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ABSTRAK 

KESAN PENGURUSAN POSTURAL MENGGUNAKAN KERUSI RODA 

YANG BETUL TERHADAP KANAK-KANAK SPASTIC  

CERTIFICAL PALSY DI ARAB SAUDI 

Lumpuh serebrum (CP) adalah kecacatan kanak-kanak yang paling biasa. Lazimnya, 

anggaran global untuk CP adalah 2.1 untuk setiap sejuta kelahiran. Pengurusan postur 

dan khidmat rehabilitasi memainkan peranan penting dalam pengurusan kes CP, 

terutamanya kes kecacatan yang teruk. Kajian ke atas pengurusan postur sangat sukar 

didapati di timur tengah dan negara-negara yang sedang membangun. Kebanyakan 

kajian sebelum ini lebih menumpukan kepada aspek fizikal pengurusan postur dan 

sebahagian besarnya mengabaikan kesan terhadap kualiti hidup pesakit lumpuh 

serebrum dan keluarga mereka. Objektif kajian ini adalah untuk menilai kesan 

pemilihan kerusi roda yang sesuai terhadap kanak-kanak cacat yang lumpuh serebrum, 

terutama dalam aspek kualiti hidup dan fungsi motor. Kajian semasa telah dilakukan 

Di Bandar Kemanusiaan Sultan Bin Abdul-Aziz, ia adalah penyelidikan eksperimen. 

Pengumpulan data dilakukan melalui soal selidik elektronik yang ditadbir sendiri. Kes 

cerebral palsy spastik, berumur antara 4 dan 12 tahun, daripada kedua-dua jantina 

layak untuk dimasukkan ke dalam kajian ini jika mereka dimasukkan sebagai pesakit 

dalam. 35 kanak-kanak telah mengambil bahagian dalam kajian ini. Skor Pengukuran 

Fungsian Motor Kasar bagi kes yang disertakan adalah antara tiga dan lima, penilaian 

skala Ashworth yang diubah suai digunakan untuk spastik dalam semua penilaian 

kualiti hidup sendi dan cerebral palsy untuk mengukur kualiti hidup Setiap kes yang 

disertakan telah ditinjau pada tiga anggaran. Interim: pada hari pertama, selepas dua 

minggu dan selepas empat minggu dari permulaan intervensi pengurusan postur 

menggunakan kerusi roda yang betul mengikut protokol Pertubuhan Kesejahteraan 

Dunia. Langkah berulang ANOVA digunakan untuk membandingkan markah.. Purata 

umur peserta adalah 8.0 ± 2.7 tahun. Separuh daripada peserta kajian dibekalkan 

dengan kerusi roda berpiawaian dari Pertubuhan Kesihatan Sedunia. Setelah penilaian 

dibuat terhadap keperluan pengurusan postur mereka, sebanyak 34.3% daripada 

peserta kajian dibekalkan dengan kerusi roda jenis aktif piawaian, dan 20.0% daripada 

peserta kajian dibekalkan dengan kerusi jenis tolak. Pengurusan postur menggunakan 

kerusi roda yang sesuai dikaitkan dengan pengurangan dua hala yang signifikan secara 

statistik di dalam skor skala Modified Ashworth di antara paras garis asas, setelah 2 

minggu dan setelah 4 minggu susulan terhadap sendi bahu, siku, pergelangan tangan 

dan pinggul (nilai-p<0.001). Skor kasar fungsi motor menurun dengan signifikan di 

antara permulaan, setelah 2 minggu dan setelah 4 minggu pengurusan postur 

penggunaan kerusi roda yang betul (nilai-p<0.001). Purata markah keseluruhan untuk 

kualiti kehidupan meningkat daripada 3083.9 ±206.6 pada permulaan kepada 

3355.3±197.9  selepas 2 minggu hingga 3538.6 ±186.9 selepas empat minggu 

pengurusan postur dan kemajuan ini adalah signifikan secara statistik (nilai-p<0.001). 

Pengurusan postur dengan penggunaan kerusi roda yang sesuai telah membawa 

kepada kemajuan yang signifikan dalam skor kecacatan, skor fungsi motor, dan skor 

keseluruhan untuk kualiti hidup terhadap kanak-kanak cacat serebrum. Kemajuan ini 

lebih menonjol dalam kesejahteraan sosial, kefungsian, kesihatan fizikal, 

kesejahteraan emosi dan akses kepada domain perkhidmatan kualiti hidup. Keputusan 

daripada kajian ini boleh digunakan untuk menekankan berkenaan kelebihan 
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pemilihan kerusi roda yang betul untuk kumpulan manusia yang sangat memerlukan 

ini. Mereka juga boleh menggunakan keputusan ini untuk meningkatkan kesedaran 

mengenai pengurusan postur dan khidmat rehabilitasi pediatrik, termasuklah 

meningkatkan kesedaran terhadap kelebihan fisioterapi dan terapi pekerjaan 
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ABSTRACT 

THE EFFECT OF POSTURAL MANAGEMENT USING PROPER 

WHEELCHAIRS IN CHILDREN WITH SPASTIC  

CEREBRAL PALSY IN SAUDI ARABIA 

Cerebral Palsy is the most common childhood disability with an estimated global 

prevalence of 2.1 per one thousand live births. Postural management and rehabilitation 

services play a major role in the management of CP cases, especially in cases with 

severe disabilities. Studies on postural management cases are scarce in the Middle 

Eastern region and developing countries. Most of previous studies focused on the 

physical aspect of postural management and largely ignored the effect on the quality 

of life of cerebral palsy patients and their families. The objectives of the current study 

are to measure the effect of proper wheelchair selection on spasticity of children with 

spastic cerebral palsy, quality of life, and on gross motor function. The current study 

was done In Sultan Bin Abdul-Aziz Humanitarian City, it is an experimental research. 

Data collection was performed through a self-administered electronic questionnaire. 

Spastic cerebral palsy cases, aged between 4 and 12 years, from both genders were 

eligible to be included in this study if they were admitted as an inpatient. 35 children 

participated in this study. The Gross Motor Functional Measurement score of the 

included cases was between three and five, the modified Ashworth scale assessment 

used for the spasticity in all the joint and cerebral palsy quality of life assessment to 

measure the quality of live Each included case was surveyed at three estimation 

interims: on day one, after two weeks and after four weeks from the beginning 

postural management intervention utilizing proper wheelchair according to the World 

Health Organization protocol. Repeated measures ANOVA were utilized to compare 

the scores. The mean age of the subjects was 8.0 ± 2.7 years. Around half of the study 

subjects were provided with World Health Organization standard wheelchair type 

after proper assessment of their postural management needs, 34.3% were provided 

with active wheelchair type and 20.0% with pushchairs type. Postural management 

using a proper wheelchair was associated with a statistically significant bilateral 

reduction in Modified Ashworth scale score between the baseline, after two weeks and 

after 4 weeks of intervention in the shoulder, elbow, wrist and hip joints (p-value 

<0.001). The Gross Motor Functional Measurement score decreased significantly 

between the baseline, after two weeks and after four weeks of postural management 

using proper wheelchairs (p-value <0.001). The overall mean Quality of Life score 

increased from 3083.9 ±206.6 on the baseline to 3355.3±197.9 after two weeks to 

3538.6 ±186.9 after four weeks of postural management (p-value <0.001). Postural 

management using a proper wheelchair has led to statistically significant improvement 

in the spasticity score, motor functional score and the total score of quality of life of 

spastic cerebral palsy children and this improvement was more prominent in the social 

wellbeing, function, physical health, emotional wellbeing and access to services. The 

results of this study can be used to highlight the benefits of proper selection of 

wheelchairs for this extremely vulnerable group. They can be used to increase 

awareness regarding the postural management and paediatric rehabilitation services, 

as well as increasing the visibility of physiotherapy and occupational therapy potential 

benefits. 
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CHAPTER 1   

INTRODUCTION 

1.1 Introduction 

Cerebral Palsy (CP) is the most common childhood disability. It was estimated that 

the global prevalence of CP is 2.1 per one thousand live births (Oskoui et al., 2013). 

Early description for CP goes back to Hippocrates writings (Panteliadis & Vassilyadi, 

2018). However, due to the complex and multifactorial nature of CP, a formal 

description did not appear in the literature before the eighteenth century. William little 

was the first scientist to describe CP as a neuro-developmental illness formally. 

Meanwhile, the etiological and clinical course of CP was not properly investigated 

until the twentieth century (Korzeniewski et al., 2018; Michael-Asalu et al., 2019).  

The majority of the Paediatric populations are born ‘straight’ and most will maintain 

this symmetry throughout their life. The actions of movement and daily living will 

ensure that the opposing muscle groups of the skeleton remain in equilibrium and 

‘neutral’ in relation to postural instability. As a person loses their ability to move 

around freely, the likelihood of medical problems arising will increase. Not only will 

the muscle groups fail to remain ‘balanced’, but gravity will act with (and amplify) the 

weaknesses. A severe inability to move and reposition oneself is likely to dramatically 

increase asymmetry of the body, causing greater pressure in the skin where it comes 

into contact with any support surfaces – either a bed or seat. Increasing postural 

deformity will cause additional medical problems such as losses of lung, bowel & 

bladder function, joint pain, ability to communicate etc. These additional ‘costs’ (to 

both the client and the State) can be reduced through early intervention (through the 



 

 2 

 

provision of suitable equipment and therapy) to counter the destructive tendencies and 

to delay or minimise the onset of the medical conditions. They will allow the person to 

interact with their world to the best of their ability. 

The prescription of the correct wheelchair for a posturally compromised patient is a 

process that must be followed and will taie significantly longer than just ‘issuing’ a 

wheelchair. The needs of each client (and those of their family/support) will be varied 

and should be met if they are to use the equipment as intended and to benefit from its 

purpose.  

Postural management and rehabilitation services play a major role in the management 

of CP cases, especially in cases with severe disability (McDonald & Surtees, 2007; 

Vekerdy, 2007). The purpose of this chapter is to present a brief background about 

cerebral palsy and the implications of postural management to demonstrate the 

problem statement, objectives and significance of this research. 

In 200A, a global conference defined cerebral palsy as “a collection of permanent 

conditions of the development of posture and movement, leading to activity restriction 

that is related to non-progressive disorders that took place in the developing fetal or 

infant brain. The motor conditions of cerebral palsy are frequently associated with 

disorders of cognition, perception, sensation, behaviour and communication, 

secondary musculosieletal illnesses and epilepsy” (Graham et al., 2016; Michael-

Asalu et al., 2019). Several methods were used to classify cerebral palsy. However, 

the most common and most straightforward classifications are according to muscle 

spasticity, were the main two categories are spastic and nonspastic cerebral palsy. 

Another standard classification for cerebral palsy is spastic, dystonic, and ataxic 
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cerebral palsy (Himmelmann, 2013). The most common type of CP is spastic CP. 

Spastic CP affects about 75% of people with CP (Schmidt et al., 2020, p. 1). 

Meanwhile, the functional classification of paediatric cerebral palsy usually depends 

on the Gross Motor Function Classification System (GMFCS). The least affected 

motor function CP cases are considered class I according to the GMFCS classification 

while the most affected motor function cases are considered class V according to the 

GMFCS classification (Michael-Asalu et al., 2019). Lastly, the topography is also 

used to classify CP where hemiplegia, diplopia and quadriplegia are the most common 

CP topographic classifications (Korzeniewski et al., 2018; Michael-Asalu et al., 

2019). Each of these classification systems aids with the clinical diagnosis and 

management process of CP cases (Smithers-Sheedy et al., 2014). Usually, the 

management of CP is a multidisciplinary and long-term management process that 

involves patients, families, physicians, nurses, physiotherapists, occupational 

therapists and other disciplines (Gulati & Sondhi, 2018). 

1.2 Etiology of Cerebral Palsy 

Researchers suggest that cerebral palsy has multiple and probably interacting 

etiological factors (Vitrikas et al., 2020). Recently, several studies examined the 

association between genetic factors and CP (Fahey et al., 2017; MacLennan et al., 

2015). However, some of the well-studied etiological factors for CP are the low-birth-

weight and pre-term birth (Himmelmann, 2013), yet some published studies reported a 

variation in CP etiological factors between developed and developing countries. For 

example, hyperbilirubinemia and neonatal infections are still common etiological 

factors for CP in developing countries. At the same time, the surge in IVF (full form) 

services increased the rate of multiple gestations and preterm birth in developed 
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countries and these are two known etiological factors for CP (Graham et al., 2016; 

Gulati & Sondhi, 2018). Historically, brain asphyxia was the only linked etiological 

factor with CP but researchers identified several other factors in recent decades, such 

as socioeconomic factors, inflammatory factors, respiratory distress syndrome (RDS) 

and postnatal trauma-related factors (Longo & Hankins, 2009; Marret et al., 2013).  

1.3 Screening, Prevention and Diagnosis of Cerebral Palsy 

The clinical screening was the only tool for cerebral palsy in the past. Nowadays, with 

the advancements in medical imaging technologies, screening relies on both clinical 

assessment and imaging screening (Wimalasundera & Stevenson, 2016). Magnetic 

resonance imaging (MRI) and neonatal ultrasound imaging have become routine 

screening tools for cases with suspected cerebral palsy (Korzeniewski et al., 2018). It 

is recommended to screen any paediatric case with developmental motor delays or 

with known risk factors and signs or symptoms of cerebral palsy as soon as the 

condition is suspected (Gulati & Sondhi, 2018). A previous study has shown that 

parents prefer to know their children's diagnosis as soon as possible so they can start 

the preparation for the rehabilitation services and help their children early on in their 

critical development process (Michael-Asalu et al., 2019). 

Clinical research has identified several prevention methods for CP (Ellery et al., 

2018). One of these methods is decreasing the body temperature of preterm neonates. 

It was hypothesized that the decreasing body temperature would reduce the harmful 

effects of the inflammatory process on the brain, and consequently, this would reduce 

the possibility of developing CP (Korzeniewski et al., 2018). Another prevention 

method is the administration of Magnesium sulphate in mothers suffering from 

preeclampsia. Magnesium sulphate might reduce the need for preterm birth and 
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therefore decrease the risk for developing CP (Fahey et al., 2017). Also, effective 

hyperbilirubinemia and neonatal infection management were also linked with the 

prevention of CP, especially in developed countries with advanced health care 

services (Graham et al., 2016; O’Shea, 2008). 

Meanwhile, the diagnosis process of CP is considered as one of the well-known 

challenges that face health care works all over the world. It is hard to reach a 

definitive diagnosis of CP before the age of four years and this is considered a late 

diagnosis when compared with other causes of childhood disabilities (Smithers-

Sheedy et al., 2014). Also, the heterogeneity and broad spectrum of presentation are 

two other complication factors for CP diagnosis (Byrne et al., 2017). However, the 

American Academy of Neurology (AAN) has produced a series of evidence-based 

guidelines and recommendations for early and accurate CP diagnosis, which depends 

on both clinical assessment and advanced imaging techniques (Ashwal et al., 2004; 

Whelan & Delgado, 2010).  

1.4 Prevalence of Cerebral Palsy 

An extensive systematic review estimated the global prevalence of cerebral palsy to be 

2.1 per 1000 births (Oskoui et al., 2013). Other reports estimated CP prevalence to 

range between 1 and 3 CP cases per 100 live births (Graham et al., 2016). Despite the 

advances in medical, maternal and neonatal care, it seems that the CP prevalence is 

not changing over time. A possible explanation for this static prevalence of CP could 

be increased IVF services with their associated risks for CP (Himmelmann, 2013).  

