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Abstract

Background Cerebral palsy (CP) is a group of dysfunction syndrome. Spastic CP is the most common form of CP.
As a specific treatment, aquatic therapy (AT) can improve spasticity, increase range of motion, and increase muscle
strength due to its particular properties.

Objectives This article aims to review the research status of AT in patients with spastic CP.

Methods We conducted a wide-ranging review of all existing literature on using AT to intervene with spastic CP
from 10 databases from the earliest to May 2024. It follows the methodological framework for conducting a scoping
review proposed by the Joanna Briggs Institute. The physical, physiological, and social-psychological functions were
summarized and analyzed.

Results 18 articles were included and analyzed. The gross motor ability of patients with spastic CP improved
significantly after AT, and walking efficiency was improved; muscle strength showed significant improvement,
enhancing the ability to perform daily activities and quality of life. Aerobic forms of exercise are a commonly used
treatment for AT, and five weekly interventions are the most effective. Notably, functional improvements were
correlated with child age, CP type, and gross motor function classification system grade.

Conclusions AT can improve the gross motor function, cardiopulmonary function, daily living, and social
communication ability of patients with spastic CP. This scoping review can be used as a starting point for future
research on AT for children with spastic CP to design the most efficient exercise regimen.
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Introduction
Cerebral palsy (CP) is a group of non-progressive
developmental-motor disorders that occur in a
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of children and adolescents with CP presented with
multiple movement disorders of the same limb, the
most common movement disorders being spasticity
and dystonia (50%), spasticity only (36%), and dystonia
only (6%) [8, 9]. Structural and functional changes
occur with age, affecting movement, intelligence, and
communication[10], further burdening the family and
society.

The International Clinical Practice Guidelines [11]
recommend that interventions begin with the child’s
and family’s goals and be enjoyable, stimulating, and
challenging activities to stimulate the child’s interest.
Aquatic therapy (AT) is a treatment that uses the
properties of water to allow patients to perform
exercise therapy in water to relieve their symptoms
or improve function [12]. Currently, AT is among the
most common physical activities chosen by children
with neuromotor disorder and can be used in all
phases of disease progression [13, 14]. The underwater
environment provides buoyancy, hydrostatic pressure,
and other hydrodynamic characteristics [15].
Buoyancy reduces weight, aids postural support [16],
and optimizes postural control. The viscous nature
of the water provides resistance equal to the degree
of force exerted and facilitates muscle strengthening.
Hydrostatic pressure activates sensory and motor
cortex areas [17, 18], reducing muscle spasms,
improving multisensory stimulants’ endurance, and
promoting blood circulation. The thermal effect of
water can alleviate the degree of spasm and improve
the range of joint activity in patients [19]. Motor
learning and memory are fundamental parts of
neurorehabilitation, and neuroplasticity in cortical
motor areas after AT intervention enhances functional
performance related to motor learning and memory
[20], contributing to neurorehabilitation. Although AT
benefits patients with CP [21], efficient AT protocols
remain uncertain.

A scoping review aims to summarize the range
of available research. Recent systematic reviews
have only described specific hydrotherapy methods
[22] (Halliwick) and comparisons between AT and
land-based exercise [23] and have not summarized
and analyzed treatment parameters and outcome
indicators. To provide a scope of the existing
literature, this scoping review was designed to
answer the following two main questions: how is AT
currently used in patients with spastic CP, and which
functions does AT improve in patients with spastic
CP? Therefore, the primary purpose of this study was
to map the existing research interventions of AT in
patients with spastic CP; more specifically, to describe
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the treatment parameters of AT interventions and to
analyze the outcome metrics of the studies.

Materials and methods

The study followed the methodological framework for
conducting a scoping review proposed by the Joanna
Briggs Institute [24]. A scoping review maps the existing
literature or evidence base [25], which can be used to
summarize the status of research and identify research
gaps [26]. The present study was based on the PRISMA—
ScR (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses Extension for Scoping Reviews)
checklist [27]. This article has been registered on the
Open Science Framework. The registered DOI number is
https://doi.org/https://doi.org/10.17605/OSEIO/9CTSX.

