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CHAPTER 1
General Introduction

Astrid CJ Balemans

General introduction

Children with cerebral palsy are at risk for both low levels of physical fitness and an inactive
lifestyle, which can lead to increased health risks later in life.24 This reduction in physical
fitness and physical activity may increase the impact of the disorder on daily functioning.
It is therefore important to intervene early in life to break this vicious circle of low physical
fitness and low physical activity. This thesis investigates the level of physical fitness and
physical activity in walking children with cerebral palsy across the different levels of gross
motor function, and the relation between physical fitness and physical activity, with the aim
of guiding intervention programs for children with cerebral palsy. The overall project is part
of the national ‘Learn 2 Move’ research study, a randomized controlled trial evaluating the
effects of a physical activity stimulation program for children with cerebral palsy.53

Cerebral palsy
Cerebral palsy (CP) is the most common cause of physical disability in childhood, with a
prevalence of 2.18 per 1000 live births in Western Europe.29 As the etiology of the disorder is heterogeneous and has variable manifestations, over the years the definition of CP
has been the subject of debate.42 Nowadays, CP is defined as “a group of disorders of the
development of movement and posture causing activity limitations that are attributed to
non-progressive disturbances that occurred in the developing fetal or infant brain”.9;20 The
motor disorders of CP are often accompanied by disturbances of sensation, cognition, communication, perception, and/or behavior, and/or by a seizure disorder.9 CP is diagnosed
based on its clinical manifestations.
There are many etiological factors underlying CP and many are typical for a particular time
of onset: prenatal (e.g. intoxication), perinatal (e.g. hypoxic-ischemia) and postnatal (e.g. infection). Important risk factors associated with the development of CP are prematurity and
low birth weight. The exact cause remains unknown in about 15% of cases.12
The motor disorder can be grouped into three subtypes: the spastic, the dyskinetic and the
ataxic types.1 Mixed presentations also occur in which the dominant subtype of the presentation determines the classification of the disorder.1 The spastic type is most common
in CP (around 80%) and it is this type that will be discussed in this thesis.1;20 The spastic
type is defined as a posture- and movement- dependent muscle tone regulation impairment.12 Impaired muscle function in spastic CP can be classified as either impaired muscle
activation or impaired biomechanical muscle properties.13 Impaired muscle activation results in negative or deficit symptoms (e.g. muscle paresis, reduced selective motor control,
increased muscle fatigue) and positive or excessive symptoms (e.g. spasticity, hypertonic
muscles, muscle co-contraction, involuntary synergies).12,34 The changes in biomechanical
muscle properties can be subdivided into muscle stiffness and impaired muscle length.25;30
Spastic CP can be subclassified based on anatomical distribution: persons with a unilateral
involvement are affected on one side of the body, while bilateral involved individuals are
affected on both sides of the body.28
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GMFCS
Because CP is an umbrella term for a group of disorders, its clinical manifestations are heterogeneous. Limitations in activity therefore vary between individuals.42 For that reason,
the severity of the motor impairment with regard to gross motor function can be classified
according to the Gross Motor Function Classification System (GMFCS).39 This system was
specifically developed for CP and identifies five levels in which distinctions between levels
are based on functional performance: children in level I walk independently without restrictions, children in level II walk independently with restrictions, children in level III walk with
a walking aid and children in levels IV and V are unable to walk.39
ICF-CY
The impact of CP on daily functioning can be described using the International Classification
of Functioning, Disability and Health for Children and Youth (ICF-CY). This framework serves
to describe the consequences of a disorder at the level of body functions and structures,
activity and participation (Figure 1.1).2 The consequences of CP can be present at all domains of the ICF-CY model.10;20 The impaired muscle activation and impaired biomechanical
muscle properties, which may result in decreases in physical fitness, are consequences at
the domain body functions and structures.10 The motor impairments cause limitations in the
execution of activities such as walking and running, which can affect the level of daily physical activity.10 Consequently, the ability to participate in daily life situations may be reduced.
The decreased level of daily physical activity can in turn further influence body functions
and structures, as deconditioning results in a lower level of physical fitness.10
Health Condition

