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Background: Cerebral Palsy is a physically disabling condition limiting the physical 

activities caused by lesion in developing brain. Cardiorespiratory fitness is the important 

physiological variable in children with CP but they are more likely to have decreased 

cardiorespiratory fitness compared to their typically-developing peers. 

Objectives: To determine cardiorespiratory fitness in term of estimated VO2 max of 

Cerebral Palsy children. 

Methods: In a cross-sectional study, 95 cerebral palsy children with GMFCS I, II, III were 

recruited and the participants were instructed to walk at their own pace as fast as possible 

for 2 minutes during 2MWT. Distance walked, heart rates and Borg RPE were calculated 

at different phase 2MWT. 

Results: Children with CP have a poor cardiorespiratory fitness with lower level of VO2 

max than normal child of same age group. There was no significantly difference in 

cardiorespiratory fitness of male and female in term of calculated VO2 max. However, 

female of age group 10-12 years has comparably better cardiorespiratory fitness than boys 

and more than half of the children with CP participant have a risk of developing 

Cardiovascular problem as determined by heart rate recovery. 

Conclusion: Cardiorespiratory fitness was significantly poor in CP children than health 

children of same age and more than 50% have a risk of cardiorespiratory problems. 

Cardiorespiratory fitness doesn’t affect locomotory capacity but heart rate recovery and 

heart rate reserve show high association with VO2 max.  

Keywords: Cerebral palsy, Cardiorespiratory fitness, VO2 max 
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1.1 Background 

Cerebral palsy (CP) is a physically disabling condition limiting the physical activities 

(Morris, 2007; Fowler et al., 2007). CP is an umbrella term for various neurological 

disorders caused by a non - progressive lesion in the developing brain, caused by brain 

injury or abnormal development of the brain that occurs while a child’s brain is still 

developing — before birth, during birth, immediately after birth which result in abnormal 

postural tone and atypical movement patterns (Zaffuto-Sforza, 2005). Research suggests 

that children with CP also tend to have poorer physical fitness than children without 

disabilities and there is evidence for reduced VO2 max (Hoofdwijk et al., 1995; Verschuren 

& Takken, 2010; Balemans et al., 2013b), which may lead to a lower health status and 

higher risk for developing secondary conditions (Fowler et al., 2007). These facts are now 

familiar to most health and social service professionals along with many other members of 

the general public (Morris, 2007; Fowler et al., 2007). 

The poorer physical fitness in CP child is due to reduced mobility caused by impairments 

(Maltais et al., 2010). Additionally, the clinical spectrum of CP in developing countries is 

different from that in the developed countries. The trend of increasing survival of preterm 

babies and advances in maternal and neonatal care in the developed world is not yet evident 

in most developing countries (Singhi, Ray and Suri, 2002). 

The prevalence of CP is estimated throughout the world vary depending on the 

methodology of count, percentage ascertained and variations in selection criteria (Oskoui 

et al., 2013) and it has been reported between 0.6 to 5.9 cases per 1000 live births. But most 

statistics along with the two largest data sets, the Australian Cerebral Palsy Register 

(ACPR) Group and Surveillance of Cerebral Palsy in Europe (SCPE) both showed that 

there are two cases per 1000 live births (Kamali & Chabok, 2014) and (Oskoui et al., 2013) 

and other study in Europe showed the prevalence ranges of CP are from 1.39 to 2.80 per 

1000 live births (Bent et al., 2002). The prevalence of cerebral palsy is also influenced by 

race and gender. The study shows that Asians has lower prevalence than whites (1.09 vs 
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1.36 per 1000) and males are affected more than females (except in America) (Lang et al., 

2012). In Bangladesh the estimated prevalence of CP is up to 3.7/1000 children and there 

are around 260,000 children with CP in Bangladesh (Murthy et al., 2014). The incidence 

rates for cerebral palsy have remained the similar since first being recorded in the 1960 

even with advanced medical care and improved knowledge of some causative factors and 

is due to the increased survival rate of very pre-term and low birth weight infants. Since 

pre-term infants are more likely to survive than previously they are more likely to have 

associated co-morbidities such as cerebral palsy (Blair & Watson, 2006). 

The exact cause of cerebral palsy has not been well understood though it was believed to 

be caused from injuring the developing brain. However, it is associated with numerous 

prenatal and perinatal factors like congenital infections, birth defects, preterm birth, 

intrauterine growth restriction, sentinel events and multiple pregnancy, and with post-

neonatal factors such as head trauma or cerebral infections within the first year of life 

(Wilton, 2003). It is also associated with child factors including the child’s gender, birth 

order and birth interval and the socio-demographic factor including ethnicity, religion, and 

rural/urban residence (Khanal, et al., 2014). 

There are wide range of classification systems available for CP. The prevailing 

classification systems of CP which are used in rehabilitation can be broadly divided into 

three categories: 1. Distribution of involvement (Monoplegia, Hemiplegia, Diplegia, 

Triplegia, quadriplegia) (Reid et al., 2011). 2. Types of motor disorder (spastic, ataxic, 

dyskinetic) (Westbom et al., 2007). 3. Functional motor classification also known as 

GMFCS (Level I - Walks without limitation, Level II – Walks with limitation, Level III - 

Walks using a hand-held mobility device, Level IV -Self-mobility with limitations; may 

use powered mobility, Level V - Transported in a manual wheelchair) (Palisano et al., 

2008). Classification of the degree of severity of cerebral palsy varies greatly from mild, 

moderate or severe by convention; these descriptions of severity are quite broad and subject 

to interpretation which have often been used inconsistently. A considerable proportion of 

individuals with CP exhibits mixed motor types, e.g., a predominantly spastic motor pattern 

with dyskinesia and the likelihood that severity of associated impairments increases with 

severity of motor impairment (Smithers et al., 2016). However, most of the individuals 



Page 3 of 73 
 

with CP have more than one associated impairment and their presence can complicate 

therapy, decrease quality of life for the individual and their family and increase economic 

costs for the family and society (McIntyre et al., 2011). 

Gross Motor Function Classification Scale extended version (GMFCS E-R) 

Gross motor classification scale is one of the classification systems which allows the 

categorization of people with CP according to their level of functional impairment. It is a 

five-point scale that distinguishes between levels of motor function based on functional 

mobility and the need for assistive technology, particularly mobility aids (Palisano1997; 

Palisano 2008). The extended and revised version of GMFCS includes descriptions of 

children’s abilities for each level across five age bands: less than 2 years, 2 to 4 years, 4 to 

6 years, and 6 to 12 years, and 12 to 18 years (Palisano et al., 2008) and it was based on 

self-initiated movements only, concentrating mostly on control in sitting and functional 

mobility and taking into consideration of everyday performance, rather than best capacity. 

However, observations showed that children with CP use a range of mobility methods 

across settings, particularly those categorized in GMFCS levels II to IV (Harvey et al., 

2010; Palisano et al., 2003).  

Children and adolescents with spastic CP often have poor physical fitness as has been well 

documented by means of exercise tests. Moreover, exercise testing has been used as a 

primary outcome measure of therapy and exercise programs in children and adolescents 

with CP (Verschuren et al., 2008; Verschuren et al., 2011). These studies also show for 

children and adolescents with CP who rely for short or longer distances on a manually 

propelled wheelchair for locomotion, there is a shortage of exercise tests to examine 

exercise capacity (Verschuren et al., 2011). Therefore, this classification system might help 

in categorization of CP children along with the developing of exercise and exercise 

parameters. 
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International Classification of Functioning, Disability and Health in relation to 

children with cerebral palsy 

Cerebral palsy has a wide range of impairments with different severity, which certainly 

results in some degree of activity limitation. The motor and other impairments associated 

with cerebral palsy can be classified under the framework of the International 

Classification of Functioning, Disability and Health (ICF), which helps to describe and 

measure health and disability considering physical and social aspects of disability at both 

the individual and population levels (World Health Organization, 2001).  

 

 

 

 

 

 

 

 

 

 

Figure: Cerebral palsy and the consequences in relation to the domains of the International 

Classification of Functioning, Disability, and Health (ICF) and the possible interactions. 

The framework is divided into domains of body (comprising body functions and structure), 

activities and participation which allows rehabilitation specialist to consider the interaction 
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e.g. Accessibility, support, 
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between child impairments, their daily activities and subsequent participation within 

community, in relation to the personal and environmental factors.  

The above Figure shows examples of the different problems faced by a CP child. Most of 

them have physical and mental impairments which are shown in the ‘body function and 

structures’ cadre. And due to these and other problems, they are unable to perform their 

activities of daily living as shown in ‘activity’/limitation cadre. Further impairments and 

activity limitations due to CP may affect their participation in education, community and 

in different games and program. Environmental and personal factors are further adding to 

the above problems and all these challenges might decrease the overall quality of life of 

the CP child. 

Cardio respiratory fitness 

Cardiorespiratory fitness (CRF) is an element of physical fitness which is described as the 

body’s response or adaptation to the demands and stress of physical effort (American 

College of Sports medicine, 2000). It is a set of attributes that people are considered to 

either have or can achieve which relates to the ability of an individual to perform physical 

activity (PA) (Caspersen et al., 1985). It is often used interchangeably with terms like 

aerobic capacity, aerobic power, functional capacity, functional aerobic capacity, maximal 

functional capacity, cardiorespiratory endurance, cardiorespiratory fitness, cardiovascular 

fitness, maximal oxygen intake, and maximum oxygen uptake etc. (Girling-Butler, 2012). 

However, for the purpose of this study the term cardiorespiratory fitness (CRF) was used. 

It is a health-related component of physical fitness which is described as the ability to 

supply oxygen during sustained PA to the circulatory, respiratory and muscular systems 

(Lee et al., 2010). CRF is different for different individuals and it was found that it is lower 

in an individual suffering from impairments like CP. CP children have physical limitations 

due to motor incoordination and changes in autonomic postural adjustment, which directly 

influence the heart rate, leading to poor CRF along with more functional loss and 

comorbidities (Teixeira et al., 2016). 

Therefore, CRF assessment is important and a critical component in the development of an 

individual’s exercise program. It provides the clinician with baseline data that can be used 

to identify an individual’s needs and subsequently develop an appropriate exercise program 
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(Laskin et al., 2004). It can be determined by laboratory exercise testing or field tests. 

Laboratory tests, being maximal exercise tests, require qualified personnel, sophisticated 

instrumentation and hampered in children and adolescents with spasticity, low muscle 

strength or skills etc. Therefore, submaximal exercise or field tests have been suggested as 

an alternative to maximal exercise testing and it is often used in these kinds of study 

(Verschuren et al., 2008). It is also a sensitive and reliable measure of physical activities 

associated with morbidity and mortality which is independent of other risk factors (Lee et 

al., 2010) and should be considered when estimating the risks of maximal exercise tests for 

each individual (Ekblom-Bak, 2010). In this study the CRF of CP children is investigated 

in terms of VO2 max by using heart rate ratio equation through 2MWT and Borg’s RPE 

scale. 

VO2 max 

VO2 max is the gold standard measure of CRF and is defined as a maximal oxygen uptake 

expressed as milliliters of oxygen consumed per kilogram of body weight per minute (ml 

O2 /kg/min or ml/kg/min) or metabolic equivalents (METs), where 1 METs=3.5 ml/kg/min 

(Davis, 1995) (Noonam, 2000). It can be assessed through a direct procedure by ventilatory 

gas analysis at maximal exertion during graded exercise ergometry test or by an indirect 

procedure from maximal or submaximal exercise duration, peak workload and or heart rate 

(HR) responses achieved during submaximal or maximal exercise ergometry, amount of 

time required to walk, jog or run a specified distance (Davis, 1995) (American College of 

Sports Medicine, 2013). This study estimated VO2 max by an indirect procedure through 

maximum heart rate measured by heart rate measurement device during 2MWT. The study 

has shown it as a determinant of CRF which is also required for different exercises like 

aerobic training. It is beneficial for CP patient in achieving the functional ability through a 

conditioning program with less energy expenditure, reduce cardiovascular risk, controlling 

blood pressure and improve VO2 max (Batista et al., 2010). The VO2 max value for normal 

children was shown in different values in different studies. A study done by Pate et al 

(2006), found that children between age 12-14 years, males and females, show 42.4 ± 4.1 

ml/kg/min (Van Loon., 2010), between age 8-18years show 47 ± 7 ml/kg/min for male, 

and for female 42 ± 6 ml/kg/min. However, the VO2 max is found to be lower in CP 
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children than in normal children due to CP related impairments. A study done by Maltais 

et al. (2005), in CP children between 10-16 years, shows 32.7 ml/kg/min. However, a study 

by Verschuren & Takken (2010) in CP children between 7-17 years shows VO2 max of 

42.0 ml/kg/min. 

2 Minutes Walking Test 

Two minutes walking test (2MWT) is a shorter duration version of 6MWT and 12MWT. 

There are wide ranges of walking tests described in literature which range in duration from 

1-12 minutes and that are used to quantify the functional endurance of patients with 

different health problems like cardio-pulmonary, neurological, renal and amputation cases. 

