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A B S T R A C T

Background: Evidence quality from exercise trials which use group designs is partly dependent on whether study
samples represent the population and acceptable sample homogeneity is achieved. This study aimed to review
studies evaluating exercise training for people with cerebral palsy (CP) and appraise to what extent i) participants
were representative of people with CP; and ii) internal validity was threatened by sample heterogeneity.
Methods: A search of 5 major databases was conducted to identify exercise trials which use group designs for
people with CP. Participant characteristics were extracted and used to divide participants into sub-populations.
Indicative Participant Prevalence Ratio (iPPR) was calculated to assess representativeness. Sample homogenei-
ty was appraised for each study.
Results: Fifty-one studies evaluating 836 participants were appraised. Adults comprise 60 % of the CP population
but were grossly underrepresented (iPPR<0.4). Older adults, people with dyskinetic and ataxic CP and wheelchair
users were also grossly underrepresented. The number of studies that accounted for key prognostic variables was:
age - 26 studies (51 %); sex - 0 studies (0 %); neurological subtype - 21 studies (41 %); functional effects - 14
studies (27 %) and comorbidities - 1 study (2 %).
Conclusion: Adults with CP and people with high support needs are underrepresented, and future research should
prioritise this subpopulation. Trials using group designs require researchers to reconcile two competing interests –
adequate sample size and sample homogeneity and to date, sample homogeneity has received insufficient priority.
This threatens internal validity and, consequently, the overall quality of evidence underpinning clinical exercise
prescription is likely to be lower than previously thought.
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Key points

What is already known?

� The exercise training responses of people with cerebral palsy (CP) are a function of the interaction between key prognostic variables including
their age, sex, neurological subtype, functional effects and type and severity of comorbidities.

� Evidence quality from exercise training studies using group designs will depend on the extent to which study samples represent the CP pop-
ulation; and studies achieve acceptable sample homogeneity.

What are the new findings?

� Children and adolescents are over-represented in the literature, and adults, wheelchair users, people with dyskinetic or ataxic CP and certain
comorbidities are grossly under-represented.

� Sample heterogeneity limits the internal validity of most exercise training studies of people with CP identified in this review, including RCTs.
� For clinical practice, this means that the overall quality of evidence is likely lower than previously thought. Exercise recommendations for
people with CP based on existing evidence should be interpreted cautiously, particularly in under-represented subpopulations.
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1. Background

Exercise training improves health-related fitness (e.g., cardiorespi-
ratory fitness and muscular strength) in the general population [1]. Age
and sex are both recognised prognostic variables in exercise trials –

‘characteristics which can predict a participant's response to an inter-
vention’ [2]. For example, a resistance training program will elicit
different responses in prepubescent female children, compared with
adult males [3]. In studies using group designs, which organise partici-
pants into one or more distinct groups, manipulate conditions and report
outcomes at a group level, internal validity will be threatened if the
included participants are heterogeneous in relation to age and sex.
Importantly, the threat is independent of the randomisation of partici-
pants to groups [4].

Cerebral palsy (CP) is the most common childhood neurological dis-
order, caused by a non-progressive injury to the developing foetal or
infant brain [5]. CP affects exercise training responses – defined as the
physiological and functional changes that occur in response to structured
and repeated physical training (for example, cardiovascular fitness,
muscle strength, muscle power or endurance). The volume of research
investigating these effects in individuals with CP is increasing [6–9].

However, CP is not a single or unitary diagnostic category. CP is
defined as “an umbrella term encompassing a heterogeneous group of
permanent but not unchanging disorders of movement and posture”
[10]. For example, people with CP can be classified based on one of seven
neurological subtypes, each of which are recognised in the ICD 10. These
are: spastic quadriplegic (16.3 %), spastic diplegic (28.8 %), spastic
hemiplegic (35 %), dyskinetic, incorporating dystonia and chor-
eoathetotic [11] (5.6 %), ataxic (4.0 %), mixed (1.3 %) and unspecified
(9 %) [12]. Each subtype varies in terms of severity and motor distri-
bution (i.e. parts of the body affected).

CP is also characterised by heterogenous functional effects. There are
classification systems for at least six different types of function, these
being the Gross Motor Function Classification System (GMFCS), the
Manual Ability Classification System (MACS), the Eating and Drinking
Ability Classification System (EDACS) [13], the Bimanual Fine Motor
Function Classification System (BFMF) [14], the Visual Function Classi-
fication System (VFCS) and the Communication Function Classification
System (CFCS) [15]. Each system has five levels ranging from I (least
severe) to V (most severe). Full descriptions of each of these classification
systems are reported elsewhere [16].

In addition to the heterogeneity associated with varying combina-
tions of neurological subtype, motor distribution and functional effects,
95 % of people with CP have at least one co-morbidity [12].Co-mor-
bidities are defined in this context as a standalone disorders that are often
associated with CP but which can also occur in people without CP. Some
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of the most common are known or potential prognostic variables,
including intellectual disability (50 %), epilepsy (39.0 %), digestive
system diseases (39.1 %), malnutrition and eating difficulties (23.0 %),
scoliosis (15 %) and pain (75 %) [12].

We posit that the clinical characteristics of CP described above –

neurological subtype, level of functioning in different domains and the
range of comorbidities – constitute three distinct groups of prognostic
variables. It follows that the exercise training responses of any individual
with CP will be a function of interaction between the constellation of CP-
specific prognostic variables they are affected by as well as their age and
sex.

Based on this position, in order to draw conclusions about responses
to active exercise training in people with CP, study samples should be
representative of the diversity of clinical presentations in the CP popu-
lation. To the extent that samples are not representative, knowledge will
be incomplete. Additionally, studies using group designs require samples
that are homogeneous in relation to these defining prognostic variables.
To the extent that such homogeneity is not achieved, the internal validity
of the study will be threatened by predictable systematic between-
participant differences in exercise training responses [17].

Accordingly, the aim of this study was to systematically identify
studies that have used group designs to evaluate exercise training re-
sponses in people with CP and appraise.

1) the extent to which the people with CP who have been included in
exercise training studies are representative of the CP population; and

2) whether, and to what extent, the internal validity of each study was
threatened by participant heterogeneity in relation to age and sex, as
well as in the three key groups of clinical prognostic variables
affecting people with CP – neurological subtype, functional effects
and comorbidities.

2. Methods

This study followed PRISMA systematic review guidelines and was
registered on the Open Science Framework (OSF) (register number/DOI:
10.17605/OSF.IO/64U5B).
2.1. Search strategy

An initial limited search was conducted on PubMed and EMBASE to
identify relevant key words (e.g., “cerebral palsy”) and truncations (e.g.,
exercis*). Five electronic databases were then searched (PubMed,
EMBASE, Medline CINAHL, Web of Science and PEDro) in March 2022
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and again in July 2024 (See Appendix 1). Search filters were used to
ensure articles retrieved met the inclusion and exclusion criteria.

2.2. Source of evidence screening and selection

Articles were exported and duplicates removed. Two reviewers (from
LC, ID & BD) screened title and abstracts and, for those included, then
iPPR¼Percentage of ½CP Population sub� category name� in exercise trials using group designs
Estimated percentage of ½CP Population sub� category name� in the CP population
conducted a full text review. Conflicts were resolved via discussion be-
tween two reviewers or discussion with a third reviewer when required.

Studies meeting following criteria were included: (1) participants
with a diagnosis of CP; (2) the design comprised one or more groups
receiving the intervention; (3) exercise training based primarily on
voluntary movement was performed for >6 weeks; (4) the training
specifically measured and aimed to improve health-related fitness
(i.e., cardiorespiratory fitness, muscular strength, muscle power or
endurance); (5) original investigation published from January 1980
in peer-reviewed literature in English. Studies were excluded if:
(1) the exercise training included any form of assistance, active
or passive (e.g., motorised ergometer or functional electrical stimu-
lation); (2) results from participants with CP were not reported
separately; (3) observational designs or qualitative methods were
used; or (4) the full article was unavailable. A backwards search of
reference lists from included studies was conducted to identify any
studies missed.
2.3. Data extraction and appraisal

The following data was extracted: first author, year and title, total
number of participants in the intervention group, participant age, sex,
neurological subtype, functional effects, and comorbidities. Each study's
inclusion/exclusion criteria were extracted and reported in three cate-
gories: relevant to intervention safety/fidelity (e.g., intellectual disability
or contraindications to exercise), competing interventions (e.g., surgery
or botulinum toxin), and baseline physical activity levels (level of activity
prior to intervention). These were not participant characteristics but
specified which participants were eligible, thereby contributing to the
internal validity of the participant group/s.

For each study, five groups of participant characteristics were
extracted and reported as follows.

a) Age, categorised as middle childhood (aged 6–12 years), adolescence
(age 13–17 years), adulthood (aged 18–64 years) or older adulthood
(>64);

b) Sex, categorised as male or female;
c) Neurological subtype categorised as hypertonia (including quadri-

plegia, diplegia and hemiplegia), dyskinetic (including dystonia and
choreoathletosis), ataxic or mixed;

d) Functional effects, categorised on a I to V scale using one or more of
the following classification systems [16]: GMFCS; MACS; BFMFCS;
EDACS; VFCS; CFCS; or other; and

e) Co-morbidities.

The internal validity of an exercise training study using a group
design will be enhanced when participants are homogeneous in relation
to the categories of age, sex, neurological subtype, functional effects and
co-morbidities. Internal validity will be threatened when participants are
heterogeneous in relation to the five key groups of participant charac-
teristics. The term ‘Not Reported’ was used to indicate that a study had
3

not reported a category of participant characteristic and that the partic-
ipants could therefore be heterogeneous regarding that characteristic.

For those participant subcategories with published estimates of
prevalence in the CP population, indicative participant to prevalence
ratio (iPPR) was also calculated using the following formula, as previ-
ously described [18,19]:
An iPPR of �0.8 indicated people with CP in the named subcategory
were underrepresented in the exercise training literature and 0.4 indi-
cated gross under-representation. An iPPR of >1.2 indicated over-
representation and 2.0 indicated gross over-representation.

Appraisal of sample homogeneity entailed two stages. The first stage
wasdeterminingwhichof theprognostic variableshadbeenreportedby the
authors. The second stage was determining which of the prognostic vari-
ableshadbeenaccounted for through trial conduct either explicitly through
statistical adjustment or inclusion/exclusion criteria; or implicitly through
the characteristics of the participants, in order to achieve sample homoge-
neity. This critical appraisal approach, which differentiates limitations in
reporting from limitations in trial conduct, is consistent with appraisal
guidelines for studies using group designs in rehabilitation [20].

3. Results

The systematic search returned 5288 studies; 1816 duplicates were
removed using EndNote, and a further 35 were removed using Covi-
dence. A total of 3437 studies were screened through title and abstract
(including 20 which were identified through citation searching of
included studies), 130 of these met criteria for full-text screening. After
full-text screening, 51 studies met eligibility criteria for inclusion and
were appraised (see Fig. 1).

3.1. Participant characteristics

Characteristics of participants that completed exercise training in-
terventions (N ¼ 836) are presented in Table 1. Children (33 %) and
adolescents (52 %) comprised 85 % of participants and the iPPR of 3.27
met the criterion for gross overrepresentation. Adults (iPPR ¼ 0.22) and
older adults (iPPR ¼ 0.00 %) were grossly underrepresented.

Spastic hypertonia was the most commonly reported neurological
subtype (90 %), consistent with population prevalence. Neurological
subtypes that were grossly underrepresented in exercise training studies
were dyskinetic (iPPR¼ 0.18) and ataxic CP (iPPR¼ 0.10). GMFCS Level
was not specified for 23 % of participants. Where GMFCS was specified,
study participation was commensurate with population prevalence for
levels I, II and III. People with GMFCS level IV (iPPR¼ 0.10) and V (iPPR
¼ 0.00) CP were grossly underrepresented.

