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Summary

Down syndrome is a chromosomal condition that affects the musculoskeletal system,
including the foot. Children with Down syndrome have structural variations to their feet,
which complicates footwear fit. Consequently, many children with Down syndrome wear
poorly-fitting footwear. This can have negative consequences, including reducing levels
of physical activity. Therefore, the aims of this thesis are to determine: (i) the
effectiveness of interventions (including custom-fitted footwear to improve fit) to increase
physical activity in children with Down syndrome; and (ii) the foot dimensions of children

with Down syndrome to better understand footwear fitting issues in this population.

Four studies were conducted. The first study was a systematic review of nine
randomised controlled trials that evaluated the effectiveness of interventions to improve
physical activity in individuals with intellectual disabilities. A key finding was that only a
limited number of physical activity interventions were effective in increasing physical
activity in this population. These were a gym-based progressive resistance training
program, a multi-component diet and physical activity program and a physical activity
framework and education program. No previous studies investigated the effects of
footwear on physical activity in individuals with intellectual disabilities, including those
with Down syndrome. This warranted further investigation because poorly-fitting footwear

has been associated with reduced physical activity.

The second study was a randomised pilot study that determined the feasibility of
conducting a definitive randomised trial to evaluate the efficacy of custom-fitted footwear
to increase physical activity in children with Down syndrome. Thirty-three children with
Down syndrome (mean age 9.7 [3.6] years, 21 girls) were randomly allocated to an
intervention group (custom-fitted footwear) or a wait-list control group. Based on Bowen'’s
framework, six domains of feasibility were evaluated: demand (recruitment),
implementation (co-interventions and adherence), acceptability (satisfaction with the
intervention), practicality (adverse events), limited efficacy testing (physical activity;
disability associated with foot and ankle problems, and gait) and adaptation (shoe-fit).
Outcome measures were assessed at baseline, 6 weeks and 12 weeks. The results
showed trends for differences in physical activity that favoured custom-fitted footwear;
however, the differences were small. The main finding was that the fit of the footwear
intervention — despite being fitted according to the manufacturer’s protocol — was no
better than participants’ regular footwear. The footwear the participants were provided
with was too narrow to accommodate foot width. These findings justified the need to

better understand the foot dimensions of children with Down syndrome.
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The third study investigated the reproducibility of measuring foot dimensions of children
with Down syndrome. Three-dimensional (3D) foot scans of 30 children with Down
syndrome (mean age 10.6 [3.9] years, 18 girls) were obtained to determine the intra- and
inter-rater reproducibility of 13 unique foot dimension measurements. These
measurements related to length (foot length, ball of foot length, outside ball of foot
length), width (diagonal and horizontal foot width, heel width), girth (ball and instep girth),
height (first and fifth toe height, instep height), forefoot shape (length of the digits,
classified according to longest toe) and the ratio of foot length to foot width (Wejsflog
Index). Two raters completed the measurements independently, 2 weeks apart using 3D
Tool® and Canvas® software programs. All measurements were found to have moderate
to excellent reliability (intra-class correlation coefficients [ICCs] ranging from 0.73 to
0.99). Seven measurements had narrow limits of agreement (LOA) values (foot length,
diagonal foot width, horizontal foot width, Wejsflog Index, instep height, first toe height
and fifth toe height), but the remaining measurements (ball of foot length, outside ball of
foot length, heel width, ball girth and instep girth) had wider LOA values indicating poorer

agreement.

As the measurements of foot dimensions were found to be reproducible, the fourth study
was a cross-sectional observational study that compared the foot dimensions of children
with and without Down syndrome. 3D foot dimensions of 51 children with Down
syndrome were compared to 51 typically developing children (using 3D foot scans), who
were age (2 years) and sex-matched (mean age 10.8 [3.7] years, 28 girls). Data were
analysed as absolute and normalised (for scale) differences due to the wide age range (5
to 20 years) of participants. Results showed children with Down syndrome have smaller
feet (absolute length, width and girth measurements). Further, after normalising for scale,
children with Down syndrome were found to have a shorter foot length (heel to toe
measurement), but a longer ball of foot length (heel to ball measurement), wider forefoot,
a greater girth circumference (ball and instep girth) and greater fifth toe height. These
differences in dimensions may explain why children with Down syndrome commonly

wear poorly-fitting footwear.

Collectively, these studies identified that footwear fit is a problem for children with Down
syndrome. Footwear may potentially improve physical activity in children with Down
syndrome; however, improving footwear fit is a necessary first step. At present,
commercially available footwear is unlikely to accommodate the unique foot structure of
children with Down syndrome. Children with Down syndrome need footwear that is wide,
has adequate girth and a deep toe box height at a given size (length fit). Footwear with
the required extra-depth and width (known as medical-grade footwear) is not readily

available for children. Developing footwear according to normative dimensional data for

12



children with Down syndrome, or mass-customisation based on new technologies could

solve the issue of poorly-fitting footwear for children with Down syndrome.
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Chapter 1 — Introduction

1.1 Down syndrome

Down syndrome is a chromosomal disorder, characterised by unique facial features,
intellectual disability and impairments to all body systems [1]. It affects 1 in 650 to 1,000
births worldwide. It is estimated that 5,400 infants are born each year with Down
syndrome in the United States and approximately 290 per year in Australia [2]. The
prevalence of Down syndrome is increasing when both live births and terminated
pregnancies are included [3]. There are two main reasons for this. First, a greater
proportion of women are giving birth later in life. Approximately 22% of women who gave
birth in 2004 were 35 years or over, which is substantially higher than the 8% of women
who were aged 35 or over in 1985 [3]. Second, there has been an improvement in the
sensitivity of diagnostic screening during early pregnancy to detect foetuses with Down
syndrome [3, 4]. Children with Down syndrome have increased risks of health issues that
lead to reduced life expectancy. However, the life expectancy of those with Down
syndrome has improved in recent years, primarily due to advances in cardiac surgery [5].
At present, the estimated life expectancy of adults with Down syndrome is 60 years [6,
7]. Approximately 90% of children with Down syndrome live beyond five years and 85%

live beyond 10 years [8].

1.1.1 Pathophysiology of Down syndrome

Down syndrome is the most common chromosomal abnormality and occurs as a result of
additional genetic material related to chromosome 21. This may occur in three ways. The
first, known as trisomy 21, occurs when an error in cell division results in an embryo with
three copies of chromosome 21 instead of two [9-11]. It is the most common form of
Down syndrome, with 95% of children with Down syndrome having this anomaly. The
second, known as translocation, occurs when genetic material is re-arranged. There are
three copies of chromosome 21, and one copy is attached (i.e. rearranged) to another
chromosome, usually chromosome 14 or 15 [12]. Translocation occurs in 3 to 4% of
children with Down syndrome and can be inherited [12]. The third, known as mosaicism,
occurs when both normal cells and trisomy 21 cells are present, which may occur in two
ways: (i) when a normal zygote with 46 chromosomes experiences an early mitotic error
that leads to some cells with trisomy 21, or (ii) an early mitotic error causes some cells in
an embryo with trisomy 21 to revert to a normal karyotype [13]. Mosaicism is the rarest

form of Down syndrome and is present in 1 to 2% of children with Down syndrome [14].
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There are a number of risk factors for Down syndrome, including paternal origin Down
syndrome (where Down syndrome originated from the father), impaired folate
metabolism, and increased maternal weight [15]. However, the two most well-known risk
factors for Down syndrome are increased maternal age and altered recombination (a
process where components of DNA are broken and recombined to produce new

combinations of alleles [a variant form of a gene]) [16].

1.1.2 Systemic characteristics of Down syndrome

The clinical presentation of Down syndrome varies between individuals. However, there
are common features that are present to a varied extent in individuals with Down
syndrome. This includes systemic changes to several body systems, including the
central nervous, cardiovascular, endocrine and musculoskeletal systems. As this thesis
primarily focuses on musculoskeletal characteristics, these will be discussed separately

in Section 1.1.3.

The effects of Down syndrome on the central nervous system includes intellectual
disability and cognitive decline. The degree of intellectual disability is often moderate in
severity but can range from mild to severe [17-19]. Additionally, cognitive decline can
occur in the later stages of life. Individuals with Down syndrome are at high risk of early
onset Alzheimer’s disease; over 75% of individuals with Down syndrome over the age of
65 years will have a clinical diagnosis of dementia [20]. The brains of those with Down
syndrome show granulovacuolar cytoplasmic changes, senile plaques and
cerebrovascular amyloid similar to those with Alzheimer’s disease [21]. The risk of
Alzheimer’s disease has emerged more recently for individuals with Down syndrome due
to their increased life expectancy [22]. For this reason, regular physical activity in this
population is important as it may be protective against Alzheimer’s disease due to its
positive effects on brain health [23]. Therefore, improving physical activity in children with

Down syndrome is important to establish positive lifestyle behaviours early in life.

Congenital heart disease occurs in approximately 40 to 50% of children with Down
syndrome [24]. The most common forms of congenital heart disease are atrioventricular
septal defects, ventricular septal defects and atrial septic defects [25]. Congenital heart
disease is the leading cause for mortality and morbidity for children with Down syndrome,
particularly in the first two years of life [26]. Congenital heart defects can affect
cardiorespiratory capacity and physical fitness. Cardiovascular fitness is reduced in
children with Down syndrome due to reduced aerobic capacity or VOzpeak (the
maximum uptake of oxygen during incremental exercise). Children with Down syndrome

also have reduced peak heart rate, which also contributes to their reduced aerobic
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capacity [27]. Other anatomical and physiological variations found in individuals with
Down syndrome (such as smaller nasal/oral cavities, muscle hypotonia and a narrowed
aorta) may also limit cardiorespiratory capacity, thereby affecting their ability to engage in

physical activity [27].

Down syndrome is also associated with endocrinopathies such as thyroid dysfunction,
low bone mass, and a greater predisposition to obesity [28]. The most common form of
thyroid dysfunction is hypothyroidism (which occurs in 4 to 8% of children with Down
syndrome [29]), but specific autoimmune thyroid disorders such as Graves or
Hashimoto’s disease may also occur [28, 29]. Thyroid disease in Down syndrome is
often transient, and is not associated with sex, comorbidities or obesity [30]. Low bone
mass affects children with Down syndrome as bone development is impaired by reduced
physical activity, decreased sun exposure, obesity, mineral deficiencies (vitamin D and
calcium), reduced muscle mass and malabsorption syndromes, all of which are more
common in children with Down syndrome [31]. Low bone mineral density worsens with
increased age [32] and may increase the risk of fractures and osteoporosis in later life
[33]. Children with Down syndrome also have a higher predisposition for obesity
compared to typically developing children, with the prevalence varying from 23 to 70%
[34]. Children with Down syndrome have less lean muscle mass and more fat mass,
even when adjusted for BMI [35]. This higher predisposition for obesity is speculated to
be associated with increased leptin (a hormone that is released from fat cells to regulate
energy balance), reduced basal metabolic rate, sedentary behaviour and poor diet [34].
Obesity contributes to morbidity and mortality, and plays a major role in the development

of chronic health conditions such as type 2 diabetes mellitus and heart disease [36].

1.1.3 Musculoskeletal characteristics of Down syndrome

The musculoskeletal system is affected by Down syndrome in two major ways; hypotonia
(reduced muscle tone) and ligamentous laxity (increased joint mobility beyond normal
range of motion) [37, 38]. Together, these features can impact the function of children
with Down syndrome, as evidenced by delayed developmental milestones [39], reduced
gait stability, increased energy expenditure during movement and reduced physical
activity [38]. Hypotonia and ligamentous laxity also alter joint kinetics and kinematics,
which reduces exercise economy (a term that refers to how much speed or power is

developed at a certain level of V0,) [40].

Hypotonia and ligamentous laxity are risk factors for the development of musculoskeletal
conditions [41], which affect approximately 20 to 63% of individuals with Down syndrome

[42, 43]. Such conditions include atlanto-axial instability, scoliosis, hip subluxation and
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knee instability [44-47] (Table 1). These musculoskeletal conditions can be progressive,
are often characterised by pain and disability, and can adversely affect physical activity.
Low physical activity can lead to secondary chronic health conditions such as
osteoporosis, obesity and diabetes. In this way, musculoskeletal conditions can have
significant effects on the physical activity and quality of life of individuals with Down
syndrome [38, 48, 49].

Children with Down syndrome are at an increased risk of arthritis in early life.
Inflammatory arthritis in children with Down syndrome is often polyarticular rheumatoid
factor negative and mostly affects the small joints of the hands and wrists [50]. The
prevalence of arthritis in children with Down syndrome is 8.7 to 10.2 in every 1000
children [50]. This is two to three times greater than previously reported [50]. Arthritis in
children with Down syndrome is often misdiagnosed or has a delayed diagnosis from
onset of disease. It may be asymptomatic but can lead to erosive damage to the joints
and functional changes [50]. If left undiagnosed or untreated, it can lead to permanent

joint damage and disability [50, 51].

Table 1. Common musculoskeletal conditions associated with Down syndrome.

Musculoskeletal Definition Prevalence Potential outcomes
condition
Atlanto-axial Increased mobility 10 to 40% = Neck pain
instability [44, 52] of C2 in relation to = Abnormal gait
C1 (cervical = Spinal cord impingement
vertebrae)
Scoliosis [46] Sideways ~10% = Back pain
curvature of the = Central nervous system
spine effects
= Difficulty in breathing
and sleeping
Hip dysplasia Abnormality ofthe 110 7% = Hip subluxation
[47] hip socket in which = Abnormal gait
the acetabulum = Degenerative hip
does not fully cover changes
the head of femur
Patella instability  Inability of the 4 t0 8% = Abnormal gait
[45] patella to maintain = Pain
its position within = Falls
the trochlear » Reduced health-related
groove during quality of life
movement

For children with Down syndrome, the two most common musculoskeletal conditions that

affect the lower limb are hip dysplasia and patella instability (as outlined in Table 1
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above). Hip dysplasia occurs in 1 to 7% of children with Down syndrome [47]. Although
ligamentous laxity and hypotonia play a major role in hip dysplasia, it may also be
attributed to anatomical irregularities, such as abnormalities of the acetabulum and the
femur [53]. For example, there may be greater femoral anteversion (internal rotation of
the femoral shaft), but a normal angle at the neck of femur. Instability of the hip in
children with Down syndrome progresses with time [54]. Initially, there is hypermobility of
the hip, which can delay the onset of walking. Following this, symptomatic hip dislocation
can occur, accompanied with crepitus, limping and hip instability. Finally, the hip can
begin to deviate from its centre alignment and acetabular dysplasia occurs, resulting in
the hip developing into a rigid, painful position in late adolescence [54]. It is possible for
hip instability to develop after skeletal maturity is reached [53]. In a study of 65 adults
with Down syndrome, 28% of participants had hip abnormalities identified through
radiographs, which included acetabular dysplasia and hip dislocation [55]. These
radiographic changes have been correlated with reduced walking ability, suggesting that
hip dysplasia may reduce independent mobility with increasing age, which is another

contributor to reduced physical activity [55].

Compared to hip dysplasia, there is limited information on patella instability in children
with Down syndrome. Patella instability occurs in approximately 4 to 8% of children with
Down syndrome. Like hip dysplasia, ligamentous laxity and hypotonia are believed to
contribute to the occurrence of patella instability. Other factors may also contribute to hip
dysplasia such as femoral trochlear dysplasia and increased height of the patella [56].
Excessive foot pronation is more common in children with Down syndrome (see Section
1.2.1) and may also contribute to internal rotation of the tibia, which may worsen patella
instability [57]. Patella instability can negatively affect gait and can have a subsequent

adverse effect on physical activity [45].

1.2 Effects of Down syndrome on the foot

The feet of children with Down syndrome are usually affected in two ways:
dermatological manifestations and structural variations. Briefly, dermatological
manifestations include dermatomycoses (fungal infections of the skin, which may be
related to immunological deficiencies), pressure-related lesions (which may be related to
footwear fit and elevated plantar pressures), xerosis (dry skin around the heels) [58] and
split toe nails [59]. Dermatological issues will not be discussed further as they are

unrelated to the aims of this thesis.

Structural variations may be congenital (i.e. pes planus) or acquired (i.e. hallux valgus)

and may have several negative outcomes. Structural variations may adversely affect
18



gait, contribute to the development of foot pain and negatively affect footwear fit. Few
studies have focused on variations in foot structure and its sequalae in children with
Down syndrome. This is despite approximately 30% of orthopaedic complaints in Down

syndrome arising from the foot [60].

The following sections focus on three important areas, which provide the basis for this
thesis: variations in foot structure, the measurement of foot structure in children with
Down syndrome focussing on the potential of 3D scanning technology, and the

implications of structural variations on footwear fit.

1.2.1 Variations in foot structure of children with Down syndrome

The feet of children with Down syndrome exhibit differences in structure compared to
typically developing children. Structural variations that have been observed include
lesser toe deformities (i.e. partial/complete syndactyly [webbing]; and sagittal plane
deformities [claw or mallet toes]) [61-63], hallucal gap (space between the first and
second toe) [63], isolated metatarsus primus varus [61], metatarsus primus varus with
hallux valgus deformity [61], hallux valgus [61-64], pes planus [59, 61-66] and isolated
calcaneal valgus [61] (Table 2). A large proportion of these structural variations (i.e.
lesser toe deformities, syndactyly, clinodactyly, hallucal gap, isolated metatarsus primus
varus, hallux valgus and metatarsus primus varus with hallux valgus deformity) affect the
forefoot. The structural variations with the highest prevalence are a pes planus foot type
(92%) [65] and hallucal gap (74%) [63]; however, hallux valgus (45%), isolated
metatarsus primus varus (40%) and metatarsus primus varus with hallux valgus

deformity (34%) are also common.

It is important to acknowledge that prevalence rates vary between studies. For example,
one study showed that metatarsus adductus was observed in 4% of children with Down
syndrome [63]. However, another study reported metatarsus adductus to be present in
48% of children with Down syndrome [65]. Another example is the prevalence of hallux
valgus, which was reported as 36% in one study [63] and 45% in another study [64], both
markedly higher than 10 to 15% reported in other studies [61, 62]. The differences in
reported rates may be due to the methods used to collect data. For example, when
clinical observation was used to report on hallux valgus, lower rates were found when
compared to radiographic evaluation, which showed higher rates of hallux valgus [64].
Nevertheless, these findings signify the differences in the foot structure of children with
Down syndrome, with most variations affecting the forefoot. This has implications on
footwear fit as the differences in forefoot structure increase forefoot width and toe box

requirements of footwear.
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Table 2. A summary of studies that have evaluated the variation in foot structure in individuals with Down syndrome.

