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ABSTRACT:

Purpose: To investigate the effect of interactive training on muscle strength and
motor proficiency in children with hemiparesis.

Volume 6, Issue 14, Aug 2024 Methods: Thirty children of both sexes with hemiparesis included in this study,
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) groups received a specially designed physical rehabilitation program.

Accepted: 25 July 2024 Additionally, the study group participated in Wii Fit virtual reality-based
program. Hip and knee extensors' strength were measured using a Lafayette

Published: 29 Aug 2024 hand-held dynamometer. Bilateral coordination, strength, running speed, and

agility were evaluated using the Bruininks-Oseretsky Test of Motor

doi: 10.48047/AFJBS.6.14.2024.11088-11105 Proficiency, (BOT-2) 2" edition before and after the treatment program.

Results: Children in both groups showed significant improvements in their
post-treatment results across all measured outcomes compared to their pre-
treatment results. When comparing the post-treatment mean values between the
groups, the study group exhibited significantly greater improvement than the
control group ((P<0.05).

Conclusion: Adding interactive training to the designed physical therapy
program provide a significant effect on muscle strength and motor proficiency
in children with hemiparesis.
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INTRODUCTION

Cerebral palsy (CP) is a disability of childhood that can affect the motor function due to
injury to the developing brain [1]. Cerebral Palsy is a term containing a different group of
permanent disorders of movement and posture that can happen due to injury to the developing
brain [2].

Cerebral palsy affects children's movement in various ways, including weak muscles, stiff
muscles, limited joint mobility, and poor motor control. These issues hinder the normal
development of gross motor skills. The main goal of CP therapy is to improve gross motor
function enough for children to perform essential daily activities independently [3]. It can also
cause a broad spectrum of lifelong challenges, which may include cognitive issues, seizures,
problems with communication, sensory impairments, worsening bone and muscle deformities,
and pain [4,5].

A common form of cerebral palsy in children is hemiplegia, a neurological condition that
affects one side of the body. It can cause problems with precise movement control, muscle
weakness, and muscle stiffness. While one side of the body is impacted, the opposite side seems
to function normally. This resulting imbalance has been shown to interfere with many everyday

activities, including walking [6].

Research has demonstrated that impaired gross motor skills significantly limit the ability
of children with cerebral palsy (CP) to engage in physical activities [7]. It affects various aspects
of motor function, including speed, agility, strength, coordination, balance, flexibility, and
endurance. For children with CP, speed and agility are particularly crucial for movement. Speed
is a refined ability that complements strength and endurance. Agility is a psychomotor skill

enabling quick changes in movement direction while maintaining control and balance [8].

The BOT-2 is a standardized assessment tool that measures a child's motor skills through
direct observation in a controlled environment. It's designed for individuals aged 4 to 21 and has
been validated for assessing both gross and fine motor abilities. The test items reflect typical
childhood motor activities, supporting its face validity, and its construct validity has been
established [9]. For measuring isometric lower limb muscle strength, the Lafayette manual

muscle testing system is frequently employed. Handheld dynamometers are also used for this
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purpose, with test-retest reliability showing high consistency [10].

Virtual reality (VR) technology creates a sense of presence in a simulated environment
using computer-generated 3D graphics and animations, allowing user interaction with virtual
objects [11]. It's considered an advanced form of human-computer interaction, immersing users
in a computer-generated world [12]. In cerebral palsy (CP) treatment, virtual rehabilitation is an
emerging approach that engages patients in interactive games. Recently, the Nintendo Wii and
Wii Fit have gained popularity as virtual rehabilitation tools, potentially enabling children with

CP to engage in activities that might be challenging in the real world [13].

The Nintendo Wii Fit™ gaming console has shown promise as a novel exercise option for
improving various physical attributes in healthy adults and the elderly, including strength,
flexibility, fitness, and postural stability [14]. Essential components of effective motor learning
are the child's active participation in therapy and goal-oriented movement. These components
may be provided through the playing an interactive games which may lead to facilitation of
normal patterns of movement in children with CP. Therefore, this study aimed to determine the
effect of rehabilitation delivered as interactive games program on strength, agility and
coordination in children with hemiparetic CP.

METHODS
Study design and randomization

This study is a randomized controlled trial (RCT) where the selected children were
randomly divided into two groups of 15 children using sealed envelopes. The investigator
prepared 30 sealed envelopes, each containing a card labeled either group A or B. The legal
guardian of each child drew a sealed envelope to determine their allocation. Each child completed
assessments at baseline (pre-treatment) and after 3 months of treatment (post-treatment).
Evaluation was conducted by an assessor who was blinded to the participants’ group
assignments. Children in group A (control group, N=15, Female=8, Male=7) received a specially
designed physical therapy program. Children in group B (study group, N=15, Female=10,
Male=5) received the same program as group A, along with Wii-based interactive training Fig

().

