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Physiotherapy-led Pilates intervention on school aged children with HSD and
the benefits of this approach on pain, physical function and quality of life
when delivered in a community-based model of care. A single-case experi-
mental design (SCED) that incorporates a multiple baseline design will be
used. Children with HSD, aged from 8 to 12 years, will commence concur-
rently in this study. Participants will undergo multiple assessments through
all phases of the study which incorporates an A-B-A withdrawal design. The
initial baseline period will be randomised from 5 to 7 weeks duration, then
participants will enter the intervention period for 8 weeks followed by a
withdrawal period of 5 weeks. The Physiotherapy-led Pilates intervention will
consist of individual, 45 minute bi-weekly sessions, performed on both mat
and the Pilates Reformer with an additional home program of mat exercises
performed weekly. The study hypotheses are that children will show: 1) a de-
crease in pain; 2) an increase in their physical function as measured by mus-
cle strength, postural control, fatigue and physical activity levels; and 3) an
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improvement in their Health Related Quality of Life in the domains of physi-
cal, emotional, social and school functioning. Conclusion: The findings will
add specific responsiveness information to the scientific evidence for Physio-
therapy-led Pilates for children with HSD.
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1. Introduction

Hypermobility Spectrum Disorder (HSD) has been described as “a condition
characterized by generalized joint hypermobility (GJH) in association with chro-
nic joint pain in the absence of a known genetic disorder” [1]. This condition
was previously referred to as Benign Joint Hypermobility Syndrome (BJHS) or
Joint Hypermobility Syndrome (JHS) but in 2017 an international consortium of
world experts recommended the term be replaced with HSD [2]. Joint hypermo-
bility is defined as the capability of a joint to move passively and/or actively
beyond normal limits along physiological axes and when hypermobility is present
in multiple joints the term GJH is preferred [2]. The Beighton Score (Table 1)
is the most accepted clinical method for identifying GJH and has been shown
to be a valid measure in primary school aged children [3]. Hypermobility has
been reported to be more prevalent in girls than boys [4] [5], in younger child-
ren than older children [1] and ethnic groups such as Asian and African pop-
ulations [6].

The diagnosis of HSD is made with the Revised (Brighton 1998) Criteria [7]
which involves either 2 major criteria of multiple hypermobile joints in combi-
nation with arthralgia in multiple joints, or a combination of major or minor
criteria involving other systems such as the skin, eyes and cardiovascular system
(Table 2). The prevalence of GJH and thus HSD has been variable reported. To
give some indication, an Australian cohort study by Morris [5] assessed 1584
participating 14 year old children with the traditional cut-off threshold of >4
hypermobile joints on the Beighton Score which found 48% presented with hyper-
mobility whereas with a more rigorous cut-off of 26 hypermobile joints, the
prevalence was 18.6%. As studies reporting the prevalence of GJH have not do-
cumented the exact number of pain areas, there is insufficient detail to deter-
mine the number who could have been diagnosed with HSD.

Children with HSD experience a range of chronic musculoskeletal symptoms
including pain in joints or surrounding muscles and soft tissue, joint instability,
fatigue and reduced muscle strength, endurance, proprioceptive acuity, balance,
motor co-ordination and exercise tolerance. All these factors impact on their
functional activity and participation which can lead to poorer health outcomes

and psychological issues.
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Table 1. The Beighton Score. (as described by Smits-Engelsman in the appendix of Beigh-
ton Score: a valid measure for Generalized Hypermobility in children 2011 [3]).

