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ABSTRACT
Aim: To perform a systematic review establishing the
current evidence base for physical activity and exercise
interventions that promote health, fitness and well-
being, rather than specific functional improvements, for
children who use wheelchairs.
Design: A systematic review using a mixed methods
design.
Data sources: A wide range of databases, including
Web of Science, PubMed, BMJ Best Practice, NHS
EED, CINAHL, AMED, NICAN, PsychINFO, were
searched for quantitative, qualitative and health
economics evidence.
Eligibility: participants: children/young people aged
>25 years who use a wheelchair, or parents and
therapists/carers. Intervention: home-based or
community-based physical activity to improve health,
fitness and well-being.
Results: Thirty quantitative studies that measured
indicators of health, fitness and well-being and one
qualitative study were included. Studies were very
heterogeneous preventing a meta-analysis, and the
risk of bias was generally high. Most studies focused
on children with cerebral palsy and used an outcome
measure of walking or standing, indicating that they
were generally designed for children with already
good motor function and mobility. Improvements in
health, fitness and well-being were found across the
range of outcome types. There were no reports of
negative changes. No economics evidence was
found.
Conclusions: It was found that children who use
wheelchairs can participate in physical activity
interventions safely. The paucity of robust studies
evaluating interventions to improve health and fitness
is concerning. This hinders adequate policymaking and
guidance for practitioners, and requires urgent
attention. However, the evidence that does exist
suggests that children who use wheelchairs are able to
experience the positive benefits associated with
appropriately designed exercise.
Trial registration number: CRD42013003939.

INTRODUCTION
Participation in exercise and physical activity
is vital to maintain health and fitness, and
for children it is essential for emotional and
physical development.1 However, children
with mobility impairments face multiple bar-
riers to participation and their uptake rates
are lower than those of typically developing
children.2 3 Children with mobility impair-
ments also tend to be more frequently over-
weight or obese, physically weaker and less fit
than their typically developing peers.4 5 This
predisposes them to long-term health risks,
including type-2 diabetes and cardiovascular

What is already known?

▪ Physical activity is essential for health and
well-being, but for children who use wheelchairs
participation rates are low.

▪ Health policy and guidance on physical activity
and exercise for disabled children is lacking.

What are the new findings?

▪ No reports of adverse outcomes were found,
indicating that children who use wheelchairs can
participate in exercise safely.

▪ Models of delivery using an initial period of indi-
vidual or group supervision followed by home-
based programmes appear effective and could be
sustainable within health and wheelchair service
practice.

▪ Evidence on the effectiveness of health and
fitness focused exercise interventions for chil-
dren who use wheelchairs is weak, yet suggests
that these children can experience the usual ben-
efits associated with well-designed interventions.
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disease, and results in a ‘debilitative cycle’ of poor
fitness, increased disability, and further reduced health
and well-being.6 The consequence is impaired quality of
life and future health prospects for the children, and
spiralling demands on families and health and social
care services. Given that there are 770 000 children and
young people under the age of 16 years living in the UK
with a disability (1 in 20 children7); this is an important
issue that must be tackled.

Rationale
Government policy and guidance on physical activity is
well established for adults and typically developing chil-
dren.8 This is also reflected in professional body position
statements,9 but there is a lack of guidance on physical
activity for children with mobility impairments. In the
UK, in response to the NICE guidance which omitted
disabled children, a specific briefing paper was pub-
lished and promoted access to play and physical activity
for disabled children and young people,10 citing physio-
logical benefits as well as enhanced confidence, self-
esteem, resilience and social inclusion. While the bene-
fits of increased physical activity levels are clear, it is not
apparent what activities actually promote the health and
fitness benefits desired for this group of children.
A number of systematic reviews have been undertaken

to evaluate a range of interventions to improve physical
function in children with mobility impairments.11–16

However, the studies reviewed primarily focused on
occupational-type or physiotherapy-type therapeutic
interventions and outcomes, by which they treated a spe-
cific functional impairment such as a joint range of
motion or walking function, with a targeted intervention
or exercise. Typically such interventions do not provide
insights in the wider benefits of exercise and physical
activity for health (which we define as the composite of
physical, mental and social aspects required for an indi-
vidual to function, adapt and self-manage) and fitness
(which we define as the set attributes required for phys-
ical function, that can each be related to specific tests,
eg, muscle strength or maximal cardiovascular capacity).
By their definitions, health and fitness are interdepend-
ent. Consequently, there is a gap in our knowledge relat-
ing to (1) intervention effectiveness for health and
fitness outcomes, (2) what are the most suitable primary
outcomes to assess health and fitness, (3) engagement
and long-term adherence, (4) psychological prepar-
ation/intervention to promote readiness and motivation
to exercise in this group of children, (5) a lack of focus
on the most physically disabled children (which for the
purposes of this review, we define as those who use
wheelchairs all or some of the time) and (6) evaluation
of health economics (a further discussion of these
points is presented in the protocol of this review17). We
are not aware of any published systematic reviews of
physical activity interventions with the aim of improving
health and fitness of children and young people who
use a wheelchair.

Objectives
The purpose of this systematic review was to establish the
current evidence base for exercise or physical activity
interventions to improve the health and fitness of chil-
dren and young people who use wheelchairs. We speci-
fied the following objectives:
1. To determine the effectiveness and cost-effectiveness

of physical activity interventions for children and
young people who use a wheelchair within a home
and community setting.

