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Preliminaries

Abstract

Introduction: Muscular dystrophy (MD) is characterised by progressive muscle weakness and
degeneration, that can lead to cardiovascular and respiratory complications, loss of ambulation, and
a significant reduction in quality of life. There is no current cure for MD, however the use of
hydrotherapy has been recommended in recent guidelines for the management and delay of disease
progression. Despite these guidelines, there is a paucity of evidence regarding the effectiveness of
hydrotherapy. The aim of the study was to investigate the effects of hydrotherapy on respiratory
function, muscle strength, and wellbeing. Methodology: Two males with Duchenne MD received
45-minute hydrotherapy sessions once a week for 40 weeks. Hand-held dynamometry was used to
assess dominant arm and leg strength. A respiratory pressure meter for static maximal inspiratory
pressure (MIP) and maximal expiratory pressure (MEP), and 2-Dimentional ultrasonography for
diaphragm thickness was used. The New Philanthropy Capital (NPC) Wellbeing measure (level 2)
was used to assess wellbeing. These measures were taken at week 0, week 8-10, week 16 and week
40. Results: Out of six children recruited, three children completed the study, of which one was
excluded from data analysis, due to having attended only 21.4% of available hydrotherapy sessions.
Mean biceps strength decreased from baseline measures by 40.1 N in Participant 1 and 32.0 N in
Participant 2 after 40 weeks of hydrotherapy. Mean quadriceps strength and MEP increased from
baseline measure at each time point to week 40 in Participant 1 (33.0 N and 0.4 cm H2O, respectively)
and Participant 2 (48.6 N and 18.0 cm H2O, respectively). In Participant 1 only, mean MIP and
diaphragm thickness at week 40 was lower than baseline by 4.5 cm H2O and 0.01 cm, respectively,
but were greater than baseline at week 8-10 and week 16. Wellbeing scores in Participant 1 decreased
from baseline to week 40 by 3.0. In Participant 2 only, mean MIP, diaphragm thickness, and wellbeing
increased from baseline to week 40 by 6.3 cm H20, 0.10 cm, and 3.0 points, respectively. The rate of
attendance in Participant 1 was 67.9 % and in Participant 2 was 89.3%. Adjoining: To address the

poor recruitment, attendance, and participation rates in Study 1, a second study to investigate barriers



and motivators that may affect participation in hydrotherapy for children and adolescents with MD
was implemented. Methodology: Sixteen parents and/or carers with a child aged 5-17-years-old and
diagnosed with MD, completed an online questionnaire surrounding barriers and motivations to
participation in hydrotherapy. Results: Participation for hydrotherapy amongst children with MD
was facilitated by parent-reported perceptions that hydrotherapy could slow down MD progression,
decrease pain, and increase comfort, fun, relaxation, and independence. For parents, distance and a
lack of time hindered their ability to bring their child to hydrotherapy sessions, while for children (as
reported by their parents) their lack of self-esteem was the main barrier preventing them from
participating. Conclusion: Study 1 provided useful insights into the potential contribution that the
use of hydrotherapy could have for the maintenance on respiratory function, quadriceps strength, and
wellbeing in children with MD. There was limited evidence supporting 40 weeks of hydrotherapy for
the maintenance of function, but this was based on very limited sample size and no control group to
support the results. The lack of standardisation was highlighted as a limitation across both Study 1
and 2, and a requirement of further investigation. However, the further understanding of barriers and
motivators for MD from Study 2, provides an explanation for the findings of Study 1 and can be
applied to future studies improve the implementation of interventions. Therefore, this thesis can serve

as a template to better design future studies.
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Glossary

2D: 2-Dimensional

Cl: Confidence Interval

EK: Egen Klassification

HRQoL: Health-Related Quality of Life

ICC: Intraclass Correlation Coefficient

ICF: International Classification of Functioning, Disability and Health
MD: Muscular Dystrophy

MEP: Maximal Expiratory Pressure

MIP: Minimal Inspiratory Pressure

MFM: Motor Function Measure

NHS: National Health Service

NICE: National Institute of Care and Excellence
NPC: New Philanthropy Capital

PAD-model: Physical Activity for people with a Disability model



SCT: Social Cognitive Theory

QoL.: Quality of Life
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Chapter 1.0: Introduction

Muscular dystrophy (MD) is a group of inherited neuromuscular diseases that causes
progressive muscle degeneration and weakness (Cardamone et al., 2008), resulting from mutations to
genes, which are responsible for the structure and function of muscle tissues (Gumerson & Michele,
2011; Huml, 2015). The onset of MD can occur anywhere from birth to late adulthood, where patterns
of inheritance, rates of progression, severity, and life expectancies differ between types of MD and

individuals with the same form of MD (Guzmén et al., 2012).

Over time, the decline in muscle strength and progressive muscle damage can cause multi-
system complications, decreasing respiratory and cardiovascular function and leading to impaired
biomechanical and psychological health (Mercuri & Muntoni, 2013). Thus, individuals with MD
suffer from a wide range of signs and symptoms (Manzur & Muntoni, 2009), including abnormal
gait, difficultly walking, spinal deformities, cardiac and respiratory issues, learning and behavioural
problems and pain (Gaina et al., 2019; Mercuri & Muntoni, 2013; Osorio et al., 2019). This causes a
decline in activities of daily life, participation in sport and exercise, and health-related quality of life
(HRQoL) (Bendixen et al., 2012; Mercuri & Muntoni, 2013). Children and adults with more severe
forms of MD lose the ability to walk (Gaina et al., 2019; Osorio et al., 2019), and in severe cases
respiratory insufficiency or cardiomyopathy can progress to failure and then death (LoMauro &

Aliverti, 2016; Mah, 2015b).

There is currently no cure for MD, and thus effective management is especially important to
preserve function and delay the deterioration of physiological, psychological, and biomechanical
function (Harjpal et al., 2022; National Institute of Neurological Disorders and Stroke, 2013).
Insufficient management of MD can contribute to an increased progression rate of muscle damage

and weakness (Duan et al., 2021; Lombardo et al., 2021), decreasing multi-systemic function and an
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individual’s HRQoL (Birnkrant et al., 2018b; Osorio et al., 2019). Multi-disciplinary care is required
to manage the diversity and complexity of MD (Paganoni et al., 2017), using a range of approaches
such as, drug therapy, speech-language therapy, nutritional care, surgery, exon skipping, occupational
therapy and physiotherapy (Birnkrant et al., 2018b; Lombardo et al., 2021). Exon skipping is a
treatment that uses oligonucleotides to stop the inclusion of an exon that is next to a mutated or deleted
gene (responsible for MD) by binding to pre-mRNA to make a shorter, functional version of the
protein, decreasing severity (Takeda et al., 2021). As of 2021, this treatment is still within the trial
phase, focusing on its application to Duchenne MD by creating functional protein to produce more
dystrophin (National Health Service, 2021). While found to be feasible for 30.0% of individuals (Eser
& Topaloglu, 2022), the long-term effects have not been investigated and so rehabilitating
management is still needed to preserve overall physical function (Case et al., 2018). Practitioners are
often hesitant to prescribe exercise for those with MD, as they do not want to exacerbate pain, induce
injury, or cause further damage to muscles. Thus, low-moderate intensity aerobic activity with plenty
of rest is often recommended, such as the incorporation of water-based exercises (Case et al., 2018;
Lombardo et al., 2021). Additionally, existing guidelines surrounding physical rehabilitation and
current management research for MD is limited, mainly focusing on Duchenne MD (Lombardo et al.,
2021), ambulant individuals (Bendixen et al., 2016; Peay et al., 2018), and medications and drug
therapy (Matthews et al., 2021). Those people with more severe symptom presentation find
participation in land-based physical therapy difficult due to an inability to weight-bear but wanting
to maintain muscle strength (Case et al., 2018). Thus, the use of hydrotherapy has been recommended

in practise for the management of MD (Lombardo et al., 2021).

Hydrotherapy utilises the properties of water and has been suggested to have several benefits
for children and adults with MD (Adams et al., 2017; Hind et al., 2017; Ogonowska-Slodownik et al.,
2022). For example, systematic reviews surrounding MD has found hydrotherapy to be advantageous

for improving pain, stiffness, muscle weakness, respiratory function, and HRQoL (Lima & Cordeiro,
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2020). This has been attributed to the resistance from drag and viscosity of water, which may
contribute to increased or maintained muscle strength (Torres-Ronda & Schelling i del Alcazar,
2014). The buoyancy of water can also reduce gravitational load and promote relaxation (Mooventhan
& Nivethitha, 2014). The safer environment has also been found to provide a more inclusive
environment for non-ambulant individuals, whereby improved mental health has been reported due
to the decrease in social isolation (Atamturk & Atamturk, 2018). Unfortunately, despite its potential
importance and benefits, limited studies have investigated the effectiveness of hydrotherapy for
children and adolescents with MD. Of those studies that have, most are short-term case studies, lasting
between 8 (Adams et al., 2017) and 12 weeks (Santos et al., 2016). Despite these studies finding
improvements in HRQoL scores, respiratory function, and motor function, they were unable to
identify longitudinal changes that is essential to MD due to it being an ongoing progressive disorder
(Duan et al., 2021). Few long-term studies were completed, lasting between 6 months (Hind et al.,
2017) and 5 years (Sanders & Torres, 2010), however data was either subjective or focused on one
or two consequences of MD, which provides limited insight into the maintenance of the complex and
multi-system nature of MD. For example, two studies investigated motor function only (Ferreira et
al, 2015; Honorio et al, 2013), and one investigated functional activity performance and respiratory
function (Huguet-Rodriguez et al., 2020). Whereas those that did investigated a mixture of
consequences, such as reduced quality of life (QoL), ambulation and muscle strength, were
subjective, being a case study (Sanders & Torres, 2010) and pilot feasibility study (Hind et al., 2017).
Thus, it is unknown whether long-term hydrotherapy can delay the progression of psychological,
respiratory, and functional consequences in those with MD. As a result of limited research in this
area, hydrotherapy is not currently recommended under the National Health Service (NHS) National

Institute for Health and Care Excellence (NICE) guidelines making access to it limited.

This thesis aims to advance our understanding about the longitudinal effects of hydrotherapy

on MD strength, wellbeing, and respiratory function in children and adolescents. If found effective,
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this would allow practitioners to prescribe hydrotherapy appropriately and more effectively to
children and adolescents with MD. To further build on our understanding, influences on hydrotherapy
participation amongst these children and adolescents will also be sought. This would contribute to
strengthening the design of future therapies and clinical interventions. Therefore, to effectively

investigate each aspect, the thesis will consist of two studies:

1) The overall aim of Study 1 is to investigate the effects of 40-weeks of hydrotherapy on
muscle strength, wellbeing (physical, mental, and social), and respiratory function in
children and adolescents (5-17 years old) with MD.

2) The overall aim of Study 2 is to investigate the barriers and motivators that influence
participation in hydrotherapy in children and adolescents (5-17 years old) with MD from

the perspective of their carer.



Chapter 2.0: Literature Review
2.1 Background into Muscular Dystrophy

2.1.1 Aetiology and Prevalence

MD is a relatively rare disorder, with an estimated prevalence of 29.5 per 100,000 persons in
2019 and incidence of 1.16 per 100,00 person years from 2015-2019 in the United Kingdom (Carey
et al., 2021). There are around 30 forms of MD that can be summarised into nine overall types:
Duchenne, Becker, Congenital, Distal, Emery-Dreifuss, Facioscapulohumeral, Limb-Girdle,
Myotonic, and Oculopharyngeal (National Institute of Neurological Disorders and Stroke, 2013). The
most common forms of MD in childhood and adulthood are Duchenne MD and myotonic MD,
respectively (Liao et al., 2022; van Ruiten et al., 2014), as well as facioscapulohumeral MD (Theadom

etal., 2014).

MD results from mutations and/or deletions in genes responsible for the structure and
functioning of muscles, which causes defects in different supporting proteins, enzymes, and/or the
extracellular matrix (Guzman et al., 2012; Rahimov & Kunkel, 2013). These mutations, such as to
the dystrophin-glycoprotein complex, affect muscle fibre or sarcolemma (muscle membrane)
integrity by providing less protection and increasing susceptibility to damage and tears during muscle
contractions (Wilson et al., 2022). This increases the membrane’s permeability of calcium, ions, and
small molecules, leading to cell death and muscle degeneration (Gumerson & Michele, 2011). For
example, in some types of MD, the leaking of creatine kinase out of the muscle membrane can cause
an excess in calcium within the muscle that harms the muscle fibres (Guzmén et al., 2012; National
Institute of Neurological Disorders and Stroke, 2013), resulting in fibre death branching and splitting,
or phagocytosis (Huml, 2015). Since creatine kinase is responsible for chemical reactions needed to

produce energy for muscle contractions (Guzman et al., 2012), this manifests as the weakening of



muscles. These alterations in genes may result from autosomal dominant, autosomal recessive and/or

X-linked inheritance, although in few cases can be sporadic (Cardamone et al., 2008; Huml, 2015).

Figure 1

Patterns of Inheritance in Muscular Dystrophy

(a) (b) (c)

Normal Carvier
father mother
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Note. (a) X-linked Recessive Inheritance. (b) Autosomal Recessive Inheritance. (c) Autosomal Dominant
Inheritance. Adapted from “Clinical utility of genetic tests for inherited hypertrophic and dilated
cardiomyopathies” by M. G. Colombo, N. Botto, S. Vittorini, U. Paradossi, & M. G. Andreassi, 2008,
Cardiovascular Ultrasound, 6(62) (https://doi.org/10.1186/1476-7120-6-62).

2.2.1.1 X-Linked Recessive Inheritance

In X-linked recessive inheritance, mothers carry and pass the mutated gene to their offspring
since mutations occur on the X chromosome (Huml, 2015). This means that males have a 50% chance
of inheriting MD since they must receive their Y chromosome from their father and X chromosome
from their mother (Basta & Pandya, 2022), as shown in Figure 1a. Females are usually less affected
(approximately only 8.0%) and are more likely to be carriers only, although they may still exhibit
milder symptoms (Song et al., 2011). Although females also have a 50% chance of receiving the gene
(Basta & Pandya, 2022), as shown in Figure 1a, unless the father has MD they will receive a healthy
X chromosome from the father, which typically produces enough protein to compensate for the defect

and counteract the effects of MD (Nozoe et al., 2016).


https://doi.org/10.1186/1476-7120-6-62

X-linked recessive inheritance is most associated with Duchenne and Becker MD, which both
belong to a group of X-linked muscle diseases (dystrophinopathies) that result from mutations to the
DMD or dystrophin gene (Morales & Mahajan, 2021). As a result, functional dystrophin is not
produced in Duchenne MD, due to a nonsense or frameshift mutation, while dystrophin is only
partially functional in Becker MD, due to a missense mutation (Okubo et al., 2020). Dystrophin is
responsible for stabilising the sarcolemma and protects the muscle cells from contraction-induced
damage (Gao & McNally, 2015; Rahimov & Kunkel, 2013). Thus, as the disease progresses, the
muscle membrane becomes more unstable and susceptible to damage, causing muscle degeneration
and weakness (Duan et al., 2021; Gumerson & Michele, 2011). Notably, Emery-Dreifuss MD can
also result from X-linked inheritance by defects in the FHL1 or EMD gene and emerin protein
production, although it is more commonly associated with autosomal inheritance (Wang & Peng,

2019).

2.2.1.2 Autosomal Recessive Inheritance

In autosomal recessive inheritance, MD occurs from one copy of a mutated gene coming from
each parent, although the parents do not usually suffer from MD themselves (Huml, 2015). Males
and females have an equal 25% chance of receiving both copies of the faulty gene and inheriting MD
(Colombo et al., 2008), as shown in Figure 1b. This pattern of inheritance is seen in congenital, distal
(early-onset), Emery-Dreifuss, and limb-girdle MD (Lovering et al., 2005). The specific gene affected
is dependent on the subtype of MD an individual suffers from. For example, Limb-Girdle MD may
be caused by mutations in calpain-3 (type 2A), deficiencies of dysferlin (type 2B) or deficiencies in
specific structural sarcoglycan protein genes (all other types) (Lovering et al., 2005; Rocha &
Hoffman, 2010). Types of Emery-Dreifuss MD may be caused by defects in the LMNA gene (Wang
& Peng, 2019), while types of congenital MD may be caused by disruptions to a-dystroglycan (part

of the dystrophin-glycoprotein complex) (Rocha & Hoffman, 2010).



2.2.1.3 Autosomal Dominant Inheritance

In autosomal dominant inheritance, MD occurs from one copy of a mutated gene coming from
a single parent (Huml, 2015). Males and females have an equal 50% chance of receiving the affected
gene and inheriting MD (Huml & Perez, 2015), as shown in Figure 1c. This form of inheritance is
associated with distal (late-onset), facioscapulohumeral, myotonic, oculopharyngeal, Emery-Dreifuss
and limb-girdle MD (Lovering et al., 2005). Different genes can be affected that is also dependent on
the subtype of MD an individual suffers from. For example, types of Emery-Dreifuss MD can be
caused by defects in the LMNA, SYNE1, STNE2, or TMEMA43 gene (Wang & Peng, 2019), while
oculopharyngeal MD can be caused by abnormal GCG trinucleotide repeats in the PABPNL1 gene,
myotonic by expansion of a CTG trinucleotide repeat in a gene for an enzyme (the DMPK gene), and
facioscapulohumeral by associations with the deletion of 3.3 kb repeats (D4Z4) (Lovering et al.,

2005).

2.2.2 Clinical Presentation

Individuals with MD may suffer from a diverse range of symptoms because of the
involvement of multiple systems that can be affected by the impact of muscle damage on surrounding
tissues and structures (Carter et al., 2018; Manzur & Muntoni, 2009; Mercuri & Muntoni, 2013). Each
type of MD can be distinguished from one another, not only through differences in the patterns of
inheritance and/or family history, but also by the muscles affected, age of onset, life expectancy,
severity, progression rate, and comorbidities (Huml, 2015; Mercuri & Muntoni, 2013), as outlined

below:



Figure 2

Main Muscles Affected in Different Forms of Muscular Dystrophy
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Note. (a) Duchenne and Becker muscular dystrophy. (b) Emery-Dreifuss muscular dystrophy. (¢) Limb-girdle muscular dystrophy. (d) Facioscapulohumeral
muscular dystrophy. (e) Distal muscular dystrophy. (f) Oculopharyngeal muscular dystrophy. (g) Myotonic muscular dystrophy. Shading represents the most
common affected areas. From “Muscular Dystrophies,” by E. Mercuri, and F. Muntoni, 2013, The Lancet, 381(9869), p. 850 (https://doi.org/10.1016/S0140-

6736(12)61897-2) and “Core Clinical Phenotypes in Myotonic Dystrophies,” by Wenninger, F. Montagnese, and B. Schoser, 2018, Frontiers in Neurology,
9(303), p. 1-9 (https://doi.org/10.3389/theur.2018.00303).
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1. Duchenne MD occurs in early childhood, around 2-3 years old, and is rapidly progressive
(Duan et al., 2021), where most individuals are symptomatic between the ages of two and four
years old (Guzman et al., 2012). Muscle weakness usually affects the pelvis and upper legs
first, before spreading to the arms and later the shoulders, calf, and gluteal muscles (National
Institute of Neurological Disorders and Stroke, 2013), as shown in Figure 2a. Children often
show a Gower’s sign, where they rise from a supine position using their arms (Gaina et al.,
2019). Advances in management interventions have resulted in an increased life expectancy,
increasing to 28.1 years (95% confidence interval (CI) [25.1, 30.3 years]) in those with MD

born after 1990 (Broomfield et al., 2021).

2. Becker MD has a similar clinical presentation to Duchenne MD (Figure 2a), however is less
severe and progresses slower (Guzman et al., 2012). This is due to partially functional
dystrophin still being produced (Rahmawati et al., 2021). Thus, onset occurs later, usually
between 5 and 15 years old (Ciafaloni et al., 2016; Rahmawati et al., 2021), although it can
begin in early adulthood, and the life expectancy is increased to around 40 to 50 years old

(Thada et al., 2022).

3. Congenital MD typically occurs form birth or within the first six months of life (Mah et al.,
2015a), where infants present with hypotonia, weakness, and in more severe forms are
described as “floppy baby” (Bertini et al., 2011). Individuals with congenital MD may have a
reduced life expectancy, with severity differing between each subtype (Bertini et al., 2011).
At birth, children may present with pes cavus, sucking and swallowing difficulty, joint

contractures, reduced patella reflexes, and skin dimples (Falsaperla et al., 2016).

4. Distal MD typically occurs between the ages of 40-and-60-years-old in both males and

females, although can occur in early childhood (National Institute of Neurological Disorders
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and Stroke, 2013). In general, it is typically less severe and slow in progression compared to
other forms of MD (Savarese et al., 2020). As shown in Figure 2e, muscle weakness usually
affects distal muscles first, including the hands, feet, forearm, and lower leg (Dimachkie &
Barohn, 2014), with proximal, cardiac, and respiratory muscles being affected in later

progressions (Savarese et al., 2020).

Emery-Dreifuss MD usually occurs between five-and-ten-years-old, with slow progression
(Bonne et al., 2019), although some individuals have a milder phenotype that causes later
onset (Kovalchuk et al., 2021). This type of MD often follows a triad of characteristics; 1)
early contractures before significant weakness of the elbows, Achilles tendon and posterior
cervical muscles, 2) slowly progressive muscle weakening and wasting beginning with a
humero-peroneal distribution, and 3) cardiac abnormalities and problems, such as

cardiomyopathy and arrhythmias (Emery, 2000), as shown in Figure 2b.

Facioscapulohumeral MD can occur at any point from childhood to early adulthood, prior
to the age of 5 years or ranging between 15 and 30 years old (Goselink et al., 2019). Life
expectancy usually remains similar to that of an unaffected individual (Sacconi et al., 2015),
because overall progression is slow and steady, although there are intermittent periods of rapid
muscle deterioration (National Institute of Neurological Disorders and Stroke, 2013),
followed by periods of little to no progression (Statland & Tawil, 2016). As shown in Figure
2d, muscle weakness often begins in the face (mimetic muscles), shoulder girdle (serratus
anterior and rhomboid), and upper arms (biceps and triceps) (Sacconi et al., 2015; Statland,
2020). This later progresses to the trunk, distal lower extremities (tibialis anterior and
gastrocnemius), and eventually to more proximal muscles (quadriceps and hamstrings) and
the pelvic girdle (Statland, 2020). A positive Beevor’s sign, characterised by lower abdominal

weakness but not upper abdominal weakness may also be seen (Huml & Perez, 2015).
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7. Limb-Girdle MD usually occurs around the age of 15-years-old, although it can occur before
the age of 12 and after the age of 30 (Strafella et al., 2019). Progression can be rapid with
severe consequences or slow with minimal disability and can often pause then resume
(National Institute of Neurological Disorders and Stroke, 2013). Muscle weakness starts at
the hips, then affects the shoulders, legs, and neck (Rocha & Hoffman, 2010), as shown in
Figure 2c. Early signs include, frequent falling, a waddling gait, tiptoe walking, difficulty with
running, climbing stairs, and/or carrying heavy objects, and scapular winging (Rocha &

Hoffman, 2010; Strafella et al., 2019).

8. Myotonic MD can have a congenital onset, childhood onset, or adulthood onset (Meola &
Cardani, 2015a). Life expectancy often remains within normal range for type 2 but is reduced
for type 1 (Meola & Cardani, 2015b). Slow weakening of muscles around the neck and face
usually occurs first, followed by weakened foot extensors, finger flexors and wrist flexors in
type 1 or neck flexors, hip flexors and hip extensors in type 2 (Wenninger et al., 2018), as

shown in Figure 2g.

9. Oculopharyngeal MD onset is later in adulthood, typically occurring between 40-and-70-
years-old (National Institute of Neurological Disorders and Stroke, 2013). As shown in Figure
2f, weakness affects the extraocular, upper facial, neck, and proximal upper and lower limb
muscles, which do not typically affect the respiratory muscles, although obstructive sleep

apnoea may occur (LoMauro & Aliverti, 2016).

Signs, symptoms, and the clinical presentation of MD can overlap between types of MD but may
vary between the individual and stage of progression (Carter et al., 2018). It is recommended that the

assessment and management of MD follow the International Classification of Functioning, Disability
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and Health (ICF) (Case et al., 2018). By considering the components of the ICF framework, including
body function and structure, activity and participation limitations, and environmental and personal

factors, it allows for the evaluation and understanding of impairments in MD (Conway et al., 2018).

2.2.2.1 Body Function and Structure Impairments

Progressive muscle weakness occurs in all types of MD (National Institute of Neurological
Disorders and Stroke, 2013), due to the integrity of muscle fibres mainly being affected which causes
muscle wasting (Huml, 2015). This muscle weakness may present as side-to-side asymmetry in some
forms of MD, such as facioscapulohumeral MD (Huml & Perez, 2015). Consequently, muscle fibres
may respond ineffectively, leading to diminished reflexes in individuals with MD, such as distal MD
(Dimachkie & Barohn, 2014). Strength and reflexes may further decrease or be lost over time as
muscles become replaced by connective tissue and fat (Huml, 2015). The accumulation of fat and
connective tissue replacing muscles often can make a muscle appear larger and healthier than it
actually is, resulting in pseudohypertrophy (Walters, 2017), often found in lower leg muscles of

children and adolescents with Duchenne and Becker MD (Kornegay et al., 2012).

