCOM and LCOM to the child’s body, lead-
ing to better outcomes than other interventions. The
results showed that the distances from the COM of
the upper and lower limbs to the proximal joints were
reduced remarkably in the VRT group. No significant
differences were found in these variables in the BST
and CT groups. While clinical tests effectively iden-
tify changes in balance function, more objective and
quantitative measurements, such as DP, may better
capture these improvements.

The retention effect of VRT, measured at follow-
up, revealed that changes in all outcome measures
were maintained for six weeks after treatment. This
result aligns with the findings of Gatica-Rojas et
al., who reported that improvement lasted two to
four weeks post-treatment [50]. Similarly, Lazzari
et al. claimed that the effect of VRT combined with
active transcranial direct current stimulation (tDCS),
five sessions per week for two weeks, lasted one
month after treatment [61]. Jelsma et al. also reported
that a three-week Nintendo Wii Fit training pro-
gram improved the balance of children with spastic
hemiplegia with results lasting up to two months post-
treatment [62].

In summary, the study cannot definitively assert
that VRT is superior to BST. However, it is possible
that VRT may lead to better improvements compared
to traditional rehabilitation methods. This statement
aligns with Warnier et al., who suggested that VRT
should complement rather than replace conventional
treatment and be used as an adjunct to traditional and
active exercise protocols [18].

Moreover, VRT has been described as a motivat-
ing and challenging approach [15, 47, 62]. Although
motivation was not measured using a standardized
outcome measure in the current study, compliance
with the VRT was comparable to other studies. Partic-
ipants in the virtual reality group reported a high level
of enjoyment and satisfaction during the sessions and
that the variety of games avoided boredom and repeti-
tion, which could occur in traditional sessions. Within
this context and based on Wulf and Lewthwaite’s
OPTIMAL theory of motor learning (Optimizing
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Performance through Intrinsic Motivation and Atten-
tion for Learning) [63], the participants’ motivation,
attention, and enjoyment during VRT sessions may
optimize balance control by strengthening the cou-
pling of goals to actions. The authors highlight
the need for further studies to explore the rela-
tionship between increased motivation in virtual
reality and subsequent improvements in motor skills,
such as balance and gross motor functions, in
CwCP.

4.1. Limitations

The efficacy of VRT and BST compared to CT in
enhancing balance and gross motor skills in CwCP
was examined for the first time in this study. While the
findings are promising, some limitations have been
recognized. Firstly, the unequal number of partici-
pants from both sexes (N males = 31 vs. N females = 12)
was attributed to poor cooperation of parents. Thus,
further studies with larger samples are still needed to
confirm the findings and explore the effect of VRT
and BST on balance function in children with various
subtypes of CP. Furthermore, studies are required
to investigate the usefulness of both approaches in
a home-based context remotely controlled by the
therapist as a type of continuous training for CwCP.

Secondly, it is important to note that the children
recruited for this study had GMFCS levels I and II,
with unequal representation in each group (GMFCS-
I: NVRT = 11, NBST = 10, and NCT = 1; GMFCS-II:
NVRT = 3, NBST = 4, and NCT = 1). Therefore, the
findings cannot be generalized to children with more
severe functional limitations (i.e., levels III, IV, and
V). Future studies should investigate the effects of
VRT and BST versus CT on children at various levels
of the GMFCS.

Thirdly, the active videogames used in this study
were commercially designed, and the rehabilitation
protocol was adapted to suit the game’s require-
ments and settings as well as the children’s abilities.
Future studies should consider customizing active
videogames to specifically target the balance of
CwCP. Moreover, it is highly recommended that
games be chosen based on children’s preferences
and abilities, aiming to enhance their motivation and
engagement in the therapy process.

Fourthly, motivation over the six weeks of training
was not assessed using a standardized outcome mea-
sure in the current study. Therefore, future studies
should assess motivation and other psychological fac-
tors to better understand their impact on engagement

in individual therapy sessions and improvements
in motor function. Examining the effect of group
therapy sessions using active videogames on motor
functions and motivation in CwCP could also be ben-
eficial for further research.

5. Conclusion and recommendations

Balance is required for autonomy in performing
motor functions in the daily life activities of CwCP.
Researchers and practitioners are still debating the
most effective intervention protocols for addressing
balance as a major contributor to functional limita-
tions [15]. In the current study, PBS and the GMFM
(D & E) scores proved that VRT and BST led to sim-
ilar significant improvements in balance and gross
motor functions of CwCP, and that the effect of VRT
was superior to that of CT. Interestingly, DP measures
(UCOM and LCOM), as the main indicators of postural
adjustments, supported this result in the VRT group
only.

Despite the fact that the variety of games provided
by VRT makes therapy sessions more diverse and
motivates children to train, along with the possibil-
ity of having a cheap VRT device that is simple and
easy to use, there is no certainty that using VRT
is better than using BST or CT in improving all
dimensions of balance and gross motor functions.
Instead, combining VRT with other approaches is
recommended.

This study has many clinical implications for ther-
apists as it underscores the potential benefits of both
VRT and BST by rigorously evaluating their impact
on balance and gross motor functions of CwCP
aged four to 12 years classified at GMFCS lev-
els I and II through a randomized controlled trial.
It provides more evidence supporting the effective-
ness of VRT and underscores the importance of
customized games. Additionally, it considers long-
term outcomes and the role of motivation, offering
valuable insights for clinicians and researchers. Ulti-
mately, this research enhances understanding of how
VRT optimizes balance and gross motor function
improvement in CwCP by generating new muscular
synergies to facilitate the motor learning process and
enhance the repertoire of balance strategies.

Finally, future studies need to assess the cortical
reorganization underlying the observed improvement
by using more advanced measurement tools such
as functional magnetic resonance imaging following
VRT protocols.
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