3.2. Appraisal of prognostic variables

Studies reporting and accounting for prognostic variables (age, sex,
neurological subtype, functional effects, and comorbidities); and inclu-
sion/exclusion criteria are presented in Table 2.

3.2.1. Age
All 51 studies reported participant age. Twenty-six studies accounted

for the effects of age and included participants only in either middle
childhood (n¼ 15, 29%), adolescence (n¼ 5, 10%) or adulthood (n¼ 6,
12 %). The remaining 25 studies did not account for the effects of age.
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The populations of these studies comprised participants in a combination
of either middle childhood and adolescence (n ¼ 19, 38 %), adolescence
and adulthood (n ¼ 4, 8 %) or middle childhood, adolescence and
adulthood (n ¼ 2, 4 %).

3.2.2. Sex
Participant sex was reported in forty-seven of the 51 studies (92%). In

all studies where sex was reported, the study population comprised a
combination of males and females, therefore no studies accounted for the
effects of participant sex.

3.2.3. Neurological subtype
Forty-five of the 51 studies (88 %) reported participant neurological

subtype. Twenty-one studies (41 %) reported and accounted for the ef-
fects of neurological subtype and included participants with only either
spastic diplegia (n ¼ 17), spastic hemiplegia (n ¼ 3) or spastic athetoid
(n ¼ 1). Twenty-four studies (47 %) reported but did not account for the
effects of neurological subtype. The populations of these studies
comprised participants in a combination of either spastic monoplegia,
diplegia and hemiplegia (n ¼ 14), or spastic CP combined with dystonia,
ataxia or ‘other’ neurological subtypes (n ¼ 10).
Fig. 1. Prisma fl
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3.2.4. Functional effects
Forty-six of the 51 studies (90 %) reported participant functional

effects. Thirty-three studies (65 %) reported GMFCS only, 2 studies
reported GMFCS and MACS and 2 studies reported GMFCS and other
measures of physical function (e.g., FMS50, FMS500, Barthel Index).
Four studies used measures of physical function other than GMFCS.
The remaining 5 studies (10 %) provided non-standardised de-
scriptions of physical function. No studies reported EDACS, VFCS or
CFCS.

Fourteen studies (27 %) reported and accounted for the effects of
GMFCS Level and included participants only at either GMFCS Levels I
and II (n ¼ 12), III (n ¼ 1) or Level V (n ¼ 1). This includes one study
(Ryan et al., 2020) in which participants were GMFCS I-III with uni-
lateral or bilateral spastic CP, but additional statistical analysis was
conducted to determine whether treatment effect differed according to
GMFCS level or motor distribution, and to account for major imbal-
ances in prognostic factors between groups. One study included par-
ticipants at GMFCS Level I only, but MACS Levels I-III; and one study
included participants at GMFCS Levels I and II only, but MACS Levels I-
III. Thirty-three studies (65 %) reported but did not account for func-
tional effects.
ow diagram.
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3.2.5. Comorbidities
Eight of the 51 studies (16 %) reported comorbidities. Across the 8

studies the comorbidities reported included seizure disorders and phys-
ical (e.g., hip subluxation, joint contractures, osteoarthritis), behavioural
(e.g., Autism Spectrum Disorder, Attention Deficit Hyperactivity Disor-
der), cognitive/intellectual, or sensory (hearing, vision) impairments.
Only one study accounted for the effects of hip pathology.

3.2.6. Exclusion criteria
Forty-five of the 51 studies (88 %) reported exclusion criteria. Seven-

teen studies (33 %) enhanced sample homogeneity by excluding based on
training history (i.e., engaged in similar training previously [n ¼ 17]).
Thirty-nine of the 51 studies (76 %) excluded participants receiving other
medical or therapeutic interventions (e.g., surgery [n ¼ 38], botulinum
toxin A injection [n¼ 29], or serial casting [n¼ 7]). Thirty-eight of the 51
studies (74 %) excluded for safety/fidelity reasons (e.g., unable to follow
testing/training instructions [n ¼ 36], or medical risk [n ¼ 20]).

4. Discussion

This study appraised the representativeness and homogeneity of
samples in exercise training studies using group designs in people with
Table 1
Participant characteristics from 51 studies (N ¼ 836).

Participant characteristic Participant sub-category Participati
studies usi
N (Percent

Age (age prevalence from [29]) Middle childhood (6–12) 280 (33 %
Adolescence (13–17) 435 (52 %
Adults (18–64) 121 (14 %
Older adults (>65) 1 (<1 %
Not reported 0 (0 %)

Sex (sex prevalence from [29]) Male 434 (52 %
Female 338 (40 %
Not reported 64 (8 %)

Neurological subtype (neurological
subtype prevalence from [12])

Hypertonia (Incl. Quadriplegia,
diplegia and hemiplegia)

750 (90 %

Dyskinesia (Incl. Dystonia and
choreoathetosis)

10 (1 %)

Ataxia 3 (<1 %
Mixed 14 (2 %)
Not reported 57 (7 %)

Functional effects (GMFCS population
prevalence estimate [30])

GMFCS I 294 (35 %
GMFCS II 190 (23 %
GMFCS III 85 (10 %
GMFCS IV 11 (1 %)
GMFCS V 6 (<1 %
GMFCS I–IV 56 (7 %)
GMFCS not reported 194 (23 %
MACS I 9 (1 %)
MACS II 27 (3 %)
MACS III 52 (6 %)
MACS IV 3 (<1 %
MACS V 0 (0 %)
MACS not reported 717 (89 %
BFMF I 5(<1 %
BFMF II 1 (<1 %
BFMF III 4 (<1 %
BFMF IV 1 (<1 %
BFMF V 1 (<1 %
BFMF not reported 794 (98 %
No studies reported eating or drinking function, v
communication function

GMFCS (Gross Motor Function Classification System; MACS (Manual Ability Classific
a The numerator for this iPPR is 85 % and combines participation of the middle chi

denominator (26 %) combines prevalence percentage from the 0–9yr (12.3 %) and 1
b The numerator for this iPPR is 15 % an age range of 18–65 years (adults); the den

used in the source document – 20–29 years (14 %), 30–39 years (14.4 %), 40–49 yea
20–69 years.

c The numerator for this iPPR (<1 %) is the percentage of participants >65 years; t
70yrs.
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CP. Findings indicate that children and adolescents are over-represented
in the literature, and adults, wheelchair users, people with dyskinetic or
ataxic CP and certain comorbidities are grossly under-represented. The
majority of the studies identified in this paper did not account for the
range of individual and clinical prognostic variables known to impact
exercise training responses in this population. Below we discuss the im-
plications of these findings in relation to sample representativeness and
homogeneity. We also consider challenges and future directions for
research.

4.1. Sample representativeness

Results of the iPPR analysis indicate that researchers have focused
disproportionately on children and adolescents (prevalence ¼ 26.0 %;
iPPR ¼ 3.27), particularly those with spastic hypertonia who walk
(GMFCS I, II and some III's) – see Table 1. Adults, who comprise more
than 60 % of the CP population, are grossly underrepresented in exercise
trials using group designs (iPPR ¼ 0.22) despite increasing evidence of
their complex health needs and high prevalence of pain and fatigue [16,
21,22].

Other sub-populations that are grossly underrepresented are older
adults (prevalence ¼ 9.3 %; iPPR ¼ 0.00), people with dyskinesia
on in exercise training
ng group designs:
)

Prevalence in CP
population – Percent

Indicative participation to
prevalence ratio (iPPR)

) 26.0 % 3.27a

)
) 64.7 % 0.22b

) 9.3 % 0.00c

) 49.7 % 1.05
) 50.3 % 0.80

N/A N/A
) 80.1 % 1.12

5.6 % 0.18

) 4.0 % 0.10
1.3 % 1.53
N/A N/A

) 34.2 % 1.07
) 25.6 % 0.92
) 11.5 % 0.91

13.7 % 0.10
) 15.6 % 0.00

N/A N/A
) N/A N/A

N/A N/A
N/A N/A
N/A N/A

) N/A N/A
N/A N/A

) N/A N/A
) N/A N/A
) N/A N/A
) N/A N/A
) N/A N/A
) N/A N/A
) N/A N/A
ision function or N/A N/A

ation System); BFMF (Bimanual Fine Motor Function).
ldhood category (31 %) with Adolescents (54 %), an age range of 6–17 years; the
0–19yr (13.7 %), a total age range of 0–19yrs.
ominator (64.7 %) combines the prevalence percentage from five age categories
rs (14.5 %), 50–59 years (12.8 %) and 60–69 years (9.0 %), a total age range of

he denominator (9.3 %) is the prevalence in the population of people with CP >



Table 2
Appraisal of studies (N ¼ 51). Details presented are study design and participant characteristics (age, sex, neurological subtype, functional effects, and comorbidities).
The table presents which prognostic variables are reported in each study (✓ or X) and whether or not sample heterogeneity in each prognostic variable is accounted for
through trial conduct (✓ or X). Relevant exclusion criteria are also reported.

First author
(Year)

Details Prognostic variable appraisal Exclusion criteria relating to:
- Intervention safety/fidelity;
- Competing interventions; and
- Baseline PA level;

Age Sex Neurological
subtype

Functional
effects

Comorbidities

Rep Con Rep Con Rep Con Rep Con Rep Con

Anderson
(2003) [31]

Design: TG. Age categories: Adults.
Sex: M&F. Functional effects:
Combination of participants who are
independently mobile, crutches,
rollator, wheelchair, and 1
participant who uses a power chair.
Others NR. Neurological subtype:
NR. Comorbidities: NR.
Statistical comparison of group
characteristics performed at
baseline.

✓ ✓ ✓ X X X ✓ X X X Intervention safety/fidelity: N/A
Competing interventions: N/A
Baseline PA level: No participation in
strength training in the past year.

Auld (2014)
[32]

Design: SG. Age categories: Middle
childhood & adolescence. Sex: M&F.
Functional effects: GMFCS levels I
& II. Others NR. Neurological
subtype: Spastic diplegia and
hemiplegia. Comorbidities: NR

✓ X ✓ X ✓ X ✓ ✓ X X Intervention safety/fidelity: No
intellectual or behavioural
impairment impeding ability to follow
verbal instructions; competing
interventions: no current therapy
program; no spasticity management,
casting or orthopaedic surgery in past
6 months. Baseline PA level: N/A

Ballaz (2011)
[33]

Design: SG. Age categories:
Adolescents. Sex: NR. Functional
effects: GMFCS level I, II, III and IV.
Others NR. Neurological subtype:
Spastic diplegia, hemiplegia or
quadriplegia. Comorbidities: NR

✓ ✓ ✓ X ✓ X ✓ X X X Intervention safety/fidelity: Able to
follow simple verbal instructions; no
cardiovascular disease; competing
interventions: no recent (in past 8
months) surgical intervention or
botulinum toxin a injection in the
lower extremities. Baseline PA level:
N/A.

Bania (2016)
[34]

Design: TG. Age categories:
Adolescents & adults. Sex: M&F.
Functional effects: GMFCS II and
III. Others NR. Neurological
subtype: Bilateral spastic CP.
Comorbidities: Hip pathology
reported and accounted for, other
comorbidities not reported.

✓ X ✓ X ✓ ✓ ✓ X ✓ ✓ Intervention safety/fidelity: no
contractures > 20� at the hip and
knee; competing interventions: No
single or multi-level orthopaedic
surgery within the previous 2 years;
baseline PA level: no resistance
training in past 6 months.