In the Middle East region, a previous population study estimated a 3.6 prevalence of 

CP in Egypt (El-Tallawy et al., 2014). Meanwhile, Serdaroğlu and colleagues reported 
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a 4.4 case or % prevalence in Turiey per 1000 live births (Serdaroğlu et al., 2006), 

while Ibrahim & Bhutta (2013) reported a 1.1 prevalence per 1000 live birth in 

Pakistan. In addition, Al Salloum et al. (2011) reported a 2.3 per 1000 live birth 

prevalence of CP in Saudi Arabia. The high prevalence of CP in Saudi Arabia is in 

line with other countries in the Middle East region and partially this could be 

explained by the high level of consanguineous marriage and its associated hereditary 

disease in addition to early maternal age (Al Salloum et al., 2011; el Rifai et al., 

1984). It is worth mentioning that there are some contradicting reports about the 

association of CP prevalence with several ethnic and demographic factors, where 

scientists suspect that Latino and Afro-American ethnicities are associated with higher 

CP prevalence. However, this could be linked with the socioeconomic factors more 

than the ethnic factors (McManus et al., 2011; Oskoui et al., 2013, p. 1; Van Naarden 

Braun et al., 2016).  

1.5 Cerebral Palsy Comorbidities 

There is a strong association between cerebral palsy and several associated 

comorbidities. For instance, one-quarter of cerebral palsy cases suffer from epilepsy 

(Michael-Asalu et al., 2019). Bearden et al. (2016) reported that half of CP cases have 

a visual impairment, 16% have an auditory disability, and cognitive disabilities are 

also a common comorbidity among CP cases (Bearden et al., 2016).  

1.6 Management of Cerebral Palsy 

The management plan of cerebral palsy requires a multidisciplinary team and it needs 

to prioritize the family’s needs and expectations (Schmidt et al., 2020). 

Physiotherapists play a major role in this management process and referral for 
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physical therapy usually happens as soon as a CP case is diagnosed or suspected in 

order to maintain or to improve the motor function of CP cases (Graham et al., 2016). 

Recently, occupational therapists are also being involved in CP management to 

provide the patients with tailored functions according to their needs (Chikwanha et al., 

2015). Studies have shown that improving the motor function and muscular strengths 

alone do not necessarily mean better function so occupational therapy services aim to 

cover this gap between function and motor function improvement (Chikwanha et al., 

2015; Kruijsen-Terpstra et al., 2014). In addition, respiratory complications are a 

common cause of morbidity and mortality in CP. The focus on improving or 

maintaining the respiratory function is a major role for the nursing, physiotherapy and 

clinical team in general (Gulati & Sondhi, 2018). Postural management has a 

substantial contribution to both motor function and respiratory care for CP cases. 

Several studies revealed that postural management significantly decreases CP 

complications, especially in cases with severe gross motor dysfunction (Gmelig 

Meyling et al., 2018; Ravi et al., 2017). In summary, management of CP focuses on 

complications and comorbidities prevention, improving motor, cognitive and social 

functions of CP cases, and providing them with better quality of life (Michael-Asalu et 

al., 2019).  

1.7 Consequences of Cerebral Palsy 

Nowadays, CP cases have a similar life expectancy to the general population, 

especially in countries with advanced health and rehabilitation services (Hutton, 

2006). However, CP condition is associated with some negative health consequences, 

such as pressure ulcers, which could be caused by inappropriate wheelchairs, vertebral 

complications with a reduction in respiratory volume, high rate of hip dislocation, and 
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severe chronic pain as a result of muscular spasticity, bone deformities and other 

complications (Alkhateeb et al., 2019; Ekiz et al., 2017; Schmidt et al., 2020). 

According to previous quality of life assessments, both families and patients living 

with CP rated the pain as the main negative consequence of CP that deteriorates the 

quality of life significantly (Blackman et al., 2018). Health economic studies revealed 

that each case of CP costs around a million dollars in health care and rehabilitation 

services in addition to the cost of lost productivity from CP cases and their caregivers 

(Korzeniewski et al., 2018).  

1.8 Wheelchair Specifications  

Child’s Pushchair a child or small person who is unable to independently propel may 

benefit from a one-piece seat mounted into a folding chassis with tilting capability. 

This will allow the parent to reposition the child during the day for various activities. 

The seat unit can be easily removed by a quick-release mechanism and the chassis 

folded for transportation in a vehicle. The World Health Organization (WHO, 2007) 

Active Wheelchair If the patient (child or adult) has good upper limb dexterity, a 

light-weight wheelchair that is easily propelled may be beneficial. It can encourage 

independence and be configured so that it is safe but easily pushed by the user. This 

dynamic balance can be altered as they progress through their rehabilitation. Suitable 

for patients with spinal cord issues - either through genetic or physical damage. Most 

likely to have a separate seat and backrest configuration. The World Health 

Organization (WHO, 2007) 

General Issue Wheelchair A folding wheelchair can form a good base for seating, 

where the user is able to maintain a fixed position for a set period. These chairs come 
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in many sizes/ configurations, so can be selected to meet the aims of the user or the 

family. The seating will either be seat cushion with separate backrest or a one piece 

seat unit. Either system will be removable via the quick-release interface. The World 

Health Organization (WHO, 2007) 

Tilt-In-Space Wheelchair Where the patient has compromised independence and 

remains seated for long periods of time, Tilt-In-Space allows them to be re-positioned 

regularly to reduce sitting pressure or aid functional activities. Generally, can only be 

transported as a complete unit in an adapted vehicle. Suitable for patients having 

suffered TBI, stroke or high level spinal injury. The World Health Organization 

(WHO, 2007) 

Electrically Powered Wheelchairs An electrically powered wheelchair will provide 

a client who has the mental (but not the physical) capacity, to be independent. The 

base can be prescribed to meet the needs of the user and varies from a light-weight 

unit (mainly for indoor use) through to a heavy-duty model for outdoor mobility. Any 

seating can be attached to the base through the correct interface system - either quick-

releasing or permanently attached. Powered seat positioning can be prescribed to aid 

the user’s daily activities and increase their time in the seat. Additional/specialist 

controls allow the most restricted physical movements of the user to drive the 

wheelchair safely and can be configured to integrate with external technology - phone, 

tablet, TV etc. The use of a quick-release interface allows the seating to be swapped 

between several wheelbases where there are different requirements on different sites. 

The World Health Organization (WHO, 2007) 



 

 10 

 

1.9 Problem Statement 

Saudi Arabia, especially in peripheral areas, lacks accessible rehabilitation centres for 

people living with disabilities (Mohamed Madi et al., 2019). Furthermore, previous 

studies showed that there is a high stigma level towards families of children with CP 

and a high prevalence of malnutrition among Saudi CP children (Almuneef et al., 

2019; Soliman et al., 2019). A 2012 published article revealed that mothers of CP 

cases reported high denial levels of their children diagnosed with CP and this could 

impact their level of care and the quality of life (Madi et al., 2012). 

Cerebral palsy, a persistent, non-progressive disorder of movement and posture, 

remains a common global cause of paediatric morbidity despite the technological 

advances in neonatal intensive care and improved maternal care over the last two 

decades (Arpino et al., 1999). According to Abulsalam’s study, cerebral palsy is a 

common cause of disability in Saudi children (Abulsalam, 1997). 

cased on a recent report by Saudi Arabia’s General Authority for Statistics (GAS), the 

prevalence rate of disability among the Saudi population is 33 per 1,000 (The General 

Authority for Statistics, 2010). CP incidence in Saudi Arabia is 0.41%. This is 

somehow considered as a high incidence rate when compared with other countries 

(Al-Asmari et al., 2006). Consanguineous marriage and early motherhood (< 18 years 

old mothers) are still common practices in Saudi Arabia and they could explain the 

high incidence rate of CP between live births (al-Rajeh et al., 1991; Norell et al., 

1987). CP cases are sometimes treated in centres that provide care according to 

traditional or out of date methods. These centres also provide special equipment and 

chairs for better positions. However, CP children are not typically provided with 

appropriate wheelchairs, which do not suit their condition. Therefore, CP children do 
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not receive proper sittings and positions care according to their clinical conditions. 

Thus, the typical traditional treatment could deteriorate the child's health condition. 

According to Zaky et al., better CP treatment results were achieved when CP cases 

were provided with standardized treatment methods rather than treatment by 

traditional CP centres (Zaky et al., 2019).  

Sultan Bin Abdulaziz Humanitarian City (SBAHC) in Riyadh, Saudi Arabia, is one of 

the care centers for CP patients. It provides CP children with rehabilitation and health 

care services according to proper evidence-based medicine and in accordance with 

scientific protocols. Service duration for CP cases depends on the clinical condition of 

each case. Saudi nationality is the most common one among paediatric patients, 

making 96.8% of the total population. Around one-quarter of the cases were referred 

from Riyadh and three quarters from outside Riyadh. The average length of stay in the 

Paediatric Specialty Program is approximately one month (SBAHC, 2020).  

Table 1.1   ScAts Indicators and Statistics  

Admission 

Program Surgical Paediatric  Spinal cord 

injury 

Stroke Brain 

injury 

Amputee Medical Adult 

Others 

Total 

2018 2202 1677 562 546 370 75 13 641 6220 

  

Paediatric Admission 

Paediatrics Female Males Total  ALOS* (Days) 

Number  694 983 1677 31 

Percentage (%)  41.4 % 58.6% 100%  

 

  Readmission 

Admission 6220 Paediatrics admission 1677 

Readmission 2606 Paediatrics Readmission 308 

Percentage 42.0 % Percentage 37.1% 

* ALOS is Average length of stay Source: (SBAHC, 2018) 
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Saudi nationality is the most common nationality among paediatric patients making 

96.8% of total population in 2018. In 2018, 26.9% of the cases were referred from 

Riyadh and 70.2% from outside Riyadh. The average length of stay in the Paediatric 

Specialty Program increased by 8% from 28.9 days in the year 2017 to be 31.2 days in 

2018 (1680 cases). Total number of admissions was 6220, out of which 2606 patients 

(42%) were readmitted, which is double the target (20%). The highest share of 

readmissions within 6 months was in the paediatric program 308 cases (37.1% of 

readmissions within 6 months in 2018) (SBAHC, 2018). 

Spastic cerebral palsy is associated with several motor and respiratory dysfunctions 

that could be managed with postural management using proper wheelchairs (Vekerdy, 

2007). The effect of postural management using proper wheelchairs on paediatric 

cases with cerebral palsy was not investigated before in Saudi Arabia or the Middle 

East region. The current study measured the effect of postural management using 

proper wheelchairs in children with spasticity cerebral palsy. 

1.10 Research questions  

The current study aims to answer the following questions: 

● What is the effect of postural management with proper wheelchair on spasticity 

in children with cerebral palsy? 

● What is the effect of postural management with proper wheelchair on gross 

motor function in children with spasticity cerebral palsy? 

● What is the effect of postural management with proper wheelchair on quality of 

life in children with spasticity cerebral palsy? 
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1.11 Research Objectives 

The objectives of the current study are  

1. To measure the effect of postural management using proper wheelchair 

selection on spasticity of children with spastic cerebral palsy, 

2. To investigate the effect postural management using proper wheelchair 

selection on gross motor function of children with spastic cerebral palsy and 

3. To determine the effect of postural management using proper wheelchair 

selection on the quality of life of children with spastic cerebral palsy. 

1.12 Research Hypothesis 

Proper selection of wheelchairs in postural management of cerebral palsy will reduce 

spasticity, improve gross motor function, and improve quality of life of children with 

spastic cerebral palsy. 

1.13 Operational Definitions 

1.13.1 Cerebral Palsy  

Cerebral Palsy is a group of permanent disorders of the development of posture and 

movement, causing activity limitations that are attributed to non-progressive 

disturbances that occurred in the developing infant or fetal brain (te Velde et al., 

2019). 
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1.13.2 Spasticity  

Spasticity is established by an increased stretch reflex that is strengthened with 

movement velocity. Spasticity in cerebral palsy, also sometimes called as a pyramidal 

motor disorder, is described by pathological reflex activation or/and hypertonia (Bar-

On et al., 2015). 

1.13.3 Cerebral Palsy Quality of Life 

Quality of life is the overall general well-being that comprises objective descriptions 

and subjective evaluations of social, material, physical, and emotional well-being 

together with the extent of purposeful activity and personal development, all examined 

by a personal set of values (Karimi & Brazier, 2016). Cerebral palsy quality of life is 

the well-being across several broad areas; it has become the main treatment objective 

between cerebral palsy cases (Aran, 2010). 

1.13.4 Modified Ashworth Scale for Spasticity (MAS) 

MAS is an ordinal measurement scale used for grading the muscle resistance 

encountered during passive muscle movement, ranging from zero score (indicating 

normal muscle tone) up to four scores (indicating limb rigidity in extension or flexion) 

(Germanotta et al., 2020). 

1.13.5 Postural Management  

Postural management is a planned clinical management approach, including all 

treatment interventions and activities that impact a person’s function and posture 

(Gough, 2009). 
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1.13.6 Proper Wheelchair  

Proper wheelchair is a wheelchair that meets a person’s needs and environmental 

situation, provides adequate postural support and fit, is available in the country, 

durable and safe, can be obtained and maintained and support services sustained in the 

country at a tolerable price range (Khasnabis et al., 2013). 

1.14 Significance of the Study 

All paediatric cerebral palsy interventions aim to improve the quality of life of 

patients and their families, improve their daily functions, and reduce the risk for 

comorbidities and complications (Gulati & Sondhi, 2018). Postural management by 

using a proper wheelchair in spastic cerebral palsy cases is a curtail part of 

physiotherapist interventions. Despite that, to the best of our knowledge, the effect of 

this postural management was not examined before. Surgical and pharmaceutical 

interventions sometimes do not yield better outcomes for cerebral palsy cases. 

Therefore, it is of utmost essential to evaluate the effect of any pediatric cerebral palsy 

intervention (Holmes et al., 2003). Identifying the effects of postural management by 

using a proper wheelchair in spastic cerebral palsy cases would provide health care 

workers and parents with proper evidence to proceed or avoid this type of 

rehabilitation intervention. Health care workers, caregivers and even patients are 

actively seeking evidence-based interventions that could benefit cerebral palsy cases, 

especially those living with severe disability (Colver et al., 2014; McDonald & 

Surtees, 2007). This study aims to provide evidence-based recommendations for 

physiotherapists regarding postural management by selecting a proper wheelchair in 

spastic pediatric cerebral palsy cases. 
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CHAPTER 2  
 

LITERATURE REVIEW 

2.1 Cerebral Palsy  

Cerebral Palsy is a term that describes a heterogeneous group of motor and cognitive 

disabilities that is not progressive in nature, but the disability and its associated 

comorbidities could become progressive with age (Korzeniewski et al., 2018; Oskoui 

et al., 2013). The scientific literature is full of articles and studies that describe 

surgical, physiotherapy and medication interventions aiming to improve the quality of 

life of people living with cerebral palsy (Michael-Asalu et al., 2019). Postural 

management has become one of the keystones of intervention that could lead to better 

health outcomes for children living with cerebral palsy (Pérez-de la Cruz, 2017). In 

the end, the ultimate goal of all clinical interventions is to improve the quality of life 

of children living with cerebral palsy and their families’ quality of life, as well as 

increase their societal productivity (Novak et al., 2013). Before considering the 

implementation of the current postural management protocol, a compressive literature 

review was conducted regarding postural management of cerebral palsy with the aim 

to build on currently known interventions and enhance the outcome, especially in the 

Middle Eastern context. The main goal of this literature review is to summarise the 

current literature regarding paediatric cerebral palsy postural interventions and to 

identify gaps in the scientific literature.  
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2.2 Spastic Cerebral Palsy  

Recently in 2018, IAB-Interdisciplinary Working Group for Movement Disorders 

defined spasticity in a broader sense as “involuntary muscle hyperactivity in the 

presence of central paresis”. In this definition, the ‘involuntary muscle hyperactivity’ 

has been described as a spectrum consisting of ‘Spasticity Sensu Strictu’ triggered by 

rapid passive joint movements, ‘rigidity’ triggered by slow passive joint movements, 

‘dystonia’ when the involuntary muscle hyperactivity is spontaneous and ‘spasms’ 

triggered by sensory or acoustic stimuli. The group has also proposed axis-based 

approach to spasticity—clinical description (axis 1), etiology (axis 2), localization 

(axis 3) and additional central nervous system deficits (axis 4). Severity of the muscle 

hyperactivity can be described by the Modified Ashworth Scale, Tardieu Scale and 

Frequency of Spasms Score. 