2MWT is a most notable short duration walking test with broad use which is now popular 

in literature. American thoracic society had recommendation that those who are not suited 

for the 6MWT due to time consuming, unable or unwilling to complete 6MWT, it is 

imperial to use the 2MWT (Bohannon et al., 2014). Since then, the 2MWT has been 

developed as the one test which is now applied during cardiac rehabilitation of patients 

with severe disabilities like CP (Casillas et al., 2013). 

Borg scale (Modified) 

Rate of perceived exertion (RPE) is widely used in exercise tests using cycle ergometers 

(incremental aerobic exercise) for patients with cardiovascular and metabolic diseases 

(Borg. 1977). It is used to determine how hard you feel like your body is working based on 

the physical sensations experienced by an individual during physical activity, including 

increased heart rate, increased respiration or breathing rate, increased sweating, and muscle 

fatigue. Although this is a subjective measure, a person's exertion rating may provide a 

fairly good estimate of the actual heart rate during physical activity (Borg, 1977). There 

have been significant advancements in assessing of the ratings of perceived exertion (RPE) 

to predict maximal oxygen uptake and the principle is now widely used to estimate VO2 

max in child and adult during exercise testing (Eston, 2009). This scale was used in this 

study to determine the participant’s felt exertion after the 2MWT. Children or parents 

reported the perception or effort during 2 MWT after completing the tests by marking 

marks on a graduated scale (very very easy to very very difficult) corresponding to the 
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Borg 0 to 10 scale. The researcher or volunteer explained and practiced with each subject 

how to complete he scale until they were able to report sensation reliably. 

   

0 1 2 3 4 5 6 7 8 9 10 

At     Very    Some    Mode-  Some   Hard               Very                          Very very 

rest    easy    what     -rate      what                        hard                              hard 

                     easy                   hard 
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1.2 Justification of Study 

The study was conducted to investigate the level of cardiorespiratory fitness of cerebral 

palsy children in term of estimated VO2 max from their heart rate during 2MWT. 

Cardiorespiratory fitness is the most powerful marker of health, and important quantitative 

predictor of cardiovascular measures causing mortality of both normal and CP children. 

Generally, the CP children have low cardiorespiratory fitness compared with normal 

children and there is no sufficient research regarding the feasible way to evaluate and 

improve it.  Since most of the studies showed that the child with higher cardiorespiratory 

fitness levels have been associated with a healthier cardiovascular profile in adulthood, 

evaluation of cardiorespiratory fitness may help to identify a target population for primary 

prevention both in children and adults, as well as for promotion of health policies. 

Moreover, there are no sufficient data in literature regarding the cardiorespiratory profile 

of the CP children in comparison to adult. The procedure used in the study was submaximal 

field test in which VO2 max was estimated using heart rates, distance covered and 

individual rate of perceived exertion. It is a safe, reliable, cost effective and efficient 

measurement for estimating the cardiorespiratory fitness of CP child. Along with this, the 

study will find out the different indicators of cardiorespiratory fitness during the study 

period like HR reserve, HR max etc. These indexes are very much important in determining 

the cardio respiratory related mortality and further preventing the risk to improve overall 

quality of life of CP children along with their parents. The purpose of this study was to 

determine whether the cardiorespiratory endurance of children with CP differ than that of 

normal child, and whether differences in the locomotion capacity among CP patients affect 

their cardiorespiratory endurance. 
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1.3 Significance of the Study 

The study is believed to be the first in Bangladesh in term of determining cardiorespiratory 

fitness in term of VO2 max on CP children of GMFCS level I, II, III. The main finding of 

the study will be the level of cardiorespiratory fitness of the CP children which is 

responsible for the overall quality of life of the CP child. The product of this work will also 

intend to increase understanding of cardio respiratory fitness of CP child in order to 

improve the effective planning of rehabilitation strategies based on expected outcomes. 

This study is expected to contribute data to parents, service providers and policy makers 

for designing the service needed for CP child for improving the cardiorespiratory health on 

the basis of evidence. 
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1.4 Research Question 

What is the level of cardio respiratory fitness in term of estimated VO2 max in cerebral 

palsy children classified in functional levels GMFCS I, II and III? 
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1.5 Operational Definition 

Cerebral Palsy 

CP is an umbrella term for various neurological disorders caused by a non - progressive 

lesion in the developing brain, caused by brain injury or abnormal development of the brain 

that occurs while a child’s brain is still developing — before birth, during birth, or 

immediately after birth which result in abnormal postural tone and atypical movement 

patterns. 

Cardio Respiratory Fitness 

Cardio respiratory fitness is defined as the ability of heart and lungs to take in the oxygen 

and deliver it to all parts of body allowing the participation in physical activities over a 

long period of time. 

VO2 max 

VO2 max is the maximum capacity of an individual’s body to use and transport oxygen 

during exercise. 

Heart Rate 

Heart rate is the speed of the heartbeat measured by the number of contractions of the heart 

per minute (bpm). 

Maximum Heart Rate (HR max)  

The maximum heart rate (HR max) is the highest heart rate an individual can achieve 

without severe problems through exercise stress; it generally decreases with age.  

Recovery Heart Rate 

Recovery heart rate is the measure of how much the heart rate fall during the first two 

minutes after maximal or sub maximal exercise 

Reserve Heart Rate (HRR) 

Reserve Heart Rate is the difference between resting heart rate (HR rest) and maximum 

heart rate (HR max). 
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2-Minute Walking Test 

The 2MWT is a measurement of endurance that assesses walking distance over two 

minutes for determining the cardio respiratory fitness of an individual. 

Borg Scale for Perceived Exertion (BRPE)(Modified) 

Borg Rate of Perceived Exertion (RPE) is a 0 - 10 scale of perceived exertion which is used 

for quantifying, monitoring and evaluating the exercise tolerance and magnitude of 

exertion in healthy child populations and other groups 

ABILOCO Kids 

ABILOCO-Kids are tools to measure a locomotion ability for children with lower limb 

impairments which assess the wide range of walking ability of children with CP focusing 

on the activity domain of the ICF. 
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Cerebral palsy (CP) is the most common cause of neuromuscular physical disability in 

children (Surveillance of Cerebral Palsy in Europe, 2000).  It is described as a group of 

permanent disorders of development of movement and posture causing activity limitation 

due to non-progressive lesion that occurred in the developing fetal or infant brain. The 

motor disorders of CP are often accompanied by disturbances of sensation, perception, 

cognition, communication, behavior, epilepsy and secondary musculoskeletal problems 

(Rosenbaum et al., 2007). A study done in developed countries on children with CP have 

shown that1 in 3 cannot walk; 1 in 4 cannot talk; 1 in 2 have a cognitive impairment; 1 in 

4 suffer from epilepsy; 1 in 25 are deaf and 3 in 4 experience pain (Baxter, 2013). 

It is one of the major cause of childhood disability with an estimated global incidence 

between 2 and 3 per 1000 live births (Maloni et al., 2010). The prevalence of CP in 

Bangladesh was estimated up to 3.7 per 1000 children (Murthy et al., 2014). However, 

another pilot study showed that out of 859 children with severe physical impairment, 48.5 

% had CP and over half of those children (57 %) had never received any rehabilitative 

support or services, only 21.1 % (182) of those children were attending regular school and 

just 0.2 % (2) were attending special schools (Khandaker et al., 2014). The prevalence of 

CP was substantially higher among preterm and extremely preterm infants (< 28 weeks) 

and infants with low birth weight (< 2.5 kg) (Ketelaar, Vermeer and Helders, 1998). 

Although CP is found in all socioeconomic groups, most of the CP is associated with low 

birthweight and low SES. However, even in the normal birth weight ranges, rate of CP was 

2.42 per 1000 live births for those in the lowest socio-economic groups compared to 1.29 

per 1000 for the most affluent groups (Solaski et al., 2014; Oskoui et al., 2016).  

Most of the CP are result of a lesion or mal development of a brain which is non-

progressive in character and existing from earliest childhood (Ketelaar et al., 2010). There 

are different risk factors for the different CP syndromes. e.g. unilateral and bilateral spastic, 

ataxic and dyskinetic cases. However, the possible risk factors of CP are decreased birth 

weight, gestational age, chorioamnionitis, inflammation with activation of coagulation and 

CHAPTER II                                                                      LITERATURE REVIEW 



Page 15 of 73 
 

the inflammatory response and the neonatal period hypoxia, respiratory and circulatory 

problems (Ravn et al., 2010). 

CP children have different level of gross motor function impairment along with other 

associated neuro developmental problems. The Gross motor function can be described by 

Gross Motor Function Classification (GMFCS) Scale (Rosenbaum et al., 1997). It is a 

standardized observational instrument that was developed to measure change in gross 

motor function over time in children with cerebral palsy (Ketelaar, Vrmeer and Helders, 

1998). The severity of motor involvement in CP can be classified using the GMFCS System 

(Palisano et al., 1997). It is based on gross motor development of self-initiated movement 

with the emphasis on sitting and walking which consists of a five-level classification 

system with descriptions on five age bands, <2, 2-4, 4-6, 6-12 and 12-18 years. The 

children with age 6- 12 years at levels-I walks without restriction, limitation in more 

advance gross motor skills. The children at level-II walk without aids, limitation walking 

outdoors and, in the community. The children at level-III walk with aids, limitation walking 

outdoors and, in the community. The children at level-IV self-mobility with limitation, uses 

wheelchairs or power mobility devices. The children at level-V have no means of 

independent mobility (Palisano et al., 2007). 

A different study had shown that CP children display low levels of cardio respiratory 

fitness (CRF) in term of reduced peak VO2 max or a higher submaximal energy demand of 

walking.  The CP children who are able to walk, the locomotor energy demands increase 

with age 9 making it difficult to walk as they enter in phase of adolescence and adulthood 

(Hoofwijk et al., 1995; Unnithan et al., 1996 & Morgan et al., 2005). It was also found that 

low CRF was associated with adverse metabolic risk factors profiles, increased risk of 

cardiovascular disease, types type II diabetes and mortality and the strength of association 

between low CRF and mortality can be compared between mortality and convention health 

indicators (Jurca et al., 2005).  

CRF is also known as an element of ‘physical’ fitness which is described as the body’s 

response or adaptation to the demands and stress during physical effort (ACSM, 2013). 

The promotion and maintenance of CRF ensure adequate levels of physical activity and 

subsequent development of motor skills which is for desirable optimal health and for 
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prevention of age-related diseases (WHO 2001; Campbell et al., 2012 & Strong et al., 

2005). Children with disabilities have the same activity requirement as children without 

disabilities (World Health Organization, 2010). Therefore, all children need to accumulate 

60 minutes or more of moderate-vigorous intensity activity throughout the day (WHO, 

2012) or 30 minutes of moderate intensity aerobic exercise 3-4 times a week for children 

with and without disabilities (American College of Sports Medicine (ACSM), 2010). 

The main determinant of CRF is VO2 max which is defined as measure of maximum 

oxygen uptake per kilogram of body weight per minute (ml O2 /kg/min or ml/kg/min) 

(Davis, 1995). A VO2 max value of 42 ml/kg/min for males and 35 ml/kg/min for females 

are considered to be indicative of good cardiorespiratory health (ACMS, 2000).  However, 

studies had shown that VO2 max is approximately 25% less in children than a young adult 

(Washington et al., 2008). Along with this, determining and measuring the CRF over and 

above natural activity level of children is difficult as most of the test requires voluntary 

participation to fatigue and compliance issue in children (American Academy of Pediatrics 

1994). Therefore, VO2 max plateau usually seen in adults is not usually found in children 

(Armstrong and Welsman, 1994). 

A study done by Verschuren & Takken (2010), on children with age between 7-17 years 

showed VO2 max value of 42 ml/kg/min. Maltais et al. (2005) found VO2 max of 34.0 

ml/kg/min on 11children (7 boys and 4 girls) of age between 10-16 years on different 

spastic CP type with GMFCS I or II while using progressive exercise test on treadmill. 

However, a minimum VO2 max of 42 ml/kg/min for male (5 -17 years) and 40 ml/kg/min 

for females (5-9) was recommended. The other study showed VO2 max of 40-50ml/kg/min 

in healthy children (Pryor & Prasad, 2008). 

VO2 max is also known as gold standard measure of CRF and it can be assessed with direct 

(most precise, obtained by ventilatory gas analysis at maximal exertion during graded 

ergometry test but expensive) or indirect procedure (submaximal exercise ergometry or 

amount of time required to walk, jog, or run specified distance and cost effective) (Davis, 

1995; ACSM, 2013). It can also be estimated from physiological responses during 

submaximal exercise or in combination with performance measures (Uth et al., 2003). 
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A study also found that the treadmill protocols that were often used in clinical practice 

(Bruce protocol and Balke protocol) was not appropriate for CP children (Unnithan, 

Clifford and bar-Or-O, 1998). Therefore, for children who are able to walk independently 

a walking-based exercise test is preferable to directly measure CRF (Verschuren et al., 

2006) because time walk test was less expensive, simple and safe alternative to laboratory 

testing for children with CP (Verschuren et al., 2007; McDowell et al., 2005 & Kerr et al., 

2005). The sub-maximal exercise testing has many advantages over maximal testing and 

is preferred by clinicians working with individuals with chronic pain or physical limitations 

(Noonam and Dean, 2000). 

