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Abstract

Postural management is an essential part of treating cerebral palsy (CP), but research in this area, particularly in the Middle
East, is limited. This study aimed to assess how selecting the right wheelchair can affect spasticity, quality of life, and
motor function in children with CP. The study included 35 children, aged 4 to 12 years, all with moderate to severe motor
impairments (GMFCS levels 3 to 5). After four weeks of postural management using properly selected wheelchairs, there
was a significant reduction in spasticity, as seen in improvements across key joints like the shoulders, elbows, wrists, and
hips (p <0.001). There were also notable improvements in motor function, with GMFCS scores improving significantly (p
<0.001). Additionally, the children’s quality of life scores saw a marked increase, from 3083.9 £+ 206.6 to 3538.6 + 186.9
(p <0.001). These findings stress the importance of choosing the correct wheelchair for children with CP, as it can make a
significant difference in both physical function and overall well-being. The results also highlight how important postural
management and occupational therapy are in improving the lives of children with CP.
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The classification of Cerebral Palsy can usually
be carried out in respect to the spasticity of the muscles
and the disorder has two major subcategories spastic and
non-spastic CP. A spastic CP is one of them, and
approximately 75 percent of individuals have CP
(Schmidt et al., 2020, p. 1). The global rates of CP were
estimated as 2.1 per 1,000 live births (Oskoui et al.,
2013), and the prevalence of CP was estimated by Al

INTRODUCTION

Cerebral Palsy (CP) is the most common
amongst children globally. CP can also be mentioned
early, with Hippocrates being one of the first to mention
it in his writings (Panteliadis and Vassilyadi, 2018).
Nevertheless, a nominal definition of CP did not develop
until the 18th century because of its polyfaceted nature.

The first person to give a formal description of CP as a
neuro-developmental disorder was William Little.
Nevertheless, the complete etiology and clinical course
of CP were only formed during the 20th century
(Korzeniewski ef al., 2018; Michael-Asalu et al., 2019).
In 2005 an international conference has identified CP as
a collection of enduring disorders in the development of
posture and movement resulting in limitations in
activities brought about by non-progressive disorders in
the growing fetal or infant brain. The cognitive,
perceptual, sensory, behavioral, and communication
disorders, along with secondary musculoskeletal issues
and epilepsy are wusually associated with motor
impairments in CP (Graham et al., 2016; Michael-Asalu
etal, 2019).

Salloui et al., to 2.3 per 1,000 live births in Saudi Arabia
(Al Salloui et al.,, 2011). The specified relatively high
levels in Saudi Arabia can be attributed to the tendencies
in other Middle East countries and can be partly
attributed to the high rates of consanguinity marriage,
hereditary diseases, and preterm mother age (Al Salloum
et al, 2011; el Rifai ef al., 1984).

CP management requires a multidisciplinary
approach, and its focus should be on the particular needs
and demands of families (Schmidt et al, 2020).
Physiotherapists are in the origin of the treatment of CP,
and the use of physical therapy usually begins
immediately after the suspicion of the diagnosis of CP,
the goal of which is to retain or enhance motor activity
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(Graham et al., 2016). The role of occupational therapists
has also been incorporated in CP management recently
and provide personalized interventions to suit the needs
of the patients (Chikwanha et al., 2015).

It has been shown that even the improvements
motivated by motor functioning and muscle strength do
not correspond to the overall functional improvement,
which makes the role of occupational therapy closer to
help bridge the gap between motor functioning and
practical functional abilities (Chikwanha et al., 2015;
Kruijsen-Terpstra et al., 2014). The use of postural
management, specifically, has been demonstrated to
offer important outcomes in the motor functioning as
well as respiratory well-being in CP patients. Some of
the studies have proved the statement that postural
management may significantly decrease complications
especially in people with severe motor dysfunction
(Gmelig Meyling et al., 2018; Ravi et al., 2017).

A postural management plan is a broad-based
individualized intervention that includes all activities
that affect the posture and functionality of a person. Each
child has these programs tailor built and they could
involve special seating, exercise routines, standing aids,
surgery, and one-on-one sessions (Gericke, 2006).