Study Study Participants Measurements Key findings (prevalence)
design Children with Down  Children without Down
syndrome syndrome
Prasher et al. Case- Age: 7 to 14 years Visual observation Pes planus foot (58%) Children with learning
1995 [59] matched Groups: for podiatric Abnormal pressure disabilities
study (i) 50 with Down syndrome  anomalies (i.e. prints (34%) Pes planus foot (20%)
(29 boys, 21 girls) general appearance Abnormal pressure prints
(i) 50 with learning of the foot, (36%)
disabilities (32 boys, 18 assessment for toe Age-matched controls
girls) abnormalities, Pes planus foot (20%)
(iii) 50 age-matched controls toenail health, foot Abnormal pressure prints
(20 boys, 30 girls) alignment and skin (14%)
health)
Concolino et Case- Age: 3 to 8 years Complete podiatric Pes planus (60%) Pes planus (10%)
al. 2006 [61] matched Groups: examination Isolated hallux valgus Isolated hallux valgus
study (i) 50 children with Down Podoscopic (26%) (10%)
syndrome (19 boys, 31 girls) evaluation Isolated metatarsus Isolated metatarsus
(ii) 100 children without Static and dynamic primus varus (40%) primus varus (0%)
Down syndrome (32 boys, baropodometric Hallux valgus and Hallux valgus and
68 girls) examination of the metatarsus primus metatarsus primus varus
lower limb varus (34%) (0%)
Syndactyly (10%) Syndactyly (2%)
Clinodactyly (6%) Clinodactyly (0%)
Isolated calcaneal Isolated calcaneal valgus
valgus (24%) (6%)
Lim et al. 2014  Cross- Age: 5to 18 years Foot Posture Index Pes planus (76%) N/A
[62] sectional Participants: Arch Index Hallux valgus (10%)
observational 50 children with Down Hallux valgus Lesser toe deformities
study syndrome (28 boys, 22 girls) Lesser toe (12%)
deformities
El Mansour et  Case- Age: 14.6 years (mean age  Podoscopic Pes planus: Pes planus:
al. 2017 [63] matched of case group) and 13.5 assessment for foot  Grade 2 (39%) Grade 2 (15%),
study deformities Grade 3 (30%) Grade 3 (30%)
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years (mean age of control
group)

Groups:

(i) 55 children with Down

syndrome (36 boys, 19 girls)
(i) 53 age-matched typically

developing children (27
boys, 26 girls)

Footprints via
podoscope

Hallux valgus (36%)
Hallucal gap (74%)
Increased space
between hallux,
second toe and hallux
valgus (17%)
Syndactyly (13%)
Clinodactyly (16%)

Hallux valgus (7%)
Hallucal gap (3%)
Increased space
between hallux,
second toe and hallux
valgus (0%)
Syndactyly (0%)
Clinodactyly (5%)

Puszczalowska Case- Age: 14 to 15 years Foot dimensions Flatter longitudinal Not reported
etal. 2017 [66] matched Groups: (podoscope) arch
study (i) 30 adolescents with Shorter foot length
Down syndrome (boys only) measurements Narrower foot length
(ii) 30 adolescents without (hallux valgus angle
Down syndrome (boys only) and angle of varus
deformity of the fifth
Calvo-Lobo et  Case- Age: 15 to 63 years Podoscopic Pes planus (92%) Not reported
al. 2018 [65] matched Groups: evaluation Metatarsus primus
study (i) 50 with Down syndrome  Static and dynamic adductus (48%)
(i) 55 without Down baropodometric Hypermobile first ray
syndrome (sex-ratio not examination of the (52%)
reported) lower limb (as
described by
Concaolino et al.
Perotti et al. Cross- Age: 5to 18 years Evaluations of Pes planus according  N/A
2018 [64] sectional Groups (101 children with radiographs of the to clinical observation
observational Down syndrome): foot and ankle (46%) and
study (i) 41 children foot radiographic

radiographs (27 boys, 14
girls)

(ii) 60 children with ankle
radiographs (31 boys, 29
girls)

(i) 15 children with ankle
and foot radiographs (11

boys, 4 girls)

observation (58%)
Hallux valgus
according to clinical
observation (15%)
and radiographic
observation (45%)
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1.2.2 Measurement of foot structure of children with Down syndrome

Anthropometric data of the foot forms the foundation of footwear design and production
[67]. Appropriately fitting footwear relies on the consideration of several foot
characteristics [68], such as foot dimensions that describe the 3-dimensional (3D)
structure of the foot (Table 3). There is a lack of consistency across the literature in the
terms used to describe foot dimensions. However, these measurements can be

classified into four general categories relating to length, width, girth and height (Figure 1).

Table 3. Definitions of foot dimension measurements.

Foot dimensions [69-71]

Length

Foot length Distance between foot end (pternion) and foot tip (anterior
point of most protruding toe).

Ball of foot length Distance between foot end (pternion) and the first

metatarsophalangeal protrusion.

Outside ball of foot length  Distance between foot end (pternion) and the fifth
metatarsophalangeal protrusion.

Width

Diagonal foot width Connecting line between the first metatarsophalangeal
joint and the fifth metatarsophalangeal joint.

Horizontal foot width Orthogonal connection line starting at the first
metatarsophalangeal joint to the outside curvature of the
foot.

Heel width Maximum orthogonal connection line starting at the
medial side of the heel to the outside curvature of the
heel.

Girth

Ball girth Maximum circumference at the level of the first and the
fifth metatarsophalangeal joint protrusion.

Instep girth Maximum circumference measured from the most plantar
aspect of the foot to the most dorsal aspect of the foot, at
the level of the navicular.

Height

First toe height Maximum height of the hallux measured from the most
plantar aspect of the hallux to the most dorsal aspect of
the hallux.

Fifth toe height Maximum height of the fifth toe measured from the most

plantar aspect of the fifth toe to the most dorsal aspect of
the fifth toe.

Instep height Measured from the most plantar aspect of the foot to the
most dorsal aspect of soft tissue.
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Length measurements Width measurements

Foot length Ball of foot length Outside ball of foot length  Diagonal foot width Horizontal foot width Heel width

Girth measurements Height measurements
| { |
| | |
| =
4 { | {‘ d
Ball girth Instep girth First toe height Fifth toe height Instep height

Figure 1. Foot dimensions measurements.

Historically, one- (1D) and two-dimensional (2D) measurements were used to develop
the anthropometric databases used by footwear manufacturers to guide the design and
manufacture of footwear in a range of sizes. There are numerous methods to collect
anthropometric data, such as foot gauges (to measure length and width), callipers and
footprints (which may describe the profile of the arch, such as the Arch Index). Although
these methods provide useful information, 1D and 2D measurements offer limited detail
of a 3D structure [72]. Additionally, these methods of measurement are subject to human
error. Callipers rely on training experience and an understanding of landmark positioning,
while ink-footprints can be affected by the quality of the ink. Further, neither 1D nor 2D
measurements allow for important circumferential foot measurements (such as ball and

instep girth) to be measured [73].

More recently, the development of surface scanning equipment such as 3D scanners
and software has overcome many of the limitations of 1D and 2D measurements of foot
structure. This technology allows for rapid data collection and the creation of a 3D digital
representation of the human foot and has multiple applications. For example, 3D foot
scanners have been used to determine the differences in foot shape between men and
women [70, 71, 74, 75], and different ethnic populations [71, 76]. Understanding these
variations is useful to aid the design and manufacture of footwear that can accommodate

for unique foot shapes [77].

As children with Down syndrome have a characteristic foot structure, it would be
beneficial to understand the detailed foot structure of children with Down syndrome and

how this may differ to typically developing children. However, the reproducibility of using
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3D foot scans to measure foot dimensions of children with Down syndrome has not been
established. Establishing the reproducibility of such measurements is an important first
step to using this technology. Applications of the technology could include exploring the
foot dimensions of children with Down syndrome; using foot dimension data to support
the design and manufacture of more appropriately fitting footwear for this population; and

monitoring a child’s foot posture over time.

1.2.3 Footwear fit in children with Down syndrome

Footwear has several important functions, such as protection, injury prevention, support
and expression of personal style. These functions are governed by the appropriateness
of footwear fit. When footwear is poorly-fitted, it is unable to fulfil its purpose and may
cause foot pathology. This includes skin disorders (e.g. blistering, callus, corns),
subungual hematomas, ingrown toenails, foot deformities (e.g. hallux valgus, lesser toe
deformities) and foot pain (e.g. pain associated with the aforementioned issues) [78, 79].
Poorly-fitting footwear has been associated with reduced physical activity in children with

Down syndrome [80].

Poorly-fitting footwear has been identified as an issue affecting children and adults with
intellectual disability [59, 81]. Generally, the measurements of foot length and width
guide footwear fitting. However, other measurements of footwear fit are also important,
such as toe box depth, girth fit and instep height. Children with Down syndrome often do
not wear appropriately fitting footwear (Table 4) due to the difficulty in matching their foot
structure (wider forefoot relative to length) to the dimensions of footwear. Therefore, the
prevalence of poorly-fitting footwear in this group is high, ranging from 60 to 88% [65,
80]. Four studies investigating footwear fit in individuals with Down syndrome (Table 4)
(that have focused on length and width measures) show how foot width relative to foot
length may be a key contributing factor in poorly-fitting footwear. These studies show the
proportion of children with Down syndrome that wear narrow footwear is as high as 58%.
One approach to address narrow fitting footwear is to purchase footwear that is longer
(which subsequently has a greater width and girth), yet this is likely to result in footwear
that is too long. Indeed, approximately 54% of children with Down syndrome wear
footwear that is too long [80]. Commercially available footwear with additional width is
difficult to find. As a consequence, children with Down syndrome are more likely to wear
footwear that is an appropriate length but too narrow, or wear footwear that is too long

but wide enough to accommodate their feet [62].
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Table 4. Summary of studies evaluating footwear fit in individuals with Down syndrome.

Study Study Participants Measurements Key findings
design Children with Down Children without
syndrome Down syndrome
Prasheret Case- Age: 7 to 14 years Visual observation for Poorly-fitting footwear Children with
al. 1995 matched Groups: podiatric anomalies (i.e. (10%) learning disabilities
[59] study (i) 50 with Down syndrome  general appearance of Poorly-fitting
(29 boys, 21 girls) the foot, assessment for footwear (6%)
(ii) 50 with learning toe abnormalities, toenail Age-matched
disabilities health, foot alignment controls
(32 boys, 18 girls) and skin health) Poorly-fitting

(iii) 50 age-matched controls

0,
(20 boys, 30 girls) footwear (0%)

Jenkins et  Cross- Age: median of 25.6 years Foot to shoe mismatch Athletes with special needs N/A
al. 2012 sectional (58.5% males, 41.5% (footwear fit) using 29% wore shoes that were
[81] observational females) Brannock device too big.
study Sample size: 4,094 Rate of referral 13% wore shoes that were
too small.

41% had a mismatch of
foot and shoe.

Shields et  Prospective  Age: 5to 18 years Foot posture (Arch 10% of participants wore N/A
al. 2017 cohort study (28 boys, 22 girls) Index) shoes that were too short.
[80] Sample size: 50 Visual observation of 58% wore shoes that were
Children with Down foot deformities too narrow.
syndrome Footwear fit 52% of participants wore
Physical activity shoes that were too long.
Calvo-Lobo Case- Age: 15 to 63 years Complete podiatric Poorly-fitting footwear Poorly-fitting
etal. 2018 matched Groups: examination (76%) footwear (16%)
[65] study (i) 50 with Down syndrome Podoscopic evaluation Appropriately fitting Appropriately fitting
(i) 55 without Down Static and dynamic footwear (12%) footwear (84%)
syndrome (sex-ratio not baropodometric
reported) examination of the lower

limb




Another issue that arises from wearing poorly-fitting footwear is an increased risk of
reduced physical activity [80]. There is evidence that the greater the difference between
footwear length and absolute foot length, the less physically active a child with Down
syndrome is [80]. This may be explained by the interference of excessively long footwear
on an individual’s gait (i.e. reduced gait velocity to avoid tripping). This also increases the
effort required to engage in physical activity, which may be exacerbated already by
hypotonia [82]. Additionally, excessively long footwear affects the position of the treadline
of footwear relative to the metatarsophalangeal joints. This causes the
metatarsophalangeal joints to dorsiflex in a region of footwear that is not designed for
flexion, increasing the risk of developing foot pain [79, 80]. Foot pain is an established
barrier to physical activity [62]. Considering the link between poorly-fitting footwear and
reduced physical activity, it is plausible that improving footwear fit has the potential to
have a positive effect on physical activity in children with Down syndrome. If improving
footwear fit increases physical activity in children with Down syndrome, it may improve
health-related quality of life in this population. There may also be other benefits, such as
greater opportunities for social participation and interaction, improved self-esteem and
happiness. These benefits may result in reduced burden on the healthcare system as a
result of improved health, and reduced burden on families due to improved social

participation and health.

One approach to resolve the issue of poorly-fitting footwear in children with Down
syndrome is to determine their unique foot dimensions. No studies have thoroughly
investigated the foot dimensions of both male and female children with Down syndrome
and the implications on footwear fit. One study found that boys with Down syndrome
have shorter, narrower feet when compared to their age and sex-matched typically
developing peers [66]. However, this study only included boys with a very narrow age
range (14 to 15 years), which limits the generalisability of the findings. Additionally, the
study measured foot dimensions in 2D, so it is unknown how 3D measurements, such as
volume and girth, vary. Therefore, there is limited information on the complex, 3D
structure of the foot in children with Down syndrome. The 3D shape of the foot is
important for correct footwear fit, so further studies are required to establish the 3D foot
dimensions of children with Down syndrome. Doing so will provide valuable data that

would assist footwear manufacturers when creating footwear for this population.
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1.3 Physical activity

Physical activity is defined as any bodily movement produced by skeletal muscle that
results in energy expenditure [83]. Physical activity is an important component of health
promotion and disease prevention for all individuals. The effect of physical activity
extends beyond weight management. It reduces the risk of health conditions that impact
an individual's physical and mental health and wellbeing [84]. Physical activity can
increase muscular and cardiovascular fitness, improve bone density, improve sleep
patterns, and improves mental health [85]. Importantly, physical activity reduces the risk
of developing non-communicable chronic health conditions such as cardiovascular
disease, diabetes mellitus, obesity, hypertension, and skeletal and joint diseases [84,
86], all of which are more common in individuals with Down syndrome. Therefore, regular
physical activity participation is a critical component of good health for children with

Down syndrome.

For children aged between 5 to 17 years, physical activity guidelines recommend a
minimum of 60 minutes of moderate to vigorous physical activity daily [87]. For children
with disabilities, these physical activity guidelines are applicable and should be met
where possible [87]. Consistent physical activity in childhood that continues into
adulthood enables individuals to maintain a favourable risk profile for chronic health
conditions. For example, consistent physical activity is an important factor in reducing
rates of morbidity and mortality associated with cardiovascular and metabolic conditions
[88, 89]. Therefore, encouraging regular physical activity participation of all children is
crucial. Physical activity in children may be achieved through play or structured exercise.
However, these opportunities may not be as readily available for children with Down
syndrome due to barriers that interfere with their participation in physical activity. The
following sections describe (i) methods used to measure physical activity and their
relative advantages and disadvantages (Section 1.3.1), (ii) physical activity in children
with Down syndrome (Section 1.3.2), and (iii) barriers and facilitators to physical activity

in children with Down syndrome (Section 1.3.3).

1.3.1 Measurement of physical activity

Physical activity can be quantified using subjective or objective outcome measures. This
includes self-reported estimations of physical activity (often referred to as subjective
measures) and measurement devices that use known physical and/or time parameters
(often referred to as objective measures), with each approach having its own advantages
and limitations (Table 5) [90]. Physical activity is a complex health behaviour that can be
described through several dimensions, such as frequency of activity, duration of activity,
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intensity of activity, and type of activity performed. Activity can also be performed for
different reasons, such as exercise (structured physical activity), activity related to work,
school or leisure, or activity used as a mode of transport [87]. With this in mind, the
various methods of measuring physical activity vary in their ability to measure each
dimension and are unlikely to measure them all. While self-reported measures of
physical activity (e.g. diary entry, surveys, checklists) are simple to use and provide
relevant information, they are subject to recall bias which may affect the validity of the
data collected [91]. Objective measures of physical activity (such as accelerometers)
provide information on several dimensions that are descriptive of physical activity (e.g.
duration, frequency, intensity of physical activity) and can overcome many of the
limitations of subjective measures of physical activity. Therefore, objective measures of
physical activity may provide a more valid measure of physical activity. As a result,
accelerometers have rapidly become a ‘gold-standard’ for the objective measurement of
physical activity [92]. The following section discusses the use of accelerometers in

research as this type of device was used to assess physical activity in this thesis.
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Table 5. Advantages and disadvantages of common methods to measure physical

activity.
Method of Data type Advantages Disadvantages
measuring
physical
activity [90]
Self-reported  Subjective Provides accurate Subject to under/overestimation.
data (i.e. diary data on type, Potential recall bias.
entry) duration and is cost-  May be unreliable.
effective. Dependent on motivation and
ability of individuals to report
accurately and consistently.
May encourage physical activity
during time being studied.
Direct Subjective Provides information ~ Cannot measure intensity or
observation on activity, type, energy expenditure.
frequency and
duration.
Accelerometry Objective  Data on intensity, Cost.
duration, frequency Not suitable for all activities (i.e.
and stores data over  water-based exercise or cycling).
time to allow for long
term assessment.
Pedometry Objective  Improved reliability. No storage, therefore, data must
Easy to use. be recorded by user.
Output data easy to Only measures steps completed.
interpret. Adherence.
Doubly Objective  Can accurately Subiject to error and expensive.
labelled water assess large number  Does not provide information on
of people. type of physical activity.
Estimates energy
expenditure.
Direct Objective  Accurate (less than Limited normal activity.
calorimetry 1% error). Not practical.
Used to validate
other forms of
physical activity
measures.
Indirect Objective  More practical than Limits typical movement.
calorimetry direct calorimetry.
Measurement  Objective  Best used in Not practical to measure
of VO, peak combination with maximum effort by most people.
other physical activity Not applicable for all activity
measures. (e.g. weightlifting).
Monitoring of  Objective  Provides data on May be expensive.

heart rate

energy expenditure.
Can indicate time,
which provides data
on frequency,
duration and rate of
activity.

Removeable so may not detect
all activity.

Does not describe type of
activity performed.

Need self-reported data
alongside use.
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Accelerometers can collect objective data on duration, intensity and frequency of
physical activity. Accelerometers record time-stamped acceleration signals that are
converted into time spent in physical activity intensities [93]. Intensities are based on
calibrated thresholds set by manufacturers derived from research data for specific
populations or age groups. Data can be categorised according to time spent in various
intensities (e.g. light, moderate, vigorous), which can help determine if physical activity

guidelines are met.

One challenge with accurately measuring physical activity in children with Down
syndrome relates to adherence with wearing accelerometers. On average, data collected
over a minimum of four days out of seven non-consecutive days are needed to be valid
[94]. One weekend day has also been recommended for valid data collection [95].
Adhering to wear time protocols can be challenging for people with Down syndrome [96-
98] and others with intellectual disability [99-102]. Poor adherence to wear time protocols
is problematic as missing physical activity data in studies that have used accelerometery
may affect the validity of the results and limit the conclusions, as it is likely that data are
not missing at random [103]. Methods to improve adherence to wear time have been
suggested and involve placing the accelerometer beneath clothing, concomitantly using
diaries to document accelerometer use, and wearing an accelerometer for 24 hours each
day [104].

There are additional limitations to the use of accelerometers. They do not automatically
classify type of activity (e.g. walking versus running); therefore, this data needs to be
documented separately. They also do not measure all forms of activity, such as cycling
or water-based activities (as they are not water-resistant). Another issue is the various
options with data processing (i.e. setting different epoch lengths) that can affect the
results, particularly with children who engage in high intensity bursts of activity
throughout the day. The epoch length (interval over which acceleration signals are
averaged) is the usual accelerometer-stored magnitude that is recorded at fixed intervals
(i.e. 1 second, 5 seconds,15 seconds, 60 seconds or longer). The index of physical
activity is calculated at the end of each epoch (or fixed interval). This process is repeated
until data collection is complete [105, 106]. To address this issue, recent attempts have
examined an appropriate epoch length to estimate sporadic, high intensity activity that
some children may engage in [105, 107, 108]. It is suggested that a shorter time-
sampling interval may reduce errors when classifying physical activity estimates [105].
There are also several cut-off points to classify intensities available, which can vary

interpretation of data [109].

30



1.3.2 Physical activity in children with Down syndrome

Many children with Down syndrome do not perform enough physical activity to meet
physical activity guidelines [110]. The percentage of children with Down syndrome who
meet daily physical activity targets has been reported to range from 0 to 43%. Further,
the level of intensity of physical activity is reduced in children with Down syndrome
compared to their peers. Children with Down syndrome tend to engage in less intense
activity and more sedentary and light activity [110]. Further, the amount and intensity of
physical activity that children with Down syndrome engage in declines with age [111-
113]. This is supported by the findings that younger children with Down syndrome tend to
engage in higher intensity physical activity when compared to adolescents with Down
syndrome [112, 114]. A longitudinal study showed this trend by following participants
over time, where physical activity in earlier years was not maintained or improved, rather
it declined with time [113]. This was seen to continue as those children with Down
syndrome who did not maintain or improve physical activity continued to maintain low
levels of physical activity over time. Physical activity patterns do not appear to be
influenced by the day of the week in children with Down syndrome (i.e. weekday or
weekend) [112]; however, sex-based differences in physical activity over the weekend
have been reported [112]. Boys with Down syndrome engage in greater amounts of
physical activity as well as at higher intensities when compared to girls with Down
syndrome [113]. This finding may be explained by the greater likelihood for males to be

involved with organised sporting activities compared to females [112].

Despite it being well established that many children with Down syndrome do not meet
physical activity guidelines, it is important to acknowledge that many typically developing
children also do not meet physical activity guidelines, with similar patterns regarding
activity decline with age, and differences in physical activity between males and females
[115]. However, the difference between these populations is that children with Down
syndrome face additional challenges related to their disability (and external barriers such
as access issues, time limitations, transport issues etc.) that are not experienced by

typically developing children.

The most obvious detrimental effect of low physical activity among children with Down
syndrome relates to the impact on physical health. Low physical activity is the primary
cause of a large proportion of chronic diseases [116]. It increases the risk of obesity,
which is common in children with Down syndrome. Obesity increases the risk of serious
chronic health conditions (including osteoarthritis [117], type 2 diabetes, hypertension,
cardiovascular diseases and cancer [118]) and further exacerbates these conditions.
This is problematic for children with Down syndrome as they are already predisposed to

such conditions as a result of the effects of Down syndrome on the body. Further, low
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physical activity may have a negative impact on skill development. For example, children
with Down syndrome often engage in physical activity through play, which is an
opportunity for children with Down syndrome to practice their physical, social,
communication and verbal skills. Play time is also a significant means for social
interaction as it provides an opportunity for children to engage with their peers. When this
form of physical activity is reduced, this can have consequential effects on the
development of these skills. It is evident that regular physical activity for children with
Down syndrome is essential for their health and holds significant consequences when
not performed. Despite this, children with Down syndrome face unique challenges that

contribute to low physical activity levels. These factors are discussed in Section 1.3.3.