A walking test (12 min walk test which was first describe in literature, adapted from 

cooper’s test) can be used to assess the functional capacity of different population due to 

its simplicity, interpretability and representation in daily life activities. The study had 

shown that though 6 min walk test (6MWT) is most common methods for evaluating 

functional capacity and more informative for assessing, 2 MWT is reproducible and better 

tolerable to COPD (Butland et al., 1982 and Cooper et al., 1968). A study also found that 

6MWT can predict CRF in both healthy and severely disable children with or without gas 

collection (Nixon et al., 1996, Gulmans et al., 1996, Li et al., 2005) and it had been 

frequently used in sport medicine and to assess functional capacity of CP children 

(Thompson et al., 2008).  

Besides this, a high correlation on walking distance and 2MWT was found across multiple 

neuromuscular diseases of varying disease severities. This suggests that the 2MWT is a 

valid alternative to 6MWT to assess walking capability in patients with neuromuscular 

diseases (Andersen et al., 2016). A study also showed that 2MWT and 100 m were highly 

correlated with 6MWT (r = 0.827 and r = 0.827 respectively, p = 0.002) (Alfano et al., 

2014).  Along with this, another study suggested that the completion rate, values obtained, 

test-retest reliability and relationship of the distances walked in 2 and 6 minutes support 

documentation of 2-minute distance during the 6MWT. The literature also showed that 

2MWT has been better tolerated in pediatric and older persons in geriatric rehabilitation 

than 6MWT (Pin, 2014). Recent research also showed that test retest reliability measured 
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by intraclass correlation analysis was very strong for both the 6MWD and 2MWD (Vill et 

al., 2015).  

During cardiopulmonary test like maximal or submaximal exercise test, several objective 

and subjective signs like perceived exertion, physical signs of intense effort (facial 

flushing, sweating, unsteady gait or uncoordinated movements) and predicted maximum 

heart rate were used for evaluation (Paridon et al., 2006; Washingtpn et al., 1994). The HR 

rises in almost linear fashion and reaches its maximal value at VO2 max value during most 

of exercise testing. Therefore, it served as an indicator of performance in exercise test. 

Among the CRF indicators, heart rate recovery after submaximal exercise is used as a 

measure of overall fitness and even shown to predict all cause of mortality in healthy adult 

(Cole et al., 2000). The study done by Ten Harkel et al., (2010), on a treadmill on CP 

children between 8-18 years shows HR max of 184 ±12 b/m. 

There are different types of HR Max prediction equation developed for adult (Tanka et al., 

2001; Wisen and Wohlfaet, 2004). However, prediction of HR max for the pediatric 

population are scarce and controversial in comparison to adult. The commonly used 

equation for calculating HR Max for pediatric population were (220 - age) and (208 - 0.7 

× age) and it had been studied over Tanka equation. The study shows that Tanka equation 

performed better in prediction of HR max but it was unable to sufficiently observe HR max 

(Wisen and Wohlfaet, 2004). Therefore, HR max predictive equation of (208 – 0.7 × age) 

was used to calculate HR max during 2MWT of this study. According to research done by 

Uth et al., (2004), VO2 max can be estimated indirectly from an individual’s HR max and 

HR Rest with an accuracy and it can be compared favorably with other common VO2 max 

tests. The formula is as follows: VO2 max = 15 x (HR max ÷ HR rest) and it was also used 

to estimate the VO2 max of participant in this study. Beside this, there was highly 

statistically significant correlations between measured VO2 max and the estimated 

counterparts using the HR ratio method with correlation coefficients for VO2 max in 

ml/kg/min with an averaged 0.91 (P<0.001) and for mass-specific VO2 max with an 

average 0.87 ml/kg/min (P<0.001) (Uth et al., 2003). 

Although VO2 max is partly determined by genotype, it can be improved with systematic 

training and most of the research had shown the improvements up to 30% (Powers and 
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Howley, 2003). However, less research was conducted on the responsiveness of VO2 max 

to training in children and adolescents than adult. The available research also showed 

variation in results (Baquet et al., 2003; Thompson and Baxter-Jones, 2002), ranging from 

no significant changes (e.g., Gilliam and Freedson, 1980) to improvements reaching 15% 

(Stansky et al., 1979; Helmantel et al., 2009). A study has shown that cardiorespiratory 

capacity of CP children can be enhanced through exercise- rehabilitation done 40-50 

percent of VO2 max or HR Reserve for 20-40 minutes per session, three to five days a week 

(Hui and Chan, 2006) and individual with high VO2 max have ability to restore all pre-

exercise reactions rapidly (Rowland et al., 2002). Therefore, a low HR during submaximal 

exercise and the consequence post exercise HR was considered to be an indicator of CRF 

(Fitchett, 1985). 

A controlled clinical trial study conducted between 15 diplegic spastic CP and 18 normal 

subject without any neurological impairment performing  3 month of Mac Master Protocol 

based aerobic exercise found that there was no statistical significant difference in VO2 Max 

between groups and it concluded that Spastic CP have higher energy cost and lower aerobic 

fitness than normal people due to high muscle tone, severe spasticity and involuntarily 

movements and the exercise  program can improve physiological function of muscle and 

cardio-respiratory endurance in these patients (Izadi et al., 2006). At the mean time another 

study showed CP children have distinctly subnormal values for peak anaerobic power 

(Unnithan et al., 1998). In a study of 14 prepubertal girls, 5 (9.3 ± 0.5 years) participated 

in a swim training program of about one-year duration whereas the control group of 9 girls 

(9.3 ± 0.4) had no additional training (Obert et al., 1996). Both experimental and control 

groups increased significantly in absolute VO2 max by 39% and 13%, respectively from 

0.79 ± 0.12 to 1.10 ± 0.17 l/min and from 0.6 ± 0.10 to 0.78 ± 0.12 l/min. The experimental 

group showed significant improvement of relative VO2 max from 26.2 ± 4.4 to 33.8 ± 5.0 

ml/kg/min (29%) while that of the control group remained stable at about 24.7 ml/kg/min.  

The study was conducted among 12 girls (9.3 ± 0.5 years) who participated in a cycle 

ergometer training protocol for 3 times per week for 20 minutes at a heart rate of 160 to 

170 bpm and 11 girls (9.8 ± 0.4) who participated in sprint running for 8 weeks.  The 

running protocol called for maximal sprints of 10 and 30 seconds in which the number of 
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sprints increased from 3 of each duration in the first week to 6 sprints of each duration in 

week 8 (McManus et al., 1997).  A control group had no formal training. VO2 max was 

assessed with incremental treadmill test. Both experimental groups improved significantly 

in absolute VO2 max, cycling group by 10% (1.30 ± 0.19 to 1.43 ± 0.20 l/min) and running 

group by 8.4% (1.54 ± 0.24 to 1.67 ± 0.22), while the control group did not change in 

absolute VO2 max (1.49 l/min) after 8 weeks.  

A study showed that increased CRF have inverse relation with difference between various 

cardiorespiratory indexes in each surface of exercise. The early studies showed that after 

six months aerobic exercise on adult that increased VO2 max by 18% lead to higher relation 

between percentage of VO2 max and HRR percentage (Graves et al., 1992) 

According to Haekel et al. (2011), the cardiopulmonary exercise test performed on 175 

school healthy school children (8 – 18 years) found that VO2 max did not change with age. 

The mean VO2 max for male was 184 ± 12 bpm and for female was 186 ± 10 bpm. 

VO2 max is highly correlated to body mass and in most studies boy’s body mass-related 

VO2 max has been reported to remain remarkably stable over the age range 8-16 years with 

values approximating 48-50 mL·kg-1.min-1, whereas VO2 max of girls generally fall with 

increasing age, from about 45-35 mL·kg-1.min-1. Boys showed higher body mass-related 

VO2 max than girls throughout childhood and adolescence, with the sex difference 

reinforced by girl with greater accumulation of body fat during puberty (Armstrong, 2006). 

The study of 219 obese children between age 8-16 years with an average BMI 24.3–57.0 

kg.m−2 performed a submaximal bicycle ergometry and interview concerning participation 

in organized physical activity and it was found that obese children had relatively lower 

VO2 max (p < 0.001) and participated less in organized physical activity than the reference 

group (Berndtsson et al., 2007). Other study showed that when BMI increases, VO2 max 

decreases (Loftin et al., 2001). But another study found strong relationship between VO2 

max and body mass because all exercise requires body movement (Tartaruga, et al., 2010). 

However, a study found that percentage of fat doesn’t have a great influence on children 

VO2 max and concluded that the difference between obese and normal weight children is 

due to other factors rather than fat percent (Reiersen, 2013).  
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Though the literature showed a significant relation between HR Recovery and VO2 max, a 

study done on 50 active subjects (23.2 ± 21.8 years) showed insignificant relation and 

moderate correlation between HR Recovery and resting HR (Bunn et al., 2017). The 

American College of Sport Medicine (ACSM) assumes that a percentage of HR reserve 

provides the same intensity as the equivalent percentage of VO2 max but the certain study 

reported a conflict results due to the effective factors likes physical fitness, intensity in 

aerobic and anaerobic exercise, cardiovascular fitness and environment temperature 

(Mojtaba et al., 2010). The study done by McCulloch (2013), showed VO2 max can be 

estimated using a submaximal graded exercise test when extrapolated to RPE and there 

was a strong correlation between predicted and actual VO2 max values in healthy able-

bodied individuals. 

Children with CP have multiple musculoskeletal impairments which affect their 

ambulatory function (Rosenbaum, 2003) and the walking performance (locomotion) of 

children can be described by ABILOCO-Kids in a 10-item questionnaire (Caty et al., 

2008). A study done by the developers of the ABILOCO-Kids with 113 children with CP 

and 108 parents had shown good psychometric properties with high test-retest reliability 

and high reproducibility of item hierarchy. It also had high concurrent validity tested by 

correlation with the GMFCS (McDowell et al., 2007). The study done by Chong et al. 

(2011) had found that in children with CP who are predominantly GMFCS levels I to III, 

1MWT and 6MWT are strongly correlated with the parental reports of walking ability 

(AILOCO-Kids), providing evidence of convergent validity and supports the use of walk 

tests in the clinical settings. However, the level of association between walk tests and 

parental perceptions of walking ability was relatively weak for children who functioned at 

a high level (GMFCS I) and was stronger in children who were at GMFCS II or III.  

A study done by Brehm et al. (2014), among 21 CP children age 6-14 and GMFCS I, II, 

III found the mean VO2 max of 39.3 ml/kg/min during progressive maximal cycle 

ergometer and the VO2 max was considered as the best indicator of cardiorespiratory 

fitness. It was reliable in children of GMFCS levels I through III and can be used as an 

evaluative measure to detect changes following interventions in this population. 
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3.1 Conceptual framework 
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3.2 Study Objectives 

3.2.1 General Objectives 

1. To determine the cardio respiratory fitness of cerebral palsy children with GMFCS 

I, II, III in terms of VO2 max, heart rate and the Borg Scale for perceived exertion 

by 2 MWT. 

3.2.2 Specific Objectives 

1. To explore the socio-demographic characteristics of participant. 

2. To assess factor associated with cardio respiratory fitness. 

3. To study the association between different heart rates measured during 2MWT. 

4. To study the association between cardio respiratory fitness and locomotion capacity 

of children with CP. 

5. To determine the association between VO2 max and HR during 2MWT. 

6. To show the association between Perceived Exertion and VO2 max. 
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3.3 Study Design 

The study was conducted by using quantitative method that is cross sectional study with 

interview conducted with mothers or caregivers of CP child. This design was chosen 

because it was carried out at one center and with short duration time frame. The study was 

mainly focused on finding cardio respiratory fitness levels of cerebral palsy children with 

GMFCS I-III, in term of VO2 max, heart rate and the Borg Scale for perceived exertion 

while performing the 2MWT. This study design was considered to collect the quantitative 

data effectively about different variables related to study and provide a picture of problems 

along with valuable insight to improve the overall physical fitness of children with cerebral 

palsy.  

3.4 Study Population 

The study population was the cerebral palsy children with GMFS I-III from the William 

and Marie Taylor School and Pediatric unit of Centre for Rehabilitation Paralyzed (CRP). 

3.5 Study Period 

The study period was for the duration of six months from December 2017 to May 2018 

after approval of the research protocol. 

3.6 Study Site 

The study was conducted in Reed - way Hall of the Centre for the Rehabilitation of the 

Paralyzed (CRP) in Savar, Bangladesh. 

3.7 Sample Size  

The cerebral palsy had no exact prevalence rate throughout the literature. So, 50% 

prevalence was considered as prevalence of CP to calculate the desired sample size in this 

study by using the following formulae: -   

 

Where: n = the desired sample size.   
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Z = the standard normal deviation, set at 1.96, which corresponds to 95% confidence level.   

p = the prevalence proportion set at 50 %   

d = degree of accuracy desired, here set at 0.05 corresponding to the 1.96. 