In the early stage of life, Duchenne MD becomes apparent from delayed motor milestones
(i.e., sitting, standing independently, and walking), gait problems (i.e., waddling, toe walking, and
flat footedness), learning difficulties and speech problems (Brandsema & Darras, 2020; Darras et al.,
2015). Similarly, infants with congenital MD may fail to display any signs of motor development
(Falsaperla et al., 2016) and muscle control — poor head control. Several subtypes of congenital MD
present with spasticity, causing motor function to deteriorate, in which walking is rarely achieved

(Bertini et al., 2011).

In some cases, tendons and muscles may become chronically or permanently shortened

(Huml, 2015), further impacting the production of movements and overall strength. This can result in
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joint contractures, due to the prevention of movements occurring freely (Udd, 2011), that may be
further reduced by continually decreasing mobility and muscle fibrosis, and increasing muscle
imbalance (Lombardo et al., 2021). For example, Achilles contractures with toe walking, elbow
contractures (Popeye arms) and severe lumbar lordosis, were all found in Emery-Dreifuss MD (Gaina
et al., 2019). Following sudden contractures, myotonia is often seen in type 1 Myotonic MD in which
muscles are unable to relax (National Institute of Neurological Disorders and Stroke, 2013), whilst
muscle imbalances may result in changes to muscles supporting the spine and trunk, leading to the
development of scoliosis (Archer et al., 2016). Scoliosis may be seen in individuals with
facioscapulohumeral (Huml & Perez, 2015), Duchenne (Archer et al., 2016), congenital (Mercuri &
Muntoni, 2013), and distal MD (Udd, 2011). As scoliosis progresses, changes in posture and
positioning, costo-iliac impingements, pelvic obliquity, and discomfort can occur, contributing to

further discomfort in non-ambulant individuals using wheelchairs (Archer et al., 2016).

The risk of fractures is also increased in neuromuscular diseases, including MD, where 30%
of individuals had sustained at least one fracture post-diagnosis, with the reduction of ambulation
being a major risk facture (Vestergaard et al., 2001). The reduction in bone structure and density in
MD, often in individuals on steroid therapy treatments, can increase the susceptibility to fractures,
often in the vertebras (19%) and long bones (25%) (Feder et al., 2017). In those using knee-ankle-
foot orthoses, upper-limb fractures were most common (65%), whilst in those who were independent
or wheelchair bound, lower-limb fractures were most common (54% and 68% respectively)

(McDonald et al., 2002).

Additionally, progressive muscle weakness and fatigue can affect muscles involved in
inspiration and expiration, including the diaphragm, abdominal, and intercostal muscles (LoMauro &
Aliverti, 2016; Pennati et al., 2021). In many types of MD this can lead to respiratory failure, defined

as an “inability of the respiratory system to provide proper oxygenation and carbon dioxide
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elimination” (LoMauro & Aliverti, 2016). Additional signs of respiratory failure in MD include: loss
of lung volume, sleep-disordered breathing, chest infections (Simonds, 2002), restrictive pulmonary
function, inefficient coughing, impaired regulation of breathing, hypoventilation, altered
thoracoabdominal patterns, dyspnoea, and hypercapnia (LoMauro & Aliverti, 2016). Respiratory
complications can be detrimental in many cases of MD as it decreases life expectancy, with
respiratory failure being one of the main causes of death in MD (Pennati et al., 2021). Non-ambulant
individuals may have further stress on the respiratory system if they use a wheelchair, as the position
may restrict the airways or lung space, which may reduce breathing rate, oxygenation to the body and
lung vital capacity (Simonds, 2002; Strafella et al., 2019). Additionally, the presence of scoliosis may

further stress the respiratory system (LoMauro & Aliverti, 2016; Takaso et al., 2010).

Some types of MD may have progressive weakness of the heart and surrounding muscles that
can hinder the ability of the heart to pump blood to the rest of the body (National Institute of
Neurological Disorders and Stroke, 2013). This may lead to ventricular arrhythmias, heart failure,
cardiomyopathy, or any other cardiac irregularities (Bourke et al., 2018), with significant pulmonary
and cardiac failure resulting in short life-expectancies and early death in some individuals (Feingold
et al., 2017; Verhaert et al., 2011). For example, the most common cause of death in Duchenne MD
is progressive cardiomyopathy and respiratory complications (Gaina et al., 2019), that may begin to
develop at age 5 and 25-30, respectively (Guzman et al., 2012). Unlike Duchenne MD, respiratory
involvement is less common in Becker MD (Brandsema & Darras, 2020), however heart failure is a

common cause of death in Becker MD, often occurring around mid-40s (Gaina et al., 2019).

The different involvement of multiple systems, such as the central nervous system, can result
in structural changes affecting vision, cognitive function, hearing, and psychological wellbeing
(Huml & Perez, 2015; Messina et al., 2010). Psychological (or mental) wellbeing as defined by Tang

et al. (2019) is an aspect of mental health focusing on emotional regulation, coping (resilience), and
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happiness (hedonic (enjoyment) and eudaimonic (fulfilment)). For example, individuals with
oculopharyngeal MD experience swallowing problems, dysphagia, and ptosis (Yamashita, 2021),
while those with myotonic MD experience ptosis (Longman, 2006) and high levels of abdominal and
musculoskeletal pain (Meola & Cardani, 2015b). Hearing loss was also apparent in individuals
suffering with early onset facioscapulohumeral MD, affecting 80% of individuals between the ages

of 18 and 84 years old (Goselink et al., 2019).

Children and adolescents with neuromuscular disorders are more susceptible to various
degrees of cognitive impairment and emotional, social, and behavioural dysfunction (Paganoni et al.,
2017). This is evident in Duchenne MD, whereby 32.0%, 27.0%, and 15.0% of individuals reported
suffering from an attention-deficit hyperactivity disorder, anxiety, and an autism spectrum disorder,
respectively (Ricotti et al., 2016). Additionally, approximately 58% of individuals with congenital

MD suffer from cognitive impairment (Messina et al., 2010).

2.2.2.2 Activity and Participation Limitations

The progressive physical and mental complications within multiple systems (as outlined
above) may contribute to decreased participation in MD (Bendixen et al., 2012; Mercuri & Muntoni,
2013). As muscle weakness increases and mobility decreases, this can impact gait, functional
movements and eventually the ability to walk (Kennedy et al., 2020). Research found that as the age
of onset at first signs and symptoms increased by a year, loss of ambulation annual risk decreased by
10% (hazard ratio = 0.90, 95% CI [0.87-0.94]) (Ciafaloni et al., 2016). Thus, more severe forms and
childhood onset of MD are likely to result in loss of ambulation. As a result, more severe forms of
MD have reduced rates of participation in activities of daily life and physical sporting activities
(Bendixen et al., 2014), seen at in both early and later stages of life, in older children and adults who
lose ambulation as their disease progresses (Strafella et al., 2019). To support individuals, joint-

stabilising orthotics may be used around the age of 10 for Duchenne MD, before individuals are then
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confined to a wheelchair by the age of 11-13-years-old (Darras et al., 2015), thus reducing
participation in activities. In other forms of MD, such as facioscapulohumeral, individuals’
participation may only reduce later in life, where approximately 20.0% people aged 50-years-old and
over required a wheelchair (Statland & Tawil, 2016). However, early signs of facioscapulohumeral
MD include difficulty reaching above shoulder level, scapular winging, facial weakness, an inability
to run, and loss of power (Huml & Perez, 2015), further hindering participation levels. Additionally,
signs of limb-girdle MD, such as frequent falling, gait disruptions, an inability to carry heavy objects,
and scapula winging (Strafella et al., 2019; Takahashi et al., 2013), may also hinder participation in

daily activities and sports.

In boys (aged 6-15) with Duchenne MD, participation in physical activities had moderate
negative correlations with timed functional performance tests, including a 10-meter run (r = -0.35, <
0.01), supine to stand rise from the floor (r = -0.42, p < 0.001), and four stair climb (r = -0.44, p <
0.001); however, had a positive correlation with quadriceps strength (r = 0.32, p < 0.01) (Bendixen
et al., 2014). This demonstrates how changes in physical function may influence participation levels
in children and adolescents with MD, whereby decreases in function were associated with decreased
participation. Additionally, increased age was found to be associated with decreased function, where
Bushby and Connor (2011) found that non-ambulant children all had motor function scores below
50% as they reached the age of 10. This suggests an association between increased age, decreased
function, and decreased participation levels. For example, older boys (aged 10-15) had weaker lower
limb muscle strength, significantly slower completion times of functional performance tests, lower
levels of participation in skill-based, recreational, and social activities, and lower social engagement
outside of their home when compared to younger boys (aged 6-9) (Bendixen et al., 2014). This is
supported by Bendixen et al. (2012) who found that participation levels were lower in older boys (>
10 years old) with Duchenne MD compared to younger boys (< 10 years old), with a significant

difference in social participation levels. Additionally in adults with myotonic MD, myotonia is first
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seen in grip (Longman, 2006), then the jaw and tongue (Wenninger et al., 2018), hindering many
daily activities and fine motor functioning, especially when in the hand, affecting the ability to use

tools and doorknobs (Ho et al., 2019; Longman, 2006).

As a result, HRQoL tends to decline with the increased progression of MD (Jacques et al.,
2019; Uzark et al., 2012), where HRQoL can encompasses physical, psychological, social and
wellbeing domains (Uttley et al., 2018). Non-ambulant boys with Duchenne MD at later stages of
progression had lower HRQoL scores (Szabo et al., 2022), limiting their performance and
participation in activities and sports. This was supported by boys with Duchenne MD found to have
worsened QoL scores (total, physical, social, and school-related) and physical activity participation
levels than unaffected boys (p < 0.001) (Bendixen et al., 2012). In children with Duchenne MD,
16.7% presented with high anxiety risk and 41.7% presented with a comorbid psychiatric disorder
(combined depression, generalised anxiety disorder, and/or obsessive-compulsive disorder (Ozer &
Tufan, 2019). Based on a meta-analysis, depression, anxiety, autism, attention-deficit hyperactivity
disorders, and obsessive-compulsive disorders were present in Duchenne MD (11.0%, 24.0%, 7.0%,
18.0%, and 12.0%, respectively) and Becker MD (7.0%, 25.0%, 6.0%, 28.0%, and 7.0%,
respectively), of which scores where greater than those of the healthy population (Pascual-Morena et
al., 2022). The presence of these mental health disorders can negatively impact HRQoL, and as a

result further hinder participation in daily activities and sport, as well as social participation.

2.3 Management and Treatments for Muscular Dystrophy

Early diagnosis of MD allows for “early access to standards of care”, where innovative clinical
trials and optimised care may be more accessible for families, allowing them to make informed
decisions on their child’s care (van Ruiten et al., 2014). Since there is no current cure for MD,
effective management and treatment is essential for delaying progression that would otherwise have

detrimental effects on an individual’s HRQoL and life expectancy (Lombardo et al., 2021; Sun et al.,
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2020). By addressing the primary and secondary consequences of MD as they present (Case et al.,
2018; Lombardo et al., 2021), a holistic management can be done to prolong ambulation and function
and improve HRQoL (Wei et al., 2015). Thus, multidisciplinary care is required for “anticipatory,
preventative care and optimal management” of MD (Bushby et al., 2010a). Different healthcare
specialists are needed to manage the multi-systemic nature and diverse range of symptoms associated
with MD, such as physiotherapists, occupational therapists, medical doctors, speech and language

pathologists, social workers, and nurse practitioners (Paganoni et al., 2017).

Guidelines on the management of different forms of MD are based on expert consensus and
standard of care literature, however the majority available surround Duchenne MD (Case et al., 2018;
Lombardo et al., 2021). The aim of treatments for MD is to maintain independence for as long as
possible (National Institute of Neurological Disorders and Stroke, 2013), promote overall health,
preserve motor function, prevent secondary complications, improve autonomy and HRQoL
(Lombardo et al., 2021), and improve longevity (Bushby et al., 2010a). General treatments can be
used to address the common characteristics of muscle weakness, contractures, bone fragility,
fractures, and spinal deformities (Lombardo et al., 2021), however optimal management often varies
between MD types and individuals with the same MD types (Carter et al., 2018). Thus, a combination

of the following approaches may be used to address symptoms as they present:

1. Drug therapy and/or medication may be used to delay muscle degeneration, and assist with
cardiovascular and respiratory function, with the medication type varying depending on the
type of MD and requirement of the individual (National Institute of Neurological Disorders
and Stroke, 2013). For example, angiotensin-converting enzyme inhibitors, angiotensin
receptor blockers and p-adrenergic blockade have been effective for the use of
cardiomyopathy (Feingold et al., 2017). Additionally, glucocorticoids have been found to

further delay the loss of ambulation in Duchenne MD (Henricson et al., 2013).
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. Speech-Language therapy may be used in MD where dysphagia is present and progressive
(Birnkrant et al., 2018b).

Nutritional care from a dietitian nutritionist may be required to assist with promoting a
healthy, balanced diet to monitor growth and weight, and prevent individuals becoming
overweight or underweight (Birnkrant et al., 2018b). Nutritional care aids in preventing
malnutrition that can be caused by gastrointestinal dysfunction, chewing, and swallowing
difficulties in ambulant and non-ambulant DMD patients (Guzman et al., 2012).

. Corrective surgery may be required in severe cases of MD, such as for correcting progressive
scoliosis, contractures, and foot positioning, however there may be risk of cardiac and
respiratory decompensation during and after surgery (Birnkrant et al., 2018a). Despite the
risks, surgery has been found to improve function, sitting balance and QoL, especially in those
with MD types presenting with scoliosis (Archer et al., 2016; Takaso et al., 2010). However,
Archer et al. (2016) also stated that life has also been prolonged when non-invasive ventilation
for scoliosis was used, since surgery cannot improve or slow the deterioration of respiratory
function.

. Gene replacement therapy may allow for the production of missing proteins in MD, as seen
in advancements of research into using adeno-associated viral vector for the restoration of

dystrophin (Elangkovan & Dickson, 2021).

Exon skipping trials, as defined in Chapter 1.0: Introduction, may be used for the correction
of dystrophin mutations in Duchenne and Becker MD, by restoring “the frame of an out-of-
frame dystriohin mutation” (Takeda et al., 2021). Four exon skipping drugs have been
conditionally approved for Duchenne MD, that has been found to benefit at least 30% of
individuals (Eser & Topaloglu, 2022).

Physiotherapy and Occupational therapy using Manual therapy programmes, pain
management, splinting and orthotic intervention, gait and standing rehabilitation, adaptive

equipment, and fall and fracture management are often implemented for individuals with MD
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(Case et al., 2018). Stretching between four to six days per week, based on recent guidelines,
for muscles and joints susceptible to hypo-extensibility, may be incorporated into these
therapies to prevent and minimise contractures (Case et al., 2018).

8. Orthoses may be used to provide support at different stages of MD, such as ankle-foot
orthoses that are appropriate to use throughout different stages of MD and knee-ankle orthoses
that are used for late-ambulatory and early non-ambulatory stages (Case et al., 2018).

9. Cardiorespiratory Care, other than medications, using diuretic agents, assisted ventilation,
Cardioverter-Defibrillator and Resynchronization Therapy have also been found to be
beneficial depending on the condition being evaluated and/or stage of MD (Feingold et al.,

2017).

Current management for MD within research focuses on medication and drug interventions.
For example, available clinical trials between 2000 and 2015 in the United States of America found
that 61.5% of studies involved some form of drug therapy (Matthews et al., 2021). Drug therapy often
aims to restore function of mutated genes, such as dystrophin in Duchenne MD, or target any
consequential pathological changes (Yao et al., 2021). While medication can have a beneficial effect,
there are side effects that can occur and need to be controlled, such as weight gain, behavioural
changes, and cataracts (Henricson et al., 2013). Thus, rehabilitative management is required to protect
muscles and preserve overall individual function (Case et al., 2018) and is needed for psychophysical

wellbeing (Lombardo et al., 2021).

The importance of physical therapy must not be dismissed, as activities are required to
maintain muscle strength (Case et al., 2018). However, land-based physical therapy may limit the
number of activities that individuals with severe forms of MD can complete that still allow for the
maintenance of muscle strength. Repetitive movements and high intensity exercise on land may

increase the susceptibility to injury and muscle damage (Lott et al., 2021; Siciliano et al., 2015). This
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means practitioners and/or individuals may be hesitant to complete intensive land-based exercises
and therapies. There is a reliance on the ability of individuals with MD to weight-bear during land-
based exercise (Lombardo et al., 2021), however this excludes non-ambulant individuals from
participating. Therefore, individuals with MD should be made aware of and given access to

alternative physical rehabilitation that does not rely on weight bearing.

An alternative to land-based physical therapy is hydrotherapy, also referred to as aquatic
(physio)therapy, defined as a therapeutic modality that utilises the properties of water to treat injuries
or diseases, carried out by trained professionals (i.e., physiotherapists) in an appropriately heated pool
(Pattman et al., 2021). The use of gentle, aerobic aquatic exercises has been recommended in
guidelines of physical rehabilitation for MD (Lombardo et al., 2021), supporting the use of
hydrotherapy for MD. The properties of water, including buoyancy, hydrostatic pressure, drag, and
metacentric effects, have been found to provide advantageous psychological, physiological, and
biomechanical benefits for several clinical populations (An et al., 2019), such as children with
cerebral palsy (Adar et al., 2017; Ballington & Naidoo, 2018) and juvenile arthritis (Osama et al.,
2020). Thus, hydrotherapy may benefit children and adolescents with MD by helping to manage
complications that occur across multiple systems, such as the cardiovascular, musculoskeletal,
respiratory, renal, and sympathetic and central nervous system (Mooventhan & Nivethitha, 2014;

Wratten et al., 2019).

2.4 The Use of Hydrotherapy for Muscular Dystrophy

2.4.1 Outcome Measures: Measure Strength, Respiratory Function, and Wellbeing

Several studies have investigated postural control, functional performance, pulmonary
changes, and HRQoL in individuals with MD (Lima & Cordeiro, 2020). A wide range of outcome
measures were identified across 12 studies that investigated the use of hydrotherapy in MD,

demonstrating a comprehensive view of symptoms experienced by those with MD. Most studies
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concluded that hydrotherapy was beneficial for improving and/or maintaining respiratory function,
biomechanical function, and psychological health in MD (Adams et al., 2017; Atamturk & Atamturk,
2018; DiBiasio et al., 2015; Sanders & Torres, 2010; Santos et al., 2016; Silva et al., 2012); however,
the effects of hydrotherapy on similar outcomes is debated between studies. For example, motor
function and/or muscle strength in some studies were found to improve after hydrotherapy (Luz et
al., 2021; Santos et al., 2016), however in other studies worsened (Honorio et al., 2013) or remained
the same (Silva et al., 2012). Similarly, forced vital capacity was found to increase after hydrotherapy
interventions in some studies (Abo-zaid et al., 2021) but decrease in other studies (Huguet-Rodriguez
et al., 2020; Voos et al., 2020) or had no change (Silva et al., 2012). Notably, several studies could
not be evaluated because articles were written in another language and/or only had the abstract

available.

2.4.1.1 Biomechanical Function

Regarding functional performance, score improvements and maintenance in the Motor
Function Measure (MFM) (Santos et al., 2016) and the Vignos scale and Egen Klassification (EK)
scale (Silva et al., 2012) were found after hydrotherapy. Motor function involves performing an
activity that involves specific muscle movements, defined by the American Physical Therapy
Association (2014) as “the ability to learn or demonstrate the skillful and efficient assumption,
maintenance, modification, and control of voluntary postures and movement patterns” (as cited in
Hallemans et al., 2020). Motor function is one of the main outcome measures used for monitoring
biomechanical functioning in children and adults with MD (Nunes et al., 2016). Thus, most studies
used motor function as an outcome measure to report the effects of hydrotherapy (Ferreira et al.,

2015; Honorio et al., 2013; Santos et al., 2016; Silva et al., 2012).

Motor function remained the same after 10 weeks (Silva et al., 2012) and improved by 4.3%

after 12 weeks of hydrotherapy (Santos et al., 2016), suggesting that the addition of hydrotherapy for
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durations longer than 10 weeks improves and/or maintains function in MD. However, this is
conflicting with motor function found to worsen after two years of hydrotherapy and physical activity
combined, indicated by an increase of nine in the EK Scale (Hondrio et al, 2013). Similarly, Ferreira
et al. (2015) found that after two years of hydrotherapy and physiotherapy combined, motor function
diminished when performed on land. It is uncertain whether improvements in motor function plateau
after a certain point after 12 weeks of hydrotherapy and prior to two years. Research should consider
using multiple time points to monitor progression more precisely, since there may be little reason to
continue hydrotherapy sessions after improvements plateau and before they begin to decline.
However, greater declines in motor function were also found in participants who received no form of
physical activity compared to those who received hydrotherapy in Honoério et al. (2013). This suggests
that hydrotherapy may contribute to slowing the decline in motor function in MD, although it may

not outweigh natural disease progression.

Inconsistencies between studies may be attributed to the differences in motor function
outcome measures used and the stage of disease that participants were in. Several studies used the
EK scale (Ferreira et al., 2015; Honorio et al, 2013; Silva et al., 2012), while only a few used the
MFM (Santos et al., 2016). Those that used the EK scale had participants between 8 and 14 years old.
At this stage, children are in or near to the point where they are losing the ability to walk, and so the
use of a wheelchair becomes more prominent (Duan et al., 2021; Wahlgren et al., 2022). Thus, motor
function would have been already decreasing, and whilst hydrotherapy may have been able to slow
this down, it would likely not have prevented decreases from happening. The MFM scale was found
to be a reliable and valid measure for upper- and lower-limb function in ambulant and non-ambulant
people with neuromuscular diseases, including MD, between 6 and 62 years old (Bérard, et al., 2005),
whereas the EK scale was found to be valid and reliable for use in older, non-ambulant children
(Darras et al., 2015; Werlauff & Steffensen, 2014). This explains why studies may have used these

measures. However, the MFM does widely assess antigravity function in the upper limb (only 25%
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of item), which is clinically important for children with Duchenne MD after they have lost ambulation
(Mazzone et al., 2012). Nonetheless, decreases in motor function were found to be strongly correlated
with decreased muscle strength (Nunes et al., 2016), so it could be suggested from Santos et al. (2016)
and Silva et al. (2012) that muscle strength was also maintained. An issue with motor function is that
it does not use manual resistance or focus on contraction of specific muscles, thus monitoring

progression of muscle strength is not know from these measures (Nunes et al., 2016).

The maintenance or improvement of motor function could be attributed to muscle strength
being maintained (DiBiasio et al., 2015), which may be the result of resistance from the drag and
viscosity of water strengthening the muscles (Torres-Ronda & Schelling i del Alcazar, 2014).
Progressive muscle weakness is the main characteristic common to all types of MD and is responsible
for many secondary consequences of MD, such cardiomyopathy, respiratory and psychiatric disorders
(Gainaetal., 2019). Unlike motor function, muscle strength is “the ability to exert force on an external
resistance” (Jones & Comfort, 2020). Despite the importance of muscle strength in relation to the
progression of MD, limited studies investigating the use of hydrotherapy for MD have included
muscle strength itself as an outcome measure. One study investigating 32 weeks of hydrotherapy on
a child with limb-girdle MD found decreased leg muscle strength during left-sided hip abduction,
right-sided hip abduction, left-sided knee extension and right-sided knee flexion by 11.3%, 23.4%,
35.8% and 39.2%, respectively (DiBiasio et al., 2015). Decreased muscle strength could be attributed
to progressive weakness outweighing the effects of hydrotherapy, especially in more severe forms of
MD where the progression rate is fast (Mercuri & Muntoni, 2013). Since MD continually worsens
overtime, an overall maintenance of function (i.e., muscle strength) is as equally important as
improving function. Even if small decreases occur, this can indicate a delay in the rate of MD
progression that would otherwise occur during normal progression (Silva et al., 2012). In the same
study by DiBiasio et al. (2015), 84.0% of overall combined lower-limb strength was maintained,

suggesting a potential benefit in the use of hydrotherapy for MD. This is supported by greater overall
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lower- and upper-limb strength being found in a woman with congenital MD after four months of
hydrotherapy and land-based sessions combined, that diminished after six months when hydrotherapy
participation stopped (Sanders & Torres, 2010). This suggests that hydrotherapy may contribute
towards a delay in progression, since without it the rate of MD progression increased. Therefore,
considering muscle strength as an outcome measure rather than motor function during hydrotherapy

may be more beneficial.