1.3.3 Barriers and facilitators to physical activity in children with Down

syndrome

The causes for reduced physical activity in children with Down syndrome are complex
and multifactorial [119]. Broadly, contributing factors are associated with characteristics
of Down syndrome, family factors and the availability of opportunities for physical activity
for children with Down syndrome. However, some of these factors are modifiable and
can be considered as facilitators that can improve physical activity engagement and

allow children with Down syndrome to experience the benefits of physical activity.

Physical activity can be affected by the characteristics of Down syndrome.
Cardiovascular conditions (e.g. congenital heart disease and altered physiology [reduced
heart rate peak]) [120] affect physical activity through reduced energy and endurance.
Musculoskeletal characteristics (i.e. hypotonia and ligamentous laxity [43, 82, 121]) make
physical activity more challenging for children with Down syndrome, particularly in the
presence of a musculoskeletal condition (e.g. hip dysplasia). Reduced gross motor skills
in children with Down syndrome also affect physical activity participation. Differences in
cognitive and physical skills between children with Down syndrome and their typically
developing peers worsen with increasing age and act as a barrier to participation [119].
Additionally, the presence of an intellectual disability and the reduced communication
ability of some children with Down syndrome may make it more challenging for them to
participate in mainstream activities. However, certain personal characteristics of children
with Down syndrome can facilitate physical activity. Children with Down syndrome who
are strong verbal communicators, have good physical skills or those who have the
cognitive ability to comprehend rules are more likely to be involved in mainstream
physical activities [122]. Children who are determined and driven by success are likely to

persist with physical activity, particularly when an activity involves competition.
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Family members play a major role in influencing physical activity. Parental concern can
limit children with Down syndrome from engaging in certain types of activity. In some
instances, parents may be overprotective of their child and discourage them from
participating if they feel they are too vulnerable in mainstream settings [119, 123]. There
may be additional family restrictions that can limit physical activity such as other family
responsibilities and time (e.g. parents’ work commitments or balancing the needs of
other family members [119]). This is particularly true when children with Down syndrome
require one-on-one supervision due to safety concerns (i.e. the risk of injury) or
behavioural issues. On the other hand, family members can facilitate physical activity by
providing support and initiating opportunities. Parents who value sports and recognise its
importance are more likely to involve their children in physical activity; either by sourcing
opportunities for their child or creating them [119]. Siblings act as role models and
encourage physical activity through creating interest or opportunities [119, 122]. Children
with Down syndrome are also more likely to emulate behaviours observed by siblings,

which can further facilitate opportunities of physical activity.

Finally, a major barrier to physical activity involves the lack of suitable programs for
children with Down syndrome. Mainstream physical activity programs may not have the
capacity to be adapted to account for the needs of children with Down syndrome [119].
Adapting existing mainstream programs to suit children with Down syndrome is difficult
due to issues relating to limited staff, lack of resources (which may include financial
constraints), time restrictions and lack of education. To address this, greater efforts are
required to create programs that cater to the needs of children with Down syndrome. For
example, team-based activities can be appropriate for children who are motivated by
winning or enjoy teamwork or peer interaction. Alternatively, activities that are not team-
based may suit other children with Down syndrome, who may require direct attention or
guidance. A physical activity program should consist of activities that are enjoyed by
children with Down syndrome, which reduces the likelihood of children requiring external

encouragement from parents to participate.

Given that poorly-fitting footwear is associated with reduced physical activity (Section
1.2.3), improving footwear fit offers potential as an intervention that may improve
physical activity. At present, the effectiveness of many interventions with potential to
improve physical activity in children with Down syndrome is unknown, as few randomised
trials (required to determine intervention effectiveness) exist [124-126]. More broadly, no

systematic reviews have yet been published that have evaluated the effectiveness of

33



interventions to increase physical activity in individuals with intellectual disabilities.
Accordingly, a broader synthesis of the literature to investigate the effectiveness of
physical activity interventions in those with intellectual disabilities may provide insight as

to what may be effective and applicable to children with Down syndrome.

Characteristics
of Down
syndrome

Availability of
physical activity
programs

Barriers Facilitators Barriers Facilitators Barriers Facilitators
Cardiovascular Good physical Parental Limited programs Mainstream
issues skills | concern/9ver- | Support for this activities hard to Adaptable
protection population adapt programs
Musculoskeletal Good verbal Famil dti . I_ Mai
- ly and time Creating ainstream . . .
—I issues skills | restrictions ||| opportunities activitiesnot [f— Financial _ Widespread
always suitable constraints implementation
Intellectual — Driven attitude Comp‘et'ir'\g'
disability ] reizv.;nall::‘:;es — Rolemodels —Lack of education
Reduced
— communication o
skills —1 Staff limitations

— Time restrictions

Figure 2. Barriers and facilitators to physical activity participation in children with Down

syndrome.
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1.4 Thesis outline

In the preceding sections, two linked problems were identified — these problems underpin
the body of work presented in this thesis. The first is children with Down syndrome often
do not participate in recommended levels of physical activity, and the second is they
commonly wear poorly-fitting footwear. These problems also interact with each other;
that is, wearing poorly-fitting footwear can make it more difficult for children with Down
syndrome to be physically active. Therefore, improving footwear fit may have favourable

effects on physical activity.

Children with Down syndrome also have unique foot dimensions that differ to their peers
without Down syndrome, and this impacts footwear fit. Investigating the foot dimensions
of children and Down syndrome is an important step to understanding how they differ to
typically developed children, and how this affects footwear fit. Doing so will highlight the
areas of fit that are most problematic to children with Down syndrome, which can then be

used to design and manufacture more appropriate footwear for this population.
With this in mind, there are two primary aims to this thesis, which are stated below.

1. To determine the effectiveness of interventions (including custom-fitted footwear
to improve fit) to increase physical activity in children with Down syndrome.
2. To determine the foot dimensions of children with Down syndrome, to better

understand the issue of poorly-fitting footwear.
The following objectives address the primary aims of the thesis.

= Systematically synthesise the findings from studies that have evaluated the
effectiveness of interventions to increase physical activity in individuals with
intellectual disabilities.

= Determine the feasibility of conducting a definitive randomised trial to evaluate
the efficacy of custom-fitted footwear for increasing physical activity in children
with Down syndrome.

= Determine the reproducibility of measuring foot dimensions of children with Down
syndrome using 3D-scanning.

= Compare the foot dimensions (obtained from 3D-scanning) of children with and

without Down syndrome.

To address the objectives of this thesis, four related studies will be reported. These

studies are presented across four chapters, as outlined below.

Chapter 2 presents a systematic review of the effectiveness of physical activity programs

to increase physical activity in individuals with intellectual disabilities. The review
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synthesised the findings of randomised controlled trials that have evaluated the
effectiveness of physical activity interventions in individuals with intellectual disabilities.

The findings from this review informed the study presented in Chapter 3.

Chapter 3 presents a randomised pilot study that aimed to determine the feasibility of
conducting a definitive randomised trial to evaluate the efficacy of custom-fitted footwear
for increasing physical activity in children with Down syndrome. Bowen’s feasibility
framework was used to guide this study. The results demonstrated that sizing of
commercially available footwear may not accommodate the unique foot structure of
children with Down syndrome. This limitation led to two further studies, presented in
Chapters 4 and 5.

Chapter 4 presents a reproducibility study of measuring foot dimensions of children with
Down syndrome using 3D foot scans. This study reported the intra- and inter-rater
reproducibility of measuring foot dimensions that are used in the design of footwear. This

study informed the measurements used in the study presented in Chapter 5.

Chapter 5 is a cross-sectional observational study that compared the differences in foot
dimensions of a group of children with Down syndrome to an age and sex-matched
group of typically developing children. This study reported the differences in foot

dimensions and their implications for footwear fit.

Chapter 6 presents a discussion of the overall findings including the strengths and
limitations of the research in this thesis and concludes with recommendations for future

research in the field.
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Chapter 2 — Systematic review

Preface

Children with Down syndrome are often less physically active than their typically
developing peers and may not engage in adequate levels of physical activity. This places
them at greater risk for many chronic health conditions. Therefore, increasing physical
activity in this population is crucial. There is potential to modify recognised environmental
barriers and/or enhance facilitators to physical activity to improve participation and health

outcomes in this population.

Two previous systematic reviews reported physical activity interventions can have a
positive effect on fitness (such as muscle strength), balance and psychological outcomes
(such as improved self-confidence and self-esteem) in adults with intellectual disabilities
[127, 128]. However, it is unclear whether physical activity interventions have a specific
effect on physical activity. Accordingly, this chapter aims to address Objective 1 of this
thesis, which is to systematically synthesise the findings from randomised controlled
trials that have evaluated the effectiveness of interventions to increase physical activity in
individuals with intellectual disabilities. This study considers individuals with an
intellectual disability originating from any condition, not specifically Down syndrome, as
the body of literature involving children with Down syndrome was too small to perform a

meaningful synthesis.

This chapter was published in the Journal of Intellectual Disability Research in 2019 with
the associated online supplementary files presented in Appendix 1. The citations within
this chapter relate to the reference list of the publication, not the reference list included at

the end of this thesis.
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2.1 Effectiveness of interventions to increase physical activity in
individuals with intellectual disabilities: a systematic review of

randomised controlled trials

The reference for this publication is:

Hassan NM, Landorf KB, Shields N, Munteanu SE. Effectiveness of interventions to
increase physical activity in individuals with intellectual disabilities: a systematic review of
randomised controlled trials. Journal of Intellectual Disability Research; 2019:63(2);168 —
191. DOI: https://doi.org/10.1111/jir.12562

This study was presented at two conferences:

Hassan NM, Landorf KB, Shields N, Munteanu SE. Effectiveness of interventions to
increase physical activity in individuals with intellectual disabilities: a systematic review of
randomised controlled trials. Australasian Academy of Cerebral Palsy and

Developmental Medicine Conference. March 2018, Auckland, New Zealand.

Hassan NM, Landorf KB, Shields N, Munteanu SE. Effectiveness of interventions to
increase physical activity in individuals with intellectual disabilities: a systematic review of
randomised controlled trials. VIC State Podiatry Conference. April 2018, Melbourne,

Australia.
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Abstract

Background People with intellectual disabilities (ID)
often do not meet recommended guidelines for
physical activity. The aim of this study was to
systematically review available evidence that evaluated
the effectiveness of interventions to increase physical
activity in individuals with ID.

Method Five electronic databases (MEDLINE,
CINAHL, EMBASE, SPORTDiscus and Cochrane
Central Register of Controlled Trials) were searched
from inception of the database to July 2017 to identify
randomised controlled trials that evaluated the
effectiveness of interventions to improve physical
activity among people with ID. Trials were included if
they measured at least one objective measure of
physical activity. Quality appraisal was completed by
two independent reviewers using the Cochrane Risk
of Bias Tool. The magnitude of treatment effect was
estimated for each intervention by calculating the

Correspondence: Ms. Nirmeen Hassan, Discipline of Podiatry, School
of Allied Health, La Trobe University, Kingsbury Drive, Bundoora,
Victoria, 3086, Australia (e-mail: n.hassan@latrobe.edu.au).

standardised mean difference (SMD) and associated
95% confidence interval.

Results Nine randomised controlled trials (976
participants, 501 women, age range 9 months to

83 years) were included. Four trials evaluated
unimodal interventions and five trials evaluated
multimodal health promotion programmes based on
using supportive environments to enable sustained
behavioural changes in physical activity. None of the
trials were rated as low risk of bias as all had at least
one item on the Cochrane Risk of Bias Tool that was
considered to be high risk. No trials were able to
implement participant blinding. Three trials found
statistically significant beneficial effects of
interventions for increasing physical activity. Results
showed that a 10-week progressive resistance training
programme led to maintenance of physical activity
levels at 24 weeks in adolescents with Down syn-
drome (SMD 0.78, 95% CI 0.17 to 1.40). Addition-
ally, a 12- to 16-month multicomponent diet and
physical activity programme produced improvement
in physical activity at programme completion in
adults with ID (reported effect size of 0.29). Finally,
an 8-month physical activity and fitness programme
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increased physical activity at 8 months in adults with
ID (SMD 0.91, 95% CI 0.20 to 1.60). Findings re-
garding other interventions were inconclusive with
small effects that were not statistically significant.
Conclusions There is inconsistent evidence of the
effects of interventions for improving physical activity
levels in individuals with ID. A progressive resistance
training programme was found to maintain physical
activity levels in adolescents with Down syndrome,
while a multicomponent diet and physical activity
programme and a physical activity and fitness
programme were found to improve physical activity
levels in adults with ID. Future trials using rigorous
research designs are required to confirm these
findings and establish whether other interventions
designed to increase physical activity in people with
ID are effective.

Keywords health promotion, intellectual disability,
physical activity, randomised controlled trial, review,
systematic

Introduction

Between 67% and 83% of children and adults with
intellectual disabilities (ID) do not participate in the
recommended amount of physical activity (Stanish

et al. 2006). Physical activity is essential for
cardiovascular fitness, bone health, psychological
well-being and maintenance of a healthy body weight
(Warburton ez al. 2006). Recommended guidelines
suggest children should partake in a minimum of

60 min of moderate to vigorous physical activity per
day on most days of the week and adults between the
ages of 18 to 64 years should perform 150 min of
moderate to vigorous physical activity per week (Pitetti
et al. 2009; World Health Organization 2010).
However, people with ID often lead sedentary
lifestyles (Robertson ez al. 2000; Emerson 2005; Bartlo
& Klein 2011; Tudor-Locke ez al. 2011) and have
significantly lower levels of physical activity levels
compared with the general population (Robertson

et al. 2000; Frey 2004; Emerson 200s; Stanish ez al.
2006; Bartlo & Klein 2011). There are many personal,
social and environmental barriers to physical activity
for people with ID. For children with ID, reported
barriers to physical activity include competing family
responsibilities, parental overprotection, child factors

(e.g. cognitive abilities, physical characteristics and
behavioural problems), reduced physical or
behavioural skills and lack of accessible physical
activity programmes (Barr & Shields 2011; McGarty &
Melville 2018). For adults with ID, barriers to physical
activity include lack of support, not wanting to engage
in physical activity, as well as medical and
physiological factors (Mahy ez al. 2010).

Low physical activity is associated with negative
health outcomes and is the fourth leading risk factor
for mortality worldwide (World Health Organization
2010). It increases the risk of non-communicable
diseases, such as diabetes and cardiovascular disease,
which account for approximately 50% of the overall
global burden of disease (World Health Organization
2010). People with ID have poorer physical and
mental health than the general population
(Sutherland ez al. 2002; Lennox ez al. 2007). Further,
this increased morbidity in people with ID increases
the burden on caretakers and disability services
(Krahn ez al. 2006).

Regular participation in physical activity has the
ability to reduce the burden of chronic disease by
improving and maintaining physical and mental
health and is therefore considered an important
intervention for people with ID (Durstine ez al. 2013).
Two previous systematic reviews reported physical
activity interventions can improve fitness (e.g. muscle
strength), balance and psychological outcomes, such
as enhanced self-confidence, in adults with ID (Bartlo
& Klein 2011; Heller ez al. 2011). However, these
reviews did not evaluate whether the interventions
were effective at increasing physical activity levels.
More recently, a systematic review investigated the
efficacy of interventions to increase physical activity in
children and adolescents; however, adults were not
included (McGarty et al. 2018).

Therefore, the aim of this study was to
systematically review available evidence that has
evaluated the effectiveness of interventions to increase
physical activity in individuals with ID.

Method

The protocol for this systematic review was
prospectively registered in PROSPERO (ID:
CRD42016046948). This systematic review is reported
using the PRISMA guidelines (Moher ez al. 2009).

© 2018 MENCAP and International Association of the Scientific Study of Intellectual and Developmental Disabilities and
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Eligibility criteria
Types of studies

Only randomised controlled trials were included as
this is a rigorous research design. There were no
restrictions on the language of trials, publication
status or year of publication. However, only trials that
were published in peer-reviewed journals were
included. Grey literature, such as conference
abstracts and theses, were not included.

Types of participants

We included trials that recruited participants of all
ages who were described as having an ID that
originated prior to the age of 18 years.

Types of interventions

Interventions were included if their primary or
secondary aim was to increase physical activity in
individuals with ID. Interventions could be unimodal
or multimodal. For this review, unimodal
interventions were single interventions that had no
health promotion component, and multimodal
interventions were programmes that combined
education, health promotion and physical activity.
Interventions included but were not limited to (1)
structured physical activity (exercise), cycling or
walking programmes and (2) behavioural change
programmes that included education and nutrition
components in addition to physical activity.

Types of outcome measures

The primary outcome measure of this review was
physical activity, therefore included trials needed to
have at least one objective measure of physical
activity. We limited trials to those that measured
physical activity using objective measures such as
direct observation, accelerometers, pedometers and
doubly labelled water. Trials that used subjective
measures (such as questionnaires) to measure
physical activity were not included as such measures
have questionable validity (Matthews ez al. 2011).
Objective measures of physical activity are considered
more valid than subjective measures (Hinckson &
Curtis 2013; Sylvia ez al. 2014). Physical activity was
considered as any bodily movement that resulted in
energy expenditure, which covers all forms of activity

(Caspersen et al. 1985). We did not limit the duration
of follow-up.

Search strategy
Electronic searches

Five electronic databases (MEDLINE (1946-),
CINAHL, EMBASE, SPORTDiscus and Cochrane
Central Register of Controlled Trials) were searched
from inception of the database to July 2017. A search
strategy adapted for each database was developed
based on two key concepts: intellectual disabiliry and
physical activiry (Data St1). Relevant MeSH and free
text terms were incorporated into the search strategy;
for example, mentally disabled persons for ID and
exercise for physical activity. Terms were combined
with appropriate Boolean operators. Valid search
filters were used (Data S2) to identify randomised
controlled trials (Wong et al. 2006; Lefebvre et al.
2011; SIGN 2017). Citation tracking of eligible trials
was performed using Scopus, and reference lists of
the identified trials were checked for potentially
eligible trials that database searches may have missed.

Data extraction and analysis
Selection of studies

Retrieved searches were exported into Endnote
version X7.4 (Thomson Reuters, New York, USA)
and duplicates removed. Two reviewers (N. M. H.
and S. E. M.) independently screened titles and
abstracts of the articles retrieved (n = 3188) and
excluded those that did not meet the eligibility criteria
(n = 863) (Fig. 1). Where it was unclear from the title
and abstract if an article should be included, the full
text was retrieved and the eligibility criteria reapplied.
Disagreements were resolved by consensus. There
were three studies Neman ez al. 1975; Shields ez al.
2008; Schijndel-Speet ez al. 2012) that were excluded
from being included in the review following a
consensus discussion.

Data management

We used a data extraction form to obtain data on
study characteristics (sample size, description of the
interventions and participant characteristics) and
outcome measures (Tables 1-3). Two reviewers

(N. M. H. and S. E. M.) extracted data from the trials
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Additional records identified
through other sources

Records identified through database
§ searching
§ (n = 3,187 total)
= Cochrane (n = 234)
€ Medline (n =1,187)
-] EMBASE (n = 1,389)
CINAHL (n = 129) (n=1)
) SPORTDiscus (n = 248)
Records screened
= (n=3,188)
=
@
@
S
vy
Y
Records after duplicates removed
(n = 889)

Records excluded
(n=863)

B l

Full-text articles excluded, with
reasons (n=17)

1. Alternative study designs (n = 14)

2. Did not measure PA (n=1)
3. Participants did not have an

intellectual disability (i.e. carers,
individuals with physical
disabilities) (n = 2)

£ Full-text articles assessed
= for eligibility
2 =
= (n=26)
= |
@
Studies included in
quantitative synthesis
3 (n=9)
-
32
Qo
e
sy

Figure | Study selection process (PRISMA). [Colour figure can be viewed at wileyonlinelibrary.com]

independently. Where possible, means and standard
deviations were extracted for physical activity
outcome measures at each reported time point. In
cases where data were missing, the trial authors were
contacted via email for further information.

Assessment of risk of bias in included studies

The internal validity of included studies was
evaluated using the Cochrane Collaboration Risk of
Bias Tool (Higgins et al. 2011). This tool evaluates the
risk of selection bias, performance bias, detection
bias, attrition bias and other potential biases in
randomised controlled trials. The criteria considers
the method of random sequence generation,
allocation concealment, blinding of participants and
personnel, blinding of outcome assessment,
incomplete outcome data and selective reporting.