2. To describe programme theories/concepts or models
and identify appropriate outcome measures in
current interventions.

3. To explore the views and experiences of children,
young people and their parents, and key stakeholders
about physical activity interventions for wheelchair
users.

METHODS
Design
We set out to undertake a mixed methods systematic
review of quantitative, qualitative and health economics
evidence to identify and evaluate effectiveness of phys-
ical activity interventions. However, we did not find any
economic evidence that met our inclusion criteria. The
search strategies and type of evidence to be included in
this stream is described in the protocol17 (PROSPERO
registration: CRD42013003939), but it will not be
described further in this review. The review broadly fol-
lowed design, methods and processes of the Cochrane
Effective Practice and Organisation of Care Group
(EPOC),18 for the synthesis of effect evidence, and
Reporting guidance set out in Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA).19

Inclusion criteria
Population
Our primary objective was to review studies with children
and young people who use wheelchairs. Wheelchair use
was broadly defined as requiring the use of a wheelchair
all or some of the time, even if only for long distances.
However, initial pilot searches found that many studies
include physically disabled children who do not use
wheelchairs along with those who do, or that wheelchair
use is not reported for groups that would be expected to
use wheelchairs, based on functional classification or
medical condition. Consequently, in addition to the
studies that reported their samples included ‘wheelchair
users’, studies with probable but ‘undefined wheelchair
use’, as judged by our multidisciplinary team, were also
included. These separate groups of studies are handled
independently in reporting and synthesis.
Children and young people aged <25 years (this

upper age limit was chosen to ensure that data from
young people under 18 years were not lost, if they were
part of a sample, including young adults).
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Types of intervention
Any intervention that included physical activity or exer-
cise at home or in the community. Physical activity and
exercise were defined as being general or structured
movement of the body that would increase energy
expenditure.
To allow a more detailed examination of effectiveness

of specific types of exercise or physical activity, interven-
tions were grouped according into activity mode
(table 1). Interventions aiming to improve specific dis-
abilities or impairments with targeted programmes (such
as physiotherapy or occupational therapy) were
excluded.

Types of outcome measures
Any evidence related to the effectiveness or cost-
effectiveness of an intervention was considered. To evalu-
ate an intervention’s potential to improve specific compo-
nents of health, fitness and well-being, quantitative data
were categorised according to the outcome type. All
outcome measures reported in the included studies
could be defined as being in one of the following categor-
ies. These categories align with those described for assess-
ment in our main project study protocol,20 and were used
to organise the data only and not as inclusion criteria.
1. Exercise capacity/fitness
2. Metabolism
3. Body composition/weight
4. Quality of life
5. Respiratory function
6. Physical function

A. Gross motor function
B. Mobility
C. Strength

7. Physical activity levels, including self-reported, and
attitudes to physical activity

Several of the included studies evaluated walking cap-
acity in tests ranging from 6 to 10 min. These studies
were inconsistent in their classification of this outcome
as either exercise capacity (outcome type 1) or tests of
ambulation and mobility (outcome type 6b). For clarity
and consistency in the present systematic review, we clas-
sified these to be exercise capacity. Walking tests of
<1 min or over short distances were classified as
mobility.
In most cases, a single study provided data of several

outcome types.

Types of studies
Preliminary pilot searches of existing literature, found
few randomised controlled trials (RCTs) of exercise or
physical activity interventions for children and young
people who use wheelchairs. Therefore, we decided to
include all relevant study designs (eg, RCT, non-RCT,
controlled before–after, survey, qualitative) to draw
from as wide an evidence base as appropriate.
Consequently, in some studies, there was no compari-
son or control group included, and in others the
control group consisted of usual care. In cases where
the comparison was between two different targeted
interventions, these were treated as separate treatments
in the same study.
Only publications in English, Welsh or German lan-

guage were included, reflecting translation capacity
within the study team. Grey literature, including contem-
porary local government/agency, charity reports and
intervention programme evaluations which have not
been subject to peer review, were also included to limit
publication bias and ensure that all relevant literature
may be located. Grey literature was screened against cri-
teria of Completeness, Accuracy, Relevance and
Timeliness (CART) to determine inclusion or exclusion.

Table 1 Physical activity modes and definitions used for grouping and analysis in this review

Exercise mode Further definition for this review

Walking Including treadmill

Cycling Either outdoor or stationary, and peddle or hand/crack

Progressive resistance training (PRT) Lifting of an external resistance, performed across multiple sets (3–5) of a low number

of repetitions (<20)

Functional/closed kinetic chain

exercises

Lifting, controlling and moving one’s own body weight, during movement’s replicating

real-life movements, eg, stepping forwards or up on a step, excluding walking only

