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Cerebral palsy is a non-progressive central nervous system injury, most common in children,
resulting from the damage to brain. Objectives: To see the effects of non-immersive virtual
reality on range of motion, muscle strength, spasticity and functional mobility of upper limb in
spastic hemiplegic cerebral palsy children. Methods: This was a quasi-experimental study, in
which participants were selected through simple random sampling on the basis of defined
selection criteria, there were two groups. Group A received conventional physical therapy
exercisesand group Bwas areceived functional mobility exercises using non-immersive virtual
reality. Data collection tools included Modified Ashworth scale to measure the spasticity,
Functionalassessment scale for functional status, Goniometer was used to measure the rage of
mobility and Manual muscle testing MMT was used to measure the strength. Data was analyzed
by SPSS version 26. Results: Mean age of children was 8.818 + 2.639. From total participants
63.6% were males and 36.4% were females CP child. Paired-t test sowed that, there was a
statistically significant differencein means of all outcome measures before and after treatment
in group-A as well as in group-B (p-value<0.05). Between-group analysis of A and B showed a
statistically significant difference with p-value <0.05. Conclusions: Both groups showed
improvement in spasticity, functional status, range of motion and muscle strength, but
treatmentgroup receiving functional mobility exercises using non-immersive virtual reality was
foundtobe more effective thanthe controlgroup.

INTRODUCTION

Cerebral palsy(CP)is defined asagroup of disorders, which
causes permanent damage to the movement and posture
during the developing phase (neonatal phase)[1]. Cerebral
palsy is an umbrella term that was first introduced by
orthopedic surgeon William little in 1861. It is defined as the
abnormalitiesin the developing brain of the neonatal which
ultimately results in musculoskeletal flaws and
deformations, including postural oddities and neurological

deficits [2, 3]. Cerebral palsy is the most common
dysfunctionin children with the occurrence of 2.1 per 1000
births in advanced countries, even though the rate of
prevalence is greater in underprivileged countries[4]. The
cost related to the life span of CP childrenis very high. It is
also very difficult for the attendants of the patient to
provide adequate treatment to the children because of the
high expenses of the treatment. Extralife span expenseis
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estimated to be 800000 USS for one person[5]. The clinical
manifestation of Cerebral palsy includes spasticity
(muscular stiffness that prevents normal movements),
dyskinesis (unconstrained reflexive movement comprises
of chorea, athetosis, dystonia), Ataxia (loss of
coordination), and hyperreflexia (exaggerated reflexes).
These undesired movements are due to pathological
ailments in the brain and cerebral cortex. Ataxia is caused
by damage to the cerebellum which involves gait
disturbances (drunken gait). Chorea incorporates sudden
jerky movements of the muscles of arms, legs, and face[4].
The treatment of Cerebral palsy comprises Medical as well
as physiotherapy treatments. Medical treatment includes
the use of various drugs to decrease spasticity and
orthopedic surgical procedures to enhance joint
appropriateness and neurological surgical methods to
improve nerve conduction while physical therapy-related
interventionsincorporate many exercises and therapies to
enhance functional independence, to improve muscular
integrity, to reduce contractures, to improve the quality of
life and to ease activities of daily living (ADL's) [6]. The
therapeutic way of treatment which is very popular and
known as neurodevelopmental treatment NDT was used to
improve motor functioning in patients with cerebral palsy.
It includes developing controlled motor conditions, which
discourage conditions that are limiting our natural
movements of daily living, and this is done by providing
postural adjustments of movements and functional
rehabilitation[7, 8]. Virtual reality is not a new concept and
was first initiated in Sutherland in 1970 and a model was
presented regarding creating a virtual environment and
exploiting things realistically. Later on, in 1993, Krueger
gave solid references related to virtual reality and
immersive technology. During the 1900s, Most Virtual
reality applications became required for excitation
purposes during training in many fields [9]. In the past
years, for location and direction of vision from the head
tracker and production of two pictures for three-
dimensional images for both eyes, a very high precision
position tracking system was needed which use different
types of infrared sensors, parallelized computer
applications, and high-resolution 3D displays [10]. Virtual
reality has shown us animaginary world and fascinated it to
such extent that it is hard to differentiate it from the real
world. It plays with the minds of the people and it is the
man-made condition [11]. Virtual reality has been widely
used in the field of medicine for example, in the practicing
of asurgery, to treat anxiety, depression, phobias and pain,
to deal with disability and therapeutic rehabilitation [12].
Virtual reality has a vast role in Medical and healthcare
systems. It used in psychological therapy, medical
rehabilitation, physical therapy, medical scientific
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research, and educational training for patients, students,
and doctors. By using virtual reality, doctors as well as
students caninterconnect with the human body and can be
used forinstructional and training purposes with the use of
Virtual reality headsets and stereoscopic pictures [13].
Motor re-learning programs is incorporated with virtual
reality in rehabilitation of many neurological conditions.
Functional training has been done using virtual reality to
make the tasks easier and enjoyable. In senior patients,
exercises are done in virtual environments to make them
feasible and more effective. People get motivation when
they achieve a goal so goal-oriented tasks has been
practiced utilizing augmented reality environments. It
plays a great role in cognitive rehabilitation of patients
dealing with neurological conditions. Virtual reality has
great implementation in rehabilitation of upper extremity
however we can use it in balance training and gait
improvementsinlower extremity[14].

