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ABSTRACT
This is the protocol for a review and there is no abstract. The objectives are as follows:
The primary aim of this systematic review is to evaluate the effect of exercise interventions on activity, participation, and health-related
quality of life (HRQoL) in adults and children with CP.
The secondary aim is to evaluate the effect of exercise interventions on body functions and body structures.

BACKGROUND

Description of the condition
Cerebral palsy (CP) is defined as ’a group of permanent disorders of the development of movement and posture, causing activity limitation, that are attributed to non-progressive disturbances
that occurred in the developing fetal or infant brain’ (Rosenbaum
2007, p 11). Children with CP may also present with cognitive impairments, hearing and visual impairments, communication difficulties, and epilepsy (Rosenbaum 2007). Most children
with CP are diagnosed at around one to two years of age (Ashwal
2004; Herskind 2015) following a medical history and physical
examination that identify a non-progressive motor deficit (Ashwal
2004; Rosenbaum 2007). Neuroimaging techniques, preferably
magnetic resonance imaging (MRI), may be used in conjunction

with the history and physical examination to establish an aetiology
and prognosis (Ashwal 2004).
CP is the most common form of childhood disability, with prevalence rates of between 1.5 and 3.8 per 1000 live births reported
in different areas of Europe and the United States (SCOPE 2002;
Kirby 2011). The prevalence of CP varies not only by geographical location but also by birth weights and gestational age, with
higher prevalence rates reported among children born preterm or
at low birth weight (Platt 2007; Sellier 2010; Andersen 2011).
Other factors associated with CP include multiple births, maternal infection during pregnancy, having a relative with CP, breech
position, and placental abruption (O’Callaghan 2011; Tollanes
2014; Tronnes 2014). The prevalence of severe CP in Europe, defined by an inability to walk and a severe intellectual disability, is
approximately 0.43 per 1000 live births (SCOPE 2002). Children
without severe impairments are expected to live well into adulthood (Strauss 1998a; Blair 2001). Although less is known about
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the life expectancy of adults with CP, evidence suggests that adults
with CP who maintain a high level of function have a similar
life expectancy to the general population (Strauss 1998b). Adults
with CP therefore represent a growing population with complex
healthcare needs.
The primary impairments associated with CP include reduced
muscle strength (Riad 2012; Nooijen 2014), reduced cardiorespiratory fitness (Verschuren 2010; Nieuwenhuijsen 2011; Nooijen
2014), and poor selective motor control (Østensjø 2004). As a
result of these impairments, children and adults with CP may
have difficulty performing everyday activities such as eating, dressing, walking, running, jumping, and negotiating stairs (Østensjø
2004; Ross 2007; Opheim 2009; Klingels 2012). Intensive rehabilitation is often provided in childhood to improve gross motor function. Indeed, many children who are non-ambulatory at
age two to three years will be ambulatory by the time they reach
adolescence (Wu 2004). It is estimated that 54% of five-yearold children in Europe and 56% of eight-year-old children in
the United States are independently ambulatory (Beckung 2008;
Kirby 2011). However, a subsequent decline in gross motor function often occurs in adolescence and young adulthood (Bottos
2001; Sandström 2004; Hanna 2009; Kerr 2011). Up to 50%
of adults with CP report experiencing deterioration in walking
function from young adulthood (Bottos 2001; Opheim 2009).
Many adults with CP attribute deterioration in walking function
to reduced muscle strength, reduced cardiorespiratory fitness, fatigue, and pain (Jahnsen 2004; Opheim 2009). Conversely, adults
who experience improvements or no change in walking function
over time credit this to improvements in balance, muscle strength,
and cardiorespiratory fitness (Opheim 2009). Poor gross motor
function may contribute to reduced quality of life and unemployment, which is high among young adults with CP (Soyupek 2010;
Verhoef 2014).
Although CP is defined by the presence of motor disorders, the
clinical presentation of CP can vary considerably between individuals. The heterogeneity of CP makes it difficult to compare
individuals at one point in time or to evaluate changes in an individual’s condition over time. Traditionally, CP has been classified
according to type of motor abnormality (for example spasticity,
dystonia, choreoathetosis, ataxia) and anatomical distribution of
CP (for example bilateral, unilateral) (Rosenbaum 2007). More
recently, classification systems that allow categorisation of people
with CP according to their level of functional impairment have
been developed; the Gross Motor Function Classification System
(GMFCS) and Manual Ability Classification System (MACS) are
two such systems. The GMFCS 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 (Palisano 1997; Palisano 2008). A full description of the GMFCS is presented in Appendix 1.To summarise, from six years of
age children in Level I of the GMFCS are able to walk indoors and
outdoors without assistance and can perform gross motor skills

such as running and jumping. Children in Level II can also walk
indoors and outdoors without assistance but have only minimal
ability to perform gross motor skills like running and jumping.
Children in Level III require a mobility device to walk indoors
and outdoors, and may require wheeled mobility for travelling
long distances. Children in Level IV use wheeled mobility in most
settings. Children in Level V are limited in their ability to maintain antigravity head and trunk postures and control arm and leg
movements, and are transported in a manual wheelchair in all settings. The MACS is a five-point scale that classifies how children
(four years of age or older) with CP use their hands when handling objects in daily activities (Eliasson 2006). A full description
of the MACS is presented in Appendix 2. Children in Level I of
the MACS handle objects easily and successfully. They may have
limitations in the ease of performing tasks that require speed and
accuracy. Children in Level II handle most objects but with reduced quality or speed, or both. Children in Level III have difficulty handling objects and need help to prepare or modify activities. Children in Level IV can only handle a limited selection of
easily managed objects in adapted situations and require continuous support and assistance. Children in Level V do not handle
objects and require total assistance. Although developed for children with CP, these systems have been used successfully to classify
adults with CP (Sandström 2004).