In Saudi Arabia, especially rural settings, there
is a high shortage of available rehabilitation to disabled
people (Mohamed Madi et al., 2019). The past studies
have noted that CP is highly stigmatized, and most
families of children with CP experience social problems,
and malnutrition is also common in Saudi children with
CP (Almuneef et al., 2019; Soliman et al., 2019). A 2012
study also suggested that a significant proportion of
mothers with children with CP were characterized by
high levels of denial in terms of the fact that their
children were diagnosed with CP, which may adversely
affect the quality of care offered and the quality of life of
a child in question (Madi et al., 2012).

Most children with CP lack the proper
wheelchairs and where they are available, proper training
on how to utilize them is unavailable. This results in a
great deal of wheelchair abandonment among severely
disabled children (Toro et al., 2015). The results of a
study held in the past showed that 80 percent of CP
children were not using wheelchairs that could fit their
disabilities (Ekiz et al., 2017).

The misuse of wheelchair in CP cases is
associated with various problems, such as the
development of pressure ulcers, hip pain, and the
increased fall risk (Hodgkinson ef al., 2001; Newman et
al., 2010). Indicatively, Newman et al. reported a large
percentage of skin injuries in patients with wheelchair
dependence on CP (Newman et al., 2010). Likewise,
Alkhateeb et al., discovered that long-term sitting in the
wheelchair without any proper positioning may also be a
contributor to considerable pain (Alkhateeb et al., 2019).

The World Health Organization (WHO) came
up with a holistic guide on wheelchair evaluation and
training, which was intended to aid in the selection of the
right wheelchair to be used by a person with CP,
particularly in resource-constrained environments
(Khasnabis et al., 2013). The correct postural
management with the help of correctly chosen
wheelchairs gives a significant support to the vertebral
column, trunk, and neck and helps children with CP to
move (Alkhateeb et al, 2019; Rodby-Bousquet and
Hiagglund, 2010).Cerebral palsy significantly impacts
the quality of life of both children and their caregivers,
with various factors such as the severity of disability, the
presence of complications, and socioeconomic
circumstances affecting overall well-being (Mohammed
etal, 2016).

The primary goal of this research is to examine
the impact of selecting an appropriate wheelchair on
spasticity, quality of life, and gross motor skills in
children diagnosed with spastic cerebral palsy. This
study seeks to explore how different wheelchair choices
affect spasticity levels, overall quality of life, and motor
function in these children.

PATIENTS AND METHODS

To achieve the study's objectives, a quantitative
interventional research approach was utilized. The
research was carried out at the Seating and Positioning
Clinic within the Rehabilitation Services and Program at
Sultan Bin Abdulaziz Humanitarian City (SBAHC). The
medical services SBAHC provides are the overall
rehabilitation and treatment of children with cerebral
palsy (CP) (Al-Owesie et al, 2012; Ibrahim, 2018;
SBAHC, 2020). SBAHC is a strategic site in Riyadh, the
capital city of Saudi Arabia with an estimated population
of the city of 8 million people (Alanazi et al., 2020).

Data were gathered using self-administered
electronic questionnaires that were completed on a tablet
with the help of the primary researcher. The children
aged in between 4 to 12 years of inpatients in SBAHC
and had spastic CP were suitable to take part in the study.

The inclusion criteria were that the subjects
needed to have a Gross Motor Function Measure
(GMFM) of 3-5 with stable medical conditions during
admission. The study did not include children whose
parents failed to fill or had not agreed to fill the
questionnaire.

The eligibility of all the qualified children was
explained thoroughly to the parents in face-to-face
consultation before enrolling. The recruitment was
conducted in a nonrandom consecutive tools and the
participants were measured in three time points namely
on day one and after two weeks since the initial
intervention and four weeks using postural management.
Their ratings were anchored to the protocol of the
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wheelchair by the World Health Organization (WHO)
(Khasnabis et al., 2013).