While substituting the values in the formula, the sample size was 384. However, only 95 

participants were included in the study because of technical, financial and time constraints. 

3.8 Inclusion and Exclusion Criteria  

3.8.1 Inclusion Criteria 

• Cerebral Palsy, 

• Male and female, 

• Age 6 to 12 years, 

• GMFCS levels I to III, 

• On medication for CP, 

• Ability to walk continuously for 2 minutes or wheel own wheel chair, 

• Willing to participate (parents’ informed consent is given). 

3.8.2 Exclusion Criteria 

• Not able to walk or wheel independently, 

• Unstable epileptic seizures, several behaviour problems, 

• Illness at the time of testing (fever), 

• Inhibited by other medicine for exercise and other conditions that could affect the 

walking ability, 

• Orthopedic surgery or neuro surgery within the past 18 months and/or botulinum toxin 

injection within the previous 6 months, 

• Cardiac or respiratory conditions that have been negatively affected on the study, 
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• Those children and parents not willing to participate and parents unable to fill the form. 

3.9 Sampling Techniques 

Convenience sampling was used as it is effective when there were only limited numbers of 

participants who can serve as primary data sources due to the nature of research design, 

aims and objectives of this study. This sampling technique was easy to reach the study 

population according to inclusion and exclusion criteria. 

3.10 Data Collection Tools/ Materials 

Equipment Required for the study was as follows: 

• 2 MWT and ABILOCO-Kids questionnaires, 

• Data collection sheets (study questionnaires including demographic form, and the Borg 

Breathlessness Scale for participants), 

• Device for measuring heart rate, 

• Stopwatch, 

• 15.2-meter trail line on ground, 

• Measuring tapes to measure distance covered, 

• Pen, paper or data collection sheets.                        Chairs etc. (Enright, 2003). 

3.11 Data Collection Techniques 

The data was collected after approval of the study by Dhaka University, Institutional 

Review Board of Bangladesh Health Professional Institute (BHPI) along with permission 

from Pediatric Physiotherapy Department of CRP and William and Marie Taylor School, 

CRP. All the subjects and parents received explanations regarding the purpose and 

procedure of the study before voluntarily agreeing to take part. Data were collected through 

face to face administration of prepared questionnaires. Before proceeding for the study, a 

pre-test was conducted to find out possible drawbacks in the study tools and procedure and 

necessary correction was made to the best of possible knowledge and effort. 
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Procedure 

The data was collected from 2MWT which was performed in in the Reed-way Hall between 

two 15.2 m trail lines on the ground, using a standard procedure. The subjects were 

instructed to walk or wheel as fast as possible between the cones placed at 15.2 meters 

apart, had to turn around each of the cones and then walk or wheel the other way. The 

subjects received standardized and vigorous verbal encouragement and they were advised 

of the distance covered and time remaining every 30s. However, if they absolutely needed 

a rest due to high perceived exertion or tiredness, or any other problem, they were allowed 

to stop and stand still or sit on the chair for a while and also were advised to walk further 

till 2 minutes as soon as possible. Data were collected at rest, immediately after completing 

the 2 MWT and during a 2 minutes recovery period. The collected data during the 2MWT 

were heart rates, total walked/wheeled distance, number of rests taken during and 

immediately after the test as well as the Borg RPE scale. Besides, child’s length, weight 

etc. And all variables from the questionnaires were filled out before or after the 2MWT. 

3.12 Data management and Statistical analysis: 

After the completion of data collection, quality control was checked for accuracy, utility 

and completeness and stored systematically and scientifically. Any errors, incompleteness 

and inconsistencies in data affecting the study result was excluded. The data entry and 

analysis were done by using Statistical Package for Social Science (SPSS 18.0). Data was 

analyzed through descriptive statistical analysis and use them to generate tabulated reports, 

charts, plots of distributions, trends and other descriptive statistics and then other complex 

statistical analyses was conducted. A descriptive statistic was used to attain research 

objectives. 

Correlation were used to find the correlation among different continuous variables 

associated by cardiorespiratory fitness (VO2 max). Independent t- test was used to show 

association between dependent and independent variables. Similarly, Paired t- test was 

used to find the association between different heart rates during 2MWT. Finally, one – way 

ANOVA was used to study association between different variables and VO2 max. 
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 3.13 Quality Control and Quality Assurance: 

The questionnaire was developed based on literature review and some questions was 

modified from similar studies. To ensure and improve the quality of study, the 

questionnaire was translated into Bangla language after linguistic validation. Data 

collection was done only after a pilot study with the questionnaire to ensure face validation- 

through face to face interviews of the questionnaires. Then the questionnaires that was 

filled out was kept safely. The collected data was reviewed, recorded and entered into an 

SPSS program in order to reduce human error and technical errors during data analysis. All 

the data was digitalized systematically and scientifically. 

3.14 Ethical consideration 

The study was conducted after approval form Ethical Review Board of BHPI and 

permission from the respective data collection area. This study complied with the ethical 

principles of the Declaration of Helsinki, and data was collected from the respondents 

through face to face interview and self-administered questionnaire. The respondents were 

allowed to participate voluntarily in the study and were free from any kind of physical or 

mental assault. The informed consent in both written and verbal form were taken. Before 

interviewing the respondents were clearly explained about the aim, content and methods 

of the data collection and be assured that the collected information will be absolutely 

confidential. They had complete freedom to be involved in the study and the respondent 

had options to or not to respond to the interviewer’s inquiry without any influence. 
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4.1. Sociodemographic Characteristics 

Gender of participants 

Among the 95 participants, the male was 64.2% (n=61) and female was 35.8% (n= 34). 

 

Figure 1: Gender of Participant 

Age of participants 

The average age of participants was 8.33 ± 2.01. Most of the respondents were aged 6-9 

years with 71.6% (n=68) and participant with aged 10-12 years ware 28.4% (n=27). 

                     

Figure 2: Age of participant       
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Religion of participants 

Among the 95 total children’s most of them belongs to Muslim 90.5 % (n = 86) followed 

by Hindu 8.4 % (n = 8) and Christian 1.1 % (n = 1). 

 

Figure 3: Religion of Participant 

Education levels of participants 

Most of the Participants were illiterate 33.7 % (n = 32), primary education level 29.5 % (n 

= 28) and K.G 23.2 % (n = 22). SENU had low participants that is 13.7 % (n = 13). 

                            

Figure 4: Educational level of Participant 
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Education type of participants 

Most of the participant had attended integrated types of education 29.5 % (n = 28) followed 

by inclusive 24.2 % (n = 23) and special 12.6 5 (n = 12). And those who did not attend any 

types of education were 33.7 % (n = 32) which was higher than participant in integrated 

types of education. 

 

Figure 5: Education type of Participants 

Family types of participants 

Most of the participants had nuclear family types 81.1 5 (n = 77) and fewer participant had 

joint family type 18.9 % (n = 18). 

                                  

Figure 6: Family types of participants                                                                                     
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Parents education level of participants 

The secondary education level had highest response with 63.2 % (n = 60) for the parent’s 

education level of participants followed by graduation 11.6 % (n = 11), primary 9.5 % (n 

= 9), higher-secondary 8.4 % (n = 8) and illiterate 4.2 % (n = 4).  And the fewer participants 

parents had post-graduation education level 3.2 % (n = 3). 

 

Figure 7: Parent education level of participants 

Parents monthly income of participants 

Among the 95 participants 2.1 % (n = 2) participants had their family monthly income less 

than 5,000 taka, 31.6 % (n = 30) participants had their family monthly income 5,000 - 

10,000 taka, 42.1 % (n = 40) participants had their family monthly income  10,000 – 20, 

000 taka, 12.6 % (n = 12) participants had their family monthly income 20,000 – 30,000 

taka, 6.3 % (n = 6) participants had their family monthly income  30,000 – 40,000 taka, 2.1 

% (n = 2) participants had their family monthly income 40,000 – 50,000 taka, 3.2 % (n = 

3) participants had their family monthly income above 50,000 taka. 
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Figure 8: Parents monthly income of participants 

BMI of participants 

The average BMI of participant was 15.07 ± 2.96. Most of the children were underweight 

87.4 % (n = 83) while few were overweight 2.1 % (n = 2.1) and moderately obese 1.1 % 

(n = 1). And only 9.5 % (n = 9) of child had normal BMI. 

 

Figure 9: BMI of Participants 
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Topographical classification of CP 

The topographical distribution of CP among the 95 participants shows that most of them 

were quadriplegic 26.3 % (n = 25) followed by diplegic 22.1 % (n = 21), paraplegic 20.0 

% (n = 19), Rt. Hemiplegic 12.6 % (n = 12), triplegic 11.6 % (n = 11), Lt. hemiplegic 4.2 

% (n = 4) and monoplegic 3.2 % (n = 3). 

 

Figure 10: Topographical classification of CP 

GMFCS classification of participants 

Among the 95 participants, GMFCS I had a higher respondent 46.3 % (n = 44) followed 

by GMFCS III 38.9 % (N = 37) and lowest in GMFCS II 12.7 % (n = 14). 

                                     

Figure 11: GMFCS classification of Participants                                                                                                                                                           
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CP motor type 

Most of the participant were spastic 73.7 % (n = 70) followed dystonic and mixed 6.3 % 

(n =6), ataxic 4.2 % (n = 4), flaccid and athetoid 3.2 % (n = 3), hypotonic 2.1 % (n = 2). 

Other was only 1.1 % (n = 1). 

 

Figure 12: CP Motor Type 

Assistive device used by participants 

Most of the participants were using assistive device 52.6 % (n = 50) and 74.4 % (n = 45) 

did not use any kind of assistive device. 

 

Figure 13: Assistive device used by participants 
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Types of assistive devices used by participants 

Among the participants most widely used assistive device was AFO 26.3 % (n = 25) 

followed by walkers 10.5 % (n = 10), KAFO 6.3 % (n = 6), wheelchair and others 4.2 % 

(n = 4). And the foot orthosis was lowest used assistive device 2.1 % (n = 2). 

 

Figure 14: Types of assistive devices used by participants 

Assistive device used by participant at different place 

Among the participants who used assistive device, most of them used at home 41.0 % (n = 

48), 36.8 % (n = 43) used at community and 22.2 % (n = 26) used at school. 

 

Figure 15: Assistive device used by participant at different place 
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4.2.Factors associated with cardiorespiratory fitness  

Gender and VO2 max 

Table: 1 Independent t- test 

Table: 1.1 VO2 max difference on gender 

Variables Gender of 

Participant 

N M ± S. D SEM T df P 

VO2 max of 

participant  

(ml.min-1.kg-

1) 

Male 61 30.89 ± 

3.93  

0.504 0.445 93 0.658 

Female 34 30.51 ± 

4.21  

0.723    

Table: 1.2. VO2 max difference with Assistive device used. 

Variables Mobility aids 

VO2 max of 

participant in 

ml.min-1.kg-1 

Yes 50 30.73 ± 

4.37  

0.62 -0.06 93.00 0.96 

No 45 30.78 ± 

3.65  

0.54    

Table:1.3. VO2 max difference on Family types of Participants 

Variables Family types 

VO2 max of 

participant in 

ml.min-1.kg-1 

Nuclear 

family 

77 30.7 ± 3.9 0.5 -0.512 93 0.61 

Joint 

family 

18 31.2 ± 4.4  1.0    

 

Independent T-test for Gender and VO2 max 

An independent sample t- test was conducted to compare the VO2 max for males and 

females as shown in Table 1.1. Homogeneity of variances was not violated, as assessed by 

Levene’s test for Equality of variances (p = 0.626).  There was no significant difference in 

scores for males (M ± SD = 30.89 ± 3.93) and females (M ± SD = 30.51 ± 4.21); t (93) = 

0.445, p = 0.658, 2- tailed). The magnitude of difference in means (mean difference = 0.38, 

95 % CI: -1.33 to 2.10) was small (eta square = 0.002). That means there was sufficient 

reason to accept null hypothesis. 
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Table 2: Correlations among variables 

 

Note: N = 95, *. p < 0.05, **. p < 0.01, **. Correlation is significant at the 0.01 level (2-

tailed). *. Correlation is significant at the 0.05 level (2-tailed). 

Age and VO2 max 

There was no statistically significant correlation between age and VO2 max. (Table 2). 

BMI and VO2 max 

One -way between – group analysis of variance was conducted to explore the impact of 

BMI on VO2 max, as measured from HR max as shown in Table 3.1. Participants were 

divided in to four groups according to the BMI of participants (under- weight, normal, 

over- weight and moderately over – weight). There was statistically non-significant 

difference at the p > 0.05 level in VO2 max value for four BMI categories: F (3, 91) = 2.62, 

P = 0.055. Despite reaching the statistically significance, the actual difference mean value 

was small. The mean values for groups couldn’t found as post hoc comparison using Tukey 

HSD was not possible. The effect size calculated using eta square was 0.006, which is 

medium effect.   

