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Abstract

Low levels of physical activity are a global health concern for all children. Children with cerebral 

palsy have even lower physical activity levels than their typically developing peers. Low levels of 

physical activity, and thus an increased risk for related chronic diseases, are associated with 

deficits in health-related physical fitness. Recent research has provided therapists with the 

resources to effectively perform physical fitness testing and physical activity training in clinical 

settings with children who have cerebral palsy, although most testing and training data to date 

pertains to those who walk. Nevertheless, based on the present evidence, all children with cerebral 

palsy should engage, to the extent they are able, in aerobic, anaerobic and muscle strengthening 

activities. Future research is required to determine the best ways to evaluate health-related 

physical fitness in non-ambulatory children with cerebral palsy and foster long-term changes in 

physical activity behavior in all children with this condition.
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Introduction

Low levels of physical activity are a worldwide threat to the health of children, including 

those with disabilities. For this reason, the World Health Organization recommends at least 

60 minutes of moderate to vigorous physical activity per day including muscle and bone 

strengthening activities at least three days per week.1 Some countries such as Canada also 

recommend limiting sedentary activity (e.g., screen time) to no more than 2 hours per day.2 

While there are no specific evidence-based physical activity guidelines for children with 

cerebral palsy, it is clear that they have lower levels of physical activity than their peers,3 

that they do not meet the physical activity guidelines,3 and that their level of mobility 

limitation is negatively associated with their level of physical activity.4 For example, school-

aged children with cerebral palsy who are able to walk (with or without support) are, on 

average, 30% less active and about twice as sedentary as recommended.3 Children with 

cerebral palsy who do not walk have lower levels of physical activity than those who do.5,6

Low levels of physical activity and thus an increased risk for related chronic diseases are 

associated with deficits in health-related physical fitness (attributes) such as 

cardiorespiratory endurance, muscle strength, anaerobic power and muscle endurance 

(anaerobic fitness), musculoskeletal flexibility and body composition.7,8 The potential 

relevance of physical fitness to the overall health of young people with cerebral palsy has 

long been appreciated. In 1972, Robson9 reviewed the fitness literature and rehabilitation 

practices for children with cerebral palsy, and concluded that the majority of children with 

cerebral palsy were inactive, creating lower levels of physical fitness than would be 

expected given their extent of physical disability. He suggested that this creates a downward 

spiral of reduced physical activity and associated reductions in fitness and motor function. 

He recommended that efforts be made to increase the physical fitness of children with 

cerebral palsy through targeted exercise and a general increase in opportunities for physical 

activity. Surprisingly, little new information about health-related physical fitness for those 

with cerebral palsy came to light during the two decades following Robson’s 

recommendations. Since the end of the 20th century, however, evidence in this area, as 

measured by the number of publications related to physical fitness and cerebral palsy cited 

in PubMed, appears to be increasing greatly with time (Figure 1).

This article reviews the present state of evidence about three health-related physical fitness 

attributes for children with cerebral palsy: cardiorespiratory endurance, muscle strength and 

anaerobic fitness. Since accessible and enjoyable community physical activities may 

enhance the involvement of families with children with disabilities in their communities and 

promote long-term engagement in physical activity and lead to improved health-related 

fitness, this article also addresses some of the successes and challenges with integrating 

health-related fitness activity programs into community settings. Most of the literature 

applies to ambulatory children with cerebral palsy, those functioning in Gross Motor 
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Function Classification System levels I–III. When the literature relates to children who do 

not walk (i.e., those functioning in Gross Motor Function Classification System level IV or 

V), this is noted.

Cardiorespiratory Endurance

Overview

Cardiorespiratory endurance is the capacity of the body to perform physical activity that 

depends mainly on the aerobic or oxygen requiring energy systems. These are “aerobic” 

activities such as walking, running, cycling, swimming or propelling a wheelchair. The gold 

standard measure of cardiorespiratory endurance for children is the highest (peak) oxygen 

uptake value obtained during a graded exercise test, where the intensity of the aerobic 

activity systematically increases over time until the test is terminated, either because the 

individual can no longer maintain the desired exercise intensity or for safety reasons. 