Description of the intervention
Exercise is defined as ‘physical activity that is planned, structured,
repetitive, and purposive in the sense that improvement or maintenance of one or more components of physical fitness is an objective’ (Caspersen 1985, p 128). The components of physical fitness that exercise may improve include muscle strength, muscle
endurance, and cardiorespiratory fitness. We can categorise exercise interventions as resistance training or aerobic training based
on the component of fitness the exercise programme is targeting.
Resistance training involves the body’s muscles working or holding against an applied force. Body weight, free weights, machine
weights, and elastic bands are often used to apply force (USDHHS
2008). Aerobic training involves the body’s large muscles moving
in a rhythmic manner for a sustained period of time (USDHHS
2008). Walking, running, cycling, and arm ergometry are examples of aerobic exercise. Many exercise programmes target muscle strength, muscle endurance and cardiorespiratory fitness, or
a combination of these components. We will refer to such programmes as ’mixed training’.

How the intervention might work
The goal of treatment for people with CP has shifted from targeting
impairments of the motor system to targeting activity limitations
and participation restriction, where activity is defined as a person’s
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ability to execute a task and participation is defined as a person’s
involvement in a life situation (WHO 2001). Indeed, people with
CP have identified improving restricted mobility and poor upper limb function as a primary therapeutic goal (Vargus-Adams
2011). However, it is believed that there is an association between
motor impairments, activity limitation and participation restriction, so targeting one may well affect another. There is extensive
evidence that impairments, particularly muscle strength, is associated with activity in children with CP (Østensjø 2004; Ross 2007;
Voorman 2007; Verschuren 2009; Klingels 2012; Park 2013). Although less information is available about the association between
cardiorespiratory fitness and activity, aerobic training, resistance
training, and mixed training have proven efficacy on activity in
older adults (Liu 2009; Gine-Garriga 2014), a population who
experience similar declines in physical functioning to young adults
with CP (Nusselder 2005). Improvements in activity provided by
exercise may translate to improved participation in mobility-based
behaviours and quality of life for people with CP (Soyupek 2010;
Park 2013; Bjornson 2014). Additionally, as some adults report
using exercise as a treatment for pain and find it moderately effective (Engel 2002; Hirsh 2011), exercise may improve activity,
participation, and quality of life by providing pain relief. The aim
of this review, to investigate the effect of exercise interventions on
activity, participation and quality of life in people with CP, reflects
the goals of people with CP and clinicians treating people with
CP, and therefore is of most interest to users of this review,
While the association between physical fitness and activity suggests
that improving physical fitness may improve activity, the physiological, biomechanical, and neuromuscular adaptations that may
occur as a result of exercise training in people with CP are not
understood. It is also possible that the effect of exercise on activity performance may vary according to the person’s baseline level
of functional ability. For example, improving muscle strength in
children in GMFCS Level III, who have reduced muscle strength
compared to children in GMFCS Level I (Eek 2008), may result in
greater improvements in activity because of their greater potential
for improvement. Conversely, improvements in muscle strength
may be small in people with a greater degree of functional impairment because of their inability to exercise at an adequate intensity.

Nine reviews have investigated the effectiveness of exercise interventions in children with CP (Dodd 2002; Taylor 2005; Anttila
2008; Mockford 2008; Rogers 2008; Verschuren 2008; Scianni
2009; Butler 2010; Novak 2013). Of these reviews, eight included
articles published prior to July 2008 (Dodd 2002; Taylor 2005;
Anttila 2008; Mockford 2008; Rogers 2008; Verschuren 2008;
Scianni 2009; Butler 2010); one included articles published prior
to December 2012 (Novak 2013). Three reviews focused solely on
randomised controlled trials (RCTs) (Anttila 2008; Scianni 2009;
Butler 2010); the remaining six included experimental or quasiexperimental studies. Eight reviews provided a narrative summary
of the evidence (Dodd 2002; Taylor 2005; Anttila 2008; Mockford
2008; Rogers 2008; Verschuren 2008; Butler 2010; Novak 2013).
Only one review conducted a meta-analysis of RCTs (Scianni
2009). However, this review looked specifically at the effectiveness
of muscle strengthening, rather than all exercise interventions, in
children with CP.
Two reviews have investigated the effectiveness of exercise interventions in adults with CP (Dodd 2002; Jeglinsky 2010). These
reviews included observational studies published prior to March
2002 and 2009, respectively. Both reviews conducted descriptive
analyses.
An up-to-date and comprehensive assessment of the evidence surrounding exercise interventions in adults and children with CP
is required to guide consumers, health professionals, and policy
makers.

OBJECTIVES
The primary aim of this systematic review is to evaluate the effect of
exercise interventions on activity, participation, and health-related
quality of life (HRQoL) in adults and children with CP.
The secondary aim is to evaluate the effect of exercise interventions
on body functions and body structures.

METHODS
Why it is important to do this review
Although CP begins in childhood, it has a lifelong impact on the
individual and the healthcare system. Identification of appropriate interventions to alleviate disability throughout the lifespan of
a person with CP is urgently required. Exercise is a commonly
used intervention among healthcare professionals for people with
CP, partly because the importance of exercise for improving physical functioning has been identified in other populations. This is
reflected in the growing number of publications on the topic of
exercise in CP.

Criteria for considering studies for this review

Types of studies
RCTs and quasi-randomised trials (where sequence generation is
systematically determined but not truly random, for example based
on order of entry or date of birth).
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Types of participants
Children and adults with CP of any age and functional ability.