 

  Variables 1 2 3 4 5 6 7 8 9 10 11 

1 VO2 max 
           

2 Gender -0.05 
          

3 Age 0.15 
          

4 BMI -0.13 0.09 .219* 
        

5 Mobility aids 0.01 0.04 0.08 0.09 
       

6 Temperature -.22* -0.02 -0.14 0.04 -0.09 
      

7 HR recovery .232* -0.02 0.02 0.05 0.04 -0.13 
     

8 HR reserve .98** -0.06 0.1 -0.17 0.02 -0.2 .206* 
    

9 Total distance 

walk 

-0.08 -0.09 0.15 0.06 .315** -0.08 0.17 -0.09 
   

10 BPE in 

2MWT 

0.12 -0.1 -0.06 -0.06 -0.09 -0.02 . 0.13 -0.15 
  

11 ABILOCO 

sum 

-0.02 -0.12 0.05 -0.02 0.17 -.237* 0.16 -0.03 .560** 0.01 
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Table 3: One - way ANOVA 

Table 3.1: One-way ANOVA between VO2 max and BMI categories. 

 Variables  SS df MS F P Levene -  P 

BMI       

Between Groups 121.01 3.00 40.34 2.62 0.055 0.105 

Within Groups 1399.70 91.00 15.38      

Total 1520.72 94.00         

Table: 3.2 One -way ANOVA between VO2 max and Topographical CP of CP 

child. 

Type of CP       

Between Groups 97.32 6.00 16.22 1.00 0.429 0.975 

Within Groups 1423.40 88.00 16.18      

Total 1520.72 94.00         

Table: 3.3. One-way ANOVA between VO2 max and GMFCS 

Between Groups 63.0 2.0 31.5 2.0 0.143 0.096 

Within Groups 1457.7 92.0 15.8      

Total 1520.7 94.0         

Table:3.4 One-way ANOVA between VO2 max and CP motor types of 

participants. 

Between Groups 191.37 7.00 27.34 1.79 0.1 0.248 

Within Groups 1329.35 87.00 15.28      

Total 1520.72 94.00         

Table:3.5. One-way ANOVA between VO2 max and education level of 

participants. 

Between Groups 128.48 3.00 42.83 2.80 0.044* 0.73 

Within Groups 1392.24 91.00 15.30      

Total 1520.72 94.00         
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Table:3.6. One-way ANOVA between VO2 max and education types of 

participants. 

 Variables  SS df MS F P Levene -  P 

Between Groups 195.3 3.0 65.1 4.5 0.006* 0.653 

Within Groups 1325.4 91.0 14.6      

Total 1520.7 94.0         

Table:3.7. One-way ANOVA between VO2 max and types of mobility aids used by 

participants. 

Between Groups 66.98 5.00 13.40 0.72 0.615 0.746 

Within Groups 842.20 45.00 18.72      

Total 909.18 50.00         

Table:3.8 One-way ANOVA between VO2 max and parent education levels of 

participants. 

Between Groups 212.52 5.00 42.50 2.89 0.018* 0.095 

Within Groups 1308.20 89.00 14.70      

Total 1520.72 94.00         

Table:3.9 One-way ANOVA between VO2 max and parents’ monthly incomes of 

participants. 

Between Groups 61.99 6.00 10.33 0.62 0.711 0.423 

Within Groups 1458.73 88.00 16.58      

Total 1520.72 94.00         

Table:3.10. One-way ANOVA between VO2 max and Borg RPE of participants. 

Between Groups 0.00 1.00 0.00 0.00 0.994 0.485 

Within Groups 1520.72 93.00 16.35      

Total 1520.72 94.00         
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Topographical classification and VO2 max 

One -way between – group analysis of variance was conducted to explore the impact of 

topographical distribution of CP on VO2 max, as measured from HR max as shown in 

Table 3.2. Participants were divided in to seven groups according to their distribution of 

CP (Monoplegia, Diplegia, Rt. Hemiplegia, Lt. Hemiplegia, Paraplegia, Triplegia, 

Quadriplegia and Others). There was statistically not significant difference at the p > 0.05 

level in VO2 max value for seven topographical distribution of CP: F (6, 88) = 1.00, P = 

0.429. The effect size calculated using eta square was 0.004 which was small effect. 

 

GMFCS classification and VO2 max 

One -way between – group analysis of variance was conducted as shown in Table 3.3 to 

explore the impact of GMFCS Levels of CP on VO2 max, as measured from HR max. 

Participants were divided in to three groups according to their gross motor function 

(GMFCS Level I, II and III). There was statistically non-significant difference at the p > 

0.05 level in VO2 max value for three GMFCS group: F (2, 92) = 2, p = 0.143. The effect 

size calculated using eta square was 0.001, which is small. 

 

CP Motor Type and VO2 max  

One -way between – group analysis of variance was conducted as shown in Table 3.4 to 

explore the impact of CP motor types of participants on VO2 max, as measured from HR 

max. Participants were divided into eight levels according to their motor CP types (spastic, 

flaccid, ataxic, athetoid, dystonic, hypotonic, mixed and others). There was statistically 

non-significant difference at the p > 0.05 level in VO2 max value for eight motor CP types 

group: F (7, 87) = 1.79, p = 0.015. The effect size calculated using eta square was 0.015, 

which was small effect. 

Education level and VO2 max 

One -way between – group analysis of variance was conducted as shown in Table 3.5 to 

explore the impact of education levels of CP child on VO2 max, as measured from HR max. 

Participants were divided into four groups according to their education levels (SENU, K.G, 

Primary and Secondary). There was statistically significant difference at the p < 0.05 level 
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in VO2 max value for three levels of education of CP: F (3, 91) = 2.80, p = 0.04. Despite 

reaching statistical significant, the actual difference in mean score between education 

levels of CP was quite small. The effect size calculated using eta square was 0.007, which 

was moderate effect. Post hoc comparison using Tukey HSD test indicate that VO2 max 

for SENU (M ± SD = 33.62 ± 4.57) differ significantly from primary (M ± SD = 30.68 ± 

4.05) and illiterate (M ± SD = 30.23 ± 3.71). KG did not differ significantly from either of 

SENU, primary or illiterate. 

Education type and VO2 max 

One -way between – group analysis of variance was conducted as shown in Table 3.6 to 

explore the impact of education types of CP Childs on VO2 max, as measured from HR 

max. Participants were divided in to four groups according to types of their education 

(Special, Inclusive, Integrated and Illiterate). There was statistically significant difference 

at the p < 0.05 level in VO2 max values for three types of education of CP: F (3, 91) = 4.5, 

p = 0.06. Despite reaching statistical significant, the actual difference in mean score 

between education types of CP child was quite small. The effect size calculated using eta 

square was 0.016, which is weak. Post hoc comparison using Tukey HSD test indicate that 

VO2 max for special school (M ±SD = 33.46 ± 4.73) differ significantly from integrated 

school (M ±SD = 29.22 ± 3.33) and illiterate. Inclusive school and illiterate did not differ 

significantly from either Special nor Integrated school. 

Independent sample t- test for VO2 max and Assistive device used: 

An independent sample t- test was conducted to compare the VO2 max for assistive devices 

used by participants as shown in Table 1.2 Homogeneity of variances was not violated, as 

assessed by Levene’s test for Equality of variances (p = 0.294).  There was no significant 

difference in scores for assistive device used (M ± SD = 30.73 ± 4.36) and assistive device 

not used (M ± SD = 30.78 ± 3.65); t (93) = - 0.055, p = 0.956, 2- tailed). The magnitude of 

difference in means (mean difference = -0.046, 95 % CI: -1.69 to 1.60) was moderate (eta 

square = 0.003). That mean there was no sufficient evidence to rejects null hypothesis. 
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Type of assistive devices 

One -way between – group analysis of variance was conducted as shown in Table 3.7 to 

explore the impact of assistive device used by participants on VO2 max, as measured from 

HR max. Participants were divided on the basis of type of assistive devices used in to six 

groups (foot orthosis, AFO, AKFO, walkers, wheelchair and others). There was 

statistically non-significant difference at the p > 0.05 level in VO2 max value for six groups: 

F (7, 87) = 1.79, p = 0.615. The effect size calculated using eta square was 0.005, which 

was small effect. 

Independent sample t- test for VO2 max and family types 

An independent sample t- test was conducted to compare the VO2 max for family types of 

participants as shown in Table 1.3 Homogeneity of variances was not violated, as assessed 

by Levene’s test for Equality of variances (p = 0.483).  There was no significant difference 

in scores for nuclear family (M ± SD = 30.65 ± 3.947) and joint family (M ± SD = 31.20 ± 

4.421); t (93) = - 0.0512, p = 0.061, 2- tailed). The magnitude of difference in means (mean 

difference = 0.0542, 95 % CI: -2.641 to 1.558) was moderate (eta square = 0.010). That 

mean there was no sufficient evidence to rejects null hypothesis. 

Parent education levels  

One -way between – group analysis of variance was conducted as shown in Table 3.8 to 

explore the impact of parent education level of CP child on VO2 max, as measured from 

HR max. Participants parents were divided in to six groups according to levels of their 

parent education (Illiterate, primarily, secondary, higher secondary, graduation and post-

graduation and above). There was statistically significant difference at the p < 0.05 level 

in VO2 max values of participants for parent six levels of education: F (5, 89) = 2.892, p = 

0.01. Despite reaching statistical significant, the actual difference in mean score between 

parent education levels of CP child was quite small. The mean values for groups couldn’t 

found as post hoc comparison using Tukey HSD was not possible. The effect size 

calculated using eta square was 0.016, which was weak. 
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Parents’ monthly income 

One -way between – group analysis of variance was conducted as shown in Table 3.9 to 

explore the impact of parent monthly incomes of CP child on VO2 max, as measured from 

HR max. Participants were dividend in to seven groups according to their parent monthly 

(less than 5,000, 5,000- 10,000, 10,000-20,000, 20,000-30,000, 30,000-40,000, 40,000-

50,000 and above 50,000). There was statistically non-significant difference at the p > 0.05 

level in VO2 max values of participants for seven parent monthly income: F (6, 88) = 0.62, 

p = 0.711. Effect size calculated was 0.001 which was small. 

 

4.3.Association between different Heart Rate measured during 2 MWT. 

Table 4: Paired t-test 

Table 4.1: Difference between HR post-test and HR rest. 

  
M N S. D R P 

Pair 1 Post Test HR of participant b/m 122.432 95.000 16.028 0.548 0.000 

 
Resting HR of participant b/m 100.263 95.000 12.949 

  

A paired-sample t-test was conducted to evaluate the change in Heart Rate of participants 

as shown in table 4.1. There was a statistically significant increase in HR from Resting HR 

(M ± SD = 100.26 ± 12.949) to Post- test HR (M ± SD = 122.43 ± 16.028), t (94) = 15.39, 

P < .001 (two tailed). The men increased in HR was M ± SD = 22.17 ± 14.04 with a 95% 

CI (5 % significant level) and df (94.00) ranging from 19.31 to 25.39. The standard t value 

was 1.987 and observed t value was 15.39 at same df which was greater than standard t 

value, that mean there was significant evidence for alternative and against alternative 

hypothesis. The eta square statistic (0.7) indicated a large effect size. 

    

 

M S. D SE

M 

95% 

CI  

  t df  P (2-

tailed

) 

          Low

er 

Upp

er 

      

Pair 

1 

Post-test HR of 

participant   

-Resting HR of 

participant b/m 

22.1

7 

14.0

4 

1.44 19.3

1 

25.0

3 

15.3

9 

94.0

0 

0.0

0 
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Table: 4.2. Difference between HR posttest and HR after 2 min 

    M N S. D N r p 

Pair 1 Post Test HR of participant b/m 122.43 95.00 16.03 95 0.46 0.00 

  HR_2min of participant b/m 
103.97 95.00 14.84 

      

A paired-sample t-test was conducted to evaluate the change in Heart Rate of participants 

as shown in table 4.2. There was a statistically significant decreased in HR from post – test 

HR (M ± SD = 122.43 ± 16.03) to HR after 2 min (M ± SD = 103.97 ± 14.84), t (94) = 

15.39, P < .001 (two tailed).  The men decreased in HR was M ± SD = 18.46 ± 16.05 with 

a 95% CI (5 % significant level) and df (94.00) ranging from 21.73 to 15.19. The standard 

t value was 1.987 and observed t value was 11.21 at same df which was greater than 

standard t value, that mean there was significant evidence for alternative and against 

alternative hypothesis. The eta square statistic (0.57) indicated a moderate effect size. 

A paired-sample t-test was conducted to evaluate the change in Heart Rate of participants 

as shown in table 4.3. There was a statistically significant increase in HR from Resting HR 

(M ± SD =100.26 ± 12.949) to HR after 2 min of exercise (M ± SD 103.97 ± 14.840), t (94) 

= 4.164, p < .001 (two tailed). The mean increased in HR was M ± SD = 3.705 ± 8.67 with 

a 95% CI (5 % significant) ranging from 1.939 to 5.472. The standard t value was 1.987 

and observed t value was 4.16 at same df which was greater than standard t value, that 

mean there was significant evidence for alternative and against alternative hypothesis. The 

eta square statistic (0.1) indicated a small effect size 

 

    

M S. D SEM 

95% C I t df 

P (2-

tailed) 

    Lower Upper       

Pair 

1 

Post Test HR of 

participant b/m - 

HR_2min of 

participant b/m 

18.46 16.05 1.65 15.19 21.73 11.21 94.00 0.00 



Page 46 of 73 
 

Table: 4.3 Paired t- test between HR rest and HR after 2 min 

      

    M N S. D SEM r P 

Pair 1 

HR_2min of participant 103.97 95.00 14.84 1.52 0.81 0.00 

Resting HR of participant 100.26 95.00 12.95 1.33 
    

 

 

     

M 
S. 

