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Center for the Disabled in Ramat Gan, Israel and Adri Vermeer The Faculty of Educational Sciences of the Utrecht University,
The Netherlands

Received 15th June 2005; returned for revisions 7th November 2005; revised manuscript accepted 5th March 2006.

Objective: To determine the effectiveness of aquatic interventions in children with

neuromotor impairments.

Design: A search of electronic databases that included MEDLINE, PubMed, ERIC,

PsychLit, PEDro, Sport Discus, CINAHL and Cochrane between 1966 and January

2005 was conducted using the following keywords: ‘hydrotherapy’, ‘aquatic therapy’,

‘water exercise’, ‘aquatics’, ‘adapted aquatics’, ‘aquatic exercise’ and ‘swimming’.

An additional resource, the Aquatic Therapy Research Bibliography until 1999, was

explored manually. Titles and abstracts were assessed manually according to the

following inclusion criteria: (1) population (children with neuromotor or neuromuscular

impairments), (2) intervention (aquatic programme). Articles were reviewed

according to merit of design, population participants and outcome measures with

respect to International Classification of Function and Disability terminology (changes

in body function, activity level and participation).

Results: Eleven of the 173 articles that were retrieved met the inclusion criteria: one

randomized control trial, two quasi-experimental studies, one cohort study, two case

control studies and five case reports. Seven articles reported improvement in body

functions, and seven articles reported improvement in activity level. Two of the four

articles that investigated outcome measures regarding participation described

positive effects while the findings of the other two revealed no change. None of the

articles reported negative effects due to aquatic interventions.

Conclusion: According to this review, there is a substantial lack of evidence-based

research evaluating the specific effects of aquatic interventions in this population.

Introduction

Swimming and hydrotherapy have been viewed
as beneficial activities for children with neuro-
motor impairments.1�5 They provide an oppor-

tunity to improve physiological and psycholo-
gical achievements. Aquatic activity exercises the
total body without putting excessive stress or
tension on specific body parts.3,5 The warm
aquatic environment of 32�338C reduces muscle
tone, which in turn allows more efficient move-
ment for children with high muscle tone.1 An
additional therapeutic quality of water is buoy-
ancy, which enables initiation of independent
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movement possibilities that are less likely to be
achieved on land.2,6,7

Aquatic interventions are one of the most
popular types of alternative therapies in treating
children with cerebral palsy and related neuromo-
tor impairments.8 Despite this popularity, little
research has been documented which establishes
specific outcome effects.9 Like other therapeutic
methods practised in neuropaediatric treatment,
the main goal of aquatic therapy is to improve
daily living activities and enhance body functions.
Evidence-based research is the preferred method
for better guaranteeing clinical decisions regarding
a child’s care.

The majority of research on aquatic intervention
focuses on the adult population.10,11 Dumas and
Francesconi12 published a review of aquatic ther-
apy intervention in paediatrics. Although the re-
view described details of current research, it
concentrated more on the content of the studies
rather than addressing assessment of methodolo-
gical quality and reliability of outcome measures.

Current disability research13 should measure
components included in the widely accepted Inter-
national Classification of Function and Disability
(ICF)14 The ICF suggests that the individual
should be observed in a multidimensional context
so that assessment and treatment goals can be
determined not only from a medical perspective,
but from a social-ecological perspective. Individual
function and disability are represented by three
dimensions: (a) body structure and function, (b)
activity and (c) participation. These three dimen-
sions interact with personal and environmental
contextual factors.

The purpose of this review is to evaluate the
effectiveness of aquatic interventions in children
with neuromotor impairments with regard to the
ICF dimensions and level of scientific evidence.

Method

An online computer search of electronic databases
going back to the earliest available time (1966)
was established. The accessed databases included
MEDLINE, PubMed, Educational Resources
Information Center (ERIC), PsychINFO, PED-
ro�Physiotherapy Evidence Database, Sport In-
formation Resource Center (SIRC), Cumulative
Index to Nursing and Allied Health Literature
(CINAHL) and Collaboration Register Database
(Cochrane). In addition, the Aquatic Therapy
Research Bibliography (until 1999) was explored
manually. Databases were searched using the
following keywords: ‘hydrotherapy’,’ aquatic ther-
apy’, ‘water exercise’, ‘aquatics’, ‘adapted aqua-
tics’, ‘aquatic exercise’ and ‘swimming’. Searches
covered literature from 1966 through January
2005. The search was limited to journal articles
written in English, research, and research popula-
tions from 0 to 18 years of age.

Titles and abstracts extracted form the database
search were read by two independent reviewers and
were included if they met the following criteria:
(1) population (children with neuromotor or
neuromuscular impairments) (2) intervention
(aquatic programme) (Figure 1).