2.4.1.2 Respiratory Function

Declines in muscle strength also affect the respiratory muscles in MD (LoMauro & Aliverti,
2016). Multiple outcome measures have been used to assess respiratory function in MD. Several
studies support the use of hydrotherapy for the maintenance of respiratory function in MD, however
results within research are contradicting. Hydrotherapy was also found to increase inspiratory volume
and ventilatory pressures (Abo-zaid et al., 2021) that indicated increases in strength and oxygen
saturation, and increased function and HRQoL in children with MD (Huguet-Rodriguez et al., 2020).
This could be attributed to the hydrostatic pressure of water, where exercises in water increases
cardiac output (between muscles and time for oxygen transport to fatigued muscles), strengthens

lungs, and reduces muscle damage (Torres-Ronda & Schelling i del Alcazar, 2014).

Hydrotherapy had no change on forced vital capacity and minimal improvements (between
3.0% and 11.6%) in oxygen saturation, maximal inspiratory pressure (MIP), maximal expiratory
pressure (MEP), minute ventilation and peak cough flow (DiBiasio et al., 2015; Huguet-Rodriguez et
al., 2020; Silvaet al., 2012). Additionally, other studies found small decreases in forced vital capacity
post-hydrotherapy by 0.75% (Hind et al., 2017) and 6.15% (Huguet-Rodriguez et al., 2020). Even
though these indicate a slight worsening, the differences in each study were insignificant, suggesting

the maintenance of respiratory function. In many forms of MD respiratory function continues to
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decrease in MD (Kinane et al., 2018), thus it is unlikely that treatments would improve function but

rather would contribute to maintaining or slowing the progression.

On the other hand, respiratory frequency, peak cough flow, minute volume, and flow volume
were all found to worsen by between 8% and 29% after 10 sessions of hydrotherapy (Silva et al.,
2012). These may have worsened more compared to other studies because of the stage of progression
the child was in. The child being 12 years old in this study may have affected the results where they
were non-ambulant and had DMD, meaning they likely already had a worsened respiratory function.
This is supported by Adams et al. (2017) who found respiratory function differed with age, in which
chest expansion, inspiratory capacity and peak flow are more likely to increase in the younger,
ambulant male compared to the older, non-ambulant male. Age must be considered during
interventions for MD, as in Duchenne MD natural worsening of the respiratory system began around
10-12 years, and after age 16 was less than 50% of predicted values of healthy age-matched children
(Henricson et al., 2013). This suggests that a comparison of improvements should not be made
between individuals of different ages due to the natural progression and worsened function in older
children. Additionally, without a comparison between natural progression and the addition of
hydrotherapy, it cannot be determined if function is being maintained because of hydrotherapy, thus

a control group would be required to determine this.

Respiratory function outcomes improved slightly more in those who received hydrotherapy
compared to those who received land-based therapy (Abo-zaid et al., 2021). This suggests that
improvements in function may be attributed to hydrotherapy, although since no control group was
used, caution must be used. Improvements in outcomes, such as MIP and MEP, indicate improved
respiratory muscle strength (Watson et al., 2022). However, diaphragm muscle strength was not
measured, which would provide greater insight into the effects of hydrotherapy on respiratory muscle

strength, something that has not been investigated before. Diaphragmatic muscle strength is
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responsible for effective breathing (Laviola et al., 2018; LoMauro & Alverti, 2016), making it
important as natural declines in respiratory function, such as altered breathing patterns, occur in MD.
Thus, since there is no research that has investigated the effects of interventions on diaphragmatic
thickness, further investigation could contribute to better understanding of respiratory function and

the effects of hydrotherapy participation.

2.4.1.3 Psychological Function

Finally, self-efficacy, mental relaxation, and HRQoL was also found to improve in MD after
receiving hydrotherapy (DiBiasio et al., 2015; Hind et al., 2017; Sanders & Torres, 2010). The
buoyancy of water reduces load of muscles, joints, and bones, and increases the range of movement,
whilst reducing pain and muscles damage (Mooventhan & Nivethitha, 2014), suggesting a safer
environment. Participation in water-based exercises could decrease social isolation and be completed
alongside their peers, which could benefit non-ambulant individuals (common in MD) and increase

mental health.

Declines in muscle strength, alongside primary and secondary consequences of MD, increases
the likelihood of a poor HRQoL and lack of participation in activities of daily life (Jacques et al.,
2019; Powell & Carlton, 2023). Several studies found that HRQoL improved after two to six months
of hydrotherapy. A parent-reported interview found that eight hydrotherapy sessions twice a week
improved HRQoL, relaxation, socialisation, and self-perception in a child with Duchenne MD
(Atamturk & Atamturk, 2018). This was supported by parent-reported Pediatric QoL surveys that
found significant improvements in daily activities, treatment, and worry dimensions by > 4.5 points
after eight weeks of hydrotherapy (Adams et al., 2017), and improved child-reported QoL scores by
5.9 after ten weeks of hydrotherapy (Huguet-Rodriguez et al., 2020). Six months of hydrotherapy was
also found to contribute to the maintenance of HRQoL by improved scores of 8.1 and 0.07 as reported

by carers using the carer QoL questionnaire and children using the Child Health Utility 9-Dimension
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Index, respectively (Hind et al., 2017). These suggest that hydrotherapy can be beneficial for

improving psychological function and wellbeing in individuals with MD.

Notably, the outcome measures may have monitored different aspects of HRQoL and
wellbeing. For example, Huguet-Rodriguez et al. (2020) used the Pediatric QoL Neuromuscular
Module (Huguet-Rodriguez et al., 2020) that monitors social and physical wellbeing through
questions surrounding problems caused by the disease, communication difficulties, and problems on
family functioning, whereas Adams et al. (2017) used the Pediatric QoL Generic Core Scale and Hind
et al. (2017) used the Child Health Utility 9-Dimension Index that both consists of questions
surrounding a child’s physical, emotional, social and school functioning and wellbeing. Thus,
research should apply an outcome measure that considers the aspect of HRQoL they would like to

monitor.

2.4.2 Considerations of Age and Ambulation

Of the available studies, 72.7% investigated hydrotherapy on children under 18 years old only
(Abo-zaid et al., 2021; Adams et al., 2017; Atamturk & Atamturk, 2018; Ferreira et al., 2015; Hind
et al., 2017; Hondrio et al., 2013; Santos et al., 2016; Silva et al., 2012). Research guidelines
encourages early intervention for the management of MD (Bushby et al., 2010a), which could
contribute to why most hydrotherapy studies used children and adolescents as the sample population.
An issue with this is that previous research found the inclusion criteria for clinical studies often
prevented parents from letting their non-ambulant child participate in research (Bendixen et al.,
2016). This may impact the willingness of individuals participating in future research, as if they
constantly do not meet the criteria, it is unlikely they will consider joining clinical trials. There is
evidence to suggest that hydrotherapy may be more beneficial for older, non-ambulant children and
adolescents, who cannot perform land-based exercises, where the buoyancy and properties of water

allow for more freedom and independence without a wheelchair (Ogonowska-Slodownik et al., 2022;
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Torres-Ronda & Schelling i del Alcéazar, 2014). Hydrotherapy is more inclusive and can encourage
people with MD to participate alongside their peers. Therefore, research on hydrotherapy should be

inclusive to both ambulant and non-ambulant individuals.

2.4.3 Considerations of Study Duration and Design

Many studies are short-term, with most hydrotherapy sessions lasting between 8 weeks
(Adams et al., 2017; Atamturk & Atamturk, 2018) and 12 weeks (Santos et al., 2016). Whilst these
studies suggest that there are benefits of hydrotherapy for MD, short-term research may have
overlooked and/or missed patterns or changes which may have been identified using longitudinal
research. Few long-term studies were completed, lasting between six months (Hind et al., 2017) and
five years (Sanders & Torres, 2010), however data was either subjective or focused on one or two
consequences of MD, such as only focusing on motor function or respiratory function. Thus, it is
unknown whether long-term hydrotherapy can delay the progression of psychological, respiratory,

and functional consequences in MD.

The majority of studies available were case studies, making generalisation to the wider MD
population more difficult. Of the MD hydrotherapy studies, six (50.0%) were case studies or series
with <5 participants (Adams et al., 2017; Atamturk & Atamturk, 2018; DiBiasio et al., 2015; Sanders
& Torres, 2010; Santos et al., 2016; Silva et al., 2012). Case studies allow for an in-depth exploration
of variables for patients in real-life settings, with suggested educational value that contributes to the
advancement of medical knowledge (Sayre et al., 2017). However, case studies and series have been
described as weaker designs among the hierarchy of evidence-based practice (Murad et al., 2016),
often used to inform evidence-based practice in physiotherapy (Hoffmann et al., 2013). The lack of
control groups, mean causal effects cannot be confirmed between hydrotherapy and improvements in
function (Sayre et al., 2017). Although it cannot be confirmed that these case studies were planned,

several studies did report difficulty with recruitment and attendance of their intervention sessions
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(Abo-zaid et al., 2021; Hind et al., 2017). Thus, caution must be used with the results from these
studies due to the individuality amongst people with MD, making it harder for generalisation between
the types of MD and individuals. Alongside individuality, it is important to consider the age of onset,
muscles affected, progression rate and severity that differentiate types of MD (Huml, 2015; Mercuri
& Muntoni, 2013), as it may affect the outcome measures chosen or the age group chosen in the

design of the study.

2.4.4 Considerations of Participation

The uptake in adherence to participation in available management interventions and/or
research projects has been a common problem throughout MD research (Abo-zaid et al., 2021,
Matthews et al., 2021). This is consistent with low recruitment and attendance rates in hydrotherapy
research for MD (Hind et al., 2017). There is a greater challenge in recruiting and retaining individuals
with rare diseases, such as MD, because of the smaller clinical population, complexity and burden of
the disease, and commitment required in planning, understanding, and support from families,
practitioners, and the community (Bendixen et al., 2016). Thus, identifying barriers and motivators

was suggested in previous research to justify the use of hydrotherapy (Hind et al., 2017).

Participation in physical activity is important yet significantly reduced in children with MD
compared to their healthy peers (Bendixen et al., 2014). There are an abundance of themes, barriers,
and motivators for participation amongst children with neuromuscular diseases, including those
children and adolescents with MD (Shields et al., 2012). Understanding the facilitators and barriers
to participation is ‘“essential for the design and implementation of effective interventions and
strategies” (Shields & Synnot, 2016). If individuals do not want to attend intervention sessions, then
potential funding, efforts and/or time into planning sessions may be wasted. Whereas, if there are
external factors stopping individuals who would like to attend, then identifying and addressing these

solutions can be made possible, optimising participation rates (Peay et al., 2018). Despite the
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importance of identifying barriers and facilitators to participation in MD, existing research has only
investigated neuromuscular diseases as a group for physical activity and clinical trial participation

(Peay et al., 2018) or in cerebral palsy (Abid et al., 2022).

Research found that barriers and motivators to participation are person-specific, with children
focusing on personal factors and parents focusing on policy and programme, familial or social factors
(Shields et al., 2012). Motivations from parents’ perspective mostly surrounded “hope for significant
improvement in strength, endurance, school performance, and/or QoL” (Peay et al., 2014). This was
supported by parents reporting improvements surrounding their child needs, such as in improved
motor skills, confidence (Brown et al., 2022), altruism and the potential for better care (Peay et al.,
2018), as motivators for participation. Several studies have identified parental perspectives as being
essential for enhancing attendance and participation rate in children (Brown et al., 2022). Therefore,
further understanding of possible facilitators and barriers for children and adolescents with MD from
the perspective of parents may contribute to the effective implementation of hydrotherapy and
additional interventions in future studies. Notably, barriers to participation are more predominantly
studied compared to facilitators (Shields et al., 2012), thus research should investigate both variables

as both are influential on participation for children.

Personal, social, environmental, and policy and programme factors are commonly reported
forms of barriers and motivators in childhood-onset of physical disabilities (Mckenzie et al., 2021;
Shields et al., 2012). The use of these factors is consistent with the Physical Activity for people with
a Disability model (PAD-model) for understanding limitations to participation in physical activities
(Buffart et al., 2009; van der Ploeg et al., 2004). Within this model, it is an individuals’ intention that
influences the personal and environmental factors (Abid et al., 2022), which with self-efficacy and
health conditions, then influence physical activity behaviour (van der Ploeg et al., 2004).

Alternatively, the social cognitive theory (SCT) model explains that personal and environmental
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factors influence behaviour (Brown et al., 2022). Based on the SCT, if individuals feel in control of
their behaviour, can cope with the demands, and have self-regulatory strategies then people are likely
to continue being motivated to participate in sporting activities and therapy interventions (Mailey et
al., 2016). Both models have been used as a framework for exploring factors that facilitate or hinder
participation (Abid et al., 2022; Brown et al., 2022). Therefore, the use of the models should be

considered to assist with the exploration of barrier and motivators to participation.

2.5 Summary

All forms of MD cause progressive degeneration and weakness, that results in the
deterioration of function in multiple systems, such as the cardiorespiratory, musculoskeletal,
gastrointestinal, neurological, and psychological systems (Birnkrant et al., 2018a; Birnkrant et al.,
2018b; Birnkrant et al., 2018c). Although advancements in treatments have occurred, there is still no
cure for MD (Lombardo et al., 2021; Manzur & Muntoni, 2009); therefore, effective management is
important to maintain function and slow down the progression of MD. The use of hydrotherapy has
been recommended within guidelines for the management of MD (Lombardo et al., 2021). Reasons
for its use are attributed to the effects that buoyancy, drag, viscosity, and hydrostatic pressure can
have on physical, physiological, and psychological functioning (An et al., 2019). However, several
gaps in knowledge surrounding the use of hydrotherapy for MD were identified throughout Chapter

2.

The design of previous studies indicates some considerations for the present study. A lack of
long-term studies exist, meaning it is unknown whether the progression of psychological, respiratory,
and biomechanical consequences of MD are delayed after the addition of hydrotherapy in studies that
last over three months. Multiple time points should be considered throughout a period of longitudinal
research to identify whether any effects plateau after a certain length of time. Additionally, the

inclusion criteria within hydrotherapy research largely included ambulant individuals, despite the
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potential benefit of buoyancy allowing for non-ambulant individuals to be more independent.
Furthermore, muscle strength has not been widely used as outcome measures in studies on
hydrotherapy for MD, while diaphragm thickness has not been used. Thus, incorporating these
outcome measures, a longer study durations and multiple time points, may assist with a more effective

study design towards providing further insight in the effectiveness of hydrotherapy.

Broadly speaking, this thesis sought to answer two questions, 1) Does hydrotherapy contribute
to delaying the progression of muscle weakness, declining respiratory function, and declining
wellbeing in children and adolescents with MD? and, 2) What are the barriers and motivators to
hydrotherapy participation in children and adolescents with MD? Low recruitment and attendance
rates in physical activity and clinical trial participation were found as a gap within previous research
within Chapter 2 and our first study reinforced this finding. Therefore, an overall sequential research
design was conducted, in which to gain further insight and understanding into the results of Study 1,

a second study was designed and completed.

In summary, Chapter 1.0 outlined the justification for investigating the effects of hydrotherapy
within the MD paediatric population. It highlighted the need for longitudinal research to understand
whether hydrotherapy can contribute to delaying MD progression, due to a lack of knowledge and no
existing recommendations within NHS NICE guidelines. Chapter 2.0 explored the background of
MD, including the aetiology, prevalence, clinical presentation, and available treatments, as well as
provided an analysis of the current gaps within literature, providing direction to Study 1 and Study 2.
Chapter 3.0 to Chapter 5.0 comprises of part 1 to the thesis, ‘The effects of hydrotherapy on
respiratory function, strength, and wellbeing in children and adolescents with Muscular Dystrophy’.
Chapter 6.0 to Chapter 8.0 comprises of part 2 to the thesis, ‘An investigation into barriers and

motivators that may affect participation in hydrotherapy for children and adolescents with Muscular
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Dystrophy’. Finally, Chapter 9.0 draws both studies together and provides a summary of the overall

thesis, highlighting the implications for future research.

Study 1

Existing research specific to hydrotherapy for MD is limited and results are often
contradicting, with little research on long-term effects. Contradictions can be attributed to no existing
set definition or outcomes to assess the improvements or maintenance for MD. To understand whether
hydrotherapy can contribute to a delay in MD disease progression, it is necessary to monitor common
symptoms that can be present in each form of MD. However, as explored in Chapter 2.0, it is not
feasible to monitor all possible symptoms and consequences associated with MD throughout
treatments, due to the multi-systemic nature of MD, individuality in clinical presentations, and
continued worsening of symptoms (Birnkrant et al., 2018a; Birnkrant et al., 2018b; Ohlendieck &
Swandulla, 2021; Tsuda, 2018). Therefore, Chapter 3.0 explores the justification of the chosen
measures that captured respiratory, biomechanical, and psychological function, as well as aiming to

address the gaps in current knowledge, as previously highlighted.

The aims of Study 1 were to answer the following questions:

1) Isthere an effect after 40-weeks of hydrotherapy on biceps and quadriceps muscle strength in
children and adolescents with MD?

2) Is there an effect after 40-weeks of hydrotherapy on physical, social, and mental wellbeing in
children and adolescents with MD?

3) Is there an effect after 40-weeks of hydrotherapy on MIP, MEP, and diaphragm thickness in

children and adolescents with MD?
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Chapter 3.0: Methodology
3.1 Participants
Six males with MD, aged 11.2 + 2.9 years, were recruited for the study. Out of the six
participants, two rejected participating in the study prior to baseline testing, one withdrew post-
baseline testing, and one was excluded from analysis despite participating in the study. Reasons for
rejecting and withdrawing from the study included ongoing surgery and recurrent iliness of the child
preventing the ability to commit to hydrotherapy sessions, the child not wanting to complete group
sessions with younger children and/or the child being unmotivated to attend sessions. The participant
that was excluded had missing data and a low attendance rate. The participants all met the following
inclusion criteria:
e Be a male or female between the ages of 5-to-17-years-old.
e Have been diagnosed with Becker, Congenital, Distal, Duchenne, Emery-Dreifuss,

Facioscapulohumeral, Limb-Girdle, Myotonic, or Oculopharyngeal MD for at least three

months (with diagnosis confirmed by the Physiotherapist at the Chamwell Centre).

e Be able to travel to the Chamwell Centre within the Gloucestershire area.

The participants were aged 8 and 11 at the start of the study, and suffered from Duchenne MD.
Both males were at a different stage of disease progression, with the younger participant being
ambulant and the older participant being non-ambulant. Throughout this study the ambulant
participant began to use a wheelchair to assist in completing longer land-based activities. Physical
activity levels also varied among participants, ranging from one regularly participating in sports to
one not participating in any other exercises (except for any prescribed from their physiotherapist).
Additionally, it was reported that the participants suffered from anxiety, and one was on the autism
spectrum. All participants continued with their usual care throughout the duration of the study, due
to ethical reasons, and had not received hydrotherapy for at least 18 months (due to the COVID-19

pandemic).
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Participants were excluded from the study if they had one or more of the following:

Could not be given written consent from a parent or guardian.

e Could not understand information sheets in English or adhere to study protocol.

e Violate hydrotherapy contraindications, where absolute contraindications are present, or
participants are advised not to take part by their physiotherapist or the physiotherapist at the
Chamwell Centre due to precautions flagged up.

e Had any serious health conditions or comorbidities unrelated to a form of MD, which may

influence study outcomes (Huguet-Rodriguez et al., 2020).

e Are currently or have recently (within the last six months) been part of another study.

3.2 Recruitment

The study was completed in collaboration with the Chamwell Centre. During the COVID-19
pandemic, hydrotherapy sessions for multiple clinical populations were stopped, and only began to
reopen in 2021. The Chamwell Centre opened and began putting in place hydrotherapy sessions for
these clinical populations, including MD. Individuals with MD were made aware of and able to
enquire about hydrotherapy sessions through local physiotherapists, paediatricians, neuromuscular
advisors and in few cases through self-referral. Prior to joining any sessions, individuals were

assessed by physiotherapists at the centre.

Participant recruitment was completed by the Physiotherapist in charge of MD hydrotherapy
at the centre who identified potential participants and informed them of the study. If interested,
parents and/or carers of these potential participants contacted the research team who provided them
with participant information sheets. If interest was still shown, the parents/carers and their child were

then invited to a baseline session with the researchers.
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3.3 Study Overview

Ethical approval was granted from the University of Gloucestershire Research Ethics
Committee (REC.18.85.8, see Appendix A). Participants and their parents and/or carers attended a
baseline session, where they were briefed on the study requirements and written informed consent
from the participants’ parent was obtained upon agreement to participate (see Appendix B and
Appendix C). Information regarding the participants’ type of MD and their age was collected,
however anthropometric measurements of height and weight were not taken due to a participant being
non-ambulant. Participants were then introduced to the outcome measures to be collected that
monitored progression, described in ‘3.4 Study Procedure’. These outcome measures were collected
at baseline (week 0), week 8-10, and week 16, and during a follow-up at week 40. An outline of the

study can be seen in Figure 3.
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Figure 3

Flowchart Hlustrating an Overview of Study 1

Recruitment:
Potential participants identified by physiotherapy and informed of
study. Parents/carers contacted researchers if interested, received
participant information sheets, and invited to a baseline session.

A 4

Baseline Session:
Parents and participants briefed on the study. Upon agreement to
participate, written informed consent from parent/carer and assent
from child obtained.

\ 4

Introduction to and collection of baseline information, including
assessment of respiratory function, strength, and wellbeing.

Two participants rejected
participation in the study.

A 4

Hydrotherapy treatment for 45-minutes once a week.
AND

Re-assessment of progressive measures (respiratory

function, strength, and wellbeing) at week 8-10 and 16.

Participants continued with one 45-minute hydrotherapy
per week for another five months.

Follow-up of progressive measures completed at nine
months (40 weeks) from baseline for three participants.

v

One participant withdrew
from the study.

Data Analysis:
Average values and absolute differences were calculated

for the outcome measures in two participants.

One  participant  was
excluded from data
analysis.

Participants were offered 45-minute hydrotherapy sessions once a week over a nine-month

period. However, several complications limited this to a total of 28 out of 40 sessions available,

equating to a little over six months of hydrotherapy over the nine months. These complications
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consisted of three public holidays, five separate weeks of staff illness (COVID-19) and chlorine or
pH concentrations being too high or low in the pool preventing its use. Researchers were not involved
in carrying out hydrotherapy sessions but assessed its potential benefits. The hydrotherapy sessions
were provided by the Chamwell Centre and conducted by a physiotherapist, trained in aquatic
physiotherapy by the Aquatic Therapy Association of Chartered Physiotherapists, with prior

experience in MD. The sessions were funded for by Muscular Dystrophy UK.

3.4 Study Procedure

All measures were taken at the Chamwell Centre by the same researcher, with each data
collection session lasting between 30 to 40 minutes. Prior to each session, the outcome measures were
explained to the participants and verbal assent was obtained. At week 0, 8-10, 16 and 40, the following

outcome measures were taken:

3.4.1 Respiratory Function

1. Diaphragm Thickness was assessed using 2-Dimentional (2D) ultrasonography (uSmart
3300, Ultrasound system, Terason, Burlington, MA, USA), which provides non-invasive and time-
efficient imaging through sound waves travelling from a transducer (Fayssoil et al., 2018). Measuring
diaphragm thickness using an ultrasound has been suggested as an assessment of respiratory function
for MD (LoMauro et al., 2015), but it has not yet been validated in MD (Laviola et al., 2018).
However, it has been validated in individuals with cervical spinal cord injury (Zhu et al., 2021) and
in the supine position (Baldwin et al., 2011). Caution must be used with thickness measures as an
increase in diaphragm thickness does not always equate to increased respiratory function, but could
indicate excess fat or collagenous tissue, known as pseudohypertrophy (Laviola et al., 2018).
Additionally, a study concluded that 2D ultrasonography had excellent specificity and sensitivity and
was feasible and reliable for diagnosing neuromuscular diaphragm dysfunction (Boon et al., 2014).

Prior to the participants’ arrival, the machine setting was inputted and a frequency of approximately
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17 MHz was chosen. The participants were placed in a supine position, because it was found to result
in less overall variability and greater reproducibility (Intraclass Correlation Coefficient (ICC) =0.93,
95% CI [0.75, 0.98]) (Zhu et al., 2021), be the best posture to show diaphragmatic impairment and it
was not practicable to hold the probe perpendicular to the chest wall in seated positions (Laviola et
al., 2018). Ambulant participants laid supine on a plinth, however the non-ambulant participant opted
to recline their wheelchair back to a nearly supine position, due to the time of transfer that would be
required and their comfort. Ultrasound gel was placed on the transducer probe, which was then placed
in the zone of apposition along the anterior axillary line between the 71" and 9™ intercostal space.
Participants were instructed to take a deep breath in and out, while a few recordings using the software
on the ultrasonography system was completed. The recordings were viewed and three different
measures along the diaphragm, between the diaphragmatic pleura and peritoneal membrane, was
recorded and the average taken. These measures were taken at the end of inspiration at tidal volume

(and end of expiration at functional residual capacity).