© 2018 MENCAP and International Association of the Scientific Study of Intellectual and Developmental Disabilities and

John Wiley & Sons Ltd

Review Manager 5.3 (Review Manager 2014) was
used to summarise the risk of bias for each trial. Each
criterion was assigned a high, low or unclear risk
rating, in which ‘yes’ indicates a low risk, ‘no’
indicates a high risk and ‘unclear’ indicates
insufficient information was provided to enable a
judgement of risk of bias (Higgins ez al. 2011). A trial
was considered to be at high risk of bias if at least one
of the criterion was rated as high risk. In contrast, a
trial was considered to be at low risk of bias if all
criteria were rated low risk. Any trials not meeting
these criteria were rated unclear (Higgins ez al. 2011;
‘Whittaker ez al. 2017). However, importantly, because
of the nature of the interventions used, it is very
difficult to implement participant blinding, and thus,
trial findings were interpreted in the context of this
issue. Two reviewers (N. M. H. and K. B. L..)
assessed the risk of bias independently, and any
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disagreements were resolved by consensus. There was
excellent agreement between reviewers for the ratings,
with agreement ranging from 78% to 100% across
items.

Data synthesis

Data were synthesised and analysed using Review
Manager 5.3 (Review Manager 2014). The magnitude
of effect of each intervention was estimated by
calculating the standardised mean difference (SMD)
and associated 95% confidence interval. SMDs were
used to allow comparison of results across studies
because the unit of measurement of physical activity
varied. Where the SMD was significant (i.e. its 95%
confidence intervals did not include zero), the size of
the effect was interpreted as follows: a small effect if
the SMD was approximately 0.2, a moderate effect if
approximately 0.5 and a large effect if approximately
0.8 or greater (Faraone 2008). Data from the
included trials were not pooled for meta-analysis
because of large variability in interventions and time
points across trials (i.e. clinical heterogeneity).

Results
Description of studies

The search strategy yielded 3188 records for
assessment of eligibility (Data S1). The yield was
reduced to 26 articles that were reviewed in full text.
After applying the eligibility criteria, nine trials were
included. Reasons for exclusion included non-
randomised trials, implementing the intervention on
individuals without ID (i.e. carers only) and not
including a measure of physical activity (Fig. 1). One
author was contacted to determine whether their
study protocol (van Schijndel-Speet ez al. 2013) had
led to any publications, and the trial was subsequently
added to the review (van Schijndel-Speet ez al. 2017).
Three authors (McDermott ez al. 2012; Bergstrom

et al. 2013; Melville ez al. 2015) were contacted to
request missing data but we were unable to obtain this
information.

Tables 1 and 2 present a summary of the study
characteristics and interventions of the nine trials
included in the review. Three trials (Bergstrom et al.
2013; Melville ez al. 2015; van Schijndel-Speet ez al.
2017) were cluster randomised controlled trials, and
six (Angulo-Barroso et al. 2008; Ulrich ez al. 2011;

McDermott ez al. 20125 Shields ez al. 2013) were
randomised controlled trials, of which two (Curtin
et al. 2013; Shields & Taylor 2015) were pilot
randomised controlled trials.

The age of participants varied across trials from
9 months to 83 years. Five trials included participants
who were young children and adolescents (Angulo-
Barroso ez al. 2008; Ulrich er al. 2011; Curtin et al.
2013; Shields ez al. 2013; Shields & Taylor 2015),
while the remaining four trials included adult
participants (McDermott er al. 2012; Bergstrom ez al.
2013; Melville ez al. 2015; van Schijndel-Speet ez al.
2017). The number of men and women in each group
was relatively balanced, except for one trial (Curtin
et al. 2013) that included very few men. Sample sizes
ranged from 16 to 432 participants. The severity of ID
of the participants was recorded as mild to moderate
in five trials (McDermott ez al. 2012; Bergstrom ez al.
2013; Curtin et al. 2013; Shields ez al. 2013; Shields &
Taylor 2015; van Schijndel-Speet et al. 2017), and
three trials (Ulrich ez al. 2011; Curtin et al. 2013;
Melville ez al. 2015) included participants with any
level of ID. Two trials (Shields ez al. 2013; Shields &
Taylor 2015) relied on parental report to determine
the level of ID, and the remaining trials (Angulo-
Barroso et al. 2008; Ulrich ez al. 2011; McDermott
et al. 2012; Bergstrom et al. 2013; Curtin ez al. 2013;
Melville et al. 2015; van Schijndel-Speet ez al. 2017)
did not describe how the level of ID was measured.
Participants resided in group homes, homes with
supported living or with family (Angulo-Barroso ez al.
2008; Ulrich er al. 2011; Curtin er al. 2013; Shields
et al. 2013; Shields & Taylor 2015).

Physical activity interventions were broadly
categorised across trials as unimodal or multimodal
interventions. Four trials (Angulo-Barroso ez al. 2008;
Ulrich et al. 2011; Shields er al. 2013; Shields & Taylor
2015) used unimodal interventions including
progressive resistance training, cycling, treadmill
training and walking programmes (Tables 1,2). Five
trials (McDermott ez al. 2012; Bergstrom et al. 2013;
Curtin er al. 2013; Melville ez al. 2015; van Schijndel-
Speet ez al. 2017) used multimodal interventions that
included a physical activity programme, education
and nutrition advice (Tables 1,2). Interventions were
all implemented in a community setting, with one
exception, which was delivered to participants living
at a day activity centre (van Schijndel-Speet ez al.
2017). The frequency and duration of each
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intervention varied in each trial. The frequency
ranged from one weekly session (McDermott ez al.
2012; Curtin et al. 2013; Shields & Taylor 2015) to
five sessions per week (Angulo-Barroso ez al. 2008;
Ulrich ez al. 2008; Melville er al. 2015). The duration
of each session ranged from 5§ min (Angulo-Barroso
et al. 2008) to 90 min (McDermott ez al. 2012; Curtin
et al. 2013). The duration of the interventions varied
from 1 week (Ulrich et al. 2011) to 16 months
(Bergstrom er al. 2013), with a median duration of

3 months. Where required, interventions were
adapted to suit the abilities of the participants by
simplifying the task or modifying equipment required
for the intervention. Multimodal interventions
involved other professionals (i.e. dietitian, health
ambassador or individuals with experience in teaching
individuals with ID) to deliver the educational
components to participants. When a trial included
children, their parents were involved in applying the
intervention, and in the other remaining trials with
adult participants, carers or staff members of the place
of residence were also involved. For adolescents, two
trials used student mentors to support the participants
to exercise (Shields ez al. 2013; Shields & Taylor
2015). Four interventions were based on a theoretical
framework (i.e. social cognitive theory) that simplified
the intervention to account for differences in
communication and cognitive levels and to improve
its applicability in a real-life setting (McDermott ez al.
2012; Bergstrom ez al. 2013; Melville ez al. 2015; van
Schijndel-Speet et al. 2017).

Control groups were either wait-listed (Ulrich ez al.
2011; Bergstrom ez al. 2013; Melville ez al. 2015),
usual care (van Schijndel-Speet ez al. 2017) or inert
interventions that were not expected to have an effect
on physical activity (e.g. social activities not involving
physical activities) (McDermott ez al. 2012; Shields
et al. 2013; Shields & Taylor 2015). In two trials
(Angulo-Barroso ez al. 2008; Curtin et al. 2013), both
groups received active interventions. In the first trial
by Curtin et al. (2013), one group received nutrition
and physical activity education, and the other received
a behavioural intervention in addition to nutrition and
physical activity education. In the second trial by
Angulo-Barroso et al. (2008), two treadmill training
protocols were compared (one group received
high-intensity training while the other group received
low-intensity training). All included trials measured
physical activity as the primary outcome measure

except for one trial (Shields ez al. 2013) where physical
activity was a secondary outcome. All trials measured
physical activity using accelerometers or pedometers
(Table 3). The definition of adherence to wearing the
physical activity monitor varied across trials (Data
S3). Eight trials (Ulrich ez al. 2008; McDermott et al.
2012; Bergstrom et al. 2013; Curtin ez al. 2013; Shields
et al. 2013; Melville ez al. 2015; Shields & Taylor 2015;
van Schijndel-Speet ez al. 2017) reported participants
wore the activity monitor for at least 6 h a day for

3 days (Penpraze et al. 2006; Temple & Stanish 2009).
Only one trial (Angulo-Barroso ez al. 2008) did not
specify how adherence to wearing an activity monitor
was defined.

Risk of bias assessment

Risk of bias is displayed in Figure 2. None of the trials
were rated as low risk of bias as all had at least one

Random sequence generation (selection bias)

Selective reporting {reporting bias)

= | Allocation concealment (selection bias)

O O O O O ® ® ® ® -cindngofpaticipants and personnel (performance hias)

)
&
=
5
s
E w
@ e
E =
T £
5 &
g =
2 =
2
@ [
5 5
£ 5
g ¢ & =
E 5 5
& £ =}
Angulo-Barroso et al. (2008) | 2 ® e >
Bergstrom etal. 2013) | @ | @ e o6
Cuttinetal 2013 | 2 | @ ® e |
McDermott etal. (2012) | 2 ? . . ? 7/
Melville et al. (2015) . . @ . ® e
Shields & Taylor (2015) | @ | @ ® e e
Shields etal. 2013) | @ | @ @ e o e
Ulrich etal. (2011) | 2 | 2 00 e
wan Schijndel-Speetetal. 20173 | 2 | @ ® e ® -

Figure 2 Risk of bias summary: review authors’ judgements about
each risk of bias item for each included trial. [Colour figure can be
viewed at wileyonlinelibrary.com]
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item on the Cochrane Risk of Bias Tool that was
considered to be high risk. No trials were able to
implement participant blinding. Two trials (Curtin
et al. 2013; van Schijndel-Speet ez al. 2017) were rated
as high risk because of inappropriate methods of
allocation concealment, three trials (Ulrich ez al. 2011;
Curtin ez al. 2013; van Schijndel-Speet ez al. 2017) did
not include blinded outcome assessment and six trials
(Angulo-Barroso et al. 2008; Ulrich er al. 2011;
McDermott et al. 2012; Curtin ez al. 2013; Melville
et al. 2015; van Schijndel-Speet ez al. 2017) had
significant amounts of incomplete outcome data
because of poor adherence in the use of equipment
that measured physical activity and high rates of
participant attrition.

Effects of interventions
Unimodal interventions

Four trials (Angulo-Barroso ez al. 2008; Ulrich
et al. 2011; Shields er al. 2013; Shields & Taylor
2015) evaluated the effectiveness of unimodal
interventions (Tables 3,4). One trial (Ulrich er al.
2011) compared a I-week cycle training
intervention with a wait-list control group in 46
participants. There was no difference between
groups for physical activity at 12 months (SMD
0.35, 95% CI —0.31 to I.0I).

In the second trial (Shields ez al. 2013), a 10-week
progressive resistance training programme was

Table 4 Effects of the interventions on physical activity

compared with a social programme of recreational
activities not related to physical activity (e.g. crafts,
baking or watching movies) in 68 participants. A large
significant difference in physical activity in favour of
the progressive resistance training programme was
found at 24 weeks (SMD 0.78, 95% CI 0.17 to 1.40),
but not immediately after the programme at 11 weeks
(SMD o0.20, 95% CI —0.39 to 0.80).

The third trial (Shields & Taylor 2015) compared
an 8-week walking programme with a social
programme in 16 participants using student mentors
in both groups. No difference was found in physical
activity between the groups at 9 weeks (SMD o0.36,
95% CI —0.81 to 1.52).

The final trial (Angulo-Barroso ez al. 2008)
compared a 9-month high-intensity treadmill
protocol with a low-intensity treadmill protocol in 30
infant participants. The intervention ended for each
participant when they were able to independently
walk three steps (walking onset). There was no
difference in physical activity levels between groups
during the intervention phase (SMD o.55, 95% CI
—0.18 to 1.28).

Multimodal interventions

Five trials examined the effectiveness of multimodal
interventions (Tables 3,4). One trial (Melville ez al.
2007) compared a 12-week multimodal intervention
of a physical activity programme and behavioural

Trial Intervention Time point SMD (95% CI)

Angulo-Barroso et al. (2008) Treadmill protocol 9 months 0.55 (—0.18 to 1.28)

Bergstrom et al. (2013) Multicomponent diet and PA programme 12 to 16 months  0.29%

Curtin et al. (2013) Nutrition and physical activity programme |2 months 0.73 (—0.22 to 1.68)

McDermott et al. (2012) ‘Steps to your Health’ programme 12 months 0.14 (—0.23 to 0.50)

Melville et al. (2015) Walking programme ‘Walk Well’ 3 months —0.04 (—0.47 to 0.39)

Shields et al. (2013) Progressive resistance training programme || weeks 0.20 (—0.39 to 0.80)
24 weeks 0.78 (0.17 to 1.40)

Shields and Taylor (2015) Structured walking programme 9 weeks 0.36 (—0.81 to 1.52)

Ulrich et al. (2011) Modified bicycle 12 months 0.35 (—0.31 to 1.01)

van Schijndel-Speet et al. (2017) PA programme and education programme 6 months Fast walkers: 0.51 (—0.17 to 1.19)

Slow walkers: 0.03 (—1.16 to 1.21)

8 months Fast walkers: 0.91 (0.20 to 1.60)

Slow walkers: Not reported

PA, physical activity.

Bergstrom et al. (2013) did not report means and standard deviations to allow for effect size calculation, however an effect size was reported.
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change techniques with a wait-list control group in
102 participants. There was no difference between the
groups for physical activity immediately post-
intervention (SMD —o0.04, 95% CI —0.47 to 0.39).

Three trials (McDermott ez al. 2012; Bergstrom
et al. 2013; Curtin ez al. 2013) used multimodal
interventions that included physical activity and
nutrition education components. One of these trials
(Bergstrom et al. 2013) compared a 12- to 16-month
intervention with a wait-list control group in 130
participants. Data (i.e. means and standard
deviations) were not reported to allow calculation of
SMDs. However, the authors reported a positive
intervention effect on physical activity, which was
statistically significant (P = 0.045), with an effect size
of 0.29. The second of these trials (McDermott ez al.
2012) compared a 12-week health promotion
programme with a hygiene and safety programme in
432 participants. There was no difference in moderate
to vigorous physical activity between the groups at
12 months (SMD o.14, 95% CI —0.23 to 0.50). The
third of these trials (Curtin et al. 2013) compared a 9-
month education programme with the same
education programme that also included a
behavioural intervention programme in 21
participants. There was no difference in physical
activity levels between the groups at 12 months (SMD
0.73, 95% CI —0.22 to 1.68).

Lastly, one trial (van Schijndel-Speet ez al. 2017)
compared an 8-month physical activity framework
and education programme with usual care in 131
participants. Participants in both groups were
stratified according to their walking speed; fast and
slow walkers. At 6 months, differences between
groups were not statistically significant for both
subgroups (fast walkers SMD 0.51, 95% CI —0.17 to
1.19; slow walkers SMD 0.03, 95% CI —1.16 to 1.21).
However, for fast walkers, there was a large
statistically significant improvement in physical
activity levels at 8 months (SMD 0.91, 95% CI 0.20 to
1.60). No data were reported for the 8-month time
point for the slow walkers.

Discussion

The aim of this study was to systematically review
available evidence that evaluated the effectiveness of
interventions to increase physical activity in
individuals with ID. Two previous systematic reviews

reported physical activity interventions can improve
fitness (e.g. muscle strength), balance and
psychological outcomes, in adults with ID (Bartlo &
Klein 2011; Heller ez al. 2011). However, these
reviews did not evaluate whether the interventions
were effective at increasing physical activity levels.
Further, a recent systematic review investigated the
efficacy of interventions to increase physical activity in
children and adolescents. However, unlike the
present study, adults were not included. Our study
showed that the body of evidence was small, with only
nine randomised controlled trials having investigated
the effectiveness of interventions to increase physical
activity for individuals with ID. The majority of the
trials (six trials) found no differences between groups
that suggests the experimental interventions that have
been evaluated are no more effective than the control
interventions. Only three trials (Bergstrom ez al. 2013;
Shields ez al. 2013; van Schijndel-Speet et al. 2017)
found positive effects on physical activity, and these
will be discussed in more detail in the succeeding text.

A 10-week supervised progressive resistance
training programme appears to be an effective
intervention to maintain physical activity levels in
young people with Down syndrome (Shields ez al.
2013) for at least 3 months post-intervention. This
effect occurred as a result of participants of the
programme maintaining their physical activity levels
after the intervention ceased, whereas physical activity
levels of the control group participants declined.
These findings suggest that a key benefit of the
training programme is that it assists people in
establishing a routine that involves daily physical
activity while also preventing overall physical activity
levels from declining over time. Other benefits to a
progressive resistance training programme includes
being simple to perform and relatively simple to
resource (improving applicability to the intended
population). However, while the intervention has
shown to be beneficial for young adults with Down
syndrome, additional evaluation is required to
confirm if this intervention is effective in different
populations with ID.

Of the multimodal interventions, a 12- to 16-month
multicomponent diet and physical activity health
promotion programme involving carers and
participants was found to significantly improve
physical activity levels post-intervention (Bergstrom
et al. 2013). The involvement of a caregiver as part of
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the intervention is likely to have been an important
contribution to its effectiveness, as caregivers play a
key role in encouraging physical activity (Heller ez al.
2004; Mahy et al. 2010) and can assist in reducing the
complexity of a multicomponent intervention.
Further, adaptability of a programme to the routines
of carers and residents was also favourable as it made
the programme easier to implement and supported
changes to physical activity. Although the intervention
resulted in improvements in physical activity, this was
only found at the completion of the trial (16 months),
so the long-term effect of the programme on physical
activity is unclear.

Another multimodal intervention using a physical
activity and fitness programme also showed a large
effect in improving physical activity at 8 months in
people with ID that were ‘fast walkers’ (van Schijndel-
Speet et al. 2017). The features of this intervention
were advantageous, as, first, the programme used staff
members from the day activity centres to conduct the
programme at the same facility, so the participants
were familiar with the setting and the individuals
implementing the intervention. Second, the
programme was adapted to the needs of the
participants, which helped to incorporate physical
activity into their daily routine. This programme
highlights the importance of designing interventions
that use established facilitators to physical activity;
these include support from others, familiarity and
routine (Mahy ez al. 2010).

For the remaining trials, particularly those with an
intervention that involved a health promotion
programme, it is possible that the lack of effect of the
interventions is related to the difficulty in adapting
complex behaviour change interventions for people
with ID. For example, despite interventions adhering
to guidelines for developing physical activity
interventions for disadvantaged groups (Michie ez al.
2009) — by simplifying several components of the
programme and avoiding complex behaviour change
techniques — it was reported that participants still
expressed difficulty in completing these tasks
(Melville ez al. 2015). Additionally, some
interventions were based on social cognitive theory
where the main principle is the concept of self-
efficacy, which is a belief in one’s capabilities in
performing a behaviour. It also identifies that the
outcomes of the behaviour must be valued by the
individual (Bandura 1997). Individuals with ID may

not perceive the outcomes of the interventions as
rewarding or valuable. Further, another theory that
may explain these findings is self-determination
theory, which highlights the importance of both
intrinsic and extrinsic motivation as precursors to
behaviour change (Deci & Ryan 2008). It is possible
that a lack of motivation (either intrinsic or extrinsic)
may have influenced the outcomes of the intervention
and participants’ intentions to continue performing
physical activity in the long term. The use of a
mentor, however, has the ability to overcome these
barriers and improve physical activity by supporting
the individual. This is supported by three of the
studies reviewed (Bergstrom ez al. 2013; Shields ez al.
2013; van Schijndel-Speet ez al. 2017) — where a
mentor to support the interventions was utilised — all
of which reported a positive effect on physical activity.

An important consideration when interpreting the
findings of this review relates to the quality of the
included trials. None of the included trials were
assessed to be at low risk of bias — all of the trials were
rated as high risk of bias in at least one, and usually
across multiple, domains of the Cochrane Risk of Bias
Tool. Specifically, trials were often at risk of selection
bias (from lack of allocation concealment), detection
bias (from lack of assessor blinding) and attrition bias
(from incomplete outcome data). Although we
acknowledge the inherent difficulty in blinding
participants to non-pharmacologic (e.g. physical)
interventions of any kind in clinical trials (Boutron
et al. 2004), performance bias is a risk across the
included trials. Future trials need to implement
greater methodological rigour (i.e. allocation
concealment and assessor blinding) to confirm the
true effectiveness of interventions. An additional
limitation is that not all included trials were based on
a theoretical framework, which is considered an
important prerequisite for designing an effective
physical activity intervention (Temple & Walkley
2007). Suboptimal reporting of adverse events was
also an issue. Only one trial (van Schijndel-Speet ez al.
2017) reported mild adverse events that occurred
during the intervention. However, none of the trials
that measured adverse events reported any
(Bergstrom et al. 2013; Curtin ez al. 2013; Shields ez al.
2013; Melville ez al. 2015; Shields & Taylor 2015),
which suggests that thoughtfully designed physical
activity interventions are safe and feasible in this
population.
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There are several strengths and potential
limitations of this review. We used a robust search
strategy and used two reviewers to independently
screen studies for inclusion, perform data extraction
and risk of bias assessment. This review included only
randomised controlled trials, as this is a rigorous
research design that minimises confounding, and if
methodologically rigorous, reduces bias. The
inclusion of randomised controlled trials could
include any type of randomised controlled trial,
including pilot trials that randomised at allocation,
which included two pilot trials in this review (Curtin
et al. 2013; Shields & Taylor 2015). Although an issue
associated with pilot randomised controlled trials is
their small sample size, we included these types of
studies as they are important in providing information
on the feasibility of an idea or intervention that may
help guide a larger scaled trial (ILeon ez al. 2011;
Spieth et al. 2016). Furthermore, if the samples and
methods of any included pilot randomised controlled
trials were homogenous with any other trials that were
included in this review, we could have included these
in a planned meta-analyses. However, we found that
following the final inclusion of trials, we were unable
to conduct meta-analyses.