4. We will also record the incidence and nature of adverse events
such as injury, cardiac events, stiffness, and delayed onset muscle
soreness.

Types of interventions
We will include studies of resistance training, aerobic training,
anaerobic training, and studies that use a combination of exercises,
where at least one exercise is categorised as resistance training, aerobic training, or anaerobic training (that is ’mixed training’). We
will include interventions that target both the upper and lower
limbs. We will not include studies of constraint-induced movement therapy, as this intervention does not specifically target one
or more components of physical fitness.
Comparisons of interest are exercise versus no treatment or usual
care, and comparisons of one type of exercise intervention versus
another.
Types of outcome measures

Primary outcomes

1. Activity as defined as a person’s ability to execute a task (WHO
2001).
Subdomains of activity are (1) activity capacity (i.e. a person’s
ability to execute a task in a standardised environment); (2) activity
capability (i.e. a person’s ability to execute a task in his or her daily
environment); and (3) activity performance (i.e. what a person
actually does in his or her environment) (Holsbeeke 2009).
Examples of outcome measures for activity include the Gross
Motor Function Measure (GMFM), Assisted Hand Assessment
(AHA), timed walk tests, Gait Profile Score (GPS), Melbourne Assessment of Unilateral Upper Limb Function (MAUULF), ABILHAND-Kids questionnaire, Activities Scale for Kids (ASK), International Physical Activity Questionnaire (IPAQ), accelerometers,
and pedometers.
2. Participation as defined as a person’s involvement in a life situation. This may include participation in domestic life (e.g. acquiring a place to live; managing a household; participation in employment or education; participation in community, social, and
civic life) (WHO 2001).
Examples of outcome measures for participation include the Paediatric Evaluation of Disability Inventory (PEDI), Waisman Activities of Daily Living Scale (W-ADL), Functional Independence Measure (FIM), Assessment of Life Habits questionnaire
(LIFE-H), and the Functional Independence Measure for Children (WeeFIM).
3. Health-Related Quality of Life (HRQoL) as defined as the impact of disease and treatment on physical, psychological, and social functioning (Schipper 1996; Solans 2008).
Examples of outcome measures for HRQoL include the Short
Form- 36 (SF-36) health survey and the Child Health Questionnaire (CHQ).

Secondary outcomes

1. Body functions and body structures as defined as changes in
physiological systems or in anatomical structures (WHO 2001).
These include muscle strength and endurance, as measured by for
example dynamometry, cardiorespiratory fitness, as measured by
for example the Shuttle Run Test (SRT), pain, as measured by for
example the Visual Analogue Scale (VAS), fatigue as measured by
for example the Fatigue Severity Scale, and depression as measured
by for example the Center for Epidemiological Studies Depression
Scale (CES-D).
We will include studies that use any validated scale that measures
these primary and secondary outcomes. We will collect outcomes
for the following time points: short term (0 to less than 1 month
post-intervention), intermediate term (1 month to less than 6
months post-intervention), and long term (equal to or greater than
6 months post-intervention). We will present all available results
for the primary outcomes in a ’Summary of findings’ table.

Search methods for identification of studies

Electronic searches
We will search the following databases for all available years.
1. Cochrane Central Register of Controlled Trials
(CENTRAL), part of The Cochrane Library
2. Ovid MEDLINE
3. Embase (OVID)
4. CINAHL (EBSCOhost)
5. Cochrane Database of Systematic Reviews (CDSR), part of
The Cochrane Library
6. Database of Abstracts of Reviews of Effects (DARE), part of
The Cochrane Library
7. PEDro (www.pedro.org.au/)
8. Science Citation Index (Web of Science)
9. Conference Proceedings Citation Index-Science (Web of
Science)
10. UKCRN Study Portfolio (http://public.ukcrn.org.uk/
search/)
11. Health Services Research Projects in Progress (HSRPRoj) (
wwwcf.nlm.nih.gov/hsr_project/home_proj.cfm)
12. ClinicalTrials.gov (clinicaltrials.gov/)
13. World Health Organization International Clinical Trials
Registry Platform (ICTRP) (www.who.int/ictrp/en/)
14. OpenGrey (www.opengrey.eu/)
15. National Rehabilitation Information Center (
www.naric.com/)
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16. LILACS (lilacs.bvsalud.org/en/)
We will use the following search strategy for Ovid MEDLINE,
which incorporates the Cochrane highly sensitive search strategy
for identifying randomised trials (Lefebvre 2008). We will adapt
this strategy as appropriate for other sources. We will not limit
searches by language, date, or publication status.
1 cerebral palsy/
2 cerebral pals$.tw.
3 ((Hemiplegi$ or diplegi$ or quadriplegi$ or unilateral$) adj5
spastic$).tw.
4 ((Hemiplegi$ or diplegi$ or quadriplegi$ or unilateral$) adj3
ataxi$).tw.
5 Little$ disease.tw.
6 or/1-5
7 exp Exercise/
8 exp Exercise Movement Techniques/
9 exp Exercise Therapy/
10 exp “Physical Education and Training”/
11 Physical Endurance/
12 Physical Fitness/
13 exp Sports/
14 Hydrotherapy/
15 Equine-Assisted Therapy/
16 aerobic$.tw.
17 (cycle or cycling).tw.
18 arm ergometry.tw.
19 treadmill.tw.
20 ergometry/
21 (exercise$ or strength$ or fitness).tw.
22 (flexibility or stretching).tw.
23 ((weight$ adj1 lift$) or weight training).tw.
24 (hippotherapy or equine$ therapy or equine assist$ or
horse$).tw.
25 sport$.tw.
26 (walking or running).tw.
27 (aquatic$ or swim$).tw.
28 Physical Therapy Modalities/
29 (physiotherapy or physical therapy).tw.
30 (resistance or resisted).tw.
31 physical activit$.tw.
32 or/7-31
33 randomized controlled trial.pt.
34 controlled clinical trial.pt.
35 randomi#ed.ab.
36 placebo$.ab.
37 drug therapy.fs.
38 randomly.ab.
39 trial.ab.
40 groups.ab.
41 or/33-40
42 exp animals/ not humans.sh.
43 41 not 42

44 6 and 32 and 43

Searching other resources
We will search reference lists of eligible trials and relevant systematic reviews that we identify with the search.