Several treadmill, cycle and arm ergometer protocols, adapted to the child’s motor abilities, 

have been developed for children with cerebral palsy.10 Shuttle run and shuttle wheel field 

tests, again adapted to the child’s motor abilities, have also been developed11–14 For these 

field tests, children walk, run, or wheel back and forth, between two lines, a set distance 

apart, at increasingly faster speeds that are set by an auditory signal. The test ends when the 

child can no longer keep up the pace. Although no equations exist to predict peak oxygen 

uptake from these cerebral palsy specific field tests, an increase in the number of shuttle 

(stages) completed is considered to indicate an increase in cardiorespiratory fitness. Peak 

oxygen uptake can also be measured using these field tests if the child is connected to a 

portable (wearable) metabolic cart while he or she performs the test.

A recent systematic review of longitudinal studies with typically developing children15 

concluded that: 1) a higher level of cardiorespiratory endurance in childhood is associated 

with a healthier cardiovascular profile and with a lower risk of developing cardiovascular 

disease later on in life, and 2) an increase in cardiorespiratory endurance from childhood to 

adulthood is associated with a positive change in the cardiovascular risk profile. Children 

with cerebral palsy may have an even greater chance of developing cardiovascular disease 

than their typically developing peers since their cardiovascular endurance is generally lower 

than that of their typically developing peers.16–20 Moreover, the deficit in cardiorespiratory 

endurance may also increase with age, at least for girls with cerebral palsy.17 This deficit 

may also be greater for children with more severe mobility limitations.19 Thus, these two 

groups may be at an even greater risk for cardiovascular disease later in life.

Based on their systematic review, Dencker et al. (2011)21 concluded that there is a weak to 

moderate relationship between cardiorespiratory endurance and the level of habitual 

physical activity for typically developing children. Preliminary data also suggest that there is 

a weak to moderate relationship between cardiorespiratory endurance and the level of 

habitual physical activity for children with CP,22 although this has yet to be confirmed in 

large scale studies. The lack of a strong relationship between physical activity and 

cardiorespiratory endurance is expected because physical activity is a complex behavior 

with many personal and environmental correlates other than cardio respiratory fitness.23
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State of the Evidence

Given the importance of cardiorespiratory endurance for health, it is not surprising that the 

trainability of this attribute for children with cerebral palsy has been assessed over the 

years,24–26 including in several relatively recent, randomized controlled trials.27–30 These 

more recent studies have shown that aerobic exercise training using functional activities 

such as walking and running performed separately,30 or in combination with strength 

training27 or anaerobic training (sprinting type activities),28 results in a significant increase 

in cardiorespiratory endurance.27–30 In all of these studies the participants exercised at least 

2–3 times per week for at least 30 minutes, at a moderate intensity of about 60–75% 

maximum heart rate27–29 or 50% peak oxygen uptake.30 Reported increases in 

cardiorespiratory endurance were: 23% for an 8 week intervention with young people in 

Gross Motor Function Classification System levels I and II;30 15% for 3 month intervention 

with those in Gross Motor Function Classification System levels II and III;27 40% for an 8 

month intervention with children in Gross Motor Function Classification System levels I and 

II,29 and 28% for a 9 month intervention with those likely in Gross Motor Function 

Classification System levels I–III and possibly level IV (study predates Gross Motor 

Function Classification System use).28 These results suggest that greater gains in 

cardiorespiratory endurance may occur with longer interventions and for children with 

cerebral palsy who have greater mobility. Along with the positive changes to 

cardiorespiratory endurance, this type of exercise training also results in increases in 

mobility capacity.27,29,30 This change is likely due to the nature of the activities (e.g. 

walking and running). Exercise training on a cycle ergometer, for example, had no clear 

effect on the mobility-related impairments and limitations of children with cerebral palsy.31 

Although 8–9 months of functional aerobic and anaerobic exercise may result in an 

immediate increase in their level of habitual physical activity,28,29 much of the exercise 

training effects to cardiorespiratory fitness and mobility capacity are lost during the first 4 

months after the training.29 In other words, a prescribed exercise intervention alone does not 

appear to result in a lasting change in the physical activity behavior of children with cerebral 

palsy.