The aims and objectives of this study were to check the
immediate effect of virtual reality-based rehabilitation on
spastic hemiplegic cerebral palsy children. The rationale
behind this investigation was to understand the potential
benefits and limitations of integrating advanced
technology into therapeutic practices for CP children,
thereby contributing to more effective treatment
strategies. Its significance lies in exploring how such
technology influences their functional mobility and upper
extremity range of motion, compared to traditional
methods without virtual reality. This study filled a critical
gap in literature by providing insights into the effects of
non-immersive virtual reality as a therapeutic tool for
cerebral palsy.

METHODS

It was a quasi-experimental trial. Sample size of the
research was 33 which were calculated through open
Epitool software. The target population of the study was
children with cerebral palsy. Through simple random
sampling, subjects were selected and recruited in the
study. Study period was 6 months. Participants of both
genders having age 6 to 18 years, having sufficient
cognitive capacity to understand the basic instructions
and spastic hemiplegic cerebral palsy children (SHCP) was
included in this trial. Exclusion criteria included epileptic
patients, children of age above 18 years, having history of
migraines, headaches and flu and totally impaired
cognitive capacity and history of any fracture or
dislocation. This was a quasi-experimental trial. This study
analyzed the effect of virtual reality exercise techniques on
participant's pain and disability. Before participation in
study, all caregivers of the participants were asked tosigna
consent form. Only diagnosed participants were enrolledin
study that fulfilled the requirements of inclusion and
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exclusion criteria. Participants between aged 6 to 18 years
were selected. 33 participants were selected and
categorized them into two groups through the lottery
method. One group received conventional physical therapy
and other group received virtual reality therapy. Pre
evaluation was done and then participants received a
session of intervention. A total of three sessions were
given in a week with alternative days applying both
conventional and virtual therapy techniques. After three
sessions, a post treatment values were taken. Data
collection tools included Modified Ashworth scale to
measure the spasticity, Functional assessment scale for
functional status, universal goniometer was used to
measure the rage of mobility and Manual muscle testing
MMT was used to measure the strength. The statistical
analysis was done using version-26.0 of SPSS. Shapiro-
Wilk test was used to understand that data was normally
distributed or not. Modified Ashworth Scale, Functional
assessment scale, Manual muscle testing and Wrist and
forearm ROM at baseline show p-value more than 0.05
which indicate that data was normally distributed and
parametric test (Independent sample T-test for between
group assessment and Paired Sample T test for within
group assessment) was applied. Data was presented in
form of tables and graphs. The study received institutional
approval from “Government college university Faisalabad.
Informed consent forms were signed were guardians of the
patients priorto collect the data. Privacy of all subjects was
prioritized.

RESULTS

Figure 1 shows the frequency distribution of gender in
which 21(63.6%) male and 12 (36.4%) female CP child were
included.

Gender Distribution

M Males

i Females

Figure 1: Gender distribution of CP children

Figure 2 shows the age of the CP child in which N=33 with mean
9.818 and standard deviation 2.639.
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Figure 2: Age distribution of the CP children

For within-group difference Paired Sample T-Test was
applied (Table 1 and 2). Paired difference of Modified
Ashworth Scale in Group A was 1.250 + 1.00 with significant
p-value <.001 and paired difference in group B was 1.117
+.781 with significant p-value <.001. Paired difference of
Functional Assessment Scale in Group Awas 10.062 +7.352
with significant p-value <.001 and paired difference in
group B was 3.176 + 3.521 with significant p-value 0.002.
Paired difference of Manual Muscala Testingin Group A was
1.117 +£.704 with significant p-value <.001 and paired
difference in group B was 0.235 + 0.562 with non-
significant p-value 0.104. Paired difference of wrist flexion
in Group A was 16.562 + 5.977 with significant p-value <.001
and paired difference in group B was 9.705 + 4.831 with
significant p-value <.001. Paired difference of wrist
extension in Group A was 14.687 + 9.213 with significant p-
value <.001 and paired difference in group B was 6.176 +
5.736 with significant p-value <.001. Paired difference of
Ulnar deviation in Group A was 5.812 + 3.166 with significant
p-value <.001 and paired difference in group B was 2.823 +
1.424 with significant p-value <.001. Paired difference of
Radial deviation in Group A was 8.562 + 5.921 with
significant p-value <.001 and paired difference in group B
was 5.000 + 7.905 with significant p-value 0.019. Paired
difference of supination in Group A was 5.000 + 5.773 with
significant p-value 0.003 and paired difference in group B
was 2.058 + 8.849 with significant p-value 0.035. Paired
difference of pronation in Group A was 3.375 + 7.588 with
significant p-value 0.019 and paired difference in group B
was 2.352 +8.681with significant p-value 0.028.