Data collection and analysis

Selection of studies
Two review authors (JR and EC) will independently check the
titles and abstracts of the search results and exclude studies that
do not meet the inclusion criteria outlined above. In cases that
appear to meet the inclusion criteria, or where there is any doubt
as to whether the article should be excluded, we will retrieve the
full text of the article. Two review authors (JR and EC) will independently review these papers against the inclusion criteria. Any
disagreements between review authors regarding the exclusion of
an article at any stage will be resolved through discussion. If a resolution cannot be achieved, a third review author (SN) will consider the citation. Dr. Brian W. Timmons, Research Director of
the Child Health & Exercise Medicine Program and an Investigator with the CanChild Centre for Childhood Disability Research
from McMaster University (Hamilton, Canada), will validate the
final list of studies.

Data extraction and management
Two review authors (JR and EC) will extract data independently
using a standardised form developed for the purpose. We will resolve disagreements regarding the extraction of data by discussion.
If we cannot reach a resolution, we will consult a third review author (NOC). The form will include the following:
• Country of origin
• Study design
• Sample size: treatment and control groups
• Study population (treatment and control groups): sex, age,
ethnicity, distribution of CP, type of motor abnormality, and
gross motor function. Where sufficient information is provided,
we will classify children and adults to a GMFCS level or a
MACS level, or both, as it is believed that these scales provide a
comprehensive indication of functional ability above that
provided by classifying individuals according to type of motor
abnormality and anatomical distribution of CP. In addition, we
will classify general gross motor function as unaided walking,
walking with aids, or unable to walk (Beckung 2008). Where
information regarding GMFCS level but not general gross motor
function is provided, we will collapse GMFCS levels into one of
the three categories.
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• Intervention: aim of the intervention, type of exercise
programme (e.g. aerobic exercise), mode of delivery (e.g. home
programme), type(s) of location(s) where the intervention
occurred (including any necessary infrastructure or relevant
features), supervised or unsupervised programme, exercise mode
(e.g. cycle ergometry, treadmill), exercise dose (i.e. duration,
intensity, and frequency of exercise), tailoring of intervention to
individual, modification of intervention (what, why, when,
how), duration of programme
• Intervention provider: profession, expertise, background,
specific training received
• Fidelity or adherence to programme: how or by whom this
was assessed
• Outcome measures
• Results: short term (0 to < 1 month post-intervention),
intermediate (1 month to < 6 months post-intervention), and
long term (≥ 6 months post-intervention) follow-up
• Measures of adherence or compliance to the exercise
programme
• Adverse effects
• Conflicts of interest
• Declarations of conflicts of interest

treat for an additional beneficial outcome as an absolute measure of treatment effect where possible. Clinically important differences (CID) have been developed for a number of outcome
measures (for example GMFM, weeFIM, 1-minute walk test) for
ambulatory children (GMFCS Levels I to III), aged 4 to 19 years
(Oeffinger 2008; Hassani 2014). However, well-established and
accepted thresholds for CID have not been established across the
range of possible outcome measures and range of possible participants to be included in this review. Where possible, we will
consider the size of effects for our primary outcomes in light of
contemporary research literature on CID in our discussion of the
results.
Continuous data

Where pooled studies have used the same scale on a continuous
outcome measure, we will present the effect size as mean difference
with 95% CI. Where studies have used different scales to measure
the same construct, or have used different versions of an outcome
measure that score the outcome differently, we will present the
standardised mean difference (SMD) with 95% CI.
Unit of analysis issues

Assessment of risk of bias in included studies
We will assess risk of bias using The Cochrane Collaboration’s tool
for assessing risk of bias (Higgins 2011). Two review authors (JR
and EC) will independently check risk of bias. A third review author (SN) will resolve any disagreements. We will assess the following criteria: random sequence generation, allocation concealment,
blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective reporting, and other
sources of bias. We will clearly score all criteria as low risk of bias,
high risk of bias, or unclear (ambiguous) risk of bias. We provide
the operational definitions for making judgements on each criterion in Appendix 3.
We will assign included studies an overall rating of high, low, or
unclear risk of bias. Where we rate one or more criteria at high risk
of bias, we will rate that study at high risk of bias overall. Where
we do not rate a study at high risk of bias for any criteria but rate
it at unclear risk of bias on one or more criteria, we will rate that
study at unclear risk of bias overall. We will only rate a study at
low risk of bias overall if we rate it as such for all criteria.