Chen (2013)
[35]

Design: TG. Age categories: Middle
childhood. Sex: M&F. Functional
effects: GMFCS levels I and II.
Others NR. Neurological subtype:
Spastic diplegic and hemiplegic CP.
Comorbidities: NR
Statistical comparison of groups
performed at baseline.

✓ ✓ ✓ X ✓ X ✓ ✓ X X Intervention safety/fidelity: poor
cooperation or tolerance for testing;
no recognized chromosomal
abnormalities; progressive
neurological disorder/severe
concurrent illness or disease not
typically associated with CP; active
medical condition; hormonal
disturbance; competing
interventions: no major surgery or
nerve block in the previous 3 months.
Baseline PA level: N/A.

Cleary (2017)
[36]

Design: TG. Age categories: Middle
childhood & adolescence. Sex: M&F.
Functional effects: GMFCS levels I,
II and III. Others NR. Neurological
subtype: NR. Comorbidities: NR

✓ X ✓ X X X ✓ X X X Intervention safety/fidelity: had a
reliable yes/no response; received
medical clearance; competing
interventions: no lower-limb surgery
or botulinum toxin-A in past 6 months;
baseline PA level: Not participated in
an aerobic exercise program in past 6
months.

Clutterbuck
(2022) [37]

Design: TG. Age categories: Middle
childhood. Sex: M&F. Functional
effects: GMFCS levels I & II; FMS50
and FMS500 also reported.
Neurological subtype: Spastic and
‘other’ and motor distributions:
Unilateral and bilateral.
Comorbidities: Participants did not
have medical co-morbidities
impacting safe exercise as reported
by their parents.
Statistical comparison of group

✓ ✓ ✓ X ✓ X ✓ ✓ X X Intervention safety/fidelity:
appropriate physical, behavioural and
intellectual ability to complete
assessments intervention; competing
interventions: no orthopaedic or
neurological surgery within six
months; no botulinum toxin injections
within three months prior to
intervention; baseline PA level: N/A.

(continued on next page)
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Table 2 (continued )

First author
(Year)

Details Prognostic variable appraisal Exclusion criteria relating to:
- Intervention safety/fidelity;
- Competing interventions; and
- Baseline PA level;

Age Sex Neurological
subtype

Functional
effects

Comorbidities

Rep Con Rep Con Rep Con Rep Con Rep Con

characteristics performed at
baseline.

Colquitt (2020)
[38]

Design: SG. Age categories: Middle
childhood, adolescence& adulthood.
Sex: M&F. Functional effects:
BFMF levels I, II, III, IV and V; able to
complete overhand throwing
motion. Others NR. Neurological
subtype: NR. Comorbidities: NR.

✓ X ✓ X X X ✓ X X X Intervention safety/fidelity:
Cognitive ability to follow directions;
medically cleared for physical activity;
competing interventions: no
corrective surgery or botulinum toxin-
A injections in past 6 months.
Baseline PA level: N/A

Damiano
(1998) [39]

Design: SG. Age categories: Middle
childhood. Sex: NR. Functional
effects: Required either hemiplegia
that was at least a 20% asymmetry in
strength in two of the muscle groups
tested; or spastic diplegia -
moderately involved as determined
by their status as a limited
community ambulator and 50 %
weakness from normal bilaterally in
two of the lower extremity muscles
tested. Neurological subtype:
spastic diplegia and hemiplegia.
Comorbidities: NR.

✓ ✓ X X ✓ X ✓ X X X Intervention safety/fidelity: N/A;
competing interventions: N/A;
baseline PA level: N/A.

Damiano
(1995) [40]

Design: TG. Age categories: Middle
childhood. Sex: M&F. Functional
effects: NR. Neurological subtype:
Spastic diplegia. Comorbidities: NR.
Control group were typically
developing children.

✓ ✓ ✓ X ✓ ✓ X X X X Intervention safety/fidelity: N/A;
competing interventions: Prior
orthopaedic surgery not an exclusion
criterion if performed more than a
year before participation; baseline PA
level: N/A.

Darrah (1999)
[41]

Design: SG. Age categories:
Adolescents. Sex: M&F. Functional
effects: Combination of preferred
mode of mobility (independently
mobile, walker, walking stick,
wheelchair), other NR.
Neurological subtype: Spastic
hemiplegia, diplegia, quadriplegia,
ataxia & dystonia. Comorbidities:
NR.

✓ ✓ ✓ X ✓ X ✓ X X X Intervention safety/fidelity: able to
understand instructions; no severe
physical or cognitive involvement;
competing interventions: N/A;
baseline PA level: N/A.

Dodd (2003)
[42]

Design: TG. Age categories: Middle
childhood & adolescents. Sex: M&F.
Functional effects: GMFCS levels I,
II and III, others NR. Neurological
subtype: Spastic diplegia.
Comorbidities: NR.

✓ X ✓ X ✓ ✓ ✓ X X X Intervention safety/fidelity: able to
follow simple commands; no fixed
flexion deformity at the knee, hip
>25�, fixed equinus>10�; competing
interventions: no participation in
serial casting, botulinum toxin, or
orthopaedic surgery (less than 12
months); baseline PA level: no
strength training within the previous 3
months.

Elnaggar
(2019) [43]

Design: SG. Age categories: Middle
childhood. Sex: M&F. Functional
effects: GMFCS I & II. Others NR.
Neurological subtype: Spastic
hemiplegia. Comorbidities: NR
Statistical comparison of group
characteristics performed at
baseline.

✓ ✓ ✓ X ✓ ✓ ✓ ✓ X X Intervention safety/fidelity: able to
understand and follow instructions; no
cardiopulmonary disorders; no severe
mental or physical co-morbidities that
may result in activity limitation;
competing interventions: no
orthopaedic or neuromuscular surgery
in last year; no neuromuscular
blockers for tone management in last
six months; baseline PA level: N/A.

Engsberg
(2006) [44]

Design: SG. Number: 9. Age
categories: Middle childhood &
adolescence. Sex: M&F. Functional
effects: GMFCS levels I, II and III;
able to perform 6–8 reps of walking
9m, some ability to actively dorsiflex
and plantarflex the foot; restricted
hamstring length (90/90 test) to
<45�; hypertonicity of the plantar
flexors, no moderate-to-severe
dystonia, athetosis, or ataxia; others

✓ X ✓ X ✓ ✓ ✓ X X X Intervention safety/fidelity:
Cognitive skills to follow simple
commands; competing
interventions: no orthopaedic or
neuromuscular surgery in last year; no
Botox of casting in past 6 months; no
surgical intervention in past year; no
selective dorsal rhizotomy or
intrathecal baclofen; baseline PA
level: N/A.

(continued on next page)
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Table 2 (continued )

First author
(Year)

Details Prognostic variable appraisal Exclusion criteria relating to:
- Intervention safety/fidelity;
- Competing interventions; and
- Baseline PA level;

Age Sex Neurological
subtype

Functional
effects

Comorbidities

Rep Con Rep Con Rep Con Rep Con Rep Con

NR. Neurological subtype: Spastic
diplegia. Comorbidities: NR

Fosdahl (2019)
[45]

Design: TG. Age categories: Middle
childhood. Sex: M&F. Functional
effects: GMFCS levels I, II, & III;
<0� dorsal flexion in the ankle; <5�

external rotation in the hips. Others
NR. Neurological subtype: Bilateral
spastic CP. Comorbidities: NR

✓ ✓ ✓ X ✓ ✓ ✓ X X X Intervention safety/fidelity: able to
cooperate or understand instructions;
competing interventions: no
surgical procedure in the lower limbs
less than 1 year; no lower limb
botulinum toxin a injections in past 6
months; baseline PA level: N/A.

Fowler (2010)
[46]

Design: TG. Age categories: Middle
childhood. Sex: M&F. Functional
effects: GMFCS levels I, II, & III;
good or fair selective voluntary
motor control for at least one limb.
Others NR. Neurological subtype:
Spastic diplegia. Comorbidities:
Reported - asthma, attention/
behavioural problems, mental
retardation, seizure disorder,
learning problems, speech problems,
vision problems, hearing problems.
Statistical comparison of group
characteristics performed at
baseline.

✓ ✓ ✓ X ✓ ✓ ✓ X ✓ X Intervention safety/fidelity: able to
follow simple verbal directions and
maintain age-appropriate behaviour;
no serious medical conditions such as
cardiac disease, diabetes, or
uncontrolled seizures; no significant
contractures; competing
interventions: no surgery or baclofen
pump implantation in past 12 months;
no botulinum toxin injections, serial
casting or orthoses in past 3 months;
no initiation of oral neuromuscular
medications in past 3 months; no
initiation of physical therapy,
exercise, sports activity, or change in
assistive devices in past 3 months;
baseline PA level: no current
participation in a fitness program.

Fragala-
Pinkham
(2014) [47]

Design: SG. Number: 8. Age
categories: Middle childhood &
adolescents. Sex: M&F. Functional
effects: GMFCS levels I and III.
Others NR. Neurological subtype:
Spastic diplegia and hemiplegia.
Comorbidities: NR

✓ X ✓ X ✓ X ✓ X X X Intervention safety/fidelity: able to
follow directions; medically able to
participate in an exercise program; no
changes in medications or
rehabilitation; no open wounds or
swallowing precautions. Competing
interventions: no history of
botulinum toxin injections within 3
months or orthopaedic surgery within
6 months; baseline PA level: N/A.

Gibson (2018)
[48]

Design: TG. Number: 21. Age
categories: Middle childhood &
adolescents. Sex: M&F. Functional
effects: GMFCS levels I, II & III.
Others NR. Neurological subtype:
Spastic CP, one participant had
spasticity and dystonia.
Comorbidities: NR

✓ X ✓ X ✓ X ✓ X X X Intervention safety/fidelity: able to
understand assessment instructions;
no cognitive or behavioural
challenges that may interfere with
group intervention; no medical
condition that precluded participation
in a vigorous exercise program;
competing interventions: no surgery
in past 6 months; baseline PA level:
N/A.

Gillett (2018)
[49]

Design: TG. Age categories:
Adolescents and adults. Sex: M&F.
Functional effects: GMFCS levels I
& II; <-5� degrees ankle dorsiflexion
in knee extension. Others NR.
Neurological subtype: Spastic CP.
Comorbidities: NR

✓ X ✓ X ✓ X ✓ ✓ X X Intervention safety/fidelity: able to
cooperate and understand
instructions; competing
interventions: no lower limb surgery
in past 2 years; baseline PA level: no
lower limb resistance training in past
6 months.

Hilderley
(2020) [50]

Design: TG. Number: 20. Age
categories: Middle childhood &
adolescence. Sex: M&F. Functional
effects: GMFCS levels I and II.
Others NR. Neurological subtype:
Spastic diplegic and hemiplegic CP.
Comorbidities: NR

✓ X ✓ X ✓ X ✓ ✓ X X Intervention safety/fidelity: able to
follow multi-step instructions;
competing interventions: no lower
limb therapy during intervention; no
surgery in past 9 months (muscle) or
12 months (bone); no botulinum toxin
injections in lower limbs in past 4
months; baseline PA level: N/A.

Hjalmarsson
[51]

Design: SG. Number: 15. Age
categories: Middle childhood,
adolescence & adulthood. Sex: M&F.
Functional effects: GMFCS levels I,
II, III and IV. Others NR.
Neurological subtype: Spastic,
dyskinetic or ataxic CP. Distribution
NR. Comorbidities: NR

✓ X ✓ X ✓ X ✓ X X X Intervention safety/fidelity: N/A;
competing interventions: no
orthopaedic surgery or injections of
botulinum toxin in past three months;
no interventions to reduce spasticity
(e.g., selective dorsal rhizotomy or
intrathecal baclofen); baseline PA
level: N/A.