2. Respiratory Muscle Strength, using static MIP and MEP, was measured using a
respiratory pressure meter (MicroRPM, Micro Medical, Kent, United Kingdom). They have been
suggested as an assessment of respiratory function according to guidelines for respiratory
management in children with neuromuscular weakness, including MD (Hull et al., 2012), in which
MIP and MEP “measures at the mouth provide a global index of inspiratory and expiratory muscle
strength, respectively” (LoMauro et al., 2015). The MicroRMP respiratory pressure meter has also
been found to reliably measure MIP and MEP in a seated position in healthy individuals (ICC = 0.86
—0.90) (Dimitriadis et al., 2011). Measures were completed in a seated and upright position either on
a chair or wheelchair. Whilst some studies indicated that MEP and MIP may differ between body
positions, the American Thoracic Society guidelines and research state that standing or seated
positions can be used, with seated (on a chair or wheelchair with backrest at 90°) being better for

safety reasons and comfort (Katz et al., 2018). Participants practiced forcefully breathing out and in
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while the mouthpiece was not connected to the machine, being instructed to keep their lips around
the mouthpiece to create a ‘seal’. The mouthpiece was then connected to the machine. To collect
MEP, the researcher stood behind the seated participant with their hands placed on the individual’s
cheeks. The participant was then told to breathe out forcefully as the researcher applied a gentle force
on their cheeks to assist. To collect MIP, participants were asked to forcefully breath in as if sucking

through a straw. Both measures were repeated three times and the average was taken.

3.4.2 Biomechanical Function

1. Bicep and Quadricep Strength was collected using a hand-held dynamometer (Lafayette
Manual Muscle Test (MMT) System 01165: Lafayette, Indiana, USA). Assessing isometric upper-
limb and lower-limb strength, in healthy 4-17-year-olds, using hand-held dynamometry was
moderately to greatly reliable (ICC = 0.82 to 0.98 and ICC = 0.67 to 0.98, respectively) and valid
(ICC = 0.78 to 0.94 and ICC = 0.48 to 0.93, respectively) (Hébert et al., 2011). Hand-held
dynamometry was previously used in the assessment of MD (Lu & Lue, 2012). In 4-14-year-olds
with Duchenne and Becker MD, hand-held dynamometry was moderately to greatly reliable for
measuring lower-limb (ankle, knee, and hip) strength, where ICC was 0.69 to 0.94 and inter-tester
ICC was 0.76 to 0.98 (Shi et al., 2015). This is supported by Knak et al. (2020) who found good to
great inter-rater reliability in adults with myotonic MD (ICC =0.88 t0 0.97) and Brussock et al. (1992)
who found great test-retest and inter-tester reliability in 6-14-year-olds with Duchenne MD (ICC =
0.90 to 0.99). Hand-held dynamometry was also found to have good to great reliability for measuring
upper-limb strength in 6-14-year-olds with Duchenne MD (ICC 0.74 to 0.98) (Brussock et al., 1992)
and 10-32-year-old males with Duchenne MD (ICC 0.87 to 0.97) (Connolly et al., 2015). Although
the muscles affected differs between types of MD and stages of progression (National Institute of
Neurological Disorders and Stroke, 2013), proximal muscles such as the biceps and quadriceps are
affected at some point in most MD types and are needed in many activities of daily life. Participants

were seated or remained in their wheelchair (with footrest and armrests moved to the side). To collect
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bicep strength, participants bent their elbow to 90°, keeping their elbow to their side. The researcher
stabilised the top of the shoulder with one hand and with the other held the hand-held dynamometer
against the participants’ wrist. Participants were instructed to push against the dynamometer as hard
as they can for a few seconds, before being told to relax. The researcher resisted this maximal
contraction, i.e., the make method, as research found this to be the best method for MD when using
hand-held dynamometry (Lu & Lue, 2012). This was repeated three times. To collect quadricep
(group) strength, participants remained seated with their feet not touching the floor and their knees
bent to 90°. The researcher used one hand to stabilise above the participants’ knee and with the other
held the dynamometer against their shin. The participant was then instructed to ‘kick’ their leg
forward against the dynamometer as hard as they can for a few seconds, before being told to relax.

This was repeated three times.

3.4.3 Health-Related Quality of Life

1. The NPC’s Wellbeing Measure (Level 2) is a shorted questionnaire that measures the
well-being of young people with special educational needs, suitable for individuals aged 7-16 with
medium-to-complex needs (Sabri et al., 2015). It consists of 14 questions that covers self-esteem,
resilience, emotional wellbeing, relationships with friends and family, school, and overall life
satisfaction. These questions are based on Marsh’s self-description questionnaire, Wagnild and
Young’s resilience scale, Goodman’s strength and difficulties questionnaire, Huebner’s
multidimensional life satisfaction score, and Cantrill’s Ladder (0-10 scale, where 0 is not happy at all
and 10 is happy). Since participant may also experience psychological, behavioural, and
neurodevelopmental problems alongside different types of MD (Ferrero & Rossi, 2022; Ricotti et al.,
2016), the NPC’s questionnaire was chosen as it may be easily understood by more children and
adolescents. Participants were asked to complete the questionnaire, but parents were able to explain

the questions if required to.
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3.5 Data Analysis

The results in muscle strength and respiratory function for each individual was input into an
excel spreadsheet, and the average value for each individual was calculated. The scores of the NPC’s
Wellbeing Measure were calculated using the provided scoring system for each questionnaire that
formed the measure, Marsh’s self-description questionnaire, Wagnild and Young’s resilience scale,
Goodman’s strength and difficulties questionnaire, Huebner’s multidimensional life satisfaction
score, and Cantrill’s Ladder (Sabri et al., 2015). Based on these, higher scores indicated greater levels
of wellbeing. All outcomes of strength, wellbeing, and respiratory function were presented in line
graphs to demonstrate the change in participants’ results over 40 weeks of hydrotherapy. Percentage
change for each outcome measure between week 0, week 8-10, week 16, and week 40 were also
calculated (see Appendix D). Finally, attendance rates were calculated for hydrotherapy sessions

throughout the 40-week study duration for each participant.
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Chapter 4.0: Results
4.1 Muscle Strength

4.1.1 Participant 1

As presented in Figure 4a, an overall 40.1 N decrease in biceps strength from baseline to week
40 was found in Participant 1. Biceps strength decreased from baseline to week 8-10 (-28.5 N) and
from week 16 to week 40 (-33.7 N). Whilst an increase in biceps strength from week 8-10 to week

16 was found (22.1 N), this remained lower than baseline.

As presented in Figure 4b, an overall 33.0 N increase in quadriceps strength from baseline to
week 40 was found in Participant 1. Quadriceps strength increased from baseline to week 8-10 (38.5
N), however decreased from week 8-10 to week 16 by 9.1 N. An increase in quadriceps strength from
week 16 to week 40 was found (3.6 N), which was greater than baseline but remained lower than

week 8-10.

4.1.2 Participant 2

As presented in Figure 4a, an overall 32.0 N decrease in biceps strength from baseline to week
40 was found in Participant 2. Whist an increase was found from baseline to week 8-10 (10.1 N),
biceps strength decreased from week 8-10 to week 16 (20.3 N), and further decreased at week 40

(21.8 N).

As presented in Figure 4b, an overall 48.6 N increase in quadriceps strength from baseline to
week 40 in Participant 2. Compared to baseline, quadriceps strength increased by 19.6 N at week 8-

10 and further increased by 6.0 N at week 16.
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Figure 4

Changes in Muscle Strength over 40 Weeks for Each Participant
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Note. These figures demonstrate the difference in change in (a) Biceps Strength and (b) Quadriceps
Strength over 40 weeks of hydrotherapy for each individual participant.
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4.2 Respiratory Function

4.2.1 Participant 1

As presented in Figure 5a, an overall 4.5 cm H20 decrease in MIP from baseline to week 40
was found in Participant 1. Whilst an increase was found from baseline to week 8-10 (14.3 cm H20),
MIP decreased from week 8-10 to week 16 (3.0 cm H20) and further decreased at week 40 (15.8 cm

H20).

As presented in Figure 5b, an overall 0.4 cm H20 increase in MEP from baseline to week 40
was found in Participant 1. MEP increased from baseline to week 8-10 (18.3 cm H20). MEP then
decreased at week 16 (-12.0 cm H20) and further decreased at week 40 (-6.0 cm H20), however this

remained greater than baseline.

As presented in Figure 5c¢, overall diaphragm thickness in Participant 1 remained similar from
baseline to week 40 (-0.01 cm). Diaphragm thickness increased from baseline to week 8-10 (0.11 cm)

and remained the same at week 16, before decreasing from week 16 to week 40 (-0.12 cm).

4.2.2 Participant 2
As presented in Figure 5a, an overall 6.3 cm H20 increase in MIP from baseline to week 40
was found in Participant 2. MIP increased from baseline to week 8-10 by 1.0 cm H2O and further

increased at week 16 (0.3 cm H20) and week 40 (5.0 cm H20).

As presented in Figure 5b, an overall 18.0 cm H20 increase in MEP from baseline to week 40

was found in Participant 2. MEP increased from baseline to week 8-10 by 11.0 cm H.O and further

increased at week 16 (1.7 cm H20) and week 40 (5.3 cm H20).
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As presented in Figure 5c¢, an overall 0.10 cm increase in diaphragm thickness from baseline
to week 40 was found in Participant 2. Diaphragm thickness increased from baseline to week 8-10
(0.04 cm) and from week 16 to week 40 (0.09 cm). Whilst a decrease was found from week 8-10 to

week 16 (-0.03 cm), this remained greater than baseline.
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Figure 5

Changes in Respiratory Function over 40 Weeks for Each Participant
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Note. These figures demonstrate the difference in change in (a) MIP, (b) MEP, and (c) diaphragm
thickness between each individual participant over 40 weeks of hydrotherapy. MEP = maximal expiratory
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4.3 Health-Related Quality of Life

4.3.1 Participant 1

As presented in Figure 6, the Wellbeing Measure score decreased from baseline to week 40
in Participant 1 by 4.0. The Wellbeing Measure score remained the same at week 8-10, however
decreased by a score of 23.0 at week 16. Whilst the score then increased from week 16 to week 40

by 19.0, this remained lower than baseline.

At the end of the NPC’s Wellbeing Measure, when prompted by the question “Is there
anything else you’d like to say?”, Participant 1 reported feeling “tired” and “struggling at school” at

week 16 but left no other comments at the other data collection points.

4.3.2 Participant 2
As presented in Figure 6, the Wellbeing Measure score increased from baseline to week 40 in
Participant 2 by 3.0. The Wellbeing Measure score remained the same at week 8-10, however

decreased by a score of 1.0 at week 16, before increasing by a score of 4.0 from week 16 to week 40.

At the end of the NPC’s Wellbeing Measure, when prompted by the question “Is there

anything else you’d like to say?”, Participant 2 reported the following: “I like helping other people”

at baseline and “Both legs can be stiff and have pains now and then” at week 16.
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Figure 6

Changes in NPC’s Wellbeing Scores over 40 Weeks for Each Participant
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Note. This figure demonstrates the difference in change in Wellbeing Scores for each individual
participant over 40 weeks of hydrotherapy. NPC = New Philanthropy Capital.

4.4 Attendance

Participant 2 attended a greater number of hydrotherapy sessions (89.3%) compared to

Participant 1 (67.9%), as shown in Table 1.

Table 1

Participant Attendance Throughout the 40-Week Study Duration

Overall Week 0 to Week 16 Week 17 to Week 40
n (/28) % n (/12) % n (/16) %
Participant 1 19 67.9 11 91.7 8 50.5
Participant 2 25 89.3 10 83.3 15 93.8
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Chapter 5.0: Discussion

The purpose of this study was to investigate the effects of hydrotherapy on respiratory
function, muscle strength and wellbeing in children and adolescents with MD. The main findings of
this study were that 1) recruitment and participation rates were poor, 2) mean quadriceps strength and
MEP measure exceeded baseline measures at two, four and nine months of hydrotherapy, 3) mean
biceps strength was greatest at baseline (with the exception of week 8-10 for Participant 2), 4) mean
MIP, diaphragm thickness and wellbeing scores in Participant 1 remained similar after nine months,
and 5) mean MIP, diaphragm thickness and wellbeing scores in Participant 2 increased after nine

months.

5.1 Strengths and Limitations

MD is a limited and difficult research area because of the small population that suffers with
this rare disease. Several short-term studies investigating hydrotherapy for MD are available, however
they lack any useful longitudinal data (Adams et al., 2017; Santos et al., 2016; Silva et al., 2012). The
few long-term studies that are available only report results from one outcome and/or report subjective
findings (Ferreira et al., 2015; Honorio et al., 2013; Sanders & Torres, 2010; Voos et al., 2020). We
were the first study to objectively monitor the effects of 40 weeks of hydrotherapy on respiratory
function, muscle strength and wellbeing within a single study. Additionally, most studies
investigating hydrotherapy in MD are case studies (Santos et al., 2016; Silva et al., 2012), with only
one study being a feasibility randomised-controlled trial (Hind et al., 2017). This was no different
from our current study design being that of a case study. Despite our attempt to progress from a case
study to group intervention, this was not feasible with the exclusion of data from the third child who
participated in the study, as well as the small sample size after recruitment. To fully understand the

findings of the present study, it is important to highlight the strengths and limitations.
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Firstly, Laviola et al. (2018) suggests progressive diaphragm measurements should be
considered as an outcome measure for monitoring the effects of interventions on respiratory function
in MD because weakness of this muscle can cause respiratory failure. As of yet, this has never been
monitored during interventions for MD; we were the first to include diaphragm thickness
measurements in a hydrotherapy interventions study. However, there were some weaknesses. In one
participant diaphragm thickness was measured while they remained in their wheelchair, due to
equipment and manual handling constraints, which despite being able to recline the chair slightly, the
chair was still in the way of the probe. This went against the recommended supine position for those
with cervical spinal cord injuries (Zhu et al., 2021), however this same position was used for this
participant across all timepoints of data collection. This systematic error may have affected the
internal validity of their results. To effectively gain results, participants may need to be transferred to
a plinth in future studies, different positions for measuring diaphragm thickness in MD should be
investigated and validated. Additionally, one participant was self-conscious of their body and in one
assessment did not want to lift his top, so the placement of the probe was limited because the probe
had to be placed under the top. Nonetheless, measures of diaphragm thickness were still important to

collect.

Secondly, many studies investigating hydrotherapy for MD struggled with recruitment (Abo-
zaid et al., 2021; Hind et al., 2017), which was no different from the present study. Only data from
two participants who completed the study could be used, and this therefore limited our ability to
complete more complex statistical analysis and generalise results to the wider MD population. This
was further hampered by the restrictions surrounding COVID-19, whereby NHS hydrotherapy
services were still limited and not being offered to patients with MD at the start of the study. However,
the data remains a useful insight into the effects of hydrotherapy on respiratory function, muscle

strength and wellbeing in children with MD, as well as providing guidance for future studies.
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As it’s known that MD is a difficult group to recruit from, we needed to include all recruited
participants in the hydrotherapy intervention group, due to the small sample size. Unfortunately, with
the exclusion of one participant’s findings, this meant that the study was treated as a case study and
so had no control group, meaning we could not compare changes in data over time relative to whether
there had been no intervention at all. Usual care was continued during the study due to ethical
reasoning and to reflect everyday life, but without a control group we cannot be certain of the form
of care that caused the results; further highlighting the need for a control group. Additionally, without
further statistical analysis, we cannot be certain of any trends or patterns in results, further
highlighting the need for a greater sample size. Therefore, our research questions could not be

answered with certainty.

Thirdly, recent guidelines stated that the water temperature of hydrotherapy pools should aim
to be kept within a thermoneutral range between 34.0°C — 35.5 °C (optimal range) to allow for the
therapeutic effects to take place, although it can range between 32.0°C — 35.5°C (Pattman et al.,
2021). Remaining within the thermoneutral range means that an individual’s normal core body
temperature can maintained, often for up to an hour (Bieuzen, 2013). However, during the first few
weeks of the present study, the water temperature was lower ranging from 30.0°C to 33.0°C, due to
an issue with the temperature controls. Although this was promptly fixed, this slightly lower
temperature would have meant that it would have been more likely for children with MD to have
over-cooled during these sessions, increasing their susceptibility to increased tone, thus preventing
relaxation and improved circulation of the body (Carerea & Orr, 2016). Warm water immersion,
especially at thermoneutral range, has physiological changes such as increased vasodilation of
peripheral blood vessels, blood flow, and oxygen carrying capacity, that when combined with
hydrostatic pressure reduces pain and muscle spasm (An et al., 2019; Carerea & Orr, 2016).

Therefore, results produced from the first few weeks of the present study may be sightly incorrect,
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highlighting the importance of monitoring the temperature at each session throughout a study.
Additionally, not all studies surrounding hydrotherapy for MD reported their temperatures (Atamturk
& Atamturk, 2018; Huguet-Rodriguez et al., 2020), with other temperatures varying between 32.8°C
(Adams et al., 2016) and 36.0°C (Hind et al., 2017), so it cannot be determined whether discrepancies
between these findings occurred as a result of these higher or lower temperatures. Future studies
should consider reporting these results to allow for a comparison of results and identification of

patterns in temperatures and effects.

Finally, there was a lack of standardisation during the measurements of muscle strength during
the study. Participants were instructed to ‘kick’ (for quadriceps strength) and ‘push’ (for biceps
strength) against the hand-held dynamometer as hard as they can for a few seconds before relaxing
however, there was no set script or specified number of seconds stated out loud to the participants for
how long they needed to push or kick for. The standardisation of procedure is important to “reduce
the influence of any extraneous variable” and if not achieved can cause results to be unreliable,
threatening the validity of the test (Fischer, 2010). Previous research found that when using the hand-
held dynamometer, verbal direction significantly increased maximal strength by 5.6 Ib (right-sided)
and 5.7 Ib (left-sided) (Walsh & Potvin, 2019). Although this was used for grip strength in healthy
females, this demonstrates how differences in encouragement, verbal cues and/or instructions given
during data collection sessions, may lead to different outcomes in strength. Despite the same
researcher measuring these outcomes for each participant at each time point, this still may have
affected the participants’ muscle strength performance, in turn reducing the reliability of these results.
Therefore, future studies should ensure there is a set standardisation of instructions for the researcher

to relay to participants.
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5.2 Attendance and Participation

The present study had difficulty with recruitment, data completeness, and adherence to
hydrotherapy sessions, which is consistent with reports from previous studies (Adams et al., 2017;
Hind et al., 2017). Unlike the present study, most failed to report their recruitment process, rates of
attendance and/or dropout rates (Santos et al., 2016; Silva et al., 2012). Thus, the use of three or less
participants within previous studies alongside the present study suggests that few individuals were

willing or able to participate in the study.

In the present study, six potential individuals were identified, of which two (33.3%) rejected
participation and one (16.7%) dropped out. Issues with recruitment in our study could be attributed
to the Physiotherapist finding it hard to recruit and the fact that recruitment was based around one
hydrotherapy centre in one location. However, previous studies with larger samples also reported
difficulty with recruitment, despite having longer periods for recruitment at multiple centres. In a
study by Hind et al. (2017), 70.7% of potential individuals were not interested in participating and
7.7% dropped out. Additionally, further studies found 7.7% (Huguet-Rodriguez et al., 2020) and 4.0%
(Abo-zaid et al., 2021) of individuals rejected participation, although both studies had no dropouts.
This further suggests that some individuals are not willing to participate in either hydrotherapy

sessions and/or research interventions.

Amongst individuals who agreed to participate, attendance in hydrotherapy sessions also
varied. In the present study, Participant 1 and 2 attended 67.9% and 89.3% of available hydrotherapy
sessions, respectively. The third participant in the study only attended 21.4% of sessions and thus
their results were excluded from the data analysis. Reasons given for missed sessions amongst these
participants included illness/COVID-19, fatigue, injury, family events, and post-surgery recovery.
The variation of attendance amongst individuals with MD is supported by few studies. Attendance

was ranged from 50.0% to 100.0% over eight weeks (Adams et al., 2017), between 47.0% and 88.0%
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over six months (Hind et al., 2017), and for one individual was 96.2% over eight months of
hydrotherapy (DiBiasio et al., 2015). Reduced attendance may have hindered the effectiveness of
hydrotherapy for MD, where it is likely that long-term and consistent intervention is needed to combat
MD, since it is a chronic and progressive disease. Additionally, the excluded participant only attended
two out of four data collection sessions, due to requiring surgery midway through the present study,
which would have greatly impacted the analysis of their results if it was included in the study. One
study supported the difficulty with data completeness, where not all participants completed all
outcomes at each time point (Hind et al., 2017). Missing data can cause issues with the analysis and
interpretation of results, such as a reduced statistical power, bias, and reduced representativeness, that
can lead to invalid conclusions (Kang, 2013). Thus, attendance in hydrotherapy and data collections
sessions are both important. However, due to the nature of MD, in which flare ups of symptoms could
occur, it should be considered that missed sessions are likely to occur in future studies, that may need
to be accounted for during the design of the study. Future studies are required for a better
understanding of why recruitment and participation in children and adolescents with MD is low,

which could help inform further discussions surrounding the use hydrotherapy for MD.

5.3 Outcome Measures
5.3.1 Defining a delay in progression

In the present study, the mean MIP, diaphragm thickness, and wellbeing score of Participant
1, and mean biceps strength in both Participant 1 and 2 at week 40 were lower than baseline measures
(Figure 4, 5, and 6). Despite these outcomes declining from baseline, this does not indicate that
hydrotherapy was ineffective for the management of MD. This is supported by Silva et al. (2012)
who concluded that the worsening of outcomes when monitoring the effects of hydrotherapy in MD
does not necessarily mean that a negative effect has occurred due to the natural disease progression
associated with MD. MD worsens over time and there is no current cure (Duan et al., 2021), so

interventions aim to preserve and maintain function (Lombardo et al., 2021) rather than improve
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function, meaning that maintaining similar functions would indicate a delay in MD progression. Thus,
even if the outcome has a negative change, if this change is less than what would occur during the
progression of the disease naturally, it suggests that the intervention or treatment used has contributed
to slowing the rate of progression. As previously mentioned, the case study design and lack of control
group(s) mean we cannot determine if this does or does not occur with the use of hydrotherapy for

delaying respiratory function, wellbeing, and strength in MD.

There is no research available that has defined this delay in progression for MD, making it
difficult to establish whether an intervention is effective in maintaining biomechanical, respiratory,
or psychological function. Smaller increases and decreases, i.e., less than 30% change (based on
Consolaro et al. (2016) for juvenile arthritis), shown in Table 1, could indicate a maintenance of
function for that outcome. Based on this, it could be argued that a delay in progression occurred from
week 8-10 to week 16 for quadriceps strength, MIP, and MEP in Participant 1 (-13.9%, -10.6%, and
-23.2%, respectively) and biceps strength, diaphragm thickness and wellbeing scores for Participant
2 (-22.7%, -10.0%, and -1.7%, respectively). It could also be argued that a delay occurred from
baseline week 40 for diaphragm thickness (-2.6%) and wellbeing (-7.1%) in Participant 1 (see
Appendix D). Thus, this definition of delayed progression suggests that hydrotherapy may have
contributed to the maintenance of respiratory function, mental and physical wellbeing, and muscle
strength in these individuals. However, caution must be used with these changes as they are specific
to each participant and cannot be used generalised to the wider MD population. In Consolaro et al.
(2016), this definition was used in individuals and so it is unknown whether it would be suitable for
monitoring group progressions in future research studies that have established control and
intervention groups. Additionally, the relative percentage change can be misleading because on small
numbers this change can look more significant than it is, as when your initial value gets “smaller and
smaller, percentage change gets bigger and bigger” with the opposite true for bigger initial values

(Curran-Evertt & Williams, 2015). Thus, caution must also be used when evaluating results using this
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method, as if values are taken out of context, the intervention may appear more effective than it is,
which could be wrongfully applied to justify its use. Nonetheless, Consolaro et al. (2016)’s definition
of less than 30% change could be useful to monitor the progression of physiological, psychological,
and biomechanical function in children with MD. However, investigation into other methods that
could also define delays in progression is required. Therefore, future research needed to establish a
standard definition for maintaining MD progression. This could inform clinical guidelines and would
allow for a standardised method that research studies could use, which would also enable easier

comparisons between studies that is applicable to usual care.

Additionally, there are no set core outcomes to monitor disease progression, unlike other
clinical populations, such as juvenile arthritis (Consolaro et al., 2016), meaning comparisons between
studies becomes harder due to the multiple outcomes being used in different studies. Previous
research has also indicated the lack of core measures available for MD (Bushby & Connor, 2011;
Lombardo et al., 2021), with different measures often being used based on the type or stage of
progression for MD. Thus, as well as a definition of maintenance to fully determine a delay in
progression, it may be beneficial for future studies to investigate potential core outcomes that can be

used when assessing the effectiveness of clinical interventions for all types of MD.

5.3.2 Muscle Strength

Monitoring muscle strength in individuals with MD is essential as muscle weakness is the
main complication in all types of MD (Theadom et al., 2014). Management programmes should be
aiming to optimise and/or maintain muscle strength (Lombardo et al., 2021). Few studies have
monitored changes in muscle strength (via dynamometer) during hydrotherapy intervention, with
only one longer-term study (32 weeks) having monitored lower-limb strength in children with MD

(DiBiasio et al., 2015). Thus, when comparing previous studies to the present study caution must be
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taken as changes found in the shorter time periods cannot identify or predict patterns of change

beyond their study duration, i.e., support the patterns found over 40 weeks of hydrotherapy.