Muscle Strength

Overview

Muscle strength is classically defined as the maximum force that can be generated in a 

single isometric contraction of unrestrained duration. It is a key component of health-related 

physical fitness as a review of these attributes in youth showed that strength gains during 

childhood were inversely related to overall adiposity in adulthood.15 As cerebral palsy 

results from an injury to motor regions of the developing brain, weakness is a primary 

impairment and there is strong evidence showing that children with cerebral palsy are 

significantly weaker than typically developing children.32,33 In the spastic form of cerebral 

palsy, weakness and reduced selective motor control result specifically from damage to the 

corticospinal tracts, and impairment is most pronounced at distal joints.33,34 Consequently, 

the ability to voluntarily recruit individual muscles is impaired and alternative motor 

pathways associated with synergistic limb flexion and extension may be strengthened. 

Secondary changes in the muscle such as atrophy, change in protein isoform composition 
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and variability, fatty infiltration and alterations in the extracellular matrix, among others, 

may further affect force generation.35,36 In muscles that exhibit contracture, increased 

sarcomere length and elevated collagen content of muscle bundles contribute to passive 

stiffness.37 For individuals with cerebral palsy, the clearest relationship between muscle 

strength and physical activity is the positive relationship between muscle strength and 

mobility and related functions, including gait.38 Weakness may also play a role in the 

observed decline in mobility in adults with cerebral palsy who do not exercise regularly.39

Clinically, strength tends to be tested by requesting and manually grading a maximal 

voluntary isometric contraction of the muscle groups at a particular joint assuming that 

antigravity movement in the intended direction is within full passive range. Hand-held 

dynamometers and isokinetic testing devices (the gold standard) are more objective methods 

that are typically used for research protocols. Measurement of maximum force generation at 

individual joints may be compromised by poor selective motor control depending on the task 

and position used for testing. Additionally, co-activation of antagonist muscle groups is 

excessive in children with cerebral palsy and contributes to reduced net joint production. For 

example, during maximum isometric quadriceps activation, the ratio of quadriceps to 

antagonistic semitendinosis muscle activity was 0.73 for children with cerebral palsy 

compared to 0.22 for children without cerebral palsy.40 The ability to understand and follow 

directions is also required to obtain a valid measure of muscle strength. Thus, it may be 

difficult or impossible to directly measure muscle strength in very young children and those 

with intellectual disabilities or severe movement disorders who are not capable of providing 

an adequate level of cooperation or effort.

State of the Evidence

In the past decade, considerable research has been done to examine the efficacy of muscle 

strengthening interventions for children with cerebral palsy including randomized controlled 

trials, which are considered the highest quality design, and there has been an even greater 

number of systematic reviews. A recent systematic review40 included seven studies that 

addressed efficacy or effectiveness of lower extremity strengthening interventions and 

concluded that there was sufficient evidence for short-term gains in the ability to produce 

force or torque but not for carryover to functional activities. The authors deemed it a 

“yellow-light” intervention that should “probably” be performed for children with cerebral 

palsy. It is important to examine the elements of randomized controlled trial protocols to 

determine factors that may elucidate optimal training parameters. Randomized controlled 

trial strength training protocols for children with cerebral palsy have varied in the type of 

exercise, duration and frequency.41 Consistent with neural mechanisms and functional goals, 

exercise intervention randomized controlled trials with these children primarily have used 

functional exercises rather than providing resistance at a single joint. Resistive exercises 

were: sit to stand,42,43 heel raises,44 squats,44,45 step ups,44 lateral step ups,42,45 stairs,45 

cycling,34,45 half knee rises,42 isotonic exercises with cuff weights,45 weight lifting 

machines,46 and leg press42,46 All randomized controlled trials were of fairly short duration 

with a maximum of 12 weeks and the frequency was either two to three times per week. Age 

range spanned from four years of age into adulthood and Gross Motor Function 

Classification System levels were I–III.
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It seems logical that if weakness is a cause of gait abnormalities in cerebral palsy, then 

increasing strength would also improve gait function. This has not been shown to be the 

case. While strength training, performed according to scientific principles, has been shown 

to increase strength in cerebral palsy, the causal effects of strength training programs on 

enhancing activity and participation including those components related to gait function, as 

defined in the International Classification of Functioning, Disability and Health,47 are not as 

well established. Thus, it would seem that there are many considerations when designing 

and implementing a strength training program for individuals with cerebral palsy including 

intensity, duration, which muscles to strengthen, and how to strengthen them. Choice of 

muscles to be strengthened should depend on the functional motor goals of the individual 

child. However, care must be taken to not increase or cause muscle imbalance by solely 

targeting or inadvertently strengthening muscles that are already strong or shortened.48 