✓ ✓ ✓ X X X ✓ X X X

(continued on next page)
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Table 2 (continued )

First author
(Year)

Details Prognostic variable appraisal Exclusion criteria relating to:
- Intervention safety/fidelity;
- Competing interventions; and
- Baseline PA level;

Age Sex Neurological
subtype

Functional
effects

Comorbidities

Rep Con Rep Con Rep Con Rep Con Rep Con

Hutzler (2013)
[52]

Design: TG. Number: 10. Age
categories: Adults. Sex: M&F.
Functional effects: GMFCS levels II,
III and IV; must score <45 on Barthel
Index; have muscle tone and range of
motion that allows the performance
of manual movements with objects
such as weights and bands. Others
NR. Neurological subtype: NR.
Comorbidities: NR

Intervention safety/fidelity: N/A;
competing interventions: N/A;
baseline PA level: N/A.

Hye-Jin (2020)
[53]

Design: TG. Age categories: Middle
childhood. Sex: M&F. Functional
effects: GMFCS levels I II, and III.
Others NR. Neurological subtype:
Spastic diplegia. Comorbidities: NR

✓ ✓ ✓ X ✓ ✓ ✓ X X X Intervention safety/fidelity: able to
follow instructions; no unstable
seizures; no other diseases that
interfered with physical activity;
competing interventions: no
botulinum toxin type a injections in
past 3 months; no surgery in past 6
months; baseline PA level: N/A.

Izadi (2006)
[54]

Design: TG. Age categories: Middle
childhood & adolescence. Sex: NR.
Functional effects: NR.
Neurological subtype: Spastic
diplegia. Comorbidities: NR

✓ X X X ✓ ✓ X X X X Intervention safety/fidelity: N/A;
competing interventions: N/A;
baseline PA level: N/A.

Kalkman
(2019) [55]

Design: TG. Age categories: Middle
childhood & adolescence. Sex: M&F.
Functional effects: GMFCS levels I,
II and III; able to perform at least 1
bilateral heel raise. Others NR.
Neurological subtype: Spastic
hemiplegia and diplegia.
Comorbidities: NR

✓ X ✓ X ✓ X ✓ X X X Intervention safety/fidelity: N/A;
competing interventions: no
botulinum toxin-A injections to the
lower limb in past 6 months; no
baclofen pump; no lower limb neuro-
or orthopaedic surgery; baseline PA
level: N/A.

Kaya Kara
(2019) [56]

Design: TG. Age categories: Middle
childhood & adolescence. Sex: M&F.
Functional effects: GMFCS levels I;
MACS levels I, II and III. Others NR.
Neurological subtype: Spastic
hemiplegia. Comorbidities: NR

✓ X ✓ X ✓ ✓ ✓ X X X Intervention safety/fidelity: able to
follow verbal instructions; competing
interventions: no orthopaedic
surgery or botulinum toxin injection
in past 6 months, no epilepsy, no other
disease that interfered with physical
activity; baseline PA level: N/A.

Kirk (2016)
[57]

Design: TG. Age categories: Adults.
Sex: M&F. Functional effects:
GMFCS levels I, II and III comprising
a range of reported functional
mobility: Independently mobile,
crutches, rollator, wheelchair, and
power chair. Others NR.
Neurological subtype: Spastic
diplegia, hemiplegia and
quadriplegia. Comorbidities:
Medications, surgical history are
reported.

✓ ✓ ✓ X ✓ X ✓ X ✓ X Intervention safety/fidelity: Ability
to speak or read; no other severe
chronic diseases; no pregnancy;
competing interventions: N/A;
baseline PA level: All subjects had
previous experience with resistance
training, but never with such heavy
resistance and never with a focus on
the explosive execution of the
exercises.

Kruse (2019)
[58]

Design: TG. Age categories: Middle
childhood & adolescence. Sex: M&F.
Functional effects: GMFCS levels I
& II. Others NR. Neurological
subtype: Spastic hemiplegia &
diplegia. Comorbidities: NR

✓ X ✓ X ✓ X ✓ ✓ X X Intervention safety/fidelity: able to
follow verbal instructions; competing
interventions: no previous surgery to
the plantar flexors or botulinum toxin)
in the past 6 months; baseline PA
level: N/A.

Lee (2015) [59] Design: TG. Age categories: Middle
childhood. Sex: M&F. Functional
effects: GMFCS levels I, II & III.
Others NR. Neurological subtype:
Spastic, distribution NR.
Comorbidities: NR

✓ ✓ ✓ X X X ✓ X X X Intervention safety/fidelity: able to
follow instructions; no unstable
seizures; no other disease that would
interfere with physical activity;
competing interventions: no
treatment for spasticity or surgery in
past 6 months; no change in
medication during study; baseline PA
level: N/A.

Liao (2007)
[60]

Design: TG. Age categories: Middle
childhood. Sex: M&F. Functional
effects: GMFCS levels I & II; no
obvious limitation in the passive
range of motion of lower extremities.

✓ ✓ ✓ X ✓ ✓ ✓ ✓ X X Intervention safety/fidelity: able to
follow verbal instructions; no
orthopaedic problems or medical
conditions that prevented
participation; competing
interventions: no orthopaedic

(continued on next page)
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Table 2 (continued )

First author
(Year)

Details Prognostic variable appraisal Exclusion criteria relating to:
- Intervention safety/fidelity;
- Competing interventions; and
- Baseline PA level;

Age Sex Neurological
subtype

Functional
effects

Comorbidities

Rep Con Rep Con Rep Con Rep Con Rep Con

Others NR. Neurological subtype:
Spastic diplegia. Comorbidities: NR

intervention, selective dorsal
rhizotomy, or botulinum toxin
injection to the lower extremities
within 6 months; baseline PA level:
no strength training in past 3 months.

MacPhail
(1995) [61]

Design: SG. Age categories:
Adolescence. Sex: M&F. Functional
effects: NR. Neurological subtype:
Hemiplegia, diplegia or
quadriplegia. Comorbidities: NR

✓ ✓ ✓ X ✓ X X X X X Intervention safety/fidelity:
Adequate cognitive ability and
strength, co-ordination and knee-
extension range of motion (KOM) to
operate the isokinetic dynamometer;
competing interventions: N/A;
baseline PA level: N/A.

Maeland
(2009) [62]

Design: TG. Age categories: Adults.
Sex: M&F. Functional effects:
GMFCS levels II & III comprising a
range of reported functional
mobility: Independently mobile,
orthopaedic insole, stick,
wheelchair, and power chair. Others
NR. Neurological subtype: Spastic
diplegia; one participant also had
dyskinesia. Comorbidities: NR

✓ ✓ ✓ X ✓ ✓ ✓ X X X Intervention safety/fidelity: no
severe cognitive disorders;
competing interventions: N/A;
baseline PA level: No strength
training for the lower limbs during the
past year.

McCubbin
(1985) [63]

Design: TG. Age categories:
Adolescents and adults. Sex: NR.
Functional effects: Classified using
the 10-class National association of
sport for cerebral palsy (NASCP)
system (participant class range 1–8).
Others NR. Neurological subtype:
Spastic, athetoid and mixed CP,
distribution NR. Comorbidities: NR

✓ X X X ✓ X ✓ X X X Intervention safety/fidelity: N/A;
competing interventions: N/A;
baseline PA level: N/A.

Mitchell (2016)
[64]

Design: TG. Age categories: Middle
childhood & adolescence. Sex: M&F.
Functional effects: GMFCS levels I
& II; MACS levels I, II and III; no
obvious limitation in the passive
range of motion of lower extremities.
Others NR. Neurological subtype:
Spastic unilateral CP.
Comorbidities: Reported -
intellectual impairment, learning
difficulties, ASD, ADHD, visual
impairment, hearing impairment,
epilepsy.

✓ X ✓ X ✓ ✓ ✓ X ✓ X Intervention safety/fidelity: no
unstable epilepsy or medical
conditions that would preclude
participation in training; competing
interventions: no upper-limb
botulinum toxin a injections or
surgery in the previous 2 months or 6
months respectively; baseline PA
level: N/A.

Moreau (2013)
[65]

Design: TG. Age categories: Middle
childhood & adolescence. Sex: M&F.
Functional effects: GMFCS levels I,
II & III. Others NR. Neurological
subtype: Spastic hemiplegia &
diplegia. Comorbidities: NR.

✓ X ✓ X ✓ X ✓ X X X Intervention safety/fidelity: able to
follow and understand commands;
competing interventions: no
orthopaedic or neurosurgery in past
year, no botulinum toxin injections in
past 4 months; baseline PA level: N/
A.

Morton (2005)
[66]

Design: SG. Age categories: Middle
childhood. Sex: M&F. Functional
effects: GMFCS level III. Choice of
walking aid variable: Kaye-walker,
quadruped sticks, elbow crutches.
Others NR. Neurological subtype:
Bilateral spastic CP. Comorbidities:
NR

✓ ✓ ✓ X ✓ ✓ ✓ ✓ X X Intervention safety/fidelity: able to
follow instructions; no debilitating
illness before or during study; no
cardiac or respiratory condition
affecting exercise; competing
interventions: no surgery or
orthopaedic procedures in past 6
months; no medication changes;
baseline PA level: N/A.

Nsenga (2013)
[67]

Design: TG. Age categories: Middle
childhood & adolescence. Sex: M&F.
Functional effects: GMFCS levels I
& II. Others NR. Neurological
subtype: NR. Comorbidities:
Reported - chest wall deformity.

✓ X ✓ X X X ✓ ✓ ✓ X Intervention safety/fidelity: no
cardiac or respiratory conditions that
could be negatively affected by
exercise; competing interventions:
no surgery or orthopaedic procedures
in past 6 months; no orthopaedic
treatment, neurosurgery or botulinum
toxin injection in past 6 months;
baseline PA level: N/A.

Peungsuwan
(2017) [68]

Design: TG. Age categories: Middle
childhood & adolescence. Sex: M&F.

✓ X ✓ X ✓ X ✓ X X X Intervention safety/fidelity: able to
understand verbal instructions; no

(continued on next page)
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Table 2 (continued )

First author
(Year)

Details Prognostic variable appraisal Exclusion criteria relating to:
- Intervention safety/fidelity;
- Competing interventions; and
- Baseline PA level;

Age Sex Neurological
subtype

Functional
effects

Comorbidities

Rep Con Rep Con Rep Con Rep Con Rep Con

Functional effects: GMFCS levels I,
II & III with a range of reported
functional mobility: Independently
mobile, crutches, wheeled walker,
walker. Others NR. Neurological
subtype: Spastic hemiplegia &
diplegia. Comorbidities: NR.

serious medical conditions which
contraindicated exercise; no lower
limb muscle contractures; competing
interventions: no botulinum toxin
injections or surgical procedures in
past 3 months; baseline PA level: no
other exercise training in past 4
months.

Reid (2010)
[69]

Design: TG. Age categories: Middle
childhood & adolescence. Sex: M&F.
Functional effects:MACS levels I, II
& III; others NR. Neurological
subtype: 13 participants had spastic
hemiplegia; one had spastic
triplegia. Comorbidities: NR.

✓ X ✓ X ✓ ✓ ✓ X X X Intervention safety/fidelity: able to
follow two-step instructions;
competing interventions: no
previous upper-limb surgery or
pharmacological treatment for
spasticity (botulinum toxin A) in past
12 months baseline PA level: no
upper-limb strength training in past
12 months.

Ryan (2020)
[70]

Design: TG. Age categories: Middle
childhood & adolescence. Sex: M&F.
Functional effects: GMFCS levels I,
II & III; able to activate plantar
flexors. Others NR. Neurological
subtype: Unilateral & bilateral
spastic CP. Comorbidities: NR.

