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Abstract: Globally, around 1 in 10 children aged 0-17 years have moderate-to-severe disabilities. The
aquatic environment provides hydrostatic and hydrodynamic characteristics that make exercise and
therapy feasible for children and adolescents with disabilities. The objective of this scoping review is
to understand the extent and type of evidence in relation to the use of aquatic therapy in children and
adolescents with disabilities. The eligibility criteria were as follows: participants—children and/or
adolescents with disabilities aged from 6 to 18 years old; concept—aquatic therapy interventions;
context—any available setting. The databases searched included MEDLINE, CINAHL, EMBASE,
PsycINFO, AMED, Eric, Scopus, Web of Science, Epistemonikos, and one register, Cochrane Central
Register of Controlled Trials. In total, 52 reports met the inclusion criteria. Most of the studies
included children/adolescents with autism spectrum disorder (ASD; 46.7%)—442 participants in
21 studies in total. The majority of interventions were based on aquatic exercise (35%). Most often,
interventions were conducted for 8 weeks, with 2 sessions a week lasting 60 min. The most common
type of intervention for children and adolescents with ASD and Down syndrome was swimming.
Participants with attention deficit hyperactivity disorder, neuromuscular disorders, and cerebral
palsy were more often treated with aquatic exercises. This scoping review could guide practitioners,
clinicians, and researchers on what type, setting, and content of aquatic therapy interventions,
including exercise types, intervention duration, number of sessions, frequency, facility, and provider,
are used with children and adolescents with disabilities.

Keywords: child; teenagers; pediatric; aquatic physical therapy; water-based

1. Introduction

Globally, the United Nations Children’s Fund (UNICEF) estimates that nearly 240 million
children aged 0-17 years have moderate-to-severe disabilities, which accounts for 1 in 10 of
all children worldwide [1]. According to the World Health Organization (WHO), disability
has three dimensions [2]: impairment in a person’s body structure or function, or mental
functioning (loss of a limb, loss of vision or memory loss); activity limitation (difficulty
seeing, hearing, walking, or problem solving) and participation restrictions in normal daily
activities (learning, playing, engaging in social and recreational activities). According to
the Convention on the Rights of Persons with Disabilities (CRPD), children with disabilities
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“include those who have long-term physical, mental, intellectual or sensory impairments
which in interaction with various barriers may hinder their full and effective participation
in society on an equal basis” [3].

Ensuring access to high-quality services in pediatric physiotherapy is important to
respond to the diverse needs of children [4]. The aim of pediatric physiotherapy is to mini-
mize the impact of impairments on the child and to enhance the overall quality of life for the
child and the family [5]. The Academy of Pediatric Physical Therapy advocates that pedi-
atric therapy should assist each child in achieving their maximum potential for independent
function and to advance partnership in home, school, and society surroundings [6].

Aquatic exercise is recommended for healthy individuals as well as people with
various health problems [7]. Water, as opposed to land, is sometimes the only place
where movement can be performed by people with severe disability [3]. The hydrostatic
and hydrodynamic characteristics of the water make exercise feasible for children with
disabilities [9]. Movement in the water, for those who are in pain or have problems with
physical functioning, is possible thanks to buoyancy which gives support and unloads
the joints.

Aquatic therapy is defined by Medical Subject Headings as “physical therapy admin-
istered while the body is immersed in an aquatic environment”. Based on research, aquatic
therapy has been proven to have a positive impact on the blood fat levels, health-related
physical fitness, and immune functions of children with disabilities [10]. Aquatic therapy
reduces muscle tension, increases the ability of soft tissues to stretch [11], and has a positive
effect on gross motor skills in children with cerebral palsy (CP) [12]. Research indicates
that aquatic therapy sessions lead to children feeling happy, relaxed, and calm, and enable
them to participate in other activities in school [13]. The hydrostatic pressure provided by
water improves the efficiency of the cardiorespiratory system in children with respiratory
problems [14]. In children with autism spectrum disorder (ASD), significant improvements
in physical competencies and functioning in school have been observed [15]. Aquatic
therapy has been found to have a positive effect on respiratory function, postural control,
and overall functioning in children with Duchenne dystrophy [16]. For children with dis-
abilities, the social part of group aquatic therapy with their peers without disabilities is also
very important. Research showed that an aquatic after-school program led to improved
acceptance and overall quality of life [17].