The sample size for the study was determined using the G*power program version 3.1.9
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(G*power program version 3.1, Heinrich-Heine-University, Disseldorf, Germany) for a one-
tailed test and suggested that N=26 was the suitable sample size. However, 30 children were

recruited for possible dropout.

[ Enrollment ] Assessed for eligibility n=40

Excluded (n=10)
Not meeting inclusion criteria

(n=7)
Declined to participate (n= 3)

v

Randomized (n=30)

T

Control group (n=15) Study group (n=15)
Received specially designed Received same program given to
physical therapy program control group and Wii-based

interactive training
l [ Analysis ]
Analysed (n=20) Analysed (n=20)

Figure (1): Flow chart of study design

Ethical Consideration

The Research Ethical Committee at Faculty of Physical therapy approved the study with
reference number P.T. REC/012/003287. This study was registered prospectively on
ClinicalTrials.gov with the number (NCT06520644). Participants’ legal guardians had their

signature done on a written informed consent before participating in the study.



Israa Ahmed Shawky /Afr.J.Bio.Sc. 6(14) (2024) Page 11092 to 10

Participants

Thirty children with hemiparetic CP were enrolled in this study. They recruited from the
Outpatient Clinic of Cairo University's Faculty of Physical Therapy, Cairo University.
Participants were evenly divided into two groups of 15 children in each group, including both
boys and girls aged 8 to 10 years. Inclusion criteria required mild spasticity (1 to 1+ on the
Modified Ashworth Scale) [15], motor skill levels 1 or Il on the Gross Motor Function
Classification System (GMFCS) [16] and the ability to adhere to instructions during evaluation
and treatment. Exclusion criteria included children that suffered from any cardiac conditions or
respiratory disorders, received injections of botulinum toxin within the last 6 months, had history
of lower limb or spine surgery, musculoskeletal issues or fixed deformities in the spine or lower

extremities, experienced seizures, or had visual or hearing impairments.

Outcome measures

All children were assessed for hip and knee extensor strength using a Lafayette hand-held
dynamometer. Motor proficiency including; bilateral coordination, strength, running speed, and
agility were measured using the Bruininks-Oseretsky Test of Motor Proficiency, (BOT-2) 2"

edition before and after the treatment program.

Procedures of evaluation
Assessment of lower limb extensors' strength:

Lafayette manual muscle testing system is most common used device that measure
isometric strength of the lower limb muscle. Handheld dynamometer is used to test strength of

the lower limb. The test-retest interclass correlation coefficient ranged from 0.95 to 0.99 [10].

Assessment of knee extension strength was conducted from sitting position on a chair with
knee and hip flexed (90) degree. The hand held dynamometer is applied anteriorly 5 cm proximal
to the lateral malleoli. The dynamometer is inserted between the anterior surface of the leg and
the strap, with the strap itself attached to the leg of the chair. The strap is also tightened to ensure
(90) degree of knee flexion. In this way, the leg is well stabilized and the strap resists the

isometric knee extension during the test [17].
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Assessment of hip extension strength was performed from prone position with knee flexed
90°and hip in neutral position [18]. The dynamometer is applied on posterior surface of thigh
distal just proximal to femoral condyle. The dynamometer is inserted between the posterior
surface of the thigh and the strap. The strap is also tightened to ensure hip in neutral position. In
this way, the thigh is well stabilized and the strap resists the isometric hip extension during the

test.

Each child will give 2 submaximal contractions trial to warm-up the child and ensure that
the task is understood and stabilization is well [19]. The child will perform 3 trails and the mean
of 3 trails will used for the analysis. Each contraction will be held 5 seconds followed by a 60

seconds rest period.
Assessment of Motor Proficiency:

It was measured using BOT-2 which has supporting evidence to assess gross and fine
motor proficiency of individuals aged 4 through 21[9]. The BOT-2 test consists of four
composites and eight subtests including 53 items as follows: fine manual control (including fine
motor integration and fine motor precision), manual coordination (covering upper limb
coordination and manual dexterity), body coordination (encompassing balance and bilateral

coordination), and strength and agility (including strength, agility, and running speed) [20].

Each child in both groups was assessed by the following subtests of BOT-2 including bilateral
coordination subtest that consists of 7 tests (touching nose with finger -eye closed, jumping jacks,
jumping in place with same side and opposite side synchronized, pivoting thumbs and index

fingers, tapping feet and fingers - same and opposite synchronized).