Spasticity can be classified as ‘phasic’ and ‘tonic’ based on the predominant 

involvement of either the phasic (dynamic) or tonic (static) components of muscle 

stretch reflexes. After spinal injury, ‘phasic’ spasticity with brisi stretch reflexes and 

clonus develops in patients who are ambulatory. towever, ‘tonic’ spasticity develops 

in non-ambulatory patients, demonstrated by passive stretch at ankle and vibratory 

tonic reflex testing. 

Tone is maintained by complex interplay of spinal and supraspinal mechanisms, 

disruptions of which lead to spasticity and rigidity. Altered tone can, however, be seen 

in dystonia and paratonia, disorders resulting due to network dysfunction, abnormal 

sensorimotor integration, and disinhibition in the brain and spinal cord. In a clinical 

scenario of hypertonia, differentiating these four disorders is of the utmost importance 

from pathophysiological and therapeutic perspectives. 
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Spasticity in children can result from any disease process that affects the upper motor 

neuron within the central nervous system. Injury to the upper motor neuron decreases 

cortical input to the descending reticulospinal and corticospinal tracts, which causes 

weakness, loss of motor control, and reduction in the number of voluntarily active 

motor units. 

2.3 Postural Management  

Postural management is a vital intervention in the care plan of paediatric CP cases 

with spasticity and in CP cases at risk for vertebral defects or at risk for hip 

displacement (Vekerdy, 2007). The main objective of postural management is to 

reduce the disability of CP cases and improve their functions (Vekerdy, 2007). Many 

CP cases are not provided with proper wheelchairs or the patients and caregivers were 

not appropriately and sufficiently trained on the optimal use for the wheelchair. 

Therefore, there is a high rate of wheelchair abandonment among cases with severe 

CP disabilities (Toro et al., 2015). The World Health Organization (WHO) created a 

detailed guide for wheelchair assessment and training that facilitates the process of 

selecting appropriate wheelchairs for CP cases and it is adapted to the needs of 

countries with limited resources (Khasnabis et al., 2013). There is a clear need for 

proper postural management of CP cases using proper wheelchairs because 

wheelchairs could provide the patients with the needed support to the vertebra, trunk 

and neck. Moreover, proper wheelchairs could facilitate the movement process of CP 

cases (Alkhateeb et al., 2019; Rodby-Bousquet & Hägglund, 2010). 

The definition of Cerebral Palsy (CP) can be described as motor impairment, global 

physical and mental dysfunction. It affects a person’s capability to move, maintain 

balance and posture. The United Cerebral Palsy Foundation estimated, in 2001, that 
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764,000 children and adults in the USA were diagnosed with cerebral palsy. 

Additionally, it was estimated that 8,000 newborns and toddlers, as well as around 

1,300 preschool-age children, are diagnosed with CP yearly in the US (Taylor, 2005). 

Worldwide, the prevalence of CP is 2-3 cases for every 1,000 births (Wimalasundera 

& Stevenson, 2016). 

“serebral Palsy” was defined by a clinical description in a time when there was a laci 

of full understanding in relation to aetiology and pathology. Mutch and his co-workers   

published a description in 1990 and several registers have since embraced it. To better 

define the intricacy of CP, Rosenbaum et al., in 2007, further described CP by the 

repeatedly associated impairments (Mutch et al., 1992). 

CP is a neurologic disorder that is caused by a brain injury, which occurs afore 

cerebral development completion. As the brain remains in development through the 

first two years of life, CP can be the outcome of a brain injury that happens during the 

prenatal, perinatal, or postnatal periods (Bass, 1999). Neonatal CP risk factors include 

low birth weight, premature birth (less than 32 gestational weeks), trauma and 

intracranial haemorrhage. 

In about 10-20% of patients, CP occurs postpartum due to brain damage caused by 

hyperbilirubinemia, viral encephalitis, bacterial meningitis and falls, among others 

(Taylor, 2005). 

Measuring reflexes in children is very important. In children who do not have CP, the 

Moro reflex is seldom existent after 6 months and hand preference rarely develops 

earlier than 12 months of age. However, it may happen if spastic hemiplegia is 

present. Progressive hereditary neurologic or metabolic disorders need to be 

eradicated as the cause of observed abnormalities (Taylor, 2005). 
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Since CP is defined by clinical description, a more extended period of time helps 

confirm that the condition satisfies the criteria for CP and in describing precisely the 

type and topography of the motor damage. As the clinical description changes, spastic 

and dyskinesia characters become evident with time (Smithers-Sheedy et al., 2014). 

CP is categorized into three types: spastic, ataxic and dyskinetic. The most ordinary 

motor disability in CP is spasticity. Patients with muscle spasticity in CP cases could 

improve with age, stay the same or worsen (Mohammed et al., 2016). Spasticity is 

usually associated with muscular hypotonia in infants with CP (Bar-On et al., 2015). 

There are treatments for spasticity in CP cases that may improve life quality, impede 

complications (or delay them) and improve muscular movement (Multani et al., 2019). 

The Ashworth scale is utilized to measure spasticity and muscle tone, and it is the 

most commonly used to measure muscle spasticity. Developed in the 60s and 

improved in the 80s, the scale measures muscle tone in clinical settings with no need 

for other equipment (Meseguer-Henarejos et al., 2018). The score ranges from 0-4, 0 

representing no increase in muscle tones and 4 indicating full rigidity. It could be 

useful for cases with upper motor neuron lesions, as well as CP cases. Depending on 

the Ashworth scale score, the efficiency of interventions may be assessed and 

observed (Meseguer-Henarejos et al., 2018).  

CP could negatively impact the quality of life for both paediatric cases and their 

caregivers through numerous factors that are linked to wellbeing, such as the level of 

disability, the occurrence of complications and socioeconomic factors, among others 

(Mohammed et al., 2016).  

Quality of life is the individual’s awareness of their own wellbeing, which involves 

the perception of relationships, health and materialistic possessions, as well as 
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personal fulfillment, exchanges with others in work, family and the general 

community. It can be measured by self-reporting questionnaires (Mohammed et al., 

2016). One of the main issues that could affect the quality of life of CP patients is 

postural management (Gough, 2009). 

2.4 Cerebral Palsy Quality of Life 

The quality of life of paediatric CP cases and their parents has become the main focus 

of several research studies in the last decade (Gilson et al., 2014; Power et al., 2018). 

Recent studies reported quality of life of children living with CP similar or 

comparable to their general population peers. This could indicate the effect of CP on 

children's perception of the quality of life is not that much affected by their CP 

condition. On the other hand, the QoL of the parents is lower than the general 

population. The pain of CP children was one of the main factors that were associated 

with significantly lower quality of life of caregivers of cerebral palsy patients (Glinac 

et al., 2017; Michael-Asalu et al., 2019). On the other hand, Gilson et al. (2014) 

reported that the severity of CP disability was not significantly associated with quality 

of life. 

2.5 Risk Factors of Improper Wheelchair Use  

Improper wheelchair use in CP cases is associated with pressure ulcer risk, hip pain 

risk and falling down risk (Hodgkinson et al., 2001; Newman et al., 2010). For 

example, Newman and researchers. reported a high prevalence of skin injuries among 

wheelchair dependant CP cases (Newman et al., 2010). Similarly, Alkhateeb et al. 

(2019) associated prolonged seating in the wheelchair with pain in cerebral palsy 

cases. 
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2.6 Postural Management of Cerebral Palsy Cases 

A postural management program is a comprehensive, designed intervention involving 

all activities that affect the individual’s posture and function. These programs are 

personalized particularly for each child and could incorporate special seating 

techniques, standing supports, exercising, surgical interventions and individual 

therapy sessions (Gericke, 2006). 

Postural management through the use of wheelchairs aids to avoid joint contractures 

and developing asymmetrical deformity in other body parts. For instance, spinal 

scoliosis, which could affect respiratory and cardiac function, may require postural 

management for the trunk to help control the spinal rotation of the knee and ankle 

contractures, which changes the ability to transfer weight.  

In 2006, Gericke et al. devised a guideline for postural management, aiming to prevent 

these complications (Gericke, 2006). Postural management programs designed 

specifically for each case. These programs, which aim to increase the children’s 

comfort, are effective for cases with bilateral CP in facilitating communication, aiding 

their functional skills and enhancing social participation. The nature of the postural 

intervention, while reliant on the individual’s conditions, can be guided by a child’s 

level of function, according to the Gross Motor Function Classification System 

(GMFCS). Children in GMFCS groups IV-V are encouraged to start postural 

management programs. Paediatric cases with a motor disorder at GMFCS level III 

need postural management programs that emphasize postural activity from an early 

age. Close surveillance should be maintained to develop postural or positional 

deformity to soft tissues and bony structures. It is recommended that all children who 

cannot walk more than ten steps by the age of thirty months should have a hip X-ray 
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to measure the migration percentage of each hip, and this investigation should be done 

again every six to twelve months until the age of seven years, or when the additional 

deformity is less likely to occur. Spine X-rays should be considered for all children in 

GMFCS groups V and IV who are unable to stand by the age of five years, at five, and 

ten years as a minimum. Intervention to prevent deformity is provided as an integrated 

approach between postural management activity, equipment, and surgery. Decisions 

regarding which intervention is chosen should be based on a child’s clinical and 

functional activities, pain levels, sleep assessment, hip migration percentage, long-

term prognosis, and the implications of the interventions in social and emotional 

terms. 

Postural care and guidance are necessary to achieve the active understanding and 

participation of all individuals involved with the child, parents, professionals, 

wheelchair services and caregivers. Selecting a suitable wheelchair, appropriate 

training, maintenance and follow up are all needed and efficient postural management 

(Khasnabis et al., 2013).  

A prior study has revealed that 80% of CP cases did not use suitable wheelchairs for 

their conditions (Ekiz et al., 2017). The World Health Organization (WHO) developed 

wheelchair criteria and training programs that could show improvement and be 

incorporated in postural management. The table in (APPENDIX D) includes a 

summary of WHO wheelchair selection criteria for proper paediatric wheelchairs.  

The complex ankle and foot anatomy contribute directly to observed deformities.  

Four groups of muscles (invertors, evertors, dorsiflexors, and plantarflexors) act on 

the ankle–foot complex. Any isolated ankle movement is a net result of the combined 

activation of a group of target muscles, e.g., inversion occurs when dorsiflexors 
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(primarily the tibialis anterior muscle) and plantarflexors (primarily the tibialis 

posterior muscle) co-activate. In the presence of spasticity, stroke survivors have less 

control and isolated activation; activation is more diffuse and divergent. Therefore, a 

variety of ankle–foot deformities could be observed, depending on the severity of 

spasticity and weakness of individual muscles. 

2.7 Gaps in the Literature 

Based on this literature review, several gaps could be identified in the current 

literature. For example, most cerebral palsy postural management studies were 

observational ones with very small sample size (Martins et al., 2016). Also, studies on 

this subject are scarce in the Middle Eastern region and developing countries. In 

addition, cerebral palsy postural management studies focused more on the physical 

aspect of postural management more than the effect on the quality of life of CP 

patients and their families (Liu et al., 2014; Rodby-Bousquet & Hägglund, 2010). The 

effect of selecting a proper wheelchair according to WHO criteria on muscle spasticity 

of paediatric CP cases was not investigated before.  

2.8 Conceptual Framework 

The conceptual framework of the current interventional study is that providing 

paediatric CP cases with postural management using proper wheelchair selection, 

distribution and training would lead to better muscular spasticity and would enhance 

the quality of life of those patients. In addition, it was hypothesized that postural 

management using a proper wheelchair would lead to better gross motor outcome 

function during the study period (Figure 2.1). 
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Figure 2.1 Conceptual Framework 

 

 

2.9 Summary of Literature Review  

Postural management in cerebral palsy has become a cornerstone in any physical 

therapy intervention (Graham et al., 2016). In addition to the risk of wheelchair 

abandonment, CP cases with permanent use of a wheelchair are at higher risk for 

pressure ulcers, pain and risk of falling down when the wheelchair is improperly used 

(Toro et al., 2015). Most of the previous postural management studies were 
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observational studies and there is a gap in the literature about the efficacy of proper 

selection of the wheelchair according to the WHO criteria on muscular spasticity and 

the quality of life of paediatric spastic CP cases (Hatta et al., 2007). The theoretical 

concept of the current study is that a statistically significant positive effect of postural 

management will be detected after applying the study protocol on patients with spastic 

CP.  

There are many challenges facing people with disabilities in their communities, where 

they remain largely marginalized and often face basic and complex problems, such as 

poverty, unemployment, and their inability to resolve health issues that result in higher 

mortality levels, this group is largely dismissed from development projects in their 

communities, both civil and political (MOH, 2022). 

This segment of society has comprehensive rights, and the state has provided the 

means to support them in achieving their rights, as well as ensure a decent living and 

the ability to integrate into all aspects of society through rehabilitation and healthcare. 

Also, it provided them with all the means needed to live with their families, taking 

into account their needs and prioritizing them in all government sectors (MOH, 2022). 

People with disabilities are often denied employment, study, and full participation in 

society, which adversely affects their ability to meet their full potential and well-

being. The Convention on the Rights of Persons with Disabilities is a key convention 

in this regard, due to the fact that it provides a tool for ensuring that this category 

enjoys the same rights and opportunities as all other groups, with nearly a billion 

people with disabilities worldwide (MOH, 2022). 

This is an international human rights treaty designed by representatives of the 

international community, including persons with disabilities, government officials, 
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and nongovernmental groups. People with disabilities should be treated differently in 

their communities by changing how they perceive and perceive them (MOH, 2022). 

Disability is viewed as a human rights issue, rather than a medical issue, or a charity 

or dependency problem, according to the Convention. Access to buildings, the use of 

roads and transportation, and access to information through written and electronic 

communication are all examples of areas where obstacles can arise. It also aims to 

reduce the forms of discrimination that often prevent people with disabilities from 

accessing education, employment, health and other services (MOH, 2022). 

For the first time, there is now an international legally binding instrument to ensure 

that States that have ratified the treaty promote and protect the rights of persons with 

disabilities, as well as seeking to develop their own national civil rights legislation to 

improve the lives of persons with disabilities (MOH, 2022). 

The cooperation and participation of persons with disabilities in their communities has 

the greatest impact on the physical and psychological health and progress of persons 

with disabilities, and the provision of an active, participatory and more independent 

community member, rather than relying on others (MOH, 2022). 