D 
SEM 

95% CI       

 
    Lower Upper t df 

P (2-

tailed) 

 

Pair 

1 

HR_2min of 

participant - 

Resting HR of 

participant 

3.71 8.67 0.89 1.94 5.47 4.16 94.00 0.00 

. 

4.4 Association between ABILOCO-kids and VO2 max 

There was no statistically significant correlation between locomotory capacity and 

cardiorespiratory fitness. 

4.5 Association between heart rates during 2MWT and VO2 max 

Association between heart rate recovery and VO2 max 

There was intermediate, positive correlation between heart rate recovery and VO2 max as 

shown in Table 2, r = 0.0232, n = 95, p < 0.05, with high level of VO2 max associated with 

high HR Recovery. 

Association between heart rate reserve and VO2 max 

There was strong, positive correlation between heart rate reserve and VO2 max as shown 

in Table 2, r = 0.988, n = 95, p < 0.01. 
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4.6. Association between perceived exertion and VO2 max 

One -way between – group analysis of variance was conducted as shown in table 3.10 to 

explore the impact of participants Borg RPE on VO2 max, as measured from HR max. 

Participants were divided in to three groups according to levels of RPE (mild, moderate 

and severe). There was statistically non-significant difference at the p > 0.05 level in VO2 

max values of participants for Borg RPE: F (1, 93) = 0.00, p = 0.994. There was no effect 

at all as eta square is zero. 

Table 5 Distribution of VO2 max value for different variables in relation to 

GMFSC 

Variables  Category  GMFCS I 

Mean ± S. D 

GMFCS II 

Mean ± S. D 

GMFCS III 

Mean ± S. D 

Gender  Male  30.39 ± 3.85  30.55 ±2.51 31.71 ± 4.59 

 Female  30.17 ± 4.13 27.12 ± 0.77 31. 75 ± 4.42 

 Total  30.32 ± 3.88 29.57 ± 2.66 31.73 v 4.46 

Age 6 – 9years 29.53 ± 3.66 29.68 ± 2.93 31.75 ± 4.32 

 10 – 12 years 31.83 ± 3.96 29.31 ± 2.20 31.64 ± 5.25 

 Total  30.32 ± 3.88 29.57 ± 2.66 31.73 ± 4.46 

BMI Under weight 30.53 ± 3.68 29.57 ± 2.66 32.12 ± 4.28 

 Normal 28.24 ± 3.95  30.88 ± 7.88 

 Moderately 

obese 

37.32  26.15 ± 0.03 

 Total  30.32 ± 3.88 29.57 ± 2.66 31.73 ± 4.46 

Topographical 

CP 

Monoplegia  31.68 ± 4.76   

 Diplegia  30.17 ± 4.76 29.40 ± 2.38 33.18 ± 4.54 

 Rt. Hemiplegia 31.41 ± 3.46  29.11 

 Lt. Hemiplegia 33.40 ± 4.48 32.19   

 Paraplegia  27.60 ± 2.66 28.44 ± 1.75 31.46 ± 5.44 

 Triplegia  30.73 ± 1.28 30.95 ± 6.50 32.51 ± 4.92 

 Quadriplegia  30.54 ± 4.40 29.02 ± 1.78 30.78 ± 4.02 

 Total  30.32 ± 3.88 29.57 ± 2.66 31.73 ± 4.46 

CP motor Type Spastic 30.31 ± 3.95 29.67 ± 2.65 31.64 ± 3.82 

 Flaccid   25.52 ± 1.38 

 Ataxic 32.03 ± 5.72  33.75 ± 3.46 

 Athetoid 27.44 ± 3.00   

 Dystonic 33.39 ± 2.18  33.31 ± 6.28 
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Education 

levels 

SENU 30.53 ± 4.07 31.99 ± 5.02 36.75 ± 3.07 

 K. G 29.62 ± 4.48 30.25 ± 2.04 32.28 ± 3.83 

 Primary 30.50 ± 3.61 27.02 ± 0.47 29.60 ± 4.59 

 Illiterate  30.71 ± 4.32 29.32 ± 2.30 30.40 ± 4.02 

 Total  30.32 ± 3.88 29.57 ± 2.66 31.73 ± 4.46 

Education 

types 

Special 30.53 ± 4.07 28.44 36.75 ±3.07 

 Inclusive 

School 

32.88 ± 3.67 35.55 30.68 ± 4.20 

 Integrated 28.79 ± 3.25 28.96 ± 2.29 34.38 ± 3.10 

 NA 30.71 ± 4.32 29.32 ± 2.30 30.40 ± 4.02 

 Total 30.32 ± 3.88 29.57 ± 2.66 31.73 ± 4.46 

Assistive 

devices 

Yes 28.89 ± 3.53 30.14 ± 3.01 32.13 ± 4.86 

 No 31.13 ± 3.89 28.55 ± 1.66 30.90 ± 3.52 

 Total 30.32 ± 3.88 29.57 ± 2.66 31.73 ± 4.46 

Types of A. D Foot orthosis 33.01 ± 1.18   

 AFO 29.06 ± 3.83 29.54 ± 3.54 31.46 ± 4.54 

 KAFO 28.26  32.52  30.41 ± 4.83 

 Walkers 26.35 29.69 ± 3.52 31.36 ± 5.20 

 Wheelchair    34.01 ± 6.20 

 Others 27.08 ± 1.27 31.67  35.84  

 Total 29.09 ± 3.51 30.14 ± 3.01 31.85 ± 4.82 

Family types Nuclear family 30.12 ± 3.32 29.28 ± 2.17 31.74 ± 4.81 

 Joint family 31.07 ± 5.77 30.64 ± 4.50 31.66 ± 2.12 

 Total 30.32 ± 3.88 29.57 ± 2.66 31.73 ± 4.46 

Parents 

education 

Illiterate 34.29 ± 0.91  35.66 ± 7.79 

 Primary 33.05 ± 5.22 32.19  33.86 ± 8.57 

 Secondary 29.28 ± 3.98 29.37 ± 2.65 30.64 ± 4.08 

 Higher 

Secondary 

31.40 ± 0.98  33.39 ± 3.10 

 Graduation 29.65 ± 2.48  32.70 ± 2.95 

 Post-

graduation and 

above 

33.12 ± 0.13  29.11  

 Total 30.32 ± 3.88 29.57 ± 2.66 31.73 ± 4.46 

 Hypotonic  31.67  33.97  

 Mixed 28.31 ± 2.76 26.35 34.44 ± 6.53 

 Others  33.32   

 Total  30.32 ± 3.88 29.57 ± 2.66 31.73 ± 4.46 
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Above table: 5 shows the estimated VO2 max values of CP children in different variables 

in relation to GMFCS levels. 

Table 6: Parameters of VO2 max 

Variables  Male Female 

Mean ± S. D Min – Max. Mean ± S. D Min – 

Max. 

HR Rest 99.72 ± 12.62 74 - 131 101.24 ± 13.64 76 - 127 

HR Post walk 122.44 ± 15.04 90 - 157 122.44 ± 17.89 88 - 160 

HR After 2 min. 

walk 

103.72 ± 13.70 75 - 135 104.41 ± 16.90 71 - 140 

HR Max 202.17 ± 1.43 200 - 204 202.22 ± 1.39 200 - 204 

HR Recovery 18.72 ± 15.53 -11 - 53 18.0 ± 17.16 -12 - 70 

HR Reserve  102.44 ± 12.36 72 – 129.10 100.98 – 13.51 72 -127 

No. of rest in 

2MWT 

0.10 ± 0.30 0 – 1 0.90 ± 0.288 0 - 1 

Total distance walk 80.54 ± 41.27 8.60 – 163.30 73. 09 ± 38.40 10.70 – 

152.20 

VO 2 Max 30.89 ± 3.93 23 – 41 30.51 ± 4.21 24 - 40 

The Table 6 shows the parameters of VO2 max during 2MWT. 

 

 

 

 

 

 

Parent monthly 

income 

less than 

5,000 

27.98  27.35  

 5,000-10,000 30.05 ± 4.51 29.36 ± 0.81 31.61 ± 4.24 

 10,000-20,000 29.96 ± 3.92 30.61 ± 3.25 31.32 ± 4.67 

 20,000-30,000 29.49 ± 3.26 27.20 34.50 ± 4.46 

 30,000-40,000 33.36 ± 2.87 30.45  

 40,000-50,000   29.01 ± 4.01 

 Above 50,000 31.00 ± 2.98 26.68  

 Total 30.32 ± 3.88 29.57 ± 2.66 31.73 ± 4.46 
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The purpose of the study was to evaluate the cardiorespiratory fitness in term of estimated 

VO2 max of Cerebral palsy children of age 6-12 years with Gross Motor Function 

Classification Scales level I, II and III. This study was the first of its kind to combine HR 

responses from 2MWT to estimate VO2 max using the Uth et al. formula to investigate 

CRF in CP children age 6-12 years with GMFCS I, II and III. This study consisted of 95 

CP children with higher male (64%) respondent than female (35.8%). Therefore, this study 

was supported by the study done of Lang et al. (2012), which also showed higher male 

respondent than female. This study also showed that most of them were between age group 

6-9 years (71.6%) in comparison to age group 10-12 years (28.4%).  

Most of the participants were from Islamic religion which is 86% followed by Hindu 

(8.4%). The other studies also showed higher prevalence of CP among Muslim religion 

and it was considered due to consanguinity and genetic cause (Bhatta, and Haque, 2014). 

This study also showed that 83% of the participant have their BMI in underweight category 

and only 9% of them had normal weight. This finding of BMI was also supported in the 

study done by Tarsuslu Simsek, and Tuc (2014) which showed that most of CP children 

were underweight due to malnutrition, poor oral motor function, insufficient function of 

the upper extremities, insufficient nutrition and growth retardation arising from cognitive 

disorders. This study had higher respondent in GMFCS level I (64.3%), followed by 

GMFCS III (38.9%) and GMFCS II (14.7%). Most of the CP children were diplegic (21.15) 

and spastic CP (70%) was found comparatively higher than other motor types of CP. 

Among 95 participants most of them were attending integrated education (29.5%) and 

33.7% didn’t receive any formal education. This showed that CP children were integrated 

well at normal education system and those who haven’t receive any education is due to 

limitation of CP. The participant in this study at primary education level was higher 

(29.5%) than other education levels K.G (23.2%) and special education need unit (SENU) 

(13.7%). 

This study also showed that most of them didn’t use assistive aids (52.6%) and those who 

used assistive were 47.4%. Among assistive device user, most of them used AFO (26.3%) 

CHAPTER V                                                                                         DISCUSSION 
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followed by walkers (10.5%) and commonly used at home (41%), community (36.8%) and 

school (22.2%). The participant of this study mostly lived in small family (81.1%) than 

joint family (18.9%). This study also showed that most of the parents of participant had 

secondary education (63.2%) followed by graduation (11.6%), primary (9.5%), higher 

secondary (8.4%), post graduate (3.2%) and only 4.2 % of the participants parent were 

illiterate. 

This study found that average resting HR for male (99.72 ± 12.62 b/m) was lower than that 

of female (101.24 ± 13.64 b/m). Similarly, this study found that average HR max was 

statistically similar for male (202.17 ± 1.43 b/m) and female (202.22 ± 1.39 b/m). Along 

with this, the HR recovery was also statistically similar for male (18.72 ± 15.53 b/m) and 

female (18.0 ± 17.16 b/m) but the HR reserve for male (102.44 ± 12.36 b/m) was more 

than female (100.98 ± 13.51 b/m). The average walking distance during 2MWT was more 

for male (80.54 ± 41.27 m) than female (73. 09 ± 38.40 m). The study didn’t show 

statistically difference in VO2 max for male (30.89 ± 3.93) ml/kg/min and female (30.51 ± 

4.21) ml/kg/min. On summary, CRF was similar for male and female in term of estimated 

VO2 max. However, when the estimated VO2 max was compared with VO2 max of normal 

children, the participant in this study did not have good CRF. There are very few negligible 

literatures available on VO2 max of children between 6- 12 years. Those few studies 

showed that VO2 max varied for both normal children and children with CP. 

Pryor & Prasad, (2008) showed VO2 max of healthy children was 40-50ml/kg/min while 

other study recommended a minimum VO2 max of 42 ml/kg/min for male (5 -17 years) 

and 40 ml/kg/min for females (5-9 year). The VO2 max in this study was found to be 

comparatively lower than those found in literature.  