A preliminary search of PROSPERO, MEDLINE, the Cochrane Database of Systematic
Reviews, and JBI Evidence Synthesis was conducted. No current or ongoing systematic
or scoping reviews have been identified to date that have mapped the evidence related to
aquatic therapy for children and adolescents with disability. Previous systematic reviews
have focused on analyzing the effects of aquatic intervention on gross motor skills [12]
and aquatic intervention based on the Halliwick concept of psychomotor development,
gross motor function, and aquatic skills in children with CP [18]. In children with ASD,
the literature was systematically reviewed in terms of the use of aquatic therapy as a
treatment of social and behavioral aspects [19]. The effectiveness of aquatic therapy on
motor and social skills as well as executive function was also assessed in children with
neurodevelopmental disorders [20]. One review quantified and summarized the various
aquatic interventions in children with disabilities, but was conducted over 10 years ago [21].
None of the recent reviews, to our knowledge, have comprehensively or specifically looked
at the use of aquatic therapy in children and adolescents with all types of disability.

The objective of this scoping review is to assess the extent of the literature in the field
of aquatic therapy for children and adolescents with disabilities.

Review questions

1.  What conditions and/or disabilities may be treated and managed with aquatic therapy
in children and adolescents?

2. What is the content of aquatic therapy interventions reported including exercise types,
intervention duration, number of sessions, and frequency?
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3. What benefits and risks are reported for aquatic therapy in children and adolescents
with disabilities?

4. What are the types and settings of aquatic therapy interventions for specific conditions
and/or disabilities in children and adolescents?

2. Materials and Methods

The proposed scoping review was conducted in accordance with the JBI methodol-
ogy for scoping reviews [22]. The review protocol has been registered in Open Science
Framework (DOI 10.17605/OSEIO/927UP).

2.1. Eligibility Criteria
The Participant, Concept, Context (PCC) approach for developing eligibility criteria
was adopted.

2.1.1. Participants

This review included evidence sources where participants were children or adolescents
aged from 6 to 18 years old and living with disabilities. Age and disability were considered
as eligibility criteria. We included all articles where the mean age of the participants
was between 6 and 18 years old. Articles describing children and adolescents with and
without disabilities were only included when data were reported separately for these
groups. To explore the variety of individuals with disability who may participate in aquatic
intervention, the United Nations Convention on the Rights of Persons with Disabilities [3]
definition of people with disability was adopted. Children and adolescents with congenital
and acquired disability were included.

Evidence sources with participants who are young children (from 0 to 5 years old), or
children or adolescents without disabilities were excluded.

2.1.2. Concept

This review aimed to identify the available literature on aquatic therapy interventions.
Examples of aquatic therapy interventions included Halliwick [18], therapeutic exercises
(e.g., strength, flexibility), breathing exercises, activities of daily living training, swimming
and relaxation. The intervention could be group-based or individual. This review also
aimed to understand aquatic therapy intervention delivery methods for children and
adolescents (e.g., types and settings of interventions, benefits and risks, and suitability
for specific conditions and/or disabilities). Studies were excluded if they only mentioned
aquatic therapy but did not describe specific interventions. Passive use of aquatic settings
such as immersion, balneotherapy, and swimming with dolphins were excluded.

2.1.3. Context

The context included any setting such as primary care, secondary care, or commu-
nity locations. No limitations on the country where the intervention was conducted
were adopted.

2.1.4. Types of Sources

This scoping review considered all study designs including experimental, exploratory,
and descriptive study designs. In this review, we focused on primary research articles.
Non-original works (i.e., reviews, guideline documents, editorials, viewpoints, letters to
the editor, abstracts) were excluded.

2.2. Search Strategy

The search strategy aimed to locate all published studies describing aquatic therapy
for children and adolescents with disabilities. The text words contained in the titles and
abstracts of relevant articles and the index terms used to describe the articles were used
to develop a full search strategy, in consultation with an academic librarian (see Supple-
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mentary Materials for an example of the full search strategy for MEDLINE). The search
strategy, including all identified keywords and index terms, was adapted for each included
database, and the search was performed by the academic librarian on the 16 February 2024.
The databases searched included MEDLINE (Ovid), CINAHL (EBSCOHost), EMBASE
(Ovid), PsycINFO (Ovid), AMED (Ovid), Eric, Scopus, Web of Science, Epistemonikos, and
one register, the Cochrane Central Register of Controlled Trials (Ovid). The reference lists
of all included sources of evidence were screened for additional studies to be considered
for inclusion. Additional articles were manually found via the personal collections of the
authors. We focused on published literature.