Functional strengthening, where the entire limb is loaded during a functional task, may fail 

to target the desired muscles sufficiently or inadvertently target others. The task may be 

dominated by non-targeted muscles that are already stronger so that the weaker targeted 

muscles do not benefit as intended. Interestingly, two recent randomized controlled 

studies42,49 that employed this method demonstrated very small strength increases that 

seemed inconsistent with the program intensity and no functional benefits, suggesting that 

the non-specificity of functional strengthening may be a viable explanation for why these 

approaches are not very effective in conditions such as cerebral palsy where muscle 

imbalance is so prominent.

Given this concern, researchers have proposed that single joint exercise protocols be used in 

children with cerebral palsy. This recommendation is in accordance with the National 

Strength and Conditioning Association guidelines for typically developing children.41 

However, in children with cerebral palsy, this is complicated by the varying ability to isolate 

joint motion, especially at the ankle. Electrical stimulation may be an alternative or adjunct 

method to ensure that specific muscles are trained more effectively in this population. The 

extent to which changes in muscle pathology can be reversed is also still largely unknown; 

however, strengthening and electrical stimulation have both been shown to increase muscle 

size in cerebral palsy.50–52

Anaerobic fitness (anaerobic power and muscle endurance)

Overview

The term ‘anaerobic’ refers to the energy systems which do not require oxygen. In general, 

the higher the intensity and the shorter the duration, the greater is the demand on the 

anaerobic versus the aerobic (oxygen-requiring) energy systems. Anaerobic fitness can be 

broken into peak anaerobic power and muscular endurance. Peak anaerobic power is the 

maximal anaerobic adenosine triphosphate (ATP) per second yield by the whole organism, 

during short duration, maximal exercise,53 like pulling to stand, jumping or sprinting. 

Muscular endurance is the ability to repeat or to maintain high-intensity muscular 

contractions over a short time (<2 min).53

Anaerobic fitness is relevant to health through its relationship to physical activity and 

mobility. Physical activity in children most often consists of “anaerobic” type activities, i.e., 
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brief, intermittent bouts of intense movement that are commonly accumulated in the form of 

unstructured activities or free play over the course of the day.54 These short bursts of 

activity are also characteristic of typical movement patterns seen in many structured 

activities. Thus, much of the structured or unstructured physical activity of children 

frequently relies on the anaerobic system. Anaerobic fitness (both peak anaerobic power and 

muscle endurance) increases with growth in typically developing children55,56 and those 

with cerebral palsy.57 Children with cerebral palsy, however, have lower anaerobic fitness 

levels than their typically developing peers.19,58 Moreover, the deficit in anaerobic fitness 

increases with increasing motor impairment.19 For children with cerebral palsy with more 

severe motor impairment, this deficit in anaerobic fitness (at least in muscle endurance) may 

not be stable and may actually increase with growth.57

The anaerobic fitness of children who are developing typically, as well as those with 

neurological conditions such as cerebral palsy, has been measured in the laboratory setting 

using the Wingate Anaerobic Test. The Wingate Anaerobic Test requires pedaling or arm 

cranking for 30 seconds at maximal speed against a constant, individually determined 

breaking force. The main Wingate Anaerobic Test variables are peak power (the highest 

mechanical power obtained during the test) and mean power (the average power over the 

entire 30 seconds). The latter is considered an indication of anaerobic muscular endurance. 

However, the necessary equipment for the Wingate Anaerobic Test is expensive, may 

require modification for use with children with cerebral palsy, and may not be readily 

accessible in most rehabilitation settings. Moreover, the Wingate Anaerobic Test does not 

measure anaerobic fitness during locomotor activities which are often the activities of 

interest when measuring physical fitness attributes in children with cerebral palsy.59 The 

Muscle Power Sprint Test60–62 was recently developed to address the limitations of the 

Wingate Anaerobic Test. This newer test requires no special equipment and can be used 

with children who can walk without support or with those who self-propel a manual 

wheelchair. The test consists of six (walking/running) or three (self-propelling a wheelchair) 

15-m sprints, done as fast as possible, separated by 10-second rest periods. Power output is 

estimated for each sprint using the average velocity of the sprint and the child’s body mass. 