Searching for the evidence

A comprehensive search was conducted in May 2024
by two independent reviewers in ten data sources:
The Cochrane Library, Embase, PubMed, Web of
Science, Scopus, EBSCO, China National Knowledge
Infrastructure (CNKI), WanFang Knowledge Service
Platform (WanFang), Chinese Biomedical Literature
Service System (CBM), and Chinese Scientific Journals
Database (VIP). The search period was from database
creation to May 10, 2024. Three sets of keywords were
used in the search. The first group used the subject terms
of CP and all accessible terms from the Mesh Thesaurus,
joined by the Boolean search operator “OR”. The second
group searched for interventions, using the Mesh subject
headings Hydrotherapy and Aquatic Therapy and all
related free words, concatenated with the Boolean search
operator “OR” The third group retrieved the type of
literature, which was limited to randomized controlled
trials (RCTs). There was no time limit for the search.
The specific search strategy is shown in Supplementary
Table S1.

Selecting the evidence

The selection of results was carried out independently
by at least two authors using Endnote 21 software.
The languages familiar to both authors were Chinese
and English. Inclusion criteria were developed
according to the population, intervention, comparison,
Outcome, and Study Design (PICOS) principles (18).
Eligible studies must meet the following criteria: (1)
population: children with spasmodic CP with stable
vital signs, under 18 years of age, and with the consent
of patients and their families; (2) intervention: any
form of AT; (3) comparison: the control group received
other interventions except AT; (4) outcome: physical
function, physiological function (muscle strength,
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muscle tension, and cardiopulmonary endurance),
and social psychological function; and (5) research
design: non-conference papers, dissertations, reviews,
and meta-analyses. The first step in study selection
consisted of analyzing titles and abstracts; this step
included articles written in English and Chinese
describing active AT in persons with spastic CP. The
following exclusion criteria were applied: (1) repeat
article; (2) animal studies; (3) articles describing
treatments other than AT and/or with study groups
other than persons with spastic CP; and (4) conference
papers, dissertations, reviews, or meta-analysis.

The second step was to analyze the full texts of the
potentially relevant papers. Exclude the following:
(1) any articles without intervention; (2) articles
with incomplete AT information; (3) any article with
incomplete outcome data; (4) any articles that were

Page 3 of 16

not original, lacked full text, or were not in English or
Chinese; and (5) articles not available in full text. Each
paper was included based on the assessment of two
independent reviewers. In the case of disagreement,
consensus was reached by consulting a third reviewer.

Extracting the evidence

The following descriptive data were obtained from the
included articles: first author’s name, purpose of research,
sample size, age of subjects and type of CP, parameters of
the AT intervention treatment, measurement tools and
results of outcome indicators, water temperature, and
study design. Supplemental Materials Table 2 shows the
quality assessment of the included studies.
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Fig. 1 Flow diagram of identified publications



Xiang et al. European Journal of Medical Research (2024) 29:569

Results

We rigorously searched the ten abovementioned
databases according to the inclusion and exclusion
criteria and initially obtained 1864 publications. The
flowchart of the study screening is shown in Fig. 1. After
eliminating duplicates using EndNote 21 software, 1648
articles remained. By reading the titles and abstracts
of the articles, articles that did not meet the inclusion
criteria were excluded, leaving 678 articles. By reading
the complete text, we further excluded 660 articles,
including reviews, meta-analyses (n=606), irrelevant
interventions (n=16), irrelevant endpoints (n=19),
unavailable full text (=13), and incomplete data (n=6).
18 articles ultimately met our study requirements. Of the
18 studies, 12 (67%) were published after 2015. Details on
patient attendance and adverse events for each study are
shown in Supplemental Materials Table 3.