✓ X ✓ X ✓ ✓ ✓ ✓ X X Intervention safety/fidelity:
Cognitively able to comply with
assessment and training. Competing
interventions: no orthopaedic
surgery in lower limbs in past 12
months; no botulinum neurotoxin a
injections or serial casting in past 6
months; baseline PA level: N/A.

Scholtes (2010)
[71]

Design: TG. Age categories: Middle
childhood. Sex: M&F. Functional
effects: GMFCS levels I, II & III.
Others NR. Neurological subtype:
Unilateral & bilateral spastic CP.
Comorbidities: Puberty onset
derived from the Tanner stages of
sexual maturation; problem
behaviour also reported. Other
functional effects and comorbidities
not reported. Statistical comparison
of group characteristics performed at
baseline.

✓ ✓ ✓ X ✓ X ✓ X ✓ X Intervention safety/fidelity: able to
follow verbal instructions and
participate in a group training; no
unstable seizures; no other diseases
that interfered with physical activity;
competing interventions: no
treatment for spasticity or surgical
procedures in past 3 months (for
botulinum toxin type a injections) or 6
months (for surgery); no any change
in medication during the study;
baseline PA level: N/A.

Shinohara
(2002) [72]

Design: TG. Age categories:
Adolescents. Sex: NR. Functional
effects: NR. Neurological subtype:
Spastic CP, distribution NR.
Comorbidities: NR

✓ ✓ X X ✓ X X X X X Intervention safety/fidelity: N/A;
competing interventions: N/A;
baseline PA level: N/A.

Taylor (2004)
[73]

Design: SG. Age categories: Adults.
Sex: M&F. Functional effects:
Range of preferred mode of mobility
reported: Independently mobile,
sticks, pick-up frame, manual
wheelchair and electric wheelchair.
All participants had high support
needs (assessed via Barthel ADL
Index). Others NR. Neurological
subtype: Spastic diplegia,
hemiplegia and athetoid CP.
Comorbidities: Reported - cognitive
impairment, hip subluxation,
osteoarthritis, joint contractures.

✓ ✓ ✓ X ✓ X ✓ X ✓ X Intervention safety/fidelity: able to
clearly communicate (by any means
including the use of augmentative
communication devices); be self-
advocating (the ability to be able to
communicate whether they wanted to
participate or not); competing
interventions: N/A; baseline PA
level: no strength-training in the past
3 months.

Taylor (2013)
[74]

Design: TG. Age categories:
Adolescents and adults. Sex: Males
and females. Functional effects:
GMFCS levels II & III, range of
preferred mode of mobility reported:
Independently mobile, sticks,
crutches, and walkers. Others NR.
Neurological subtype: Spastic
diplegia. Comorbidities: Reported -
hip morphology.

✓ X ✓ X ✓ ✓ ✓ X ✓ X Intervention safety/fidelity: able to
follow simple instructions; no
contractures of more than 20� at the
hip and knees; competing
interventions: no single event or
multi-level orthopaedic surgery in the
past 2 years; baseline PA level: no
strength training programme in past 6
months.

Tedla (2014)
[75]

Design: TG. Age categories: Middle
childhood & adolescence. Sex: M&F.
Functional effects: GMFCS levels I,
II, III & IV; ability to sit unsupported

✓ X ✓ X ✓ ✓ ✓ X X X Intervention safety/fidelity:
Minimum score required on modified
mini mental state examination; no
cardiorespiratory or cardiac
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S.M. Tweedy et al. JSAMS Plus 5 (2025) 100103

11



Table 2 (continued )

First author
(Year)

Details Prognostic variable appraisal Exclusion criteria relating to:
- Intervention safety/fidelity;
- Competing interventions; and
- Baseline PA level;

Age Sex Neurological
subtype

Functional
effects

Comorbidities

Rep Con Rep Con Rep Con Rep Con Rep Con

for 10 s with feet supported, ability
to move lower extremities in gravity-
eliminated positions. Others NR.
Neurological subtype: Spastic
diplegia. Comorbidities: NR.

conditions affected by exercise; no
seizures in past 1 years; no debilitating
disease; no flexion deformity at hip or
knee >25�; competing
interventions: no orthopaedic
surgery in lower limbs in past 12
months; no botulinum toxin a
injections in past 6 months; no
selective dorsal rhizotomy; no
medications to alter muscle strength
or tone; baseline PA level: no
strength training in past 3 months.

Terada (2017)
[76]

Design: SG. Age categories: Adults.
Sex: M&F. Functional effects:
GMFCS level V. Others NR.
Neurological subtype: Severe
athetospastic CP. Comorbidities:
NR

✓ ✓ ✓ X ✓ ✓ ✓ ✓ X X Intervention safety/fidelity: no
severe difficulty of communication; no
history of cardiorespiratory disease;
competing interventions: no
medications that could affect results
(e.g., β-blockers); no surgery in the
past year; baseline PA level: no prior
experience with sport.

Unnithan
(2007) [77]

Design: TG. Age categories:
Adolescents. Sex: M&F. Functional
effects: All participants able to walk,
however a range of preferred mode
of mobility: Independently mobile,
anterior walker and wheelchair.
Others NR. Neurological subtype:
Spastic diplegia. Comorbidities: NR

✓ ✓ ✓ X ✓ ✓ ✓ X X X Intervention safety/fidelity: N/A;
competing interventions: no
orthopaedic surgical operation or
botulinum toxin injections for the
treatment of spasticity in past 1 year;
baseline PA level: no recent
engagement in systematic exercise.

Uysal (2024)
[78]

Design: TG. Age categories:
Children. Sex: M&F. Functional
effects: GMFCS levels I & II. Others
NR. Neurological subtype:
Monoplegic, hemiplegic or diplegic.
Comorbidities: NR

✓ ✓ ✓ X ✓ X ✓ ✓ X X Intervention safety/fidelity: no
hearing and visual impairment; no
secondary orthopaedic problems; no
cognitive impairment. Competing
interventions: no surgery in the last 6
months. Baseline PA level: N/A.

Van den Berg-
Emons
(1998) [79]

Design: TG. Age categories: Middle
childhood. Sex: M&F. Functional
effects: Ambulant and non-ambulant
(wheelchair users). Others NR.
Neurological subtype: Spastic CP;
two participants also had ataxia.
Distribution NR. Comorbidities: NR

✓ ✓ ✓ X ✓ ✓ ✓ X X X Intervention safety/fidelity: N/A;
competing interventions: N/A;
baseline PA level: N/A.

Van Wely
(2014) [80]

Design: TG. Age categories: Middle
childhood. Sex: M&F. Functional
effects: GMFCS levels I, II and III.
Others NR. Neurological subtype:
Unilateral and bilateral spastic CP;
not predominantly dyskinetic or
ataxic movement disorder.
Comorbidities: NR

✓ ✓ ✓ X ✓ X ✓ X X X Intervention safety/fidelity:
Understanding of the Dutch language;
no unstable seizures, no
contraindications for physical
training, no severe behavioural
problems or severe intellectual
disability; competing interventions:
no surgery in past 6 months, no
botulinum toxin treatment or serial
casting in past 3 months; baseline PA
level: no regular participation in
sports or fitness program.

Verschuren
(2007) [81]

Design: TG. Age categories: Middle
childhood & adolescence. Sex: M&F.
Functional effects: GMFCS levels I
& II. Neurological subtype:
Unilateral and bilateral spastic CP.
Comorbidities: NR

✓ X ✓ X ✓ X ✓ ✓ X X Intervention safety/fidelity: no
cardiac or respiratory conditions that
could negatively be affected by
exercise; competing interventions:
No orthopaedic surgery or
neurosurgery and/or botulinum toxin
injection(s) in past 6 months; baseline
PA level: N/A.

TG ¼ two-group; SG ¼ single-group; M ¼ Male; F ¼ Female; Rep ¼ Reported; NR ¼ Not reported; Con ¼ Accounted for through trial conduct; PA ¼ physical activity;
GMFCS ¼ Gross Motor Function Classification System; MACS ¼ Manual Ability Classification System; BFMF ¼ Bimanual Fine Motor Function.
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(prevalence ¼ 5.6 %; iPPR ¼ 0.18) and ataxia (prevalence ¼ 4.0 %; iPPR
¼ 0.10) and those who use wheelchairs – GMFCS IV (prevalence ¼ 13.7
%; iPPR ¼ 0.10) and V (prevalence ¼ 15.6 %; iPPR ¼ 0.00). While pre-
vious reviews have noted some of these imbalances [5–8], appraisals
have not been benchmarked and therefore the scale of neglect has been
difficult to quantify.
12
The research community should direct greater attention and re-
sources to understanding exercise training responses and developing
effective exercise interventions for neglected CP subpopulations. In the
meantime, reviews of evidence from exercise training studies in people
with CP should formally evaluate and report the iPPR for key sub-
populations and report any imbalances explicitly and prominently.
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Conclusions reached or recommendations made should be qualified
based on the representativeness of the data. Further, practitioners who
rely on the scientific record to inform practice should also appropriately
downgrade the strength of any exercise training advice to patients from
neglected subpopulations.

4.2. Sample homogeneity

Our appraisal of sample homogeneity in the 51 included studies (see
Table 2) revealed that exclusion criteria which enhanced sample homo-
geneity, did so at the expense of participants with common co-
morbidities. For example, 72 % of studies explicitly excluded people
who could not follow required instructions, a criterion that will exclude
many of the estimated 50 % of people with CP who have an intellectual
disability and 25 % with a behavioural disorder such as ADHD or autism.
We found no studies which evaluated interventions developed specif-
ically for people with CP who have intellectual or behavioural impair-
ments. Given their high prevalence, and the inherent importance of long-
term adherence to exercise, there is clearly a need for such studies.

The majority of the studies identified in this paper did not account for
the range of individual and clinical prognostic variables known to impact
exercise in this population. Of the included studies, 92 % reported
participant sex, but 100 % of those studies treated the results from males
and females with CP as an undifferentiated whole. This is despite well
documented sex-based differences in exercise training responses [3,23].

In regard to age, 37 % of studies made the unsupported assumption
that exercise training responses for pre-pubescent children (6–12yrs) and
pubescent adolescents (13–17 years) would be equivalent. This
assumption was compounded by the universal treatment of males and
females as a single group because sex-based differences in exercise
training responses increase markedly during adolescence. For example,
between 11 and 16 years of age, fat-free mass increases by 40 % in girls
but 90 % in boys, driving significant sex-based divergence in both peak
oxygen uptake (10 % greater in prepubescent boys but 40 % greater post-
pubescent boys) and muscular strength [24]. Furthermore, gross motor
function of people with CP improves during childhood but then during
adolescence either plateaus (GMFCS I, II) or declines (GMFCS III-V) [25].
Children and adolescents with CP should be treated separately for the
purposes of evaluating exercise training responses.

Fifteen studies (29 %) restricted study participants to children, the
life-stage when sex-based differences are minimised. However the ben-
efits of such design rigour are negated if systematic reviews pool results
from studies of male and female children and adolescents, as four recent
reviews have done [5–8].

Like random allocation of participants, sample homogeneity is a
research design feature that safeguards the internal validity of research
studies using group designs. Both features act to reduce noise in the data
and optimise the signal-to-noise ratio. In this review, 38 studies with
more than one group were identified and, although 31 of these studies
(82 %) randomised participants, our results indicate that the participants
in these studies varied widely in relation to key prognostic variables such
as age, sex and functioning. The result of this heterogeneity is predict-
able, systematic between-participant differences in exercise training re-
sponses which act to amplify noise and reduce internal validity [4,17].
The reduction is independent of randomisation.