Scoring (One point

. Bilateral
Beighton Score Items . each forR&L
testing . .
side if positive)
1) Passive dorsiflexion of the 5™ metacarpophalangeal joint to > 90°  Yes 01 2
2) Passive hyperextension of the elbow to > 10° Yes 01 2
3) Passive hyperextension of the knee to > 10° Yes 01 2
4) Passive apposition of the thumb to the flexor side of the
forearm while shoulder is flexed 90°, elbow is extended, and v 0 1 2
es
hand is pronated. Score is positive if the whole thumb touches
the flexor side of the forearm.
5) Forward flexion of the trunk, with the knees straight. Score is
e . No 0 1
positive if the hand palms rest easily on the floor
Maximum Hypermobility Score (total of positive items) _9

Table 2. Revised (Brighton 1998) Criteria. (As presented in the Revised (Brighton 1998)
Criteria for the Diagnosis of Benign Joint Hypermobility Syndrome by Grahame 2000 [7]).

Instructions for applying Criteria

The BJHS is diagnosed in the presence of 2 major criteria, or one major and 2 minor criteria, or 4
minor criteria. Two minor criteria will suffice where there is an unequivocally affected first-degree
relative. BJHS is excluded by presence of Marfan or Ehlers-Danlos syndrome [other than the EDS
Hypermobility type (formerly EDS III) as defined by the Ghent 1996 and Villefranche 1998 Criteria,
respectively]. Criteria Major 1 and Minor 1 are mutually exclusive, as are Major 2 and Minor 2.

Major Criteria

1) A Beighton Score of 4/9 or greater (either currently or historically)
2) Arthralgia for longer than 3 months in 4 or more joints

Minor Criteria

1) A Beighton score of 1, 2 or 3/9 (0, 1, 2 or 3 if aged 50+)

2) Arthralgia (= 3 months) in 1-3 joints or back pain (= 3 months), spondylosis,
spondylolysis/spondylolisthesis

3) Dislocation/subluxation in more than 1 joint, or in one joint on more than one occasion.

4) Soft tissue rheumatism > 3 lesions (e.g. Epicondylitis, tenosynovitis, bursitis).

5) Marfanoid habitus (tall, slim, span/height ratio > 1.03, upper: lower segment ratio < 0.89,
arachnodactyly [+ Steinberg/wrist signs].

6) Abnormal skin: striae, hyper-extensibility, thin skin, papyraceous scarring

7) Eye signs: drooping eyelids or myopia or antimongoloid slant

8) Varicose veins or hernia or uterine/rectal prolapse

1.1. Pilates Intervention

Pilates was developed by Joseph Pilates in the 1920’s as a series of exercises based
on his guiding philosophy of achieving good health by coordination of body,
mind and spirit. Into this method he called “Contrology” [8], he incorporated
his traditional principles as defined by Wells [9]: 1) Concentration—the cogni-
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tive attention required to perform the exercise, 2) Centering—tightening of the
muscular center of the body or “powerhouse” located between the pelvic floor
and the ribcage during exercise [10] [11], 3) Control of movement by exerting
the minimum of effort required, whilst maintaining posture and alignment, 4)
Flow—the smooth transition of movement within the exercise sequence, 5) Pre-
cision or accuracy of the exercise technique and 6) Breathing correctly to pro-
mote relaxation and release tension whilst providing a rhythm of movement to
assist coordination. During Pilates, lateral and posterior expansion of the rib
cage is emphasized during inhalation as it facilitates maintaining abdominal
contraction throughout the exercises [9] [12].

Joseph Pilates was ahead of his time in his approach to well-being and in his
creation of exercises and equipment as described in his book “Return to Life
Through Contrology” in 1945. He described “the Powerhouse” of the body as a
cylinder of muscular support in the center of the body which includes the pelvic
floor, diaphragm, abdominals and back extensors. Scientific research has now
substantiated much of what Pilates advocated including recruiting the deep
muscles of the pelvis and trunk. The basis of practicing Pilates is to use the mind
to concentrate and recruit core muscles especially the transverse abdominus
(TrA) before commencing an exercise. Since the 1990’s, research has confirmed
that contraction of the TrA occurs before movement of a limb and has an im-
portant effect on stabilization of the trunk [13] [14]. This activation of deep sta-
bilizing trunk muscles (core stabilization) is integral in supporting the lumbar
spine and pelvis which aides in decreasing chronic low back pain [15].