Table1: Group AWithingroup analysis(Paired T-test)

Asymp.
Group N Mean = SD sig.
MAS Baseline 16 3.125£1.147
Group A <0.001
MAS After Treatment 16 1.87541.258
FAS Baseline 16 51.500+7.302
Group A <0.001
FAS After Treatment 16 61.562+6.762
MMT Baseline 16 2.250+.856
Group A <0.001
MMT After Treatment 16 3.937+.853
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Wrist Flexion Baseline 16 37.500+7.302 Group A MMT Before Treatment 2.250+.856 16
Group A <0.001 -1.766 .087
Wrist Flexion After Treatment| 16 54.062+7.352 Group B MMT Before Treatment 2.882+1.166 17
Wrist Extension Baseline 16 37.812+6.046 Group A WristTFIe>§ion Btefore 37.500+7.302 | 16
Group A Wrist Extension After <0.001 Wrist ;T:xingsgefore ~599 553
Treatment 16 52.500+10.165 Group B Treatment 39.117+8.146 17
Ulnar Deviation Baseline | 16 7.937+1.181 Groupa | Wrist Extension Before 37.812¢6.046 | 16
Group A Ulnar Deviation After <0.001 Wrist E;;e:;rs?g:taefore B4l | 526
Treatment 18 13.750+3.276 GroupB s 39.411:8.078 | 17
Radial Deviation Baseline | 16 29.875+3.500 GroupA |  Ulnar Deviation Before 7.937+1.181 | 16
Group A Radial Deviation After <0.001 Ulnar g;i?;?;::gefore -1775 086
Treatment 16| 384373966 Group B Deviation® 8.647¢1.114 | 17
Supination Baseline 16 37.187+7.295 GroupA | Radial Deviation Before 29.875+3.500 | 16
Group A 0.003 P — lTDrea‘me”‘B - S 143 887
Supination After Treatment 16 42.187+3.637 adial Deviation Before : .
p Group B Treatment 29.705+3.293 | 17
Pronation Baseline 16 38.437+7.238 Group A Supination Before
Group A 0.019 p Taatment 37.18747.295 | 16 o | 308
Pronation After Treatment 16 41.812+3.902 Supination Before ’ .
Group B Taatment 40.294+9.596 | 17
Table 2: Group B Within group analysis(Paired T-test) Group A Pronation Before 38.437+7.238 | 16
: -624 | 537
Pronation Before
Group N Mean £ SD Assyirgnp. GroupB Treatment 40.294+9.596 | 17
Table 4: Between group analysis after treatment (Independent
MAS Baseline 17 3.823+1.131
Group B <0.001 sample T-test)
MAS After Treatment 17 2.705+.985
Grou MeantsD Nt AP
FAS Baseline 17 53.11748.146 P ean Sig.
Group B 0.002
FAS After Treatment 17 56.294+6.917 Group A MAS After Treatment 1.875+1.258 16
-2.119 | .042
MMT Baseline 17 2.882+1.166 Group B MAS After Treatment 2.705+.985 17
Group B <0.001
MMT After Treatment 17 30174111 Group A FAS After Treatment 61.562+6.762 | 16
2.210 | .035
Wrist Flexion Baseline 17 39.117+8.146 Group B FAS After Treatment 56.294+6.917 | 17
Group B <0.001
Wrist Flexion After Treatment| 17 48.823+6.257 Group A MMT After Treatment 3.937+.853 16
2.365 | .024
Wrist Extension Baseline 17 39.411+8.078 Group B MMT After Treatment 3.17£1.11 17
Group B Wrist Extension After 17 45.588+8.269 <0.001 Group A Wrist Flexion After 54.062+7.352 | 16
Treatment R _Treatment — 2.209 035
Ulnar Deviation Baseline | 17 8.647+1.114 Group B Wrist Flexion After 48.8236.257 | 17
Group B — <0.001 - A
Ulnar Deviation After Wrist Extension After
Troatment 17 11.47041.736 Group A Treatment 52.500+10.165 | 16 240 040
Radial Deviation Baseline | 17 29.705+3.293 Group B W”“ﬁfg;ﬁg@ After 45.588+8.269 | 17
Group B Radial Deviation After 17 34.705+5.987 0.019 Group A Ulnar Deviation After 13.750+3.276 | 16
Treatment R P Treatment CIYEES 2.519 017
Supination Baseline 17 40.294+9.596 Group B Uinar Deviation After M.470:1736 |17 '
Group B 0.035 i reat'mgnt
Supination After Treatment | 17 38.23+5.847 Groupa |  Radial Deviation After 38.437+3.966 | 16
- — 2097 | .044
Pronation Baseline 7 40.294+9.596 GroupB |  Radial Deviation After 34.705:5.987 | 17
Group B 0.028 T'reat'ment
Pronation After Treatment | 17 37.941+5.606 Group A Supination After 42.187+3.637 | 16
Treatment 2.314 027
Table 3andtable 4 shows the between-groups comparison before Group B S”F}'ﬁaztt'%lﬁ{ter 38.23545.847 | 17
and after the treatment. Independent sample t test in table 3 Group A Prprnation After 41.81243.902 | 16
. L . tment 01429
shows that there was no statistically significant difference B Or:zf-(:?,e:ﬁe 2.288 | .029
. Group B ronati r 37.94145.606 | 17
between group Aand before the treatment(p>0.05). A statistically Treatment