Peak power is the highest value, derived from the sprint with the highest mean velocity. 

Mean power is the average power across the six sprints and is considered a measure of 

anaerobic muscle endurance. As with the Wingate test, higher values indicate greater 

anaerobic fitness.

State of the Evidence

To the best of our knowledge, van den Berg-Emons et al. (1998)28 were the first to measure 

the effect of an intervention on the anaerobic fitness of children with cerebral palsy. These 

researchers found no training-related effects on either peak anaerobic power or muscle 

endurance following 9 months of an exercise intervention that was predominantly aerobic in 

nature. Anaerobic fitness, however, was measured using the laboratory based Wingate 

Anaerobic Test. More recently, the Muscle Power Sprint Test was used to examine the 

effect of an 8-month anaerobic and aerobic exercise intervention on anaerobic fitness.29 The 

participants were children with cerebral palsy who were ambulatory without support (Gross 

Motor Function Classification System levels I and II). The main focus during the last 5 
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months of the intervention was anaerobic exercise. In this study, the authors reported an 

improvement in both anaerobic fitness (peak anaerobic power and muscle endurance) and 

cardiorespiratory endurance following the training. This later improvement is in accordance 

with studies with typically developing children, which have also shown an increase in 

cardiorespiratory endurance after anaerobic training.63

Implications for clinical practice

Clinicians can play an important role in promoting health-related physical fitness for 

individuals with cerebral palsy. A recent scoping review of exercise and nutrition programs 

for children with disabilities, including cerebral palsy, shows than many therapists are 

already integrating exercise training, including resistance training, into their treatment 

programs.64 In addition, research evidence appears to have dispelled long-held clinical 

beliefs that muscle strengthening exacerbates spasticity.65

Clinician roles are expanding beyond traditional rehabilitation settings. For example, 

therapists are involved in facilitating the transition to community physical activity programs 

that can address health-related physical fitness.66,67 Transitional fitness programs located in 

hospitals or specialized facilities for individuals with disabilities can be used to bridge the 

gap between health- and community-based programs.67,68 Trained personnel can ensure 

individuals with disabilities and their families know how to access programs and supports 

available within their communities and that they are knowledgeable about effective and safe 

exercise. Individuals with cerebral palsy who may be significantly weak or deconditioned, 

who may have poor selective motor control, or who are unaccustomed to exercise, need to 

start with a lower initial intensity and increase slowly to optimize safety. Prior to using 

community facilities, individuals with cerebral palsy should learn how to use and adapt 

fitness equipment to their needs. Transitional programs can also establish formal linkages 

with community facilities and programs to increase knowledge of the supports required to 

make them accessible for individuals with disabilities.69

Increased recognition of the importance of health-related physical fitness for individuals 

with disabilities has led to the development of more practical resources for clinicians. 

Evidence-based information on health-related physical fitness, exercise training guidelines 

and suggestions for physical activity across the lifespan are easily accessible to 

rehabilitation clinicians at the National Center on Health, Physical Activity, and Disability 

website.69 A new edition of the American College of Sports Medicine manual on exercise 

for people with chronic conditions also provides exercise testing and training information 

for individuals with cerebral palsy as well as physical activity suggestions across the 

lifespan and across the five Gross Motor Function Classification System levels.70 Excellent 

guidelines for muscle strengthening for children, including loading, number of repetitions 

and frequency71 are based on exercise physiology principles that can be applied to children 

with cerebral palsy. Strength training guidelines specific to cerebral palsy (Gross Motor 

Function Classification System levels I–III) are also available.41

Research to date has focused primarily on children in GMFCS levels I – III who have the 

ability to produce measureable force at the joint level and who are ambulatory. There is 
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much less research available to guide clinicians in prescribing exercise for children who 

experience greater degrees of challenges with voluntary movement. In particular, the 

presence of involuntary dyskinetic movement disorders makes the use of standardized 

exercise protocols and strength assessment extremely challenging. For these children, 

activities that maximize gross motor function may be the only method to engage in physical 

activity. Active, active-assistive and resistive exercise can be elicited depending on the 

individual’s capability. Overground cycling with an adapted tricycle is an enjoyable 

recreational activity that is commonly used in therapy and community settings. Adaptations 

to secure the foot to the pedal, support the trunk and enhance hand placement are available. 