Studies published in any language that the review team could access a translation
through deepl.com translation software (https://www.deepl.com/pl/translator, accessed
on 15 August 2024) were included. Studies published since 2012 were included as there
was a systematic review on a similar topic published in 2013 [21], in which the search was
limited to 2012. This enabled the authors to focus on the most recent evidence since the
publication of the previous review.

2.3. Study/Source of Evidence Selection

Following the search, all identified citations were collated and uploaded into EndNote
20 (Clarivate Analytics, Philadelphia, PA, USA) and duplicates removed. Following de-
duplication, citations were uploaded to Covidence (Veritas Health Innovation, Melbourne,
Australia) to facilitate screening and data extraction. Titles and abstracts were screened
independently by two reviewers for assessment against the inclusion criteria. Any disagree-
ment at this point was solved by consulting a third reviewer. Potentially relevant records
were retrieved in full and their citation details imported into Covidence. The full text of
selected articles was assessed in detail against the inclusion and exclusion criteria by two
independent reviewers. Reasons for the exclusion of sources at full-text screening were
recorded and reported in the scoping review. Any disagreements that arose between the
reviewers at the full-text screening stage were resolved through discussion and consultation
with a third reviewer. The results of the search and the reasons for excluding studies are
reported in full and presented in a Preferred Reporting Items for Systematic Reviews and
Meta-analyses extension for scoping review (PRISMA-ScR) flow diagram [23].

2.4. Data Extraction

Data were extracted from records included in the scoping review by two independent
reviewers using Covidence (Veritas Health Innovation, Melbourne, Australia). Specific
details about the participants, concept, context, and benefits/risks relevant to the review
questions were extracted. The data extraction tool was piloted by two reviewers on two
randomly selected studies. Any disagreements that arose between reviewers were resolved
through discussion and consulting an additional reviewer.

2.5. Data Analysis

A descriptive analysis of data was conducted following the conceptual categories
related to the review questions. The Template for Intervention Description and Replication
(TIDieR) checklist was used to map the aquatic therapy interventions regarding how, where,
and to whom aquatic therapy was provided [24]. A qualitative content analysis approach
was adopted to analyze benefits and risks [25]. An inductive approach was used to identify
categories related to benefits as well as risks and precautions when treating children and
adolescents in aquatic settings. The benefits were grouped into the following domains:
functional performance, physiological domain, psychosocial domain, and aquatic skills [26].
Review data are presented in tables, figures, and narrative summaries of findings relevant
to the review aim and questions.
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Identification of new studies via databases and registers

3. Results

The database search revealed 1872 records, and another 8 were found through other
sources (Figure 1). After excluding duplicates using Covidence (Veritas Health Innovation,
Melbourne, Australia) and manually, 1136 records were screened based on the title and
abstract. Full-text versions of 222 reports were assessed for eligibility. The main reasons for
the exclusion of a report at full-text review included wrong study design (n = 130), wrong
population (n = 21), and wrong intervention (n = 7). Finally, 52 reports met the inclusion
criteria. Each report represented separate studies; therefore, we used the term report and
study interchangeably.

Identification of new studies via other methods

Records identified from:
Databases (n = 1 740)
MEDLINE (n = 214)
c E:'EIAI‘JS;O(?:F;GS ; Records removed before screening:
2 CNAML (0 = 252) Duplicate records (n = 736) Records identitied from:
8 > Records marked as ineligble by automation Websites (n = 3)
= Epistemonikos (n = 58) :
t ERIC (n = 23) 1008 (n = 710) Citation searching (n = 5)
2 Scopus (n = 213) Records removed for other reasons (n = 26)
Web of Science (n = 300)
AMED (n = 21)
Registers (n = 132)
Records screened Records excluded
(n=1136) (n=922)
l \J
Reports sought for retrieval Reports not retrieved Reports sought for retrieval Reports not retrieved
(n=214) (n=0) (n=8) (n=0)
2
3 Reports excluded:
Abstracts or ineligble source (n = 85)
Ineligible study design (n = 45) - Reports excluded:
| Reports ‘“ff‘_’g‘l’d';” eligibiliy l—— Ineligble popuiation (n = 21) Reports “‘:’rﬁ"s")'“ eligiblity — Ineligible study design (n = 5)
Ineligble intervention (n = 7) Ineligible infervention (n = 2)
Unable to translate (n = 3)
Ineligible date (n = 2)
g Reports of new included studes L
3 (n =52) |~
s

Figure 1. PRISMA flow chart [27].