PRT using functional/closed kinetic

chain exercises

Functional exercises, with the addition of external weight; either held in hands or as

weighted vest

Sport/games-based Including group or individual game or play based activities

Spirometry exercise Externally resisted inspiratory muscle training

Nintendo Wii Using ‘off-the-shelf’ games

Motivation Any study providing psychological or emotional feedback, or music to enhance

motivation during a physical activity

Education Education to enhance participation levels

Complex programme An intervention the broadly reflects a combination of any above interventions, that

cannot be defined as primarily one or another for any reason. This includes

counselling to determine individualised activities. The combination is defined for each

intervention in included study tables
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Search methods
In addition to using the population, interventions, com-
parators, outcomes and study design approach (PICOS),
the Setting, Perspective, Phenomena of Interest,
Comparison and Evaluation (SPICE) Framework21 was
used to refine the design the search methods for qualita-
tive and grey literature exploring views and experiences
of exercise and interventions as the phenomena of inter-
est. Medical Subject Heading (MeSH) keywords were
combined with free-text keywords using Boolean opera-
tors (and/or/not) to search multiple databases chosen
to reflect the multidisciplinarity of this review, including
but not limited to Web of Science, PubMed, BMJ
Best Practice, NHS EED, CINAHL, AMED, NICAN,
PsychINFO (see online supplementary material of
ref. 17 for SPICE framework, complete list of databases
and specific search terms). Articles included in the
review were also searched for ancestral references. Grey
literature was searched for by hand searching of
Opengrey.eu, key journals, website searches (including
Google and Google Scholar) and approaching personal
contacts. An example search log is reported in online
supplementary material of this publication.

Selection of studies
All identified studies from the searches were assessed by
two reviewers independently for inclusion. Results were
initially screened according to title and abstract, the full
text of those considered suitable were then further
assessed for relevance against the inclusion/exclusion
criteria. Disagreement between reviewers was resolved by
discussion or arbitration by a third person when
necessary.

Quality assessment
The risk of bias of quantitative evidence from each
included study was assessed using the Cochrane risk of bias
tool in line with GRADE (Grading of Recommendations,
Assessment, Development and Evaluation) approach.22

Risk of bias was rated as low, unclear or high depending on
whether the randomisation sequence is adequate, random-
isation is concealed, baseline characteristics and outcomes
are similar in treatment and control groups, missing data
were handled appropriately, experimenters were blinded,
all outcome measures were reported, and the study was
protected from possible contamination and any other risks
of bias. The GRADE approach specifically assesses:
▸ Methodological flaws within the component studies
▸ Consistency of results across different studies
▸ Generalisability of research results to the wider

patient base
▸ How effective the treatments have been shown to be
When using the full GRADE approach, the evidence is

not rated study by study, but a composite rating is made
across studies for specific outcomes. In this review,
almost all included studies were single stand-alone
studies with heterogeneous interventions and a very
high number of different outcome measures (these can

be seen in the data extraction tables). Therefore, it was
not possible to apply the full GRADE assessment for
every heterogeneous outcome.
Qualitative studies were assessed with the Critical

Appraisal Skills Programme (CASP) tool for qualitative
research. As only one study was located, it was not pos-
sible to apply GRADE CERQual to assess the confidence
in the synthesised finding.23

Data abstraction
Data were extracted by the two reviewers, including
study design, participants, intervention type, outcome
measures and results. Data extracted by each reviewer
were combined and discrepancies were discussed and
where necessary resolved by arbitration by a third
person.
The intervention studies included in this review were

too heterogeneous in terms of participant character-
istics, intervention design and outcome measures to
allow a meta-analysis. Therefore, extracted data were
summarised and presented in harvest plots, which offer
the possibility to present complex and diverse data
within easily interpreted graphical formats, analogue to
forest plots.24 These plots were constructed to indicate
whether the specific intervention type (listed in table 1)
used by each study was able to improve at least one
measure of health or fitness (listed above). Full data
extraction tables are included in the online
supplementary materials.
The studies reporting interventions, including wheel-

chair users, were managed separately from those with
‘undefined wheelchair use’; they were differentiated in
harvest plots and considered separately in data analysis
and synthesis.

Validity, reliability and rigour
The review has been designed to follow Cochrane
methods and processes, including the use of double
independent data processing and assessment of risk of
bias using validated tools. None of the authors have any
conflicts of interest that would affect their interpretation
of evidence.

RESULTS
Included studies
Searches returned 9806 hits (excluding duplicates), of
which 31 papers from 28 studies25–55 were deemed to
meet the criteria for inclusion in this review. Only one
qualitative study55 and no health economics studies that
met the inclusion criteria were found. The flow chart of
article screening and inclusion is in figure 1. Tables 2–4
present characteristics of all included studies, their
article number (#) and risk of bias. Of the 31 included
articles, 11 (#1–10 and #31) reported their sample to
include wheelchair users. Only seven quantitative papers
were considered to be low risk of bias (articles #3, 4, 13,
15, 19, 20, 23), seven were considered to have an
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unclear risk of bias (#2,11,12,14,17,21,22), meaning 16
articles were rated as high risk of bias (#1,5–
10,16,18,24–30).
A wide range of interventions were used by the

included studies (table 1). The most common categor-
isation of intervention type was ‘complex’ (n=8), which
entailed combinations of exercise modes (#5,7,10,28) or
lifestyle interventions, including counselling and indivi-
dualised physical activity (#3,4,6,21). Interestingly, the
majority (n=6) of these complex interventions were with
‘wheelchair users’. The variability in intervention was
even apparent among those categorised similarly, which
often had disparate training protocols, for example,
exercise intensity, duration or number of repetitions per-
formed, and location of training. This led to variability
in intervention effectiveness (reported below).
Outcome measures all fell within the categories listed

in the Types of outcome measures section. However,
there was little consistency in the tools or protocols used
to assess each outcome type (see data extraction tables in
online supplementary material). For instance, assess-
ments of cardiovascular fitness/exercise capacity
included a 6-min cycle, peak aerobic power, 9-min run,
energy expenditure index and self-assessment. Mobility
assessments included walking speed and distance in
30 s–2 min, time to raise from the floor or a chair,
step-up repetitions and balance stability. Standard tools
were used to assess quality of life and well-being (CAPE
and PEDS-QL were common), and domains D and E
were frequently selected from the Gross Motor Function
Measure. Similar variability existed among all other