The physiotherapy assessment of each
respondent was conducted through a comprehensive
examination of the respondents to ascertain the suitable
wheelchair based on the WHO standards. After the
evaluation, the parents or the caregivers were trained on
how to position the patient correctly, how to keep him or
her safe during transfers, how to avoid pressure ulcers,
and how to adjust the wheelchair. Caregivers took 30
minutes educational classes, five days a week. These
sessions were separated into three sections, which
included 10 minutes of theoretical training and
demonstration, 10 minutes of sitting exercises, and 10
minutes of transfer training.

Each of the participants was assessed three
times at baseline, two- and four-weeks post-intervention:
the Modified Ashworth Scale (MAS) to measure
spasticity, the Cerebral Palsy Quality of Life (CPQOL)
Questionnaire to determine quality of life, and the Gross
Motor Function Classification System (GMFCS) to
determine the classification of motor functioning.

CPQOL Questionnaire is a multidisciplinary,
standardized instrument that is used to determine the
quality of life of children with cerebral palsy aged 4-12.
It is a publicly accessible tool that is available to
researchers all around the world (Waters et al., 2013). It
is made up of 65 questions that are categorized in seven
domains. The ratings are on 1 (very unhappy) to 9 (very
happy). Domains evaluated entail feelings regarding
functioning, participation and physical health, emotional
wellbeing, social wellbeing, pain and the effect of
disability, access to services, and family health. The
CPQOL was administered in Arabic version and a brief
explanation of the reason and way that specific
questionnaire was given. The scores of the CPQOL were
converted to a 100 points scale with 0 (very unhappy)
and 100 (very happy) being the scores (Waters et al.,
2013). All the participants were computed on mean
CPQOL score.

The Muscular Spasticity Scale (also known as
the Modified Ashworth Scale or MAS) is a highly
popular tool of measuring muscular spasticity and is
regarded as the best evaluation tool of spasticity in the

case of CP (Ghotbi et al., 2009). The MAS is an ordinal
reference scale which involves assessing muscle
resistance in a passive movement, the measure starts at 0
(normal muscle tone) and goes through 4 (rigidity in
flexion or extension). An increase in muscle tone is
slightly manifested, and a catch is observed with slight
resistance resulting in a score of +1 (Germanotta et al.,
2020).

Written ethical approval was requested and
given by the UniSZA Human Research Ethics
Committee (UHREC) and the SBAHC Ethics
Committee. A hard copy of a written and informed
consent was obtained from all caregivers of the included
subjects in this study. It was indicated in the consent
form that there would be no negative impact on the
management plan in case of voluntary participation in the
study or refusal of the people. The data collected in this
study was anonymous and the filled out electronic
questionnaires were stored securely and only the primary
investigator had access to the data.

The anonymized data were assigned numerical
codes and organized in an Excel spreadsheet (Microsoft
Corp., Redmond, WA, USA). Data analysis was
conducted using version 25 of the Statistical Package for
the Social Sciences (SPSS, Chicago, IL, USA). The
normality of the dataset was assessed using the
Kolmogorov-Smirnov test. Statistical significance was
determined with a p-value of less than 0.05. To compare
the scores before and after the postural management
intervention, a paired sample t-test was performed.

RESULTS

A total of 35 children participated in this study.
The mean age of the participants was 8.0 £ 2.7 years,
with ages ranging from 4 to 12 years, and the sample was
nearly evenly distributed between genders, with 51.4%
males and 48.6% females. Approximately half of the
participants were assigned a WHO standard wheelchair
after an assessment of their postural management needs.
Additionally, 34.3% received a WHO active wheelchair,
and 20.0% were provided with WHO pushchairs. The
sociodemographic characteristics of the participants and
the types of wheelchairs assigned to them are
summarized in Table 1.

Table 1: Socio-Demographic Characteristics of Study Subjects and type of provided wheelchair (n=35).