The suggested improvements in mean quadriceps strength for Participant 1 and Participant 2
after 16 weeks (29.4 N and 25.6 N, respectively) and 40 weeks (33.0 N and 48.6 N, respectively) of
hydrotherapy within the present study could be attributed to the higher viscosity of water causing a
resistance against movements in water, that encourages muscles to work harder, and thus increasing
strength (An et al., 2019). Based on Bernoulli’s principle moving faster through water increases
turbulence behind the body, which increases resistance to forward movements, due to moving from
positive pressure to negative pressure within the water (Wratten et al., 2019). This in turn allows the
body to experience a drag force that, when increasing the surface area of the limb with additional
equipment or moving through the water with more force, offers more resistance, allowing the
enhanced control of muscle strengthening (Becker, 2011; Mclintyre, 2017). Our study was consistent
with DiBiasio et al. (2015) who found 84.0% of combined lower-limb muscle strength in a 12-year-
old female with limb-girdle MD type 2 was maintained after 32 weeks of hydrotherapy. This was
supported by self-reported increases in lower-limb strength after receiving 16 weeks of hydrotherapy
and land-based session in a 35-year-old female with congenital MD (Sanders & Torres, 2010). This
was attributed to the water properties within hydrotherapy, due to increases in muscle strength being
diminished once hydrotherapy was stopped, however hydrotherapy cannot be confirmed as the cause
since there was no control group in Sanders and Torres (2010). Additionally, quadriceps strength,
measured by grades on the Medical Research Council Scale, remained the same after six weeks (12
sessions) of hydrotherapy, while hamstrings, gluteal, iliopsoas, and hip adductor strength increased
by one (Luz et al., 2021). However, compared to the present study, the use of a scale has poor
functional relevance, is unable to quantify strength, and the grade difference are non-linearity, making
it is important for future studies to assess which outcome measure for strength would be most

beneficial for monitoring progression. Nonetheless, these support improvements in quadriceps
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strength found at the shorter (16 weeks) and longer (40 weeks) time points in the present study,

although due to lack of comparison to a control group this means that causality cannot be determined.

Interestingly, when only comparing measures of quadriceps strength in DiBiasio et al. (2015),
right-sided strength increased by 2.0 N and left-sided strength decreased by 15.6 N. This highlights
that imbalances in muscle strength within a child with MD may exist. This asymmetry between
muscles may be due to the participant suffering from limb-girdle MD type 2, where asymmetry can
occur (Murphy & Straub, 2015), unlike in Duchenne MD where muscles on both sides are usually
affected equally (National Institute of Neurological Disorders and Stroke, 2013). However, symmetry
did improve in studies investigating other types on MD. Quadratus lumborum and abdominal muscle
contractions (using an EMG) in a child with congenital MD improved after 12 weeks of hydrotherapy,
and differences in left and right sides decreased from 19.9 pv to 3.5 pv (Santos et al., 2016). They
attributed improvements in lower-limb strength and symmetrical contractions to the individual
overcoming the resistance of water that caused greater muscle activation. This is due to the motions
produced within water, whereby an increased speed, decreased streamline position, change in lever
length, and change in direction, increases turbulent pressure that enhance drag within water (Wratten
et al., 2019). One way that different types of MD can be differentiated is by looking at the muscles
affected, including the symmetry between each side of the body (Huml, 2015). Thus, the design of
future interventions needs to consider whether to include all forms of MD in the inclusion criteria and

as a result what specific muscles should be used in the muscle strength outcome measure.

The inclusion criteria of the present study included children and adolescents with all types of
MD, however our study only monitored participants’ dominant side. Although asymmetry is not
commonly reported in Duchenne MD, female carriers can present with asymmetrical muscular
weakness in their hip, shoulder, knee and ankle extensors, flexors, adductors and/or abductors,

affecting function through using compensatory movements and posture in some females (Silva et al.,
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2020). It is unknown whether the participants had improvements in both sides and is likely asymmetry
could have been present if more children with MD participated in the study, which would have
affected the results. This is because there may be an increase in muscle tone one side of the body that
is less susceptible to the effects of drag, which would influence results when combined. Therefore, it
may be more beneficial for future studies to not only report strengths on both dominant and non-
dominant sides of the body separately but also to compare whether improvements in asymmetry in
individual forms of MD occur with the use of hydrotherapy. This would allow for a more effective

monitoring of muscle strength throughout interventions.

In contrast to quadriceps, overall biceps strength in Participant 1 and 2 decreased by 40.1 N
and 32.0 N, respectively, from baseline to week 40. This was inconsistent with previous short-term
research that found self-reported increases in muscle strength of the arms in a female with congenital
MD after four months of hydrotherapy (Sanders & Torres, 2010). Twelve sessions of hydrotherapy
supported this, finding right- and left-sided upper limb strength increased by 39.2 N and 49.0 N,
respectively, in a 32-year-old female with limb-girdle MD (Luz et al., 2021). However, results from
these studies were consistent with the 10.1 N increase from baseline to week 8-10 in Participant 2,
and the 22.1 N increase from week 8-10 to week 16 in Participant 1, although the lower increases in
our study could be attributed to sessions in Luz et al. (2021) occurred twice a week. This is supported
by studies that found increased motor function after 10 weeks to 2 years of hydrotherapy (Ferreira et
al., 2015; Hondrio et al., 2013; Silva et al., 2012). Improvements have been positively correlated with
increase muscle strength (Nunes et al., 2016), meaning that any improvements in quadriceps and
biceps strength in the present study could be attributed to motor function improving. This in turn may
also be attributed to the drag and viscosity of water, creating resistance to increase muscle
strengthening through moving against a turbulence, resulting in improved motor function (Becker,
2011; Ogonowska-Slodownik et al., 2022). These findings do not support the decrease in mean bicep

strength in Participant 1 at week 8-10 and week 40, or in Participant 2 at week 16 and week 40.
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Although these results could be attributed to the higher severity and stage of MD that individuals
were in, shown by one male transitioning to a wheelchair, indicating decreases in strength. However,
the gap of approximately five months between measures in the present study means that patterns

cannot be identified between week 16 and week 40.

Notably, it can be expected that muscle strength would not return to baseline at week 40, due
to the continual degression of bicep and quadricep strength associated with Duchenne MD (Osorio et
al., 2019). Participants were aged 8 and 11 at the start of the study, with Participant 2 reporting greater
stiffness in his legs and an increased use of a wheelchair throughout the duration of the study. This
suggests that Participant 2 was in the beginning of the transitional stage, going from being ambulant
to non-ambulant. At age 11-13 individuals with Duchenne MD often become less ambulant (Darras
et al., 2015), which could have contributed to the decline in muscle strength. Despite Participant 2
being younger, increases in age have been correlated with decreases in motor function, with a rapid
decline between 5 and 15 years old, whereby all individuals with motor function scores below 50%
were non-ambulant, occurring from the age of 10 (Bushby & Connor, 2011). This supports that
decreases in strength in both participants could have been due to the natural worsening of muscle
strength in MD. Additionally, Sanders and Torres (2010) found that decreases in strength after
stopping hydrotherapy, were attributed to diminished muscle reflex responses. Whilst they
investigated congenital MD, in Duchenne MD diminished reflexes are common as the disease
progresses, further contributing to muscle weakness in the biceps and quadriceps. Thus, quadriceps
and biceps muscle strength not returning to baseline may not mean that hydrotherapy was ineffective
for the maintenance of strength in MD. Future studies should consider stratifying results by age if a
large age range is used, like in the present study, due to the potential effect that age has on physical

function and performance in outcome measures in MD.
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5.3.3 Respiratory Function

Another common characteristic of MD is progressive inspiratory and expiratory muscle
weakness that can result in respiratory failure, in which more severe types of MD, including
Duchenne MD, leads to premature morbidity and death (Guzman et al., 2012; LoMauro & Aliverti,
2016). Thus, preserving and maintaining respiratory function in treatments for MD is of upmost
importance (Laviola et al., 2018). The overall findings of the present study suggest the maintenance
and/or improvement of MIP, MEP, and diaphragm thickness after 40 weeks of hydrotherapy in

Participant 1 and Participant 2 (Figure 5).

Many measures for respiratory function exist, where MIP and MEP are global measures of
inspiratory and expiratory strength, while forced vital capacity is a global measured of respiratory
function (LoMauro et al., 2015). In the present study, mean MIP decreased by 4.5 cm H20 in
Participant 1 and increased by 6.3 cm H20 in Participant 2 at week 40 compared to baseline, while
mean MEP increased by 0.4 cm H20 and 18.0 cm H20O in Participant 1 and Participant 2, respectively.
Few long-term hydrotherapy studies investigated respiratory function, however DiBiasio et al. (2015)
found after 32 weeks forced vital capacity was unchanged and maximum ventilation volume
increased by 8.0%, and suggested this could possibly be due to hydrotherapy improving respiratory
muscle strength and endurance. Previous research found that MIP and MEP have a moderate positive
correlation with maximum ventilation volume (r = 0.27, p = 0.01) and forced vital capacity (r = 0.44
to 0.47, p = 0.01) (Bairapareddy et al., 2021). Thus, as these outcomes improved in DiBiasio et al.
(2015), it is likely that respiratory muscle strength measured by MIP and MEP also improved. This
supports our findings that hydrotherapy may have contributed to the maintenance and/or
improvements of MIP and MEP. It could be argued that MIP was maintained in Participant 1, as
although a decreased occurred, only a small difference in absolute change was found. However,
further research is needed to define a delay in progression to establish what values are maintained.

The suggested maintenance of these outcomes could be attributed to the pressure of water on an
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individual’s chest causing resistance to inspiration during movements, which trains the respiratory
muscles (Huguet-Rodriguez et al., 2020). This is due to the hydrostatic pressure based off Pascal’s
Law, where at any depth of liquid within a container, the pressure exerted “is transmitted equally and
undiminished in all directions throughout the liquid” (Wratten et al., 2019). This in turn assists with
the venous return, increasing cardiac volume, stroke volume, lowering heart rate, and strengthening
respiratory muscles, due to increased blood flow (Mclintyre, 2017). This attribution is supported by
resistive breathing exercises shown to improve MIP (strength), vital capacity, and maximum
voluntary ventilation (Koessler et al., 2001). Therefore, further supporting that hydrotherapy may

contribute to the maintenance of respiratory muscle strength.

Previous studies that also monitored MEP and MIP were consistent with the present study but
were predominantly conducted over an 8-10-week period. Ten weeks of hydrotherapy increased MEP
by 3.9 cm H20 in 4-to-18-year-olds with neuromuscular disorders (including MD) (Huguet-
Rodriguez et al., 2020), and maintained (had no change in) MEP in a 12-year-old male with Duchenne
MD (Silva et al., 2012). The 8.6 cm H20 decrease in MIP found in Huguet-Rodriguez et al. (2020)
was consistent with Participant 1 but not Participant 2, while the 5.0 cm H20 increase in MIP found
in Silva yet al. (2012) was consistent with Participant 2 but not Participant 1. Additionally, eight
weeks of hydrotherapy was found to maintain and/or improve inspiratory capacity and peak flow in
5-13-year-olds with Duchenne MD (Adams et al., 2017) and 12 weeks of hydrotherapy had small,
statistically non-significant improvements in forced vital capacity and functional capacities in
Duchenne MD (Abo-zaid et al., 2021). This further supports the contribution of hydrotherapy in
maintaining respiratory function, which can be attributed to water properties maintaining vital
capacity and diminishing the respiratory frequency (Silva et al., 2012). It is unknown whether these
changes in respiratory function over 8 to 12 weeks would reflect our results at week 40, although they

are consistent with similar time points in the present study (week 8-10). Thus, this highlights the need
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for further long-term research into the contribution of hydrotherapy for delaying declines in

respiratory function in MD.

Inconsistencies between individuals and studies could be due to the different ages of
participants who completed hydrotherapy. According to Huguet-Rodriguez et al. (2020), children
under 11 did not have a “mature respiratory system that is responsive to physical therapy treatment”
and were not able to optimally perform hydrotherapy exercises or use the “inspirometer with correct
mouthpiece sealing”. Thus, those under 11 may have a different response to hydrotherapy and data
collection may have been less reliable, compared to those who are older. This was shown in our study
where there was difficulty with MIP collections, as the younger participants struggled with having to
breath in while keeping a seal with their lips around the mouthpiece tube. A failed seal means air
leaks out, reducing the reliability that diminished inspiratory pressure is due to the inspiratory muscles
weakening (Schoser et al., 2017). Additionally, the stages of disease progression in each individual
may have affected the amount of respiratory dysfunction present (LoMauro & Aliverti, 2016; Pennati
et al., 2021). Unlike Participant 2 who had increases at all time points compared to baseline measure,
MIP in Participant 1 only increased at week 8-10 and MEP increased at week 8-10 and week 40. This
could be attributed him being in the later stage of MD, resulting in the mechanical overload of
respiratory muscles, where muscle fibres are replaced by connective and adipose tissues, chest wall
contractions are reduced, and pumping air in and out of the lungs against potential higher levels of
respiratory resistance is hindered (e.g., from mucus plugging in the peripheral airways) (Pennati et
al., 2021). Nonetheless, the present study supports the use of MEP and MIP as “clinically relevant
outcome measure[s] in chronic disease when respiratory failure is secondary to respiratory muscle

weakness” (Schoser et al., 2017).

Notably, MIP and diaphragmatic strength are closely related because the diaphragm is a main

muscle for inspiration to occur (Schoser et al., 2017), in which the diaphragm thickens with muscle
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contractions during inspiration (Pennati et al., 2021). However, to our knowledge the present study
is the first to monitor diaphragm thickness throughout hydrotherapy sessions for MD, despite its
proposed use in clinical interventions from past studies (Laviola et al., 2018). Although our results
from Figure 5c suggest the overall maintenance of individual diaphragm thickness after 40 weeks,
caution should be taken when applying these results because of research finding that the diaphragm
in individuals with Duchenne MD may be prone to pseudohypertrophy (Laviola et al., 2018).
Interestingly, in our study Participant 1 had little change in diaphragm thickness, while MIP values
decreased by 18.8 cm H2O from week 8-10 to week 40. Although the pattern of change was similar,
it could be expected that a decrease in diaphragm thickness may have occurred due to the greater
extend that MIP was reduced by, as shown in Figure 5a and 5c. This could indicate the presence of
pseudohypertrophy, due to the maintenance of diaphragmic thickness, despite the later stage of
progression Participant 1 was in and the reduction in respiratory muscle strength (LoMauro &
Aliverti, 2016). However, it is unknown whether improvements in diaphragm thickness were the
results of another form of treatment. Therefore, future studies with a control group are required to

investigate the effects of hydrotherapy on diaphragm thickness.

5.3.4 Health-Related Quality of Life

Our study found an overall 3.0-point increase in mean wellbeing scores in Participant 2 after
40 weeks of hydrotherapy, as shown in Figure 6. This is consistent with a 0.10 improvement when
measuring HRQoL after six months of hydrotherapy using the Child Health Utility 9-Dimension
Index in ambulant 7-16-year-old males with Duchenne MD (Hind et al., 2017). Within Hind et al.
(2017), the control group only had a 0.03 increase in HRQoL, meaning improvements in the
intervention group could be attributed to having received hydrotherapy; however, the control group
had missing data so these findings may have been underestimated. Shorter term interventions of eight
weeks were also consistent with increases in HRQoL for Participant 2 at week 40 and no change for

Participant 1 and 2 at week 8-10, where HRQoL was found to increase in children aged 5-15 with
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Duchenne MD (Adams et al., 2017; Atamturk & Atamturk, 2018). Hydrotherapy offers a safer
environment that can contribute to a reduction in pain through buoyancy reducing the stress on joints
and perceived fatigue, hydrostatic pressure triggering mechanoreceptors, and thermoneutral
temperatures (34.0-35.5°C) stimulating thermo-receptor nerves to block nociceptors (Mooventhan &
Nivethitha, 2014; Zamunér et al., 2019). Additionally, heat can diminish muscle spindle excitability
that decreases muscle spasms and tension in trigger points, and/or can decrease viscosity of synovial
fluid that increases soft tissue extensibility, which alleviates painful stiffness (El Geziry et al., 2018).
This causes muscle and mental relaxation that can improve HRQoL and wellbeing in individuals, as
well as provides an inclusive environment for non-ambulant individuals to also be able to participate.
Thus, this supports that properties of water during hydrotherapy may contribute to the increase or

maintenance of wellbeing in children and adolescents with MD.

Conversely in our study, the overall mean wellbeing score in Participant 1 decreased by 23.0
after 16 weeks and 4.0 after 40 weeks of hydrotherapy. These findings do not reflect the expected
improvement in wellbeing and HRQoL that was predicted to occur due to the fun and supportive
environment that hydrotherapy may provide (Lima & Cordeiro, 2020). Additionally, though not
consistent with previous research or Participant 2’s results, this could be attributed to the stage of
progression of MD outweighing participation in hydrotherapy and any improvements in respiratory
function, muscle strength and wellbeing. For example, Participant 1 was older, non-ambulant and at
a later stage of progression, which have been associated with decreased scores on the Health State
Utilities for HRQoL in 5-16-year-old boys with Duchenne MD (Szabo et al., 2022). This was
supported by studies that found physical HRQoL scores for older boys with MD were lower than
younger boys (Bendixen et al., 2012; Bray et al., 2010), Thus, making it more likely for the natural
decline in physical and psychological function to occur at a greater rate than any improvements in

this participant, causing his wellbeing and HRQol to reduce despite receiving hydrotherapy. Despite
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this, hydrotherapy sessions in the present study included non-ambulant individuals unlike past
studies, suggesting there was a benefit in socialisation and the possibility of exercises being able to
be completed with their peers. Notably, the biggest decline in wellbeing for Participant 1 occurred
from week 8-10 to week 16 (-23.0), before increasing by 19.0 back towards baseline scores at week
40 (as shown in Figure 6). This suggests that there were external factors that may have been present,
which could have influenced wellbeing and in turn have contributed to the decrease found in

Participant 1.

One external variable that may have been present in the current study was fatigue. Participant
1 reported he was tried and struggling with school, which may have stopped him from attending
sessions and/or caused a greater reduction in his mental health and performance in outcome measures.
This was shown at week 40 when Participant 1, who attended six fewer overall sessions, had a decline
in wellbeing, compared to Participant 2 who had an increased wellbeing (67.9% < 89.3%, as shown
in Table 1). This could suggest that attendance rates and wellbeing scores are related to one another.
Unfortunately, due to the low sample size a correlation could not be conducted; however, this may
be a point for future studies to investigate. Fatigue has been found to impact HRQoL in adults with
MD (Jacques et al., 2019), and was found to be a strong predictor of poor HRQoL in children with
Duchenne MD (Wei et al., 2016). Increasing age was related to declining physical function levels
(based on Brooke Lower Extremity Functional Classification), which were related to increased energy
expenditure and fatigue in children with Duchenne MD (Mutlu et al., 2018). However, within this
study participants at the lowest functioning level were still ambulant and able to slowly able to ascend
four stairs with help, which differs from one of our participants. Additionally, in adults with
facioscapulohumeral and myotonic MD, increased age was significantly correlation with the higher
severity of fatigue (r = 0.17-0.19, p = 0.002), as well as impaired physical function, greater pain,

reduced activity, and reduced motivation (Kalkman et al., 2005). Thus, as Participant 1 was older, it
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is likely that he is experiences greater levels of fatigue that Participant 2, meaning it is viable to
suggest that fatigue may have contributed to his decrease in wellbeing. However, the NPC’s
Wellbeing Measure in the current study did not include questions regarding fatigue as a subscale, so
it is unknown whether fatigue was present and hindered wellbeing in Participant 1. Therefore, future

studies should consider including fatigue within the outcome measures to be monitored.

Additionally, one participant was self-conscious of their body, as highlighted in one of the
data collection sessions where he did not want to lift his top. DiBiasio et al. (2015) found that despite
receiving 32 weeks of hydrotherapy, physical appearance scores decreased by 0.8, which could be
attributed to the participant gaining weight, which is a common feature in many forms of MD,
especially as individuals begin steroid treatment (Weber et al., 2018). It is unknown whether this
influenced attendance to hydrotherapy sessions in the present study, however it could have
contributed to decreased wellbeing scores in participants as usual care (including steroid treatment)
was continued throughout the study, meaning physical appearances could have been affected.
Nonetheless, self-worth scores remained the same and overall self-perception scores improved,
including cognitive competence (school and socially), athletic and job competence, romantic appeal,
behaviour, and friendships (DiBiasio et al., 2015). This is supported by Atamturk and Atamturk
(2018) who found that eight weeks of hydrotherapy improved relaxation, self-perception, and
socialization. However, differences in outcomes measures between each study, make comparison
harder, with DiBiasio et al. (2015) using Self-Perception Profile for Adolescents, Adams et al. (2017)
using PedsQI and the present study using the NPC Wellbeing Measure. This highlights that overall
HRQoL may not be the most appropriate to include for MD, due to the differences in subscales. Thus,
individually reporting values for each subscale may provide a clearer insight into the HRQoL of
individuals and monitor aspects of an individual’s life that may need more assistance or support on.
Alternatively, this further highlights the need for consistency of outcome measures across research

into MD, in order to identify the effectiveness of intervention in delaying the progression of MD.
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5.3.5 High Variability

Individuality between participants could explain the high variability between the results of
Participant 2 and Participant 2, as shown by the standard deviation in Table 1, as shown in Figure 4,
5 and 6. Participant 1 was older and non-ambulant, whilst Participant 2 was younger and ambulant
but began to more frequently use a wheelchair in his day-to-day life and had reported leg pain and
stiffness. This suggests that Participant 2 was beginning his transitional stage to non-ambulation,
indicating that participants were at different stages of progression, which would have impacted the
overall results. Older, non-ambulant children and adolescents with Duchenne MD are further in stages
of progression than younger children, that as investigated results in greater muscle weakness and
respiratory dysfunction that decreases participation in activities of daily life with their peers and can

contribute to a worsened HRQoL (Lima & Cordeiro, 2020).

Interestingly, although research implies or suggests that HRQoL would decrease with age,
alongside the decreases in muscle strength, respiratory function, and motor function, this not
consistent in all studies. A study by Uzark et al. (2012) found that while physical functioning
decreased with age, boys aged 13-18 perceived better psychosocial QoL than boys aged 8-12 and
their parents. This was supported by Bray et al. (2010) who found that the psychosocial health
summary score had little-to-no difference in boys aged 13 to 17, compared to boys aged 8 to 12. The
lack of correction between HRQoL and age in MD could be attributed to what is known as a response
shift (Schwartz et al., 2007, as cited in Szabo et al., 2020). As explained in Szabo et al. (2020) people
with chronic diseases, e.g., MD, may learn to adapt to their stage of progression and/or health state,
meaning they ‘re-baseline’ their symptoms as the severity increases, and the continual worsening of
their condition becomes normal to them. While this does not support the results of Participant 1,
explored in 5.3.4 Health-Related Quality of Life, likely due to him falling within the younger 8-12

category despite being non-ambulant, it does highlight how individuality can affect results of HRQoL.
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Thus, making it harder to compare studies and draw conclusions on the effectiveness of interventions
on HRQoL without an age-matched control group. Therefore, this should be considered by future

studies.

Nonetheless, other studies support increases in age and later stages of progression being
correlated with decreased motor function and ambulation (Bushby & Connor, 2011), and decreased
respiratory function (Huguet-Rodriguez et al., 2020). Thus, the impact of hydrotherapy on wellbeing,
muscle strength and respiratory function may be different between younger, ambulant children and
older, non-ambulant children. It is important to monitor all types of MD at all stages to ensure
effective treatment throughout the disease, although several previous studies have excluded non-
ambulant individuals from participating, which would have affected their results and recruitment rate
(Hind et al., 2017). Types of MD can be differentiated by age of onset, life expectancy, muscles
affected, progression rate and comorbidities (Huml, 2015; Mercuri & Muntoni, 2013), thus future
study design should consider the specific type(s) of MD they want to investigate and modify the
intervention accordingly. This can be done though adapting study durations, suitable outcome
measures, session duration and times, and exercises that consider the age (e.g., adapting language
used or considering ability), muscles affected, severity, and comorbidities, however as highlighted

this would be best informed through standardised measures and definitions of delayed progression.

5.4 Implications

Muscle strength, respiratory function and HRQoL are common characteristics of MD and are
all important outcomes to monitor the progression of MD that should be preserved and maintained
during interventions. The study provides a useful insight into the contribution of hydrotherapy for the
maintenance of respiratory, physical, and psychological function in MD; as well as highlights further

research areas to be investigated and actions to be considered. Future studies are needed with a control
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group to determine the effects of long-term usual care with and without the addition of hydrotherapy
in children and adolescents with MD. It is likely that participants may need to be matched on age and
MD type, due to the differences between MDs and the stages of progression, and high variability

between individuals.