This study showed significant positive correlation between VO2 max and HR recovery (P 

< 005), HR reserve (P < 0.01), negative correlation with surrounding temperature (P < 

0.01), while there was statistically insignificant correlation between Gender, BMI, mobility 

aid, total distance walked in 2MWT and locomotion capacity (ABILOCO-Kids). This 

study also showed that there was insignificant association between VO2 max, gender, 

mobility assistive device and family types. The study done by Haekel et al. (2011) showed 

no any changes in VO2 max with age. However, a literature showed significant association 

between that VO2 max and gender (American College of Sports Medicine, 2000) and 
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currently there are very few literatures that shows association between VO2 max and 

mobility aids, family types. 

This study also showed that paired t-test was significant between HR post and HR rest, HR 

post and HR after 2 min, HR rest and HR after 2 min. Those significant difference between 

HR also showed that participants had poor CRF. The finding of this study was also 

supported by other study done by Granes et al. (1992). Analysis of variance between VO2 

max and sociodemographic variables showed significant association for participants BMI, 

education levels, education types and parents education but it didn’t show significant 

association between VO2 max and topographical CP types, GMFCS levels, motor CP types, 

types of mobility aids, monthly incomes of parents and Borg RPE. The study by Berndtsson 

et al. (2007) showed negative association between VO2 max and BMI, whereas the study 

done by Loftin et al. (2001) showed that when BMI increased, the VO2 max decreased and 

Tartaruga et al. (2010) also showed association between these two variables. 

The another most compelling finding of this study was that HR recovery and HR reserve 

can be used to predict CRF of CP children and locomotion capacity of CP children depends 

on use of assistive devices. The limited literature showed VO2 max for boys were slightly 

higher than girls but this study showed no significant difference in average VO2 max for 

male (30.89 ± 3.93 ml/kg/min) and female (30.51 ± 4.21 ml/kg/min).  

According to literature, HR response during the recovery period immediately following 

exercise can be used an indicator of an individual CRF level. It also showed that faster 

returning of HR to a resting HR following exercise indicates the higher fitness level (Webb 

et al., 2014), and HR recovery less than 12 beats /min fate 1 minutes and 22 beats /minutes 

after 2 minutes of exercise indicates poor CRF (Carnethon et al., 2012). This study found 

that HR recovery for male (18.72 ± 15.53) and for female (18.0 ± 17.16) after 2 minutes of 

2MWT which indicates that, the participants are in the risk of Cardiorespiratory problems 

and poor CRF. However, this study showed HR post walk for male age group 6- 9 years 

was (123.05 ± 14.93 b/m), 10 -12 years was (121.11 ± 12.59 b/m) and for female age group 

6-9years was (121.85 ± 17.31 b/m), 10-12 years was (124.25 ± 20.83 b/m). When this result 

of HR post walk was compared with classification range of reference values of mean post 

exercise heart rate of 1- 12 years children (Jankowski et al., 2014), the male participant 
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showed sufficient CRF for both age group and female showed good CRF for both age 

groups. Therefore, we can consider that female participant had a higher level of CRF than 

male participants.  

The study was conducted based on submaximal field test i.e.  2MWT and different heart 

rate during different stages of 2MWT to determine the VO2 max. Along with this, Borg 

RPE which evaluate the exertion level of participants was also used during test. VO2 max 

of younger children with cerebral palsy between aged 6 – 12 years was completely new in 

the literature. Moreover, determination of HR at different stage of test was done digitally 

from participant during different stage of test with help of a reliable and valid HR 

measurement device. The maximum HR was determined through more précised Tanaka’s 

equation available currently in the literature. The parameters of VO2 max measured was 

considered highly précised. Therefore, the resultant determinant of cardiorespiratory 

fitness (VO2 max) was also considered to be estimated safely and precisely under standard 

procedure. 

Another new things in this study was age of participant and inclusion of GMFCS III in this 

study as there were very limited study done on Cerebral palsy children with inclusion of 

mentioned criteria. This study has no comparison groups. However, the result of this study 

was compared with the result of similar standard study found in literature. This study 

showed sufficient CRF for male and good CRF for female in term of post exercise HR. 

However, when the estimated VO2 max of participants was compared with VO2 max for 

normal children of same age group, CRF was poor.  
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5.1 Limitation of study 

1. The sample size was small. 

2. There was no comparison group for children with cerebral palsy. 

3. VO2 max estimation through respiratory rate or gas analysis method couldn’t be 

used due to lack of resources and cost. 

4. Researcher was not known to Bangla language. So, it was quite difficult to 

communicate with participant and their parents. 

5. The study period was very limited. 

6. There were very few researches focused on similar topic. Instead, studies were 

focused on physical functioning and other related topics. 

7. The study was conducted in only one institutions. 
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6.1 Conclusion 

Cardiorespiratory fitness is important for children to ensures physical development and 

prevent age-related disease associated with adulthood. Normally, children improve their 

CRF during their growth but this is not possible for children with CP. Therefore, they are 

more likely to have decreased CRF compared to their typically-developing peers. The gross 

motor function of CP can be defined by GMFCS which categorization of CP into 5 levels 

and used for developing different exercise protocols to improve the CRF of CP children. 

This study aims to find out the CRF in term of VO2 max of CP children between the age 

group 6 - 12 years with GMFCS I- III. Therefore, VO2 max was calculated from HR ratio 

by using formula though 2MWT and Borg RPE was used to determine participants level 

of exertion during study. This study found that CP children have poor CRF in term of VO2 

max (30.89 ml/kg/min for male and 30.51 ml/kg/min for female) than the normal children 

(40 -50 ml/kg/min) of same age group. It also found that female CRF was good for age 

group 10 -12 than male of same age group though there was no difference in mean VO2 

max for male and female participants of this study. There was direction correlation between 

VO2 max and HR recover, HR reserve and surrounding temperature. The study also found 

association between VO2 max and BMI, education levels, education types and parents 

education but it doesn’t show significant association between VO2 max and topographical 

CP types, GMFCS levels, motor CP types, types of mobility aids, monthly incomes of 

parents and Borg RPE. The study concluded that CP children have poor CRF and it can be 

improved through proper exercise training. For this it requires further studies on CRF of 

younger children with Cerebral palsy which can improve their quality of life. 
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6.2 Recommendation 

• More participants could be studied at same time through uses of more HR 

measurement devices. 

• The study consisting of large sample size can be conducted. The cardiorespiratory 

fitness of children with CP is recommended to compare with cardiorespiratory 

fitness of healthy children. 

• The respiratory rate, spirometry, gas analysis method is recommended to get exact 

measure of VO2 max. 

• The longitudinal study is recommended to carry out to see the change in status of 

cardiorespiratory fitness along with age. 
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APPENDIX 

Appendix I: Parent Information Sheet (English) 

Information sheet 

Namaste, 

I am Rabindra Shrestha Naha, student of the Bangladesh Health Professions Institute 

(BHPI) which is the academic institute of the Centre for the Rehabilitation of the Paralyzed 

(CRP), Savar, Dhaka. I am studying M.Sc. in Rehabilitation. In regards to the fulfillment 

of M.Sc. Degree, it is mandatory to conduct a research in final year of study. I request you 

to participate in this research study “Title: Cardiorespiratory Fitness in Term of 

Estimated VO2 max of Children with Cerebral.” It will be very helpful if you accept 

my invitation and take part in my study. 

If you agree to participate in this study, you and your child need to come to study sites. 

You will be asked a certain question regarding the socio-demographic data regarding 

walking performance, cardiorespiratory fitness and motor ability required for the study. In 

the second part of the study, your child will be asking to wear heart rate measurement 

device on the left wrist to measure heart rate at different interval. Then child has to covered 

a distance in 2 minutes (walking or self-propelled wheeling), in child’s own wheelchair 

(adapted to its needs); walking with assistive devices as required. It is a self-paced speed 

but as quickly as the child is able to walk or wheel. This will take approximately 10 minutes 

and you can give needful minimal assistance if required. 

This research study aims to improve further medical knowledge and cardiorespiratory 

fitness of cerebral palsy, it may not be of direct benefit to you or your child. Please try to 

give truthful answer as much as possible and you can also refuse to give answer if you are 

not comfortable at sharing the information. If you have any questions regarding the 

questionnaire, you can ask it anytime. The confidentiality of all records will be highly 

maintained and all details will be kept on a confidential database that is only accessible to 

me and my supervisor. The identity of your will not be disclosed in any presentation or 

publication without your agreement. If you have any queries now regarding this study 

please feel free to ask. I am accountable to answer all questions regarding this study. 

Rabindra Shrestha Naha 

M. Sc. in Rehabilitation Science, CRP, BHPI, Savar, Dhaka. 

Parent signature: ……………………          Date: …………………………………… 

Investigator’s signature: ………………      Date: …………………………………… 

Witness Name and Signature……………   Date: …………………………………... 
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Appendix II: Parent Information Consent (Bangla) 

 

সম্মতি পত্র 

 

আসসালামু আলাইকুম/নমস্কার, 

আমম রবীন্দ্র শ্রেষ্ঠা ণাহা   মরহযামবমলটেশন সাটেন্স, বাাংলাটেশ শ্রহলথ প্রটেশন্স ইন্সটিটিউে ( মব এইচ মি আই), ঢাকা মবশ্বমবেযালটের 

একজন ছাত্র। স্নাতটকাত্তর মিগ্রী প্রামির জনয আমার একটি গটবষণামূলক প্রকল্প িমরচালনা করা প্রটোজন এবাং আমার গটবষণা 

প্রকল্পটি হটে “ অতিজেজের সজ ব্োচ্চ আয়িজের  উপর তের্ব র কজর সসজরব্রোল পোলতস  ্োচ্চোজের  হৃেতপন্ড ও ফুসফুজসর 

সক্ষমিো।“ এর জনয আমম একটি জমরি সঞ্চালন করমছ শ্রসটরব্রাল িালমস সহ বাচ্চাটের উিটর। এই গটবষনাে অাংশগ্রহটনর জনয 

আিনার বাচ্চার  হাটত মেে মবে িরটত বলা হটব এবাং ২ মমমনে হাো বা হুইলটচোর চালাটনার মাধ্যটম ১৫.২ মমোর িারকর/লাইন 

িার করটত হটব। বাচ্চা হুইলটচোর/ মনটজ শ্রহটে/প্রেজমনে সাহায্যকামর য্ন্ত্র মনটে গটবষনাে অাংশ মনটত িারটব।শ্রেখটবা শ্রস কত 

দ্রুত হােটত বা হুইল শ্রচোর চালাটত িাটর তার হাোচলা,  শামরমরক সক্ষমতা এবাং গটবশনাে প্রটোজনীে শ্রমাের সক্ষমতা িমরমাি 

করার য্নয ।।হয়ত আিনার বাচ্চা এটত সরাসমর উিকৃত হটব না তটব এই গটবষনার েলােটল ওনয অটনটক উিকৃত হটত 

িাটর।তথয িাওোর জনয আমার আিনাটক মকছু প্রশ্ন মজজ্ঞাসা করটত হটব। আিনার সরবরাহকৃত য্াবতীে তথয শ্রগািন রাখা হটব 

এমনমক প্রমতটবেন এবাং প্রকাশটনর সমটেও। আিনার সাহায্য য্থায্থ ভাটব সমাদৃত হটব; আমম আিনাটক সতয তথয মেটত 

অনুটরাধ্ করটবা।এই অধ্যেটন আিনার অাংশগ্রহণ শ্রেোকৃত এবাং শ্রয্ শ্রকান শ্রনমতবাচক প্রভাটব আিমন এই অধ্যেন শ্রথটক মনটজটক 

প্রতযাহার কটর মনটত িারটবন। সাক্ষাতকার মনটত হেত ২০ মমমনে এর মত সমে লাগটব এবাং কম সাহাটয্যর প্রটোজন হটব। 

আিনার য্মে শ্রকান অনুসন্ধান থাটক তাহটল শ্রকান সাংটকাচ ছাড়াই মজজ্ঞাসা করটত িাটরন। 

রবীন্দ্র শ্রেষ্ঠা নাহা  

মাস্টাসস ইন মরটহমবমলটেশন সাটেন্স(মব এইচ মি আই) 

মিতামাতার  োক্ষর: ……………………                        তামরখ: …………………………………… 

তেন্তকারীর োক্ষর: …………………….                        তামরখ: …………………………………… 

প্রতযক্ষকারীর নাম ও োক্ষর:………………                   তামরখ: …………………………………... 
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Appendix III: Parent (Or Guardian) Consent Form 

Please read the following statements and put tick (√) on yes or no to say that you understand 

the content of the information sheet, your involvement, and that you agree to take part in 

the above-named study. 

I, ........................................................ agree to permit .............………........................, who 

is aged ........................ years, to participate in the research project – 

Title: Cardiorespiratory Fitness in Term of Estimated VO2 max of Children with 

Cerebral. 

In giving my consent, I acknowledge that: 

1. I have read the Information Statement and the time involved for my child’s participation 

in the project. The researcher/s has given me the opportunity to discuss the information and 

ask any questions, I have about the study and they have been answered to my satisfaction. 

2. I understand that I can withdraw my child from the study at any time without prejudice 

to my or my child's relationship with the researcher/s now or in the future. 