Studies that met the inclusion criteria were
individually analysed and summarized on a
standardized form incorporating seven headings:
(1) article reference; (2) pathology according to the
authors description; (3) sample size describing
the number of participants included in the study
with subgroup participation; (4) research design
evaluated according to grading levels of evidence;
(5) intervention included total length, intensity
(weekly sessions), duration of each session and
technique used; (6) outcome measures as described
by author and (7) results.

Electronic database 
search including 
keywords and
limitations.

173
articles 

Manual search by two
independent reviewers
according to inclusion
criteria: population &
aquatic intervention 

11
articles

Figure 1 Flow of data retrieval procedure.
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In order to determine the quality and efficacy of
a specific intervention trial, the level of evidence
of the research design was evaluated by two
independent evaluators using a single grading
system (Table 1). Nine of the articles (82%) were
given the same grade, and two articles (18%) were
graded differently. These articles were judged by
a third expert who was a member of a sports
science faculty, and consensus was reached. This
grading system was derived from Siebes et al.15

who applied an adaptation of Sackett’s method for
grading research16 with modifications supported
by research of the American Academy for Cerebral
Palsy and Developmental Medicine.17

Results

The initial search of the electronic and manual
databases identified 173 titles and abstracts which
met the search criteria. Of these articles 11 met the
inclusion criteria. The articles were published in
10 different journals between the years 1974 and
2003. The findings of these 11 studies are summar-
ized in Table 2.

A total of 173 participants were studied across
five main populations from the articles selected in
this review (Table 3). The participant population
most frequently studied was children and adoles-
cents with cerebral palsy (n�/114; 63%). Dorval
et al.21 did not describe the subtypes of the cerebral
palsy participants in the study in terms of func-
tional levels in relation to the types of cere-
bral palsy. It is therefore impossible to assess the
overall distribution of the various subtypes of
cerebral palsy among the research participants.
Topographical classification of participants with

cerebral palsy in this review revealed a majority
with diplegia (n�/45; 39%) and hemiplegia (n�/35;
31%), while the second most prevalent condition
was muscular dystrophy (n�/54; 33%). Additional
populations included Rett syndrome (n�/1; 1%)
and infants at risk (n�/4; 2%). The age ranges of
the samples studied were highly diverse and
included children from the age of two months to
19 years. Cuhna et al.20 included an even broader
age group in their study, ranging from 1 to 40
years. Despite the fact that their study included
adults, it was included in the present review since
the majority of the participants met the inclusion
criteria.

Of the 11 selected articles (Table 2), only one
article was rated level I21 evidence, two ar-
ticles were rated level II6,23 evidence, and three
articles were rated level IV.20,25,27 The remaining
articles were rated as level V evidence. This
category incorporated individual case reports with-
out employing control participants or multiple
baseline designs.

The intervention durations across articles
ranged from six weeks to two years.26 Only one
article22 did not specify the duration of
the intervention period. Six studies19,20,6,23,26,27

applied aquatic interventions twice a week and
two studies21,24 applied it once a week. The
remaining three articles did not specify the fre-
quency of the aquatic session applied. The most
frequent duration of session specified was 30
min,6,20,23,25 which was reported in four articles.
However, four articles19,22,24,26 did not indicate the
duration of each aquatic session.

The most common method employed for inter-
vention in the aquatic environment were the
Halliwick method19,20,21,24 and adapted swimming
lessons.21,25,26 Only one study21 described the

Table 1 Levels of evidence for grading research15,16

Level Group research Single individual research

I Randomized control trials N�/1 randomized control trials
II Non-randomized control trials

Prospective cohort studies with concurrent control
group

ABAB design
Alternating treatments (e.g. ABAB)
Multiple baseline across participants

III Case studies with control participants
Cohort studies with historical group control

ABA design

IV Case series without control participants AB design
V Case reports

Non-empirical methods
Case reports
Non-empirical methods

Effects of aquatic interventions 929
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swimming routine employed and the two articles
incorporating swimming did not describe the
content of their routine in detail. An additional
aquatic intervention was warm water immersion.27

The remaining studies did not specify the type of
treatment employed in the aquatic environment.

An important factor when working in the
aquatic environment is the water temperature.
The different reactions of the body when immersed
in water of different temperatures have been well
documented.4 Four articles20�22,27 specified an
average water temperature of 338C.

Fourteen measurement results were identified in
the 11 articles included in this review (Table 2).
Only six studies reported reliability and validity of
their measurements. With regard to the contextual
factors, all interventions were applied in the
aquatic environment. Only one article21 reported
group sessions of five, while the remaining articles
reported individualized sessions.