Over the years several approaches to the practice of Pilates have emerged,
some have preserved his work and intent more than others. Classical Pilates still
follows his original instruction of maintaining a “flat back” (posterior pelvic tilt)
whereas the more modern Pilates has changed small elements of his work such
as to focus on a “neutral spine” as new research has been conducted [9] [16] but
for a program to be called “Pilates”, the method must embody his overall phi-
losophy and approach.

Pilates exercises can be performed on the floor using body resistance, referred
to as mat-based Pilates or on uniquely designed Pilates equipment including the
“Reformer”, “Wunda Chair” and “Cadillac” which condition the whole body,
using movements and positions that simulate functional activities, whilst cor-
recting body alignment and balance. His extensive repertoire includes hundreds
of exercises, that can be progressed from basic to an advanced level on each
piece of equipment whilst allowing the instructor to increase load by using grav-
ity or adjustable spring resistance and progressively select exercises that gradu-
ally increase motor control complexity or challenge. His method instinctively
gained similar results to current resistance training research which shows resis-
tance training leads to improvement in motor performance by increasing cha-
racteristics of strength, speed and power [17]. Resistance training is supported

by the 2014 International Consensus Position Statement on youth resistance
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training [18], if it is designed and instructed by a qualified professional with
prescription based according to training age, motor skill competency, technical
proficiency and existing strength levels, at the appropriate intensity and volume
whilst providing a safe, effective and enjoyable program.

The Pilates approach provides potential benefits for exercise motivation and
safety for children and a physiotherapist designed and instructed Pilates Inter-
vention can meet the goals of individual children. First, Pilates includes a wide
variety of exercises that can be used to focus on key areas, or an affected joint.
Second, for individuals with chronic conditions, Pilates can provide an interest-
ing full body workout to strengthen and maintain multiple body areas simulta-
neously over the long term. Third, older children and youth can also benefit
from specialized Pilates equipment, such as the reformer, which provides a safe
option for growing bodies by using body resistance to increase strength. Fourth,
many of the exercises are closed chain exercises which assist with improving
joint proprioception and muscle control.

Previous studies have shown that Pilates does appear to be an effective inter-
vention for children and youth with improvements noted in flexibility, muscle
strength, postural orientation and balance, musculoskeletal alignment, pain le-
vels, function and Health Related Quality of Life (HRQoL) in children [19]. Pi-
lates has been reported to have many positive effects in reducing pain which has
been well illustrated in adult populations [20], as well as a few examples in
children [21] [22]. As musculoskeletal pain is a major symptom experienced by
children with HSD [23], they may benefit from practicing Pilates to improve
postural alignment, strength and motor control to effectively distribute move-
ment load and decrease adverse load through involved joints. It has been dem-
onstrated that a physiotherapist-led exercise program is significantly effective in
reducing pain, improving HRQoL and increasing muscle strength in children
with HSD and knee pain [24].

In a systematic review of the Effect of Pilates Intervention on Physical Func-
tion of Children by Hornsby in 2019 [19], there was wide variation seen in the
structure and dose of the Pilates Intervention. Most were group based and in-
volved specialized Pilates equipment with the Reformer being the most com-
mon. The number of exercises ranged from 15 to 27 with repetitions ranging
from 5 to 10. Session duration ranged from 30 - 60 minutes, session number
from 2 to 5 per week and length of intervention ranged from between 1 to 6
months with no follow-up of participants following conclusion of intervention
reported in any study. A Delphi survey of Australian physiotherapists by Wells
in 2014 [25] suggested that Pilates sessions for adults should be undertaken 2 - 3
times per week for 3 - 6 months and be supplemented by home exercises. This
advice included individualised sessions for the first 2 weeks followed by group
sessions of up to 4 clients per therapist. This may differ for children whose con-
centration levels and ability to maintain postural alignment and technical com-

petency independently, safely and effectively may vary, requiring individual su-
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pervision for longer especially if they experience chronic pain. The use of specia-
lized equipment such as the Reformer has been recommended for adults with
chronic Low Back Pain [25] [26] so should also be researched in children. Also
reported in the systematic review, only one of the Pilates instructors was a phy-
siotherapist, but was for a group of children with a chronic musculoskeletal con-
dition, Juvenile Idiopathic Arthritis, where the focus was on decreasing muscu-
loskeletal pain and improving joint range, stability and function to improve
HRQoL [21].