There is a lack of consistency in many outcome measures across clinical trials and
interventions for MD, that hinders the ability to compare results from different studies. This was
highlighted in measures of HRQoL, muscle strength, and respiratory function within the present
study. A form of standardisation or set of core outcome measure that can be generalised to children
and adolescents with MD to monitor their progression in clinical interventions and daily life is
required. The application of these outcomes would allow for consistency within and between research
studies and everyday healthcare practice, supporting practitioners more in using evidence-based
practice for the management of MD. It will also allow for a better-informed meta-analysis across
future studies, that can be used to inform clinical NHS NICE guidelines for managing MD in children
and adolescents. Additionally, a standardised definition of a delay in progression is needed to ensure

consistency in and between clinical practice and research.
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Study 2

The small clinical population in MD is further reduced during clinical trials and physical
activities, due to restrictions of the disease and reduced rates of participation (Bendixen et al., 2016).
For example, low levels of participation were found in general clinical trial participation across the
USA in children and adolescents with MD, ranging from 3.7% to 27.3% (mean 17.9%), between 2000
and 2015 (Matthews et al., 2021). This highlights how little participation amongst individuals with
MD can be. Thus, understanding the effects of hydrotherapy is important as it may be able to
contribute to maintaining biomechanical, physiological, and psychological function and HRQoL in

children and adolescents with MD, in turn slowing the progression of the disorder.

Chapter 5.0 highlighted the difficulty with conducting such a study, in which previous

research (as explored briefly in 2.4.4 Considerations of Participation) and current research from part

one of the present thesis have found issues with recruitment and low rates of attendance and/or
participation, which have become more apparent over time (Abo-zaid et al., 2021; Hind et al., 2017).
There is little research on barriers and motivators that impact participation rates in those with MD
(Peay et al., 2018). However, based on logistic regression, higher perceived barriers were the
strongest predictor of and were significantly associated with lower interest in trial participation (-
1.41(0.25), p<0.001), (Peay et al., 2018). If participation and recruitment remain low, then the effects
of hydrotherapy on disease progression in MD may not be known. Additionally, low participation
could hinder the justification of using hydrotherapy from an NHS perspective and its implementation
into NHS NICE guidelines, because it may not be economically cost-effective or resourceful to
provide group sessions if individuals will not attend, despite the potential benefits. Therefore,
identifying reasons why individuals with MD may not be able to or want to participate, as well as
why they would like to participate, could facilitate our understanding into this area. It would also

allow for a more robust study design and effective implementation of interventions (Shields &
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Synnot, 2016). As a result, we found it essential to conduct a follow-up study on: An investigation
into the barriers and motivators that may affect participation in hydrotherapy for children and

adolescents with MD.

Chapters 6.0 to 8.0 aimed to provide a basis of discussion surrounding the best approach in
providing hydrotherapy that will inform the completion of future research and in turn the prescription
of hydrotherapy from practitioners (e.g., physiotherapists). Study 2 sought to answer the following
questions:

1. What barriers prevent participation in hydrotherapy in children (5-17 years) with MD from
the perspective of their carers?
2. What motivates participation in hydrotherapy in children (5-17 years) with MD from the

perspective of their carers?
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Chapter 6.0: Methodology

6.1 Participants

Following ethical approval from the University of Gloucestershire research committee
(HENRY21-22, see Appendix E), 16 UK based parents and/or carers of children and adolescents with
MD between the ages of 5-17-years-old completed an online questionnaire. The gquestionnaire was
centred around motivators and barriers that may affect participation in hydrotherapy and explored the
parents’ perspective and their view of their child’s perspective. The participants were recruited
through various social media sites and support groups on Facebook™ and Twitter™, and through
connections with various healthcare professional and charities within the UK. Some of the Twitter™
sites used included: Muscular Dystrophy UK, Rare Disease UK, Duchenne UK, Parent Project
Muscular Dystrophy, Duchenne Family Support Group, Action Duchenne, Muscle Owl, Duchenne
Now, and Coalition Duchenne. Some of the Facebook™ support groups used included: Muscular
Dystrophy Stories, Muscular Dystrophy Coalition, Limb-Girdle Muscular Dystrophy, and Muscular

Dystrophy Support, and The Chamwell Centre Charity.

Participants were from East Lothia (n = 1), Gloucestershire (n = 5), Hampshire (n = 2),
Northumberland (n = 1), Renfrewshire (n = 1), Staffordshire (n = 1), Bedfordshire (n = 1), Kent (n
=1) and Surrey (n = 1), although two individuals did not specify the county they lived in. Of the 16
children whose parents and/or carers completed the questionnaire, the majority were males (93.8%),
aged 6-12 (43.8%) and 13-17 (43.8%), suffering from Duchenne MD (68.8%). The remaining five
children were diagnosed with Becker, Congenital, Facioscapulohumeral, Limb-Girdle and Myotonic
MD. Diagnosis frequently occurred between one and three years of age (50.0%), with many
remaining ambulant (56.3%) and requiring physical aids (68.8%), including manual and power
wheelchairs (n = 10), adapted buggies (n = 2), crutches (n = 1), splints (n = 1), orthosis (n = 1), and

insoles (n = 1). Table 2 provides a full summary of children’s demographics.
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Prior to the completion of the questionnaire, participants were taken to an introduction page that
provided a brief explanation, a participant information sheet, informed consent questions,
questionnaire duration and researchers’ contact details (see Appendix F). Once informed consent was
gained, participants were able to access the questions. Participants were able to return to and skip
questions that they were either unsure of or uncomfortable with, to accommodate for the sensitive
nature of the topic of MD. All answers were voluntary, and no incentive was provided, whereby
participants were able exit the questionnaire should they want to accept their right to withdraw from
the study. Participants were reassured that all information provided would remain anonymous, in

which no contact or major identifying details were collected.
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Table 2

Demographics of Children Whose Parents Responded to the Motivators and Barriers Questionnaire

Variable Number (n) Frequency (%)
Sex
Male 15 93.8
Female 1 6.3
Current Age (yrs)
<5 2 12.5
6-12 7 43.8
13-17 7 43.8
Area (County)
Bedfordshire 1 6.3
East Lothia 1 6.3
Gloucestershire 5 31.3
Hampshire 2 125
Kent 1 6.3
Northumberland 1 6.3
Renfrewshire 1 6.3
Staffordshire 1 6.3
Surrey 1 6.3
Not Specified 2 125
Age of Diagnosis
Pre-Birth - -
0 — 12 months 1 6.3
1 -3 years 8 50.0
4 —5 years 2 12.5
6 — 12 years 2 12.5
13 — 17 years 1 6.3
Not Specified 2 125
Form of Muscular Dystrophy
Becker 1 6.3
Congenital 1 6.3
Distal - -
Duchenne 11 68.8
Emery-Dreifuss - -
Facioscapulohumeral 1 6.3
Limb-Girdle 1 6.3
Myotonic 1 6.3
Oculopharyngeal - -
Ambulant versus Non-ambulant
Ambulant 9 56.3
Non-ambulant 6 37.5
Not Specified 1 6.3
Physical Aids
None Required 5 31.3
Required 11 68.8
Aids Used
Wheelchair (Power and Manual) 10 62.5
Adapted Buggy 2 125
Crutches 1 6.3
Splints 1 6.3
Insoles 1 6.3
Orthosis 1 6.3
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6.2 Study Design
The questionnaire was designed on Google Forms, consisting of an introduction page, the main
contents, and a debrief page that was available once all questions were completed. Prior to gaining
ethical approval, the questionnaire was reviewed by research supervisors and sent off for peer review
to ensure the questions asked were relevant and appropriate. The researchers developed the
questionnaire, which consisted of both closed- and open-ended questions that differed slightly
depending on answers given to key questions, as outlined in Figure 7. Parents who:
e Had a child who has taken part and are currently motivated to take part in hydrotherapy
received a total of 25 questions (17 closed and 8 open).
e Had achild who has taken part but are not currently motivated to take part in hydrotherapy
received a total of 23 questions (17 closed and 6 open).
e Had a child who has never taken part in hydrotherapy received a total of 23 questions (15

closed and 8 open).

The main contents of the questionnaire were broken down into three sections (see Appendix F for

full questions and response options):

Section 1: Demographics
Parents were asked questions surrounding their child’s age, biological sex, and MD diagnosis.

9% ¢

A categorial response for biological sex (“male”, “female”, “other”), the type of muscular
dystrophy, county living in, and ambulatory phase (“ambulant”, “non-ambulant”) was

recorded. Open-ended responses were recorded for current age, age of diagnosis, and any

physical aids used.
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Section 2: Current Treatments
Parents were asked closed-ended questions about general forms of treatments their child
currently receives. A categorial response for frequency (“less than once a month”, “once a
month”, “2-3 times a month”, “1-2 times a week”, “3+ times a week”), duration (“less than
30 minutes”, “30 minutes”, “45 minutes”, “1 hour”, “more than 1 hour”), and travel to and
from sessions (“walk”, “car”, “bus”, “train”, “other””) were also recorded. A definition of
hydrotherapy was then provided, and parents answered ‘basic’ knowledge questions on
hydrotherapy, i.e., aware of location, cost, and if their child has been offered and completed

29 ¢

hydrotherapy, as a categorical answer (“yes”, “no”).

Section 3: Motivators and Barriers
Parents were asked open ended questions regarding motivators and barriers for current or
potential participation in hydrotherapy from their perspective and their view of their child’s
perspective. Those who answered “yes” to the question ‘Has your child ever taken part in
hydrotherapy?’, also provided categorial answers for their rate of attendance (“attendance has
increased”, “attendance has remained similar”, “attendance has decreased”, “attendance
stopped completely”), frequency (“less than once a month”, “once a month”, “2-3 times a
month”, “1-2 times a week”, “3+ times a week”), duration (“less than 30 minutes”, “30
minutes”, “45 minutes”, “1 hour”, “more than 1 hour”), and whether they child is currently

motivated (“yes”, “no”).
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Figure 7

Flowchart of Questions Asked in the Online Questionnaire in Study 2.

Section 1: Demographics

Section 2: Current Treatment

Section 3: Motivators and Barriers

Informed Consent

1. How old is your child?
2. What sex is your child?
3. What county does your child live in?

6b. Does your child use any physical aids?

4. What type of muscular dystrophy does your child suffer from?
5. At what age (or trimester) was your child diagnosed?
6a. Is your child ambulant or non-ambulant?

If answered ‘yes’ to 6b, please state which aids are used.

v

8b. How long does each session typically last for?

7. What forms of treatment does your child currently receive? Please select all that apply.
8a. How frequently does your child receive the forms of treatment you have stated in the previous question?

9. How do you typically travel to therapy sessions provided for your child?

v

Statement: Hydrotherapy is a treatment carried out by trained
physiotherapists that utilises the properties of water in an appropriately
heated pool, using exercises to improve physical, psychological, and
physiological functioning in individuals with injuries or disabilities.

v

10. Are you aware of any hydrotherapy pools near you?
11. Are you aware of the cost of hydrotherapy sessions?

13. Has your child ever been offered hydrotherapy?

12. If the average cost of group hydrotherapy sessions is £15 per child, would this stop you from letting your child attend sessions?

15. Has your child

15. Has your rate of attendance in hydrotherapy changed since the
COVID-19 pandemic?

16a. How frequently does/did your child participate in hydrotherapy?
16b. How long does/did each session typically last for?

ever taken part in
hydrotherapy?

v

15. Would hydrotherapy be something of interest to you and your
child?

16. If you decided to take part, how often do you think you would be
able to attend hydrotherapy sessions?

17. As the carer, what would be your biggest motivation for wanting
your child to take part in hydrotherapy sessions?

18. In your opinion, what do you think would be the biggest
motivations for your child wanting to take part in hydrotherapy
sessions?

19. As the carer, what barriers would prevent you from allowing your
child to partake in hydrotherapy sessions?

20. In your opinion, would there be any reasons that your child would
have to not want to partake in hydrotherapy sessions?

17. Is your child

currently motivated

Debrief

to take part in
ydrotherap

!

18. Are there any reasons that you know of which might mean your
child does not wish to partake in hydrotherapy?

19. As the carer, are there any barriers that have prevented you from
allowing your child to partake in hydrotherapy sessions? Please
explain what these barriers are.

v

18. In your opinion, what do you think are the biggest motivations for
your child wanting to take part in hydrotherapy sessions?

19. As a carer, name your biggest motivation for wanting your child
to take part in hydrotherapy sessions. Please explain why this is your
biggest motivation.

20. Are there any reasons that you know of which might mean your
child does not wish to partake in hydrotherapy?

21. As the carer, are there any barriers that have prevented you from
allowing your child to partake in hydrotherapy sessions? Please
explain what these barriers are.

Debrief

Debrief




6.3 Data Analysis

Data from all closed-ended and open-ended questions within ‘Section 1: Demographics’ were

quantified and summarised into Table 3. All closed-ended questions within ‘Section 2: current

treatment’ were also quantified and reported in a table and bar graph for general treatment and
hydrotherapy ‘basic’ knowledge, respectively. To understand motivators and barriers for participation
in hydrotherapy, content analysis was conducted on the open-ended questions in ‘Section 3:

motivators and barriers’. The responses to each question were downloaded into an Excel spreadsheet

and separated into individual responses. These were then reviewed to identify salient words to be

used as codes to represent similar meaning words.

To compensate for the shorter responses, latent analysis was used, allowing us to interpret
hidden and implied meaning behind the responses (Kiger & Varpio, 2020). Any words part of
common grammar or not contextually specific were ignored from the responses. The frequency of
parents who used these established codes within their response was calculated throughout responses

to each question and presented as word (data) clouds, using https://www.wordclouds.co.uk/. Coded

words were then categorised into pre-existing themes of child needs, child barriers or personal
(parent) factors, or social, policy and programme, and environmental factors (based on Abid et al.,
2022; Brown et al., 2022; Shields et al., 2012) to allow for further comparison, as defined by:
e (Child Needs, Child Barriers) Any “personal, physical or psychological factors of
children”.
e (Personal (Parent) Factors) Any personal, physical or psychological factors of parents.
e (Social Factors) Any situations or factors that involve people the parents would come in
contact with.
e (Environmental Factors) Any factors involving “structural elements such as facilities and

transport”.
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https://www.wordclouds.co.uk/

e (Policy and programme Factors) Any factors that involve the programme, organisations,

and staff of hydrotherapy sessions.

To create a visual representation of themes and frequency discovered within the responses,
words were colour coded and weighted, respectively. Black words represented child needs, child
barriers or personal (parent) factors, blue represented social factors, green represented
environmental factors, and red represented policy and programmes. Additionally, the higher the
frequency of words, the larger the font used within the word clouds. To ensure the reliability of the
content analysis, the coding words identified within the responses were reviewed by a different
researcher on the team. To minimise researcher bias, a review of the responses and identification of
coding units by each researcher was completed individually. Any disparities were discussed after

each researcher’s review.
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Chapter 7.0: Results

7.1 Current Treatment

As presented in Table 3, physiotherapy was the most predominant form of treatment received
by children and adolescents with MD (n = 15), followed by medication (n = 6) and steroid therapy (n
=8). While creatine supplements, surgery and exon skipping trials were the least received treatment
(n = 1). Treatments were mainly received less than once a month (n = 7), for a common duration of
45-mintes (n = 6). The majority travelled by car to these sessions (n = 12), compared to walking (n =
1) or receiving treatment at home (n = 1) or at school (n = 2).

Table 3

Background of Current Treatments for Children with Muscular Dystrophy in Study 2

Variable Number (n)
Forms of treatment
Physiotherapy
Occupational Therapy
Hydrotherapy
Medications
Steroid Therapy
Creatine Supplements
Surgery
Exon Skipping Trials
Other
Frequency of treatments
Less than once a month
Once a month
2 - 3 times a month
1 - 2 times a week
3+ times a week
Typical duration of treatments
Less than 30 minutes
30 minutes
45 minutes
1 hour
More than 1 hour
Form of travel
Walk
Car 12
Bus -
Train -
Other
In home 1
At school / college 2
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7.2 Knowledge on Hydrotherapy

As show in Figure 8, the number of parents aware of the nearest hydrotherapy pool available
for their child (n = 8) was equal to the number of parents unaware of the nearest hydrotherapy pool
(n = 8). The number of parents unaware of the cost of hydrotherapy (n = 11) was greater by 6 than
the number of parents aware of the cost of hydrotherapy (n = 5), however the number of parents who
said an average cost of £15 per hydrotherapy session would not deter them from letting their child

participate in hydrotherapy (n = 9) was greater than parents who said this would deter them (n = 7).

As shown in Figure 8, the number of children who had been offered hydrotherapy (n = 8) was
greater than the number of children who had never been offered hydrotherapy (n = 7). The number
of children who had taken part in hydrotherapy (n = 9) was greater than the number of children who

had never taken part in hydrotherapy.
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Closed Questions

Figure 8

Parents’ and Carers’ Knowledge on and Background in Hydrotherapy for their Child

Are you aware of any hydrotherapy pools near you? |

Are you aware of the cost of hydrotherapy sessions? |

If the average cost of group hydrotherapy sessions is £15 per child, would |

this stop you from letting your child attend sessions?

Has your child ever been offered hydrotherapy?

Has your child ever taken part in hydrotherapy? |

]
.

O Not Sure
] mNo
i Yes
I
0 2 4 6 8 10 12

Number of Responders
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7.3 Never had Hydrotherapy

As shown in Figure 9a, the number of parents who would be interested in hydrotherapy for
their child (n = 6) was greater than the number of parents uninterested in hydrotherapy (n = 1). As
shown in Figure 9b, the number of parents who though their child would attend hydrotherapy sessions
two-to-three times a month (n = 5), was greater than an attendance of one-to-two times a week (n =

1) and less than once a once (n = 1).

Figure 9

Responses of Parents and Carers whose Child with Muscular Dystrophy has Never Partaken in Hydrotherapy.

—~
2
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Number of Responders

Interest in Hydrotherapy
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Less than 1 month

; 2-3 times a month -

attendance

Perecived Frequency of hydrotherapy

0 1 2 3 4 5 6
Number of Responders

Note. These figures demonstrate the responses of seven parents answer the following questions: (a) Would
hydrotherapy be something of interest to you and your child? and (b) How frequently would your child attend
hydrotherapy sessions? 37



7.4 Previously had Hydrotherapy

As shown in Figure 10a, a greater number of children’s attendance rate in hydrotherapy
decreased (n = 3) or remained similar (n = 3) since the COVID-19 pandemic, compared to increased
attendance (n = 1), or stopping attendance completely (n =1). A greater number of children attended
these sessions less than once a month (n = 3) or two-three times a month (n = 3), compared to
attendance once or twice a week (n = 2) (Figure 10b). A greater number of these hydrotherapy
sessions lasted for a duration of 30 minutes (n = 4), compared to a duration of 45 minutes (n = 2), one

hour (n = 2), and less than 30 minutes (n =1) (Figure 10c).

As shown in Figure 10d, the number of children motivated to participate in hydrotherapy (n

= 6), was greater than the number of children unmotivated (n = 3).
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Figure 10

Responses of Parents and Carers whose Child with Muscular Dystrophy has Previously Partaken or are Currently Participating in Hydrotherapy.
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(d)

Currently Motivated
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Note. These figures demonstrate the responses of seven parents answer the following questions: (a) Has your rate of attendance in hydrotherapy
changed since the Covid-19 pandemic? (b) How frequently does/did your child participate in hydrotherapy? (c) How long does/did each session

typically last for? (d) Is your child currently motivated to take part in hydrotherapy?



7.5 Motivators to Participation

The online questionnaire asked parents and/or carers on their perspectives of motivators for
participation in hydrotherapy (Figure 11). Hydrotherapy pools encouraging relaxation and physical
benefits (i.e., increase mobility, strength, and slow progression) were the most frequently reported

motivator for parents and carers.

Figure 11

Parents’ Perspective on Motivators for Participation in Hydrotherapy.
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Note. A word cloud demonstrating responses to motivation to participate questions (a total of 12
out of 13 responses were found: Relaxation (3), Strengthen and Stretch (3), Ease Pain (2),
Independence (2), Mobility, (2), Slow Progression (2), Comfortable (1), Confidence (1), Cost-
effective (1), Friends (1), Fun (1), Instructions (1), and Kinaesthetic (1)). Words written in black
represent child needs, blue represents social motivators, and red represents policy and programme
motivators.
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Parents were also asked for their views on motivators for participation in hydrotherapy that
their child would report (Figure 12). Hydrotherapy pools reducing pain and promoting comfort, fun,
independence, and relaxation were the most frequently reported motivators of children from their
parents’ view. The number of personal and social motivators were similar for children and parents
from the parents’ perspectives (17 versus 18, and 1 versus 1, respectively). However, reported
environmental motivators were greater for children than parents (4 > 0), while policy and programme

factors were greater for parents than children (2 > 0), when based on parents’ perspectives.

Figure 12

Parents’ view on their child’s perspective on motivators for participation in hydrotherapy.
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Note. A word cloud demonstrating responses to motivation to participate questions (a total of 12
out of 13 responses were found: Comfortable (3), Ease Pain (3), Fun (3), Independence (3),
Relaxation (3), Accessibility (2), Slow Progression (2), Warmth (2), and Friends (1)). Words
written in black represents child needs, blue represents social motivators, and green represents
environmental motivators.
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7.6 Barriers to Participation
Parents and/or carers were also asked on their perspectives of barriers to participation in
hydrotherapy (Figure 13). Issues with distance and time management were the most frequently

reported barrier for parents and carers.

Figure 13

Parents’ perspective on barriers to participation in hydrotherapy.
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Note. A word cloud demonstrating responses to barriers to participate questions (a total of 13 out
of 16 responses were found: Distance (4), Time (4), lliness (2), Other Children (2), Covid
Shielding (1), Facilities (1), Fatigue (1), and Surgery (1)). Words written in black represents
personal/child barriers, blue represents social barriers, and green represents environmental
barriers.
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Parents were also asked for their views on barriers to participation in hydrotherapy that their
child would report (Figure 14). Issues with self-esteem, fatigue, and time were the most frequently
reported barrier in children from the parents’ perspective. The number of personal barriers reported
by parents were greater when they considered their children’s views than their own (14 > 4).
However, compared to their view of their child’s perspective, parents’ own views reported a greater

number of social barriers (7 > 3) and environmental barriers (5 > 1).

Figure 14

Parents’ view on their child’s perspective on barriers to participation in hydrotherapy.
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Note. A word cloud demonstrating responses to barriers to participate questions (a total of 13 out of
16 responses were found: Self-Esteem (5), Fatigue (3), Time (3), Boredom (2), IlIness (2), Access

(1), Co-morbidities (1), and Pain (1)). Words written in black represent child barriers and green
represents environmental barriers.
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Chapter 8.0: Discussion

The purpose of Study 2 was to investigate the motivators and barriers to hydrotherapy
participation in children (5-17 years old) with MD, from the perspective of their parent and/or carer.
The main findings of the study were that 1) slowing MD progression was parents’ main motivation
for wanting their child to participate in hydrotherapy, 2) decreasing pain and increasing comfort, fun,
independence, and relaxation were parents’ view of their children’s main motivation to participation,
3) distance and distributing time to attend hydrotherapy was parents’ main barrier to participation,

and 4) decreased self-esteem was parents’ view of their children’s main barrier to participation.

Understanding barriers and motivators is important for the design and implementation of
future studies, interventions, and therapies (Bendixen et al., 2016; Shields & Synnot, 2016). Several
studies have investigated participation in clinical trials and physical activity for neuromuscular
diseases, such as cerebral palsy (Abid et al., 2022; Shields & Synnot, 2016), however to our
knowledge we were the first study to investigate barriers and motivators to participation in

hydrotherapy for children and adolescents with MD.

8.1 Demographics

Most children whose parents responded to the online questionnaire were males (93.8%) with
Duchenne MD (68.8%). This is consistent with the wider MD population, because Duchenne MD is
the most common form of childhood MD that is predominantly inherited by males (Osorio et al.,
2019). This further explains why the present study found 50.0% of these children were diagnosed
between one and three years old, aligning with the presentation of symptoms in Duchenne MD
becoming more apparent from ages two to three (Duan et al., 2021). However, only one case of
Becker MD was found amongst the responses, which was unexpected due to it occurring in childhood,

although less frequently and less severe in presentation than Duchenne MD (Andrews & Wahl, 2018).
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Nonetheless it could be suggested that our sample was somewhat representative of the wider

population.

8.2 Parent-Reported versus ‘Child-Reported’

In the present study, parents reported barriers and motivators from their own perspective and
their child’s perspective. This was appropriate because it accounted for the wide age range within the
study and potential cognitive impairments associated with MD, that might have affected children’s
ability to understand the questionnaire (Ferrero & Rossi, 2022). Parents’ perspectives were essential
in developing our understanding of barriers and motivators, because they were found to have a
significant influence on facilitating their child’s ability to participate, such as through finances,
transportation, or encouragement, especially in those who were younger or had a higher severity of
disease (Brown et al., 2022; Conchar et al., 2016; Shields & Synnot, 2016). However, it is uncertain
whether parents had discussed their answers for ‘child perspective’ questions with their child prior to
completing the questionnaire, which may have impacted the results if this was inconsistent amongst
parents in the present study. Therefore, although the present study was able to capture elements of
children’s perspective, it should be stressed that the responses in the present study were reported by
the parents. This means that while children may have expressed their views to their parent, caution
must be used when interpreting ‘children’s perspectives’ in Study 2 since it was still predominantly
phrasing and views from the parents. Further research is needed to confirm the ‘child-reported’

motivators and barriers within participation amongst those with MD in this study.