Our rating procedure found the following dis-
tribution of outcome measures reported: Five
articles reported improvement in body func-
tions,6,22,25�27 one article6 showed statistically
significant results in the function dimension of
vital capacity.

Five articles reported improvement in activities
that included gross and fine motor skills,18 gait and
manual skills,21,24 gross motor function and swim-
ming skills,21,24 bimanual co-ordination26 and

items rated on the neonatal behavioural scale.27

However, none of these articles reported results of
statistical significance. One article21 reported no
statistical significant difference between group
effects in terms of functional independence as
measured by the Functional Independence Mea-
sure for Children (WeeFIM). However, in this
particular article both groups received aquatic
interventions. The authors drew a comparison
between adolescents with cerebral palsy who re-
ceived hydrotherapy and adolescents in the control
group who received traditional swimming lessons.

Four studies19,21,23,26 measured the influence of
aquatic interventions on participation outcomes.
Two articles reported improvement in communica-
tion skills, social interactions19 and self-esteem.26

Two additional articles21,23 reported no statistical
differences in self-esteem as measured by the
Rosenberg Self Esteem Scale21 and self-concept
as measured by the Martinek Zaickowsky Self-
Concept Scale.23

Discussion

Our findings are consistent with the dominant
representation of participants with cerebral palsy
in the paediatric population described as having
neuromotor impairments. 28 Literature reviews of
participants with paediatric neuromotor impair-
ments have documented the effects of pain,29

strength training13,30 and neurodevelopmental
treatment17,31 and have noted a similar hetero-
geneity within this population in terms of classi-
fication and severity. Out of the 173 participants
included in the articles reviewed here, a wide
variability was evident regarding age and inter-
vention outcome (Table 2). Sweeney27 used the
aquatic environment to enhance blood pressure
and heart rate in high-risk infants aged 2�
5 months. When reflecting on outcome measures
related to an older paediatric population, the
warranted outcomes of aquatic intervention
would be decreasing heart rate through reducing
energy expenditure and increasing the duration of
independent movement. Furthermore, previous
studies have revealed that exercise in the aquatic
environment in full immersion (shoulder height)

Table 3 Investigated population

Investigated population Number of
trials

Number of
participants

Mean age
(years)

Rett syndrome 1 1 11
Neurological dysfunction 1 1 0.8
High-risk infants 1 3 0.3
Cerebral palsy 5 114 19

Hemiplegia 35
Double hemiplegia 3
Diplegia 45
Triplegia 2
Quadriplegia 21
Ataxia/athetosis 8

Muscular dystrophy 3 54 7
SMA type II 31
SMA type III 20
PMD 3

SMA, spinal muscular atrophy; PMD, progressive muscular
dystrophy.
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results in lower heart rate during exercise than
on land.32

Because of the diversity of characteristics in
paediatric neuromotor impairments it is difficult to
conduct large group randomized control trials.
Therefore it is acceptable to apply small group
interventions to investigate the effectiveness of a
well-described intervention on specified outcome
variables.33 The level of evidence of a specific
research design allows clinicians to consider a
specific treatment critically: a rigorous research
methodology will produce greater assurance of
treatment outcomes.

Eight of the 11 articles were rated as lower level
IV and level V evidence, suggesting that the
effectiveness of aquatic interventions, as reported
in these articles, cannot be regarded as evidence-
based practice. Four of the articles were quasi-
experimental,6,20,21,23 two were single-subject de-
signs25,27 and five were case reports.

Siebes et al.15 reported significant improvement
regarding the methodological characteristics in
studies that implemented therapeutic interventions
in children with cerebral palsy between the years
1990�2001 (66% level I and II studies) as com-
pared to similar studies conducted between the
years 1980�1989 (32% level I and II). Such an
improvement was not prevalent in our findings.
On the contrary, our findings show that the
majority of the studies did not use control groups
and so could not identify the effects of aquatic
interventions in children with neuromotor impair-
ments in comparison to other treatments or no
treatment at all. Dodd et al.13 also noted limita-
tions in methodological designs regarding the
effects of strength training in populations with
cerebral palsy.