Most of the studies (69%) were published after 2020 (n = 36) and 33% (n = 17) were
conducted in Europe (Figure 2). In total, 25% of studies (n = 12) were conducted in Asia
and all studies from North America (19%) originated in the US (n = 10). Two articles did
not provide information on where the research was conducted [28,29].

In the majority of the included studies (88%), an experimental research design was
applied. In twenty-one studies, a randomized control trial design was used [28,30-49], thir-
teen studies used a single-subject design [29,50-61], ten studies adopted a non-randomized
experimental design [11,15,62-69], and two reports were feasibility studies [70,71]. The
remaining studies included descriptive research, four case studies [13,72-74], and two
qualitative studies [75,76].
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Figure 2. Map with the number of studies published in different countries.

3.1. Characteristics of Conditions and/or Disabilities Treated and Managed with Aquatic Therapy

Most of the studies included children/adolescents with ASD (46.7%), representing
442 participants and 21 studies in total (Figure 3). There were 15 studies with 230 partici-
pants with CP. The rest of the studies included participants with attention deficit hyperactiv-
ity disorder (ADHD) (four studies, 127 participants), Down syndrome (DS) (three studies,
97 participants) and neuromuscular disorders (NMD) (three studies, 51 participants). Other
studies included children/adolescents with juvenile idiopathic arthritis, mental health
disorders, obesity, neurodevelopmental disorders, scoliosis, and intellectual disability.

CP

e ASD

Number of publications

ADHD

‘ e DS
. o NMD

2012 2014 2016 2018 2020 2022 2024

Figure 3. Number of publications, number of participants, and types of disabilities published since
2012. Note: The size of the bubbles represents the number of participants; ASD—autism spectrum
disorder; ADHD—attention deficit hyperactivity disorder; CP—cerebral palsy; DS—down syndrome;
NMD-—neuromuscular disorder.
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3.2. Content of Aquatic Therapy

The included papers’ analyses revealed varied water intervention types and very di-
verse styles of intervention protocol descriptions (Figure 4). In 40% (n = 21) of the analyzed
interventions, the content was presented without a timeline of the session (therapeutic unit).
Overall, the content of the aquatic therapy interventions reported in the included studies
was grouped into five types, which were not mutually exclusive and combined different
types of physical activities (e.g., water walking and water breathing exercises). The first
type (35%, n = 18) was interventions based on aquatic exercise including water walking and
exercises (n = 5) [28,51,59,66,69], aerobic exercise in water (n = 5) [30,37,44,52,64], exercise
in water with aquatic games (n = 5) [58,63,67,76,77], trunk exercises (n = 2) [35,73], and
plyometric exercises (n = 1) [38]. The second type of intervention (31%) was based mainly
on swimming [29,32,36,45,47,48,50,54,57,62,65,68,70,71,74,75]. The third type of interven-
tion (17%) referred to the Halliwick concept [11,15,34,39,42,43,56,60,61]. The fifth type
was ‘mixed’ (12%), combining aquatic exercises with swimming [31,40] or the Halliwick
concept [33,53,72], and swimming with the Halliwick concept [49]. Three other studies
included specific techniques and methods such as Watsu, Bad Ragaz, and Halliwick [46,55]
and craniosacral therapy [13].

The most frequent type of water intervention was group classes (59.6%), and one-
on-one therapy was chosen by 28.9% of researchers. Two studies [55,70] did not spec-
ify the delivery setting. Interventions in water lasted from 1 to 40 weeks, although the
most common duration was 8 weeks (25%) [34,35,39,43,47,50,51,64,70-73,76]. Interven-
tions were conducted from one to five times a week, with most often being twice a week
(50%) [11,13,15,31-37,42,43,47,51,52,55,58,63,64,66,69,70,72,74,77]. The duration of a single
intervention ranged from 30 to 90 min, with the most frequent being 60 min
(38%) [11,15,28,30-33,42,49,50,52,58-62,65,73,76]. The exercise volume of the intervention
ranged from 30 to 300 min/week, with the most frequent being 60 min/week.