Provide material and moral support for the equal participation of persons with 

disabilities. Countries should ensure development and support services, including 

assistive devices and technologies, to help persons with disabilities increase their level 

of independence in their daily lives.Training employees: Trainers and training 

opportunities should be created for staff, at all levels, in addition to involvement in 

planning and providing programs and services for persons with disabilities (MOH, 

2022).  
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CHAPTER 3  
 

 

METHODOLOGY 

This chapter describes the details of methods used to examine the effects of postural 

management using wheelchairs in children with spastic cerebral palsy in Saudi Arabia. 

It starts with describing the study design and settings including a full description of 

the targeted population with this intervention and its effects on their quality of life. 

After that, a complete description of measurement tools is described including the 

definitions of study variables. Lastly, this chapter demonstrates the ethical 

consideration in the current study and data analysis details.  

3.1 Research Design 

The design of the current study is quasi-experimental research for inpatient spastic 

CP. Usually, in clinical quasi-experimental studies, the association between dependent 

and independent variables is examined by standardized measurement tools in order to 

identify the effect of treatment intervention on the study subjects under controlled 

conditions (Waddington et al., 2017). The spasticity and quality of life were measured 

before, during and after the postural management protocol using a proper wheelchair. 

To achieve the objectives of the current study, a quantitative interventional study 

design was selected and all measurements were conducted according to the study 

protocol.  
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3.2 Study Location  

The current study was conducted at the Seating and position clinic in the 

Rehabilitation Services and program at Sultan Bin Abdulaziz Humanitarian City 

(SBAHC). SBAHC is one of the care centres for CP patients. It provides CP children 

with rehabilitation and health care services according to proper evidence-based 

medicine and in accordance with scientific protocols (Al-Owesie et al., 2012; F. M. 

Ibrahim, 2018; SBAHC, 2020). SBAHC is located in Riyadh the capital and principal 

city in the Kingdom of Saudi Arabia with a population estimate of eight million 

inhabitants (Alanazi et al., 2020). On average, 1,600 paediatric cases are admitted to 

SBAHC annually. Paediatric cases are almost equally distributed between the two 

genders and three-quarters of admitted cases are Riyadh city residents. In the last two 

years, the mean length of stay of admitted cases was 31 days.  

3.3 Sample Size and Sample Technique 

A previous interventional study regarding wheelchair and children with CP included 

72 participants (Lampe & Mitternacht, 2010). However, several other interventional 

studies on children with CP included 20 to 30 participants (Ekiz et al., 2017; Liu et al., 

2014). The sample size of the current study was calculated using G Power software 

(version 3.1.3). The following variables were used to calculate the minimum sample 

size: 
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Effect size f = 0.25 

α err prob h 0.0A 

Power (1-β err prob) = 0.80 

Number of groups = 1 

Number of measurements = 3 

Corr among rep measures = 0.5 

eonsphericity correction ε h 1 

Outputs of sample size calculation were  

eoncentrality parameter λ h 10.5 

Critical F = 3.17 

Numerator df = 2.0 

Denominator df = 54.0 

Total sample size = 28 

Actual power = 0.81 

Considering a 20% drop out 

28/0.8=35 participants 

 

 

Figure 3.1   Sample size salculation using G power  
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3.3.1 Sampling Population and Sample Selection  

Spasticity CP cases, aged between 4 and 12 years, from both genders were eligible to 

be included in this study if they were admitted as an inpatient to Sultan Bin Abdulaziz 

Humanitarian City. A non-random and non-blinding consecutive quasi-randomized 

sampling protocol was used based on workflow in the seating and position clinic. All 

CP subjects who fulfilled the inclusion criteria were asked to participate in the 

postural management using a proper wheelchair at their physiotherapy sessions in the 

seating and position clinic.  

3.4 Inclusion and Exclusion Criteria  

3.4.1 Inclusion Criteria  

● Spastic cerebral palsy;  

● Age between four and twelve years were included in the current study; 

● The gross motor functional measurement score (GMFMCS) of three to five; 

●  Admission or readmission to SBAHC with a stable medical condition. 

3.4.2 Exclusion Criteria  

● Nonspastic cerebral plastic cases;  

●  cases younger than 4 years or older than 12 years; 

● Any case with fixed or already fully established deformity;  
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● Moreover, any cases with a GMFM score less than three;  

● Cases that were medically unstable at the time of data collection such as cases 

with uncontrolled seizures, cases with uncontrolled cardiac disorders or cases 

with any other uncontrolled chronic illness;  

● In addition, ambulatory status and established Attention Deficit Hyperactivity 

Disorder (ADHD); 

● Finally, children whose parents did not sign the consent form or did not answer 

the questionnaire. 

3.5 Details of the Study Methods 

In order to understand the patient’s needs and the muscular sieletal forces that are 

acting within their body, a FULL investigation must be carried out. It is likely to last 

several hours and must look at: How they sit or interact with any current equipment 

The range of movement of all major joints, body parts, their ability to maintain or alter 

their posture. Their weight and pressure distribution whilst sitting and lying. Based on 

the analysis of the results - an optimum posture can be proposed and then tested to 

ensure the equilibrium of the bio-mechanical & musculoskeletal forces. It must ensure 

maximum contact with support surfaces and optimise weight bearing capabilities. All 

corrective forces required to reduce asymmetry should be identified and be tolerated 

by the patient. They should feel secure, have less pain and be comfortable in this 

suggested position. The selection of the equipment and the rationale behind the 

process will be written up to support the clinical process and allow outcomes to be 

measured.  
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During the patient admission process to the inpatient rehabilitation department, the 

parents will be invited to participate in the current study. A detailed face-to-face 

explanation was given to the parents of all eligible cases. All included cerebral palsy 

cases were recruited by a non-random consecutive sampling protocol and they were 

evaluated by repeated measures during their visits to the seating and position clinic. 

Each included case was tested and assessed at three measurement intervals: on day 

one, after two weeks and after four weeks from the initial postural management 

intervention using proper wheelchair according to the World Health Organization 

(WHO) protocol (Khasnabis et al., 2013) (Figure 3.1).  
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Figure 3.2  tata sollection llowchart 
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3.5.1 Postural Management Intervention  

Upon patient selection, demographic data and Gross Motor Function Classification 

System (GMFCS) were collected. Then, a comprehensive physiotherapy assessment 

was performed for each case to reach a diagnosis and select the appropriate 

wheelchair according to WHO criteria (Appendix D). After that, the parents or 

caregivers were educated about the proper positioning, safety transfer, methods to 

prevent pressure ulcers, adjustability of the wheelchair, and proper way of using the 

wheelchair (Table 3.1 and Figures). The caregivers were requested to attend 30 

minutes of educational sessions for five days per week. Each educational session was 

divided into 10 minutes of theoretical education and demonstration, 10 minutes of 

practical proper sitting training and 10 minutes of practical proper transfer training.  

Table s.1 sovered topics at caregiver’s postural management training  

Topic Included details 

Proper positioning The child needs to be positioned in the wheelchair as 

the function of the patient, the knees need to be bent a 

little more than neutral, the feet need to be in contact 

with the footplate, and the headrest should be put at 

the base of the head. 

Safety transfer Keeping the wheelchair as close as possible to where 

the caregiver is moving the child. Transfer on the 

trunk of the child first. Always keeping the 

wheelchair locked during the transfer and keeping the 

foot pedals out of the way 

Prevention of pressure ulcers Shifting the child weight in the wheelchair every 15 

to 20 minutes and hygiene measures for the child skin 

The adjustability of the 

wheelchair 

Adjusting the width, depth, length, back height, arms 

and footrest measures to fit the child current and 

future needs taking in consideration the growth needs 

The proper way of using the 

wheelchair 

Getting familiar with the wheelchair, using the 

breaks, movement of the wheelchair, and maintaining 

it 

Source: (United Nation World Tourism Organization, 2016) 
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Figure 3.3 Proper Positioning 
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Figure  s.4 Safety Transfer  

 

Figure  s.A  Prevention of Pressure Ulcers 
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 Figure  s.6  The Adjustability Of the  heelchair  

 

  Figure  s.7  The Proper  ay Of Using The  heelchair 
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3.5.2 Data collection tools 

At the baseline, after two weeks and after four weeks of postural management, a 

Modified Ashworth scale (MAS) physical assessment, a Cerebral Palsy Quality of 

Life (CPQOL) assessment, and Gross Motor Function Classification Scale (GMFC) 

assessment were performed for each included patient.  

3.5.2.1 Cerebral Palsy Quality of Life (CPQOL) 

The Cerebral Palsy Quality of Life (CPQOL) Questionnaire is a standardized 

measurement tool for the quality of life of children 4 – 12 years old with cerebral 

palsy that was developed by a multidisciplinary team of researchers across four 

countries: Australia, Scotland, Germany and the USA. The development phase of this 

tool involved children, caretakers, health providers and other stakeholders. The 

Australasian Academy of Cerebral Palsy and Developmental Medicine (AusACPDM) 

has made this measurement tool publicly and freely available for researchers all over 

the world. The AusACPDM restrictions were on amending, changing or translating 

this standardized questionnaire (Waters et al., 2013).  

The CPQOL for primary caregivers of children (4 – 12 years) is composed of 65 

questions distributed on seven domains. For each question, there are nine possible 

answers ranging from 1 (Very unhappy) to 9 (Very happy). The domains that were 

covered by this standardized questionnaire are feelings about functioning, 

participation and physical health, emotional wellbeing, social wellbeing, pain and 

impact of child’s disability, access to several types of services and family health 

(Appendix A).  
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The Arabic version of this questionnaire was administered in face-to-face interviews 

after a brief explanation about the purpose of the questionnaire and its methodology. 

After the interviews, the results were entered into a Microsoft Excel spread sheet. 

CPQOL scores were transferred into 100 points measurement scores in the following 

method: if the answer was 1 then the score becomes 0, for 2 it becomes 12.5, for 3 it 

becomes 25, for 4 it becomes 37.5, for 5 it becomes 50, for 6 it becomes 62.5, for 7 it 

becomes 75, for 8 it becomes 87.5, and for 9 it becomes 100 score (Waters et al., 

2013).  

Finally, the mean CPQOL score (ranging from 0 to 100) was calculated for each 

participant and it was compared between day 1, after 2 weeks, and after 4 weeks from 

providing them with the appropriate wheelchair and postural management. 

A 2017 published study concluded that the Arabic translated version of the CPQOL 

questionnaire was valid and reliable to use on an Egyptian population (El-Weshahi et 

al., 2017). The intraclass correlation for this translated measurement tool ranges from 

0.88 to 0.97 and Cronbach's alpha was higher than 0.7 for most of the domains (El-

Weshahi et al., 2017). 

3.5.2.2 Modified Ashworth scale (MAS) 

The Modified Ashworth Scale (MAS) is one of the most common measurement tools 

to assess muscular spasticity among researchers. It is considered the gold standard tool 

(Ghotbi et al., 2009). It was developed in the sixties and modified in the eighties by 

Bohannon and Smith to have more accurate and reliable muscular resistance 

measurements. It is an ordinal scale used for grading the muscle resistance 

encountered during passive muscle movement, ranging from zero scores (indicating 
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normal muscle tone) up to four scores (indicating limb rigid in extension or flexion). 

The modified scale included +1 to measure the minor increase in muscle tone, 

displayed by a catch, followed by the lowest resistance level throughout the remaining 

range of movement (Germanotta et al., 2020)  (Appendix B). 

In MAS spasticity is scored in the following manner: 0 scores is indicated when there 

is no increase in muscle tone, 1 score is indicated when there is a slight rise in muscle 

tone, revealed by a catch and release or by a minimal level of resistance at the end of 

the ROM (range of movement) when the examined part is moved in flexion or 

extension, 1+ score is indicated when there is a slight increase in muscle tone, shown 

by a catch, followed by minimal resistance all over the remainder (less than half) of 

the ROM, 2 scores is indicated when there is a more noticeable intensification in 

muscle tone through most of the ROM, but affected part(s) easily moved, 3 scores are 

indicated when there is a considerable increase in muscle tone – passive movement 

difficult, and 4 scores is indicated when the affected part(s) is rigid in flexion or 

extension (Abolhasani et al., 2012). It is applicable for children 6 to 12 years old and 

adults 18 to 64 years old (Abilitylab, 2016).  

The validity of the Modified Ashworth Scale was assessed in several published studies 

across several countries and it revealed a high validity of this scale (Meseguer-

Henarejos et al., 2018). A systematic review of 33 articles concluded that it has higher 

inter and intra reliability for upper limb tests than in lower limb tests. However, the 

reliability of this test is still high for both extremities. The reported intraclass 

correlation was 0.686 and 0.781 for the lower and upper limbs, respectively. In 

addition, reported kappa coefficients were 0.360 and 0.593 for lower and upper limb, 

respectively (Meseguer-Henarejos et al., 2018). 
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3.5.2.3 Gross Motor Function Classification System (GMFCS) 

The Gross Motor Function Classification System (GMFCS) was established and 

validated in the nineties to measure and classify children with cerebral palsy according 

to their motor abilities. It applies to all children with cerebral palsy despite the type or 

severity of their disability (Birth Injury Guide, 2015). It is a standardized tool that is 

used to communicate child ambulation severity between care providers and 

researchers. It ranges from 1 to 5 where five indicates more severity (Palisano et al., 

1997) Appendix C. 

After the age of six years, it is unlikely for a child with cerebral palsy to have a 

change in the GMFCS classification. Therefore, this tool could help with planning the 

mobility assistance that the child will require for a lifelong duration (Cerebral Palsy 

Alliance Research Foundation, 2018). In GMFCS, motor ability assessment differs 

according to the child’s age. There are four age groups to assess motor abilities: 1 to 2, 

2 to 4, 4 to 6, and 6 to 12 years. Based on motor function assessment for children aged 

6 to 12 years old, classification 1 means that the child is able to walk indoors and 

outdoors, and climb stairs without limitations, classification 2 means that the child 

walk indoors and outdoors, and climb stairs holding onto a rail, but facing some 

limitations walking on uneven planes and inclines, and walking in crowds or confined 

spaces, classification 3 means that the child can walk indoors or outdoors on a level 

surface with an assistive mobility device. Children may climb stairs holding onto a 

rail, classification 4 means than the child may maintain levels of function achieved 

before the age of 6 years or rely more on wheeled mobility at home, school, and in the 

community, and classification 5 means that physical disability limits voluntary control 

of movement and the ability to maintain antigravity head and trunk postures. All areas 
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of motor function are limited (Wood & Rosenbaum, 2000). A 2015 Jordanian study 

examined the validity and reliability of the Gross motor functional measurement 

assessment tool. The Arabic Gross Motor Classification measurement tool has high 

kappa coefficients between physiotherapists (0.080) (Almasri & Saleh, 2015). 

3.6 Ethical Considerations 

Written ethical approval was obtained from the UniSZA Human Research Ethics 

Committee (UHREC) Number UniSZA.C/2/UHREC/828-2HID2/81 and the SBAHC 

Ethics Committee Number 09-2019-IRP. A hard copy of a written, informed consent 

was collected from all caregivers of the included subjects in this study at the time of 

the data collection (Appendix D). It was mentioned in the consent form that the 

voluntary participation in the study or refusal to participate will not affect the 

management plan. The data collected in this study were anonymous and the filled out 

electronic questionnaires were stored securely and only the primary investigator had 

access to the data. The data will be safely deleted after three years of completion of 

the study. 