Conclusions

There is inconsistent evidence of the effects of
interventions on improving physical activity in
individuals with ID. A progressive resistance training
programme was found to maintain physical activity
levels in adolescents with Down syndrome, while a
multicomponent diet and physical activity
programme and a physical activity and fitness
programme were found to improve physical activity
levels in adults with ID. However, future trials using
rigorous research designs are required to confirm
these effects and establish whether other interventions
designed to increase physical activity in people with
ID are effective.
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Chapter 3 — Randomised pilot study

Preface

The findings of the systematic review (Chapter 2) showed only nine studies have
evaluated the effectiveness of interventions to increase physical activity in individuals
with intellectual disabilities, and only three of interventions were effective in improving
physical activity. No study had evaluated footwear as an intervention to improve physical

activity.

As raised in the introduction to this thesis (Chapter 1, page 26), poorly-fitting footwear
can interfere with walking patterns, thus making physical activity more challenging for
children with Down syndrome. Poorly-fitting footwear may also contribute to foot pain,
which is a risk factor for reduced physical activity. Accordingly, improving footwear fit
may have a positive effect on physical activity levels through reduction of foot pain and

improved walking patterns.

This chapter aims to address Objective 2 of this thesis, to determine the feasibility of
conducting a definitive randomised trial to evaluate the efficacy of custom-fitted footwear
for increasing physical activity in children with Down syndrome. In this study, custom-
fitted footwear refers to footwear that was fitted according to the manufacturer’s protocol

using a foot gauge (provided by the manufacturer) to measure foot length and width.

This chapter was published in the journal of Disability and Rehabilitation in 2019 with the
associated online supplementary files presented in Appendix 2. The citations within this
chapter relate to the reference list of the publication, not the reference list included at the

end of this thesis.
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3.1 Efficacy of custom-fitted footwear to increase physical activity in
children and adolescents with Down syndrome (ShoeFIT):

randomised pilot study
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ABSTRACT

Purpose: To determine the feasibility of conducting a definitive randomised trial to evaluate the efficacy
of custom-fitted footwear for increasing physical activity in children and adolescents with
Down syndrome.

Methods: Assessor-blinded, parallel-group randomised pilot study. Thirty-three children and adolescents
with Down syndrome were randomly allocated to a custom-fitted footwear group (Clarks® footwear) or a
wait-list control group. Six feasibility domains were evaluated at baseline, 6 and 12 weeks; demand
(recruitment), implementation (co-interventions and adherence), acceptability, practicality (adverse events),
limited efficacy testing (physical activity, disability associated with foot and ankle problems, and gait
parameters), and adaptation (shoe-fit).

Results: Three participants were recruited per month. The use of co-interventions was common with six
control group participants purchasing new footwear during the study. Mean adherence was 35 h/week in
the custom-fitted footwear group, and there were few minor adverse events. There were trends for differ-
ences in physical activity favouring the custom-fitted footwear, but no trends for differences in disability
associated with foot and ankle problems or gait parameters. The fit of the custom-fitted footwear was no
better than participants’ regular footwear.

Conclusions: A definitive randomised trial is feasible. However, recruitment, use of co-interventions and
footwear fit need further consideration.
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» IMPLICATIONS FOR REHABILITATION

e Conducting a definitive randomised trial to determine the efficacy of custom-fitted footwear in
increasing physical activity in children and adolescents with Down syndrome is feasible.

e Custom-fitted footwear may improve physical activity in children and adolescents with
Down syndrome.

e Commercially available footwear may not be suitable for children and adolescents with Down syn-
drome due to their unique foot shape.

Introduction

Guidelines recommend all children perform at least 60min of
moderate to vigorous physical activity per day to obtain health
benefits, such as physical and psychological wellbeing, and
improved self-esteem [1-3]. Children with Down syndrome often
do not meet physical activity recommendations and are less
active compared to their typically developing peers [4]. There are
many personal, social, and environmental reasons why children
with Down syndrome have low physical activity levels, including
competing family responsibilities, lack of accessible programs, and
reduced physical skills [5]. Physiological characteristics of children
with Down syndrome, such as congenital heart conditions (e.g.,
atrioventricular septal defect), hypotonia [6], and reduced

muscular strength and cardiovascular fitness [7], can also make it
harder to participate in physical activity.

An additional barrier to participation in physical activity is foot
problems, including foot pain, which is common in children and
young adolescents with Down syndrome [8,9]. A population-based
study of 197 adolescents and young adults with Down syndrome
in Australia found nearly two-thirds experienced foot problems
and reported foot pain that negatively impacts their life [8].
Structural anomalies such as hallux valgus (bunions), toe deform-
ities and pes planus (flat feet) can also cause foot pain and are
prevalent among children with Down syndrome [10,11]. These
anomalies can negatively affect walking and participation in daily
activities in children with Down syndrome [12-15].
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lll-fitting footwear is common in children and adolescents with
Down syndrome and may also exert a negative influence on phys-
ical activity [16,17]. A cross-sectional study involving 50 children
and adolescents with Down syndrome in Australia found that 8%
of participants wore appropriately fitting footwear [17].
Specifically, 60% of participants wore footwear that was too nar-
row and 54% wore footwear that was too long, which is most
likely due to the unique foot shape of children with Down syn-
drome. Children with Down syndrome often have a wider forefoot
[10], and as a consequence, they are more likely to wear footwear
that is either too long to allow for the extra width requirement,
or that is an appropriate length but too narrow [16].

Given ill-fitting footwear is common in children and adoles-
cents with Down syndrome and is associated with reduced phys-
ical activity, it is possible that wearing appropriately fitting
footwear may improve their physical activity levels. However, we
are not aware of any trials that have evaluated the efficacy of cus-
tom-fitted footwear to increase physical activity levels in children
and adolescents with Down syndrome. Therefore, the aim of this
randomised pilot study was to determine the feasibility of con-
ducting a definitive randomised trial to determine the efficacy of
custom-fitted footwear to increase physical activity in children
and adolescents with Down syndrome.

Methods

This study is reported in accordance with the Consolidated
Standards of Reporting Trials (CONSORT) extension for rando-
mised pilot and feasibility trials [18], and was registered prospect-
ively with the Australian New Zealand Clinical Trials Registry
(ACTRN12616001118493).

Study design

This was an assessor-blinded, parallel-group randomised pilot
study. Six domains of Bowen’s framework for feasibility studies
[19] were evaluated; demand (recruiting participants with Down
syndrome), implementation (intervention adherence and co-inter-
ventions), acceptability (participants’ experiences of wearing the
footwear), practicality (adverse events), limited efficacy testing (dif-
ferences between groups for physical activity, disability associated
with foot and ankle problems and gait parameters), and adapta-
tion (footwear fit).

Ethics approval

La Trobe University Human Ethics Committee (HEC16-027)
approved this study. Written informed consent (including the use
of anonymised data) was obtained from parents or guardians, and
where appropriate, children and adolescents provided written
assent for participation.

Participant recruitment and eligibility criteria

Participants were recruited through a community, member-based
disability organisation for people with Down syndrome (Down
Syndrome Victoria). Potential participants were sent a flyer with
information outlining the trial. Interested parents or guardians
contacted the research team directly.

Eligibility criteria

Participants were eligible to participate if they: (i) were aged
5-17 years, (ii) had Down syndrome, and (iii) were able to under-
stand simple verbal instructions in English. Participants were
excluded if they (i) had another health condition with the poten-
tial to affect their physical activity levels, (ii) significant joint laxity
that resulted in subluxation, or (iii) used an assistive ambulatory
device. Participants were required to be adherent with wearing an
accelerometer for a minimum of 10h for a minimum period of
four days, including one weekend day [20]. Participants were also
excluded if the available footwear did not adequately accommo-
date their foot size (greater than UK children’s size 6).

Randomisation

Participants were randomly allocated to either a custom-fitted
footwear group or a wait-list control group after the baseline
assessment using a computer-generated random number
sequence with permuted block sizes of four. The allocation
sequence was generated and held by a researcher (NFT) not dir-
ectly involved in recruitment, allocation, data collection, data
processing, or statistical analysis. Each participant’s allocation was
contained in sequentially numbered sealed, opaque envelopes.

Custom-fitted footwear group

Participants in the custom-fitted footwear group were provided
with two-pairs of custom-fitted footwear (Clarks®, Brand
Collective, Melbourne, Australia) via post: a pair of casual shoes
and a pair of school shoes, or two pairs of casual shoes if school
shoes were not necessary. Participants were given the option of
Velcro® or lace style fixation (Figure 1). The casual shoes were

Figure 1. Models of the Clarks® footwear used as the intervention. Top panel, school shoes, from left to right: Lochie™, Laura™, and Daytona™. Second panel, casual

shoes, from left to right: Ventura™ and Vancouver™.
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Ventura™ and Vancouver™ models and the school shoes were
the Laura™, DaytonaTM, and Lochie™ models. Half sizes and a
range of width sizes (D to H fittings) were available for the school
shoes. Only full-sized length fittings and a fixed width fitting of
E+ (with a removable insole for increased space) were available
for the casual shoes.

The shoes were fitted using a foot measuring gauge, as per
the manufacturer’s protocol. Prior to the study, the researcher fit-
ting the shoes (NMH), a podiatrist, attended a one-hour training
session with staff from Clarks® on footwear fitting. Where meas-
urements were between two readings, the next size up was
selected. Where there were differences in dimensions of the
measured feet (i.e., left and right feet), the larger of the measures
was used for sizing. Once participants received the intervention,
they were instructed to wear the footwear for the next 12 weeks.

The intervention commenced immediately after the participants
were allocated the footwear. Previous work suggests that 4 weeks
is considered a reasonable time to allow for habituation [21,22].
This allowed sufficient time for participants to have habituated to
the footwear by the first outcome assessment time (6 weeks).

Control group

The control group was a wait-list control. Participants were fitted for
custom-fitted footwear using the above procedures; however, they
received their footwear after their final assessment (i.e, at the end of
the study). Participants were informed to continue wearing their
existing footwear for the duration of their involvement in the study.

Outcome measures

Outcomes were assessed at baseline prior to randomisation, at
6 weeks (via post), and at 12 weeks. Outcome assessment was
conducted at baseline and 12 weeks by an assessor who was
blind to group allocation (the assessment at 6 weeks did not
require an assessor as it was posted to participants to complete).

Demand was calculated as the rate of participant recruitment
(number randomised per month).

Implementation was assessed at 6 and 12 weeks by recording
adherence and co-interventions. Adherence to wearing the cus-
tom-fitted footwear was reported via a parent-reported question-
naire, which asked for the number of hours per day and number
of days their child wore the custom-fitted footwear during the
previous 6 weeks [23]. To minimise burden, parents documented
adherence over the previous 6 weeks, rather than by daily diary
entries. Co-intervention use was evaluated in the custom-fitted
footwear group participants, with a parent-completed question-
naire to elicit use of any other intervention that may have
affected physical activity (e.g., visits to health care practitioners,
iliness, new activities, or purchase and use of other footwear) dur-
ing the previous 6 weeks.

Acceptability of the footwear was assessed in the custom-fitted
footwear group participants through brief semi-structured inter-
views involving children and their parents at 12 weeks. Interviews
were conducted by a member of the research team (AKB).
Participants and their parents were asked about their perceptions
of the footwear including comfort and fit, and any perceived
changes to physical activity levels.

Practicality was evaluated in the custom-fitted footwear group
participants at 6 and 12 weeks using a questionnaire that
recorded adverse events, including type, location, severity, and
duration. In cases where severe adverse events occurred, parents
or guardians were advised to contact the investigators and seek
medical attention [24,25].

EFFECT OF SHOES ON ACTIVITY IN DOWN SYNDROME . 3

Limited efficacy testing compared differences between groups
in: (i) physical activity levels (primary outcome) at baseline, 6 and
12 weeks, (i) disability associated foot and ankle problems at 6 and
12 weeks, and (i) gait parameters at 12 weeks. Physical activity
was assessed using an ActiGraph® WGT3x-BT accelerometer
(ActiGraph, Pensacola, FL). The accelerometer is a small, lightweight
device worn at the hip using an elastic, removable belt, which was
placed underneath clothing. Participants and parents were
instructed on how to wear the accelerometer and were advised to
keep it on for all waking hours for seven consecutive days, remov-
ing it only for water-based activities and sleep. The ActiGraph®
WGT3x-BT accelerometer has previously been used to measure
physical activity in children and adolescents with Down syndrome
and has demonstrated validity and reliability [26,27]. The acceler-
ometer was returned after wear via post. Data were included in the
analysis if there was a recording of at least 10h for a minimum
period of four days, including one weekend day [20]. Wear time
was classified using the Choi automated algorithm [28], and the
accelerometers were programmed to capture physical activity in
15s epochs. Physical activity was classified as sedentary, light, mod-
erate, and vigorous using recommended cut-points [29]. We meas-
ured average number of days and hours the accelerometer was
worn, steps per day, vector magnitude, sedentary activity, light
activity, and moderate to vigorous physical activity.

Disability associated with foot and ankle problems was assessed
at baseline, 6 weeks and 12 weeks using the Oxford Ankle Foot
Questionnaire for Children (OXAFQ-C) parent version [30] because
of the young age of some participants and the presence of intellec-
tual disability [16]. The OxAFQ-C has demonstrated validity and reli-
ability [30] and consists of three domains of disability: Physical (six
items), School and play (four items), and Emotional (four items).
The final domain (Footwear) reflects the issue of whether the par-
ticipant’s foot or ankle prevents them from wearing their preferred
footwear. Each question uses a five-point Likert scale rated as never
(4), rarely (3), sometimes (2), very often (1), or always (0). Domain
scores are presented as a percentage, where 100% represents per-
fect health for the domain [28]. To calculate domain scores, the
total of the scale item score was divided by the maximum possible
score and multiplied by 100 [30].

Gait parameters were assessed at baseline and 12 weeks using
the GaitRite® electronic walkway (CIR Systems, Inc, Franklin, NJ)
for both groups. The GaitRite® records the location and timing of
footprints as the participant walks over the mat, which has an
active sensor area of 366cm long and 61cm wide, containing
13 824 pressure sensors with a spatial resolution of 1.27cm and a
sampling frequency of 80Hz [31]. The following variables were
measured: walking velocity, cadence, stride length, step length,
base of support, toe-in/out angle, and step width. The test-retest
reliability of spatio-temporal measurements recorded using the
GaitRite® is good to excellent [32]. Gait was assessed under four
conditions: the (i) custom-fitted school shoe, (i) custom-fitted cas-
ual shoe, (iii) participant’s usual casual shoe, and (iv) participant’s
usual school shoe. Participants familiarised themselves with walk-
ing on the GaitRite® walkway and completed three trials per con-
dition while walking at a self-selected speed (the three trials were
later averaged for each participant prior to data analysis). The
order of the conditions were randomised for each participant to
minimise ordering effects. To exclude the effects of acceleration
and deceleration, the first and last steps were removed from the
analysis [33].

Adaptation was assessed by estimating footwear fit. Footwear
fit measurements were collected at baseline but were analysed at
the end of the study; that is, these measures were not used to
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Figure 2. Foot and shoe measurements: (a) length measurement and (b) width measurement.

determine which shoes the participants received since this was
not part of usual practice in custom-fitting shoes. The purpose
was to understand whether an existing fitting process used in
typically developing children was suitable for children with foot
structural changes associated with Down syndrome. Footwear fit
was estimated by comparing footwear length and width of the
participant’s right shoe to measurements of their right foot
(Figure 2). Shoe dimensions were obtained by tracing the outline
of the sole of the right shoe (or the inner sole of the shoe if
removable) onto paper. The participant’s foot dimensions were
obtained by tracing the outline of the participant’s right foot onto
carbon paper imprint material in relaxed, bipedal standing. Foot
length and shoe length were measured by drawing a longitudinal
line from the bisection of the heel to the bisection of the second
digit to obtain the length measurement [34]. Foot width and shoe
width were measured by measuring width at the widest point of
the forefoot region. To achieve this, a line perpendicular to the
aforementioned longitudinal line was constructed at the point
where the line representing the widest point of the forefoot inter-
sected with the longitudinal line. Appropriate footwear fit was
defined as a difference between foot length and shoe length of
0-20 mm, and a difference between foot width and shoe width of
0-10 mm. Differences in length less than 0 were considered too
short and greater than 20 mm were considered too long [17].
Differences in width less than 0 were considered too narrow and
greater than 10 mm were considered too wide [17].

Sample size and data analysis

Sample size was not formally determined a priori as we aimed to
determine feasibility. We deemed a sample size of 30 participants

was reasonable to allow estimation of key feasibility parameters.
Statistical analysis was completed using IBM SPSS Statistics ver-
sion 25.0 (IBM Corp, Armonk, NY).

Quantitative data were analysed according to the intention-to-
treat principle [35]. Missing data were handled using multiple
imputation [36]. For multiple imputation, five iterations were
used, with age, group allocation, and baseline scores used as pre-
dictors. There was no data substitution for adverse events, adher-
ence, and use of co-interventions. Descriptive statistics were used
to report participant characteristics. Continuous data were
explored for normality using standard tests (skewness and kur-
tosis) [37] and all variables were found to be normally distributed.
Analysis of covariance (ANCOVA) was performed for between-
group comparisons at 6 and 12 weeks, using baseline scores as
covariates [38]. Effect sizes (standardised mean differences
(SMDs)) and associated 95% confidence intervals were calculated
for between-group differences.

Qualitative semi-structured interviews were audio-recorded
and transcribed verbatim. Two researchers (SC and NMH) inde-
pendently coded each transcript using an inductive method. The
codes were then grouped into emerging themes and subthemes.
Final themes were agreed on by consensus.

Results
Demand (including participant flow through the trial)

Over 11 months, 58 parents completed a telephone screening
questionnaire to determine their child’s eligibility for participation.
Thirty-three children were eligible to take part and randomised.
The recruitment rate was three participants per month. Reasons
for exclusion are itemised in Figure 3. Seventeen participants

69



EFFECT OF SHOES ON ACTIVITY IN DOWN SYNDROME @ 5

Excluded (n = 25)
-not meeting inclusion criteria (n = 8)
-declined to participate (n = 2)

Assessed for eligibility (n = 58)

A 4

-difficulty in travel (n = 8)
-unable to custom-fit shoe types (n = 3)
-non-adherent with activity monitor (n = 4)

Randomised (n = 33)

|

!

Custom-fitted footwear group (n = 17)

Wait-list control group (n = 16)

v

v

Received allocated intervention (n = 17)

Received allocated intervention (n = 16)

v

v

Six week follow-up (n =17)

| ‘ Six week follow-up (n = 16)

h 4

h 4

12 week follow-up (n = 17)

12 week follow-up (n = 15)
-Lost to follow-up due to long
travel distances (n=1)

v

A 4

Analysed (n =17)
-none excluded from the analysis

Analysed (n = 16)
-none excluded from the analysis

[Assessment ] [ Follow-up ] [Ailocation J [Enrolment J

Figure 3. Flow of participants through study.

were allocated to the custom-fitted footwear group and 16 partic-
ipants to the control group. Participants in both groups had simi-
lar baseline characteristics (Table 1). One participant was lost to
follow-up.

Implementation (adherence and co-interventions)

Mid-way through the trial, one model of the allocated school
shoes (Laura™ model, a Mary-Jane style shoe for girls) was dis-
continued by the manufacturer. This resulted in four female par-
ticipants receiving the male equivalent school shoe (Lochie™
model) instead. Both models were made on the same shoe last
and the only differences were in the appearance of the shoe and
the amount of coverage of the dorsal aspect of the foot provided
by the shoe. Although this replacement shoe did not change the
fitting process, it may have affected participants’ perceptions of
the appearance of the shoe, which was an issue raised by
one parent.