As children with HSD present with complex issues, they are challenging to
manage effectively. Physiotherapists with their underlying knowledge of joints,
muscles and movement including management of pain, are ideally placed to di-
rect physical interventions for management of this condition. With comprehen-
sive training in Pilates, it becomes a time effective treatment for physiotherap-
ists, as it simultaneously treats different symptomatic areas, whilst been able to
monitor the child’s medical signs and symptoms. As Pilates can be instructed on
an individual basis, this allows the child to correctly learn specific muscle activa-
tions and techniques that can be customized to focus on specific problem areas
through choice of exercise and equipment so load and complexity can be pro-

gressed appropriately.

1.2. Study Aims

Based on the background literature, several potential benefits of Pilates have
been reported in children [19]. The aims of this study is to evaluate the effects of
a Physiotherapy-led Pilates program for school aged children with Hypermobil-
ity Spectrum Disorder (HSD) and the relative benefits of this approach on pain,
physical function and quality of life when delivered in a community-based mod-
el of care. The study hypotheses are that children will show: 1) a decrease in
pain; 2) an increase in their physical function as measured by muscle strength,
postural control, fatigue and physical activity levels; and 3) an improvement in
their HRQoL in the domains of physical, emotional, social and school function-
ing. These improvements will be maintained for a period of at least 3 months

following the intervention.

2. Methods
2.1. Study Design

This study involves a Single Case Experimental Design (SCED) which provides
an alternative approach to the traditional model and allows conclusions to be
made regarding the effect of treatment based from the response of a single pa-
tient under controlled conditions, rather than group averages and broad genera-
lizations. This will allow a small number of participants who act as their own
control, to be studied in greater detail while still providing Level II scientific
evidence [27], if specific criteria are met in the SCED design. Three factors

which need to be incorporated are: 1) at least 3 phases in the study; 2) a multiple
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baseline design (MBD) for introduction of treatment and 3) repeated measures
throughout each phase. Repeated measures of at least 5 data points are required
in each phase to evaluate stability or variability of the response [27] [28] and to
assist with observing trends and patterns in the data. SCEDs are more suitable
for smaller cohorts that are more readily available, which require intensive as-
sessment and intervention by suitably qualified and experienced practitioners.
Level II scientific evidence will be achieved in this SCED study in the follow-
ing manner. First, an A-B-A withdrawal design will be used where “A" refers to
the baseline (non-treatment) phase, “B'” the intervention (treatment) phase and
“A?” the withdrawal (non-treatment) phase [29]. Second, for a MBD, children
will be recruited to start in this study concurrently and will be randomised to
commence at either 5, 6 or 7 weeks of baseline, followed by 8 weeks of interven-
tion and 5 weeks of withdrawal. The minimum number of data points required
in the baseline phases was chosen to minimize the burden on attendance by the
family. It was proposed that at least 8 weeks would be required for the Pilates
Intervention to allow for the lag time of when strength changes would be seen
after introduction of the intervention and would be a practical intervention
length for clinicians to fit into a school term. Third, the participants will under-
go multiple weekly assessments through all phases of the study. This will be fol-
lowed by one assessment at 3 months post the completion of the intervention to
determine if any changes that are achieved during the intervention are main-
tained for this period. A blinded assessor who is also an experienced physiothe-
rapist in the management of children, will perform the assessments and outcome
measures and will not have knowledge of whether the child is participating in

the baseline, intervention, or withdrawal phases.