Measures of treatment effect

Cluster trials

We will seek direct estimates of the effect from an analysis that
accounts for the cluster design. Where the analysis in a cluster
trial does not account for the cluster design, we will use the approximately correct analysis approach presented in the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011).
Using the number of clusters (or groups) randomised to each intervention group or the mean size of each cluster, the outcome
data ignoring the cluster design for the total number of individuals
(for example number or proportion of individuals with events, or
means and standard deviations), and an estimate of the intracluster
(or intraclass) correlation coefficient (ICC), we will calculate the
‘effective sample size’ for each cluster trial using the method described by Higgins 2011. If the ICC is not available from the study
report, we will contact the authors or obtain external estimates
from similar studies. If we are unable to identify an appropriate
ICC, we will conduct sensitivity analyses (Sensitivity analysis) using a range of possible ICCs (0.20, 0.10, 0.05, 0.01). We will enter
these data into a meta-analysis using the generic inverse-variance
method (Higgins 2011).
Cross-over trials

Binary data

Where studies have used dichotomous outcomes (for example
’treatment response’), we will present the relative risk with 95%
confidence intervals (CI) and calculate the number needed to

We will enter cross-over trials into a meta-analysis when it is clear
that data are free from carry-over effects. We will combine the results of cross-over studies with those of parallel studies by imputing the post-treatment between-condition correlation coefficient
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from an included study that presents individual participant data
and use this to calculate the standard error of the SMD. We will
enter these data into a meta-analysis using the generic inversevariance method (Higgins 2011). It is likely that included studies
might present repeated measurements over time. We will only include data from one time point from an individual study in any
single meta-analysis. If inadequate data are available to conduct
this analysis, we will only include data from the first phase of the
cross-over trial as if it were from a parallel trial design.
Studies with multiple treatment groups

Where studies include multiple treatment groups, we will combine results across all eligible intervention groups and compare
them with the combined results across all eligible control groups,
making single pair-wise comparisons. We will investigate possible
heterogeneity through preplanned subgroup analysis (Subgroup
analysis and investigation of heterogeneity).
Dealing with missing data
Where a study report presents insufficient data to enter into the
meta-analysis, we will request from the authors reasons for missing
data and, if available, access to missing data, with two reminder
requests sent at monthly intervals in the event of nonresponse. We
will specifically request data relating to the effect of the intervention on any of the outcomes of interest (for example means and
standard deviations, adverse events) and details of dropouts. We
will not routinely request other methodological details or information relating to the risk-of-bias assessments. We will include all
studies in the main analysis and exclude studies that are at high
risk of bias for incomplete outcome data as a sensitivity analysis
(see Appendix 3 for risk-of-bias criteria). We will conduct analyses
using only the available data. We will not impute missing data.
Assessment of heterogeneity
We will assess clinical variation across studies by comparing the
distribution of important factors among trials (for example participant age, gender, and functional ability (GMFCS level), characteristics of the interventions). We will assess statistical heterogeneity and its impact using the Chi² test and the I² statistic (Higgins
2011). We will use the Chi² test to determine whether differences
in effects across studies are compatible with chance alone and the
I² statistic to describe the percentage of the variability in effect
estimates that is due to heterogeneity rather than sampling error
(chance).
Assessment of reporting biases
We will consider the possible influence of publication and smallstudy biases on review findings. Where we identify sufficient data
(equal to or greater than 10 studies in a meta-analysis), we will

examine funnel plots and consider the use of the test proposed by
Egger 1997 to test for funnel plot asymmetry. Where we identify
evidence of publication bias, we will consider its likely influence
on the observed effect sizes in our interpretation of the results.
However, we are aware that common tests of publication bias lack
sensitivity, and so where indicated we will consider the possible
influence that a dominance of small trials might have on pooled
effect sizes in our interpretation.

Data synthesis
We will pool the results from included studies using Review Manager 5.3 software (Review Manager 2014). Comparisons of interest are exercise versus no treatment or usual care, and comparisons
of one type of exercise intervention versus another. We will not
include exercise versus no treatment or usual care, and exercise
versus exercise in a single meta-analysis. We believe that the effect sizes for each of these comparisons are likely to vary considerably and that it is not theoretically justifiable to include exercise
and usual care in one comparison group. Where studies compare
two types of exercise interventions, we will interpret and discuss
the results in the context of the evidence, or lack of evidence, of
the effectiveness of each exercise intervention compared to usual
care or no treatment. We will attempt to deal with clinical heterogeneity by performing separate meta-analyses for each category of
exercise intervention (that is resistance training, aerobic training,
anaerobic training, and mixed training). We believe that the type
of exercise performed will impact the effect size and that combining these interventions will mask the true effect of each individual intervention. We will also perform separate meta-analyses for
studies of adults and children. We will use a random-effects model
to combine studies since we expect studies to vary somewhat in
terms of the interventions, comparisons, and populations. We will
consider separate meta-analyses for different types of exercise intervention and for short term (0 to less than 1 month post-intervention), intermediate term (1 month to less than 6 months postintervention), and long term (equal to or greater than 6 months
post-intervention) outcomes. Where meta-analysis is not possible,
we will conduct a narrative synthesis of the data. We will also consider contextual data in our interpretation of the evidence.
We will use the GRADE approach to assess the quality of the
body of evidence (Guyatt 2008). To ensure consistency of GRADE
judgements, we will apply the following criteria to each domain
equally for all key comparisons:
• Limitations of studies: downgrade once if more than 75%
of included studies are at low risk of bias across all risk-of-bias
criteria.
• Inconsistency: downgrade once if heterogeneity is
statistically significant (P value < 0.10) and I² > 40%.
• Indirectness: downgrade once if more than 50% of the
participants are outside the target group.
• Imprecision: downgrade once if fewer than 400 participants
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for continuous data and fewer than 300 events for dichotomous
data (Guyatt 2011).
• Publication bias: downgrade where there is direct evidence
of publication bias.

Subgroup analysis and investigation of heterogeneity
We will further explore possible clinical heterogeneity through preplanned subgroup analysis based on important clinical features.
We predict that some studies will include ambulatory participants
only (i.e. people who can walk with or without a mobility aid;
GMFCS Level I, II, and III), and some studies will include participants who can walk without a mobility aid only (i.e. GMFCS
Level I and II). Where adequate data allows, we plan to undertake
two subgroup analyses for studies that include ambulatory people only (i.e. GMFCS Level I, II, and III), and for studies that
include ambulatory people who walk without a mobility aid only
(i.e. GMFCS Level I and II). We will interpret subgroup analyses
with caution due to their exploratory nature.