As Study 2 gained children’s perspectives via parent reports, it suggests that there are different
motivators and/or barriers that may have been overlooked by parents, due to the slight difference in
perspectives, where parents had higher expectations in benefits (Peay et al., 2014). For example, a
study found that MD parents often underestimated their child’s HRQoL, with only moderate positive

correlations in physical health (r = 0.67, p <0.05) and psychosocial health (r = 0.44, p < 0.05) between
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parent-reports and child-reports (Lim et al., 2014). This suggests that parents may give similar results
to their child, but they cannot provide a definite response, as other extraneous variables and
experiences may influence their child’s views, perspectives, and responses. Therefore, this further
expresses the need for research to gain the perspectives of children and adolescents with MD for
motivators and barriers to hydrotherapy participation. This will allow for further studies to compare
and understand differences in views for the best way to optimise future study designs, recruitment,

and attendance.

8.3 Motivators and Barriers to Participation

Overall, most motivators for participation in hydrotherapy in the present study considered
child needs. This is consistent with previous research that for parent-reports defined child needs as
motivators that “address the child’s motor skill and psychological needs” (Brown et al., 2022) and
for child-reports were personal motivators relating to the child themselves (Shields et al., 2012).
Interestingly, only parents’ perspectives reported any programme and policy motivators, while only
children (via parents) reported any environmental motivators, likely due the child physically using

the facilities compared to parents, which was also consistent with Shields et al. (2012).

Regarding barriers within the present study, children’s perspectives (based on parents’ views)
focused more on personal factors to themselves, whereas parents’ own perspectives focused more on
social and environmental factors. This is consistent with previous research, where parents
predominantly focused on “social, policy and programme barriers or on their own involvement” and
children predominately focused on “personal, peer-related and environmental barriers” (Shields et

al., 2012).

It has been acknowledged that focusing on barriers and motivators separately has previously

been recommended, where barriers can “isolate and address the diverse challenges encountered by
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individuals who may otherwise be willing and able to participate” and motivators can explore
approaches to allow for the greater capacity for and interest in participation” (Peay et al., 2018).
However, due to the nature of responses, these were presented together to gain and understand the
weight of each perspective because some factors had the same base idea but opposing views. This
highlights the complexity of barriers and motivators in MD, as well as the individuality of each

response.

8.3.1 Addressing Child’s Needs

8.3.1.1 Delaying Muscular Dystrophy Progression

The use or expectation of hydrotherapy for slowing down MD progression in their child
through stretching, strengthening muscles, and improving mobility was the most frequent parent-
reported motivator to participation in Study 2. Two children (via their parents) did report similar
motivations, however, were less specific, only stating they wanted to take part to “help slow down
problems caused by Duchenne”. Similarly, 12-to-18-year-olds with cerebral palsy reported that
improvements to muscle strength, agility, mobility, weight, and prolonged life via reducing heart

disease, facilitated their choice to partake in physical activity (Conchar et al., 2016).

These findings could be attributed to parents and children (with childhood-onset disabilities)
being more likely to participate in clinical trials, interventions, and physical activity, if there was
evidence of or potential health improvements for their child (Mckenzie et al., 2021). A potential to
improve health means that parents have hope for their child. Whilst hope and optimism can be
beneficial, parents must be careful not to misestimate the benefits or risks (Peay et al., 2014).
Additionally, caution must be used when comparing previous studies with barriers and motivators for
MD because the majority of clinical populations investigated are cerebral palsy. Although similar to
MD regarding muscle weakness and having no cure, cerebral palsy is non-progressive (Hendriksen

et al., 2016) and MD is progressive (Cardamone et al., 2008), making it harder to determine the
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maintenance of function. This was reinforced in Study 1 (5.3.1 Defining a delay in progression),

where small decreases in function indicated maintenance (Silva et al., 2012) but no set definition of
a delay in progression was available. Therefore, this means that managing expectations of parents
and children with MD is important, since misinformation or hope could hinder individuals’
willingness to participate in clinical trials if children constantly do not appear to be improving (Peay

etal., 2014).

Additionally, this suggests that if there are no guarantee of benefits then parents may be
hesitant or unwilling to join intervention studies, as seen in a study by Peay et al. (2018) who found
that 97.1% of parents considered dropping out if the child with Duchenne or Becker MD was placed
into a placebo group. Additionally, any doubts about the importance and/or effects of physical activity
was found to hinder participation (Sandstrom et al., 2009). Since the use of hydrotherapy for MD has
not been widely investigated, there is limited evidence and no NHS NICE guidelines available to
justify its use for the maintenance of health in children with MD (Lombardo et al., 2021), making it
harder to recruit for studies until further research on the use of hydrotherapy for MD is published.
Thus, reaffirming the importance of Study 1 for future studies. To enhance recruitment in future MD
studies, ensuring clinicians are transparent about current guidelines and the current position of

research, and relay all appropriate information is required.

Interestingly, Participant 2 in Study 1 reported that how he “liked helping other people”,
suggesting his and his parents may have participated in the study to help raise awareness of the use
of hydrotherapy for other children with MD. Altruism has commonly been used to explain motivation
throughout multiple studies although recent literature suggests more parents focus on the benefits to
their child instead of the whole clinical population (Engster et al., 2016; Peay et al., 2014). Notably,
Peay et al. (2018) stated that social desirability bias, due to the study using ranking questionnaires,

could influence them to mention altruism as a factor to not look bad. This could mean that participants
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in this study were not true in their rankings. However, altruism was not reflected within the responses

in Study 2, which is surprising due the close community of parents with children suffering from MD.

8.3.1.2 Relaxation and Pain-Relief

Perceptions of improved relaxation, pain, and comfort within hydrotherapy, motivated
participation in the present study. These factors were more frequently reported when parents
considered their child’s perspective compared to their own perspective (9 reports > 6 reports, as
shown in Figure 11 and 12). Only two studies investigating barriers and motivators, and one study
investigating barriers only for aquatic therapy or exercise were found. Of these two, adults in one
study reported pain-relief as a benefit and motivator to participation (Fisken et al., 2012).
Additionally, the feeling of water against muscles and joints (kinaesthetic) reported by one parent in
the present study, and warmth of the water reported by children (via parents) were motivators for
hydrotherapy participation, that further contribute to that of pain-relief, comfort, and relaxation.
Given that warm water allows the core temperature to increase, reducing gamma fibre and muscle
spindle activity, it allowed muscle to relax and reduce high tone and spasticity in children with
cerebral palsy (Adar et al., 2017). Buoyancy provides a safer environment that reduces load and thus
susceptibility to injuries, promoting relaxation and reducing stiffness and pain (Mooventhan &
Nivethitha, 2014; Wratten et al., 2019). Additionally, the belief that land-based exercise can promote
relaxation in children and adolescents with cerebral palsy was found as a motivator for participation
in interventions (Verschuren et al., 2012). This can be attributed to a release of physical tension or a

distraction from stressors that may be causing frustration and anger (Conchar et al., 2016).

However, other land-based studies found that participation was reduced after the perception
or experiences of physical activities and interventions being dangerous, uncomfortable, painful, and
causing significant tiredness that can be exacerbated with the use of assistive devices (e.g., orthoses)

(Conchar et al., 2016; Lauruschkus et al., 2015; Mckenzie et al., 2021). This was supported by Engster
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et al. (2019) who found concerns about discomfort for their child prevented 52.0% of parents from
participating. Understandably, research on Duchenne and Becker MD found that 98.1% of parents
would not allow participation to occur if the risks of participation outweighed the benefits (Peay et
al., 2018). This affects how individuals, who have never experienced hydrotherapy, may perceive a
new therapy, therefore future studies should provide awareness and further research should be
developed to support the use of hydrotherapy as a mediator for preventing pain experienced on land,

which could be a first step into increasing participation.

8.3.2 Enjoyment versus Boredom

Enjoyment and fun are key to retaining on-going attendance and participation in physical
activity for young people (Wright et al., 2018). When considering their child’s perspective, three
parents’ responses in the present study highlighted that hydrotherapy sessions that were fun and
enjoyable, maintained or encouraged participation (Figure 12). Previous research supports our
findings, where children aged 8-11 years old found fun sessions kept them engaged in activities
(Lauruschkus et al., 2015) and provided a sense of competence or success (Shields & Synnot, 2016).
Unlike physical activity, attending clinical interventions or therapy sessions, such as physiotherapist-
led hydrotherapy, can often be perceived as if children are obligated to attend sessions. To combat
this, research suggests that finding out what children and adolescents want to do, adapting them to
their current skill or ability, and using sessions to build “confidence, competence, sense of
achievement and capacity”, will encourage interventions to be fun and successful (Rosenbaum &

Gorter, 2012).

In the present study, 75.0% of children with MD were interested in and/or currently motivated
to participate in hydrotherapy, as reported by their parents (Figure 9a and 10d). This was similar to
94.3% of children wanting to participate, being a motivator for their parents to bring them to sessions

(Peay et al., 2018). Motivation was found to be complex, being influenced by peer groups, body
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perceptions, and what individuals believed were fun (Cleary et al., 2019). For example, competitive
fun may be enjoyable for some children (Shimmell et al., 2013) but may diminish if skills and function
continue to worsen, especially compared to children with lower degrees of severity or healthy peers
(Lauruschkus et al., 2015). This may reduce the willingness to be competitive (Conchar et al., 2016),
because it would cause a sense of frustration or loss of confidence, and thus contribute to being
unmotivated to participate (Papadopoulos et al., 2020). Often as children age, their priorities change,
so something they may have once found fun may become boring (Mckenzie et al., 2021; Shields &
Synnot, 2016; Wright et al., 2018). It is unlikely that hydrotherapy sessions provided by
physiotherapists are competitive, however providing a solution to incorporate an aspect of
competition may accommodate to more children. Therefore, practitioners within future studies would
have to get to know the children within the group to be able to provide engaging interventions for

them.

8.3.3 The Presence of Friends

Fun sessions were attributed to friends, friendly people, supervisors with knowledge on their
condition and a supportive social network amongst young people with disability, aged 3-17 years,
and their parents (Greenberg et al., 2018; Wright et al., 2018). The presence of friends or peers, and
feeling of acceptance, in individuals with neuromuscular diseases when partaking in physical
activities (Fisken et al., 2012; Lauruschkus et al., 2015; Verschuren et al., 2012) or intervention
programs (Teo et al., 2022) facilitates participation. This increased motivation to participation can be
attributed to the supportive atmosphere that comes with a sense of belonging or connection with a
group (Conchar et al., 2016). Interestingly, this was less reported in the present study with only one
child with MD (reported through their parent) stating that the company of friends in hydrotherapy
group sessions facilitated their participation; and one parent reporting that the opportunity for their

child to form lasting close bonds with other children with MD facilitated participation in
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hydrotherapy. This suggests that other barriers and motivators play more of an influence than the

influence of friends do for the children with MD represented within the study.

Since hydrotherapy could potentially be done alongside their peers, it is interesting that few
respondents mentioned the presence of friends. Although this could be due to sessions prescribed by
physiotherapists not allowing friends and family to join alongside them, or the reduced sample in
Study 2 when compared to previous research. Conversely, a lack of support from friends and family
was found as an equally frequent barrier between adults with neuromuscular diseases (including MD)
and healthy controls (Phillips et al., 2009). If a child struggles to make friends or does not know
anyone in the group, they may feel as if they do not fit in and may be unmotivated to attend
hydrotherapy sessions. Additionally, older children preferred to spend their free time with their
friends and were more reluctant to participate for this reason (Greenberg et al., 2018). This was seen
in Study 1 where one participant rejected participation in hydrotherapy due to fear of being a lot older
than the other children, meaning he may have been discouraged by his higher severity of Duchenne
MD. His increase in age likely meant he had reduced function, abilities, and skill levels than those
younger with Duchenne MD (Mckenzie et al., 2021; Shields & Synnot, 2016), whereby as an older
non-ambulant child, he may not have wanted to participate alongside younger ambulant children
(Guzman et al., 2012). Therefore, ensuring there is an opportunity to make friends of similar ages and
abilities may help to facilitate recruitment to and attendance in hydrotherapy sessions. A
consideration for future studies would be to have smaller age-related groups if there is a wide age
range and ensure information sheets reflect this so that participants are aware. This may reassure
children that they are likely to be placed with other children they may relate to more, which in MD
may be important for older children. Future studies should also assess the feasibility of including
friends and/or family in hydrotherapy sessions, as this may be a useful incentive to increase

participation amongst children with MD.
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8.3.4 Self-Esteem

Five parents in Study 2 stated that their child expressed a reluctance to participate in
hydrotherapy, due to reasons associated with reduced self-esteem, such as body image and co-
morbidities (like autism and anxiety) hindering their confidence, as supported by Teleman et al.
(2021). This is consistent with children and young people predominately identifying self-restrictions
as a barrier, including low self-esteem and a lack of motivation (Wright et al., 2018). Although in
healthy young adults, body image was found to directly affect sports participation (effect value 0.124)
(Ouyang et al., 2020). However, one reason children with MD may have low self-esteem and
confidence could be due to physical effects associated with medications for and progressions of
disease. For example, steroid medications may contribute to weight gain (Birnkrant et al., 2018b),
scoliosis may affect body shape (Archer et al., 2016) and scars may be present from surgeries
(Birnkrant et al., 2018a). This may contribute to a lack of body positivity and hinder the child’s
willingness to participate. A similar scenario was found during Study 1 of this thesis when there was
difficulty with collecting data from a measure, as the child did not feel comfortable with removing
his shirt. A solution to this may be to allow children to wear tops in the pool, however this can also
have an adverse effect by drawing attention to them, equally stopping participation. For rare
populations that face numerous barriers, gaining confidence to overcome those barriers (barriers self-
efficacy) is important for maintaining participation (Mailey et al., 2016). This suggests that self-
esteem is a reoccurring factor of everyday life that may hinder participation, especially in males with
Duchenne MD during hydrotherapy. Therefore, future studies should aim to educate children with
MD about the natural progression of their disease and encourage confidence through group sessions,
such as hydrotherapy, to create that base of support so they have friends, family and clinicians helping

them to overcome their personal barriers.
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8.3.5 Illlness, Surgery and Covid-Shielding

The explanations of missed hydrotherapy sessions amongst parents of participants in Study 1,
including their child recovering from recent surgery, their child or themselves being ill and/or their
family isolating from COVID-19, is consistent with findings of the parent-reports in Study 2 (see
Figure 10a). Given that individuals with MD are more susceptible to illness, infections, such as
pneumonia (Carannante et al., 2021), and may require more surgeries, due to fluctuating health
(Cleary et al., 2019), these findings are important to consider when recruiting and designing for
studies. Previous studies rarely reported illness and surgery as a barrier, however the resulting medical
appointments that may be required and/or recovery period after surgery have been found to prevent
participation (Cleary et al., 2019). Therefore, future studies should overestimate the sample size
required to account for dropouts, not expect full attendance, and consider offering multiple sessions

a week to give parents a greater choice of available sessions.

Additionally, recent circumstances also proved to be a barrier to participation. During the
COVID-19 pandemic, many hydrotherapy pools across the UK were temporarily closed during
lockdown in from 2020 to 2021, however many of the NHS pools remained closed for a longer period
of time, despite the potential of pool chemicals eliminating the virus (Chartered Society of
Physiotherapy, 2022). This mean many individuals who benefit from and require hydrotherapy were
unable to receive it, decreasing participation and potentially causing a loss in motor function and
skills that may make it so that children find it harder to begin participation in sessions again, due to
decreased self-esteem. This is supported by 44.4% of children stopping or decreasing attendance to
hydrotherapy sessions since the pandemic in the present study. Further research into attendance post-
pandemic may be required, as understanding reasons why, i.e., is there a fear of returning, and finding

ways to reassure families post-pandemic may be of importance.
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8.3.6 Time Constraints, Fatigue and Familial Responsibilities

Parents themselves were a huge influence in facilitating and/or hindering their child’s ability
to participate in physical activities and therapeutic interventions. For example, the parents’
willingness and ability to invest time, energy, and resources were found to influence attendance and
participation (Conchar et al., 2016). An issue is that parents often become too busy and are put under
pressure to balance “the competing priorities and commitments” between the parent who may be
working and looking after their other children, and the children who may require assistance with daily
tasks and getting to pre-existing therapy, appointments, or other activities (Wright et al., 2018).
Therefore, fatigue and a lack of time are factors that may affect parents and prevent their children

from attending sessions, such as hydrotherapy.

The present study found four parents (25.0%) reported that a lack of time hindered
hydrotherapy session attendance in children with MD, due to school and other therapies for their
child, family events, and family responsibilities (e.g., having other children to look after). This was
consistent with research on organised physical activity, where 22.0% of parents, with children
suffering from neurodevelopment, physical and medical conditions, had limited time to attend
sessions (Papadopulous et al., 2020), likely due to difficulty fitting physical activity into the family
schedule (Shields & Synnot, 2016; Shimmell et al., 2013). However, within clinical research for
paediatric health, including those with Duchenne and Becker MD, a greater percentage of parents,
between 39.0% (Engster et al., 2019) and 49.3% (Peay et al., 2018), reported that participation would
take too much time. This suggests a difference in participation rates between clinical trials and
physical activity groups. Interventions as part of clinical trials may be viewed as interrupting parents’
and children’s everyday routines, as supported by Peay et al. (2018) who found this would hinder
participation by 95.2%. When combined with a long-term time commitment, no promise of treatment
after, and the general logistics of their child participating, this further reduces parents’ willingness to

participate (Peay et al., 2014), especially in MD where fluctuations in their child’s health may occur.
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Although, commitment is needed for physical activity and therapy sessions, it is more likely
individuals would participate if they were going to received something proven to be beneficial in

some way.

For parents with multiple children, having to fit sessions into the family schedules and not
having personal time off, can prevent children’s participation and add to the feeling of exhaustion
and fatigue of the parent (Shields & Synnot, 2016). This supports the present study where two parents
reported feeling fatigued. This may also explain why some sessions is Study 1 were missed, as busy
schedules of the parents were apparent in which they all had multiple children and often didn’t want
their child to miss out on important family events. This suggests that more flexibility in sessions or

multiple sessions need to be offered.

8.3.7 Costings

Financial constraints are important barriers that parents and carers must consider, which
subsequently hinder a child’s ability to participate in physical activities and exercise (Shields et al.,
2012; Shields & Synnot, 2016). In the present study, 68.8% of parents were unaware of the cost of
hydrotherapy, however 56.3% of parents stated that an average price of £15 for a 30-45-minute
session would not prevent them from taking their child to hydrotherapy sessions. This differs from a
study of adults who stated that £14.55 (US $18) per session was too expensive for them and may be
why the uptake of hydrotherapy was lower (Fisken et al., 2012). Differences in these studies may be
due to parents getting hydrotherapy for their child in order to delay their MD progression, compared
to healthy adults using it just as a form of exercise. However, it is often a combination of costs, such
as requiring equipment and transport for hydrotherapy sessions, and paying for activities for other
children, that often creates barriers to participation (Pourghane, 2017). This is supported by previous
literature stating that it “comes down to affordability”, where parents have to consider the additional

expense of caring for a child with disability, parental income, attention for their child, and other
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children (Shields & Synnot, 2016). This suggests that costs of intervention sessions and additional
expenses for some families may be too expensive, which may deter parents from letting their child

access hydrotherapy.

Interestingly, parents were aware that hydrotherapy sessions for children in Study 1 were
funded, yet attendance rates still greatly varied from .25.0% to 89.3%. This is inconsistent with the
perceived facilitator of participation, where 93.3% of parents with children with Duchenne and
Becker MD stated they would take part in sessions if they were free (Peay et al., 2018). This suggests
that while cost is an important consideration, other barriers may play more of a significant factor in
preventing participation. Therefore, practitioners in therapeutic interventions should consider making
sessions subsidised or have a flexible payment schemed. This gives the sessions a sense of worth and
makes them more affordable, encouraging commitment while having a form of consequence if they

do not turn up without given notice, as supported by Shields and Synnot (2016).

8.3.8 Accessibility, Independence, and Facilities

In previous studies, accessibility and facilities were found to be motivators and barriers to
participation. For example, research into hydrotherapy for elderly ladies found that the limited
number of appropriate pools available for hydrotherapy, alongside difficulty with entering the pool,
was found as a barrier to hydrotherapy (Pourghane, 2017). A lack of facilities was reported by one
parent in Study 2, which could be attributed to 50.0% of parents not being aware of hydrotherapy
pools near them in the same study (see Figure 8). Combined with the limited facilities available, the
distance needing to travel to sessions also prevents participation and hinders recruitment (Shields &
Synnot, 2016; Shimmer et al., 2013). Four parents in the present study reported distance as a barrier
to taking their child to hydrotherapy sessions. This is support by 93.3% of parents in Peay et al. (2018)
only willing to drive a maximum of one hour to activities for their child with MD. Thus, the nearest

hydrotherapy pools should be readily available for communities and families to find online, however
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the lack of guidelines for the use of hydrotherapy in specific clinical populations like MD may be

why the centres are currently difficult to find.

Previously, children reported that not being able to be independent and having to rely on
others, although not always getting the help they need, deterred them from wanting to participate in
activities (Lauruschkus et al., 2015). Hydrotherapy pools allowed non-ambulant individuals to
participate in sessions. Since physical aids were required by 68.8% of children with MD in our study,
with most using a wheelchair (62.5%) of which 43.7% were non-ambulant, having an environment
that is inclusive of their condition would not prevent them from attending these sessions. When
considering their child’s perspective, parents reported that independence, achieved from not requiring
a wheelchair in the hydrotherapy pool was a motivator, as in parents’ word children felt that they
could freely move in the water with limited assistance. This can be attributed to the buoyancy of the
water in hydrotherapy proving support that non-ambulant individuals would not have on land, as a
result of Archimedes’s Principle, whereby at rest in pool of water, apparent weight loss is equal to
the weight of the displaced fluid (Wratten et al., 2019). This reduces pressure off the joints, bones,
and muscles giving the feeling of moving freely (Mooventhan & Nivethitha, 2014). Therefore, along
with Study 1, this further encourages the use of hydrotherapy for increasing participation amongst

children with MD.

8.3.9 Information and Education Surrounding Hydrotherapy

Receiving proper instructions on the structure of sessions was also found to facilitate
participation for one parent. Seven people had not been offered hydrotherapy before, so it can be
suggested that they were not given sufficient information regarding instructions on how sessions work
or the purpose of hydrotherapy. This may decrease the willingness of parents allowing their child to
participate. This is supported by recent research in elderly women finding that insufficient knowledge

on the advantages of and doubting the effectiveness of hydrotherapy was a barrier to participation
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(Pourghane, 2017). However, 89.0% of parents found that overabundance and complexity of
information made it difficult to understand and deterred them from agreeing for their child to
participate in interventions (Bendixen et al., 2016). Thus, balancing the amount of information for
interventions and physical therapies is important. This is a consideration for future studies. Notably,
in Study 2, one parent reported that they would prefer their child to take part in hydrotherapy sessions
rather than private swimming lessons because £15 would be more cost-effective and beneficial.
Swimming lessons and hydrotherapy sessions provide very different things, highlighting the need for
further education of the purpose of hydrotherapy. Further research is needed to educate parents and
their children on the effects of hydrotherapy for the maintenance, not improvement, of progression in

children and adolescents with MD.

8.4 Limitations

Previous research suggested the importance of separating motivators and barriers of
participation for better and clearer explorations of approach to motivators and solutions to challenges
(Peay et al., 2018). However, a statement involving a motivator often had the opposite opinion as a
barrier and vice versa. Additionally, factors were shown to be complex in nature as seen through the
interaction and overlap of child needs (personal factors to the child), personal (parent) needs, social,
environmental, and policy and programme factors, as supported by Abid et al. (2022), Brown et al.
(2022) and Shimmell et al. (2013). This is consistent with the SCT, whereby a combination of these
factors impacts participation (Brown et al., 2022). Therefore, finding a balance between inhibiting
and enabling factors for participation is important (Mckenzie et al. 2021) to optimise recruitment and

participation in hydrotherapy for MD.

Several open-ended responses to questions within the questionnaire in Study 2 did not provide
a great depth or insight into barriers and motivators for hydrotherapy participation. This could be

attributed to a lack of time, as reported by parents as a barrier to participation. Parents often are busy
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with other familial responsibilities and jobs they undertake daily (Shields & Synnot, 2016; Shimmell
et al., 2013), thus may be tired and fatigued by the end of the day. Based on this, it could be suggested
that a lack of time contributed to parents not being able to complete the questionnaire and/or open-
ended questions, meaning a full perception may not have been achieved. Additionally, it is likely that
respondents to the questionnaire in Study 2 are already more motivated to participate in research and
management interventions compared to other parents who may be less willing or unable to participate.
Recent research found that questionnaires are more commonly completed by parents who are more
active within research and the MD community (Bendixen et al., 2016). This suggests that barriers and
maybe some motivators to participation for hydrotherapy may have been overlooked. This can further
be seen in the difference in number of coded words (shown in Figures 11-14) compared to the number
of findings from other studies (Shields et al., 2012). A follow-up interview should have been
completed to gain further insight, however due to time restrictions of this being a follow-up study,
we were unable to complete this. Future studies should consider combining a questionnaire and

follow-up interview to gain the deepest amount of insight.