significant difference was observed in all outcomes between
group Aand B afterthe treatment(p<0.05)(Table 4).

Table 3: Between group analysis before treatment (Independent
sample T-test)

Asymp.
Group Mean £ SD N T sig.
Group A MAS Before Treatment 3.125+1.147 16
-1.761 .088
Group B MAS Before Treatment 3.823+1.131 17
Group A FAS Before Treatment 51.500+7.302 | 16
-.599 .553
Group B FAS Before Treatment 53.117+£8.146 17

DISCUSSION

Cerebral palsyisanon-progressive central nervous system
injury, most common in children, resulting from the
damage to brain. The purpose of the present study was to
analyze the effects of non-immersive virtual reality on
range of motion, muscle strength, spasticityand functional
mobility of upper limb in spastic hemiplegic cerebral palsy
children. Because Spastic Hemiplegic Cerebral Palsy
(SHCP)is the most prevalent type among types of Cerebral
palsy which is caused by one-sided damage to the motor
cortex or pyramidal pathway, that why children of spastic
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cerebral palsy were selected in the study [15]. In present
study, percentage of the CP children (N=33) was
9.818+2.639. From total participants 63.6 % were males and
36.4% were females CP child. Paired-t test sowed that,
there was a statistically significant difference in means of
all outcome measures before and after treatmentin group-
A as well as in group-B (p-value<0.05). Between-group
analysis of A and B showed a statistically significant
difference with p-value <0.05. Results of the present study
revealed that although both treatment and control groups
showed improvement in spasticity, functional status,
range of motion and muscle strength, but treatment group
receiving functional mobility exercises using non-
immersive virtual reality was found to be more effective
than the control group in all outcome measures. In support
withtheseresults, Adamsetal., reported that virtual reality
approach are very beneficial as compared to conventional
neurophysiological treatments as they have more realistic
approach towards environment, participant feels more
comfortable and enjoyable as the environment is relaxing
as compared to typical clinical one even patient forgets
that he is under treatment and ultimately shows a
noticeably good participation and overall his learning
capability enhanced to alarge extent[16]. In present study,
by performing functional mobility exercises using non-
immersive virtual reality in spastic CP, improvements in
functional status, spasticity, muscle strength and upper
extremity range of motion was found. The same findings
were reported by Todorov et al., that improvements in
functional abilities, speed of gait as well as balance of
functions and movements have been found following VR
training [17]. Moreover, VR has also been proved useful to
trainand enhance motorlearning of cerebral palsy children
[18]. Previous literature reported that, virtual reality
therapy showed significant gain in motor skills by
increasing cortical reorganization and neoplastic changes
in a very young child of eight years old [19]. Findings of a
study by Williams et al., revealed that total motor functions
and total independence in daily lives in both control and
treatment groupsimproved after 8 weeks of intervention. A
comparison between groups revealed significantly greater
improvements in both gross and fine motor functions and
daily activities in the VR group than in the TOT group (P <
0.001) [20]. Similar outcomes were found by the present
study.

CONCLUSIONS

Several inferences about the prevalence of
musculoskeletal pain among badminton players can be
made based on the findings. The results of this study
showed that beginners players are more likely to have
musculoskeletal pain. The most often affected body parts
amongbadminton players were the shoulderandknee.
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