The training intensity of the intervention was mentioned in 13 studies (25%). Five
studies defined the intensity based on percentage of heart rate [28,37,40,52,59]. Four
studies mentioned the intensity to be “moderate” [49,64,67,72] and one “moderate-to-
vigorous” [63]. Another three studies described the intensity as “high” (best effort) [38],
one study stated that it was individually set [69], and one that it varied between the
participants [48].

The water temperature was described in 22 out of 52 studies. A temperature below
30 °C was set in ten studies [31,32,36,40,44,49,60,66,68,69]. Nine studies reported a temper-
ature between 30 °C and 33 °C [30,35,37,38,52,56,59,72,76]. Three studies reported using
water with a temperature in the range of 33-36 °C [11,51,77]. The specific submersion level
was provided in four studies [38,51,52,72]. Nine studies provided the depth of the pool in
which the intervention was carried out [44,45,49,56,59,66,68,69,76].
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Figure 4. Characteristics of the aquatic interventions. ASD—autism spectrum disorder; ADHD—attention
deficit hyperactivity disorder; CP—cerebral palsy; DS—down syndrome; NMD—neuromuscular
disorder; NR—not reported. [11,13,15,28-77].
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3.3. Benefits and Risks of Aquatic Therapy

Most studies (n = 22) reported benefits in the functional performance domain in the
subdomain motor performance (n = 16) (Table 1). Benefits in the psychosocial domain
were reported in 18 studies, with the most common improvement being seen in behavior
(n =7). Physiological benefits were reported in 11 articles, showing improvements mostly in
pulmonary function, sleep, and body composition. Benefits in aquatic skills were reported
in six studies. Two studies did not report benefits for the participants as they were focused
on the feasibility of the interventions [37,77]. One study reported benefits that were not
consistent between the participants [29].

Table 1. Domains of reported benefits.

Domain Benefits
Motor performance [11,30,34,35,39,43,45,47,49,51,52,55,59-61,72]
Functional Functional performance [38,53,66]
performance Balance [33,38,69]
Strength [73]
Physiological Body composition [28,42,45,48,70]

Sleep [32,58,71]

domain Pulmonary function [28,53,62,68]
Behavior [31,40,54,64,70,74,76]
Social skills [15,43,63,65]
. Cognitive function [13,40,67]
Ps}éf)};gz?glal Mental health [44,47]
Academic [40]
Enjoyment [11,13,56]
Health-related quality of life [30,46]
. Core aquatic skills [56,60,61,75]
Aquatic Swimmine skills [36.57
Skills wimming skills [36,57]

Water safety [50]

Only nine studies reported risks associated with aquatic interventions. Most of them
were minor adverse events like muscular pain or muscle tension [59], blisters [52], fa-
tigue [77], stubbed toes, stomach pain [37], or bruising [44]. Four studies reported no
adverse effects during the study [13,15,48,53].

3.4. Types of Aquatic Therapy Interventions for Specific Conditions and/or Disabilities

The analyzed aquatic therapy interventions reported in the studies were delivered
by a wide variety of specialists (Figure 5). Most interventions (29%) were delivered by
water instructors including certified swimming trainers/coaches who had previous ex-
perience in training children with special needs [31-33,42,43,49,57], or swimming instruc-
tors [54,60,64,66,70,75], swimming trainers/coaches without additional experience [48],
and a specialist in hydro rehabilitation [59]. In 11 studies (21%), the interventions were
provided by physiotherapists with experience in pediatrics [13,35,38,46,72,77] and/or
aquatic therapy [11,15,30,52,53]. Ten interventions were delivered by teams composed
of at least two people from the following groups: researchers, physiotherapists, exercise
specialists, certified adapted physical activity experts, recreational therapists, occupational
therapists, certified multi-systemic aquatic therapy (CI-MAT) experts, swimming instruc-
tors, swimming trainers, experienced lifeguards, exercise physiologists, students, trained
volunteers, and/or parents/guardians. Five studies did not report who delivered the
intervention [28,47,58,62,74].
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Figure 5. Specialists delivering aquatic interventions.

Eighteen studies (35%) reported that the intervention was conducted at a community
pool (including university swimming pools) [31,33,36,42—45,47,54,61-65,69,73,75,76]. The
outpatient clinic pool served as the intervention context for seven studies [15,38,49-51,55,77],
and a hospital for one study [37]. Furthermore, five studies did not provide enough details
on the specific setting [13,35,39,40,66]. Finally, 21 studies (40%) did not report the context
in which the water intervention occurred.