3.7 Data Analysis 

The anonymous data were numerically coded and cleaned in an Excel sheet 

(Microsoft Corp., Redmond, WA, USA). Then, Statistical Product and Service 

Solutions (SPSS) Statistics, Chicago, Illinois, USA) version 25 software was used for 

data analysis. The data normality of the data set was checked using Kolmogorov-

Smirnov normality test. The study variables were compared using t-test and ANOVA 

test to analyze these continuous variables. Data were interpreted as statistically 

significant when p-value < 0.05. Mean CP QOL and Modified Ashworth scores were 
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calculated for study participants to identify significant differences in mean scoresData 

collected and analyzed using SPSS version 22.0. The data checked for normality using 

Kolmogorov Simonov/shapiro wilk test.Descriptive statistics formulated and tabulated 

as mean and SD. Repeated measures of ANOVA used to analyse the time effect for all 

the variables analyzed once the assumptions are met 

3.8 Safety Protocol COVID-19 

As our study was done during COVID 10 we followed the Saudi ministry of health 

protocol and SBAHC protocol. As an employee in Sultan Bin Abdulaziz 

Humanitarian City and in line with the directives of the relevant authorities toward 

coexistence with covid-19 pandemic by applying social distancing and other 

precautionary measures inside and outside the City 

We are following the all infection prevention measures, Personal & Workplace 

Hygiene, Continuous hand hygiene (soap and water / alcohol based hand rub) 

especially after touching any surface, papers, tools, etc, eot to use other people’s 

personal belongings, such as mobile phones, laptops, pens, etc, Ensure the cleanliness 

of my workplace using surface disinfection wipes. (Phone, keyboard, table, etc) Social 

Distancing/Workplace Safety, Wearing face mask in all public areas inside or outside 

the City and when sharing the same room with another person, Wearing a surgical 

mask and all assigned PPEs when interacting with patients and while doing 

supervisory rounds, Not to visit other departments, sections, and offices that I am not 

supposed to visit as per my job duties, Not to attend face to face meetings and to 

attend virtually instead. (for example, using Microsoft teams), Keep distance of 1.5M 

to 2M between myself and any other person whether inside or outside the City, Not to 

join any gathering in any private or public areas whether inside or outside the City, 
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Not to use elevators unless it is necessary, and to ensure not to share the elevator with 

more than three persons, Applying social distancing outside the City and not to attend 

private (family/friends) or public events and gatherings, as exposing myself to 

infection will put patients and colleagues at risk. 

For our patient we are following all infection prevention measures, Universal masking 

of all healthcare workers, patients and visitors, Correct and consistent use of available 

PPE and appropriate hand hygiene, Perform hand hygiene after contact with 

respiratory secretions, Personal protective equipment (PPE) effectiveness depends on 

adequate and regular supplies and proper selection, use of Personal protective 

equipment (PPE), Ensure that environmental cleaning and disinfection procedures are 

followed consistently and correctly. Thorough cleaning of environmental surfaces 

with water and detergent and applying commonly used hospital level disinfectants 

(such as sodium hypochlorite) is an effective and sufficient procedure. 
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CHAPTER 4  
 

 

RESULTS 

This chapter describes postural management results using wheelchairs in children with 

spastic cerebral palsy in Saudi Arabia. It starts with describing the results of 

descriptive analysis. After that, a complete description of the results of correlation is 

demonstrated. Thirty-five children participated in this study and the results of their 

scores pre-intervention, during and post are described in this chapter. 

4.1 Descriptive Analysis 

The mean age of the subjects was 8.0 ± 2.7 years, ranging between 4 and 12 years, 

almost equally divided between the two genders, 51.4% and 48.6% male and females, 

respectively. All data represent a normal distribution value of Sig. higher than 0.05 

using Shapiro-Wilk test in Tables 4.1, 4.2 and 4.3. Around half of the study subjects 

were provided with WHO standard wheelchair type after proper assessment of their 

postural management needs, 34.3% of them were provided with WHO active 

wheelchair type and 20.0% were provided with WHO pushchairs type. 

Sociodemographic characteristics of study subjects and the wheelchair type that was 

given to them are shown in Table 4.1. 
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Table  4.1 Shapiro-Wilk test Normality Data the Modified Ashworth Scale n=35 

 Baseline  

Statistic and 

Sig. 

MAS after 2 

weeks 

Statistic and Sig.  

MAS after 4 weeks 

Statistic and 

Sig. 

Right Shoulder        0.983 & 0.842        0.911 & 0.058 0.979 & 0.725* 

Left Shoulder 0.980 & 0.759 0.962 & 0.255 0.930 & 0.628 

Right Elbow 0.971 & 0.474 0.993 & 0.997 0.976 & 0.641 

Left Elbow 0.975 & 0.602 0.964 & 0.308 0.987 & 0.937 

Right Wrist 0.995 & 1.000 0.938 & 0.058 0.955 & 0.064 

Left Wrist 0.972 & 0.502 0.968 & 0.388 0.915 & 0.060 

Right Hip 0.978 & 0.709 0.955 & 0.160 0.954 & 0.151 

Left Hip 0.970 & 0.447 0.978 & 0.688 0.977 & 0.657 

Right Knee 0.948 & 0.095 0.968 & 0.624 0.969 & 0.429 

Left Knee 0.951 & 0.126 0.955 & 0.167 0.983 & 0.852 

Right Ankle 0.964 & 0.306 0.957 & 0.191 0.993 & 0.998 

Left Ankle 0.964 & 0.309 0.968 & 0.391 0.976 & 0.360 

*. This is a lower bound of the true significance.  

a. Lilliefors Significance Correction 

 

Table  4.2 Shapiro-Wilk test Normality Data the Gross Motor Function Classification 

System (GMFCS) Score n=35 

 Baseline  

Statistic and Sig. 

MAS after 2 weeks 

Statistic and Sig.  

MAS after 4 weeks 

Statistic and Sig. 

GMFCS 0.969 & 0.419          0.931 & 0.060 0.980 & 0.749* 

*. This is a lower bound of the true significance.  

a. Lilliefors Significance Correction 
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Table  4.3 Shapiro-Wilk test Normality Data. 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  

Statistic and Sig. 

MAS after 2 weeks 

Statistic and Sig.  

MAS after 4 weeks 

Statistic and Sig. 

Social Wellbeing and 

Acceptance 

0.945 & 0.082 0.993 & 0.997 0.984 & 0.889 

Feelings About Functioning 0.973 & 0.545 0.986 & 0.932 0.971 & 0.468 

Participation and Physical 

Health 

0.978 & 0.683 0.978 & 0.681 0.945 & 0.078 

Emotional Wellbeing and Self 

Esteem 

0.983 & 0.851 0.979 & 0.730 0.967 & 0.366 

Access to Services 0.971 & 0.465 0.969 & 0.404 0.981 & 0.792 

Pain and Impact of Disability 0.936 & 0.053 0.958 & 0.197 0.976 & 0.625 

Family Health 0.977 & 0.644 0.966 & 0.348 0.958 & 0.194 

*. This is a lower bound of the true significance.  

a. Lilliefors Significance Correction 
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Table  4.4 :Socio -Demographic Characteristics (n=35) 

Variable Number Percent 

Age (mean (years)± SD = 8.0 ± 2.7)  

4 – 6 year 12 34.3 

7 – 9 year 12 34.3 

10+ year 11 31.4 

Gender   

Male 18 51.4 

Female 17 48.6 

Type of wheelchair that was provided to the child 

Standard wheelchair 16 45.7 

Active wheelchair 12 34.3 

Push wheelchair  7 20 

Socio-Demographic Characteristics 

Postural management using a proper wheelchair in children with cerebral palsy was 

associated with a statistically significant bilateral reduction in MAS score between the 

baseline and after 4 weeks of following up in the shoulder, elbow, wrist and hip joints 

(p-value <0.001). Meanwhile, the MAS score did not change significantly in knee and 

ankle joints. Changes in MAS scores of study subjects are shown in Table 4.5 and 

Figure 4.1. 
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Table  4.5 Mean Score of the Muscle tone using The Modified Ashworth Scale (MAS) 

Score (n=35) 

Joint  MAS  

 Baseline  2 weeks   4 weeks 

Right Shoulder 2.5 (1.3) 2.8 (1.1) 1.7 (1.5) 

Left Shoulder 2.5 (1.3) 2.8 (1.1) 1.7 (1.5) 

Right Elbow 3.1 (1.0) 2.9 (1.25) 2.0 (1.4) 

Left Elbow 2.7 (1.0) 2.9 (1.4) 2.0 (1.4) 

Right Wrist 2.7 (1.3) 2.9 (1.4) 1.8 (1.2) 

Left Wrist 2.8 (1.2) 2.7 (1.2) 2.0 (1.3) 

Right Hip 2.7 (1.1) 2.5 (1.3) 2.0 (1.0) 

Left Hip 2.8 (1.3) 2.7 (0.9) 2.0 (1.3) 

Right Knee 2.6(1.6) 2.9 (1.1) 2.6 (1.4) 

Left Knee 2.9 (1.3 3.0 (1.2) 2.9 (1.2) 

Right Ankle 2.7 (1.2) 2.6 (1.3) 2.4 (1.4) 

Left Ankle 3.8 (1.3) 3.4 (1.5) 3.9 (1.5) 

Mean (SD) 

 

 

Figure  4.1 The Modified Ashworth Scale (MAS) Score of Study Subjects pre, during, 

and post postural management using a proper wheelchair (n=35) 
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Analysis of MAS Right shoulder 

Mauchly's Test of Sphericity indicated that the assumption of sphericity had been 

violated, χ2 (2) h 6.92 p = 0.030. A Greenhouse-Geisser correction was applied [F 

(1.679, 57.097) = 10.039, p < 0.05]. As the main ANOVA is significant, there is a 

difference between at least two time points. The pairwise comparisons for right 

shoulder spasticity measured with MAS that reduced form baseline, 2 weeks and 4 

weeks using proper wheelchair. A repeated measures ANOVA with a Greenhouse-

Geisser correction determined that mean muscle tone of the right shoulder differed 

statistically significantly between time points [F(1.679,57.097)= 10.039, p< 0.05].  

Post hoc analysis with a Bonferroni adjustment revealed that muscle tone of shoulder 

statistically significantly decreased from baseline to 4 weeks (0.75 (95% CI, 0.23 to 

0.27) , p < 0.05), and from  2 weeks to 4 weeks (1.034 (95% CI, 0.48 to 1.584) , p 

<0.05), but not from baseline to 2 weeks (-0.29 (95% CI, -0.64 to 0.09) , p = .129). 

Table  4.6 Comparison within Time Muscle Tone- Right Shoulder 

Joint   Time  Mean  

Difference (SE) 

P 

value 

95% CI 

Right 

Shoulder 

 

 

Baseline 2 Weeks -.281(.180) .129 (-.647,.086) 

Baseline 4 Weeks .753(.255)* .006 (.235, 1.27) 

2 Weeks 

  

4 Weeks 1.034(.271)* .001 (.484,1.58) 

Based on estimated marginal means  

*. This is a lower bound of the true significance. 

b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments). 
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Analysis of MAS Left shoulder 

Mauchly's Test of Sphericity indicated that the assumption of sphericity had not been 

violated, χ2 (2) h 1.226 p = 0.542. The sphericity assumed value was taken [F (2,68) = 

2.393, p =0.099]. The pairwise comparisons for left shoulder spasticity measured with 

MAS that reduced form baseline, 2 weeks and 4 weeks using proper wheelchair. A 

repeated measures ANOVA with sphericity assumed determined that mean muscle 

tone of the left shoulder differed between time points [F (2, 68) = 2.393, p =0.099].  

Post hoc analysis with a Bonferroni adjustment revealed that there was no statistical 

significant difference in muscle tone of the left shoulder across measurements. 

Table  4.7 Comparison Within Time Muscle Tone-Left Shoulder  

Joint   Time  Mean 

Difference (SE) 

P 

value 

95% CI 

Left shoulder Baseline 2 Weeks -.016(.255) .951 (-.5350.503) 

 Baseline 4 Weeks .493(.288)* .006 (-.093,1.08) 

 

 

2 Weeks 

  

4 Weeks .509(.248)* .008 (.005,1.013) 

Based on estimated marginal means  

*. This is a lower bound of the true significance. 

b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments). 

 

Analysis of MAS Right elbow 

Mauchly's Test of Sphericity indicated that the assumption of sphericity had been 

violated, χ2 (2) h A.8A7 p = 0.053 A Greenhouse-Geisser correction was applied [F 

(1.720, 58.489) = 10.427, p < 0.05]. As the main ANOVA is significant, there is a 

difference between at least two time points. The pairwise comparisons for right elbow 
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spasticity measured with MAS that reduced form baseline, 2 weeks and 4 weeks using 

proper wheelchair. A repeated measures ANOVA with a Greenhouse-Geisser 

correction determined that mean muscle tone of the right elbow differed statistically 

significantly between time points [F (1.720, 58.489) = 10.427, p < 0.05].  Post hoc 

analysis with a Bonferroni adjustment revealed that muscle tone of right elbow 

statistically significantly decreased from baseline to 4 weeks (1.07 (95% CI, 630 to 

1.512) , p <0 .05), and from  2 weeks to 4 weeks (.832 (95% CI, .239 to 1.425) , p 

<0.05), but not from baseline to 2 weeks (.239 (95% CI,-.214 to 693)) , p = .291). 

Table  4.8 Comparison within Time Muscle Tone-Right Elbow  

Joint   Time  Mean 

Difference (SE) 

P 

value 

95% CI 

Right Elbow  Baseline 2 Weeks .239(.223) .291 (-.214,.693) 

 Baseline 4 Weeks 1.07(.217)* .000 (.630,1.512) 

 

 

2 Weeks 

  

4 Weeks .832(.292)* .007 (.239,1.425) 

Based on estimated marginal means  

*. This is a lower bound of the true significance. 

b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments). 

 

Analysis of MAS Left elbow 

Mauchly's Test of Sphericity indicated that the assumption of sphericity had not been 

violated, χ2 (2) h s.A87 p = 0.167. Hence sphericity assumed value was taken [F (2, 

68) = 9.789, p < 0.05]. As the main ANOVA is significant, there is a difference 

between at least two time points.The pairwise comparisons for left elbow spasticity 

measured with MAS that reduced form baseline, 2 weeks and 4 weeks using proper 

wheelchair. A repeated measures ANOVA with sphericity assumed value determined 

that mean muscle tone of the left elbow differed statistically significantly between 
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time points [F (2, 68) = 9.789, p<0.05].  Post hoc analysis with a Bonferroni 

adjustment revealed that muscle tone of left elbow statistically significantly decreased 

from baseline to 4 weeks (.964 (95% CI, .246 to 1.075) , p < 0.05), and from  2 weeks 

to 4 weeks (.873 (95% CI, .399 to 1.347) , p <0.05), but not from baseline to 2 weeks 

(.212 (95% CI,-.570 to .145)) , p = .236). 

Table  4.9 Comparison Within Time Muscle Tone-Left Elbow  

Joint   Time  Mean 

Difference (SE) 

P 

Value 

95% CI 

Left Elbow Baseline 2 Weeks -.212(.176) .236 (-.570,.145) 

 Baseline 4 Weeks .964(.204)* .003 (.246,1.075) 

 

 

2 Weeks 

  

4 Weeks .873(.233)* .001 (.399,1.347) 

Based on estimated marginal means  

*. This is a lower bound of the true significance. 

b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments). 

 

Analysis of MAS Right wrist 

Mauchly's Test of Sphericity indicated that the assumption of sphericity had not been 

violated, χ2 (2) h .264 p = 0.876. Hence sphericity assumed value was taken [F (2, 68) 

= 11.887, p < 0.05]. As the main ANOVA is significant, there is a difference between 

at least two time points.The pairwise comparisons for right wrist spasticity measured 

with MAS that reduced form baseline, 2 weeks and 4 weeks using proper wheelchair. 