Category Details Number (n) | Percent (%)
Age (Mean + SD =8.0 + 2.7 years) | 4-6 years 12 343
7-9 years 12 34.3
10+ years 11 314
Gender Male 18 514
Female 17 48.6
Type of Wheelchair Provided Standard Wheelchair | 16 45.7
Active Wheelchair 12 343
Push Wheelchair 7 20.0
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Distribution of Study Participants by Wheelchair
Type, Gender, and Age Group
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Figure 1: Distribution of Study Participants by Wheelchair Type, Gender, and Age Group

Postural management with the adequate
wheelchair in cerebral palsy children was related to a
statistically significant bilateral decrease in MAS score
between the baseline and follow-up after 4 weeks (p-
value <0.001) for the shoulder, elbow, wrist and hip

joints. Meanwhile, there were no significant changes of
the MAS score in the knee and ankle joints. Changes in
the MAS scores of the study subjects are presented in
Table 2.

Table 2: The Modified Ashworth Scale (MAS) Score of Study Subjects pre, during, and post postural
management using a proper wheelchair (n=35)

Joint Baseline MAS MAS after 2 Weeks MAS after 4 Weeks p-value
(Mean £ SD) (Mean + SD) (Mean + SD)

Right Shoulder 2.7+0.82 2.7+0.82 2.1+1.07 <0.001**
Left Shoulder 2.7+0.82 2.7+0.82 2.1+1.05 <0.001**
Right Elbow 2.7+0.82 2.7+0.82 2.1+1.07 <0.001**
Left Elbow 2.7+0.82 2.7+0.82 2.1+1.05 <0.001**
Right Wrist 2.7+0.82 2.7+0.82 2.1+1.07 <0.001**
Left Wrist 2.7+0.82 2.7+0.82 2.1+1.05 <0.001**
Right Hip 2.7+0.82 2.7+0.82 1.9 +0.83 <0.001**
Left Hip 2.7+0.82 2.7+0.82 2.0+0.84 <0.001**
Right Knee 2.7+0.82 2.7+0.82 2.7+0.86 0.324
Left Knee 2.7+0.82 2.7+0.82 2.7+0.82 -
Right Ankle 2.7+0.82 2.7+0.82 2.7+0.86 0.324
Left Ankle 2.7+0.83 2.7+0.83 2.7+0.83 -

* Paired sample t-test (baseline and after 4 weeks), ** Significant p-value

Similar to the MAS score, the GMFCS scores
decreased significantly between the baseline and after
four weeks of postural management using proper
wheelchairs (p-value <0.001). The mean GMFCS score
of study subjects was 4.5 £0.89 at baseline, which
decreased to 3.5 +0.82 after two weeks, and further

decreased to 3.4 +0.81 after four weeks of postural
management and follow-up. The changes in GMFCS
scores before and after postural management are shown
in Table 3. This table demonstrates the improvement in
motor function classification as a result of the postural
management intervention.

Table 3: The Gross Motor Function Classification System (GMFCS) Score of Study Subjects pre, during, and post
postural management using a proper wheelchair (n=35)

Mean score p-value”
Baseline GMFCS | GMFCS after 2 wks | GMFCS after 4 wks
4.5+0.89 3.5+0.82 3.4 +0.81 <0.001™"

* Paired sample t-test (baseline and after 4 weeks), ** Significant p-value

In contrast, CPQOL scores followed a similar
improvement trend after postural management, with
statistically significant enhancements observed in five
out of the seven quality of life domains. The Social

Wellbeing and Acceptance domain saw a mean increase
from 556.4 = 91.9 at baseline to 642.8 + 99.5 after four
weeks of postural management, which was statistically
significant (p-value < 0.001). Similarly, the mean score
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for the 'Feelings About Functioning' domain rose from
597.8 £ 92.3 to 670.7 £ 97.3, with this increase also
reaching statistical significance (p-value 0.003). In the
'Participation and Physical Health' domain, the mean
score improved significantly (p-value 0.001), with scores
increasing from 508.2 + 120.2 at baseline to 611.4 +
128.1 after four weeks of postural management.
Likewise, the mean score of the 'Emotional Wellbeing
and Self-Esteem' domain increased from 276.7 + 69.6 at
baseline to 310.3 £ 70.9 after two weeks of postural

management, and continued to rise to 319.2 + 90.6 after
four weeks. The 'Access to Services' domain also showed
significant improvement, with mean scores rising from
563.9 £ 119.9 before treatment to 672.5 + 121.3 after one
month of postural management (p-value 0.001).
However, the 'Pain and Impact of Disability' and 'Family
Health' domains did not demonstrate significant changes,
with p-values of 0.184 and 0.301, respectively. A
detailed summary of the postural management effects on
CPQOL scores is provided in Table 4.