Body Functions
and Structures

Environmental Factors

Activities

Participation

Personal factors

Figure 1.1 The International Classification of Functioning, Disability and Health for Children and Youth
(ICF-CY).2
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Physical fitness, physical activity and exercise
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Definitions
The terms physical fitness and physical activity will be used based on the following definitions: Physical fitness is “a set of attributes or characteristics that people have or achieve
that relate to the ability to perform physical activity”.22 The health-related components of
physical fitness are defined by the American College of Sports Medicine (ACSM) as cardiorespiratory (aerobic) fitness, body composition, muscular strength and muscular endurance,
and flexibility.3 Anaerobic fitness is not a separate fitness component according to the
ACSM. However, in addition to aerobic fitness and muscular strength, anaerobic fitness is
an important determinant for physical activity and exercise in children, who have short,
intermittent activity patterns.5;27 Physical activity is defined as “any bodily movement produced by the contraction of skeletal muscles that requires energy expenditure”.60 Exercise is
defined as “a type of physical activity consisting of planned, structured, and repetitive bodily
movement done to improve or maintain one or more components of physical fitness”.3;22
Decreased physical fitness in cerebral palsy
Although the primary deficit in CP occurs as a lesion in the brain, the impaired muscle
function (impaired muscle activation and impaired biomechanical muscle properties) in
combination with reduced daily physical activity may affect the level of physical fitness.
Physical fitness components such as aerobic fitness32;36;54, anaerobic fitness8;27;35;52 and muscle strength40 are reduced in children and adults31 with CP. However, it is not clear whether
the level of physical fitness is related to the severity of the motor disorder or whether this
is a result of inactivity. Exercise capacity as described by Wasserman et al. is dependent
on three systems: the muscular system, the cardiovascular system and the ventilatory system (Figure 1.2).56 Analyzing these systems may contribute to unraveling the physiological
factors that are limiting exercise in children with CP.7 The musculoskeletal system of children with CP has different biomechanical and energetic properties to those of children who
are developing typically.41 For example, children with CP have a smaller muscle volume,18;38
which may result in decreased muscle strength and peak power as a direct result of impaired
muscle function.7 Lower muscle volume may also impact oxygen extraction in exercising
muscles, affecting aerobic fitness. While it is unlikely that ventilatory and cardiovascular
systems are directly influenced by the impaired muscle function in walking children with
CP, these systems might be influenced by deconditioning resulting from inactivity. However,
little is currently known about these systems in children with CP. Although previous studies
have reported decreased values of aerobic and anaerobic fitness in walking children with
CP, few researchers have investigated how these physical fitness components are influenced
by the severity of the motor disorder.23;32;51 Evaluating the influence of the level of motor
impairment may help to identify factors that affect the level of physical fitness and may help
clarify the respective roles of physical disability and physical inactivity in the physical fitness
of children with CP.6
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Cerebral palsy

Aerobic ﬁtness
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Figure 1.2 The proposed vicious circle of decreased physical fitness, fatigue and inactivity, including
the three systems described by Wasserman et al.: the muscular system, the cardiovascular system and
the ventilatory system.56 Printed with permission.