4.3. Challenges

Studies using group designs present researchers in this field with two
competing interests that are particularly difficult to reconcile – achieving
sufficient sample size and achieving sufficient sample homogeneity. Our
review demonstrates that to date, sample homogeneity has received little
priority and that therefore evidence quality is likely to be lower than
previously thought.
13
It is possible that the lack of emphasis on sample homogeneity in
research to date has been legitimised to some degree by research quality
appraisal tools. A recent review of tools used to assess the risk of bias and
reporting quality of randomised controlled trials in rehabilitation iden-
tified 11 tools that included 6 items related to the appraisal of participant
selection for an RCT [20]. One of the 6 items related to ensuring sample
homogeneity [20] however only one of the 11 tools reviewed included
this item – the Maastricht Tool [26], published in 1997. Tools commonly
used to appraise the quality of CP research studies such as Pedro and RoB
2.0 did not include this item, giving the misleading impression that
sample homogeneity is not important.

4.4. Future directions

Overall, in order to better understand how people with CP respond to
exercise training interventions we are in favour of a more nuanced and
differentiated approach. This approach should use research designs
which prioritise internal validity and which take into account the het-
erogeneity of the prognostic variables which are a defining feature of the
CP population, as well as the uneven distribution of prognostic variables
in the CP population.

In our assessment, there might be certain CP subpopulations that lend
themselves to group level research designs. For example, a study of ex-
ercise training responses in high functioning (GMFCS I and II) prepu-
bescent children (6–12 years), with spastic diplegic CP who do not have
intellectual or behavioural impairments could reach a relatively defen-
sible level of homogeneity and results of our review indicate that re-
searchers have relatively good access to this population. However, the
reporting standards for establishing sample homogeneity should be much
stricter than those currently in place. Specifically, instead of reporting
group level prognostic variables – the mean age, standard deviation and
range of each group; the number of people at GMFCS Level I and Level II
in each group and the number and type of comorbidities in each group –

studies should provide supplementary material which describes each
study participant in relation to the key prognostic variables. Additionally,
each individual participants’ response to the exercise intervention or the
control condition as measured using the key outcomes should be pre-
sented in a waterfall plot which permits matching of individual results
with individual clinical profiles.

Researchers may also wish to empirically test whether, and to what
extent, different CP subpopulations do respond differently to the same
intervention. For example, a comparative study of lower-limb strength
training responses in prepubescent and adolescent males with spastic CP,
GMFCS I and II might provide a basis for developing a method of sta-
tistical adjustment that would subsequently permit studies to combine
populations.

However, we believe that group research designs are not an appro-
priate or practical means of addressing the need for studies evaluating
exercise training responses in many under-researched subsections of the
CP population. This includes, but is not limited to: people with CP who
use wheelchairs – GMFCS III, IV and V – because of their more severe
neurological involvement, their higher rate and severity of comorbidities
and the significantly elevated time-cost associated with being physically
active [27]; people with dyskinetic and ataxic cerebral palsy because of
their low incidence, unique nature and higher rate of comorbidities; and
people with CP who have intellectual and/or behavioural impairments. A
far greater emphasis should be placed on single-case experimental de-
signs (SCEDs) in which each participant acts as their own control. SCEDs
are recognised to generate high-level evidence while also conferring a
range of other important advantages [28] including: permitting much
closer supervision of people with multiple comorbidities who are at
increased risk of adverse events (e.g. exercise induced seizures);
more capacity to individualise and to provide personal assistance; pro-
vide opportunity for longer follow-up/longitudinal study; but most
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importantly, overcome the arguably impossible task of achieving both
adequate sample size and satisfactory sample homogeneity in relation to
key prognostic variables in group level studies.

Finally, systematic reviews should not be restricted to studies that
employ group designs or RCTs. Greater and more coordinated efforts to
conduct high-quality SCEDs of exercise training interventions would
create the possibility of aggregating results from SCEDs to generate more
specific and greatly needed new knowledge in understudied populations.
Appropriately qualified consideration should also be given to evidence
from studies employing designs which generate lower quality evidence in
otherwise understudied populations.

5. Conclusion

This review demonstrates that, to date, large portions of the CP
subpopulation are grossly under-represented in exercise training studies
using group designs and that samples are highly heterogeneous in rela-
tion to key prognostic variables. This means little is known about un-
derrepresented CP subpopulations and that, overall, the quality of
evidence in the field is probably lower than previously thought. It is
possible these findings may be true of other studies evaluating other
therapeutic interventions for people with CP. In the interests of ensuring
all people with CP benefit from scientific advances, similar appraisals are
required in those fields.
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Appendix 1. Search terms

PubMed:

((cerebral palsy[MeSH Terms]) OR ("Cerebral Palsy"[Title/Abstract]
OR athetoid[Title/Abstract] OR ataxic[Title/Abstract] OR athetosis
[Title/Abstract] OR dyskin*[Title/Abstract] OR dyston*[Title/Abstract]
OR "choreo-athetotic"[Title/Abstract] OR spastic[Title/Abstract] OR
hypertonia[Title/Abstract]))

AND.
((exercise[MeSH Terms]) OR (Exercis*[Title/Abstract] OR "physical

activity"[Title/Abstract] OR training[Title/Abstract] OR fitness[Title/
Abstract] OR sport[Title/Abstract] OR strength[Title/Abstract] OR
resistance[Title/Abstract] OR running[Title/Abstract] OR "race run-
*"[Title/Abstract] OR racerun*[Title/Abstract] OR walk*[Title/Ab-
stract] OR cycle[Title/Abstract] OR cycling[Title/Abstract] OR bicycl*
[Title/Abstract] OR bike[Title/Abstract] OR rowing[Title/Abstract] OR
aerobic[Title/Abstract] OR anaerobic[Title/Abstract] OR endurance
14
[Title/Abstract] OR swim*[Title/Abstract] OR aquatic*[Title/Abstract]
OR dance[Title/Abstract] OR dancing[Title/Abstract] OR yoga[Title/
Abstract] OR "tai chi"[Title/Abstract] OR Pilates[Title/Abstract] OR
"para sport"[Title/Abstract] OR "active video gaming"[Title/Abstract] OR
exergam*[Title/Abstract]))

AND.
Filters: 1980, clinical trial, humans and English.
CINAHL:

(((TI "Cerebral Palsy" OR AB "Cerebral Palsy") OR (TI athetoid OR AB
athetoid) OR (TI ataxic OR AB ataxic) OR (TI athetosis OR AB athetosis)
OR (TI dyskin* OR AB dyskin*) OR (TI dyston* OR AB dyston*) OR (TI
choreo-athetotic OR AB choreo-athetotic) OR (TI spastic OR AB spastic)
OR (TI hypertonia OR AB hypertonia))) AND (((MH exerciseþ)) OR ((TI
Exercis* OR AB Exercis*) OR (TI "physical activity" OR AB "physical ac-
tivity") OR (TI training OR AB training) OR (TI fitness OR AB fitness) OR
(TI sport OR AB sport) OR (TI strength OR AB strength) OR (TI resistance
OR AB resistance) OR (TI running OR AB running) OR (TI "race run*" OR
AB "race run*") OR (TI racerun* OR AB racerun*) OR (TI walk* OR AB
walk*) OR (TI cycle OR AB cycle) OR (TI cycling OR AB cycling) OR (TI
bicycl* OR AB bicycl*) OR (TI bike OR AB bike) OR… AND (randomized
controlled trials OR MH double-blind studies OR MH single-blind studies
OR MH random assignment OR MH pretest-posttest design OR MH
cluster sample OR TI (randomised OR randomized) OR AB (random*) OR
TI (trial) OR (MH (sample size) AND AB (assigned OR allocated OR
control)) OR MH (placebos) OR PT (randomized controlled trial) OR AB
(control W5 group) OR MH (crossover design) OR MH (comparative
studies) OR AB (cluster W3 RCT)) NOT ((MH animals þ OR MH animal
studies OR TI animal model*) …
Web of Science:

(ALL¼(((exercise) OR (Exercis* OR "physical activity" OR training OR
fitness OR sport OR strength OR resistance OR running OR "race run*" OR
racerun* OR walk* OR cycle OR cycling OR bicycl* OR bike OR rowing
OR aerobic OR anaerobic OR endurance OR swim* OR aquatic* OR
dance OR dancing OR yoga OR "tai chi" OR Pilates OR "para sport" OR
"active video gaming" OR exergam*)))) AND ALL¼((("cerebral palsy") OR
("Cerebral Palsy" OR athetoid OR ataxic OR athetosis OR dyskin* OR
dyston* OR choreo-athetotic OR spastic OR hypertonia)))

Filters: 1980, clinical trial.
EMBASE:

'exercise'/exp OR exercis*:ti,ab OR 'physical activity':ti,ab OR train-
ing:ti,ab OR fitness:ti,ab OR sport:ti,ab OR strength:ti,ab OR resis-
tance:ti,ab OR running:ti,ab OR 'race run*':ti,ab OR racerun*:ti,ab OR
walk*:ti,ab OR cycle:ti,ab OR cycling:ti,ab OR bicycl*:ti,ab OR bike:ti,ab
OR rowing:ti,ab OR aerobic:ti,ab OR anaerobic:ti,ab OR endurance:ti,ab
OR swim*:ti,ab OR aquatic*:ti,ab OR dance:ti,ab OR dancing:ti,ab OR
yoga:ti,ab OR 'tai chi':ti,ab OR pilates:ti,ab OR 'para sport':ti,ab OR 'active
video gaming':ti,ab OR exergam*:ti,ab.

AND.
'cerebral palsy'/exp OR 'cerebral palsy':ti,ab OR athetoid:ti,ab OR

ataxic:ti,ab OR athetosis:ti,ab OR dyskin*:ti,ab OR dyston*:ti,ab OR
'choreo athetotic':ti,ab OR spastic:ti,ab OR hypertonia:ti,ab.

AND.
'clinical trial'/de OR 'randomized controlled trial'/de OR 'randomi-

zation'/de OR 'single blind procedure'/de OR 'double blind procedure'/de
OR 'crossover procedure'/de OR 'placebo'/de OR 'prospective study'/de
OR ('randomi?ed controlled' NEXT/1 trial*) OR rct OR 'randomly allo-
cated' OR 'allocated randomly' OR 'random allocation' OR (allocated
NEAR/2 random) OR (single NEXT/1 blind*) OR (double NEXT/1
blind*) OR ((treble OR triple) NEAR/1 blind*) OR placebo*
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PEDro:

Exercise AND “cerebral palsy” AND “Clinical trial”

References

[1] Garber CE, Blissmer B, Deschenes MR, Franklin BA, Lamonte MJ, Lee I-M, et al.
American College of Sports Medicine position stand. Quantity and quality of
exercise for developing and maintaining cardiorespiratory, musculoskeletal, and
neuromotor fitness in apparently healthy adults: Guidance for prescribing exercise.
Med Sci Sports Exerc 2011;43(7):1334–59.

[2] Berger VW, Sankoh AJ. Methods and applications of statistics in clinical trials.
Hoboken, NJ, USA: John Wiley & Sons, Inc; 2014. p. 789–98.

[3] Kenney WL, Wilmore JH, Costill DL. Physiology of sport and exercise. 8th ed. 2021
[Champaign, IL: Human Kinetic].

[4] Tweedy SM, Dutia IM, Beckman EM, Cairney J. Single case experimental design: A
rigorous method for addressing inequity and enhancing precision within Para sport
and exercise medicine research. Br J Sports Med 2024;58(21):1242–3.

[5] Bax M, Goldstein M, Rosenbaum P, Leviton A, Paneth N, Dan B, et al. Proposed
definition and classification of cerebral palsy, April 2005. Dev Med Child Neurol
2005;47(8):571–6.