outcome types, making comparison between interven-
tions difficult.
Sample size in the treatment group of included

studies ranged from 2 to 52, with a total of 725 children
and young people reported in the included studies. Two
studies included only males (#1, 29), it was not possible
to determine sex distribution in four, and in the rest the
sample typically consisted of ∼60% males. Age of partici-
pants ranged from 3 to 25 years, although ∼7–14 years
was common. It was notable that cerebral palsy was the
most frequent cause of disability and that most partici-
pants were ambulant to some extent. Gross Motor
Function Classification System, where reported, was typ-
ically levels 1–3. Only four studies reported, including
GMFCS level 4 or 5. There were no major concerns
about methodological limitations in the qualitative
study.31

Outcomes
Positive changes in health, fitness and well-being were
reported across all outcome types. Wide variability
existed in effectiveness of each intervention type. Many
interventions were reported to be effective in some
studies, but other studies found a similar intervention
type to have no effect on the specific outcome. It was
noted that there were no reports of changes favouring
control, or a negative change in uncontrolled trials.
Additionally, none of the included articles reported
adverse outcomes during or following exercise
intervention.
Fitness and exercise capacity was improved by walking

(n=1/1 studies), cycling (n=1/3), functional exercises
with body weight (n=1/2) and added weight (functional
PRT) (n=1/1), sports and games (n=1/4) and complex
programmes (n=2/2) (figure 2). Quality of life was
improved by walking (n=1/2), cycling (n=1/2), PRT
(n=1/1) and functional exercises (n=2/2) but not func-
tional PRT (n=0/1) or complex lifestyle programmes
(n=0/2), or the addition of music for motivation (n=0/
1) (figure 3).
Gross motor function and mobility (figures 4 and 5)

were improved by programmes containing functional
exercises (n=2/2), including walking (n=1/2) and
Nintendo Wii (n=1/1), when using only the partici-
pant’s own body weight. When additional weight was
added to create a functional resistance training, no
effect was seen (n=0/4 studies). The only exception to
this was functional resistance training at 20–50% of 1-
repetition maximum accompanied with rhythmically-
matched music, which temporarily improved gross
motor function but not mobility. Cycling preserved gross
motor function in boys with Duchenne muscular dys-
trophy but was not effective in other groups. Resistance
training was not effective to improve gross motor func-
tion or mobility.
Most intervention types (n=8/15 studies), including

functional resistance training, increased strength in
some studies but not others (figure 6). Walking did not

Figure 1 Flow of article screening and inclusion in this

review.
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Table 2 Characteristics and risk of bias of included quantitative studies, including ‘wheelchair users’

Article # Author (Year)

Intervention type (exercise

mode) Setting; nationality

Participants: cause of impairment;

intervention and control n, % male; age;

GMFCS (when available)

Duration;

follow-up

Risk of

bias

RCTs, including wheelchair users

1 Jansen et al (2013) Cycling: arm and peddle Home; the

Netherlands

Duchenne muscular dystrophy; I: 17 C: 13;

100%; range 7–13 years; late ambulatory

phase or wheelchair dependent

24 weeks;

24 weeks

High

2a Van Den Berg-Emons

et al (1998)

Sport/games-based aerobic.

(4 times per week)

Community, group;

the Netherlands

Cerebral palsy (spastic); I: 10 C: 10; 55%;

range 7–13 years; ‘half of the children was

ambulant, the other half wheelchair-bound’

9 months;

3 months

Unclear

2b Van Den Berg-Emons

et al 1998

Sport/games-based aerobic.

(2 times per week)

Community, group;

the Netherlands

Cerebral palsy (spastic); I: 9 C: 9; unknown%;

range 7–13 years; ‘half of the children was

ambulant, the other half wheelchair-bound’

9 months; – Unclear

3 Van Wely et al (2014a)

(part of same study as

#4)

Complex: Lifestyle

counselling and fitness

training

Combined home and

supervised group;

the Netherlands

Cerebral palsy; I: 23 C: 23; 57%; range

7–13 years; GMFCS 1–3

6 months;

6 months

Low

4 Van Wely et al (2014b)

(part of same study as

#3)

Complex: Lifestyle

counselling and fitness

training

Combined home and

supervised group;

the Netherlands

Cerebral palsy; I: 23 C: 23; 57%; range

7–13 years; GMFCS 1–3

6 months;

6 months

Low

Non-RCTs, including wheelchair users

5 Andrade et al (1991) Complex programme: PRT

and cardiovascular exercise,

and psychosocial component

Community, group;

Canada

Spina bifida; I : 8 C: 5; 50%; range

7–13 years; 6 ‘wheelchair users’ and

7 ‘community ambulatory’

10 weeks; – High

6 Buffart et al (2010) Complex: Lifestyle

counselling and personalised

activities

Mixture of home and

supervised; the

Netherlands

A 17-year-old male with myelomeningocele

and hydrocephalus, non-functional ambulator

and a 23-year-old female with unilateral

cerebral palsy, GMFCS 1

10 weeks; – High

7 Fragala-Pinkham et al

(2005)

Complex programme: PRT

and aerobic exercise.