Table 4: The Cerebral Palsy Quality of Life (CPQOL) Score of Study Subjects pre, during, and post postural
management using a proper wheelchair (n=35)

Domain Baseline CPQOL CPQOL after 2 CPQOL after 4 p-value
(Mean = SD) Weeks (Mean £ SD) | Weeks (Mean = SD)

Social Wellbeing and Acceptance 556.4+£91.9 615+ 101 642.8+99.5 <0.001**
Feelings About Functioning 597.8+92.3 616 £113.7 670.7+97.3 0.003**
Participation and Physical Health 508.2+120.2 595+£116.6 611.4+128.1 <0.001**
Emotional Wellbeing and Self- 276.7 + 69.6 310.3+£70.9 319.2+90.6 0.033%**
Esteem

Access to Services 563.9+119.9 619.6+114.5 672.5+121.3 0.001**
Pain and Impact of Disability 386.4+82.8 403.5+93.7 411.7+81.2 0.184
Family Health 194.2 +47.6 195.7 £ 58.7 210 +68.8 0.301
Total Score 3083.9 +206.6 3355.4+98.3 3538.6 £ 186.9 <0.001**

* Paired sample t-test (baseline and after 4 weeks), ™" Significant p-value

= Pain and Impact of Disability

= Family Health

Total score

Figure 2: Statistical Significance of CPQOL Score Improvements Across Key Domains

DISCUSSION

There is a significant need for proper
wheelchair selection, especially in developing countries
where rehabilitation services may not cover all children
with cerebral palsy (CP) in need of these essential
services (Toro et al., 2015). A recent cross-sectional
study from Turkey revealed that 8 out of 10 CP children
did not use an appropriate wheelchair that met their
clinical and functional needs (Ekiz et al, 2017).
Similarly, a Japanese study indicated that approximately
half of CP cases did not receive appropriate postural
support while using wheelchairs, which could negatively
affect their health and functional status (Hatta et al.,
2007). Rodby-Bousquet and Hiagglund emphasized that

early intervention during childhood, with proper
wheelchair selection, would improve mobility outcomes
for CP cases and potentially increase their independence
(Rodby-Bousquet & Hagglund, 2010).

Most previous studies on wheelchair selection
for CP children were observational or cross-sectional in
nature, and there is a noticeable scarcity of interventional
postural management studies. One of the few
interventional studies was conducted by Alkhateeb et al.,
on nine CP cases in Jeddah, Saudi Arabia. This study
concluded that adjusting head and neck support in
wheelchairs resulted in better body positioning and
subsequent patient benefits (Alkhateeb et al., 2019). The
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findings from Alkhateeb et al., align with the current
study, where postural management using proper
wheelchair selection led to better MAS scores and
improved gross motor function. However, the scope of
the present study focused on wheelchair selection rather
than adjustment, which sets it apart from earlier research.

One of the largest interventional studies on
wheelchair selection for CP cases was conducted in
Indonesia, involving over 300 adult and child CP
patients. This large-scale study found that proper
wheelchair selection according to WHO criteria
improved quality of life, particularly among female
participants (Toro et al., 2015). This finding mirrors the
current study, where significant improvement in total
CPQOL scores was observed after four weeks of postural
management and proper wheelchair selection.

In a retrospective study conducted in the United
Kingdom, proper wheelchair selection for over 100 CP
patients significantly improved their function and
reduced spasticity (Frank & De Souza, 2017). The results
from the current study show a similar trend, with
improvement in spasticity and functional scores after
postural management in Saudi CP children.