Sensitivity analysis
We will explore the impact of studies at high risk of bias by reanalysis with studies rated at overall high risk of bias excluded. We
will explore the impact of excluding studies at high risk of bias
for missing data (see Dealing with missing data) by reanalysing
with those studies included. We will assess the influence of our
analysis model by reanalysing data using a fixed-effect instead of a
random-effects model. We will explore the influence of using imputed correlation coefficients in our approach to including crossover and cluster trials (see Unit of analysis issues) by reanalysing
these data with adjusted (higher and lower) coefficient values.
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APPENDICES

Appendix 1. Gross Motor Function Classification System

Level I: walks without restrictions; limitations in more advanced gross motor skills
Before 2nd birthday: Infants move in and out of sitting and floor sit with both hands free to manipulate objects. Infants crawl on hands
and knees, pull to stand, and take steps holding onto furniture. Infants walk between 18 months and 2 years of age without the need
for any assistive mobility device.
From age 2 to 4th birthday: Children floor sit with both hands free to manipulate objects. Children perform movements in and out of
floor sitting and standing without adult assistance. Children walk as the preferred method of mobility without the need for any assistive
mobility device.
From age 4 to 6th birthday: Children get into and out of and sit in a chair without the need for hand support. Children move from
floor and chair sitting to standing without the need for objects for support. Children walk indoors and outdoors, and climb stairs.
Emerging ability to run and jump.
From age 6 to 12th birthday: Children walk at home, school, outdoors, and in the community. Children are able to walk up and
down curbs without physical assistance and stairs without the use of a railing. Children perform gross motor skills, such as running
and jumping, but speed, balance, and coordination are limited. Children may participate in physical activities and sports depending
on personal choices and environmental factors.
From age 12: Youth walk at home, school, outdoors, and in the community. Youth are able to walk up and down curbs without physical
assistance and stairs without the use of a railing. Youth perform gross motor skills, such as running and jumping, but speed, balance,
and coordination are limited. Youth may participate in physical activities and sports depending on personal choices and environmental
factors.

Level II: walks without assistive devices; limitations walking outdoors and in the community
Before 2nd birthday: Infants maintain floor sitting but may need to use their hands for support to maintain balance. Infants creep on
their stomach or crawl on hands and knees. Infants may pull to stand and take steps holding onto furniture.
From age 2 to 4th birthday: Children floor sit but may have difficulty with balance when both hands are free to manipulate objects.
Children perform movements in and out of sitting without adult assistance. Children pull to stand on a stable surface. Children crawl
on hands and knees with a reciprocal pattern, cruise holding onto furniture, and walk using an assistive mobility device as preferred
methods of mobility.
From age 4 to 6th birthday: Children sit in a chair with both hands free to manipulate objects. Children move from the floor to standing
and from chair sitting to standing but often require a stable surface to push or pull up on with their arms. Children walk without
needing any assistive mobility device indoors and for short distances on level surfaces outdoors. Children climb stairs holding onto a
railing but are unable to run or jump.
From age 6 to 12th birthday: Children walk in most settings. Children may experience difficulty walking long distances and balancing
on uneven terrain, on inclines, in crowded areas, in confined spaces, or when carrying objects. Children walk up and down stairs
holding onto a railing or with physical assistance if there is no railing. Outdoors and in the community, children may walk with physical
assistance or a hand-held mobility device or use wheeled mobility when travelling long distances. Children have at best only minimal
ability to perform gross motor skills such as running and jumping. Limitations in performance of gross motor skills may necessitate
adaptations to enable participation in physical activities and sports.
From age 12: Youth walk in most settings. Environmental factors (such as uneven terrain, inclines, long distances, time demands,
weather, and peer acceptability) and personal preference influence mobility choices. At school or work, youth may walk using a handheld mobility device for safety. Outdoors and in the community, youth may use wheeled mobility when travelling long distances. Youth
walk up and down stairs holding a railing or with physical assistance if there is no railing. Limitations in performance of gross motor
skills may necessitate adaptations to enable participation in physical activities and sports.

Distinctions between Levels I and II:
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Compared with children in Level I, children in Level II have limitations in the ease of performing movement transitions; walking
outdoors and in the community; the need for assistive mobility devices when beginning to walk; quality of movement; and the ability
to perform gross motor skills such as running and jumping.