Data on adherence show that at 6 weeks, participants in the
custom-fitted footwear group reported wearing the casual shoes

for an average of 32.3 (SD 30.0) hours per week and the school
shoes for an average of 33.1 (SD 12.9) hours per week. At
12 weeks, participants in the custom-fitted footwear group wore
their casual shoes for an average of 35.0 (SD 43.1) hours and their
school shoes for an average of 35.0 (SD 21.8) hours per week.

Some participants reported using co-interventions during the
trial. At 6 weeks, one participant in the control group received a
new pair of foot orthoses due to out-growing their existing foot
orthoses. At 6 weeks, three participants in the custom-fitted foot-
wear group and six participants in the control group commenced
a new sport. At 12 weeks, four participants in the custom-fitted
footwear group and control group commenced a new sport over
the last 6 weeks. Six participants in the control group reported
they purchased and wore new footwear during the trial.

Acceptability

Three themes emerged from the interviews: (i) footwear fit and
comfort, (i) perceived changes to physical activity, and (iii) per-
ceptions of the footwear. Parents and participants indicated the
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Table 1. Participant characteristics at baseline.

Custom-fitted Control
footwear group
Characteristic group (n=17) (n=16)
General
Age (years) 9.7 (3.6) 9.6 (4.0)
Females/males, n 12/5 9/7
Height (m) 1.26 (0.2) 1.24 (0.2)
Weight (kg) 336 (14.3) 354 (17.7)
Body mass index (kg/mz) 20.0 (4.3) 21.4 (5.0)
Type of DS n (trisomy 21/translocation) 15/2 15/1
Level of perceived ID®, 5/8/4/0 5/6/5/0
n (unclear/mild/moderate/severe)
Current use of foot orthoses, n 4 4
Co-morbidities
Hearing impairment, n 3 4
Vision impairment, n 2 4
Heart disease, n 2 0
Incontinence, n 1 3
Hypothyroidism, n 2 2
Foot health assessment
Hallux valgus, n 1 2
Lesser toe deformity, n 10 6
FPIC (RY) 8.5 (2.0) 8.5 (1.5)
Arch index (R) 0.30 (0.05) 0.29 (0.04)
Physical activity
Days accelerometer worn (days) 6.0 (0.9) 6.0 (0.8)
Hours accelerometer worn (hours/day) 12.7 (1.2) 12,6 (1.4)
Vector magnitude per day (counts) 745516 783212
(239 783) (303 109)
Steps per day 6981 (1280) 6942 (2218)
Time spent in sedentary 555 (56) 564 (82)
activities per day (min)
Time spent in light activities per day (min) 64 (20 65 (27)
Time sfpent in MVPA® per day (min) 93 (36) 96 (52)
OxAFQ-C' domain scores
Physical (%) 74 (18) 72 (18)
School and play (%) 85 (18) 88 (15)
Emotional (%) 94 (6) 96 (7)
Concern (%) 62 (38) 70 (28)

Values are mean (SD) unless otherwise stated.

?Down syndrome.

PIntellectual disability.

Foot Posture Index-6.

dRight foot.

“Moderate to vigorous physical activity.

fOxford Ankle Foot Questionnaire for Children — higher domain scores indicate
better health for the respective domain.

custom-fitted footwear fitted well and were comfortable. Parents

reported their children had no issues wearing the shoes and did

not show signs of refusal to wear the shoes. One parent reported:
He has not taken them off. So generally he is one that would take his

shoes on and off... once they're on in the morning, they're on all day,
so they're obviously comfortable.

Another parent reported:

When we first got these to him, he didn't object. Normally with new
shoes he objects, but because we took the other ones away and he
really liked these (intervention), there was no objection.

Participants reported the shoes helped them “run faster” or
“play for longer.” Many parents indicated they perceived an
increase in their child’s physical activity and improvement in the
quality of their child’s walking. One parent reported:

| would say that he would do the same things but better. In a sense,

with a lesser pair of shoes his legs possibly get tired more
quickly ... but with these shoes, his (foot) pronation seems to disappear.

All participants indicated they liked the shoes they received
and described their favourite shoe features to be the colour, fit,

and fixation style. Most participants preferred the casual shoe
over the school shoe, describing the school shoes as “too hard”
or they were difficult to break in, which at times caused them
pain and discomfort. Participants indicated they preferred the
shoes with Velcro® fixation over laces because of difficultly tying
laces. Having Velcro® meant they were in control of wearing their
own shoes.

Practicality (adverse events)

In the custom-fitted footwear group, one participant experienced
a minor adverse event (blister) at 6 and 12 weeks. One participant
reported the style of shoe was uncomfortable due to the closed-
in upper of the school shoe (Lochie™ model) and another partici-
pant reported mild rubbing from their shoes at 12 weeks. There
were no serious adverse events.

Limited efficacy testing (physical activity, disability associated
with foot and ankle problems and gait parameters)

One participant did not return their physical activity monitor at
6 weeks, and two participants did not return their activity monitor
at 12 weeks. At 6 weeks, the average accelerometer wear times
per day were 12.9h (SD 1.2) in the custom-fitted footwear group
and 12.3h (SD 1.1) in the control group. At 12 weeks, the average
accelerometer wear times were 13.0h (SD 1.2) in the custom-fit-
ted footwear group and 12.3h (SD 1.5) in the control group.
There were trends for between-group differences in moderate to
vigorous physical activity per day at 6 and 12 weeks, with greater
differences observed at 6 weeks. Participants allocated to the cus-
tom-fitted footwear group demonstrated an increase in moderate
to vigorous physical activity per day at 6 weeks (adjusted mean
difference= 20 min; 95% Cl -9 to 50, p= 0.170) and 12 weeks
(adjusted mean difference= 8 min; 95% Cl -21 to 37; p= 0.554).
These effects were associated with trends for an increase in steps
per day, reduced time spent in sedentary activity, as well as an
increase in time spent in light activity in those allocated to the
custom-fitted footwear group (Table 2).

There were no trends for between-group differences across
domain scores of the OXAFQ-C (disability associated with foot and
ankle problems) at 6 and 12 weeks (Table 2). There were also no
trends for between-group differences for any gait parameters at
12 weeks (see online Supplementary File 1).

Adaptation (footwear fit)

Table 3 presents the estimated footwear fit. Overall (n=33), the
usual casual shoes and usual school shoes were considered to be
an appropriate length in 20 (61%) and 17 (52%) participants,
respectively, and an appropriate width in seven (21%) and six
(18%) of participants, respectively. In those allocated to receive
footwear as part of the custom-fitted footwear group (n=17), the
casual shoes and the school shoes were considered to be an
appropriate length in seven (41%) and 10 (59%) participants,
respectively, and an appropriate width in one (10%) and one
(10%) participant, respectively. Those allocated to the wait-list
control group received their footwear at the end of the study.
The footwear fit measures for these participants showed that the
casual shoes and the school shoes were considered to be an
appropriate length in nine (56%) and eight (50%) participants,
respectively, and an appropriate width in one (6%) and two (13%)
participants, respectively.
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Table 2. Physical activity and Oxford Ankle Foot Questionnaire for Children outcome data at 6 and 12 weeks.

Custom-fitted footwear

group (n=17)

Control group Adjusted mean difference

Physical activity (6 weeks)
Average vector magnitude per day (counts)

Average steps per day 7259 (1573)

Average time spent in sedentary activities per day (min) 558 (79)
Average time spent in light activities per day (min) 64 (21)
Average time spent in MVPAP per day (min) 103 (43)
OXAFQ-C* (6 weeks)

Physical domain (%) 78 (18)
School and play (%) 85 (18)
Emotional (%) 94 (6)

Concern (%) 76 (32)

Physical activity (12 weeks)
Average vector magnitude (counts)

Average steps per day 7119 (2094)

Average time spent in sedentary activities per day (min) 567 (59)
Average time spent in light activities per day (min) 60 (21)
Average time spent in MVPA per day (min) 93 (42)
OxAFQ-C (12 weeks)

Physical domain (%) 80 (19)
School and play (%) 89 (14)
Emotional (%) 98 (5)

Concern (%) 74 (29)

788695 (232774)

728079 (218028)

(n=16) (95% Cl) (footwear — control) SMD? (95% Cl)
698 591 (259 432) 90104 (-78597 to 258 804) 0.37 (-0.32 to 1.06)
6480 (1757) 779 (-368 to 1926) 0.47 (-0.22 to 1.16)
620 (163) -62 (-149 to 25) -0.49 (-1.18 to 0.20)
57 (25) 7 (10 to 23) 0.31 (-0.38 to 0.99)
83 (43) 20 (-9 to 50) 0.48 (-0.21 to 1.17)
77 (15) 0.2 (-9 to 10) 0.07 (-0.61 to 0.76)
88 (15) -2(-12to0 8) -0.22 (-0.90 to 0.47)
96 (7) -1 (-5 to 3) -0.22 (-0.91 to 0.46)
74 (31) 8 (-8 to 25) 0.08 (-0.60 to 0.76)
737 483 (266 748) -9404 (<174 777 to 155970) -0.04 (-0.72 to 0.64)
6981 (1847) 138 (-1254 to 1530) 0.07 (-0.61 to 0.75)
572 (65) -5 (-48 to 37) -0.08 (-0.76 to 0.60)
64 (26) -5 (=20 to 11) -0.17 (-0.85 to 0.51)
84 (39) 8 (-21 to 37) 0.20 (-0.48 to 0.89)
75 (19) 4 (-8 to 15) 0.24 (-0.45 to 0.92)
89 (13) 1 (-7 to 10) -0.01 (-0.69 to 0.68)
96 (8) 3(2t07) 0.27 (-0.42 to 0.95)
65 (34) 12 (-7 to 32) 0.27 (-0.42 to 0.95)

Values are mean (SD) unless otherwise stated.

2Standardised mean differences are based on mean data at the specified time point.

Moderate to vigorous physical activity.

Oxford Ankle Foot Questionnaire for Children - higher domain scores indicate better health for the respective domain.

Table 3. Footwear fit for participants’ usual and custom-fitted footwear.

Usual casual shoe

Usual school shoe

Clarks casual shoe Clarks school shoe

Custom-fitted Control Custom-fitted Control Custom-fitted Control Custom-fitted Control
footwear group group footwear group group footwear group group footwear group  group
(n=17) (n=16) (n=17) (n=16) (n=17) (n=16) (n=17) (n=16)
Length assessment
Too short, n 0 2 0 1 0 0 1 0
Too long, n 6 5 8 6 10 7 6 8
Acceptable, n 1 9 9 8 7 9 10 8
Mean difference (SD) between shoe 16.9 (8.0) 15.6 (12.4) 18.2 (8.3) 16.4 (10.5) 20.9 (5.0) 18.31 (8.3) 17.7 (8.8) 18.4 (8.2)
length and foot length (mm)
Width assessment
Too narrow, n 13 13 14 13 16 16 16 14
Too wide, n 0 0 0 0 0 0 0 0
Acceptable, n 4 3 3 3 1 1 1 2
Mean difference (SD) between shoe -5.82 (8.8) -6.25 (6.9) -6.6 (7.4) -7.6 (7.4) -6.9 (6.9) -8.5 (8.3) -7.1(7.4) -8 (8.4)
width and foot width (mm)
Acceptable fit (length and width), n (%) 2 (12) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1(10) 0 (0)

Footwear fit defined as follows: acceptable shoe length = difference in length between shoe and foot was 0-20 mm; too short = difference in length between shoe
and foot was <O mm; too long = difference in length between shoe and foot was >20 mm. Acceptable shoe width = difference in width between shoe and foot
was 0-10 mm; too narrow = difference in width between shoe and foot was <0 mm; too wide = difference in width between shoe and foot was >10 mm.

Discussion

Our findings demonstrate the feasibility of several aspects of the
study. Participants found the shoes acceptable, they adhered to
wearing the shoes, and only a small number of minor adverse
events were reported. However, participant recruitment was
slower than anticipated, the relatively high rate of use of co-inter-
ventions was not anticipated by the researchers, and the method
used to fit the shoes (which is based on typically developing chil-
dren) may not be suitable for children with Down syndrome.
Although meeting the eligibility criteria, many parents indi-
cated long travel distance to the assessment location was a bar-
rier to study participation. Parents reported this caused difficulty
in coordinating appointment times, which may adversely affect
their child’s mood and subsequently their level of cooperation

during assessments. Holidays and missing school to attend assess-
ment sessions were additional barriers to participation, which
delayed enrolment. Future trials would need to allow greater flexi-
bility in assessment location and timing to reduce the travel bur-
den on families. It is important to note that, once enrolled in the
study, there was good participant retention, with only one partici-
pant lost to follow-up.

The use of co-interventions was higher than expected, which
may affect the internal validity of a future definitive trial. The high
rate of co-intervention use, particularly the purchase and use of
new footwear by control group participants, may be explained by
resentful demoralisation [39] as a result of being allocated into
the less preferred group [40]. Parents were not instructed to mod-
ify shoe purchases and therefore were not aware of any potential
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effects of co-interventions on the outcome measures or may have
experienced issues such as requiring new footwear during the
study. Prospectively requesting parents about refraining from
using co-interventions may reduce their use during any
future trials.

Another important finding of this study was that footwear fit
was not ideal for the majority of participants in the custom-fitted
footwear group. Although the shoes provided to participants
were fitted according to the manufacturer’s protocol, our estima-
tion of fit demonstrated the footwear provided was excessively
long and not wide enough for most participants. A likely reason
for this is that the rounded toe box of the shoes appeared to not
match the forefoot shape of children with Down syndrome, which
is typically broad and relatively square [10]. These findings sug-
gest that the manufacturer’s shoe fitting protocol may not be
suitable for children with Down syndrome. These issues need fur-
ther consideration in the planning of any future trials.

Limited efficacy testing showed that there was a trend for
increased physical activity in participants that received custom-fit-
ted footwear. At 6 weeks, there was a 20 min per day difference
between groups in moderate to vigorous physical activity in
favour of the custom-fitted footwear. At 12 weeks, there was an
8min per day difference in favour of the custom-fitted footwear.
These effects were associated with trends for an increase in steps
per day, reduced time spent in sedentary activity, as well as an
increase in time spent in light activity, particularly at 6 weeks, in
participants that received custom-fitted footwear. Statistically sig-
nificant differences between the groups were not anticipated as
this was a relatively small feasibility study. However, the differen-
ces in moderate to vigorous physical activity at 6 and 12 weeks
equate to an increase in moderate to vigorous physical activity of
140 and 56 min per week, respectively. This is a potentially clinic-
ally worthwhile increase because it can assist children with Down
syndrome meet physical activity guidelines, which suggest that
children should engage in at least 60 min of moderate to vigorous
physical activity per day [3]. There were no between-group differ-
ences, or trends for between group differences, for disability asso-
ciated with foot and ankle problems (assessed using the OxAFQ-
C) or gait parameters, so the inclusion of these measures in future
trials may be unnecessary.

There are three major strengths to this pilot study. First, we
evaluated several domains of an evidence-based framework to
determine feasibility [19], which supports the primary aim of the
study. Second, we used commercially available footwear and a
recommended shoe fitting technique, which adds external validity
to the findings, since this is what children with Down syndrome
and their families usually experience in everyday life. Third, the
study design aimed to minimise bias through design features and
data analysis, such as using random sequence generation, con-
cealed allocation of interventions, as well as assessor blinding.
Further, there was minimal attrition and an intention-to-treat ana-
lysis was performed.

This study has five limitations that need to be acknowledged.
First, we did not investigate all domains of feasibility (integration,
expansion) because these domains were not relevant to the out-
comes measured, so it is unclear what the feasibility of the inter-
vention is in relation to these domains. Second, due to the use of
commercially available footwear, there were only limited size
combinations available (shoe length and widths), which con-
strained our ability to truly custom-fit the footwear to the dimen-
sions of participants’ feet. In most cases, the allocated footwear
was too long and/or too narrow. Future trials would need to
ensure the custom-fitted footwear being evaluated s

appropriately fitting. Third, we did not exclude participants who
were already wearing appropriately fitting footwear prior to enrol-
ment, so a future trials could consider this an exclusion criteria.
Fourth, we did not normalise gait parameters (stride length, step
length and walking velocity) for leg length. This has been recom-
mended when participants of different age and leg length are
included in a study [41]. However, as shown in Table 1, the mean
and standard deviations values for age and height suggest a simi-
lar distribution between the groups, hence the data were not nor-
malised. Finally, it was not possible to blind participants, so the
estimation of intervention effects may have been overinflated due
to ascertainment bias [42]. This is an inherent problem faced
when conducting trials using physical interventions [43].

Conclusions

This study has shown that a definitive randomised trial to evalu-
ate the efficacy of custom-fitted shoes to increase physical activity
in children with Down syndrome is feasible. However, future trials
would need to ensure that the footwear intervention used fits
participants’ feet appropriately. This requires the custom-fitted
footwear being evaluated to have a wider variety of fitting
options than those used in this study. Additionally, greater flexi-
bility with respect to location of assessments would improve
recruitment rate in this population.
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Chapter 4 — Reproducibility study

Preface

A randomised pilot study (Chapter 3) suggested a definitive randomised trial is feasible
but highlighted that commercially available footwear — despite being custom-fitted — may

not be able to accommodate the unique foot structure of children with Down syndrome.

To be able to supply appropriately fitting footwear to children with Down syndrome, a
detailed understanding of the foot dimensions of children with Down syndrome is
required. This requires reproducible methods of obtaining the foot dimensions of children
with Down syndrome. 3D foot scanning technology has the potential to improve our
knowledge on the foot dimensions of children with Down syndrome; however, its
reproducibility has not been evaluated in children with Down syndrome. Therefore, the
study presented in this chapter aims to address Objective 3 of this thesis, to determine
the reproducibility of measuring foot dimensions of children with Down syndrome using
3D foot scanning. The protocol for obtaining foot measurements from 3D foot scans

described in this study was used in a subsequent study (Chapter 5).

This chapter has been published in the Journal of Foot and Ankle Research in 2020 with
the associated online supplementary files presented in Appendix 3. The citations within
this chapter relate to the reference list of the publication, not the reference list included at
the end of this thesis. Following publication of this journal article, a correction (i.e.
corrigendum) was published that detailed minor amendments to the wording of the
article. The correction is included at the end of this chapter immediately after the journal

article.
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4.1 Reproducibility of foot dimensions measured from 3-dimensional

foot scans in children and adolescents with Down syndrome

The reference for this publication is:

Hassan NM, Buldt AK, Shields N, Landorf KB, Menz HB, Munteanu SE. Reproducibility
of foot dimensions measured from 3-dimensional foot scans in children and adolescents
with Down syndrome. Journal of Foot and Ankle Research. 2020;13:31. DOI:
https://doi.org/10.1186/s13047-020-00403-1

The reference for the correction is:

Hassan NM, Buldt AK, Shields N, Landorf KB, Menz HB, Munteanu SE. Correction to:
Reproducibility of foot dimensions measured from 3-dimensional foot scans in children
and adolescents with Down syndrome. Journal of Foot and Ankle Research. 2020;13:41.
DOI: https://doi.org/10.1186/s13047-020-00409-9
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Abstract

Background: Children and adolescents with Down syndrome have a distinctive foot shape (such as wide and flat
feet) that often leads to difficulty with footwear fitting. 3-dimensional (3D) scanning can accurately measure the
foot dimensions of individuals with Down syndrome, which may assist shoe fit. However, the reproducibility of
measuring foot dimensions using 3D scans in children and adolescents with Down syndrome is unknown. The aim
of this study was to determine the intra- and inter-rater reproducibility of measuring foot dimensions of children
and adolescents with Down syndrome using 3D scanning.

Methods: 3D foot scans of 30 participants with Down syndrome aged 5 to 17 years were obtained using the
FotoScan 3D scanner. Foot dimensions assessed were foot length, ball of foot length, outside ball of foot length,
diagonal foot width, horizontal foot width, heel width, ball girth, instep girth, first and fifth toe height, and instep
height. Additionally, the Wesjflog Index and forefoot shape were determined. Measurements were completed by
two raters independently on two separate occasions, 2 weeks apart. Intra- and inter-rater reliability were assessed
using intra-class coefficients (ICCs) and Gwet's ACT statistics with 95% confidence intervals. Agreement was
determined by calculating limits of agreement (LOA) and percentage agreement.

Results: Eighteen participants were female and 12 were male (mean age 10.6 [3.9] years). Intra-rater reproducibility
(ICCs ranged from 0.74 to 0.99, 95% LOA from — 13.7 mm to 16.3 mm) and inter-rater reproducibility (ICCs ranging
from 0.73 to 0.99, 95% LOA from — 188 mm to 12.7 mm) was good to excellent, although some measurements (ball
of foot length, outside ball of foot length, heel width and girth measurements) displayed wider LOAs indicating
relatively poorer agreement. Forefoot shape displayed substantial to almost perfect reliability (Gwet's AC1 0.68 to
0.85) and percentage agreement ranged from 73 to 87%, indicating acceptable agreement.
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Conclusions: The measurement of specific foot dimensions of children and adolescents with Down syndrome
using 3D scans is reproducible. Findings of this study may be used to support future research measuring specific
foot dimensions of children and adolescents with Down syndrome using 3D foot scans.