[6] Ryan JM, Cassidy EE, Noorduyn SG, O’Connell NE. Exercise interventions for
cerebral palsy. Cochrane Database Syst Rev 2017;2017(6):CD011660.

[7] Verschuren OW, Peterson MD, Balemans ACJ, Hurvitz EA, Van Der Ploeg,
Zwinkels M. Exercise and physical activity recommendations for people with
cerebral palsy. Dev Med Child Neurol 2016;58(8):798–808.

[8] Merino-Andr�es J, G�omez-Conesa A, Ruiz-Mu~noz M, Blanco-Rueda S, Martínez-
Cepa CB, S�anchez-Gonz�alez M, et al. Effect of muscle strength training in children
and adolescents with spastic cerebral palsy: A systematic review and meta-analysis.
Clin Rehabil 2022;36(1):4–14.

[9] Lai B, Young H-J, Bickel CS, Motl RW, Rimmer JH, Kim Y, et al. Leisure-time
physical activity interventions for children and adults with cerebral palsy: A scoping
review. Dev Med Child Neurol 2021;63(2):162–71.

[10] Rosenbaum P, Paneth N, Leviton A, Goldstein M, Bax M, Damiano D, et al. A report:
The definition and classification of cerebral palsy April 2006. Dev Med Child Neurol
2007;109:8–14.

[11] Cans C. Surveillance of cerebral palsy in Europe: a collaboration of cerebral palsy
surveys and registers. Dev Med Child Neurol 2000;42(12):816–24.

[12] Hollung SJ, Bakken, Vik T, Lydersen S, Wiik R, Andersen GL, et al. Comorbidities in
cerebral palsy: A patient registry study. Dev Med Child Neurol 2020;62(1):97–103.

[13] Tschirren L, Reilly S, Coussens M, McKay M, Pennington L, Harding C. The Eating
and Drinking Ability Classification System: Concurrent validity and reliability in
children with cerebral palsy. Dev Med Child Neurol 2018;60(6):611–7.

[14] Elvrum A-KG, Andersen GL, Himmelmann K, Ustad T, Vik T, Østensjø S. Bimanual
capacity of children with cerebral palsy: Intra- and interrater reliability of a revised
edition of the Bimanual Fine Motor Function classification. Phys Occup Ther Pediatr
2017;37(3):239–51.

[15] Bailes AF, Krach LE, McCoy SW, Duffy C. Inter-rater reliability of the
Communication Function Classification System (CFCS) for adults and adolescents
with cerebral palsy. Dev Med Child Neurol. 2016;58(S4):87.

[16] Smith SE, Whitney DG, Kamdar N, Hurvitz EA, Peterson MD, Haapala HJ, et al.
Adults with cerebral palsy require ongoing neurologic care: A systematic review.
Ann Neurol 2021;89(5):860–71.

[17] Dutia IM, Connick MJ, Beckman EM, Johnston LM, Wilson PJ, Macaro A, et al. The
power of Para sport: The effect of performance-focused swimming training on
motor function in adolescents with cerebral palsy and high support needs (GMFCS
IV) – a single-case experimental design with 30-month follow-up. Br J Sports Med
2024;58(14):777–84.

[18] Jin X, Chandramouli C, Allocco B, Gong E, Lam CSP, Yan LL. Women’s participation
in cardiovascular clinical trials from 2010 to 2017. Circulation 2020;141(7):540–8.

[19] Scott PE, Unger EF, Jenkins MR, Southworth MR, McDowell TY, Geller RJ, et al.
Participation of women in clinical trials supporting FDA approval of cardiovascular
drugs. J Am Coll Cardiol 2018;71(18):1960–9.

[20] Armijo-Olivo S, Patrini M, Oliveira-Souza AIS, Dennett L, Arienti C, Dahchi M, et al.
Tools to assess the risk of bias and reporting quality of randomized controlled trials
in rehabilitation. Arch Phys Med Rehabil 2021;102(8):1606–13.

[21] Dutia IM, Eres R, Sawyer SM, Pennacchia J, Johnston LM, Cleary S, et al. Fatigue
experienced by people with cerebral palsy: A systematic review of assessment tools
and decision tree. Disabil Rehabil 2023;46(9):1–9.

[22] van der Slot, Benner JL, Brunton L, Engel JM, Gallien P, Hilberink SR, et al. Pain in
adults with cerebral palsy: A systematic review and meta-analysis of individual
participant data. Ann Phys Rehabil Med 2021;64(3):101359.

[23] Devries MC, Jakobi JM. Importance of considering sex and gender in exercise and
nutrition research. Appl Physiol Nutr Metab 2021;46(6):iii–vii.

[24] Lloyd RS, Faigenbaum AD, Stone AD, Oliver MH, Jeffreys JL, Moody JA, et al.
Position statement on youth resistance training: the 2014 International Consensus.
Br J Sports Med 2014;48(7):498–505.

[25] Hanna SE, Rosenbaum PL, Bartlett DJ, Palisano RJ, Walter SD, Avery L, et al.
Stability and decline in gross motor function among children and youth with
cerebral palsy aged 2 to 21 years. Dev Med Child Neurol 2009;51(4):295–302.

[26] de Vet, de Bie, van der Heijden, Verhagen AP, Sijpkes P, Knipschild PG.
Systematic reviews on the basis of methodological criteria. Physiotherapy 1997;
83(6):284–9.
15
[27] Dutia IM, Curran D, Donohoe A, Beckman E, Tweedy SM. Time cost associated with
sports participation for athletes with high support needs: A time-motion analysis of
tasks required for para swimming. BMJ Open Sport Exerc Med 2022;8(4):e001418.

[28] Nikles J, Mitchell G. The essential guide to N-of-1 trials in health. In:
P. SpringerLink content. 2015. 1st ed. Dordrecht: Dordrecht: Springer Netherlands:
Imprint: Springer; 2015.

[29] Access Economics: The economic impact of cerebral palsy in Australia in 2007:
report for Cerebral Palsy Australia. 2008.

[30] Reid SM, Carlin JB, Reddihough DS. Using the Gross Motor Function Classification
System to describe patterns of motor severity in cerebral palsy. Dev Med Child
Neurol 2011;53(11):1007–12.

[31] Andersson C, Grooten W, Hellsten M, Kaping K, Mattsson E. Adults with cerebral
palsy: Walking ability after progressive strength training. Dev Med Child Neurol
2003;45(4):220–8. University Press & Assessment, Cambridge.

[32] Auld ML, Johnston LM. Strong and steady”: A community-based strength and
balance exercise group for children with cerebral palsy. Disabil Rehabil 2014;
36(24):2065–71.

[33] Ballaz L, Plamondon S, Lemay M. Group aquatic training improves gait efficiency in
adolescents with cerebral palsy. Disabil Rehabil 2011;33(17–18):1616–24.

[34] Bania TA, Dodd KJ, Baker RJ, Graham HK, Taylor NF. The effects of progressive
resistance training on daily physical activity in young people with cerebral palsy: A
randomised controlled trial. Disabil Rehabil 2016;38(7):620–6.

[35] Chen C-L, Chen C-Y, Liaw M-Y, Chung C-Y, Wang C-J, Hong W-H. Efficacy of home-
based virtual cycling training on bone mineral density in ambulatory children with
cerebral palsy. Osteoporos Int 2013;24(4):1399–406.

[36] Cleary SL, Taylor NF, Dodd KJ, Shields N. An aerobic exercise program for young
people with cerebral palsy in specialist schools: A phase I randomized controlled
trial. Dev Neurorehabilit 2017;20(6):331–8.

[37] Clutterbuck GL, Auld ML, Johnston LM. Sports stars: a practitioner-led, peer-group
sports intervention for ambulant children with cerebral palsy. Activity and
participation outcomes of a randomised controlled trial. Disabil Rehabil 2022;
44(6):947–55.

[38] Colquitt G, Kiely K, Caciula MC, Li L, Vogel RL, Moreau NG. Community-based
upper extremity power training for youth with cerebral palsy: A pilot study. Phys
Occup Ther Pediatr 2020;40(1):31–46.

[39] Damiano DL, Abel MF. Functional outcomes of strength training in spastic cerebral
palsy. Arch Phys Med Rehabil 1998;79(2):119–25.

[40] Damiano DL, Vaughan CL, Abel ME. Muscle response to heavy resistance exercise in
children with spastic cerebral palsy. Dev Med Child Neurol 1995;37(8):731–9.

[41] Darrah J, Wessel J, Nearingburg P, O’Connor M. Evaluation of a community fitness
program for adolescents with cerebral palsy. Pediatr Phys Ther 1999;11(1):18–23.

[42] Dodd KJ, Taylor NF, Graham HK. A randomized clinical trial of strength training in
young people with cerebral palsy. Dev Med Child Neurol 2003;45(10):652–7.

[43] Elnaggar RK, Elbanna MF, Mahmoud WS, Alqahtani BA. Plyometric exercises:
Subsequent changes of weight-bearing symmetry, muscle strength, and walking
performance in children with unilateral cerebral palsy. J Musculoskelet Neuronal
Interact 2019;19(4):507–15.

[44] Engsberg JR, Ross SA, Collins DR. Increasing ankle strength to improve gait and
function in children with cerebral palsy: a pilot study. Pediatr Phys Ther 2006;
18(4):266–75.

[45] Fosdahl MA, Jahnsen R, Kvalheim K, Holm I. Stretching and progressive resistance
exercise in children with cerebral palsy: A randomized controlled trial. Pediatr Phys
Ther 2019;31(3):264–71.

[46] Fowler EG, Knutson LM, DeMuth SK, Siebert KL, Simms VD, Sugi MH, et al.
Pediatric endurance and limb strengthening (PEDALS) for children with cerebral
palsy using stationary cycling: A randomized controlled trial. Phys Ther 2010;90(3):
367–81.

[47] Fragala-Pinkham MA, Smith HJ, Lombard KA, Barlow C, O’Neil ME. Aquatic
aerobic exercise for children with cerebral palsy: A pilot intervention study.
Physiother Theory Pract 2014;30(2):69–78.

[48] Gibson N, Chappell A, Blackmore AM, Morris S, Williams G, Bear N, et al. The effect
of a running intervention on running ability and participation in children with
cerebral palsy: A randomized controlled trial. Disabil Rehabil 2018;40(25):3041–9.

[49] Gillett GJ, Lichtwark GA, Boyd RN, Barber LA. Functional anaerobic and strength
training in young adults with cerebral palsy. Med Sci Sports Exerc 2018;50(8):
1549–57.

[50] Hilderley AJ, Fehlings D, Chen JL, Wright FV. Comparison of sports skills
movement training to lower limb strength training for independently ambulatory
children with cerebral palsy: A randomised feasibility trial. Disabil Rehabil 2022;
44(13):3039–47.

[51] Hjalmarsson E, Fernandez-Gonzalo R, Lidbeck C, Palmcrantz A, Jia A, Kvist O, et al.
RaceRunning training improves stamina and promotes skeletal muscle hypertrophy
in young individuals with cerebral palsy. BMC Musculoskelet Disord 2020;21(1):
193.

[52] Hutzler Y, Rodríguez BL, Mendoza Laiz N, Díez I, Barak S. The effects of an exercise
training program on hand and wrist strength, and function, and activities of daily
living, in adults with severe cerebral palsy. Res Dev Disabil 2013;34(12):4343–54.

[53] Cho H-J, Lee B-H. Effect of functional progressive resistance exercise on lower
extremity structure, muscle tone, dynamic balance and functional ability in children
with spastic cerebral palsy. Children 2020;7(8):85.

[54] Izadi M, Nazem F, Hazavehei M. The effect of Sub-maximal exercise-rehabilitation
program on cardio-respiratory endurance indexes and oxygen pulse in patients with
spastic cerebral palsy. J Res Med Sci 2006;11(2):93–100.