Aerobic fitness, anaerobic threshold and anaerobic fitness
When estimating the level of physical fitness, it is important to measure the different
components of physical fitness. Measurement of each of the various physical fitness components requires a specific approach. The approach to measurement depends on the type
and duration of exercise to which the physical fitness component is related.3 The intensity
and duration of exercise determine the contribution of the different metabolic systems to
the production of the adenosine triphosphate (ATP) that is required for muscle contraction.
Of the three metabolic systems, the two anaerobic systems (the creatine phosphate system
and the glycolytic system) can be differentiated from the aerobic system (aerobic oxidation)
in which oxygen is consumed during the process of ATP generation.58
Immediately at the start of exercise, the anaerobic creatine phosphate system supplies ATP
to the exercising muscle through the regeneration of ATP from ADP using creatine phosphate
as the phosphate donor.56 Thereafter, the anaerobic glycolytic system generates ATP through
the degradation of carbohydrates.56 The anaerobic glycolytic system allows the muscle to
perform exercise with high intensity and short duration (1-2 min).5 Anaerobic capacity is
the maximal amount of ATP that is resynthesized via anaerobic metabolism during short
bursts (30-45 s) of high intensity exercise.27 In order to estimate anaerobic capacity, mean
power output can be measured during a short sprint test (20-30 s) on a cycle ergometer.27,8
Anaerobic capacity is used in this thesis as a measure of anaerobic fitness.
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The aerobic system contributes to exercise of moderate intensity. The aerobic system generates ATP through the degradation of fatty acids and/or carbohydrates using oxygen. The
maximum amount of oxygen consumed during exercise (VO2peak) reflects the aerobic capacity.4;43 The VO2peak can be measured during a maximal exercise test in which resistance
or speed is gradually increased until fatigue limits any further increase in exercise intensity
by an individual.57
Oxygen transport is able to supply all of the required oxygen to the muscle for the aerobic
regeneration of ATP up to a certain exercise intensity threshold. This level of exercise intensity is defined as the anaerobic threshold (AT) (Figure 1.3).56;11 The AT can be measured using
the V-slope method. This method defines AT as the point at which carbon dioxide production increases relatively faster than the increase in oxygen uptake.11
The level of the AT and VO2peak determine the duration and intensity of sustained physical
performance and may therefore be important to the physical activity of an individual in daily
life. In addition, due to the short and intermittent patterns that characterize activity in children, adequate anaerobic fitness is assumed to be an important prerequisite for performing
daily activities in children.5 In order to properly measure these physical fitness components
in children with CP, exercise tests appropriate for children with CP are required.55 The level
of evidence for the clinimetric properties of the available exercise tests has not yet been
specifically evaluated for this population.
Anaerobic threshold
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Figure 1.3 Example of the anaerobic threshold (AT) determined by gas exchange with the V-slope
method.11
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Vicious circle of decreased physical fitness and physical inactivity
Maintaining or improving one or more components of physical fitness requires regular exercise. An adequate level of physical fitness and regular participation in physical activity brings
significant health benefits,60 contributes to the development of the musculoskeletal system
in children and helps prevent secondary health conditions such as high blood pressure, obesity and osteoporosis.19;26 Persons with CP have impaired muscle function and a higher risk
of developing these secondary conditions.24 Children with CP can become trapped in a vicious circle21 of higher energy expenditure when executing activities32;33;51;54;59 and decreased
physical fitness,32;51;54 which may result in a lower level of physical activity.16;50 This may then
lead to deconditioning and a further decrease in physical fitness.
When performing activities such as walking, children with CP expend more energy.37;49 This
high energy expenditure per meter may result in a high exercise intensity.17;23;48 Children
with CP also show lower levels of physical fitness, as indicated by the lower values for
VO2peak.32;36;54 A low physical fitness, together with the high energy expenditure, results in
a high relative exercise intensity when performing activities.23 Therefore, children with CP
might experience fatigue earlier than children without CP,15 leading to a reduction in physical activity as a compensatory mechanism to prevent fatigue and resulting in deconditioning
and a further reduction in physical fitness24 (Figure 1.2). However, these relations are currently speculative and whether they actually exist in children with CP is not yet clear.37
Children with CP are known to have lower levels of physical activity.21 Despite high energy
expenditure during walking17, children with CP also show a lower overall energy expenditure during the day.14;37;50 In addition, previous studies have found that children with CP
take fewer steps during the day and show a reduced total amount of activity counts over
the day compared with typically developing children.16;21;45 In adults with CP, a lower level
of daily physical activity is associated with a higher physical strain.44 Physical strain is the
O2 consumption during walking expressed as a percentage of the VO2peak.23;44 The relation between physical strain and physical activity suggests that adequate physical fitness
might contribute to higher physical activity or vice versa. A cross-sectional relation between
the level of VO2peak and physical activity has not been demonstrated in children with CP.37
Similarly, the longitudinal relationship between physical fitness and physical activity has not
yet been investigated. Interestingly, increasing VO2peak does result in a decrease in physical
strain. If an increase in VO2peak can be established through training, the subsequent reduction in physical strain might have a positive impact on the level of physical activity. This
could potentially lead to a greater ability to participate in daily activities, with a concomitant
further improvement in physical fitness and prevention of secondary conditions.
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In summary, children with CP are at risk for a reduced level of physical fitness and physical activity. Since inactive children are more likely to become inactive adults,46;47 adequate
physical fitness and an active lifestyle should be stimulated at early ages. However, it is not
yet clear whether the level of physical fitness and physical activity are related to the severity of the motor disorder as classified by the GMFCS level. It is also not yet clear whether
decreased physical fitness might increase the impact of the disorder on the capacity for
executing the activities of daily living. Furthermore, it is not known to what extent the lower
levels of physical activity relate to the higher exercise intensity during walking and whether
increased physical fitness contributes to an improved physical activity. The aim of the studies described in this thesis was therefore to investigate the level of physical fitness and
physical activity in walking children with cerebral palsy across the different levels of gross
motor function I-III, and then to determine the relations between physical fitness and physical activity.
Outline of the thesis
The studies focus on children with a spastic CP and consist of three main parts:
1.

Clinimetric properties of physical fitness measurement
(Chapters 2 and 3)

2.

The level of physical fitness
(Chapters 4 and 5)

3.

Daily physical activity and the relationship with physical fitness
(Chapters 6 and 7)

Chapter 2 systematically identifies aerobic and anaerobic fitness measures for children with
CP described in the literature, and evaluates the level of evidence for the clinimetric properties of these tests. Chapter 3 investigates the reliability of a progressive maximal aerobic
cycling test for children with CP. Chapter 4 compares the maximal aerobic and anaerobic exercise responses of children with CP with those of children who show typical development.
Chapter 5 describes the relationship between changes in exercise responses and how this
relates to changes in gross motor function and walking capacity. Chapter 6 addresses the
intensity of daily physical activity through measurement of stride rate activity and exercise
intensity during the day. Chapter 7 combines physical fitness and physical activity by evaluating the change over time in physical fitness in relation to changes in daily walking physical
activity. In chapter 8, findings and clinical implications are discussed.
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