Arm crank powered cycles may provide another option. Children with very little strength 

can contribute effort to the cycling motion using a tandem or side by side tricycle with 

another rider. In addition, stationary exercise for the upper and lower extremities can be 

performed using cycling ergometers that assist or resist exercise performance. Swimming 

may be a more feasible form of physical activity for children classified in Gross Motor 

Function Classification System Levels IV and V.72 Specialized floatation devices can be 

utilized depending on individual needs. The faster the child moves their limbs, the greater 

the resistance. Although it is unknown what intensity of activity constitutes moderate to 

intensive exercise for children in Gross Motor Function Classification System levels IV and 

V, energy expenditure increases with Gross Motor Function Classification System level and 

therefore it is possible that these children may experience greater benefit from a lower 

intensity of physical activity.

Exercising programs in a wheelchair or on an exercise mat are other exercise options that do 

not involve specialized equipment or facilities. Mat “dancing” to music can be an enjoyable 

way to perform active movement in an individual or group setting. Being supine on a mat 

allows greater participation of trunk and extremity musculature during exercise and provides 

relief from skin pressure associated with prolonged wheelchair sitting. Regardless of the 

type of physical activity, individuals should be monitored closely for adverse effectives. A 

recent study reported a statistically significant increase in proximal lower extremity pain for 

non-ambulatory adults with CP following a three-month program that included upper and 

lower extremity resistive exercise.73

Research has yielded exercise-related tools that can be used by clinicians in a variety of 

settings. For example, until a few years ago, the evaluation of the cardiorespiratory 

endurance of children with cerebral palsy was limited in community settings because tests 

developed for typically developing children were not appropriate for children with cerebral 

palsy. Clinicians in typical rehabilitation settings and in the community can now evaluate 

cardiorespiratory endurance in youth with cerebral palsy using cerebral palsy-specific 

shuttle run tests, one for each of Gross Motor Function Classification System levels I-

III,12,14 and shuttle ride tests for children who self-propel a wheelchair.11 The shuttle run 

test results of children at Gross Motor Function Classification System levels I and II can be 

compared to a reference data base of 306, 6–20 year old individuals with cerebral palsy.13 

Recent data have also shown that the level of participation in locomotor-related activities of 

daily living for children in Gross Motor Function Classification System levels I and II is 

associated more with their level of cardiorespiratory endurance, as evaluated using a 

cerebral palsy-specific shuttle run test, than with their ability to walk, as evaluated by the 
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six-minute walk test.74 Thus, clinicians can use cerebral palsy-specific shuttle run tests (and 

possibly shuttle ride tests) to evaluate locomotor-related cardiorespiratory endurance 

relevant to functioning in everyday life. Clinicians can also use heart rate monitors to 

directly measure maximal heart rate achieved during the shuttle run or ride test. Maximum 

heart rate can be used to determine the appropriate intensity of exercise training, as it has 

been shown that age-predicted maximal heart rate values are not valid for children with 

cerebral palsy.75

The move to inclusive, community-based programs

Access to community-based physical fitness programs and facilities for individuals with 

cerebral palsy will provide opportunities for maintaining a physically active lifestyle, which 

may be linked to enhanced functional mobility and overall health. Ando and colleagues 

(2000)38 demonstrated that those with cerebral palsy who maintained an active lifestyle in 

adulthood were less likely to have a dramatic loss in mobility and Maltais et al.(2010)76 

showed that being physically active is positively related to the level of perceived health and 

maintenance of walking function for ambulatory adults with cerebral palsy. Despite the 

recognition that access to community-based physical activity programs is important for the 

long-term integration of physical activity into regular routines, the majority of research 

regarding physical activity for individuals with disabilities has been conducted in clinical 

and laboratory settings.77 Establishing accessible health-related physical fitness programs in 

the community requires knowledge of the facilitators and barriers to access to these 

programs.