In terms of research types, 12 were clinical RCTs,
2 [28, 29] were case studies, 1 [30] was a research
paper, 1 [31] was research reports, 1 [19] was a
prospective study, and the other [32] was a single-
masked randomized age-stratified crossover study. The
results of the analyzed studies were classified into three
categories (Supplementary Material Table 4): Functional
performance mainly included physical mobility, balance,
and walking; physiological domains mainly included
cardiorespiratory capacity, body composition, and
muscular strength; and psychosocial domains included
quality of life, mood, and anxiety. Regarding the types
of CP studied, 17 studies dealt only with spastic CP,
whereas in one study [33], manual and mixed CP were
also involved. Among the 18 studies, 464 children with
spastic CP participated in AT, including 47% (218) males
and 39% (179) females. Four studies did not report
the gender of the participants. Although the inclusion
criteria were spastic CP, they were explicitly divided into
various studies. There were 1 case of spastic monoplegia,
80 cases of hemiplegia, 165 cases of diplegia, 1 case of
triplegia, and 43 cases of quadriplegia. It can be seen that
patients with spastic diplegia are more involved in AT.
In addition, 5 studies did not report the classification of
specific spastic CP. Seventeen studies graded patients
participating in the AT site on the Gross Motor Function
Classification System (GMFCS).

The average duration of AT was 12 weeks (M =11.75,
SD=3.09), and two studies did not clarify the duration
of AT. These interventions ranged from 6 to 20 weeks,
and a single AT treatment duration ranged from 20
to 60 min. Most of the studies used aerobic exercise in
the form of warm-up exercise, AT aerobic exercise,
and relaxation exercise and combined with other
conventional rehabilitation treatment methods. Only
two studies [32, 34] have reported the implementation
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of specific AT methods (Halliwick, Watsu) in the
intervention program for children with spastic CP, and
two studies have intervention measures for AT combined
with sensory integration training [33] and Bobath
therapy [35]. Twelve of the 18 studies described the water
temperature, ranging from 27.7 ‘C to 40 ‘C. Most of the
studies were higher than 30 ‘C, and only one reached
40 °C. Three studies indicated that the heart rate index
was used to measure the intensity of AT. Two studies
used the heart rate reserve or Karvonen formula [36]
to calculate the target heart rate. Another study used
the percentage of heart rate reserve, and the maximum
heart rate was calculated using 220-age. In most studies
(n=11), the frequency of AT was 2-3 times/week. In
4 studies, the frequency of AT was 5 times/week, and
only 3 had a frequency of up to once a day. The results
of the analysis are most common in the following three
categories: functional performance, physiological field,
and psychological field. The following will summarize
and analyze the three types of research results. A detailed
summary is shown in Table 1.

Functional performance

Evaluation metrics in the domain of functional
performance have typically focused on the Gross Motor
Function Measure (GMFM) scale, with studies using
the GMFM-66 (n=9) and GMFM-88 (n=6). Significant
differences in GMFM scores were reported in all 12
studies, which reported significant differences in GMFM
scores after AT compared to before the intervention.
Akinola et al. [37] reported that important differences
in the dimensions of GMFM between the experimental
and control groups were observed only after the tenth
week of intervention. Another study found no significant
difference in GMFM comparison between the two
groups [38]. Further studies have found that GMFCS
levels correlate highly with GMFM parts D and E [31].
For patients with GMFCS III-IV, group aquatic training
significantly improved GMFM Part E scores. However,
there was no change in GMFM D scores for these
patients.

Other evaluation metrics focused on walking ability
and walking energy efficiency. The 6-Minute Walk Test
and Timed Up and GO Test are commonly used for
walking function. Abdelaal et al. [39] showed that AT
based on Halliwick’s concept was more effective than
regular exercise in improving the ability of children with
spastic CP aged 3-5 years to perform multiple activities,
such as sitting, standing, walking, running, and jumping.
A case study [29] observed that after 12 weeks of AT,
there was a significantly increased walking endurance,
speed, and distance in the 6 Mins Walk Test. However,
these improvements waned during the 32 week
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follow-up period and eventually returned to baseline
levels. Another study [31] examined improved walking
endurance maintained over the 1 month follow-up
period. Improvement in the Timed Up and GO Test did
not show a clear advantage of the AT compared to land-
based exercise [38]. Retarekar et al. [29] proposed the
Modified Energy Expenditure Index, which considers
only two factors: waist-to-hip ratio and walking speed. It
was found that the Modified Energy Expenditure Index
decreased, and walking efficiency improved after AT. The
secondary indicators of other studies mainly focused on
the shuttle run test, the Brockport manual test, and the
Fugl-Meyer assessment scale. In one study, there was no
significant difference between the Brockport Manual of
Lateral Steps and Curls before and after the intervention
at each timepoint [40].