Meanwhile, another small-scale interventional
study in Japan, involving only three patients,
demonstrated promising results for CP cases when
postural and feet support were applied in their
wheelchairs (Shirogane ef al., 2017). Similarly, a study
in Taiwan with 20 CP cases showed that using
wheelchair technology providing proper support
improved body alignment and benefited CP patients (Liu
et al, 2014). However, McDonald and Surtees
conducted an interventional study involving 23 British
CP cases who were treated with postural intervention at
the knee level. Their study did not result in significant
improvements in CP cases (McDonald & Surtees, 2007).
The findings of our study contradict those of McDonald
and Surtees, which can be explained by differences in
postural management interventions and study
methodology.

Additionally, Vekerdy conducted a postural
interventional study on 47 CP children in Hungary,
which also reported measurable improvements in posture
among the participants (Vekerdy, 2007). While objective
measurement of posture was outside the scope of the
present study, the observed improvements in joint
spasticity and functional scores mirror those seen in other
studies focused on postural management interventions
for CP children.

A series of four interventional and
observational studies in Sweden showed significant
improvements in quality of life for CP cases through the
use of standing devices (Nordstrom, 2014). This finding
aligns with the results of the present study, though it is
important to note that the postural intervention in these

Swedish studies involved standing devices, while the
current study focused on wheelchair postural
management.

Although the present study demonstrates
positive outcomes, the determination of the causality
between the intervention and the outcomes is still
restricted (Waddington et al, 2017). Besides, the
research sample is quite small and not randomly chosen,
which limits the extrapolation of findings. The case was
carried out in Sultan Bin Abdulaziz Humanitarian City
(SBAHC), which boasts of the best rehabilitation
services throughout Saudi Arabia. This fact might have
raised up the expectations of the participants and it might
have enhanced compliance to postural management.
Thus such results could not be readily applied to other
centers where the services are not as standard.
Nevertheless, the main researcher attempted to
incorporate CP children not only in the main city of
Riyadh but the suburbs as well.

It is the first interventional research on postural
management of CP children in Riyadh. It used several
evaluation instruments to study the outcomes of postural
management using correct wheelchair choice. The
overall measure of quality of life, as well as the analysis
of functional and spasticity issues, can bring much value
to the evidence base of this intervention. The specific
impact of these aspects on CP outcomes can be used as a
distinct contribution to the physiotherapy research.
Despite the small sample size, it was bigger than some
other interventional studies of the postural management
of CP children, and it offered valuable initial evidence in
the future larger-scale studies.

CONCLUSION

Finally, postural management with a well-
chosen wheelchair resulted in statistically significant
changes in the spasticity scores and gross motor
functioning of children with spastic cerebral palsy. Also,
this intervention made a significant contribution to the
overall quality of life, and the greatest changes have been
noticed in the social wellbeing, feelings about
functioning, physical health, emotional wellbeing, and
access to services domains.

The findings of this interventional investigation
refer to the usefulness of adequate wheelchair choice in
this susceptible group of people and deliver the evidence
that can raise awareness regarding the significance of
postural control in pediatric rehabilitation. The findings
highlight the importance of physiotherapy and
occupational therapy as an intervention in enhancing the
functional performance of children with spastic CP.

According to the recent findings, it is advised to
conduct large-scale studies in future to determine the
subjective and objective outcomes of postural
management in accordance with the selection of the
wheelchair. In order to increase the external validity of
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future research, blinded randomized techniques are
important. Moreover, in this study, the follow-up period
only covered four weeks, and therefore, no long-term and
longitudinal studies have been conducted on the
sustainability of postural management effects on cases of
spastic CP, in the future. Since this was a single-center
study, multi-center and even multi-country researches
are suggested to further support these conclusions and be
able to make more generalizations.

Postural management interventions should
receive sufficient resources and funds that can be
allocated by the health authorities to prevent, as well as
postpone, negative health and psychological
consequences in children with spastic CP. A screening
initiative of children in less fortunate or isolated
localities would help in early detection and prevention
since those that would be beneficiaries of postural
management in the use of a proper wheelchair will be
identified and aided.
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