Running speed and agility subtest which includes 5 tests (shuttle run, stepping sideways over a
balance beam, one- legged stationary hop, one legged side hop and two legged side hop).
Strength subtest that includes 5 tests (standing long jump, knee or full push-ups, sit-ups, well-sit

and v-up).

Procedures of treatment
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Children in both groups received specially designed physical therapy program consisting of
60-minute sessions, conducted 3 times a week for 3 consecutive months. The physical therapy
program incorporated a range of exercises whose aim was improving balance, coordination, and
strength. These encompassed balance training on boards and single-leg stands, weight shifting,
and recovery from stooping. Counterpoising skills were developed through ball-kicking and
throwing activities. Gait training involved walking on balance boards, navigating obstacles, and
using stairs. Protective reactions were stimulated by gently pushing the child in different
directions while standing. The program also focused on rising exercises, transitioning from lying
or sitting to standing, and incorporated back, abdominal, and limb strengthening exercises, as

well as jumping activities.

Children in the study group received this standard program of physical therapy with an
additional component of 30 minutes Wii-based interactive training conducted 3 times per week

over a three-month period.

The interactive training program conducted through using Nintendo Wii video game which
consists of console, remote, nun chuck and balance board. The Wii gaming system is based on
wireless controller. The balance board has multiple sensors which are located at the lower corners
of the base that measure and calculate shifts in the center of pressure. When a player moves on
the balance board, the sensor data is transmitted to a computer via Bluetooth, instead of being
sent to the Nintendo Wii console [21]. The games used in this study include single limb

extension, jumping, jogging, table tilt, step basic and hula hoop.

Single limb extension: Child stand on wii balance board and asked to follow the avatar
movement in this exercise and balance on one leg and repeatedly pulling it back and forth. Each

time the leg pulled back to the balance board, it was count as a single repetition.

Jumping: The child was instructed to stand on balance board and squat with knees bent and push
his or her COG/COP forward by putting it in the blue area to gain speed. The child was instructed
when he or she reached the end of the ramp, which was colored red, extends his or her knees, and

then hold his or her balance. The aim was to get as far as you can, for a higher score.

Jogging: The child was asked to stand in front of the TV holding a Wii remote in his /her hand.
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The child was instructed to go for a run while he or she watched TV. Let the Wii remote guide
you. The therapist removed any obstacles in the room for child safety while he /she is running in

his or her place in the room.

Table tilt: The child was asked to stand on balance board and when the game started, he/she lean

their bodies left, right, forward, and backward trying to drop the ball into the holes.

Step basic: The child stood in front of the Wii board before the game began. The child was
instructed to step on and off the Wii balance board in coordination with the on-screen steps.
Successfully completing this multiple times unlocks the advanced step level. Red steps indicated

stepping forward and backward, while blue steps signaled stepping left and right.

Hula hoop: The child was asked to stand on the Wii board and sway his or her hips front and side
to side in circular motion. The child swivels his or her trunk trying to allow avatar to catch the

circle around the avatar's trunk.

Statistical analysis

Data was screened, for normality assumption test and homogeneity of variance. Normality
test of data using Shapiro-Wilk test, reflect that data was normally distributed (P>0.05) after
removal outliers that detected by box and whiskers plots. Additionally, Levene's test for testing
the homogeneity of variance revealed that there was no significant difference (P>0.05). The data
is normally distributed, and parametric analysis is done.

The statistical analysis was conducted by using statistical SPSS Package program version 25
for Windows (SPSS, Inc., Chicago, IL). Quantitative data for demographic data (age, weight,
height, BMI), knee extension, hip extension, BOT scale bilateral coordination, running and
agility, and strength are expressed as mean and standard deviation. Qualitative data for gender
and affected side data are expressed as frequency and percentage and compared statistically by
Chi-square test between both groups. Paired t-test was used to compare between pre- and post-
treatment mean values within each group for all measured variables and independent t-test was
used for between group comparisons for all measured variables. All statistical analyses were

significant and accepted at level of significance (P < 0.05).

RESULTS
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Thirty children diagnosed with hemiparetic CP participated in this study. Comparing
general characteristics of both groups including height, weight, BMI, age and distribution of

gender revealed non-significant differences between groups (p>0.05) (Table 1).