Physiological domain

Seven studies examined muscle tone and thickness
improvements when analyzing muscle characteristics.
By Modified Ashworth Scale (MAS) measurement, MAS
scores of quadriceps femoris [42, 45], gastrocnemius
[38], and adductor femoris [33] in children with
spastic CP were improved or did not improve [19].
Three studies evaluated muscle thickness after AT and
showed improvements in gastrocnemius compressibility
ratio [38] and quadriceps thickness [42, 45] after AT
treatment. One study concluded that muscle thickness,
pinch angle, and fascicle length of the spastic
gastrocnemius obtained by ultrasonographic assessment
did not correlate with spastic gastrocnemius MAS scores
and that the ultrasonographic compressibility ratio may
be more sensitive for identifying minor improvements
in spastic gastrocnemius spasticity in patients with CP
compared with the classic MAS assessment of spastic
gastrocnemius [38]. Therefore, muscle compressibility
ratio as a new ultrasonographic parameter could be used
to assess muscle elasticity in patients with CP.

Three studies [28, 44, 45] evaluated the range of motion
(ROM), and the ROM of children with spastic type was
improved after AT intervention. There was only one
study whose primary outcome indicator was ventilatory
function [39]. After the intervention, there was a
significant difference in forced vital capacity and forced
expiratory volume in 1 s in the experimental group. The
study also found an improvement in swimming skills. The
AT program can effectively enhance the activity range,
circulation, and lung function of patients with CP [19].

Psychosocial domain

Outcome assessments in the psychosocial domain
focused primarily on activities of daily living, quality
of life (QOL), and anxiety and depression, such as
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the Pediatric Quality-of-Life Inventory—CP, the Wee
Functional Independence Measure, the Canadian
Occupational Performance Measure, and so on. Through
the Pediatric Quality-of-Life Inventory—CP assessment,
most of the items in the children’s self-report and parent
agency report were significantly improved after AT
intervention [38], and the other study [19] only evaluated
and compared the parent agency report part and
found no significant difference. As assessed by the Wee
Functional Independence Measure, a study showed that
both water and land training improved activities of daily
living in children with spastic CP. In another study, the
independence of hydrotherapy combined with sensory
integration training intervention was improved. Through
the Canadian Occupational Performance Measure
assessment, Retarekar et al. [29] found that parents
believed that their children’s ability to act in family and
community environments was significantly improved,
and the improvement was maintained 13 weeks after the
end of the intervention.

Discussion

The purpose of this scoping review was to summarize
and analyze the existing interventions and functional
improvements in patients with spastic CP treated with
AT. 18 papers were ultimately screened to provide
a detailed summary of subject characteristics, study
intervention parameters, and measures of outcome
indicators. The World Health Organization considers
limb motor function as the main rehabilitation goal for
children with CP [46]. At present, most of the studies on
AT in patients with spastic CP are RCTs (72%), but most
of the studies have the problems of short intervention
time and small sample size, resulting in low-quality
research. Therefore, future studies should design larger-
scale and appropriate trials to determine the best AT
treatment regimen.