Keywords: Foot, Shoes, Down syndrome, Child, Adolescent, Foot deformities, 3-D image, Reproducibility of results

Background

Down syndrome is the most common chromosomal dis-
order [1], occurring in 1 in every 650 to 1000 live births
[2]. Down syndrome affects multiple body systems in-
cluding the nervous, cardiovascular and the musculo-
skeletal systems [3], resulting in intellectual and physical
disability. Individuals with Down syndrome can have re-
duced physical fitness [4], ligamentous laxity, hypotonia,
reduced lower limb muscle strength [5], less functional
gait patterns [6] and gait instability [7].

Children and adolescents with Down syndrome com-
monly experience conditions associated with the foot that
may impact their physical function. A population-based
study involving 197 young individuals with Down syn-
drome reported 63% of individuals with Down syndrome
were affected by a musculoskeletal condition of the foot
[8]. At present, the exact cause of many of these condi-
tions is not clearly understood. However, a contributing
factor may be the unique foot shape of this population
leading to difficulties in finding appropriately-fitting foot-
wear. Children and adolescents with Down syndrome
often have a flatter, shorter and broader foot [9], and are
more likely to have foot deformities that includes lesser
toe deformities and hallux valgus [9]. These deviations in
foot shape are likely to contribute to the number of chil-
dren and adolescents with Down syndrome who wear
poorly-fitting footwear; 60 to 88% of children and adoles-
cents with Down syndrome [10, 11] compared to 16% of
typically developing children [11]. Poorly-fitting footwear
can have adverse outcomes including the development of
foot pain, which may lead to impaired health-related qual-
ity of life and altered gait patterns [12, 13]. Additionally,
poorly-fitting footwear may contribute to reduced physical
activity in children and adolescents with Down syndrome
[13]. This is an issue for children and adolescents with
Down syndrome because they have low levels of physical
activity and are at greater risk of developing chronic
health conditions as a result. It may also contribute to
their reduced social participation. Further, having an intel-
lectual disability can be an additional complicating factor
as children and adolescents with Down syndrome may not
always verbally communicate pain experienced to their
caregivers despite being more sensitive to pain [14].

Given the high prevalence of poorly-fitting footwear
and the potentially detrimental effects on health, im-
proving footwear-fit for children and adolescents with

Down syndrome is important. Improving footwear fit
may result in improved health-related quality of life and
participation in physical activities. Additionally, improv-
ing the health of children and adolescents with Down
syndrome may reduce burden to the health care system.
Improving footwear fit can be achieved by designing
footwear that can accommodate the unique foot shape
of this population [12]. An essential initial step in de-
signing footwear for children and adolescents with
Down syndrome would be to capture the detailed foot
dimensions of this population using reliable and valid
methods. Although there is general consensus the foot
shape of children and adolescents with Down syndrome
differs to typically developing children, only one study
[15] demonstrated the feet of young males with Down
syndrome were shorter and narrower than age-matched
peers, as measured using a podoscope. However, a limi-
tation of this study is that only 2 foot dimensions (foot
length and width) were measured using a 2-dimensional
technique [8], which may not fully represent the com-
plex shape of the foot. Three-dimensional (3D) scanning
technology is a valid and reproducible means of obtain-
ing detailed data on foot shape [16] and has been used
to study the variations in foot shape in a number of dif-
ferent populations [17-19]. However, no studies have
used 3D scanning to evaluate the foot dimensions of
children and adolescents with Down syndrome, and the
reproducibility of performing these measurements is un-
known. Therefore, the aim of this study is to determine
the reproducibility of measuring foot dimensions of chil-
dren and adolescents with Down syndrome using 3D
foot scanning.

Methods
This study is reported in accordance with Guidelines for
Reporting Reliability and Agreement Studies [20].

Study design

Data were obtained from a previous feasibility study in-
vestigating the efficacy of custom-fitted footwear to in-
crease physical activity levels in children and adolescents
with Down syndrome [21]. The study was approved by
the La Trobe University Human Ethics Committee
(HEC16-027) and written informed consent was ob-
tained from parents or guardians. Where appropriate,
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children and adolescents also provided written assent for
participation prior to enrolment [21].

Participants

Participants were children and adolescents aged 5 to 17
years with Down syndrome. Participants were excluded
if they had any health condition that may affect physical
activity (e.g. inflammatory arthritis, subluxation etc.) as
reported by their parents, or required the use of an am-
bulatory device (e.g. cane, crutches or walker). Partici-
pants were recruited through a member-based disability
organisation for individuals with Down syndrome that
was based in the community [21].

Raters

Two raters (NMH and AKB) performed the measure-
ments for all foot scans, and measurements were re-
peated twice within 4 weeks to assess intra- and
inter-rater reproducibility. Both raters were registered
podiatrists with four and 14 years of clinical experi-
ence, respectively. Rater 1 had 3 months and rater 2
had 5 years of experience using 3D scans to measure
foot dimensions, respectively.

Measurements of participant characteristics

Participants had their height and weight measured to
calculate body mass index (BMI). Measurements were
for the right foot only. Foot posture was assessed using
two indices; the Foot Posture Index [22] and the Arch
Index [23]. For both indices, higher positive scores indi-
cate a flatter foot posture. The presence of lesser digital
deformities (i.e. hammer, mallet and claw toes) was doc-
umented [10, 24]. The presence and severity of hallux
valgus deformity was assessed using the Manchester
scale [25]. The degree of deformity was graded on a
scale of 0 to 3 (no deformity, mild, moderate and se-
vere). Scores for hallux valgus were dichotomised, where
scores of 0 and 1 were graded as absent and scores of 2
and 3 were graded as present [26].

Scanning procedure

Participants stood in a relaxed, full weight-bearing pos-
ition and a 3D scan was taken of their right foot using
the FotoScan 3D scanner (Precision 3D, Weston-super-
mare, UK). The FotoScan 3D device uses a fixed system
of cameras and projectors to obtain images of the foot,
that are automatically converted into a 3D model [27].
According to the manufacturer, the scans obtained with
this system are accurate to within less than half a milli-
metre. The 3D foot scans were then exported as stereo-
lithography (STL) files (Fig. 1). The 3D-Tool® Version
13 (3D-Tool GmbH, Weinheim, Germany) was used to
obtain all length, width and height measurements. For
girth measurements, a cross-section of the foot at the
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Fig. 1 3D model of right foot viewed from the medial aspect

relevant landmarks was created and exported as a draw-
ing exchange format file. The perimeter of the cross-
section was determined using Canvas® 11 software
(ACD Systems International, Seattle, WA, USA).

Measurement of foot dimensions
Prior to data collection, pilot testing of the foot mea-
surements was completed. A measurement technique
protocol was developed (see Additional file 1). The
protocol was piloted on the scans of five participants
and the results were compared. Where there was sub-
stantial variability in results, the measurement technique
was clarified between raters until consensus was reached.
Each rater worked independently during data collection
and compiled measurements on separate Excel spread-
sheets (Microsoft® Office 365, Microsoft, Redmond, WA,
USA) on two separate occasions that were two weeks
apart.

We measured 13 foot dimensions that are relevant to
footwear manufacturing [17, 28, 29]. These were (Figs. 2
and 3):

1. Foot length: distance between foot end (pternion)
and foot tip (anterior point of most protruding toe).

2. Ball of foot length: distance between foot end
(pternion) and the first metatarsophalangeal
protrusion.

3. Outside ball of foot length: distance between foot
end (pternion) and the fifth metatarsophalangeal
protrusion.

4. Diagonal foot width: connecting line between the
first metatarsophalangeal joint and the fifth
metatarsophalangeal joint.

5. Horizontal (orthogonal) foot width: orthogonal
connection line starting at the first
metatarsophalangeal joint to the outside curvature
of the foot.
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6. Heel width: maximum, orthogonal connection line
starting at the medial side of the heel to the outside
curvature of the heel.

7. Wejstlog Index: a ratio measurement of foot length
to the diagonal forefoot width.

8. Ball girth: maximum circumference at the level of the
first and the fifth metatarsophalangeal joint protrusion.

9. Instep girth: maximum circumference measured
from the most plantar aspect of the foot to the most
dorsal aspect of the foot, at the level of the navicular.

10. First toe height: maximum height of the hallux
measured from the most plantar aspect of the
hallux to the most dorsal aspect of the hallux.

11. Fifth toe height: maximum height of the fifth toe
measured from the most plantar aspect of the
fifth toe to the most dorsal aspect of the fifth
toe.

12. Instep height: measured from the most plantar
aspect of the foot to the most dorsal aspect of soft
tissue (plantar foot end to the junction of shank and
foot dorsum).

13. Forefoot shape: determined by categorising forefoot
shape into three categories using the length of the
digits. The categories were (i) first toe longest; (ii)
second toe longest; and (iii) first and second toe
length equal length.

Fig. 3 Measurements of forefoot shape: a first toe longest; b second toe longest; and ¢ first and second toe length equal
|
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Statistical analysis

An a priori sample size estimation using the Power
Analysis and Sample Size software (PASS 15 software,
NCSS, LLC, Kaysville, UT, USA) for the ICC test,
alpha of 0.05, power 0.80 and ICC of 0.60 determined
that a minimum sample size of 19 participants (foot
scans) was necessary. However, as we had access to
foot scans of 30 children and adolescents with Down
syndrome, all scans were measured. Analyses were
performed using IBM SPSS Statistics version 25.0
(IBM Corp, NY, USA) and STATA SE Version 14.2
(StataCorp, College Station, TX, USA), using the kap-
paetc module. To satisfy the independence assump-
tion of statistical analysis, measurements from the
right foot only were analysed [30]. For continuous
data, data were assessed for normality using skewness
and kurtosis tests, and data were found to be nor-
mally distributed. For continuous data, reliability was
calculated using ICCs with 95% confidence intervals
(ICC [1, 2], consistency) [31]. Interpretation of ICCs
were based on definitions provided by Portney and
Watkins [32], where ICC values less than 0.5 was
considered as poor, values between 0.5 to 0.75 was
considered as moderate, values between 0.75 to 0.90
was considered as good and any value above 0.90 was
considered as excellent reliability. For nominal data,
reliability was determined by calculating Gwet’s AC1
statistic [33] and results were interpreted according to
Landis and Koch cut-offs, which are: less than zero
was considered poor, 0 to 0.20 slight, 0.21 to 0.40
fair, 0.40 to 0.60 moderate, 0.60 to 0.80 substantial,
0.81 to 1.00 almost perfect reliability [34]. For con-
tinuous data, agreement was determined by calculat-
ing limits of agreement (LOA) [35]. For the
calculation of LOAs, the presence of heteroscedasti-
city was assessed, and when present, ratio LOAs were
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calculated by taking the antilog of the calculated LOA
values [36]. For nominal data, agreement was deter-
mined by using percentage agreement.

Results

Table 1 summarises the participant characteristics.
There were 18 females and 12 males, with a mean (SD)
age of 10.6 (3.9) years. The mean Foot Posture Index
was +9 (1.8) and the mean Arch Index was 0.30 (0.05),
indicating that on average, participants had a flat foot
type. Hallux valgus was present in 4 participants (13%),
and 14 participants (46%) had some degree of deformity
of one of the lesser toes. No participants were excluded
on the basis of requiring an ambulatory device.

Intra-rater reproducibility

Table 2 summarises the intra-rater reproducibility of
all 13 foot measurements. The intra-rater reliability
of rater 1 was good to excellent for 11 out of 13
measurements, with ICCs ranging from 0.76 to 0.99.
Fifth toe height and forefoot shape measurements had
moderate reliability only (ICC=0.74, Gwet's ACl =
0.68 respectively). For rater 2, intra-rater reliability
was good to excellent for all 13 measurements (ICCs/
Gwet’'s AC1 >0.83).

There were 6 measurements (foot length, diagonal
foot width, Wejsflog Index, first toe height, fifth toe
height and instep height) for both raters and 1 meas-
urement for Rater 2 (horizontal foot width) that ex-
hibited narrow LOAs ranging from -57mm to 8.1
mm. However, 5 measurements (ball of foot length,
outside ball of foot length, heel width, ball girth, and
instep girth) demonstrated wider LOAs ranging from
-13.5mm to 16.3 mm. For forefoot shape, agreement
ranged from 73 to 87%.

Table 1 Participant characteristics — values are mean (SD) unless otherwise stated

Characteristic Mean (SD)
Age, years 106 (3.9)
Females/males, n 18/12
Height (m) 1.30 (0.19)
Weight (kg) 40.1 (214)
BMI' (kg/m?) 219 (6.7)
Type of Down syndrome, n (Trisomy 21 / Translocation) 27/3
Level of intellectual disability (unclear/mild/moderate/severe) 9/12/9/0
Presence of hallux valgus, n (%) 4(13.0)
Presence of digital deformity, n (%) 14 (46.0)
Foot Posture Index* 88 (1.8)
Arch Index’ 030 (0.05)

"Body mass index; 2Foot Posture Index; *Arch Index. The Foot Posture Index scores range from —12 to + 12. Scores less than 1 indicate a supinated foot posture,
scores between 1 and 7 indicate a normal foot posture, and scores greater than 7 indicate a pronated foot posture. Arch Index represents the ratio of the area of
the middle third of a footprint to the entire footprint area, excluding the digits. Normal: 0.21 to 0.28, high: <0.21 and low: > 0.28
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Table 2 Intra-rater reproducibility of foot measurements
Rater 1 Rater 2
Trial 1 Trial 2 Trial 1 Trial 2

Foot Mean Mean  1CC (95% CI) 95% LOA’ Mean Mean  1CC (95% CI) 95% LOA’

measurement (SD) (SD) [Interpretation] (SD) (SD) [Interpretation]

Foot length 1933 1927 0.99 (0.99 to 1.00) -201t0 32 1932 1925 0.99 (0.99 to 1.00) -161t0 30
(279 (28.1) [Excellent] (27.6) (28.0) [Excellent]

Ball of foot length  146.0 145.6 0.97 (0.94 to 0.99) -9.7 10 106 147.3 149.2 0.98 (0.97 to 0.99) —-871t048
(21.1) (222) [Excellent] (21.0) (219 [Excellent]

Outside ball of 1275 1249 0.97 (0.94 to 0.99) =57 1t0 10.7 1305 1293 0.89 (0.80 to 0.95) -13.71t0 163

foot length (184) (17.7) [Excellent] (15.8) (18.0) [Good]

Diagonal foot 794 79.0 0.99 (0.98 to 1.00) -321039 784 784 0.98 (0.98 to 0.99) —-381t037

width (13.1) (13.0) [Excellent] (12.0) (12.3) [Excellent]

Horizontal foot 773 77.1 0.97 (0.94 to 0.99) -58106.1/0934 768 76.9 0.98 (0.98 to 1.00) -361033

width (12.7) (12.2) [Excellent] to 1.06% (12.0) (11.7) [Excellent]

Heel width 484 494 0.76 (0.60 to 0.90) -12.1t0 10.1 471 455 0.83 (0.70 to 0.91) —7.7t0 108 / 0.86
(8.5) (79 [Good] (8.6) (7.6) [Good] to 1.23%

Wejsflog Index 25(02) 25(0.2) 096 (0.92 to 0.98) -0.1t0 0.1 25 25 0.95 (0.90 to 0.98) -0.1t0 0.1

[Excellent] 0.21) 0.21) [Excellent]

Ball girth 1903 190.6 0.98 (0.96 to 0.99) -1141t0 107 1894 189.2 0.98 (0.97 to 0.99) —9.81t0 103
(29.1) (31.5) [Excellent] (29.6) (30.7) [Excellent]

Instep girth 202.5 2044 0.97 (0.95 to 0.99) -1351t0 3.7 200.0 198.7 0.99 (0.98 to 1.00) -581t083
(26.5) (27.5) [Excellent] (27.5) (26.9) [Excellent]

First toe height 20.1 20.7 0.88 (0.80 to 0.94) -431033 20.7 212 0.83 (0.70 to 0.92) —-4910 39
(4.5) (36) [Good] 4.1) (3.8) [Good]

Fifth toe h-:-}ight3 1693 176 0.74 (0.52 to 0.87) -4310 30 17.5 1749 0.84 (0.70 to 0.92) -2910 29
(2.6) 27) [Moderate] (2.8) (2.6) [Good]

Instep height 57.1 544 0.93 (0.90 to 0.97) 28to 81 536 553 0.95 (091 to 0.98) —5.71025/089
(7.7) (8.0) [Excellent] (7.5) 6.7) [Excellent] to 1.05

Forefoot shape - - 0.68 (045 to 0.90)" 73 (60 to 90)° - - 0.85 (0.70 to 1.0)* 87 (70 to 100)°

[Substantial] [Almost perfect]

"Limits of agreement. 2Ratio limits of agreement also presented as measurement displays heteroscedasticity. 329 scans were used due to the presence of artefacts.

“Gwet's AC1. *Percentage agreement. Foot dimensions are measured in millimetres

Inter-rater reproducibility

Table 3 summarises the inter-rater reproducibility of all
13 foot measurements. The inter-rater reliability was
good to excellent for all 11 measurements, with ICCs
ranging from 0.89 to 0.99. Fifth toe height and forefoot
shape measurements had moderate reliability only
(ICC=0.73 and Gwet’s AC1 = 0.77, respectively).

Six measurements (foot length, diagonal foot width,
horizontal foot width, Wejsflog Index, first toe height and
fifth toe height) demonstrated narrow LOAs, ranging from
- 44 mm to 5.8 mm. However, the remaining 5 measure-
ments (ball of foot length, outside ball of foot length, ball
girth, instep girth and instep height) displayed relatively
wider LOAs ranging from -18.8 mm to 12.7 mm. Per-
centage agreement for forefoot shape was 80%.

Discussion

We found that the foot dimensions of children and ado-
lescents with Down syndrome can be measured reliably
from 3D foot scans. Our results indicate moderate to ex-
cellent reliability for all foot dimension measurements as

demonstrated by high inter-rater ICC values or Gwet’s
AC1 values. However, the measurement of fifth toe
height displayed poorer reliability. We observed some
measurements (foot length, diagonal foot width, hori-
zontal foot width, Wejsflog Index, first toe height and
fifth toe height) had narrow LOAs indicating good
agreement between raters, whereas others (ball of foot
length, outside ball of foot length, ball girth, instep girth
and instep height) displayed wider LOAs, suggesting
relatively poorer agreement.

We observed differences in the performance of the two
raters. The reliability for rater 1 was poorer than rater 2
for the measurements of heel width, fifth toe height and
forefoot shape. The reason for this is unclear but could be
that these measurements are more challenging to measure
due to difficulty in locating the boundaries of these re-
gions, particularly the toe region [16]. It is also possible
that varying experience of the raters influenced the find-
ings, since the reproducibility of rater 2, who had 5 years
of experience, was greater than rater 1, who had 3 months’
experience. This speculation is supported by previous
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Table 3 Inter-rater reproducibility of foot measurements
Foot measurement Rater 1 Mean (SD) Rater 2 Mean (SD) ICC (95% Cl) [Interpretation] 95% LOA'
Foot length 1933 (27.9) 1932 (27.6) 0.99 (0.99 to 1.00) [Excellent] —281029/099 to 1012
Ball of foot length 146.0 (21.1) 147.3 (21.0) 0.97 (0.94 to 1.00) [Excellent] —-108t0 83
Qutside ball of foot length 127.5 (184) 130.5 (15.8) 0.89 (0.80 to 0.95) [Good] -1881t0 127
Diagonal foot width 794 (13.1) 784 (12.0) 0.98 (0.96 to 0.99) [Excellent] -381t058
Horizontal foot width 773 (12.7) 76.8 (12.0) 0.98 (0.96 to 0.99) [Excellent] —43t054
Heel width 484 (8.5) 47.1 (8.6) 0.91 (0.81 to 0.95) [Excellent] ~5910 86/ 089 to 1.19°
Wejsflog Index 24(0.2) 25(0.2) 0.90 (0.82 to 0.96) [Good] -021002
Ball girth 190.3 (29.1) 1894 (29.6) 0.99 (0.97 to 0.99) [Excellent] -851t0 102
Instep girth 2025 (26.5) 200.0 (27.5) 0.98 (0.97 to 0.99) [Excellent] —-731t0 122
First toe height 20.1 (4.5) 20.7 (4.1) 0.92 (0.84 to 0.96) [Excellent] —-391t0 29
Fifth toe height® 16.9 (26) 175 (2.8) 0.73 (0.50 to 0.86) [Moderate] —441033
Instep height 57.1(7.7) 536 (74) 0.90 (0.81 to 0.95) [Good] -3.0t0 99
(

Forefoot shape - -

0.77 (0.58 to 0.96)* [Substantial] 80 (65 to 95)°

"Limits of agreement. *Ratio limits of agreement also presented as measurement displays heteroscedasticity. 29 scans were used due to the presence of artefacts.