Level III: walks with assistive mobility devices; limitations walking outdoors and in the community
Before 2nd birthday: Infants maintain floor sitting when the low back is supported. Infants roll and creep forward on their stomachs.
From age 2 to 4th birthday: Children maintain floor sitting often by ’W-sitting’ (sitting between flexed and internally rotated hips and
knees) and may require adult assistance to assume sitting. Children creep on their stomach or crawl on hands and knees (often without
reciprocal leg movements) as their primary methods of self mobility. Children may pull to stand on a stable surface and cruise short
distances. Children may walk short distances indoors using an assistive mobility device and adult assistance for steering and turning.
From age 4 to 6th birthday: Children sit on a regular chair but may require pelvic or trunk support to maximize hand function. Children
move in and out of chair sitting using a stable surface to push on or pull up with their arms. Children walk with an assistive mobility
device on level surfaces and climb stairs with adult assistance. Children are frequently transported when travelling for long distances or
outdoors on uneven terrain.
From age 6 to 12th birthday: Children walk using a hand-held mobility device in most indoor settings. When seated, children may
require a seat belt for pelvic alignment and balance. Sit-to-stand and floor-to-stand transfers require physical assistance of a person or
support surface. When travelling long distances, children use some form of wheeled mobility. Children may walk up and down stairs
holding onto a railing with supervision or physical assistance. Limitations in walking may necessitate adaptations to enable participation
in physical activities and sports, including a self propelling manual wheelchair or powered mobility.
From age 12: Youth are capable of walking using a hand-held mobility device. In comparison with individuals in other levels, youth in
Level III demonstrate more variability in methods of mobility depending on physical ability and environmental and personal factors.
When seated, youth may require a seat belt for pelvic alignment and balance. Sit-to-stand and floor-to-stand transfers require physical
assistance from a person or support surface. At school, youth may self propel a manual wheelchair or use powered mobility. Outdoors
and in the community, youth are transported in a wheelchair or use powered mobility. Youth may walk up and down stairs holding
onto a railing with supervision or physical assistance. Limitations in walking may necessitate adaptations to enable participation in
physical activities and sports, including self propelling a manual wheelchair or powered mobility.

Distinctions between Levels II and III:
Differences are seen in the degree of achievement of functional mobility. Children in Level III need assistive mobility devices and
frequently orthoses to walk, while children in Level II do not require assistive mobility devices after age 4.

Level IV: self mobility with limitations; children are transported or use power mobility outdoors and in the community
Before 2nd birthday: Infants have head control but require trunk support for floor sitting. Infants can roll to supine and may roll to
prone.
From age 2 to 4th birthday: Children floor sit when placed but are unable to maintain alignment and balance without using their
hands for support. Children frequently require adaptive equipment for sitting and standing. Children achieve self mobility for short
distances (within a room) through rolling, creeping on stomach, or crawling on hands and knees without reciprocal leg movement.
From age 4 to 6th birthday: Children sit on a chair but need adaptive seating for trunk control and to maximize hand function. Children
move in and out of chair sitting with assistance from an adult or a stable surface to push or pull up on with their arms. Children may at
best walk short distances with a walker and adult supervision but have difficulty turning and maintaining balance on uneven surfaces.
Children are transported in the community. Children may achieve self mobility using a power wheelchair.
From age 6 to 12th birthday: Children use methods of mobility that require physical assistance or powered mobility in most settings.
Children require adaptive seating for trunk and pelvic control and physical assistance for most transfers. At home, children use floor
mobility (roll, creep, or crawl), walk short distances with physical assistance, or use powered mobility. When positioned, children
may use a body support walker at home or school. At school, outdoors, and in the community, children are transported in a manual
wheelchair or use powered mobility. Limitations in mobility necessitate adaptations to enable participation in physical activities and
sports, including physical assistance or powered mobility, or both.
From age 12: Youth use wheeled mobility in most settings. Youth require adaptive seating for pelvic and trunk control. Youth require
physical assistance from one or two persons for transfers. Youth may support weight with their legs to assist with standing transfers.
Indoors, youth may walk short distances with physical assistance, use wheeled mobility, or, when positioned, use a body support walker.
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Youth are physically capable of operating a powered wheelchair. When a powered wheelchair is not feasible or available, youth are
transported in a manual wheelchair. Limitations in mobility necessitate adaptations to enable participation in physical activities and
sports, including physical assistance or powered mobility, or both.
Distinctions between Levels III and IV:
Differences in sitting ability and mobility exist, even allowing for extensive use of assistive technology. Children in Level III sit
independently, have independent floor mobility, and walk with assistive mobility devices. Children in Level IV function in sitting
(usually supported), but independent mobility is very limited. Children in Level IV are more likely to be transported or to use power
mobility.
Level V: self-mobility is severely limited even with the use of assistive technology
Before 2nd birthday: Physical impairments limit voluntary control of movement. Infants are unable to maintain antigravity head and
trunk postures in prone and sitting. Infants require adult assistance to roll.
From age 2 to 12th birthday: Children are transported in a manual wheelchair in all settings. Children are limited in their ability
to maintain antigravity head and trunk postures and control arm and leg movements. Assistive technology is used to improve head
alignment, seating, standing, and/or mobility, but limitations are not fully compensated for by equipment. Transfers require complete
physical assistance of an adult. At home, children may move short distances on the floor or may be carried by an adult. Children
may achieve self mobility using powered mobility with extensive adaptations for seating and control access. Limitations in mobility
necessitate adaptations to enable participation in physical activities and sports, including physical assistance and using powered mobility.
From age 12: Youth are transported in a manual wheelchair in all settings. Youth are limited in their ability to maintain antigravity head
and trunk postures and control arm and leg movements. Assistive technology is used to improve head alignment, seating, standing, and
mobility, but limitations are not fully compensated for by equipment. Transfers require physical assistance from one or two persons or
a mechanical lift. Youth may achieve self mobility using powered mobility with extensive adaptations for seating and control access.
Limitations in mobility necessitate adaptations to enable participation in physical activities and sports, including physical assistance
and using powered mobility.
Distinctions between Levels IV and V:
Children in Level V lack independence even in basic antigravity postural control. Child achieves self mobility only if he or she can
learn how to operate an electrically powered wheelchair.