2.2. Ethics and Consent

The study has been approved by the Human Research Ethics Committees at the
Childrens’ Health Queensland Hospital and Health service (HREC/17/QRCH/126)
on the 08/08/17 and The University of Queensland (2017002017/HREC/17/
QRCH/126) on the 06/12/17. All participants will sign an assent form and their

parents an informed consent form.

2.3. Participants

Participants will be school aged children aged from 8 < 18 years who meet the
following criteria: 1) a score of 26 on the Beighton Score (for hypermobility)
(Table 1) and 2) history of at least four painful joints experienced at least
3x/week for a 3 month period in the last 6 months (for chronic pain) or meet
other Brighton Criteria for HSD (Table 2). Children will be excluded if they
have 1) other heritable disorders of connective tissue 2) other syndromes or sig-
nificant complex medical or neurological conditions that may confound the
outcomes 3) other intellectual impairment or behavioral disorders that would

impact on ability to follow instructions and 4) have participated in a Pilates in-
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tervention in the preceding 6 months.

Nine children will be recruited in Brisbane, Australia through verbal adver-
tisement and the intervention will be located locally in the community in a pae-
diatric physiotherapy private practice. Throughout the study period including
up to the 3 months post intervention measure, participants will not receive any
physiotherapy or Pilates from another venue but will be able to continue their

normal sporting activities.

2.4. Procedure

2.4.1. Randomisation

Concealed random allocation will be used and order of the participants will be
generated by a person who is neither the physiotherapist assessing the outcome
measures nor providing the Pilates intervention. A random series of numbers
will be computer generated to correspond with the baseline duration of 5, 6 or 7
weeks which will then be randomly allocated to the participant number (e.g. P1,
P2, P3). Three participants will be allocated to either the 5, 6 or 7 week’s group

in the baseline period.

2.4.2. Concurrent Multiple Baseline Design

All participants will need to commence in the study concurrently, which will be
provided for 45 minutes, 2 times per week for 8 weeks with a home program of
45 minutes also performed on one additional day under parental supervision. To
comply with the MBD, the participants will be staggered into the Pilates inter-
vention phase with participant 1 at week 6, participant 2 at week 7 and partici-
pant 3 at week 8. All participants will receive the same dose of intervention, so
will continue to be staggered into the withdrawal phase with participant 1 at
week 14, participant 2 at week 15 and participant 3 at week 16 for another 5
weeks of baseline measurements. There will be one final assessment at 3 months

post the completion of the intervention at week 26, 27 and week 28 respectively.

2.4.3. Intervention-Content and Structure

The Pilates program will be designed and delivered by the chief researcher who
is 1) an experienced physiotherapist with over 30 years clinical experience in
paediatric physiotherapy and 2) an accredited Pilates instructor for the past 15
years trained in the Body Arts and Science International (BASI) approach to the
Pilates Method (Isacowitz 2014). The program will be individualized for each
child and include a structured combination of Pilates exercises performed on
mat and Reformer that will be provided at an appropriate level and age for each
child. By only including exercises on the mat and Reformer, this program is de-
signed to be accessible to other clinicians, who don’t have to outlay the cost and
space for fully equipped Pilates studio. The Reformer is an ideal piece of equip-
ment for more basic exercises as they can be achieved with the trunk supported.
Other small pieces of equipment such as a swiss ball and resistance bands will

also be incorporated.
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The exercises focus initially on basic muscle activation and patterns of move-
ment that are the essential basis of Pilates and as pain decreases and the child
improves in strength, endurance, body awareness and confidence, they will be
progressed to a more challenging level of difficulty. The frequency and length of
the Pilates intervention of 45 minutes, 3 times per week is designed to meet the
guidelines for physical activity and resistance training for children and youth
[18] [30].