Common barriers to access to community-based fitness programs for individuals with 

disabilities include inaccessible physical environments (e.g. change rooms), lack of trained 

personnel and modified equipment, difficulty with accessing information about programs, 

inability to pay for membership fees, and transportation barriers.78–80 Clearly, lack of 

accessible options in the community limits the potential for children with cerebral palsy to 

incorporate physical activity into their regular routines. It is notable that many of the barriers 

reported in the literature are environmental and modifiable. Advocacy for accessible 

community programs and facilities will likely raise awareness of the importance of ensuring 

individuals with disabilities have equal access to physical activity facilities and programs.81 

The development of strategic partnerships with health care providers and political systems 

may facilitate solutions to address access barriers.82

Assisting individuals with disabilities with community physical activity programs requires 

understanding of the factors that motivate children with disabilities to incorporate physical 

activity in their regular routines. Research in this area is only beginning to explore the 

relationship between the individual and their environment and how this interaction affects 

participation.82 In a grounded theory study conducted to gain insight into the perspectives of 

adolescents with cerebral palsy on the factors that affect their quality of life,83 the 

relationship between personal interests and opportunities to participate in valued activities 

was an important contributor to good quality of life. Therefore, individual preferences for 

activities, program formats, settings, group or individual activities must be considered if 

those with disabilities are going to be successful in engaging in physical activity behaviors 
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that are enjoyable and sustainable for the long-term. Personal preferences for the format of 

physical activity programs or unstructured physical activity will likely vary depending upon 

personal activity preferences, ability level and age of the child and the outcomes that are 

most important to families. For example, parents who perceive their children do not have 

adequate opportunities for socialization at school may prefer group activities.78 Others may 

prefer individual programs82 or engaging in physical activity outside of a structured 

program. Some children may enjoy a short-term, high intensity training program because it 

can offer the necessary variation and it can also provide more immediate feedback on 

performance since identifiable short-term gains can be linked with personal fitness goals. 

This type of physical activity is also recommended to help ensure the optimal health of 

children.2,84 Based on these reasons, we recommend considering anaerobic and muscle 
strengthening activities as part of the physical activity repertoire of children with 
cerebral palsy in addition to aerobic activities. There is no ‘one size fits all’ physical 

activity repertoire, so ensuring a variety of options for community-based structured and 

unstructured physical activity may be needed to encourage a good fit between individual 

preferences, opportunities, and the kinds of activities that are recommended for health 

reasons.

Implications for future research

While this paper has focused on health-related physical fitness, the benefits of physical 

activity go beyond fitness or related outcomes typically evaluated in rehabilitation research. 

For example, community-based physical fitness programs provide opportunities for social 

interaction and the inclusion of children with disabilities in their communities.85 Families 

may place high value on physical activities that provide opportunities for socialization and 

improved psychosocial well-being.78 Additional research is needed to explore the effects of 

physical fitness programs on these outcomes. Research is also needed on the effectiveness of 

strategies to reduce barriers to physical activity for individuals with disabilities that is 

informed by theories of behavior change.86 While there has been some initial exploration of 

the linkages between stage of change (i.e., pre-intention, intention or action stage) and 

perceived barriers and facilitators to physical activity with parents of children with cerebral 

palsy,86 additional research is required to explore how therapists can enhance self-efficacy 

regarding physical activity. Individualized coaching that addresses specific barriers may be 

effective in encouraging behaviour change than general approaches that espouse the 

beneifits of physical activity.86

Evidence on the benefits of cardiorespiratory endurance exercise is clear. While initial 

research on the benefits of anaerobic exercise for children with cerebral palsy appears 

promising, additional information on its effectiveness is warranted. Currently, anaerobic 

exercise is not commonly used clinically with individuals with cerebral palsy. This is 

surprising since anaerobic power is impaired in children with cerebral palsy, seems to 

benefit from training, and is related to gross motor skill performance. Conversely, muscle 

strengthening is used routinely in clinical practice, and while it is related to health, more 

research is needed to evaluate the effectiveness of targeted muscle strengthening strategies 

for improving functional outcomes related to mobility. The highest research and clinical 

priorities may be to establish proactive strategies to promote muscle health early in 
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development that are maintained as children with cerebral palsy grow and develop 

throughout the lifespan, and the identification of alternative treatment strategies for current 

ones that may exacerbate weakness (e.g., botulinum toxin or muscle-tendon lengthening). 