Group supervised

phase followed by

home phase; USA

Physical or other developmental disabilities;

group phase: 9 home phase: 7; 78%; range

5–9 years; GMFCS 1–3

14 weeks group;

12 weeks home

High

8 Gordon et al (2013) Nintendo Wii Supervised; Jamaica Cerebral palsy; I: 7 C: –; 57%; range

9–12 years; 4 wheelchair users.

6 weeks; – High

9 Odman and Oberg

(2005)

Functional exercises

(combined Lemo + move

and walk interventions)

Group, location

unclear; Sweden

Cerebral palsy; I: 52 C: –; 59%; unknown %;

range 3–16 years; GMFCS 1–5

4 weeks intensive;

1 year voluntary

participation

High

10 Unnithan, 2007 Complex programme: PRT

and walking

Group; Greece Cerebral palsy; I: 7; C: 6; 31%; range

14–18 years; GMFM (D&E) ∼30%
12 weeks; – High

Organised by the study design.
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Table 3 Characteristics and risk of bias of included quantitative studies with ‘undefined wheelchair use’

Article # Author (Year)

Intervention type (exercise

mode) Setting; nationality

Participants: cause of impairment;

intervention and control n, % male; age;

GMFCS (when available)

Duration;

follow-up

Risk of

bias

RCT with population with undefined wheelchair use

11 Choi et al.

(2016)

Spirometer exercise with versus

without additional therapy

Mixture of individual

and supervised in

clinic; Korea

Cerebral palsy; I: 25 C: 23; 52%; range:

8–15 years; GMFCS 1–5

4 weeks; – Unclear

12 De Groot et al

(2011)

Walking Home, supervised; the

Netherlands

Spina Bifida; I: 18 C: 14, 56%; mean ∼10.7
SD ∼2.8 years; ‘community ambulatory’

12 weeks; – Unclear

13 Demuth et al

(2012)

(part of same

study as #15)

Cycling: using a complex structure

of strengthening and

cardiorespiratory phases in each

session

Clinic; USA Cerebral palsy (spastic diplegic); I: 28 C: 29,

48%; range 7–18 years; GMFCS 1–3

12 weeks; – Low

14 Dodd, 2003 PRT with functional exercises Home; Australia Cerebral palsy (spastic diplegic); I: 11 C: 10;

48%; range 8–18 years; GMFCS 1–3

6 weeks; 12 weeks Unclear

15 Fowler et al

(2010)

(part of same

study as #13)

Cycling: using a complex structure

of strengthening and

cardiorespiratory phases in each

session

Clinic; USA Cerebral palsy (spastic diplegic); I: 26 C: 26,

48%; range 7–18 years; GMFCS 1–3

12 weeks; – Low

16a Gates et al

(2012)

Walking Home; USA Cerebral palsy (spastic bilateral); I: 14 C: –;

54%; range 6–13 years; GMFCS 2–4

12 weeks; 4 weeks High

16b Gates et al

(2012)

PRT (including some functional

exercises)

Home; USA Cerebral palsy (spastic bilateral); I: 12 C: –;

54%; range 7–13 years; GMFCS 2–4

12 weeks; 4 weeks High

17 Katz-Leurer

et al (2009)

Functional exercises Home with weekly

phone support; Israel

Traumatic brain injury or cerebral palsy; I: 8,

C: 10; 70%; range 7–13 years; GMFCS 1–2

6 weeks; 6 weeks

for intervention

group only

Unclear

18 Maher et al

(2010)

Education (internet-based) Home; Australia Cerebral palsy; I: 20 C: 21; 63%; range

11–17 years; GMFCS 1–3

10 weeks;

10 weeks

High

19 Scholtes et al

(2010)

(part of same

study as #20)

PRT with functional exercises Community, small

groups; the

Netherlands

Cerebral palsy (spastic); I: 24 C: 25; 59%;

6–13 years; GMFCS 1-3

12 weeks; 6 weeks Low

20 Scholtes et al

(2012)

(part of same

study as #19)

PRT with functional exercises Community, small

groups; the

Netherlands

Cerebral palsy (spastic); I: 24 C: 25; 59%;

6–13 years; GMFCS 1–3

12 weeks; 6 weeks Low

21 Slaman et al

(2014)

Complex: Lifestyle; counselling and

cardiopulmonary fitness.

Combined supervised

in centre and home;

the Netherlands

Cerebral palsy; I: 17 C: 19; 90%; range

16–25 years; GMFCS 1–5

6 months; 6 months Unclear

22 Verschuren

et al (2007)

Functional exercises Community, group; the

Netherlands

Cerebral palsy (spastic); I: 32 C: 33; 65%;

range 7–18 years; GMFCS 1–2

8 months; – Unclear

23 Wang et al

(2013)

Motivation: music during PRT Home; Taiwan Cerebral palsy; I: 18 C: 18; 75%; 5–13 years;

GMFCS 1–3

6 weeks; 12 weeks Low
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Table 3 Continued

Article # Author (Year)

Intervention type (exercise

mode) Setting; nationality

Participants: cause of impairment;

intervention and control n, % male; age;

GMFCS (when available)

Duration;

follow-up

Risk of

bias

Non-RCT with population with undefined wheelchair use

24 Blundell et al

(2003)

Functional exercises Group; Australia Cerebral palsy; I: 7 C: –; 88% range

4–8 years; Motor-Assessment Scale,

sit-to-stand item 1.5

4 weeks; 8 weeks High

25 Damiano et al

(1995)