Notably, Study 2 had difficulty with recruitment for and participation in the online
questionnaire, with only 16 responses even though the study was advertised on social media and MD
support groups for approximately three months. There is difficulty with recruiting samples from small
populations (Bendixen et al., 2016), including MD, making it difficult for the evaluation of
effectiveness of studies and generalisation of results. Based on results from Carey et al. (2021), in
2019 children aged 19-years-old and under only made up 0.07% of the UK population. Therefore,
whilst the sample size is relatively small, it is more reasonable for a limited population, compared to

a study using a healthy population to which a larger sample can be drawn.
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8.5 Implications

Findings within Study 1 established that the overall recruitment and attendance rates of
children and adolescents with MD was poor. The results from the present study suggest that there are
an abundance of motivators and barriers and therefore several possible solutions that could be
addressed and/or implemented into future study designs to increase participation in children and
adolescents with MD. Given that Study 2 investigated parents’ perspectives due to their significant
influence on their child’s participation (Conchar et al., 2016; Shields & Synnot, 2016), older
children’s perspectives may deviate more and so further research into barrier and motivators
specifically in children need to be investigated. Along with parents’ perspectives of their child’s
views, we know that involving family and friends, and giving children with MD more say in their
therapy interventions, could increase their interest in participating in therapeutic interventions.
Additionally, the study agrees that barriers and motivators have significant implications of the wider
community, by providing information to improve research designs, we can facilitate the production
of appropriate resources and provide support to families who have a child with MD (Shields &

Synnot, 2016; Mckenzie et al., 2021)

Collectively, findings of a lack of time, fatigue, misinterpretation, accessibility, lack of
knowledge and family responsibilities indicate that parents are constantly under a lot of pressure to
balance their everyday lives with their child’s. Implementing strategies to reduce some of this
pressure may show parents that it is possible for their child to join long-term hydrotherapy studies.
Future studies should seek to (1) provide further education on the realistic expectations of
hydrotherapy for the maintenance of MD, (2) determine the feasibility of involving family and friends
in therapy, (3) assess participation amongst MD post-pandemic, and (4) use barriers and motivators
identified in Study 2 to improve the design of a studies similar to Study 1 that must further investigate

the longitudinal effects of hydrotherapy on respiratory, biomechanical, and psychological function.
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Chapter 9.0: Conclusion

This thesis was comprised of two studies, that provided useful insight into 1) respiratory
function, muscle strength and wellbeing prior to hydrotherapy, and 2) potential barriers and
motivators to participation. Except for mean biceps muscle strength, our data suggests that MIP,
MEP, diaphragm thickness, quadriceps strength, and wellbeing investigated in Study 1 were
maintained and/or improved in two children with Duchenne MD after 40 weeks of hydrotherapy.
However, due to case study design and the lack of control group, there is hesitation with attributing
these findings to hydrotherapy and generalising results to children and adolescents with MD in the
wider population. Given that death can occur with more severe types of MD, usually from respiratory
failure resulting from muscle weakness, these findings are important as could indicate that
hydrotherapy may contribute to a delay in the progression of MD. However, this cannot be firmly
concluded due to the lack of control group, in which caution must be used with our results in Study
1 as any changes in data over time could not be compared to no intervention. We were the first study
to objectively monitor the effects of 40 weeks of hydrotherapy on respiratory function, muscle
strength and wellbeing within a single study. Thus, future research is required to develop this study
and define a delay in progression, which in turn should aim to inform NHS NICE guidelines for the

use of hydrotherapy for halting the progression of MD.

Study 1 gave brief explanations for the reduced attendance and missed sessions amongst
participants, including illness (COVID-19), fatigue, family events, recovering post-surgery, and
recurrent injury. Using this information and the results in Study 1, Study 2 was able to further explore
the barriers and motivators that may have contributed to the poor recruitment rates and attendance.
We were the first study to investigate barriers and motivators to participation in hydrotherapy for
children and adolescents with MD. It was stressed that all ‘child’ and parent responses in Study 2

were reported from the parents’ perspectives only. Thus, further research is needed to confirm the
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‘child-reported’ motivators and barriers, due to potential oversights that may have occurred. Once
children with MD’s perspectives are gaining, this should be combined with parent perspectives to

best optimise future study designs, recruitment, and attendance.

A combination of environmental, social, and personal/child needs factors were found to
impact participation, consistent with the SCT, however factors were shown to be complex in nature
due to their ability to overlap and interaction with one another. Parents reported wanting to slow MD
progression as their main motivator for hydrotherapy, yet an inability to distribute their time and
cover distances were their main barrier to participation. When considering their child’s view parents
reported fun and independence as the main motivator but low self-esteem as their main barrier. While
solutions on how to address barriers and reinforce motivators were discussed, the starting solution is
to construct and apply a better designed study to improve the uptake of participation in hydrotherapy,
that can then be used to determine its effects on respiratory function, muscle strength, and overall
wellbeing in children and adolescents with MD. We suggest this could be achieved through future
studies offering subsidised hydrotherapy sessions for children with MD to reduce the barrier of cost,
multiple interventions sessions at different times throughout the week to reduce the pressure on
parents and give them more flexibility, and sessions for smaller age ranges to increase children’s
comfort and confidence when in a group. Long-term solutions should consider creating a way for
parents to easily locate and access hydrotherapy pools near to them, however this would be dependent

on whether hydrotherapy is found to contribute to the delay in MD progression.

Although strategies to increase attendance and participation must be implemented in future
designs, studies should account for dropouts and not except full attendance during the study, due to
flare ups in symptoms, susceptibility to illness and injury, and increased fatigue. Thus, multiple data
collections sessions over a few days should also be offered to optimise future study designs to account

for these. We recommend that future studies also monitor the effects of fatigue through a standardised
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outcome measure, as it was found as a factor that may have impacted performance, participation, and
HRQoL in both Study 1 and 2. Additionally, Study 1 and Study 2 both highlighted the need for better
standardisations of methods and procedures across research studies, to better inform meta-analysis in
further research and better reflect usual care in everyday healthcare practice. To achieve this is it of
upmost importance that a definition of a delay in MD progression is investigated. Despite the flaws
that have been acknowledged, this thesis highlights the potential contribution that long-term
hydrotherapy may have for managing MD in children and adolescents and provides direction for

future study designs.
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Appendix A: Study 1 Ethical Approval

~

UNIVERSITY OF
GLOUCESTERSHIRE

Wi emall D Ernibly Ryall
Research Ethics Committee Chalr
Researcher Name Reader in Applied Philosophy

_ Oxstalls Campus,

Longlevans, Gloucaster, GL2 SHW

rel: [
el I

2e/00/2018

Dear Micola
Thank you for your application for ethical approval.

| am pleased to confirm ethical clearance for your research following ethical review by the
University of Gloucestershire's Research Ethics Committee (REC).

Please keep a record of this letter as a confirmation of your ethical approwval.

Project Titla: The effects of hydrotherapy on respiratory function, strength and
wellbaing In children and adults with muscular dystrophy

Start Date: 26082018
Projected Completbon Date: 17082020
REC Approval Code: REC_18.85.8

If you have any guestions about ethical clearance please feel free to contact me. Please use your
REC Approval Code in any future correspondence regarding this study.

Good luck with your research project.

Regards,

:"-\-\ -,-_,l
Dr Emily Ryall
Chair of Research Ethics Committes

xﬁ
of & ahire Tha Park G AN Tha Universiy of Gloo casisrshine @ & campany bmisd by gasrsnis s regciersd in [Engiend
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Appendix B: Study 1 Informed Consent Form

Hydrotherapy and Muscular Dystrophy, Vension 1.0 LUNIVERSITY £
Prepared on: 130772021 GLOUCESTERSHIEE

CONSENT FORM - PARENT/GUARDIAN

A randomised-controlled trial to investigate the effect of long-term
hydrotherapy in children and adolescents with Joint Hypermobility Syndrome.

The participant's parentlegal gusrdian should compieta the whale of this shest himMerself

You will be given a copy of the consent form bo keap.
Fmie [ir D douon s Sax

YES MO

Hawve you read the Research Panicipant informaon Sheet,
and has the resaaich partcipation sheal been read out
and explained 1o you and your child?

Have you and your child had an opporiunity 1o ask questkons and
discuss this study™

Have you and your child recelved salisisctory answers
b &l your questions?

Who heve you and your child spoben to?

Do yeu understand that yeur child will not be refesred to by name
im any report conceming the study?

Do you understand that your child is free to withdraw from e stidy:

al any time (Uil ane menth belore the study submission)

withaut hasing bo give a reason for withdrawing 7

{whers refevani] without affecting your child's fuure care?

Do you agres for your child bo 1ake part in this study?

Do you agres to your GP andior docior being Informesd for your panicipation
i the study?

Do you understand that any personal data will be kept for B manths but may
be analysed in connecton with the ressarch project befone thal me?

Signature of Research Participant's Parent/Legal Guardian:

Diarte:
Mame in capitals:
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Appendix C: Study 1 Information Sheet

~'} Chamwell
" Centre

Overcomng disability
in Glouceastershere

Researching the effects of hydrotherapy and muscular dystrophy -
Information sheet

The primary aim of management for those with muscular dystrophy is to preserve physical
function, activities of daily life and quality of life. Based on limited research evidence and
clinical consensus, international guidelines recommend a range of voluntary activities should
be prescribed including swimming-pool based exercise. Hydrotherapy is supervised exercise
in warm water. The water decreases loading of joints through buoyancy and can provide
resistance to movement. It may also allow physical training that is not possible on land. The
possible benefits of hydrotherapy may include: improved joint range, maintenance of muscle
strength, improved feelings of wellbeing and the maintenance of respiratory function.

We would like to do a clinical assessment of your child to look at the benefits of hydrotherapy.
An assessment will take place when your child starts the hydrotherapy programme, then after
approximately 5 and 10 weeks of doing hydrotherapy. These measures will take place at the
Chamwell Centre (where the pool is located), at a time that is convenient for you and your
child. The measures will take approximately 30-40 minutes to complete and the results will be
available to you after the final measurements have been made. These clinical assessments
will be very important to help us understand the benefits of hydrotherapy for children with
muscular dystrophy but may also allow us to access funding to run more hydrotherapy
sessions in the future

The measures we will take are described below:

1. Breathing measures. We will ask your child to perform a series of
breathing manoeuvres into a small hand-held machine. This will
measure the size of your child's lungs as well as how the air moves in
and out.
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@ Chamwell

Centre

Cnerooeming disabdity
n Glouresershre

2. Diaphragm thickness. The diaphragm is 3 musche localed urder
the rib cage and helps with breathing. We will measure the size of
the diaphragm using ullrasound. This involves placing a small
amount of ultrasound gel on the skin just below the rb cage and
moving the probe across the chest.

3. Muscle strength. We will measure muscle sirength in the arms and
legs using & small handheld machine. The machine will be placed on |
your child's arm or keg and wea will ask you o iry and bend your armibeg

i
and pull or push against the resistance of the machine as much as u i
mm- .
.'I.
i -l-

4. Wellbaing. We will ask your child 1o complete a shorl wellbeing questionnaire to ask how
thay feal when perfarming dally activities.

We will contact you to arrange a time for you're the baseline clinical assessment to be done.
However, i you would prefer your child not to have these assassmants do just el us know.
This will nol affect thair access to the Centre of hydrotherapy sessions. If vou have any

guestions, please contact Dr Micola Theis|||EGNGNGNGNGEGG
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Appendix D: Muscle Strength, Respiratory and Wellbeing Variables Throughout the 40-Week Study Duration

Participant 1 and Participant 2’s Muscle Strength, Respiratory and Wellbeing Measures Throughout the 40-Week Study Duration (Mean + SD)

% Change
Week 0 Week 0 Week 0 Week 8- Week 16
versus 8- versus  versus 10 versus  Vversus

Week 0 Week 8-10 Week 16  Week 40

10 16 40 16 40
Muscle Strength (N)
Biceps Participant1  63.5+10.0 35.0+2.2 57.1+7.3  23.4+04  -449% -10.1% -63.1% 63.1% -59.0%
Participant 2 79.3t1.3  89.4+3.6  69.1+5.2  47.3%85 127%  -12.9% -40.4% -22.7%  -31.5%
Quadriceps Participant 1 27.2+74  65.7x7.6  56.6%1.9 60.2+8.4  1415% 108.1% 121.3% -13.9% 6.4%

Participant 2 87.0+46.4 106.6+10.3 112.6+9.2 135.6+12.1 225%  29.4% 55.9% 5.6% 20.4%
Respiratory Function

MIP (cm H20) Participant 1 14.0+1.0 28.3+2.1 253+74 9.5+0.7 102.1% 80.7% -32.1% -10.6% -62.5%
Participant 2 12.0+1.4  13.0#5.0 13.3x2.1  18.3%35 8.3% 10.8%  52.5% 2.3% 37.6%
MEP (cm H20) Participant 1 33.3+7.2  51.7421  39.7#2.1  33.7£3.2 55.3% 19.2% 1.2% -23.2% -15.1%

Participant2 ~ 14.0£2.0  25.0+50 26.7#8.0 32.0+4.6  786%  90.7% 128.6%  6.8% 19.9%
Diaphragm  Thickness Participant1  0.38+0.11 0.49+0.01 0.49+0.02 0.37+0.08 28.9%  28.9% -26%  0.0%  -24.5%
(cm)

Participant2  0.264#0.01 0.30£0.01 0.27#0.04 0.36+0.04 154%  3.8%  34.6% -10.0%  33.3%
HRQoL
NPC’s Wellbeing ~ Participant 1 56.0 56.0 33.0 52.0 00%  -411% -7.1% -41.1%  57.6%

Measure
Participant 2 58.0 58.0 57.0 61.0 0.0% -1.7% 5.2% -1.7% 7.0%

Notes. HRQoL = health-related quality of life; MEP = maximal expiratory pressure; MIP = maximal inspiratory pressure; NPC = New Philanthropy Capital.
NPC’s Wellbeing Measure is scored from 0 to 100, where higher scores represent better wellbeing.
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Appendix E: Study 2 Ethical Approval

UNIVERSITY OF
GLOUCESTERSHIRE

il CHELTERMHAM ard GLOWCESTER

Dear Nadine,
Thank you for your application for ethical approval.

| arm pleased to confirm ethical dearance for your research following ethical review by the

School of Sport and Exercise - Research Ethics Panel [S5€-REP).

Please keep a record of this letter as a confirmation of your ethical approval.

Project Title: An Inwestigation Into barriers and motivators that may

affect participation in hydratherapy for children and
adolescents with Muscular Dystrophy.

Start Date: August 20232
Projected Completion Date:  August 2023

S5E-REP Clearance code: HEMRY21-22

If wou hawe any guestions about ethical clearance, please feel free to contact me. Flease use

your S5E-REP dearance code in any future correspondence regarding this study.

Best wishes

Stephen C. How PhD
Chalr of School of Sport and Exercise - Research Ethics Panel

school of Sport and Exercise - Research Ethics Panel [SSE-REP)
Uniwersity of Glowcestershire, Oxstalis Campus, Oxstalis Lane, Gioucester, L2 SHW

rel:
Email: I
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Appendix F: Study 2 Online Questionnaire Format (Full)

Hydrotheragy and Muscular Dystrophy, Version 1.0 UNIVERSITY OF
S hn e oo GLOUCESTERSHIRE
a Chelenham and Cheass el

Doline Cuestionnaire Format
Carers' perspectives into barriers and motivators that may affect participation in

hydrotherapy amongst children and adolescents with Muscular Dyvstrophy.

Information Sheet

YWou are being invited to participate in a rescarch study that will investigate barriers and motivators
for pasticipation in hydrotherapy for Muscular Dystrophy. Specifically, we are trying to find ot
carcrs' perspectives o why you think your child (aged 5-17-years-old) may or may nod want to
participate m hydrotherapy and why you may or may not allow your child to partake in hydrothe rapy.
W would also like to see if you have ever been offered bydrotherapy.

Your participation in this stady will reguire you to complete the following questionnaire, which
should take mo bonger than 15 mileiies of yvour time. Y our participation will be snonymous. This study
involves mimimal risk o you. The study consists of a few questions alsout vour child's diagnosis and
management of Muscular Drstrophy but neither you noe your child will be wdentifeable from any of
the information you provide.

PLEASE MOTE: The eompletion of this study implies your consent to participate: consent
will be asked for on page 1 of the gquestionnaire online.

Why are we dolag this research?

Hydrotherapy is a form of physical management that used movements and excrcises o improve
physical, psychological, and physiological functioning. It is performed by a trained professicnal in a
heated pool. Research has indicated benefits of hydrotherapy for Muscular Dyvstrophy; however, the
rate of attendamnce and participation is often low. Understanding why may help increase participation
and'or infosm professionals and rescarchers whether mvesting resources to provide hiydrotheragy is
worthwhilbe. Therefore, we want to mvestigate your perspective on the barriers and facilitators that
may exist for hydrotherapy participation in children and adolescents with Muscular Doystrophy.

Who has reviewed the study?

All pesearch has been approvied by the University of Gloucestershire Research Ethics Commitiee.

Do 1 have to take part?

Page 1ol
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'

Hydrotherapy and Muscular Dystrophy, Version 1.0 UNIVERSITY OF
Prepared on: 26/06/2022 GLOUCESTERSHIRE

at Cheltenham and Gloucester

You do not have to participate in this study if you do not want to and arc free to stop completing the
questionnaire at any point. Upon completion you are free to withdraw your data at any point, without

reason, up to onc month before study submission.
For further information:

We will be happy to answer any question you have about this study at any point — if you have any

questions or have a rescarch-related problem. please contact Nadine Henry at

I - D Simon Frycr at NS Picasc send all complaints
to Dr Emily Ryall the Rescarch Ethics Chair on || NG

Link to Questionnaire
https://docs.google.com/forms/d/e/ | FAlpQLSdagSy3PRX ZsBT6S ZaFtcTuFk2-

LdaDUHmJCkpGzH Y pecOsK WTOQ/ viewform?usp=sf link

Section 1: Demographics
1. How old is your child?

*Open ended*®
2. What sex is your child?
Male | Female | Prefer not to say
3. What county does your child live in?
*Open ended*®
4. What type of muscular dystrophy does vour child suffer from?
Becker | Congenital | Distal | Duchenne | Emery-Dreifuss | Facioscapulohumeral | Limb-Girdle
| Myotonic | Oculopharyngeal | Other
5. At what age (or trimester) was your child diagnosed?
*Open ended*®

4. Is your child ambulant or non-ambulant?
Ambulant | Non-ambulant
b. Does your child use any physical aids?
Yes | No
If answered *yes® to 6b, please state which aids are used (E.g., wheelchair, crutches,
orthosis, ete.).

*Open ended*®
Page2of 6
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Hydrotherapy and huscular Dystrophy, Version 1.0 UNIVERSITY OF
Prepared on: 26,06/ 2022 GLOUCESTERSHIRE

at Lhelterham and Glowcester

Section 2: Current Treatment
T. What forms of treatment does your child currently receive? Please select all thar apply.
Physiotherapy | Occupational Therapy | Medications | Steroid Therapy | Creatine Supplements
| Surgery | Exon Skipping Trials | Hydrotherapy | Other {please explain)
8
. How frequently does your child receive the forms of treatment yon have stated in the
previous question?
Less than once a month | Once a month | 2-3 times a month | -2 times a week | 34+ times a
week
b. How long does cach session typically last for?
Less than 30 mimutes | 30 minutes | 45 munutes | | hour | More than | hour
% How do vou typically travel to therapy sessions provided for vour child?

Walk | Car | Bus | Train | Other

Section 2: Current Treatment (continoed)
Statement:

Hydrotherapy is a treatment carried oot by trained physiotherapists that utilises the propertics
of water in an appropriately heated pool, using exercises to improve physical, psyvehological,

and physiological functioning in individuals with injuries or disabilities.

10, Are vou aware of any hyvdrotherapy pools near yvou?
Yes | No

11. Are vou aware of the cost of hydrotherapy sessions?
Yes | Mo

1L If the average cost of group hydrotherapy sessions is £15 per child, would this stop vou from

letting your child attend sessions?
Yes | No

13. Has vour child ever been offered hydrotherapy?
Yes | No

14. Has vour child ever taken part in hydrotherapy*?
Yes [continme to ROUTE 1

Mo [continue to _

Page 3of 6
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Hydrotherapy and Muscular Dystrophy, Version 1.0 UNIVERSITY OF
Prepared on: 26/06/2022 GLOUCESTERSHIRE

at Cheltenham and Gloucester

ROUTE |
Section 3: Maotivators and Barciers (Part 1

15. Has your rate of attendance in hydrotherapy changed sinee the Covid-19 pandemic?
Attendance has increased | Attendance has remamed similar | Attendance has decreased |
Attendance stopped completely

L.

#. How frequently does/did vour child participate in hydrotherapy?
Less than once a month | Once a month | 2-3 times a month | 1-2 times a week | 3+ times a
week
b. How long docs'did cach session typically last for?
Less than 30 minutes | 30 minutes | 45 minutes | | hour | More than | hour
17. Is your child currently motivated to take part in hydrotherapy?

Yes [continue to _]

No [continue to ROUTE 18]

Section 3: Motivators and Barricrs (Part 2

18. In your opinion, what do yon think are the higgest motivations for your child wanting to
take part in hydrotherapy sessions?
*Open ended®
19. As a carer, name your biggest motivation for wanting vour child to take part in
hydrotherapy sessions. Pleare explain winy this is your biggest motivation.
*Open ended®
0. Are there any reasons that you know of which might mean your child does not wish to
partake in hydrotherapy?®
*Open ended®
21. As the carer, are there any barriers that have prevented you from allowing your child to
partake in hydrotherapy sessions? Please explain what these barriers are.
*Open ended®
[Continue to debriel section]

ROUTE 1B

Paged of &
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Hydrotherapy and Muscular Dystrophy, Version 1.0 UNIVERSITY OF
Prepared on: 26/06/2022 GLOUCESTERSHIRE

at Lheltenham and Glowoesber

Section 3: Mativators and Barriers (Part 2

18. Are there any reasons that vou know of which might mean your child does not wish to
partake in hydrotherapy?

*Open ended®
19. As the carer, are there any barriers that have prevented vou from allowing vour child to
partake in hydrotherapy sessions? Please explain what these barriers are.

*Open ended™®

[Comtinue to debrief section]

Scction 3: Motivators and Barriers (If pou answered ‘no” to Q83 or Q14).
15. Would hydrotherapy be something of interest to you and vour child?
Yes | No
16, If you decided to take part, how often do yvou think yvou would be able to attend
hydrotherapy sessions?
Less than once a month | Once a month | 2-3 times a month | 1-2 tmes a week | 3+ times a
week
17. As the carer, what would be your biggest motivation for wanting your child to take part in
hydrotherapy sessions?
*Open ended*®
18. In your opinion, what do yvou think would be the biggest motivations for your child wanting
to take part in hydrotherapy sessions?
*Open ended*®
19. As the carer, what barriers would prevent you from allowing your child to partake in
hydrotherapy sessions?
*Open ended*®
20, In your opinion, would there be any reasons that vour child would have to not want to
partake in hydrotherapy sessions?
*Open ended*®

[Continue to debrief seciion]

Section 4: Debriel Letter
Dear Madam/Sir,

Page 5ofb
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Hydrotherapy and hMuscular Dystrophy, Version 1.0 UNIVERSITY OF
Prepared on: 26/06,/2022 GLOUCESTERSHIRE

at Lheltenham and Gloucester

Thank you very much for participating in our study *An investigation into barriers and motivators
that may affect participation in hydrotherapy for children and adolescents with Muscular Dvstrophy ™.
Our hope 1s that the data collected from you and other participants will help us to betier understand
the barriers that prevent and factors that motivate participation in hydrotherapy within families who
have a child suffening from Muscular Dystrophy. This would assist in the prescription of treatments
for those with muscular dystrophy. as well as inform us whether it is worthwhile continuing research
in hydrotherapy for Muscular Dvstrophy and what the best approach to maintain participation may
bee.

We would like to take this opportunity to reassure you that any data collected during this study will
remain anonymous and confidential, where you will not be identifiable in any publications or reports
resulting from this research. Data will be held for a maximum of 10 years before being destroyed.
We would like to remind you that you have the nght to withdrmaw your data, without having reason,
at any point for up to one month before the study submission. If you would like to withdraw your
data, please contact a member of the rescarch team (email addresses provided at the end). The
University s Privacy Motice can be found at this link:

https=fwww.glos.ac.uk/mformationknowledge-base/Research-Participants-Privacy-Notice!.

Again, thank you for your participation n this study. If you would like to sec a summary of the
research findings following its submission, or if you have any further questions, please don’t hesitate
to contact a member of the research team.

Kind regards,

Madine Henry and Dr Simon Fryer

University of Gloucestershire

Email addresses:

Page b of 6
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