A repeated measures ANOVA with sphericity assumed value determined that mean 

muscle tone of the right wrist differed statistically significantly between time points [F 

(2, 68) = 11.887, p < 0.05].  Post hoc analysis with a Bonferroni adjustment revealed 

that muscle tone of right wrist statistically significantly decreased from baseline to 4 
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weeks (.964 (95% CI, .462 to 1467) , p <0.05), and from  2 weeks to 4 weeks (.1.139 

(95% CI, .605 to 1.672) , p <0.05), but not from baseline to 2 weeks (-.174 (95% CI,-

.570 to .145)) , p = .481). 

 

Table  4.10 Comparison within Time Muscle Tone-Right Wrist 

Joint   Time  Mean 

Difference (SE) 

P 

Value 

95% CI 

Right Wrist  Baseline 2 Weeks -.174(.245) .481 (-.672,.323) 

 Baseline 4 Weeks .964(.247)* .000 (.462,1.467) 

 

 

2 Weeks  4 Weeks 1.13(.262)* .000 (.605,1.672) 

Based on estimated marginal means  

*. This is a lower bound of the true significance. 

b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments). 

 

Analysis of MAS Left wrist 

Mauchly's Test of Sphericity indicated that the assumption of sphericity had been 

violated, χ2 (2) h 6.618 p = 0.037. A Greenhouse-Geisser correction was applied [F 

(1.692, 57.543) = 6.624, p < 0.05]. As the main ANOVA is significant, there is a 

difference between at least two time points. The pairwise comparisons for left wrist 

spasticity measured with MAS that reduced form baseline, 2 weeks and 4 weeks using 

proper wheelchair. A repeated measures ANOVA with a Greenhouse-Geisser 

correction determined that mean muscle tone of the left wrist differed statistically 

significantly between time points [F (1.692, 57.543) = 6.624, p < 0.05].  Post hoc 

analysis with a Bonferroni adjustment revealed that muscle tone of left wrist 
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statistically significantly decreased from baseline to 4 weeks (0.827 (95% CI, 0.243 to 

1.411) , p < 0.05), and from  2 weeks to 4 weeks (.666 (95% CI, .244 to 1.089) , p 

<0.05), but not from baseline to 2 weeks (.161(95% CI, -.286 to .608) , p = 0.470). 

 

Table  4.11 Comparison Within Time Muscle Tone-Left wrist  

Joint   Time  Mean 

Difference (SE) 

P 

Value 

95% CI 

Left Wrist  Baseline 2 Weeks .161 (.220) .470 (-.286,.608) 

 Baseline 4 Weeks .827(.28)* .007 (.243,1.411) 

 

 

2 Weeks 

  

4 Weeks .666(.208)* .003 (.244,1.089) 

Based on estimated marginal means  

*. This is a lower bound of the true significance. 

b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments). 

 

Analysis of MAS Right hip 

Mauchly's Test of Sphericity indicated that the assumption of sphericity had not been 

violated, χ2 (2) h s.470 p = 0.176. Hence sphericity assumed value was taken [F (2, 

68) = 5.288, p < 0.05]. As the main ANOVA is significant, there is a difference 

between at least two time points. The pairwise comparisons for right hip spasticity 

measured with MAS that reduced form baseline, 2 weeks and 4 weeks using proper 

wheelchair. A repeated measures ANOVA with sphericity assumed value determined 

that mean muscle tone of the right hip differed statistically significantly between time 

points [F (2, 68) = 5.288, p < 0.05].  Post hoc analysis with a Bonferroni adjustment 

revealed that muscle tone of right hip statistically significantly decreased from 



 

 57 

 

baseline to 4 weeks (0.742 (95% CI, 0.339 to 1.145) , p < 0.05), and from  2 weeks to 

4 weeks (.558 (95% CI, .056 to 1.060) , p <0.05), but not from baseline to 2 weeks 

(.184(95% CI, -.351 to .719) , p = 0.489). 

 

Table  4.12 Comparison within Time Muscle Tone-Right Hip  

Joint   Time  Mean 

Difference (SE) 

P 

Value 

95% CI 

Right Hip Baseline 2 Weeks .184(.263) .489 (-.351,.719) 

 Baseline 4 Weeks .742(.198)* .001 (.339, 1.14) 

 

 

2 Weeks 

  

4 Weeks .558(.247)* .030 (.056,1.060) 

Based on estimated marginal means  

*. This is a lower bound of the true significance. 

b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments). 

 

Analysis of MAS Left hip 

Mauchly's Test of Sphericity indicated that the assumption of sphericity had been 

violated, χ2 (2) h 2.4s2 p = 0.296. Hence sphericity assumed value was taken [F (2, 

68) = 7.158, p < 0.05]. As the main ANOVA is significant, there is a difference 

between at least two time points. The pairwise comparisons for left hip spasticity 

measured with MAS that reduced form baseline, 2 weeks and 4 weeks using proper 

wheelchair. A repeated measures ANOVA with sphericity assumed value determined 

that mean muscle tone of the left hip differed statistically significantly between time 

points [F (2, 68) = 7.158, p < 0.05].  Post hoc analysis with a Bonferroni adjustment 

revealed that muscle tone of left hip statistically significantly decreased from baseline 
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to 4 weeks (0.732 (95% CI, 0.278 to 1.186) , p < 0.05), and from  2 weeks to 4 weeks 

(.626 (95% CI, .175 to 1.076) , p <0.05), but not from baseline to 2 weeks (.107(95% 

CI, -.257 to .471) , p = 0.555). 

 

Table  4.13 Comparison Within Time Muscle Tone-Left Hip  

Joint   Time  Mean 

Difference (SE) 

P 

Value 

95% CI 

Left Hip Baseline 2 Weeks .107(.179) .555 (-.257,.471) 

 Baseline 4 Weeks .732(.223)* .002 (.278, 1.18) 

 

 

2 Weeks 

  

4 Weeks .626(.222)* .008 (.175,1.076) 

Based on estimated marginal means  

*. This is a lower bound of the true significance. 

b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments). 

 

Analysis of MAS Right knee 

Mauchly's Test of Sphericity indicated that the assumption of sphericity had been 

violated, χ2 (2) h 0.0s2 p = 0.984. Hence sphericity assumed value was taken [F (2, 

68) = .632 p=0.535]. As the main ANOVA is not significant, there is no difference 

between at least two time points. The pairwise comparisons for right knee spasticity 

measured with MAS that reduced form baseline, 2 weeks and 4 weeks using proper 

wheelchair. A repeated measures ANOVA with sphericity assumed value determined 

that mean muscle tone of the right knee was not statistically significantly between 

time points [F (2, 68) = .632, p = 0.535].   
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Table  4.14 Comparison within Time Muscle Tone-Right Knee  

Joint   Time  Mean 

Difference (SE) 

P 

Value 

95% CI 

Right Knee Baseline 2 Weeks -.284(.280) .316 (-.853,.284) 

 Baseline 4 Weeks -.029(.28) .920 (-.601, .544) 

 

 

2 Weeks 

  

4 Weeks .256(.274) .358 (-.302,.813) 

Based on estimated marginal means 

a. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments). 

Analysis of MAS Left knee 

Mauchly's Test of Sphericity indicated that the assumption of sphericity had been 

violated, χ2 (2) h 0.79s p = 0.673. Hence sphericity assumed value was taken [F (2, 

68) = .123, p=0.885]. As the main ANOVA is not significant, there is no difference 

between at least two time points. The pairwise comparisons for left knee spasticity 

measured with MAS that reduced form baseline, 2 weeks and 4 weeks using proper 

wheelchair. A repeated measures ANOVA with sphericity assumed value determined 

that mean muscle tone of the left knee was not statistically significantly between time 

points [F (2, 68) = .123, p = 0.885].    

Table  4.15 Comparison within Time Muscle Tone -Left Knee   

Joint   Time  Mean 

Difference (SE) 

P 

Value 

95% CI 

Left  Knee Baseline 2 Weeks -.100(.205) .628 (-.518,.317) 

 Baseline 4 Weeks -.010(.23)* .966 (-.485, .465) 

 

 

2 Weeks 

  

4 Weeks .090(.229)* .696 (-.376,.556) 

Based on estimated marginal means 

a. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments). 
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Analysis of MAS Right ankle 

Mauchly's Test of Sphericity indicated that the assumption of sphericity had been 

violated, χ2 (2) h 1.0s1 p = 0.597. Hence sphericity assumed value was taken [F (2, 

68) = .677, p=0.512]. As the main ANOVA is not significant, there is no difference 

between at least two time points. The pairwise comparisons for right ankle spasticity 

measured with MAS that reduced form baseline, 2 weeks and 4 weeks using proper 

wheelchair. A repeated measures ANOVA with sphericity assumed value determined 

that mean muscle tone of the right ankle was not statistically significantly between 

time points [F (2, 68) = .677, p = 0.512].  

Table  4.16 Comparison within Time Muscle Tone-Right Ankle 

Joint   Time  Mean 

Difference (SE) 

P 

Value 

95% CI 

Right Ankle Baseline 2 Weeks 0.67(.234) .776 (-.409,.543) 

 Baseline 4 Weeks .256(.241) .296 (-.234, .746) 

 

 

2 Weeks 

  

4 Weeks .189(.208) .370 (-.610,.233) 

Based on estimated marginal means 

a. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments). 

Analysis of MAS Left ankle 

Mauchly's Test of Sphericity indicated that the assumption of sphericity had been 

violated, χ2 (2) h 1.A82 p = 0.453. Hence sphericity assumed value was taken [F (2, 

68) = 3.586, p < 0.05]. As the main ANOVA is significant, there is a difference 

between at least two time points. The pairwise comparisons for left ankle spasticity 

measured with MAS that reduced form baseline, 2 weeks and 4 weeks using proper 

wheelchair. A repeated measures ANOVA with sphericity assumed value determined 
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that mean muscle tone of the left ankle differed statistically significantly between time 

points [F (2, 68) = 3.586, p < 0.05].  Post hoc analysis with a Bonferroni adjustment 

revealed that muscle tone of left ankle statistically significantly decreased from 

baseline to 2 weeks (.425(95% CI, .017 to .834) , p <0.05), but it increased from  2 

weeks to 4 weeks (-.558 (95% CI, -1.044 to -.071) , p <0.05),  but from baseline to 4 

weeks (-.132 (95% CI, -.560 to 0.295) , p=.534) there was no significant difference in 

tone. 

 

Table  4.17 Comparison Within Time Muscle Tone-Left Ankle  

Joint   Time  Mean 

Difference (SE) 

P 

Value 

95% CI 

Left Ankle Baseline 2 Weeks 0.425(.201) .042 (.017,.834) 

 Baseline 4 Weeks -.132(.210) .534 (-.560, .295) 

 2 Weeks 

  

4 Weeks -.558(.240) .026 (-1.044,-.071) 

Based on estimated marginal means 

a. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments). 

 Gross Motor Function Classification System (GMFCS) Score 

Similar to the MAS score, the GMFCS scores decreased 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 1.6540 (.96385) at the baseline and it 

decreased to 1.5053 (1.21700) after two weeks of postural management and it reached 

a mean score of 1.5187 (1.14477) after four weeks of postural management and 

follow-up. Changes in GMFCS scores before and after postural management of study 

subjects are demonstrated in table 4.37 and figures 4.2, 4.3 and 4.4.  
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Table  4.18 Descriptive Statistics 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 (SD) 

 Baseline  2 weeks  4 weeks 

GMFCS 4.5 (0.9)* 3.5 (0.8)* 3.4 (0.8)* 

*. This is a lower bound of the true significance. 

 

 

Figure  4.2 Gross Motor Function Classification System (MAS) Score of Study 

Subjects pre, during, and post postural management using a proper wheelchair (n=35) 

 

Mauchly's Test of Sphericity indicated that the assumption of sphericity had been 

violated, χ2 (2) h 4.1A4 p = 0.125 Hence sphericity assumed value was taken [F (2, 

68) = .289, p = 0.750]. As the main ANOVA is not significant, there is no difference 

between at least two time points. The pairwise comparisons for GFMCS reduced from 

baseline, 2 weeks and 4 weeks using a proper wheelchair. A repeated measures 

ANOVA with sphericity assumed value determined that mean GFMCS was not 

statistically significantly between time points [F (2, 68) = .289, p = 0.750].  
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Table  4.19 Comparison within Time-GMFCS 

 Time  Mean 

Difference (SE) 

P 

Value 

95% CI 

GMFCS Baseline 2 Weeks 1.0 (.164)* 1.9 (.587,1.41) 

 Baseline 4 Weeks 1.086(.17)* 8.9 (.655,1.516) 

 2 Weeks 4 Weeks .086(.048)* .249 (-.035, .206) 

Based on estimated marginal means 

*. The mean difference is significant at the .05 level. 

b. Adjustment for multiple comparisons: Bonferroni. 

 

 

Cerebral Palsy Quality of Life (CPQOL) Score  

On the other hand, CPQOL scores showed a similar improvement pattern after 

postural management but the improvement was statistically significant in five out of 

seven quality of life domains. The mean CPQOL score in the social wellbeing and 

acceptance domain increased from 556.4 ±91.9 on the baseline to 642.8 ±99.5 after 

four weeks of postural management and this improvement was statistically significant 

(p-value <0.001). Also, the mean score of the ‘leelings about lunctioning’ domain 

increased from 597.8 ±92.3 to 670.7 ±97.3 and this increase was statistically 

significant (p-value 0.003). In addition, the mean score of ‘participation and physical 

health’ improved significantly after postural management (p-value 0.001), the mean 

score was 508.2 ±120.2 and 611.4 ±128.1, at the baseline and after 4 weeks of follow-

up, respectively. In the same way, the mean score of the ‘Emotional wellbeing and 

self-esteem’ domain increased from 276.7 ±69.6 at the baseline to s10.s ±70.9 after 

two weeks of postural management and reached 319.2 ±90.6 after four weeks of 

postural management using a proper wheelchair. Also, the mean score of the ‘Access 

to Services’ domain improved significantly from A6s.9 ±119.9 before the treatment to 
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672.5 ±121.3 after a month of postural management (p-value 0.001). Contrary to that, 

the mean score of ‘Pain and Impact of tisability’ and ‘lamily tealth’ domains did 

not improve significantly after postural management, p-value 0.184 and 0.301, 

respectively. The details of postural management effects of the CPQOL score are 

described in table 4.20. 

Table  4.20 The Cerebral Palsy Quality of Life (CPQOL) Score of Study Subjects pre, 

during, and post postural management using a proper wheelchair (n=35) 

Domain  Mean 

score(SD) 

 

 Baseline CPQOL CPQOL 

after 2 weeks  

CPQOL         

after 4 weeks 

Social Wellbeing and 

Acceptance 

556.4 (91.9) 615 (101) 642.8 (99.5) 

Feelings About Functioning 597.8 (92.3) 616 (113.7) 670.7 (97.3) 

Participation and Physical 

Health 

508.2 (120.2) 595 (116.6) 611.4 (128.1) 

Emotional Wellbeing and 

Self Esteem 

276.7 (69.6) 310.3 (70.9) 319.2 (90.6) 

Access to Services 563.9 (119.9) 619.6 (114.5) 672.5 (121.3) 

Pain and Impact of Disability 386.4 (82.80 403.5(93.70 411.7 (81.2) 

Family Health 194.2 (47.6) 195.7 (58.70 210 (68.8) 

Total score 3083.9 (206.60 3355.4 (98.3) 3538.6 (186.9) 

Based on estimated marginal means  

*. This is a lower bound of the true significance. 

b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments). 