Appendix 2. Manual Ability Classification System
Level I: handles objects easily and successfully. At most, limited in the ease of performing manual tasks requiring speed and accuracy.
However, any limitations in manual abilities do not restrict independence in daily activities.
Level II: handles most objects but with somewhat reduced quality or speed of achievement, or both. May avoid or achieve with some
difficulty certain activities; might use alternative ways of performance, but manual abilities do not usually restrict independence in daily
activities.
Level III: handles objects with difficulty; needs help to prepare or modify activities, or both. The performance is slow and achieved
with limited success regarding quality and quantity. Performs activities independently if they have been set up or adapted.
Level IV: handles a limited selection of easily managed objects in adapted situations. Performs parts of activities with effort and with
limited success. Requires continuous support and assistance or adapted equipment, or both, for even partial achievement of the activity.
Level V: does not handle objects and has severely limited ability to perform even simple actions. Requires total assistance.
Distinctions between Levels I and II. Children in Level I may have limitations in handling very small, heavy, or fragile objects, which
demand detailed fine motor control or efficient coordination between hands. Limitations may also involve performance in new and
unfamiliar situations. Children in Level II perform almost the same activities as children in Level I, but the quality of performance
is decreased or the performance is slower. Functional differences between hands can limit effectiveness of performance. Children in
Level II commonly try to simplify handling of objects, for example by using a surface for support instead of handling objects with both
hands.
Distinctions between Levels II and III. Children in Level II handle most objects, although slowly or with reduced quality of
performance. Children in Level III commonly need help to prepare the activity or require that adjustments be made to the environment,
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or both, since their ability to reach or handle objects is limited. They cannot perform certain activities and their degree of independence
is related to the supportiveness of the environmental context.
Distinctions between Levels III and IV. Children in Level III can perform select activities if the situation is prearranged and if they
receive supervision and plenty of time. Children in Level IV need continuous help during the activity and can at best participate
meaningfully in only parts of an activity.
Distinctions between Levels IV and V. Children in Level IV perform part of an activity with continuous help. Children in Level V
might at best participate with a simple movement in special situations, for example by pushing a button.

Appendix 3. Risk of bias criteria: operational definitions

Adequate sequence generation?
Low: based on a random component judged to be both appropriate and sufficiently well described.
High: based on any non-random component.
Unclear: insufficient information regarding sequence generation process to permit a judgement of low or high risk of bias.

Adequate allocation concealment?
Low: method of concealment allocation employed prohibited foresight of patient assignment.
High: method of concealment allocation employed permitted possible foresight of patient assignment.
Unclear: method of concealment allocation not described or described in insufficient detail to permit a judgement of low or high risk
of bias.

Blinding of outcome assessment?
Low: outcome assessor (including ‘patients’ with respect to self report outcomes) blinded to patients’ allocated intervention, and unlikely
that blinding broken; OR no or incomplete blinding but judged that a given outcome unlikely to be influenced by lack of blinding.
High: outcome assessor (including ‘patients’ with respect to self report outcomes) unblinded to patients’ allocated intervention; OR
outcome assessor blinded to allocated intervention but likely that blinding may have been broken (and a given outcome is likely to be
influenced by lack of blinding).
Unclear: insufficient information to permit judgement of low or high risk of bias.

Blinding of patients?
Low: patients blinded to allocated intervention and unlikely that blinding broken; OR no or incomplete blinding but judged that a
given outcome unlikely to be influenced by lack of blinding.
High: patients not blinded to allocated intervention; OR patients blinded to allocated intervention but likely that blinding may have
been broken (and a given outcome is likely to be influenced by lack of blinding).
Unclear: insufficient information to permit judgement of low or high risk of bias.

Blinding of care provider?
Low: care provider blinded to allocated intervention and unlikely that blinding broken; OR no or incomplete blinding but judged that
a given outcome unlikely to be influenced by lack of blinding.
High: care provider not blinded to allocated intervention; OR patients blinded to allocated intervention but likely that blinding may
have been broken (and a given outcome is likely to be influenced by lack of blinding).
Unclear: insufficient information to permit judgement of low or high risk of bias.
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Incomplete outcome data addressed?
Low: no missing outcome data. Reasons for missing data unlikely to be related to the true outcome. Missing outcome data balanced
across intervention groups with similar reasons for omissions. Dichotomous outcomes: proportion of missing outcomes compared with
observed event risk not enough to have a clinically relevant impact on the intervention effect estimate. Continuous outcomes: difference
in means or standardised mean difference among missing outcomes not enough to have a clinically relevant impact on observed effect
size. Missing data imputed using appropriate methods. Intention-to-treat analysis undertaken. Less than or equal to 10% dropout rate.
High: reason for missing outcome data likely to be related to the true outcome. Dichotomous outcomes: proportion of missing outcomes
compared with observed event risk enough to induce a clinically relevant bias in intervention effect estimate. Continuous outcomes:
difference in means or standardised mean difference among missing outcomes enough to induce a clinically relevant bias on observed
effect size. As-treated analysis undertaken with substantial departure of the intervention received from that assigned at randomisation.
Equal to or greater than 30% dropout rate.
Unclear: insufficient reporting of attrition or exclusions to permit judgement of low or high risk of bias. Greater than 10% and less
than 30% dropout rate.
Selective outcome reporting?
Low: all primary outcomes of interest adequately reported with point estimates and measures of variance for all time points.
High: incomplete reporting of prespecified outcomes. One or more primary outcomes is reported using measurements, analysis methods,
or subsets of data that were not prespecified. One or more reported primary outcomes were not prespecified. One or more outcomes of
interest reported incompletely and cannot be entered into a meta-analysis. Results for a key outcome expected to have been reported,
excluded.
Unclear: insufficient information to permit judgement of low or high risk of bias.
Free of other biases
Low: appears free of other sources of bias.
High: results may have been confounded by at least one important risk of bias (design-specific, fraudulent, other).
Unclear: other sources of bias may be present but there is either insufficient information to assess whether an important risk of bias
exists; OR insufficient rationale or evidence regarding whether an identified problem will introduce bias.
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