The most common type of intervention for children and adolescents with ASD and
DS was swimming (Figure 6). Participants with ADHD, NMD, and CP were more often
treated with aquatic exercises.

Swimming

Aquatic
Exercises

ASD

Halliwick

CP

Mixed

Figure 6. Type of disability and the type of intervention. Note: Thicker line represent more studies;
ASD—autism spectrum disorder; ADHD—attention deficit hyperactivity disorder; CP—cerebral
palsy; DS—down syndrome; NMD—neuromuscular disorder.
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4. Discussion

This scoping review sought to identify the extent of the literature in the field of aquatic
therapy for children and adolescents with disabilities. A recent acceleration in the research
in this area was observed as 69% of the studies were published after 2020. In addition, 21
(40%) of the analyzed studies were RCTs, which is different from the results obtained by
Karklina et al. [21], who found only 11 RCTs out of 45 analyzed studies in the previous
systematic review.

Analyzing the type of disability treated with aquatic therapy, we saw studies with
participants with ASD emerging in research in recent years (22 studies in total) compared
to the previous review [21] with 9 studies. This might also be due to the increasing trend
in the prevalence of ASD in children and adolescents [78]. The increase in diagnosis of
ASD in recent years is often explained by a broader definition of ASD, changes in diag-
nostic criteria and screening tools, shifts in research methods, and increased awareness of
ASD [78]. This increase in children and adolescents with ASD treated with aquatic therapy
is also confirmed by the systematic reviews which were published recently analyzing other
therapeutic interventions in this group [79,80]. The second most common type of disability
was CP, which is similar to previous results. The third group most visible in this review is
children and adolescents with ADHD, who were present in four studies in the last decade,
but not reported in the previous review by Karklina et al. [21]. This could be an effect of
the high international prevalence of ADHD in children and adolescents (8%), relatively
comparable across the globe, revealed in an umbrella review of meta-analyses by Ayano
etal. [81] and a consistent rise in recent years [82].

We observed a large variability in terms of the sample sizes, which did not depend
on the type of disability. The studies including children with CP ranged from 1 [72] to
56 participants [38]. The sample size for children/adolescents with ASD ranged from
3[29,61,74] to 86 [57], while for ADHD, it ranged from to 27 [63] to 40 [39,66]. This scoping
review revealed that recent scientific evidence on aquatic therapy for children/adolescents
with disabilities primarily focused on individuals with ASD and CP, which confirms the
trend noticed by Karklina et al. [21]. Although other conditions and disabilities were
present, those were only single studies, and the spectrum of condition types was limited
compared to Karklina et al.’s review from 2013 [21].

We faced the same problem as that stated in the previous review [21] with defining
the content of the aquatic interventions. The researchers also pointed out the problems
with parameters that are not clear [12]. No common guidelines and definitions for the
different interventions are available, and various intervention types were used within one
program. Most of the studies analyzed in this scoping review did not report the training
intensity of the intervention. One reason might be the difficulty of measuring the intensity
in the water, but the other might be that the interventions were focused on performing
specific exercises rather than the intensity. Interestingly, none of the interventions which
were based on swimming described the intensity. Water temperature was reported in
less than half of the studies despite it being crucial for rehabilitation use in children [83].
Interestingly, only three studies used water in the range of neutral temperatures for the body
(33.5-35.5 °C), which is most commonly used for aquatic therapy [9]. Aquatic professionals
should consider the type of disability, intensity, and duration of the exercise based on the
water temperature [21].

In the context of all the publications involved in this review, the most common inter-
vention duration was 8 weeks with twice-weekly periodization. There was one intervention
lasting as long as 44 weeks involving water exercises, which showed significant improve-
ment in praxis function in children with DS [66]. However, Munn et al. [57] reported
benefits after just a 5-day adapted swimming program. Considering the variability in the
interventions, there is a need to include follow-up measurements to test if the benefits are
maintained over time, after the end of the intervention.