 

 

And CPQOL scores showed a similar improvement pattern after postural management 

as the result in each domain using Mauchly's Test of Sphericity and Tests of within-

Subjects Effects. 
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Figure  4.3 The Cerebral Palsy Quality of Life (CPQOL) Score of Study Subjects pre, 

during, and post postural management using a proper wheelchair (n=35) 

 

Social Wellbeing and Acceptance  

Mauchly's Test of Sphericity indicated that the assumption of sphericity had been 

violated, χ2 (2) h 2.888 p = 0.236. Hence sphericity assumed value was taken [F (2, 

68) = 7.061, p < 0.05]. As the main ANOVA is significant, there is a difference 

between at least two time points. The pairwise comparisons for social wellbeing and 

acceptance showed improvement from baseline, 2 weeks and 4 weeks after 

intervention. A repeated measures ANOVA with sphericity assumed value determined 

that the social acceptance and well-being differed statistically significantly between 

time points [F (2, 68) = 7.061, p < 0.05].  Post hoc analysis with a Bonferroni 

adjustment revealed that the score statistically significantly increased from baseline to 

2 weeks (-58.571 (95% CI, -103.180 to -13.963), p <0.05) and from baseline to 4 
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weeks (-86.429 (95% CI, -130.086 to -42.771), p<0.05) but there was no significant 

difference in score from 2 weeks to 4 weeks (-27.857(95% CI, -82.0222 to 26.308), 

p=.303). 

Table  4.21 Comparison within Time-Social Wellbeing and Acceptance - CPQOL 

Subscale  Time  Mean 

Difference (SE) 

P 

Value 

95% CI 

Social 

Wellbeing 

And 

Acceptance 

baseline 2 weeks -58.5(21)* .012 (-103,-13.9) 

baseline 4 weeks -86.4(21)* .000 (-130,-42.7) 

2 weeks 

  

4 weeks -27.8(26)* .303 (-82.4,26.2) 

Based on estimated marginal means  

*. This is a lower bound of the true significance. 

b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments). 

Feelings About Functioning 

Mauchly's Test of Sphericity indicated that the assumption of sphericity had been 

violated, χ2 (2) h 0.s66 p = 0.833. Hence sphericity assumed value was taken [F (2, 

68) = 5.060, p < 0.05]. As the main ANOVA is significant, there is a difference 

between at least two time points. The pairwise comparisons for feelings about 

functioning showed improvement from baseline, 2 weeks and 4 weeks after 

intervention. A repeated measures ANOVA with sphericity assumed value determined 

that the social acceptance and well-being differed statistically significantly between 

time points [F (2, 68) = 5.060, p < 0.05].  Post hoc analysis with a Bonferroni 

adjustment revealed that the score statistically significantly increased from baseline to 

4 weeks (-72.857 (95% CI, -119.969 to -25.745), p <0.05) and from 2 weeks to 4 

weeks (-54.643 (95% CI, -101.842 to -7.443), p<0.05) but there was no significant 

difference in score from baseline to 2 weeks (-18.214(95% CI, -69.141 to 32.713), 

p=.472). 
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Table  4.22 Comparison within Time-Feelings about Functioning- CPQOL 

Subscale  Time  Mean 

Difference (SE) 

P 

Value 

95% CI 

Feelings About 

Functioning 

 

baseline 2 weeks -18.2(25.0)* .472 (-69.1,32.7) 

baseline 4 weeks -72.8(23.1)* .003 (-119.9,-25) 

2 weeks 

  

4 weeks -54.6(23.2)* .025 (-101.8,-7.4) 

Based on estimated marginal means  

*. This is a lower bound of the true significance. 

b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments). 

 

Participation and Physical  

Mauchly's Test of Sphericity indicated that the assumption of sphericity had been 

violated, χ2 (2) h 2.022 p = 0.364. Hence sphericity assumed value was taken [F (2, 

68) = 8.826, p < 0.05]. As the main ANOVA is significant, there is a difference 

between at least two time points. The pairwise comparisons for participation and 

physical subscale showed improvement from baseline, 2 weeks and 4 weeks after 

intervention. A repeated measures ANOVA with sphericity assumed value determined 

that the participation and physical subscale differed statistically significantly between 

time points [F (2, 68) = 8.826, p < 0.05].  Post hoc analysis with a Bonferroni 

adjustment revealed that the score statistically significantly increased from baseline to 

4 weeks (-103.214 (95% CI, -150.463 to -55.966) , p <0.05) and from baseline to 2 

weeks (-86.786 (95% CI, -141.229 to -32.343) , p<0.05) but there was no significant 

difference in score from  2 weeks to 4 weeks (-16.429 (95% CI, -75.071 to 42.214) , 

p=.573) 
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Table  4.23 Comparison within Time-Participation and Physical- CPQOL 

Subscale  Time  Mean 

Difference (E) 

P 

Value 

95% CI 

 

Participation 

And Physical 

baseline 2 weeks -86.7(26.7)* .003 (-141,-32.3) 

baseline 4 weeks -103(23.2)* .000 (-150,-55.9) 

2 weeks 

  

4 weeks -16.4(28.1)* .573 (-75,42.2) 

Based on estimated marginal means  

*. This is a lower bound of the true significance. 

b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments). 

 

Emotional Wellbeing and Self Esteem  

Mauchly's Test of Sphericity indicated that the assumption of sphericity had not been 

violated, χ2 (2) h 8.647 p = 0.013. A Greenhouse-Geisser correction was applied [F 

(1.625, 55.261) = 3.091, p<0.05]. As the main ANOVA is significant, there is a 

difference between at least two time points. The pairwise comparisons for emotional 

well-being and self-esteem showed improvement from baseline, 2 weeks and 4 weeks 

after intervention. A repeated measures ANOVA with Greenhouse-Geisser correction 

determined that the emotional well-being and self-esteem differed statistically 

significantly between time points [F (1.625, 55.261) = 3.091, p<0.05]. Post hoc 

analysis with a Bonferroni adjustment revealed that the score statistically significantly 

increased from baseline to 4 weeks (-42.500 (95% CI, -81.428 to -3.572), p <0.05) and 

from baseline to 2 weeks (-33.571 (95% CI, -60.362 to -6.781), p<0.05) but there was 

no significant difference in score from 2 weeks to 4 weeks (-8.929 (95% CI, -33.407 

to 51.264), p=.671). 

 



 

 69 

 

Table  4.24 Comparison within Time-Emotional Well Being and Self Esteem-CPQOL 

Subscale  Time  Mean 

Difference (SE) 

P 

Value 

95% CI 

Emotional Well 

Being And Self 

Esteem 

baseline 2 weeks -33.5(13.1)* .016 (-60.3,-6.7) 

baseline 4 weeks -42.5(19.1)* .033 (-81.4,-3.5) 

2 weeks 

  

4 weeks -8.9(20.8)* .671 (-51.2,33.4) 

Based on estimated marginal means  

*. This is a lower bound of the true significance. 

b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments). 

 

Access to Services  

Mauchly’s Test of Sphericity indicated that the assumption of sphericity had been 

violated, χ2 (2) h 0.s29 p = 0.848. Hence sphericity assumed value was taken [F (2, 

68) = 7.660, p < 0.05]. As the main ANOVA is significant, there is a difference 

between at least two time points. The pairwise comparisons for access to services 

subscale showed improvement from baseline, 2 weeks and 4 weeks after intervention. 

A repeated measures ANOVA with sphericity assumed value determined that the 

access to services subscale differed statistically significantly between time points [F 

(2, 68) = 7.660, p < 0.05].  Post hoc analysis with a Bonferroni adjustment revealed 

that the score statistically significantly increased from baseline to 4 weeks (-108.571 

(95% CI, -167.683 to -49.460), p <0.05) and from baseline to 2 weeks (-55.714 (95% 

CI, -110.499 to -.930), p<0.05) but there was no significant difference in score from 2 

weeks to 4 weeks (-52.857 (95% CI, -107.994 to 2.280), p=.060). 
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Table  4.25 Comparison within Time-Access to services- CPQOL 

Subscale  Time  Mean 

Difference (SE) 

P 

Value 

95% CI 

Access to 

services 

baseline 2 weeks -55.7(26.9)* .046 (-110,-.930) 

baseline 4 weeks -108.5(29)* .001 (-167,-49.4) 

2 weeks 

  

4 weeks -52.8(27.1)* .060 (-(107.9,2.2) 

Based on estimated marginal means  

*. This is a lower bound of the true significance. 

b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments). 

 

Pain and Impact of Disability  

Mauchly's Test of Sphericity indicated that the assumption of sphericity had been 

violated, χ2 (2) h 1.4A0 p = 0.484. Hence sphericity assumed value was taken [F (2, 

68) = .758, p=.472]. As the main ANOVA is not significant, there is no difference 

between at least two time points. The pairwise comparisons for pain and impact of 

disability subscale showed improvement from baseline, 2 weeks and 4 weeks after 

intervention. A repeated measures ANOVA with sphericity assumed value determined 

that the pain and impact of disability subscale did not differ statistically significantly 

between time points [F (2, 68) = .758, p = .472].   

Table  4.26 Comparison within Time-Pain and Impact of Disability - CPQOL 

Scale  Time  Mean 

Difference (SE) 

P 

Value 

95% CI 

Pain and 

Impact of 

Disability 

Baseline 2 Weeks -17.143(22.024) .442 (-61.901,27.615 

Baseline 4 Weeks -25.357(18.706) .184 (-63.372,12.658) 

2 Weeks 4 Weeks -8.214(22.118) .713 (-53.164,36.735) 

Based on estimated marginal means 

a. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments). 
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Family Health  

Mauchly's Test of Sphericity indicated that the assumption of sphericity had been 

violated, χ2 (2) h s.sA9 p = 0.187. Hence sphericity assumed value was taken [F (2, 

68) = .669, p=.501]. As the main ANOVA is not significant, there is no difference 

between at least two time points. The pairwise comparisons for family health subscale 

showed improvement from baseline, 2 weeks and 4 weeks after intervention. A 

repeated measures ANOVA with sphericity assumed value determined that the family 

health subscale did not differ statistically significantly between time points [F (2, 68) = 

.669, p = .501].   

Table  4.27 Comparison within time- Family Health - CPQOL 

Subscale Time  Mean 

Difference (SE) 

P Value 95% CI 

Family Health  Baseline 2 Weeks -1.429(12.424) .909 (-26.677,23.820) 

 Baseline 4 Weeks -15.714(14.970) .301 (-46.136,14.708) 

 

 

2 Weeks 

  

4 Weeks -14.286(16.432) .391 (-47.679,19.102) 

Based on estimated marginal means 

a. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments). 
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CHAPTER 5  
 

 

DISCUSSIONS 

This chapter discusses postural management results using wheelchairs in children with 

spastic cerebral palsy in Saudi Arabia in light of other studies that examined similar 

effects of postural management. It starts with result discussion for cerebral palsy cases 

who received postural management using a proper wheelchair showed a significant 

improvement in MAS, GMFCS and CPQOL scores after four weeks of follow-up at 

the postural clinic in Sultan Bin Abdul-Aziz Humanitarian City, discussing the results 

of postural management with other studies in developed and developing countries. 

After that, a complete description of strengths and limitations are demonstrated.  

5.1 Result of Proper Wheelchair on Spasticity  

In children with cerebral palsy, postural management using a suitable wheelchair was 

linked to a statistically significant reduction in MAS score in the shoulder, elbow, 

wrist, and hip joints between baseline and after 4 weeks of follow-up (p-value 0.001) . 

The spasticity was decreased 32% in the right and left shoulder between baseline and 

after 4 weeks, the right elbow the spasticity was decreased 36% and left elbow was 

decreased 26%, the right wrist was decreased 34% and the left wrist was decreased 

29%, and the spasticity in right hip was decreased between baseline and 4 weeks 26%, 

the spasticity in left hip was decreased between baseline and 4 weeks 28%, and no 

significant decreased in the spasticity between baseline and 4 weeks in the knee joints 

and the right ankle was decreased 11% the spasticity between baseline and 4 weeks 

was increased  the spasticity in the left ankle 2% .Meanwhile, Spasticity is defined as 

increased speed-dependent resistance to passive muscle extension, or inadequate 
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involuntary muscle activity associated with upper motor neuron paralysis. Spasticity 

can cause functional problems with activities of daily living (ADL) such as walking, 

eating, and washing, going to the bathroom, and changing clothes. Over time, 

spasticity can also cause problems such as subluxation, dislocation, and loss of 

functional independence. Contracture occurs when a joint loses movement due to 

structural changes in the muscles, ligaments, and tendons that surround the joint. The 

shortening and stiffness of the soft tissue makes it difficult for the joints to stretch and 

interferes with normal movement. However, spasticity is beneficial for children with 

cerebral palsy.  

The ROM using proper wheelchair that reduce spasticity with Biofeedback combined 

with functional movement reduction in spasticity And postural management promote 

optimal recovery by modulating muscle tone, providing appropriate sensory 

information, increasing spatial awareness with Normalise Tone or Decrease Abnormal 

influence on the Body 

The MAS score in knee and ankle joints did not significantly affect the complex knee 

and ankle anatomy directly contributing to the observed deformity. With spasticity, 

paediatric patients have less control and isolation of activation. The activation is more 

diffuse and divergent. Therefore, different ankle and foot deformities may be 

observed, depending on the severity of the spasticity and the weakness of the 

individual muscles. And in our study, wheelchairs did not directly intervene in the 

knee and ankle joints as physical therapy may be involved in maintaining the range of 

motion of the ankle joint, and in the control of ankle muscle tone in children with 

spastic CP. 
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Proper wheelchair and orthoses are all devices that are designed to keep the body in a 

certain position. These devices are used to prevent or correct deformities in the spastic 

limb and/or to help children with cerebral palsy overcome activity limitations, such as 

difficulties with standing and walking and wheelchair can improve the range of 

movement in a joint that is already spasticity. Proper wheelchair is an intervention 

practice that is becoming more commonly used in occupational therapy practice, in 

addition to other treatment modalities/protocols for children with cerebral palsy to 

manage spasticity.  

Providing a prolonged stretch offers biomechanical benefits and inhibits spasticity 

using proper wheelchairs with orthosis are typically designed to limit unwanted ankle 

movements, specifically ankle plantar flexion (foot pointed toward the ground). 

It is well known that muscle tone and ROM of the knee and ankle joints are important 

for the maintenance of standing posture and ambulatory function. The effects of the 

wheelchair on spasticity are not significant. Our findings that need more than 30 days 

reducing spasticity in Knee and ankle joints may significantly affect the flexibility or 

muscle tone and ROM of the spastic knee and ankle joints. In addition, during the 

study as the patients’ readmission no direct physical therapy intervention. lor this 

reason, it is noted that regular PT to prevent ankle contracture and control 

hypertonicity is an important component of the care continuum for children with 

spastic CP. The current study is the city of Riyadh's first interventional study on 

postural management for CP children, and it included a gold-standard evaluation tool 

to analyze the effects of postural management utilizing a correct wheelchair selection. 

The full assessment spasticity features of this intervention would aid in the 

development of primary evidence concerning its benefits and potentials. Furthermore, 

the full examination of this element and its precise implications on CP scores added 
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novel physiotherapy research views to the current study findings. Despite the modest 

sample size, it is greater than numerous other interventional postural management 

studies on CP children, which will aid in the development of future larger-scale 

investigations. 

The use of an appropriate wheelchair for posture management resulted in a 

statistically significant improvement in the spasticity score. The findings of this 

interventional study can be utilized to emphasize the importance of correct wheelchair 

selection for this very vulnerable population. They can also be utilized to raise 

awareness about posture management and pediatric rehabilitation services, as well as 

boost the visibility of the potential benefits of physiotherapy and occupational therapy. 