Table 1. Comparative analysis of children's general characteristics between control and study

groups
ltems Groups P-
Control group (n=15) Study group (n=15) value
Age (year) 8.47 +0.83 8.93 +0.96 0.167
Weight (kg) 23.30 +3.60 23.06 +3.55 0.153
Height (cm) 120.73 £9.18 127.53 £9.75 0.059
BMI (kg/m?) 15.98 £1.67 14.18 £3.72 0.075
Gender (boys : girls) 7 (46.70%) : 8 (53.30%) 5 (33.30%) : 10 (66.70%) 0.456
ﬁg)ecmd side right 7 (46.7%) : 8 (53.3%) 11 (73.3%) : 4 (26.7%) 0.136

Quantitative data (age, weight, height, and BMI) are expressed as mean tstandard deviation and compared by
independent-t test.

Qualitative data (gender and affected side) are expressed as number (percentage) and compared by chi-square test.
P-value: probability value

As shown in Table 2, non-statistical significant differences were found between both
groups when comparing their pre-treatment results concerning all measured variables (p>0.05).
Statistical comparison within each group for knee extension and hip extension showed that there
were significant improvement (P<0.05) at post-treatment compared to pre-treatment within the
control group (P=0.001 and P=0.016 respectively) and study group (P=0.0001 and P=0.0001
respectively). There was significant improvement between both groups when comparing their

post-treatment results of knee and hip extension in favor of study group (P<0.05).

Statistical comparison within each group for motor proficiency including bilateral
coordination, running speed and agility, and strength showed that there were significant
improvement at post-treatment compared to pre-treatment within the control group (P= 0.035,

P=0.002 and P=0.04 respectively) and study group (P=0.0001, P=0.0001 and P=0.0001
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respectively). There was significant improvement between both groups when comparing their

post-treatment results of motor proficiency in favor of study group (P<0.05) (Table 2).

Table 2: Within and between groups comparison for strength and motor proficiency outcomes

Variables Items Groups (Mean £SD) Change P-value?
Control group (n=15) Study group (n=15)
Knee Pre-treatment 8.34 £3.03 8.83 +0.88 0.49 0.657
extension Post-treatment 10.53 £3.27 17.55 +1.66 7.02 0.0001"
Mean difference 2.19 8.72
Improvement % 26.26% 98.75%
P-value! 0.001" 0.0001"
Hip Pre-treatment 10.09 +3.48 11.51 +1.40 1.42 0.306
extension Post-treatment 12.84 +3.36 22.73 +3.74 9.89 0.0001"
Mean difference 2.75 11.22
Improvement % 27.25% 97.48%
P-value! 0.016" 0.0001"
Bot scale Pre-treatment 9.67 £1.97 9.00 £2.32 0.67 0.758
bilat. ~ * post-treatment 11.13 +4.25 17.67 +3.57 6.54 0.002"
coordination ]
Mean difference 1.46 8.67
Improvement % 15.10% 96.33%
P-value? 0.035 0.0001"
Running Pre-treatment 5.80 £1.74 5.47 £1.55 0.33 0.679
ZZ?ﬁ?ya”d Post-treatment 7.03 +1.44 10.13 +3.20 3.10 0.014"
Mean difference 1.23 4.66
Improvement % 21.21% 85.19%
P-value 0.002" 0.0001"
Strength Pre-treatment 10.66 £1.91 10.73 £3.26 0.07 0.968
Post-treatment 12.00 £2.62 18.47 £3.50 6.47 0.005"
Mean difference 1.34 7.74
Improvement % 12.57% 72.13%
P-value! 0.041" 0.0001"

Data are expressed as mean + standard deviation (SD) P-value: probability value * Significant (P<0.05)
P-value!: probability value within each group compared by paired t-test;

P-value?: probability value between both groups compared by independent t-test
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DISCUSSION

The aim of this study was to examine how VR influences hip and knee extensors strength
and motor proficiency including; bilateral coordination, strength, agility and running speed in
children suffering from hemiparetic CP . Thirty children, aged 8 to 10 years, collaborated in the
study and divided randomly into two groups of 15 children in each group. . The control group
underwent specially designed physical therapy program, whereas the study group underwent the

same program and Wii interactive training.

Data obtained from both groups pre and post treatment regarding hip and knee extensor
strength, bilateral coordination, strength, running speed and agility were statistically analyzed.
The findings revealed that the mean values for age, weight, height, BMI and all measured
variables were not significantly variation between the two groups, owing to the sample
homogeneity. The results of this study revealed significant improvements in all outcome

measures in both groups with more improvement in the study group than control group.