PRT Setting unclear; the

USA

Cerebral palsy (spastic diplegia); I: 14 C: –;

71%; range 6–14 years; 11 independent

ambulators, 3 required hand-held assistive

devices

6 weeks; – High

26 Chen et al

(2012)

Cycling (in virtual reality) Home; Taiwan Cerebral palsy; I: 13 C: 14; 68%; range

6–12 years; GMFCS 1–2

12 weeks High

27 Crompton et al

(2007)

PRT with functional exercises Clinic, group; Australia Cerebral palsy; I: 7 C: 6; 40%; range

6–14 years; GMFCS 1–3

6 weeks; 6 weeks High

28 Kelly and Legg

(2009)

Complex programme: PRT, aerobic

exercise and sports

Community, group;

Canada

Cerebral palsy; I: 5 C: –; unknown %; range

8–12 years; GMFCS 1–2

10 weeks High

29 Lancioni et al

(2004)

Motivation: feedback Home centre; Europe Profound disability range; 2 boys, 15.6 and

22.1 years; not reported

∼7 months High

30a Shinohara,

2002

Cycling: peddle Unclear; Japan Cerebral palsy; I: 6, C: –; range 13–15 years;

not reported, but could peddle a bike.

16.7±4.7 weeks; – High

30b Shinohara,

2002

Cycling: arm Unclear; Japan Cerebral palsy; I: 5, C: –; unknown%; range

11–16 years; not reported, but could not

peddle a bike.

12.7±6.3 weeks; – High

Organised by the study design.
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to increase strength (n=1/1). The addition of music
during PRT did not increase strength any more than
PRT alone (n=1/1).
Changes in physical activity levels were variable in

response to different interventions (figure 7). What was
interesting was that articles #4 and #21, which imple-
mented the same complex intervention of counselling
and individualised physical activities, found increased
self-reported physical activity levels, but detected no
change in objectively measured physical activity levels.
Three RCTs quantifying changes in body composition

were identified, all were considered to present an
unclear risk of bias. Article #2 delivered a sports and
games based intervention to wheelchair users four-times
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Figure 2 Harvest plot of intervention effects on fitness and

exercise capacity. Each box represents the findings of a

single article, and contains the article number, which is

underlined for studies with undefined wheelchair use, and the

risk of bias rating (High, Unclear or Low). Article 2 measured

aerobic (Aero) and anaerobic (Ana) fitness, and these are

distinguished below by article number.
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per week for 3 months (#2a) and two-times per week for
9 months (#2b); in both cases fat mass increased in the
control group (p<0.05) but did not change in the exer-
cise group (p values not reported). However, only in the
two times per week intervention was a significant inter-
action detected (p<0.05). A follow-up was performed in
the four times per week arm and fat mass increased simi-
larly in the experimental and control groups. Articles
#12 and #22 used walking and functional open kinetic-
chain exercises, respectively, with undefined wheelchair
users and found no improvements postintervention.
One study (#10) measured resting respiratory

exchange ratio as an indicator of metabolic function.
Following a complex programme of resistance training
and walking, no change was found (p value not

reported). This study was considered to be at high risk
of bias.
In an RCT with a sample of undefined wheelchair use,

article #11 found spirometer training significantly
improved multiple components of respiratory function.
When considering only the few studies that explicitly

reported, including wheelchair users (#1–10), a similar
picture of high variability of intervention effectiveness
generally emerges. Of note, all ‘wheelchair user’ studies
that measured gross motor function found improve-
ments following cycling, Wii or complex programmes
(figure 4), but the only article to report improved
quality of life was an uncontrolled before–after study
using functional exercises (figure 3).
Fifteen (∼50%) of the quantitative articles (from 13

studies) included a follow-up period of some form,

Figure 3 Harvest plot of intervention effects on quality of life

and attitudes. Each box represents the findings of a single

article, and contains the article number, which is underlined

for studies with undefined wheelchair use, and the risk of bias

rating (high, unclear or low).

Figure 4 Harvest plot of intervention effects on gross motor

function. Each box represents the findings of a single article,

and contains the article number, which is underlined for

studies with undefined wheelchair use, and the risk of bias

rating (high, unclear or low).
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either complete intervention withdrawal or recom-
mended self-directed activity. In all cases when quality of
life was improved following intervention (#9,16a,b) the
improvements were retained at follow-up (figure 3).
However, for other outcome measures, any improve-
ments were almost all lost by follow-up.

Children’s experiences
Only one study reported children’s views and experi-
ences of the benefits of attending a UK-based sports
club with typically developing children. This experience
contrasts to those children recruited to quantitative
intervention studies where all the samples consisted of
only disabled children. In addition to participating in
sports, keeping fit and experiencing fun and thrills and
wider social benefits, children learnt to be more inde-
pendent and became more aware of what they were
capable of achieving. Some children also developed a
more positive relationship with their wheelchair.

DISCUSSION
This systematic review included 31 articles from 28
studies measuring a wide range of quantitative
health-related, fitness-related and quality of life-related
outcomes, and qualitative experiences before and after

exercise and physical activity interventions. These
studies demonstrate that children who use wheelchairs
are able to participate in various physical activity and
exercise, and do so safely. Although the evidence is
weak, it appears that these children can experience the
same improvements in fitness, strength, mobility and
quality of life as usually associated with appropriate
exercise.
All intervention types were able to elicit some

improvements in health, fitness and/or well-being.
Conversely, most intervention types also failed to
improve health, fitness and/or well-being in other

Figure 5 Harvest plot of intervention effects on ambulation

and mobility. Each box represents the findings of a single

article, and contains the article number, which is underlined

for studies with undefined wheelchair use, and the risk of bias

rating (high, unclear or low).