[55] Kalkman BM, Holmes G, Bar-On L, Maganaris CN, Barton GJ, Bass A, Wright DM,
Walton R, O’Brien TD. Resistance training combined with stretching increases

http://refhub.elsevier.com/S2772-6967(25)00017-1/sref2
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref2
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref2
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref2
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref3
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref3
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref5
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref5
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref5
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref5
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref6
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref6
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref7
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref7
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref7
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref7
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref8
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref8
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref8
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref8
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref8
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref8
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref8
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref8
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref8
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref8
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref9
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref9
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref9
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref9
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref10
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref10
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref10
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref10
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref11
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref11
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref11
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref12
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref12
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref12
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref13
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref13
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref13
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref13
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref14
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref14
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref14
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref14
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref14
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref15
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref15
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref15
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref16
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref16
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref16
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref16
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref17
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref17
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref17
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref17
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref17
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref17
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref17
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref18
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref18
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref18
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref19
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref19
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref19
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref19
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref20
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref20
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref20
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref20
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref21
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref21
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref21
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref21
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref22
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref22
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref22
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref23
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref23
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref23
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref24
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref24
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref24
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref24
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref25
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref25
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref25
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref25
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref26
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref26
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref26
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref26
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref27
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref27
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref27
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref28
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref28
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref28
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref29
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref29
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref30
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref30
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref30
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref30
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref31
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref31
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref31
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref31
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref31
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref32
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref32
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref32
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref32
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref33
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref33
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref33
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref33
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref34
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref34
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref34
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref34
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref35
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref35
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref35
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref35
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref36
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref36
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref36
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref36
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref37
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref37
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref37
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref37
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref37
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref38
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref38
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref38
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref38
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref39
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref39
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref39
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref40
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref40
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref40
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref41
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref41
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref41
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref42
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref42
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref42
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref43
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref43
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref43
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref43
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref43
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref44
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref44
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref44
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref44
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref45
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref45
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref45
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref45
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref46
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref46
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref46
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref46
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref46
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref47
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref47
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref47
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref47
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref48
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref48
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref48
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref48
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref49
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref49
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref49
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref49
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref50
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref50
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref50
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref50
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref50
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref51
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref51
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref51
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref51
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref52
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref52
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref52
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref52
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref53
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref53
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref53
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref54
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref54
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref54
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref54
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref55
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref55


S.M. Tweedy et al. JSAMS Plus 5 (2025) 100103
tendon stiffness and is more effective than stretching alone in children with cerebral
palsy: A randomized controlled trial. Front Pediatr 2019;7:333.

[56] Kaya Kara O, Livanelioglu A, Yardimci BN, Soylu AR. The effects of functional
progressive strength and power training in children with unilateral cerebral palsy.
Pediatr Phys Ther 2019;31(3):286–95.

[57] Kirk H, Geertsen SS, Lorentzen J, Krarup KB, Bandholm TQ, Nielsen JB. Explosive
resistance training increases rate of force development in ankle dorsiflexors and gait
function in adults with cerebral palsy. J Strength Cond Res 2016;30(10):2749–60.

[58] Kruse A, Schranz C, Svehlik M, Tilp M. The effect of functional home-based strength
training programs on the mechano-morphological properties of the plantar flexor
muscle-tendon unit in children with spastic cerebral palsy. Pediatr Exerc Sci 2019;
31(1):67–76.

[59] Lee M, Ko Y, Shin MMS, Lee W. The effects of progressive functional training on
lower limb muscle architecture and motor function in children with spastic cerebral
palsy. J Phys Ther Sci 2015;27(5):1581–4.

[60] Liao H-F, Liu Y-C, Liu W-Y, Lin Y-T. Effectiveness of loaded sit-to-stand resistance
exercise for children with mild spastic diplegia: A randomized clinical trial. Arch
Phys Med Rehabil 2007;88(1):25–31.

[61] MacPhail HEA, Kramer JF. Effect of isokinetic strength-training on functional
ability and walking efficiency in adolescents with cerebral palsy. Dev Med Child
Neurol 1995;37(9):763–75.

[62] Maeland S, Jahnsen R, Opheim A, Froslie KF, Moe-Nilssen R, Stanghelle JK. No
effect on gait function of progressive resistance exercise in adults with cerebral
palsy: A single-blind randomized controlled trial. Adv Physiother 2009;11(4):
227–33.

[63] McCubbin JA, Shasby GB. Effects of isokinetic exercise on adolescents with cerebral
palsy. Adapt Phys Act Q (APAQ) 1985;2(1):56–64.

[64] Mitchell LE, Ziviani J, Boyd RN. A randomized controlled trial of web-based
training to increase activity in children with cerebral palsy. Dev Med Child Neurol
2016;58(7):767–73.

[65] Moreau NG, Holthaus K, Marlow N. Differential adaptations of muscle architecture
to high-velocity versus traditional strength training in cerebral palsy. Neurorehabil
Neural Repair 2013;27(4):325–34.

[66] Morton JF, Brownlee M, McFadyen AK. The effects of progressive resistance
training for children with cerebral palsy. Clin Rehabil 2005;19(3):283–9.

[67] Nsenga AL, Shephard RJ, Ahmadi S. Aerobic training in children with cerebral
palsy. Int J Sports Med 2013;34(6):533–7.

[68] Peungsuwan P, Parasin P, Siritaratiwat W, Prasertnu J, Yamauchi J. Effects of
combined exercise training on functional performance in children with cerebral
palsy: A randomized controlled study. Pediatr Phys Ther 2017;29(1):39–46.
16
[69] Reid S, Hamer P, Alderson J, Lloyd D. Neuromuscular adaptations to eccentric
strength training in children and adolescents with cerebral palsy. Dev Med Child
Neurol 2010;52(4):358–63.

[70] Ryan JM, Theis N, Koufaki P, Phillips S, Anokye N, Andreopoulou G, et al. Effect of
RaceRunning on cardiometabolic disease risk factors and functional mobility in
young people with moderate-to-severe cerebral palsy: Protocol for a feasibility
study. BMJ Open 2020;10(7):e036469.

[71] Scholtes VAB, Becher JG, Janssen-Potten YJ, Dekkers H, Smallenbroek LP,
Dallmeijer AJ. Effectiveness of functional progressive resistance exercise strength
training on muscle strength and mobility in children with cerebral palsy: A
randomized controlled trial. Dev Med Child Neurol 2010;52(6):e107–e113.

[72] Shinohara T, Suzuki N, Oba M, Kawasumi M, Kimizuka M, Mita K. Effect of exercise
at the AT point for children with cerebral palsy. Bull Hosp Jt Dis 2002;61(1–2):63–7.

[73] Taylor NF, Dodd KJ, Larkin H. Adults with cerebral palsy benefit from participating
in a strength training programme at a community gymnasium. Disabil Rehabil
2004;26(19):1128–34.

[74] Taylor NF, Dodd KJ, Baker RJ, Willoughby K, Thomason P, Graham HK. Progressive
resistance training and mobility-related function in young people with cerebral
palsy: A randomized controlled trial. Dev Med Child Neurol 2013;55(9):806–12.

[75] Tedla JS. Strength training effects on balance in spastic diplegia subjects: A
randomized controlled trial. J Pediatr Neurol 2014;12(1):15–28.

[76] Terada K, Satonaka A, Terada K, Suzuki N. Training effects of wheelchair dance on
aerobic fitness in bedridden individuals with severe athetospastic cerebral palsy
rated to GMFCS level V. Eur J Phys Rehabil Med 2017;53(5):744–50.

[77] Unnithan VB, Katsimanis G, Evangelinou C, Kosmas C, Kandrali I, Kellis E. Effect of
strength and aerobic training in children with cerebral palsy. Med Sci Sports Exerc
2007;39(11):1902–9.

[78] Uysal _I, €Ozden F, Tümtürk _I, _Imerci A. The effectiveness of dual task exercise
training on balance, mobility, physical performance, and quality of life in children
with cerebral palsy: A single-blind randomized controlled trial. Ir J Med Sci 2024;
193(2):813–21.

[79] Van den Berg-Emons, van Baak, Speth L, Saris WHM. Physical training of school
children with spastic cerebral palsy: effects on daily activity, fat mass and fitness.
Int J Rehabil Res 1998;21(2):179–94.

[80] Van Wely L, Balemans ACJ, Becher JG, Dallmeijer AJ. Physical activity stimulation
program for children with cerebral palsy did not improve physical activity: A
randomised trial. J Physiother 2014;60(1):40–9.

[81] Verschuren O, Ketelaar M, Gorter JW, Helders PJM, Uiterwaal CSPM, Takken T.
Exercise training program in children and adolescents with cerebral palsy: A
randomized controlled trial. Arch Pediatr Adolesc Med 2007;161(11):1075–81.

http://refhub.elsevier.com/S2772-6967(25)00017-1/sref55
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref55
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref56
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref56
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref56
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref56
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref57
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref57
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref57
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref57
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref58
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref58
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref58
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref58
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref58
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref59
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref59
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref59
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref59
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref60
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref60
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref60
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref60
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref61
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref61
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref61
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref61
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref62
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref62
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref62
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref62
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref62
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref63
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref63
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref63
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref64
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref64
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref64
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref64
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref65
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref65
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref65
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref65
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref66
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref66
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref66
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref67
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref67
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref67
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref68
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref68
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref68
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref68
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref69
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref69
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref69
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref69
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref70
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref70
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref70
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref70
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref71
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref71
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref71
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref71
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref71
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref72
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref72
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref72
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref72
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref73
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref73
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref73
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref73
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref74
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref74
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref74
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref74
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref75
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref75
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref75
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref76
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref76
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref76
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref76
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref77
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref77
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref77
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref77
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref78
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref78
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref78
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref78
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref78
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref78
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref78
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref78
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref78
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref79
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref79
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref79
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref79
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref80
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref80
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref80
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref80
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref81
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref81
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref81
http://refhub.elsevier.com/S2772-6967(25)00017-1/sref81

	A systematic review of sample representativeness and homogeneity in exercise trials using group designs for people with cer ...
	1. Background
	2. Methods
	2.1. Search strategy


	Key points
	Outline placeholder
	2.2. Source of evidence screening and selection
	2.3. Data extraction and appraisal

	3. Results
	3.1. Participant characteristics
	3.2. Appraisal of prognostic variables
	3.2.1. Age
	3.2.2. Sex
	3.2.3. Neurological subtype
	3.2.4. Functional effects
	3.2.5. Comorbidities
	3.2.6. Exclusion criteria


	4. Discussion
	4.1. Sample representativeness
	4.2. Sample homogeneity
	4.3. Challenges
	4.4. Future directions

	5. Conclusion
	Author contributions
	Data sharing statement
	Declaration of competing interest
	Appendix 1. Search terms
	PubMed:
	CINAHL:
	Web of Science:
	EMBASE:
	PEDro:

	References