3. I understand that withdrawal from the study will not affect my relationship with 

receiving services from CRP or in the future. 

4. I agree that research data gathered from the results of the study may be published 

provided that neither my child nor I can be identified. 

5. I understand that if I have any questions relating to my child's participation in this 

research I may contact the researcher/s who will be happy to answer them. 

6. I acknowledge receipt of the Information Statement. 

7. I give permission for my child’s everyday activities to be observed by one of the 

researchers 

     YES                 NO   

……………………………… ……………………………….   

Signature of Parent/Guardian                                                        Signature of Child 

………………………………                                                       ………………………………..    

Date                                                                                               Date 

Investigator 

I have explained the study to the above participant precisely and he/she has indicated a 

willingness to take part. 

Investigator’s signature______________________________  Date___________ 



IV 
 

Appendix IV: Parent (Or Guardian) Consent Form (Bangla) 

তপিোমোিো অথ্ো (অতর্্ো্ক) সম্মতি পত্র) 

েোকটর মনটনাক্ত মববৃমত গুটলা িড়ুন এবাং হযাাঁ  অথবা না এর িাটশ টিক মচহ্ন (√) মেন শ্রয্ো তথয িটত্রর মবষেবস্তু িটড় বুঝটত 

িারটবন,এবাং উিটরাক্ত নাটমর গটবষনার জনয আিমন অাংশগ্রহটন রামজ। 

আমম, ........................................................ সম্মমত মেটত রামজ .............………........................, য্ার 

বেস) ........................ বছর, গটবষনা প্রকটল্প অাংশ গ্রহটনর জনয – 

তিজরোেোম: “অতিজেজের সজ ব্োচ্চ আয়িজের উপর তের্ব র কজর সসজরব্রোল পোলতস ্োচ্চোজের হৃেতপন্ড ও ফুসফুজসর 

সক্ষমিো ”  

আমার সম্মমত শ্রেবার শ্রক্ষটত্র আমম, েীকার করমছ শ্রয্:  

1. আমম মববৃমতর তথযগুটলা িটড়মছ এবাং প্রটজটে সমে শ্রয্ো যু্ক্ত মছল আমার বাচ্চার অাংশগ্রহটন।গটবষক আমাটক প্রটজটের 

সাটথ যু্ক্ত তথযগুটলা মনটে আটলাচনা ও এো মনটে প্রশ্ন করার সুটয্াগ মেটেটছন এবাং সটন্তাষজনক উওর মেটেটছন। 

2. আমম বুঝটত শ্রিটরমছ আমম আমার বাচ্চাটক শ্রয্টকান সমে এই গটবষনার শ্রথটক সমরটে মনটত িামর এখন অথবা ভমবষযটত আমার 

সাটথ অথবা আমার বাচ্চার সাটথ গটবষটকর সম্পকস  িূবস মবচার ছাড়াই । 

3. আমম বুটঝমছ শ্রয্ গটবষনা শ্রথটক সমরটে শ্রনোো আমার বাচ্চার স্পামিক শ্রকন্দ্র শ্রথটক শ্রসবা শ্রনবার সম্পটকস র শ্রক্ষটত্র বাধ্া প্রোন 

করটব না। 

4. আমম রামজ শ্রয্ গটবষনার সাংগ্রহকৃত তটথযর েলেল হেতবা প্রকামশত হটব তটব এটত আমম অথবা আমার বাচ্চা মচমহ্নত হব না 

। 

5. আমম বুটঝমছ শ্রয্ গটবষনাে আমার বাচ্চার অাংশগ্রহন সম্পমকস ত শ্রয্টকান প্রশ্ন গটবষকটক মজটজ্ঞস করটল উমন খুশী মটন উত্তর 

মেটবন। 

6. মববৃমত তটথযর প্রামি আমম েীকার কটরমছ। 

7. আমার বাচ্চার প্রমতমেটনর কাজগুটলা একজন গটবষক দ্বারা িয্সটবক্ষটনর জনয আমম অনুমমত মেমে। 

     হযাাঁ                  না   

   

মিতামাতা/অমভভাবটকর োক্ষর                                                  বাচ্চার োক্ষর   

তামরখ                                                                                     তামরখ  

তেন্তকারী 

গটবষনা সম্পটকস  আমম অাংশ গ্রহন কারীটক সঠিকভাটব বযাখা কটরমছ এবাং উমন এখাটন অাংশগ্রহটনর ইো শ্রিাষন কটরটছন। 

তেন্তকারীর োক্ষর_______________  তামরখ ___________ 
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Appendix V: Questionnaires (English/Bangla)  

Patient identification no (সরোগীর সেোক্তকরণ সংখ্যো): _______  

Title: Cardiorespiratory Fitness in Term of Estimated VO2 max of children with 

Cerebral Palsy. (তিজরোেোম: সোর্োর তস আর তপ সি অতিজেজের সজ ব্োচ্চ আয়িজের উপর তের্ব র কজর সসজরব্রোল 

পোলতস সহ ্োচ্চোর হৃেতপন্ড ও ফুসফুজসর সক্ষমিো।) 

Part 1(অাংশ ১): Socio-demographic Information (সামাজিক-জনতামিকতথয) 

1. Gender (মলঙ্গ) 1. Male (িুরুষ)                  

2. Female (মমহলা) 

2. Age of Participant 

(অাংশগ্রহন কারীর বেস) 

 

 

……………………………. 

3. Religion (ধ্মস): 1. Muslim মুসমলম)                   

2. Hindu(মহনু্দ) 

3. Buddhist (শ্রবৌদ্ধ) 

4. Christian (খৃস্টান) 

5. Other (অনযানয)       

4. Height (উচ্চতা ): …………………(cm) (শ্রসমিমমোর) 

5. Weight (ওজন): …………………(Kg) (শ্রকমজ) 

6. Topographical 

classification of CP 

(সি.সি এর ট্রপিোগ্রোসিকোল 

শ্রেসিসিভোগ): 

 

1. Monoplegia 

2. Diplegia 

3. Rt. Hemiplegia 

4. Lt. hemiplegia 

5. Paraplegia 

6. Triplegia 

7. Quadriplegia 

8. Unknown  

7. GMFCS level 

(মজএমএেমসএস স্তর): 
1. I 

2. II 

3. III 

8. CP motor type (মসমি 

শ্রমাের োইি): 

1. Spastic(স্পামিক) 

2. Flaccid (ফ্লোসিড)      

3. Ataxic(এোমিক) 

4. Athetoid(এথটপেড)  

5. Dystonic(মিসটোমনক)      

6. Hypotonic(হাইিারটোমনক)      

7. Unknown(অজানা)   

8.  Mixed(মমমেত) 

9. Educational level 

(মশক্ষাগত শ্রয্াগযতা): 
1. SENU 

2. Kinder 

garden(KG) 

3. Primary 

4. Illiterate 

10. Type of education 

attended  

( মশক্ষাগত  উিমিমতর 

প্রকার): 

1. Special 

2. Inclusive 

3. Integrated 

4. NA 
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11. Assistive device 

used (িহোেক  যন্ত্র  িযিহৃত 

1. Yes (হযা)   2. No (না) 

12. If yes, which types of 

assistive device do 

you use? (যসি হযোাঁ , শ্রকোন 

ধরপনর িহোেক সডভোইিটি 

আিসন িযিহোর কপরন? ) 

1. Foot orthosis 

2. AFO 

3. KAO 

4. Walkers 

5. Walking sticks & 

canes 

6. Wheelchair  

13. Place of Assistive 

device used (গসতশীলতো 

িোহোপযযর জোেগো িযিহৃত) 

1. Home(বাসা)  

2. School (সু্কল)  

3. Community (সম্প্রোে) 

4. All 

14. Family structure 

(িমরবাটরর আকার):  
1. Nuclear family (একক িমরবার) 

2. Joint family (শ্রয্ৌথ িমরবার) 

15. Parents educational 

level (মাতামিতা মশক্ষাগত 

স্তর): 

 

1. Illiterate 

(অমশমক্ষত)  

2. Primary (প্রাথমমক)

  

3. Secondary 

(মাধ্যমমক)  

4. Higher Secondary 

(উচ্চমাধ্যমমক)  

5. Graduation (স্না তক) 

6. Post-graduation and 

above (স্নাতটকাত্তর এবাং এর 

উিটর) 

16. Parents economic 

status (মাতামিতা 

অথসননমতক অবিা), Taka 

(োকা) 

1. less than 5,000 

2. 5,000-10,000 

3. 10,000-20,000 

4. 20,000-30,000 

5. 30,000-40,000 

6. 40,000-50,000 

7. Above 50,000 

17. Other comments 

(অনযানয বক্তবয): 
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Part 2(অাংশ ২): 2-Minute Walking Test (২-মমমনে হাাঁ ো িরীক্ষা) (2MWT) OR(অথবা) Wheeling 

Test (হুইলটচোর চালাটনার িরীক্ষা) 

 

18. Date (তামরখ):  

19. Time (সমে):  

20. Temperature (surrounding) in Degree 

Celsius (মিমগ্র শ্রসলমসোস তািমাত্রা (িাশ্বসবতী)): 
 

21. Humidity (আদ্রতা):  

22. Resting HR (মবোম হৃে কম্পন) 

23. Post-test HR (িরীক্ষোর ির হৃে কম্পন) 

24. HR after 2 minutes (২ মমমনে িটর হৃে স্পন্দন) 

25. Maximum HR (সবসচ্চ হৃে কম্পন) 

 

___________Bpm 

___________Bpm 

___________Bpm 

___________Bpm 

26. Vo2 Max (সটবসাচ্চ অমিটজটনর আেতন)                                          

27. Number of rests (মবোম সাংখযা):  

28. Number of laps (লযাি সাংখযা):  

29. Distance walked (দূটর হাাঁ ো):  

 

 

30. The Borg Scale for perceived exertion (অনুভূত িমরেটমর জনয বরগ শ্রস্কল) (modified) 

 

 

          

0 1 2 3 4 5 6 7 8 9 10 

At     Very    Some    Mode-  Some   Hard               Very                          Very very 

rest    easy    what     -rate      what                        hard                              hard 

                     easy                   hard 
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Part 3(অংশ ৩): ABILOCO-Kids Questionnaires (এমবলটকা-মকিস প্রশ্নাবলী) 

Thank you for your assistance(আিনার সহােতা করার জনয আিনাটক ধ্নযবাে)............ 

How do you feel while performing the 

following activities? (সনম্নসলসিত কোযযক্রমগুসল 

িম্পোিন করোর িমে আিনোর শ্রকমন লোপগ?) 

Impossible 

(অসম্ভব) 

1 

Difficult 

(কঠিন) 

2 

Easy 

(সহজ) 

3 

? 

 

4 

31. Going up an escalator alone (একা 

একটি চলন্ত মসাঁমড় মেটে উিটর য্াওো). 

    

32. Going up stairs putting each foot on 

the next step (মসাঁমড়র িরবতী ধ্াি গুটলাটত 

প্রমতো িা শ্ররটখ উিটরর মেটক য্াওো ). 

    

33. Walking or wheeling backwards 

(মিছন মেটক হাাঁ ো বা হুইলটচোর চালাটনা). 
    

34. Walking or wheeling several 

minutes at the same speed as a 

healthy child (একটি োিযকর মশশুর মত 

একই গমতটত কটেক মমমনে হাাঁ ো বা হুইল শ্রচোর 

চালাটনা). 

    

35. Going down stairs putting each 

foot on the next step (মসাঁমড়র িরবতী ধ্াি 

গুটলাটত প্রমতো িা শ্ররটখ মনটচর মেটক য্াওো). 

    

36. Running correctly even if you have 

to turn (সঠিকভাটব শ্রেৌড়াটনা য্মেও আিনাটক 

ঘুরটত হে). 

    

37. Walking or wheeling while holding 

a fragile object (such as a full glass) 

(একটি ভঙু্গর বস্তু (শ্রয্মন একটি িূণস গ্লাস) ধ্টর 

শ্ররটখ হাো বা হুইল শ্রচোর চালাটনা). 

    

38. Walking or wheeling less than five 

meters, indoors, holding onto 

pieces of furniture (আসবাবিত্র েুকটরা 

ধ্টর শ্ররটখ ঘটড়র শ্রভতটর ৫ মমোটরর কম জােগার 

মাটঝ হাো বা হুইলটচোর চালাটনা)   

    

39. Turning and walking or wheeling 

in a narrow space (একটি সাংকীণস িাটনর 

মাটঝ শ্রঘারা এবাং হাো অথবা হুইলটচোর চালাটনা). 

    

40. Going up and down stairs without 

holding onto the banisters (শ্ররমলাং না 

ধ্টর মসাঁমড়র উিটর বা মনটচ য্াওো।). 
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Appendix VI: Approval of thesis proposal by ethics committee of BHPI 
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Appendix VII: Recommendation letter from BHPI 
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Appendix VIII: Permission letter for data collection from William and Marie 

Taylor School, CRP 

 
 



XII 
 

 

Appendix IX: Permission letter form Department of Physiotherapy, CRP 
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Appendix X: Permission letter form In Charge of Pediatric unit, CRP 

 

 