In contrast, the majority of recent studies on
adult populations that examined the effectiveness
of aquatic interventions employed moderate to
high-quality research designs.10

Our review found a broad range of programme
intensities and session durations. This variability in
aquatic interventions conducted across older po-
pulations was also noted by Geytenbeek.10 Five
articles did not specify the intensity of the sessions.
Several studies compared the effects of programme
intensity on outcome measures,34,35 but they gave
insufficient information regarding the techniques
employed in the aquatic environment to allow

replication. Six of the 11 articles (55%) noted
the techniques employed, but only one article26

described the swimming routine.
Authors in 5 of the 11 articles described their

findings as having a positive effect on body func-
tions, specifically vital capacity6,25 and range of
motion.20,22,26 These outcomes may be related to
the specific characteristics of the aquatic environ-
ment with respect to hydrostatic pressure (vital
capacity), and to the relaxing effect of water
temperature and turbulence on range of motion.
Hutzler et al.6 found a 63% increase in vital
capacity in kindergarten age children with cerebral
palsy who received aquatic intervention in compar-
ison with land-based intervention (23%). Majorie
et al.25 employed a BAB single subject design in
three children with progressive muscular dystrophy
and found that vital capacity increased. However,
the articles20,22,26 that reported a positive effect on
range of motion failed to report the tools that were
used to measure the outcome scores. Therefore, the
findings of these studies with respect to the effec-
tiveness of aquatic interventions on range of
motion cannot be regarded as evidence.

Recent studies have emphasized the importance
of outcomes to daily activity when employing
therapeutic interventions.36,37 Eight of the
articles in our review6,18�21,23,24,27 measured the
effects of aquatic interventions on activity in
children with neuromotor impairments. Two of
these articles18,19 did not employ reliable tools
to measure the outcome and therefore are in-
sufficient. All the articles except one21 reported
positive effects of aquatic interventions on activity

Clinical messages

. There is evidence to suggest that hydrother-
apy might improve respiratory function in
children with cerebral palsy.

. In other aspects of function (activity and
participation), further research of good de-
sign is needed.

. Outcomes need to be related to the likely
benefits of the aquatic environment and the
intervention.
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outcomes. Furthermore, no adverse effects were
reported.

A noted difficulty in studying outcome effects
in children with neuromotor impairments is the
lack of assessment tools sensitive enough to
detect change over time.15,38 Furthermore, assess-
ment tools employed need to be valid and reliable
in terms of characteristics of the research popula-
tion such as age and diagnosis, and outcome
objectives (i.e. improvement in activity level or
participation).38 Cuhna et al.20 used the Barthel
scale to assess functional change in people with
spinal muscular atrophy between the ages of
1 and 40 years. Although this scale has been
found to be reliable39 and valid40 it has only been
recommended for use in stroke patients.38 There-
fore, the validity of the outcome effects is
questionable. Dorval et al.21 used the WeeFIM
to assess activity outcomes when comparing
adolescents who underwent hydrotherapy with
adolescents who underwent sessions of traditional
adapted aquatics. Although the WeeFIM has
been proven to be a valid and reliable tool, it
has yet to be validated in terms of responsiveness
to change.38 This may explain why no statistical
differences were found between the groups. In
contrast, Mackinnon24 used the Gross Motor
Function Measure41 to assess an 8-year-old boy
with cerebral palsy (spastic diplegia) before and
after aquatic intervention and noted improvement
in his standing balance and his ability to walk up
and down stairs. The Gross Motor Function
Measure is considered to be one of the most
reliable and valid scales in terms of responsive-
ness to change.38 The rationale of using aquatic
intervention for improving activity outcomes has
not yet been explored.

When establishing outcome effects it is necessary
to suggest a theoretical model for explaining the
results that are attained.42 For example, it is well
established that the kinematics of walking in the
water are different from those of walking on
land.43 Authors are required to provide a rationale
for recommending aquatic activities for improving
activity on land. Such rationales could vary when
dealing with practice suggested by the schema
theory44 and the ecological theory.45

Four studies measured participation criteria in
terms of communication and social interaction,19

self-esteem,21 self-perception23 and self-image.26

Two articles19,26 were case studies and did not
describe the criteria used for measuring commu-
nication, social skills and self-image. This evidence
is therefore not conclusive. However, Pegaanoff26

reported that after completing the aquatic inter-
vention, her participant felt sufficiently confident
to join a community swimming programme.
Hutzler et al.23 reported no change in self-percep-
tion in children who received aquatic interventions
in comparison with children who received land-
based interventions. They attributed their results
to the limited attainment of independent swim-
ming. These results may suggest that participa-
tion-driven programmes should be aimed at
achieving independent aquatic performance.

In most cases the information that was given to
summarize the nature of the intervention was very
limited. This made it very difficult to evaluate the
effectiveness in terms of the details of the intensity,
duration and exercise in each form of aquatic
intervention. The wide variability in outcome
measures across the studies presented an additional
limitation. This variability reduces the ability to
replicate particular intervention programmes in
terms of intensity, duration and content.
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