Each session will be divided into sections to focus on specific body areas: Sec-
tion 1—Warm up (5 minutes) which prepares the body and is typically a selec-
tion of mat exercises that involves trunk movement; Section 2—Regional Muscle
training (30 minutes) which focuses on all limbs whilst maintaining core stabili-
ty and provides a complete body program using body resistance with mat work
or spring resistance with the reformer; Section 3—Full body integration (5 mi-
nutes) which specifically works on body balance and co-ordination; Section 4—
Stretching and cool down (5 minutes)—incorporates specific stretches depend-
ing on the need of the individual and slow full trunk movements focusing on
slow deep breathing.

At each session the Pilates instructor will record which exercises were per-
formed, the number of repetitions, the equipment and amount of resistance used
(number and colour of springs used on the reformer denotes whether mild, me-
dium or heavy resistance). The parent will be invited to observe each session and
given a personalised written home program to be performed once per week at
home by their child under their supervision. The parent will sign the home pro-

gram which will be returned at the next session so adherence can be monitored.

2.5. Outcome Measures

Outcomes will be measured across multiple levels of the International Classifica-
tion of Functioning, Disability and Health (ICF: World Health Organisation 2007
[31]: 1) Physical—Body Functions and Structures a) Pain, b) Muscle strength,
postural control and fatigue; 2) Performance—activity levels; and 3) Contex-
tual—parent and child reported HRQoL.

The outcome measures to be performed weekly are:

1) Pain levels and descriptions with the PedsQL—Paediatric Pain Question-
naire (PedsQL PPQ) which will be the primary outcome measure [32] [33] using
the Visual Analogue Scale (VAS) scale with both the child and parent reporting
for their child’s present pain and worst in past week where 0 indicates no pain
and 10 the worst pain. In addition, the children will colour a body chart with the
pain location, number of painful areas and intensity of the pain with the colour
converted to a 1 - 4 scale which will be totaled. The written pain descriptors by
the participants will be classified in categories of a) global pain domains includ-
ing quality, spatial, temporal, magnitude, effect, affect and covariate as used by
Jensen in 2013 [34] and b) subdomains featuring the specific words or phrases

used by the participants in this study. Frequency analysis for each participant
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will include a percentage of their totaled words calculated for each domain.

2) Muscle strength will be quantified with the Lafayette Hand-Held Dyna-
mometer (HHD) System 01165. The test is performed with the clinician apply-
ing force to the required body part to overcome or “break” the participants resis-
tance. The HHD provides the muscle strength readings as peak force in Newtons
(N). The muscles groups that will be measured are hip extension, hip abduction,
knee extension, shoulder external rotation, scapula adduction/downward rota-
tion, elbow extension and wrist extension.

3) Postural control will be assessed with 3 items from the Kids-BESTest Bal-
ance Evaluation System [35]. Two items have been selected from the stability
limits domain which are Functional Reach Forward (FRT-FWD) and Functional
Reach Lateral (FRT-LAT) recorded in centimeters (cm) and one item from the
anticipatory domain which is Stand on one leg (SLS) recorded in seconds.

Two outcomes will be measured approximately monthly as both question-
naires refer to how the child was feeling for the previous month. These two
measurements will be in the same week in each phase for participants which will
account for the staggered start into the intervention phase required for the MBD.
They will be given at week 1 and week 4/5 (P1), week 5/6 (P2), week 6/7 (P3) in
the baseline phase; week 3/8 and 7/8 of the intervention phase; week 2/5 and 5/5
of the withdrawal phase and at the 3-month post intervention measure. All ques-
tionnaires will be completed independently by the participants, although assis-
tance will be offered by the blinded assessor to explain the correct procedure and
answer any questions. Both these tools have demonstrated good reliability and
validity when used with children with various chronic conditions [36]. For both
tools, with each domain and the total score, the participant is allocated a score of
between 0 and 4 which are then reversed when converted to a score of between 0
- 100, with higher scores an indication of lower fatigue and higher HRQoL.

These measures are:

4) Fatigue levels with PedsQL Multidimensional Fatigue Scale (PedsQL Fati-
gue) [36] [37] which includes domains of general, sleep/rest and cognitive fati-
gue.