The aquatic environment provides benefits that would not be available on land, in-
cluding positive effects on motor function, muscle strength, and increased physical perfor-
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mance. It is also a playful environment filled with possibilities for improving the sensory
system [34]. The type of intervention was chosen mainly based on the specific needs
of the study participants and the desire to provide them with adequate benefits. Other
systematic reviews reported similar benefits like improvements in mental health, balance
control, and independent movement in water [20]. The Halliwick concept used for children
with CP was shown to be effective in improving gross motor function, aquatic skills, and
social interaction skills [18]. Although only 9 out of 52 studies monitored risks/adverse
events, it seems that the potential benefits of aquatic therapy interventions for children
and adolescents may outweigh possible risks and minor adverse events. This could be
an effect of the trained and experienced intervention providers present in the majority of
the analyzed studies. The other reason might be that the aquatic setting provides a safe
environment thanks to the properties of water.

The TIDieR checklist was used to map the aquatic therapy interventions regarding
how, where, and to whom aquatic therapy was provided [24]. The accurate and detailed
reporting of research is critical if the research being described is to be trusted and useful.
Even though twenty-one studies incorporated a randomized controlled trial design, which
is considered to be the highest level of evidence, most of the studies were missing some of
the descriptors, which would allow the studies to be replicated and the recommendations
to be reliably implemented in the clinical setting.

In the majority of studies, the aquatic interventions were delivered in a group setting,
either by aquatic instructors or coaches. Participants exercising in groups were mainly
individuals with ASD and ADHD. Physiotherapists mainly worked individually (one-on-
one) during aquatic interventions with children and adolescents with CP. Interestingly,
types of aquatic interventions (swimming, aquatic exercises, Halliwick concept, mixed)
were not specific to a group of providers.

Regarding types of aquatic therapy interventions specific for particular conditions
and/or disabilities in children and adolescents, it appeared that all types of aquatic interven-
tions (swimming, aquatic exercises, Halliwick, and mixed) were provided for individuals
with CP and ASD with dominant participation in aquatic exercises and swimming, respec-
tively. For individuals with ADHD, the most common were aquatic exercises, followed
by swimming and mixed interventions. Children and adolescents with DS were usually
provided with swimming and aquatic exercises, while individuals with NMD participated
in aquatic exercises and mixed interventions. Such variety in the types of aquatic interven-
tions applicable for various conditions/disabilities seems to be promising for practitioners
and clients, who may choose and change them in the case of long-lasting treatment.

Limitations and Strengths

One of the limitations of this review relates to the scope of the search, which was
limited to peer-reviewed articles. Only articles published in English and Spanish were
included as there was no tool available which would translate, for example, Arabic or
Korean articles reliably. Most of the analyzed studies did not describe exercise intensity and
did not include follow-ups. While the scoping review achieved its objective of mapping
the evidence, there are specific areas that require further investigation to enhance clinical
applicability and understanding of the sustainable effects of aquatic therapy in children
and adolescents with disabilities.

The strengths of this review include the rigorous and transparent approach taken to
select relevant articles, and the reporting of the review, conducted in accordance with JBI
methodology for scoping reviews [22] and the PRISMA-ScR guidelines [23]. The strengths
also lie in the collaboration of a multidisciplinary team of reviewers, comprising clinicians
and researchers who have experience in aquatic therapy, academics with expertise in
methodology, and a librarian.
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5. Conclusions

This scoping review provides an updated, evidence-based summary of the literature
in the field of aquatic therapy for children and adolescents with disabilities.

The observed conditions and/or disabilities treated and managed with aquatic therapy
in children and adolescents analyzed in this review revealed a broad group of aquatic
therapy beneficiaries among children and adolescents with disabilities. However, emerging
interest in two groups of participants with ASD and ADHD was noticed in recent research,
which seems to be in accordance with the increased international prevalence of ASD and
ADHD in children and adolescents.

The outcomes of this review confirmed a wide range of benefits of aquatic therapy
for children and adolescents with disabilities mainly in the functional performance and
psychosocial domains, with a focus on motor performance enhancement.

This scoping review also identified various gaps in the evidence of aquatic therapy
interventions. It is recommended that future studies on aquatic therapy programs include
more detail on intervention content and explicitly address the risks.

This scoping review could guide practitioners, clinicians, and researchers on what type,
setting, and content of aquatic therapy interventions, including exercise types, intervention
duration, number of sessions, frequency, facility, and provider are used with children
and adolescents with disabilities. Such overviews may help them to develop aquatic
intervention programs for particular groups of individuals with special needs.
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Table S1: Full Search Strategy for MEDLINE.