Figure 6 Harvest plot of intervention effects on muscle

strength. Each box represents the findings of a single article,

and contains the article number, which is underlined for

studies with undefined wheelchair use, and the risk of bias

rating (high, unclear or low).
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studies. This reflects the highly inconsistent way that
interventions are designed and delivered, and outcomes
are assessed. Undoubtedly, delivering physical activity
interventions to children with severe mobility impair-
ments who use wheelchairs is challenging, but investiga-
tors must make efforts to follow established exercise
prescription guidance to maximise the effectiveness of
interventions. Failure to do so is particularly evident in
the resistance training interventions, where several
studies do not meet standard recommendations.56

Indeed, in their introduction, Scholtes et al (#20) also
identified that many previous studies provided

insufficient training loads or appropriate progression.
Among the studies reviewed here, some used low
weights (#10,23), a high number of lifting repetitions
more akin to circuit training (#27) and achieved pro-
gression by increasing number of repetitions rather
than load (#10,17).
The evidence included in this review indicate that

work is required to define appropriate primary outcome
measures that are specific and applicable to the inter-
vention and population studied. This is complex due to
the multifaceted constructs of health and fitness and the
heterogeneity of the samples tested, but failure to do so
prevents robust evidence synthesis and identification of
the most effective interventions. Best systematic review
practise is to prespecify the outcomes of interest and
only include evidence concerning these. GRADE can
then be used to assess the overall quality of evidence
within each outcome type. We were unable to apply
GRADE in full due to the many different outcome mea-
sures used across studies. This, along with inconsistent
and sometimes suboptimal intervention design, reflects
the relative infancy of this field.
It is clear that efforts to develop appropriately

designed interventions and a standardised framework
for evaluating interventions consistently across different
subgroups of children are required. The great hetero-
geneity within the current evidence makes it challenging
to make detailed recommendations for policymakers
and practitioners at present. Nonetheless, the evidence
gathered in the present review does allow us to reach
some more specific conclusions and make recommenda-
tions beyond general conclusion that physical activity is
safe and appears effective.
First, it appears possible to improve the gross motor

function of children who use wheelchairs by several dif-
ferent types of physical activity. This may reflect the
great capacity this subgroup of children has for improve-
ment, and shows the potential they may be able to
achieve. However, these effects did not appear to
improve self-reported quality of life. It is hard to deter-
mine whether this is because the improvement in func-
tion is not large enough or the nature of the
improvements is not transferable to improve overall
quality of life, or whether the quality of life tools are not
sensitive to the functional improvements.
Second, if the desired outcome is to improve mobility

or gross motor function, functional closed-kinetic chain
exercises against the child’s own body weight are
required. The lack of effectiveness of resistance training
suggests that strength was not the limiting factor for
most children who participated in the studies reviewed.
This finding is in line with a previous systematic review
on physical therapy interventions for children with cere-
bral palsy.14 Performing functional exercise against
normal body weight appears to be important for specifi-
city of postural control strategies developed and transfer-
ability from training into actual functional tasks.
However, the participants within the current evidence

Figure 7 Harvest plot of intervention effects on muscle

physical activity levels. Each box represents the findings of a

single article, and contains the article number, which is

underlined for studies with undefined wheelchair use, and the

risk of bias rating (High, Unclear or Low). Articles 4 and 21

measured physical activity objectively (Obj) and self-reported

(Self ) by parents and children, these are distinguished below

article number.
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were mostly diagnosed with cerebral palsy and generally
had good gross motor function and few severe cognitive
impairments; therefore, they do not reflect the whole
range of children who use wheelchairs. Future work
should evaluate the benefits of strengthening exercises
for children with more severer or different causes of
mobility impairment. In addition, improving strength
may be important for other activities required for inde-
pendent living, for example, self-transfer in and out of
wheelchair.
Third, the use of spirometer training, alongside other

physical activity interventions or as part of regular
therapy, may provide an effective and simple way to
improve respiratory function. Given that supporting the
child’s posture so as not to restrict respiratory capacity in
an important consideration in wheelchair fitting, this
training mode may provide an effective way to increase
seating options, as well as possibly health and fitness.
Further work in this area is required to explore this
possibility.
Forth, children experience and benefit from wider

developmental and social impacts that are not currently
assessed in most quantitative studies. More qualitative
studies are needed to better understand how and why
these impacts motivate some children to engage in exer-
cise whereas others do not.
Most of the included articles (n=21, from 19 studies)

consisted of group or supervised activities, and most of
these were delivered or supervised by a therapist. There
were few interventions based at the participants’ home
and fewer that integrated physical activity into daily
routine and self-caring activities. This makes it difficult
to evaluate programme theory (objective 2) for con-
struct and delivery, although it is apparent that such
interventions requiring intensive supervision are costly
for healthcare services and likely not sustainable.
The study by Katz-Leurer, et al (#17) developed a pos-