5) Health Related Quality of Life (HRQoL) with the PedsQL Paediatric Quali-
ty of Life Inventory (PedsQL 4.0) [37] which includes four domains of physical,
emotional, social and school functioning.

The final measure will be performed in the last week of each phase:

6) Activity levels will be recorded with the Actigraph which will be worn
during waking hours for 7 days at the end of each phase, with the child or parent
recording in the diary, times of application and removal and what specific activi-
ties were performed in this time. To be considered representative, 4 valid days
are required including at least 7 hours of data recorded per day and including
one day on the weekend out of each 7 days [38].

All outcome measures will be repeated at the final 3-month assessment fol-

lowing intervention.
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2.6. Data Analysis

This SCED study incorporates an A-B-A design, where there is a baseline phase
preceding and following the intervention. Experimental effect will be shown in
this study if there is a change in the level or trend of an outcome measure when
the participant commences the intervention or when the intervention is with-
drawn [39] [40].

In addition, this study includes a MBD where several participants will com-
mence concurrently into the baseline phase and will be measured simultaneous-
ly. The duration of the baseline will be randomized to 5 - 7 weeks and the par-
ticipants will then be staggered over time into the subsequent intervention phase.
This will then be followed by a withdrawal phase.

The most common approach to interpretation of data in a SCED study is vis-
ual analysis of graphic presentation where data is plotted against time [41]. Evalu-
ation of the data will include visual examination for 1) level or the magnitude of
performance at the start and end of a phase; 2) trend which refers to the direc-
tion of change within a phase and 3) slope which refers to rate of change within
the data [40]. Other factors that need to be considered are variability of the data
in phases, immediacy of intervention effect, data overlap and consistency of data
patterns across similar phases [42]. A hypothetical example of this can be seen in
Figure 1.

To substantiate visual findings, further statistical analysis will be explored us-
ing the two standard deviation band method [43] [44]. With this method the
mean and standard deviation of data points within the baseline phase will be
calculated and if at least two consecutive data points in the intervention phase
fall outside the band then the changes will be considered significant [40]. This
method will be employed when a participant transitions from A’ to B! phase and
from B! to A? phase and like visual analysis, allows each participant to have 2

opportunities to demonstrate experimental effect.

3. Discussion

This protocol paper describes the background and design of a SCED study which
aims to evaluate the impact of a Physiotherapy-led Pilates program for school
aged children with Hypermobility Spectrum Disorder (HSD) and the relative
benefits of this approach on pain, physical function and quality of life when de-
livered in a community-based model of care. To our knowledge, this will be the
first study to use an experimental design to examine the effectiveness of a Physi-
otherapist-led Pilates Intervention for children with hypermobility and pain.
Outcome measures will encompass multiple areas of the ICF. It will add to a
growing body of evidence of the effect of Pilates for paediatric populations and
may provide therapists with alternative management strategies for children with
HSD or other musculoskeletal conditions. This information may underpin fu-
ture intervention studies using larger numbers of children in a RCT design or a
SCED at multiple sites.
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A1 B1 A2

W Participant 1

Muscle Strength

Participant 2
6 8 5
Participant 3
7 8 5

Weeks

Figure 1. A hypothetical example of the research design: a multiple baseline, single-case
experimental design across 3 participants using hypothetical data. The duration of each
phase in weeks is plotted on the x-axis, and muscle strength (one of the outcome vari-
ables) is plotted on the y-axis. Each of the 3 participants starts in the study concurrently
and stays in the base-line phase (A1) from 5 - 7 weeks, is then staggered into the 8-week
intervention phase (B1) and continues to stagger into the withdrawal phase (A2). The
weekly assessment of muscle strength displays 18 data points for participant 1, 19 data
points for participant 2 and 20 data points for participant 3. Each transition from one
phase to another is denoted by the red line. The data shows stability in the baseline phase
(A1), with a hypothesized upward trend in muscle strength during the Pilates Interven-
tion phase (B1) followed by a milder downward trend in the withdrawal phase (A2).
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