The post-treatment improvement in all measured variables in the study group can be due to
the effect of VR games in providing children with simplified feedback about the position of their
bodies in space and allows them to interact with virtual components in real time, stimulating the
learning of adaptive motor control strategies in response to stimuli. The motivation and the
ability to customize the therapy provided by the contact with the virtual environment make VR
an important rehabilitation tool, which offers sensorimotor experiences that are otherwise

unfeasible in common therapies [22].

The present study revealed that children in both groups displayed improvement in all
measured variables after intervention, which could be due to the positive effects of especially
designed physical therapy program on balance, coordination, strength, and flexibility after
participation in motor activities resulting from postural control improvement from different
positions achieved through physical therapy program Children with CP can achieve functional

independence through rehabilitation programs that apply neuro-developmental principles [23].

The post-treatment significant differences between control and study group can be
attributed to the advantages of VR training as it has three key elements including repetition

results in better learning of motor and functional skills. Sensory feedback as virtual environments
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provide massive and intensive sensorimotor stimulation, which is necessary to induce brain
reorganization. Motivation as subjects are motivated when the activities in their therapy

programmes are presented in an enjoyable and attractive way [24].

The post-treatment significance differences between study and control groups come in
agreement with Sahin et al. [25] who VR on both gross and fine motor functions and
independence in daily living activities in children with unilateral spastic CP. They found a
statistically significant improvement with VR intervention in gross motor functions, such as

balance, running speed and agility, bilateral coordination, and strength.

The post-treatment improvement in running speed and agility score in the study group
agrees with Jelsma et al. [26] who studied the impact of training using the Nintendo Wii Fit in
children with spastic hemiplegic CP. They found statistically significant improvement in running
speed and agility in these children following Interactive video gaming training children. These
findings disagreed with Ziab et al. [27] who investigated the efficacy of virtual reality-based
rehabilitation interventions to improve balance function in children with CP. They reported that

there was no significant improvement in running speed and agility score following treatment.

The post treatment results showed statistically significant improvement of strength in the
study group who received Nintendo Wii Fit games. This comes in agreement with AlSaif and
Alsenany [28] who study the effect of interactive games on motor performance in children with
spastic CP. They found improvements in balance, motor performance, muscle strength, and

walking efficiency.

The post-treatment significant difference of hip and knee extensors strength between both
groups is consistent with Fandim et al. [29] who evaluate the effectiveness of VR in CP patients
and they reported that effectiveness of VR was greater than other treatments in improving
lower limb strength. Also, Bilde et al. [30] found that muscle strength and visual perceptions of
children with CP were significantly improved after a VR game intervention and Cho et al. [31]
found that VR games increased the lower limb strength of children with CP, thereby raising the
postural control of these children, enhancing their body symmetry.

The post-treatment significant differences between both groups may be due to the effect

of VR in providing auditory and visual feedback, offering crucial insights to enhance their
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postural stability [32]. Engaging with interactive training using Wii Fit has proven to boost
energy expenditure and physical activity, making it a beloved exergame [33]. Prior research
highlights that Wii Fit significantly improves lower-limb muscle activity, strength, and balance
[34]. Also, it was reported that Wii balance board as an input tool, has a significant role in
contemporary exercise programs for enhancing physical activity and muscle strength [35]. Ren
and Wu [36] compare between children with CP who were undergoing traditional therapy and
children who received VR games. They found that VR group can manage jumping remarkably
more times with the leg on the hemiplegic side, especially in ski jumping and racing games than

control group.

It is important to note that the VR games must be as specific as possible since the clinical
improvements are dependent on delivered motor training. It was reported that different VR
interactive games were used for patients with CP. Gatica-Rojas [37] reported that snowboards,
penguin slides, and super hula hoop might recruit mediolateral and antero-posterior balance to
induce valuable changes in motor performance. Also, Grecco [38] suggested that games
encompassing a racetrack to simulate efficient walking at different velocities could significantly
increase the motor performance scores. Virtual reality-based rehabilitation treatment is more
effective in motivating children with CP. It provides the opportunity to safely play, learn, and
acquire skills. Therefore, virtual reality is considered a promising method for motivating

participation in rehabilitation programs [39].

Virtual Reality-based therapy improved gross motor function in children with mild CP,
therefore adding VR-based therapy to therapeutic planning of children with mild CP may benefit
the rehabilitation process by promoting motor gains [40]. Virtual Reality can effectively enhance
the child’s motor function by improving joint range of motion, increasing muscle strength, and

raise the child’s self-confidence and motivational level [41].
Conclusion

The study's findings verified that Wii interactive training is an effective approach to improve

muscle strength and motor proficiency including bilateral coordination, strength, running speed
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and agility in hemiparetic CP children.
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