MEDLINE, n=214

Interface: Ovid

Search Screen: Advanced Search

Search modes: Boolean/Phrase

Database: Ovid MEDLINE(R) ALL <1946 to February 15, 2024>

# Query Results
February

16, 2024

1 Hydrotherapy/ 2,642
2 Aquatic therapy/ 29
3 adapted aquatic*.mp. 8
4 (aqua-plyometric* or AquaPlyo).mp. 4
5 Halliwick.mp. 23
6 Watsu.mp. 13
7 Ai chi.mp. 33
8 Bad Ragaz Ring.mp. 6
9 (water shiatsu or watershiatsu).mp. 5
10 | (water adj exercise*).mp. 227
11 | (water-based adj3 exercise*).mp. 214
12 | (aquatic* adj3 exercise*).mp. 673
13 | (aquatic* adj3 intervent*).mp. 131
14 | (aquatic* adj3 therap*).mp. 325
15 | (aquatic* adj3 physical therap*).mp. 36
16 | (aquatic* adj3 physiotherap*).mp. 38
17 | (aquatic* adj3 rehab*).mp. 83
18 | (swim* adj3 therap*).mp. 83
19 | (swim* adj3 rehab*).mp. 38
20 swimming.mp. 43,598
21 | or/1-20 [aquatic therapy concept] 47,048




22 disab*.mp. 418,766
23 | exp neurodevelopmental disorders/ 213,599
24 adhd.mp. 33,358
25 | Adrenoleukodystroph*.mp. 2,701
26 Angelman syndrome.mp. 2,030
27 Asperger*.mp. 2,943
28 | attention deficit.mp. 50,230
29 (autism or autistic).mp. 73,332
30 | blind.mp. 305,326
31 | (cerebellar adj ataxia*).mp. 9,763
32 | cerebral palsy.mp. 32,892
33 | Coffin-Lowry syndrome.mp. 250
34 | Cri-du-Chat.mp. 834
35 | De Lange Syndrome.mp. 1,194
36 Dyskinesias.mp. 6,497
37 deaf*.mp. 54,461
38 | developmental disorder*.mp. 11,115
39 | down* syndrome.mp. 33,900
40 | (ehlers adj danlos).mp. 5,099
41 fetal alcohol.mp. 6,629
42 fragile x.mp. 9,325
43 (guillain adj barre*).mp. 12,977
44 | hearing loss*.mp. 82,001
45 | Hydrocephalus.mp. 38,649
46 | Lesch-Nyhan Syndrome.mp. 1,442
47 | Lissencephalies.mp. 240
48 | (Menkes adj3 syndrome).mp. 1,104
49 | (mental* adj retard*).mp. 38,144




50 | Motor skills disorder*.mp. 3,320
51 Movement Disorder*.mp. 36,280
52 | (Mucopolysaccharidosis or san Filippo syndrome or sanfilippo 7,225
syndrome).mp.
53 | muscular dystroph*.mp. 34,965
54 | neurodevelopmental disorder*.mp. 20,483
55 | parapleg*.mp. 24,309
56 prader-willi.mp. 4,610
57 | rett syndrome.mp. 4,321
58 | Rubinstein-Taybi.mp. 839
59 | spina bifida.mp. 9,910
60 | spinal cord injur*.mp. 60,715
61 Tourette*. mp. 6,794
62 | (Trisomy adj3 syndrome).mp. 3,115
63 | WAGR Syndrome.mp. 221
64 Williams Syndrome.mp. 2,555
65 | Wolf-Hirschhorn Syndrome.mp. 573
66 visual* impair*.mp. 19,041
67 or/22-66 [disabilities concept] 1,284,446
68 | exp Child/ 2,189,209
69 exp child, preschool/ 996,581
70 | child*.mp. 2,814,926
71 pre-school*.mp. 6,026
72 school age*.mp. 29,578
73 (girl* or boy*).mp. 281,701
74 paediatric*.mp. 89,410
75 | pediatric*.mp. 464,461
76 | juvenile*.mp. 108,548




77 youth*.mp. 110,425
78 | (young adj2 (person* or people)).mp. 43,056
79 teen*.mp. 36,846
80 adolescen*.mp. 2,331,208
81 or/68-80 [children and adolescents concept] 4,243,407
82 and/21,67,81 441
83 exp animals/ not humans.sh. 5,198,013
84 | 82 not 83 [limit our animal studies] 403
85 | limit 84 to yr="2012-current" 214
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