Research should also relate muscle integrity to training responsiveness, and more basic 

research into the factors that precipitate mal-adaptive changes in muscle tissue in cerebral 

palsy and how these may potentially be reversed is also warranted.

Longitudinal studies will provide important information about the long-term effects of 

physical fitness and physical activity on health, including 1) who is at greatest risk for later 

health problems related to low levels of physical activity and fitness, 2) which interventions 

will lead to meaningful and sustainable health-related results over the long term, and 3) how 

these interventions vary depending on the Gross Motor Function Classification System 

level, and 4) the long term health effects of reducing sedentary behavior or increasing 

moderate and vigorous physical activity (or both) across the spectrum of Gross Motor 

Function Classification System levels.70,87 Greater emphasis on the development of valid 

and reliable health-related physical fitness tests for non-ambulatory individuals with cerebral 

palsy (Gross Motor Function Classification System IV and V) will facilitate the inclusion of 

this group in clinical intervention programs.

While there has been significant attention paid to the adverse health effects of sedentary 

behaviour over the last decade,88 this approach has only recently been explored in children 

with cerebral palsy.87,89 Decreasing sedentary behaviour may provide a viable alternative to 

intensive exercise for children with cerebral palsy particularly for non-ambulatory children 

or for families who find it challenging to integrate regular physical activity into their regular 

routines. However, research in this area is in the preliminary phases and there is a great deal 

to be learned about measurement of sedentary behaviour and the effects of interventions on 

functional abilities and health outcomes89 before this approach can be confidently integrated 

into clinical practice.

Summary

Health-related physical fitness refers to a set of attributes that may influence health because 

they are associated with an increased risk of chronic diseases related to low levels of 

physical activity. The health-related physical fitness components that have been studied the 

most for children with cerebral palsy are cardiorespiratory endurance, muscle strength and 

anaerobic fitness. Much of the research, however, has been done with children with cerebral 

palsy who walk, either with or without assistive devices. Although these children have 

reduced fitness across the three attributes, fitness in each area can improve in the short term 

with exercise training. The extent to which improvements in fitness are associated with 

improvements in mobility, however, is not always clear and may be related to the type of 

exercise training that is undertaken. Simple and easy to use tests to measure these three 

fitness attributes for ambulatory children with cerebral palsy (and in some case those in a 

wheelchair) and resources to guide the design of effective exercise (fitness) training 

programs are now available to clinicians. As a result, exercise training is increasingly used 

as an intervention tool with this group. Very little, however, is known about how to maintain 

improvements in health-related fitness over the long term. This requires a long term change 
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in physical activity behavior and is probably best achieved through sustainable, structured 

and unstructured physical activity performed in a child’s typical environments (home, 

school, community). Future research will provide much needed information on the optimal 

ways to foster this behavior change. Research with children with cerebral palsy who are 

unable to walk is also required to better understand evaluation, implementation and 

maintenance of physical activity and health-related fitness.
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Key Take-Home Messages

• Health-related physical fitness has long been an important consideration for 

children with cerebral palsy, but little evidence was available in the past to guide 

therapists in using fitness related interventions;

• Based on present evidence, we recommend considering anaerobic and muscle 

strengthening activities as well as aerobic activities as part of the physical 

activity repertoire of children with cerebral palsy;

• Recent research has provided therapists with the resources to effectively 

perform physical fitness testing and physical activity training in the clinic 

setting with ambulatory children with cerebral palsy and in some cases with 

children with cerebral palsy who do not walk but who can propel a manual 

wheelchair;

• Future research is required to help therapists determine the best ways to foster 

long term changes in physical activity behavior that will sustain life-long 

optimal physical fitness levels and optimal health as well as optimal inclusion;

• Future research is also required to provide therapists with physical fitness 

testing and training resources for children with cerebral palsy who do not walk.
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Figure 1. 
The numbers of publications containing the key words “physical fitness” and “cerebral 

palsy” indexed by Pubmed per 7 year time span (with the exception of the last time span). 

This number appears to be increasing since the end of the 20th century.
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