These evidence-based findings could be used to argue for better posture care for 

spastic CP patients in order to improve their health. 

Management of spasticity is a major challenge to the treatment team. Various forms of 

therapy are available to people living with cerebral palsy as well as caregivers and 

parents caring for someone with this disability. They can all be useful at all stages of 

this disability and are vital in a CP person's ability to function and live more 

effectively. 

There is no standardized approach to spasticity management of cerebral palsy. But 

adequate assessment of the specific impairments causing disability is necessary for 

appropriate interventions to be instituted. The treatment strategy depends on the 

degree of functional failure caused by the spasticity and its location. In general, 

treatment options for management of spasticity in children with cerebral palsy include 

oral medications, physical and occupational therapy, splinting and casting, chemo 
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denervation with botulinum toxin or phenol, selective dorsal rhizotomy, intrathecal 

baclofen, and orthopaedic surgery. 

 

 

5.2 Result of Proper Wheelchair on The Quality Of Life 

CPQOL scores, on the other hand, improved in a similar pattern after postural 

treatment, but in five of the seven quality of life domains, the change was statistically 

significant. After four weeks of postural treatment, the mean CPQOL score in the 

social wellbeing and acceptability category improved from 556.491.9 to 642.899.5, 

which was statistically significant (p-value 0.001). In addition, the mean score for the 

'Feelings about Functioning' domain increased from 597.8 92.3 to 670.7 97.3, a 

statistically significant increase (p-value 0.003). Furthermore, after posture 

management, the mean score for 'participation and physical health' improved 

significantly (p-value 0.001), with mean scores of 508.2 120.2 and 611.4 128.1 at 

baseline and after 4 weeks of follow-up, respectively. Similarly, after two weeks of 

postural management, the mean score in the 'Emotional wellness and self-esteem' 

category climbed from 276.7 69.6 to 310.3 70.9, and after four weeks of postural 

management using a suitable wheelchair, it reached 319.2 90.6. In addition, after a 

month of postural management, the mean score in the 'Access to Services' domain 

improved dramatically from 563.9 119.9 before the therapy to 672.5 121.3 after the 

treatment (p-value 0.001).  

CPQOL was increased in total score between baseline and 4 weeks 15% and this is 

was significant improvement and if we will go in domains details will started with 

Social Wellbeing and Acceptance that was increased between baseline and 4 weeks 
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16% as start the family and patient be more independent when using proper 

wheelchair, Feelings About Functioning was increased between baseline and 4 weeks 

12% and its significant improvement as the patients was more independent in 

function, Participation and Physical Health was increased 20% as the patents more 

participating using proper wheelchair and this is significant improvement, Emotional 

Wellbeing and Self Esteem was increased 15% between baseline and 4 weeks,  Access 

to Services was increased  20% as the patients have access to services using proper 

equipment and this is was significant improvement,   Pain and Impact of Disability 

was increased 6% between baseline and 4 weeks, and Family Health increased 8% 

between baseline and 4 weeks 

The mean score of the 'Pain and Impact of Disability' and 'Family Health' domains, on 

the other hand, did not change substantially after postural treatment, with p-values of 

0.184 and 0.301, respectively. In summary, postural management enhanced the overall 

quality of life of spastic CP children, with the social wellbeing, feelings about 

functioning, physical health, emotional wellbeing, and access to services domains 

showing the greatest improvement. 

5.3 Result of Wheelchair Selection on Gross Motor Function 

GMFCS values fell considerably between baseline and four weeks of posture control 

utilizing correct wheelchairs, as no significant improvement in the P value The study 

subjects' mean GMFCS score was 4.5 (0.9) at the start, 3.5 (0.8) after two weeks of 

postural management, and 3.4 (0.8) after four weeks of postural management and 

follow-up. 



 

 78 

 

GMFC was decreased between baseline and 4 weeks 25% significant improvement 

cross the all our patient 

5.4 Comparing Study Results with Other Studies in Developed and 

Developing countries 

The objectives of this study are to measure the effect of proper wheelchair selection 

on the spasticity of children with spastic cerebral palsy, to determine the effect of 

proper wheelchair selection on the QOL of these children, and to investigate the effect 

of wheelchair selection on their gross motor function. The literature review revealed 

several previous postural specific studies for cases living with CP. However, most 

previous studies were observational and cross-sectional and there is an apparent 

scarcity in interventional studies. For example, Alkhateeb et al. conducted an 

interventional postural study on nine CP cases in Jeddah, Saudi Arabia and concluded 

that the adjustment of head and neck support in the wheelchair would result in better 

body part positions and therefore benefit the patients (Alkhateeb et al., 2019). 

Alkhateeb et al. findings are in line with the current study finding that the postural 

management with proper wheelchair selection yielded with better MAS score and 

better gross motor function. However, the scope of the current study was on 

wheelchair selection rather than wheelchair adjustment. 

There is a high need for a proper wheelchair selection, especially in developing 

countries where rehabilitation services might not cover all CP population in need of 

these proper services (Toro et al., 2015). For example, a recent cross-sectional Turkish 

study revealed that 8 out of 10 CP children were not using an appropriate wheelchair 

for their clinical and functional needs (Ekiz et al., 2017). In addition, another Japanese 

study showed that around half of CP cases were not receiving appropriate postural 
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support while they were using wheelchairs and this poor postural support would 

negatively affect their health and functional status (Hatta et al., 2007). Rodby-

Bousquet and Hägglund reported that early intervention during the childhood and 

early development years by proper wheelchair selection would improve CP cases' 

mobility outcomes and potentially increase their independence (Rodby-Bousquet & 

Hägglund, 2010).  

One of the most extensive interventional studies regarding wheelchair selection for CP 

cases was performed in Indonesia and it involved more than 300 adult and children CP 

cases. This large-scale study showed that proper wheelchair selection according to 

WHO criteria improved the quality of life of the involved cases, especially for female 

cases (Toro et al., 2015). This is in line with the current study finding where our 

included cases had significant improvement in total CPQOL scores after four weeks of 

postural management, with a proper wheelchair selection. 

Moreover, a retrospective study in the United Kingdom showed that proper 

wheelchair selection for more than 100 CP patients improved their function and 

significantly decreased the spasticity (Frank & De Souza, 2017). The current study 

results showed a similar trend of spasticity and functional scores improvement after 

postural management in spastic Saudi CP children. 

Meanwhile, another small-scale interventional study involving only three patients in 

Japan showed promising objective results for the CP cases when postural and foot 

support was applied in the wheelchairs (Shirogane et al., 2017). Similarly, another 

interventional study involving 20 CP cases in Taiwan revealed that using wheelchairs 

technology that provides proper support would improve body parts alignment and 

benefit CP cases (Liu et al., 2014). Also, McDonald and Surtees conducted an 
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interventional study involving 23 British CP cases who were managed by postural 

intervention on the knee level. McDonald and Surtees intervention failed to 

significantly improve CP cases (McDonald & Surtees, 2007). Our study results 

contradict McDonald and Surtees findings, but this could be explained by the 

differences in postural management intervention and by differences in the study 

methodology. 

Furthermore, Vekerdy conducted a postural interventional study on 47 CP children in 

Hungary. The results of this study also included an objective measurable improvement 

in the posture of involved CP cases (Vekerdy, 2007). Although objective 

measurement of CP children's posture status was outside the scope of the current 

study, the improvement in joint spasticity and the functional scores are showing the 

same trend of improvement after postural management interventions for CP children. 

Finally, a series of four interventional and observational studies in Sweden showed a 

significant quality of life improvement in CP cases, but the postural intervention was 

done by using standing devices (Nordström, 2014). This improvement in the quality of 

life results after a postural intervention is in line with the current study results keeping 

in mind that the postural intervention was not a totally different intervention. 

5.5 Study Limitation 

Similar to other quasi interventional studies, measuring the causality between 

intervention and results is limited (Waddington et al., 2017). Also, the small sample 

size and non-random selection of study participants limit the generalization of study 

findings.  
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In addition, rehabilitation services at Sultan Bin Abdulaziz Humanitarian City are 

known to be high standard services all over the Saudi Arabia Kingdom. This fact 

would increase the expectations of study participants and possibly improve their 

compliance with postural management. Therefore, the generalization of the current 

study findings to other centres with possibly less standardized rehabilitation services 

would be limited. However, the primary researcher tried his best to include CP 

children from the capital city Riyadh and from surrounding areas as well. 

5.6 Study Strength  

The current study is the first interventional study on postural management for CP 

children in the city of Riyadh and it included a variety of assessment tools to examine 

the effects of postural management using a proper selection of wheelchairs. The 

comprehensive assessment of the quality of life effects in addition to assessing the 

functional and spasticity aspects of this intervention would help in building primary 

evidence about the benefits and potentials of this crucial intervention. Moreover, the 

comprehensive assessment of these aspects and their detailed effects on CP scores 

enriched the current study findings with unique physiotherapy research perspectives. 

Although the sample size was small, it is larger than several other interventional 

postural management studies on CP children and this would help with building future 

larger-scale studies.  
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CHAPTER 6  
 

 

CONCLUSIONS AND RECOMMENDATIONS 

This chapter demonstrates the main conclusions of the current study regarding the 

effects of postural management using proper wheelchairs in children with spastic 

cerebral palsy, with a special focus on the overall benefits for the children, their 

families and healthcare providers. It also explains the core recommendations for future 

research and essential recommendations for additional postural management 

interventions for this vulnerable group of patients living with severe functional and 

physical disabilities.  

6.1 Conclusions  

The current study is one of a handful of interventional studies that examined the 

effects of postural management in spastic cerebral palsy children. Postural 

management using a proper wheelchair has led to statistically significant improvement 

in the spasticity score (MAS score) and in the motor functional score (GMFCS score). 

In addition, this postural management significantly improved the total score of quality 

of life of spastic CP children and this improvement was more prominent in the social 

wellbeing, feelings about functioning, physical health, emotional wellbeing and access 

to services domains of quality of life. 

The results of this interventional study can be used to highlight the benefits of proper 

selection of wheelchairs for this extremely vulnerable group. They can be used to 

increase awareness regarding the postural management and pediatric rehabilitation 

services, as well as increasing the visibility of physiotherapy and occupational therapy 
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potential benefits. These evidence-based results could be used to advocate for 

providing spastic CP cases with better postural management so they can achieve better 

functional status and the coming generations could have a better quality of life. 

6.2 Recommendations for Future Research 

Based on the current study results, it is recommended to have further future large-

scale studies to examine the subjective and objective effects of postural management 

using proper wheelchairs. However, in order to have a better generalization of future 

study results, it is recommended to plan the coming interventional studies on blinded 

randomized methodology. 

In addition, the follow-up duration of the current study was only four weeks. 

Therefore, there is a need for future long-term and longitudinal research in order to 

identify the sustainability of postural management effects on spastic CP cases. 

Furthermore, the postural management assessments in the current study were done by 

the primary researcher who is an employee at the postural clinic so the interviewer 

bias cannot be eliminated. It is recommended for future research to have an 

independent assessor for the effects of proper wheelchair selection. 

Lastly, the current study was a single-centre interventional study, and the 

generalization of single-centre study results is limited. Thus, it is recommended to 

have multi-center or even better, multi-country interventional postural studies on 

spastic CP children so the evidence will become more robust and conclusions could be 

generalized. 
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6.3 Recommendations for Future Postural Management Using Proper 

Wheelchair  

It is recommended to continue and expand postural management using a proper 

wheelchair for spastic CP cases because it yielded promising results regarding 

functional and quality of life scores. However, it is recommended to develop and 

implement postural management intervention based on a multidisciplinary approach 

that involves patients, families and health care providers from clinical, nursing, social 

and rehabilitation departments. 

Health authorities are encouraged to allocate sufficient resources and funds for the 

postural management interventions in order to avoid or delay potential adverse health 

and psychological consequences of spastic CP.  

Allocating funds, personnel and efforts in the development and implementation of a 

nation-wide postural intervention using a proper selection of wheelchair to spastic CP 

children could eventually lead to cost-effective results in terms of better children and 

families' quality of life and less functional burden.  

It is favored to have a screening program for those who could benefit from postural 

management using a proper wheelchair, such as spastic CP children probably living in 

underprivileged or out of reach areas for early detection and prevention of negative 

health and functional consequences among those children. 
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APPENDICES 

Appendix A Quality of Life Questionnaire for Children (CP QOL-CHILD) 
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 إستبيان نوعية الحياة لألطفال المصابين بالشلل الدماغي
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Appendix B Ashworth Scale and Modified Ashworth Scale 

Score  Ashworth Scale (1964) Modified Ashworth Scale Bohannon & 

Smith (1987) 

0 (0)  No increase in tone No increase in muscle tone 

1 (1)  A slight increase in tone 

giving a catch when the limb 

was moved in flexion or 

extension 

A slight increase in muscle tone, 

manifested by a catch and release or by 

minimal resistance at the end of the range of 

motion when the affected part(s) is moved 

in flexion or extension 

1+ 

(2) 

 Slightly increase in muscle tone, 

manifested by a catch, followed by minimal 

resistance throughout the remainder (less 

than half) of the ROM (range of movement) 

2 (3)  A more marked increase in 

tone but limb easily flexed 

A more marked increase in muscle tone 

through most of the ROM, but affected 

part(s) easily moved 

3 (4)  Considerable increase in 

tone – passive movement 

difficult 

Considerable increase in muscle tone – 

passive movement difficult 

4 (5)  Limb rigid in flexion or 

extension 

Affected part(s) rigid in flexion or 

extension 
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Appendix C Gross Motor Function Classification System (Gmfcs) 
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Appendix D Wheelchairs Selection Criteria for Paediatrics 

Type Criteria 

Standard 

wheelchair 

Unsafe ambulation 

A patient can propel standard weight wheelchair (15, 20 kg), 

Self-propelling, for short distances only 

No postural issues, spasticity, obesity, or behaviors that will 

stress the chair frame 

Lightweight 

chair/Transit chair 

Unsafe ambulation 

The patient cannot functionally propel a standard weight 

wheelchair (15-20 kg) 

A caregiver is frail/ small  

Pediatric patients as they cannot often push a heavy chair 

Recliner 

Wheelchair 

The patient hip angle is fixed at more than 90 degrees 

Comfort and rest post-surgical patients 

Full support 

wheelchair 

(Tilt in space) 

Totally Dependent require head/trunk support 

At risk for pressure ulcers 

Rests in the chair during day time  

Correctible or partially correctible scoliosis, kyphosis or lordosis 

Severe spasticity 

50 degrees tilt may be necessary for bladder or pressure sore 

management 

Active Chairs Unsafe ambulation 

Active lifestyle (Attends school, work, etc.) 

Has adequate strength/AROM required 

Good sitting balance required 

Powerchairs The patient has a permanent /progressive condition 

is unable is propel for more than 10 feet 

severe weakness/pain of the upper extremities  

Demonstrated cognitive ability to operate it  
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Caregiver able to do maintenance of the wheelchair 

Needs power chair in outdoor/ indoor activity such as school, 

work, or daily practice 

The patient has an appropriate vehicle  

 

Pushchairs  

Transportation for the cognitively impaired person  

Transportation of disabled child when a therapeutic seat is used 

in the home 

Age-appropriate can be used for pediatrics and adolescents  

Source: (Gericke, 2006; Khasnabis et al., 2013) 
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Appendix E Consent Form to Participate in a Research 
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Appendix F Research Information Sheet 
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