sibly relevant model of a home visit to deliver simple
and acceptable exercises, with weekly telephone support
to monitor participation, provide encouragement and
ensure progression. This intervention was successful in
improving a range of balance and mobility outcomes,
which were consistent with other studies delivering
similar exercises. Alternately, a model of short-term
group-based intervention to initiate the programme fol-
lowed by home-based self-directed participation may be
possible, similar to that implemented by
Fragala-Pinkham, et al (#7). This study found that after
14 weeks of supervised group exercise measures of
fitness, mobility and strength were improved, and many
participants retained some of those improvements fol-
lowing 12-weeks of unsupervised, home-based participa-
tion. The Fragala-Pinkham et al study was considered to
pose a high risk of bias, while the risk of bias in the
Katz-Leurer et al study was unclear but with a sample
with undefined wheelchair use.
A group of studies form the Netherlands (#3,4,6) with

wheelchair users and undefined wheelchair use (#21)

evaluated a complex lifestyle intervention, combining
counselling/ motivational interviewing, physiotherapy
and individualised physical fitness interventions. This
model is instinctively appealing as it address individual
barriers and facilitators to participation, as well as pro-
viding opportunities to participate in a variety of suitable
physical activities. However, although some improve-
ments were seen in gross motor function and the chil-
dren’s attitude to physical activity, they failed to improve
objectively assessed physical activity levels, mobility,
strength and most aspects of self-perceived quality of
life. Moreover, the benefits that were gained were lost by
follow-up. This model of intervention delivery may still
warrant further development, as it appears to encompass
many important elements. However, much like the
intensively supervised interventions, this may be
resource intensive.
Given that the National Health Service, public health,

primary care, local authorities, social services, schools
and wheelchair services should deliver integrated care
and support to enhance health, well-being and quality
of life, there are opportunities for greater integration
and more cost-effective delivery of effective intervention
models. A previous review by our group57 reported that
wheelchair services generally met their key performance
indicators by providing an appropriate wheelchair but
did not commonly include lifestyle and keep-fit advice
or mentoring to encourage healthy lifestyles and weight
management. Using social care practitioners to deliver
appropriate physical activities (such as exercise referrals
dispensed by General Practitioners) that are integrated
into the child’s social activities, underpinned by an indi-
vidualised aspirational programme theory and supported
by schools to provide individually tailored keep fit activ-
ities should engender motivation and discipline from an
early age.
Most studies did not report a programme theory as to

how the interventions were intended to change behav-
iour by instilling motivation to keep fit in the short,
medium or long term. Even the lifestyle interventions
(#3,4,6,21) failed to elicit long-term changes in physical
activity. Given that the benefits of physical activity inter-
ventions were lost once participation ceases, long-term
solutions are required.
No health economics studies that met our inclusion

criteria were found, this is an important omission as
these children place high demands on services across
the life course. Thus, we were not able to achieve our
objective of evaluating cost-effectiveness (part of object-
ive 1). This evidence is a vital component in the devel-
opment of effective and sustainable interventions and to
provide evidence-based health promotion policy. In
designing trials, exercise scientists need to reflect on the
complex nature of delivering interventions in health ser-
vices and incorporate economic and process evaluations,
as well as measures of effectiveness.
The conclusions of this systematic review are limited

primarily by the methodological quality of evidence,
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which was very low with concerns about high risk of bias.
In many cases small sample size contributed to the
high/unclear risk of bias, with few a priori or post hoc
power calculations. It is of course challenging to recruit
disabled children (and families) for a long-term inter-
vention, but future efforts must ensure larger and better
justified sample sizes are achieved to ensure robustness.
Quality of reporting was low and did not consistently
follow CONSORT reporting guidelines58 either because
the trial predated CONSORT or if post-CONSORT
authors did not adhere to the requirements. Overall, few
estimates of precision such as CIs were reported, thereby
not meeting a key CONSORT reporting requirement.
The quality of design and reporting was higher in more
recent studies. Overall many studies lacked rigorous
methodology and awareness of best-practice frameworks
for designing research, as is available in Medical
Research Council Guidance for designing complex
public health interventions.59 60 As already discussed,
many studies did not prespecify a single primary
outcome and measured multiple outcomes. To allow
comparison and to perform a meta-analysis, questions
need to be consistently refined using a PICOS structure
and outcomes need to be specified and measured as
outlined in trial design principles.
Children who use wheelchairs constitute a complex

heterogeneous group with multiple and varied diagnoses
and wide ranges of fluctuating impaired mobility.
Current evidence mostly includes relatively physically
able children with cerebral palsy rather than more
dependent wheelchair users, as indicated by how few
studies included GMFCS 4 and 5, and the number of
studies using walking capacity as an outcome. Few studies
included children with learning impairments and no
studies included children with severe learning impair-
ments. Therefore, the applicability of the conclusions
and recommendations of the present systematic review to
the full heterogeneous population with a high level of
children with significant learning impairments is limited.

Summary
Current evidence indicates that children with use wheel-
chairs can improve their health, fitness and well-being
by participating in physical activity interventions, without
adverse outcomes. However, the evidence base on the
most effective intervention types is weak and lacks the
necessary range of theoretical underpinnings. The
samples included were typically small in number and
with relatively less severe mobility impairments.
Consequently, it is not surprising that government policy
and practice guidance is lacking and, as a consequence,
insufficient attention has been paid to the fitness of chil-
dren who use wheelchairs who are known to be less fit
than typically developing children. Future investment
and effort is required to conduct high quality trials of
promising intervention types and models of delivery to
establish a robust evidence base to support government

and health policy to improve the fitness and well-being
of children who use wheelchairs.
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