AT has a positive impact on the functional
performance, physiological domain, and psychological
domain of children with spastic CP. There are differences
in the timepoint of improvement in GMFM scores or
no improvement, which might be associated with the
duration of intervention. AT plays an active role in
enhancing the gross motor function of children with
CP. The research discovers that especially for children
with GMECS level II and spastic diplegia, this could
be because patients with mild functional impairments
have more chances to engage in aquatic sports, thereby
achieving better improvement in motor function [19].
The overall responsiveness of the GMFM-66 was better
than that of the GMFM-88 in terms of correlation
with therapist judgment, with scores>1.6 indicating
clinically meaningful improvement [47]. Ballington
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et al. [16] discovered that the Halliwick therapy resulted
in a clinically meaningful improvement of 4.25 points
in mean GMFM-66 scores for gross motor function in
children with CP, consistent with the conclusions reached
in this scoping review. One aspect of the functional
improvement may be due to the Halliwick therapy’s focus
on trunk rotation and core stability [48], which is more
conducive to improvements in gross motor function.
On the other hand, it may be due to the thermal effect
of water, hydrostatic pressure, and viscosity. Warm water
raises the body’s core temperature, which relaxes muscles
and relieves spasms. Hydrostatic pressure redistributes
body fluids, increasing central blood volume, which
reduces peripheral vascular resistance and promotes
systemic circulation. Viscosity leads to resistance,
providing resistance equal to the child’s strength,
facilitating improved muscle strength, and balancing
body posture.

The improvement of walking ability is manifested in
endurance, speed, distance, and efficiency. Thabet et al.
[49] found that children with spastic hemiplegia showed
improvements in gait parameters such as average walking
speed, stride length (on the healthy and the affected
side), and stride duration after both water exercise
and treadmill training. Another study also proved
improvements in walking speed and metabolic cost in
children with CP after AT [50]. Children with spastic
CP showed a significant reduction in walking speed,
gait cycle time, and percentage of standing phase while
walking in water but no change in gait rhythm [51]. This
may explain the improvement in walking ability after AT.
Buoyancy provides weight support, increases dynamic
balance, and permits longer single-leg support. The
increased ability to single-support the phase increases
stride duration and enhances stability in children with CP.
Improvements in walking efficiency are due to enhanced
cardiorespiratory fitness after AT. Study has shown that
water immersion also induces physiological responses
in the heart and respiratory system, including increased
cardiac output and improved cardiorespiratory function
[15]. Possible benefits of adaptive AT include improved
cardiorespiratory endurance, strength, coordination, and
swimming skills [52]. This scoping review observed that
AT intervention significantly improved cardiopulmonary
ventilation in patients with spastic CP. Improvements in
lung function were due to improved respiratory muscle
strength and increased thoracic ROM after AT [53]. It
is worth noting that improvements in ROM have been
found in studies combining land-based and aquatic
exercise. Therefore, follow-up studies are necessary to
compare the effects of land-based and aquatic exercises
further and determine which method is responsible for
the improvements in ROM.
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This study found improvements in activities of
daily living and QOL in children with spasmodic CP
during both water and land exercise. GMFCS grade
was negatively correlated with total QOL [54]. Social
participation level, physical activity performance, and
walking ability were positively associated with QOL [55].
It was found that intervening in childhood with CP to
reduce psychological difficulties and stress, especially
pain, may then have long-term effects on QOL [56]. This
study found that AT can benefit motor performance,
walking ability, and cardiorespiratory endurance,
which carried over to other aspects of the child’s life,
such as quality of survival. One possible reason for the
improvement in activities of daily living and QOL is the
ideal water environment. The water provides support,
reduces joint load, and improves limb control. Water
exercise is more fun for children, increases confidence,
reduces resistance to complex tasks [28], and increases
training motivation [29].

Limitations

To include as wide a range of literature as possible, two
authors have minimized selection bias using detailed
search terms and search formulas and independent
screening.

Conclusion

The AT can improve physical function, physiological
function, and psychosocial aspects of patients with
spastic CP. In particular, lower limb muscle strength,
lower limb joint mobility, and lower limb muscle tone
were improved to varying degrees, and enhanced lower
limb function led to improved walking ability, further
improving activities of daily living and independence.
Although the included studies analyzed many aspects of
improvement, little consideration was given to aspects
of fine motor ability and cardiorespiratory endurance.
This scoping review’s summary of the existing literature
can be used as a starting point for future research on
AT interventions for patients with spastic CP and to
standardize the parameters to design the most efficient
exercise regimen.
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