“Gwet's AC1. *Percentage agreement. Foot dimensions are measured in millimetres

work that has shown that rater experience and training is
an important consideration in the reliability of measuring
foot dimensions, particularly when it involves manual allo-
cation of landmarks for calculating dimensions [16].

As this is the first study to investigate the reproducibility
of the measurement of foot dimensions of children and
adolescents using 3D scans, it is not possible to directly
compare our findings. However, our findings are in gen-
eral agreement with studies that investigated the reliability
of measuring foot dimensions using adult foot scans
where ICCs ranged from 0.82 to 0.99 [16, 27, 37-40].

Our findings relating to agreement allows for the inter-
pretation of the acceptability of the reproducibility of the
measurements. Where the LOA value is less than the min-
imally important difference for a measurement, the agree-
ment could be considered acceptable. However, the value
for the minimally important difference may vary depend-
ing on the context of the measurement. For example, for
footwear fitting, it is common practice that foot length
and foot width are measured in order to select an appro-
priately sized shoe. The International Organization for
Standardization (2015) for footwear reports whole sizes
(US and UK) differ in length by 8 mm [41], which indi-
cates the reproducibility of the measurement of foot
length is likely to be acceptable, as the range for the inter-
rater LOA value for this measurement was 3.9 mm. That
is, it is less than the value that would necessitate a differ-
ence in shoe size (8 mm). In contrast, the acceptability of
the measurement of horizontal foot width is questionable,
as the range of the inter-rater LOA value was 9.7 mm,
which exceeds the standard 4.8 mm that defines a differ-
ence in shoe width [42]. The acceptability of the reprodu-
cibility of the remaining measurements (if used to guide
the manufacture of footwear) for children and adolescents

with Down syndrome is unclear, as shoe last dimensions
for different shoe sizes is commercially sensitive informa-
tion and not readily available.

Footwear-fit can be difficult in children and adoles-
cents with Down syndrome because of variations to the
shape of their feet. This study has shown measuring the
foot dimensions from 3D foot scans of children and ado-
lescents with Down syndrome can be done reproducibly.
As they are reproducible, these measurements can be
used with confidence in several settings. In a clinical set-
ting, clinicians could perform measurements of foot di-
mensions to monitor and inform parents of their child’s
foot shape, and to provide guidance on appropriate foot-
wear selection. In an applied research setting, the mea-
surements may be used to determine detailed differences
in foot dimensions of children and adolescents with
Down syndrome, which may then be considered when
manufacturing footwear for this population.

Our findings need to be interpreted in the context of
the strengths and limitations of this study. We used two
raters who worked independently throughout the data
collection process in order to reduce the risk of bias,
and we assessed both intra- and inter-rater reproducibil-
ity for completeness of results. In addition, both raters
were podiatrists, who were experienced in foot and ankle
measurements. However, the generalisability of the find-
ings to raters from other professional backgrounds and/
or with different experience in measuring 3D foot scans
needs further investigation. Finally, the measurements in
this study were manually calculated according to defini-
tions that were outlined in our methods, so findings may
differ if dimensions are calculated by scanning software
with pre-populated definitions of measurements that are
different to the ones that we used.
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Conclusions

The measurement of specific foot dimensions of children
and adolescents with Down syndrome using 3D scans is
reproducible. The measurement described has multiple
applications. In a clinical setting, clinicians can perform
measurements of foot dimensions to monitor and in-
form parents of their child’s foot shape, and to provide
guidance on appropriate footwear selection. In an ap-
plied research setting, the measurements may be used to
determine detailed differences in foot dimensions of
children and adolescents with Down syndrome, which
may then be considered when manufacturing footwear
for this population.

Supplementary information
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1186/513047-020-00403-1.
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Chapter 5 — Cross-sectional
observational study

Preface

Chapter 4 highlighted the measurement of foot dimensions using 3D foot scans was
reproducible. Subsequently, this measurement was used for the study described in this

chapter.

The study presented in this chapter is a cross-sectional observational study that aimed to
address Objective 5 of this thesis, which was to determine differences in foot dimensions
of children with and without Down syndrome using 3D foot scans. This study was
submitted to Disability and Rehabilitation in June 2020 and is under review. The study is
presented in this chapter as it was submitted to Disability and Rehabilitation (i.e.
formatted for this journal), and the citations within this chapter relate to the reference list
of the manuscript, not the reference list included at the end of this thesis. Likewise, the
figures and tables presented in this chapter relate to this chapter and are not part of the

numbering system used in the rest of this thesis.
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5.1 Differences in foot dimensions between children and adolescents

with and without Down syndrome

Abstract

Children with Down syndrome frequently wear poorly-fitting footwear, and this has been
attributed to their unique foot shape. This study compared the differences in foot
dimensions obtained from three-dimensional (3D) foot scans between 51 children with
Down syndrome (mean age 10.5 years; 28 female) and an age and sex-matched cohort
of 51 typically developing children. Twelve-foot dimensions were measured. Absolute
and normalised (for height or foot length) measurements were compared between
groups. Absolute differences suggest children with Down syndrome have smaller feet
than typically developing children. When normalised for height, foot length remained
shorter in children with Down syndrome. When normalised for foot length, ball of foot
length, foot width, girth and fifth toe height were significantly greater in children with
Down syndrome. This indicates substantial variations in foot shape of children with Down

syndrome and should be considered when fitting and manufacturing footwear for this

group.
Key words

Foot anthropometry, Shoes, Down syndrome, Child, Adolescent, Foot deformities; 3-D

image
Practitioner summary

Children with Down syndrome wear poorly-fitting footwear due to their unique foot shape.
The 3D foot dimensions were compared between children with and without Down
syndrome. There are substantial variations in foot shape in children with Down syndrome

which should be considered when fitting and manufacturing footwear for this population.
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Background

Children with Down syndrome often do not wear appropriately fitting footwear. One study
involving 50 children with Down syndrome found 60% of participants wore footwear that
was too narrow and 54% of participants wore footwear that was too long [1]. Another
study with 105 participants (50 with Down syndrome) found only 12% of individuals with
Down syndrome (which included adolescents and adults) wore appropriately fitting
footwear, compared with 84% of individuals without Down syndrome [2]. Poorly-fitting
footwear may lead to inefficient gait, and this can be further compounded in those with
Down syndrome who also have hypotonia and reduced muscle strength [3]. Further,
poorly-fitting footwear is a recognised contributor to foot pain and deformity (i.e. hallux

valgus and lesser toe deformity) [4].

The characteristic foot shape of children with Down syndrome is speculated to be a
factor in contributing to their increased prevalence of poorly-fitting footwear. Four studies
comparing the foot shape of children with and without Down syndrome have
demonstrated that pes planus foot type, hallux valgus deformity and lesser digital
deformities are more common in children with Down syndrome [2, 5-7]. Only one study
[8] has compared the foot dimensions of children with and without Down syndrome.
Puszczatowska-Lizis et al. [8] demonstrated the feet of males with Down syndrome aged
14 to 15 years were shorter and narrower than age-matched peers, as measured using a
podoscope. However, a limitation of this study is that only boys of a limited age range
were included (14 to 15), so the generalisibilty of these findings to females with Down
syndrome or across a broader age range is limited. Further, only two foot dimensions
were measured (foot length and width) using a 2-dimensional technique [8], which may

not fully represent the complex shape of the foot.

Three-dimensional (3D) foot scanning is an accurate and reliable approach for capturing
the dimensions of the foot [9]. Several studies have used 3D foot scanning to identify
variations in foot structure between populations, as population-specific foot dimension
data is important for footwear design and manufacture [10-12]. However, to our
knowledge, no reported study has used 3D foot scanning technology to study the foot
dimensions of children with Down syndrome. Therefore, the aim of this study was to
compare the 3D foot dimensions in children with Down syndrome to typically developing

children.

Methods
This study is reported in accordance with the Strengthening the Reporting of
Observational Studies in Epidemiology Statement (STROBE) [13].
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Study design
This was a cross-sectional, observational study comparing children with Down syndrome
(which included adolescents) to typically developing children, who were matched

according to age (x2 years) and sex.

Ethics approval

Ethics approval was obtained from the La Trobe University Human Ethics Committee
(HEC13-035, HEC16-027, HEC19-290). Prior to participation, written informed consent
was obtained from parents. Where possible, the children who participated were also

invited to provide written assent.

Participant recruitment and eligibility

Participant data came from three studies. Data for children with Down syndrome was
obtained from two previous studies in which 3D foot scans were obtained. The first study
was a cross-sectional study investigating the association of foot structure and footwear-fit
with foot-specific disability in children with Down syndrome [1]. The second study was a
randomised pilot study investigating the efficacy of custom-fitted footwear to increase
physical activity levels in children with Down syndrome [14]. Both studies shared similar
recruitment methods and eligibility criteria [1, 14]. Participants were recruited through a
community, member-based disability organisation (Down Syndrome Victoria).
Participants were excluded if they had a medical condition that may have affected
physical activity levels; had lower limb surgery in the previous 12 months; had significant
joint laxity that may result in subluxation; or required the use of an ambulatory device

(such as a cane or walker).

Typically developing children were recruited in a third study from the community using
promotional flyers. Eligibility criteria were the same as for the two studies involving
children with Down syndrome outlined above, with the exception that these children were
typically developing. The typically developing children were matched to the children with
Down syndrome according to age (2 years) and sex. Recruitment occurred over a
period of five months (August to December 2019). All data were collected at La Trobe

University, Melbourne campus.

Data collected

Participant characteristics
Age (in years), sex, height (in metres), weight (in kilograms) and body mass index (BMI)

were documented for all participants.

Foot posture
Foot Posture Index classified foot type into normal, supinated foot or pronated foot types.

This is a six-criterion tool used to classify foot posture according to the alignment of the
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rearfoot and forefoot. Scores range from -12 to +12, and normal foot posture in children
lies within the range of +2 to +9. Scores greater than +9 indicate a pes planus (i.e. low-
arched) foot posture, while scores less than +2 indicate a pes cavus (i.e. high-arched)

foot posture [15]. Previous research has shown the Foot Posture Index is a reliable and

valid measurement tool [16].

Foot scanning process

A FotoScan 3D scanner (Precision 3D, Weston-super-mare, UK) was used to obtain 3D
foot scans to measure the foot dimensions of children with Down syndrome (n = 51).
According to the manufacturer, the scanned model has an accuracy to within 0.5 mm.
Standardised verbal instructions and a demonstration of the scanning process was
provided to each child prior to the scan. The same order of assessments was performed
for each child. Timing of 3D scanning was not standardised per day due to the need to
accommodate participant availability, which varied between children. Both scanners were
calibrated where required and used in accordance to the manufacturer’s guidelines.
Participants placed their right foot on the scanner and stood in a relaxed, bipedal stance.
The FotoScan 3D device uses a fixed system of high resolution cameras and projectors
to obtain images of the foot, which are then automatically converted into a 3D model [17].
At the time of data collection for typically developing children, an unforeseen technical
issue occurred with the FotoScan 3D scanner that resulted in an alternative foot scanner
(INFOOT 3D scanner) being used (n = 51). The INFOOT scanner is an optical laser
scanning system that captures a 3D image of the foot, with the same accuracy as the
previous scanner (0.5 mm). The scanning protocol was the same across both scanners.
A stereolithography (STL) file was created from both foot scanners (Figure 1). The 3D-
Tool® Version 13 (3D-Tool GmbH, Weinheim, Germany) software was used to calculate
all length, width and height measurements. Although the software of the INFOOT
scanner is capable of automatically calculating a range of foot dimensions based on
identified landmarks, we used the same software (3D-Tool® Version 13) for all STL files

when measuring foot dimensions to maintain consistency.

Measurement of foot dimensions

All dimensions were measured by the same researcher (NMH). The following dimensions
were assessed: foot length, ball of foot length, outside ball of foot length, diagonal foot
width, horizontal foot width, heel width, ball girth, instep girth, first toe height, fifth toe
height, instep height and forefoot shape [18, 19]. Each foot measurement is defined in
Table 1 and illustrated in Figure 2. The intra- and inter-rater reliability of these
measurements is moderate to excellent (ICC ranging from 0.70 to 0.90) [17, 20]. These
measurements have been used previously in other anthropometric studies of the feet

and are used in footwear design and manufacture [19].
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Sample size and statistical analysis

No formal sample size calculation was performed. The sample size (n = 51 per group)
was based on available data and was considered feasible [21]. All analyses were
performed using IBM SPSS Statistics version 25.0 (IBM Corp, NY, USA). Data were
assessed for normality (using skewness and kurtosis tests) and were found to be
normally distributed. Only measurements of the right foot were analysed so that the
independence assumption of statistical analysis was fulfilled [22]. Independent t-tests
were performed for continuous variables and chi-square analyses were performed for
nominal data (e.g. forefoot shape). Differences in foot dimensions were compared using
two approaches. First, we analysed differences between groups using the absolute value
of measurements. Second, to account for differences in foot sizes between participants
(e.g. due to age differences), we analysed differences in foot dimensions normalised for
foot length [23]. Foot length was normalised for differences in height. Where significant
differences were identified, Cohen’s d effect sizes and 95% confidence intervals were
calculated to obtain a measure of the magnitude of differences. Cohen’s d values were
classified as small (0.20), moderate (0.50) and large (>0.80) [24].

Results

Participant characteristics

One hundred and two participants took part, with 51 participants (28 females and 23
males) in each group. The groups of children with Down syndrome and typically
developing children were of similar mean age (Table 2) and both groups had a mean
BMI within the normal range. Children with Down syndrome had a more pronated foot
type, as indicated by a higher mean Foot Posture Index score than the typically

developing children (Table 2).

Differences between groups in absolute foot dimensions

Table 3 shows the absolute differences in foot dimensions between groups. Differences
between the groups were found for 10 of the 12 variables measured. Children with Down
syndrome had a shorter foot length and also a shorter outside ball of foot length
compared to typically developing children. Children with Down syndrome also had
narrower foot width (diagonal foot width and horizontal foot width), narrower heel width
and smaller girth measurements (ball girth and instep girth) compared to typically
developing children. In children with Down syndrome, first toe height and instep height
were lower than for typically developing children. There were no differences in ball of foot

length and fifth toe height measurements between the groups.
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Differences between groups in normalised foot dimensions

Seven out of 11 normalised foot measurements were significantly different between
groups (Table 4). Children with Down syndrome had a shorter foot length, but a longer
ball of foot length compared to typically developing children. Foot width (diagonal foot
width and horizontal foot width) was greater in children with Down syndrome as was foot
girth (ball girth and instep girth) compared to typically developing children. Lastly, fifth toe
height was greater in children with Down syndrome. There were no significant
differences between groups for outside ball of foot length, heel width, first toe height and

instep height.
Discussion

Our findings show there are substantial differences in the foot shape of children with
Down syndrome compared to typically developing children. Children with Down
syndrome have smaller foot dimensions compared to their peers. However, when we
adjusted our analyses to normalise for differences in height, we found children with Down
syndrome had a relatively shorter foot length, and when normalised for foot length, a
longer ball of foot length, wider forefoot width, larger girth measurements and a greater

fifth toe height. The effect sizes for these differences were all moderate to large.

These findings are novel as this is the first study to comprehensively measure foot
dimensions of children with Down syndrome using 3D foot scans. The absolute
differences in foot dimensions found between groups (i.e. not adjusted for foot length)
are in agreement with a previous study using a podoscope that reported boys with Down
syndrome had shorter and narrower feet as compared to their peers [8]. The normalised
results are also in agreement with other descriptive studies that report the feet of children
with Down syndrome are wide [1, 7] and short [25]. Our findings add to the existing
literature by expanding the number of foot dimensions of children with Down syndrome

investigated.

Normalised differences in foot dimensions may explain why poorly-fitting footwear is
relatively common among individuals with Down syndrome [1, 14, 25, 26]. Children with
Down syndrome are more likely to wear footwear that is too long or too narrow in an
attempt to accommodate their unique foot dimensions [1, 2, 25, 26]. Commercially
available footwear is manufactured from shoe lasts made to fit the foot of individuals
without Down syndrome. The dimensions of commercially available footwear are unable
to accommodate the usual foot dimensions of an individual with Down syndrome which is
shorter and wider, with increased girth and of greater height of the lesser toes (as

measured by the fifth toe).
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The implications from this study are that children with Down syndrome require footwear
that is wider and deeper than commercially available footwear, to accommodate feet that
are wider and more voluminous. Current footwear design has led to a challenging
situation for parents of children with Down syndrome, which is to identify commercially-
available footwear that satisfies this need, as custom-made footwear is unlikely to be a
feasible option. A better solution would be that future footwear should account for
differences in foot dimensions of children with Down syndrome. In addition to designing
shoes that fit correctly, other issues need to be considered, including understanding the
experiences and barriers to appropriate footwear selection of care givers, education of
caregivers and footwear suppliers, and the development of a greater range of shapes of

commercially available footwear that are aesthetically pleasing and affordable.

Our findings must be considered in the context of its limitations. First, the study did not
stratify the analyses across specific age ranges or sex as it was not powered to do so.
Future studies could explore if there are differences across specific age ranges or
between sexes. Second, the assessor who measured all foot dimensions was not
blinded to the groups when measuring foot dimensions, which may have introduced
assessment bias, although we attempted to minimise this with a strict measurement
protocol and assessor training. Lastly, we experienced a technical issue with the
scanners used, which required half the sample to be measured using a different scanner.
However, we do not believe this would have affected the results because both scanners
create the same file output (STL files), all scans were measured using the same protocol

and technique, and both scanners are accurate to 0.5 mm.

Conclusion

There are substantial variations in the 3D foot shape of children with Down syndrome.
These findings should be considered when fitting and manufacturing footwear for

children with Down syndrome.
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Tables

Table 1. Definitions of the foot measurements.

Length

Foot length

Distance between foot end (pternion) and foot tip (anterior point of
most protruding toe).

Ball of foot length

distance between foot end (pternion) and the first
metatarsophalangeal protrusion.

Outside ball of
foot length

Distance between foot end (pternion) and the fifth
metatarsophalangeal protrusion.

Width

Diagonal foot
width

Connecting line between the first metatarsophalangeal joint and
the fifth metatarsophalangeal joint.

Horizontal foot
width

Orthogonal connection line starting at the first
metatarsophalangeal joint to the outside curvature of the foot.

Heel width Maximum orthogonal connection line starting at the medial side of
the heel to the outside curvature of the heel.

Girth

Ball girth Maximum circumference at the level of the first and the fifth
metatarsophalangeal joint protrusion.

Instep girth Maximum circumference measured from the most plantar aspect
of the foot to the most dorsal aspect of the foot, at the level of the
navicular.

Height

First toe height

Maximum height of the hallux measured from the most plantar
aspect of the hallux to the most dorsal aspect of the hallux.

Fifth toe height

Maximum height of the fifth toe measured from the most plantar
aspect of the fifth toe to the most dorsal aspect of the fifth toe.

Instep height

Measured from the most plantar aspect of the foot to the most
dorsal aspect of soft tissue.

Forefoot shape

Three categories: (i) first toe longest, (ii) second toe longest, and
(iii) first and second toe equal in length.
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Table 2. Participant characteristics. Values are mean (SD) unless otherwise noted.

Children with Down

Typically developing

syndrome children
Age, years 10.5 (3.7) 10.8 (3.7)
Age, n (%)
5to 10 years 27 (53) 24 (47)
11 to 15 years 17 (33) 21 (41)
16 to 19 years 7 (14) 6 (12)
Females/males, n 28/23 28/23
Height (m) 1.3 (0.2) 1.4 (0.2)
Weight (kg) 40.4 (21.4) 43.2 (18.5)
BMI' (kg/m?) 22.1(6.7) 20.1 (4.5)
Type of Down syndrome, n 44/6/1 N/A
(Trisomy 21/Translocation/Mosaic)
Foot Posture Index, right 8.8 (2.1) 5.4 (2.2)
FPI-12 to +1, n (%) 0 (0) 2 (4)
FPI +2 to +9, n (%) 31 (61) 48 (94)
FPI +10 to +12, n (%) 20 (39) 1(2)

'Body mass index. The Foot Posture Index scores range from -12 to +12. For children,
normal foot posture in children lies within the range of +2 to +9. Scores greater than +9
indicate a pes planus foot posture, while scores less than +2 indicate a pes cavus foot

posture.
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Table 3. Comparison of absolute differences in foot dimensions. Values are the mean (SD) and measured in mm unless indicated

otherwise.

Foot measurement Children with Typically Mean difference Cohen’s d

Down syndrome developing (95% Cl) (95% Cl, size of effect)

children

Foot length 193.0 (26.6) 223.2 (28.4) -30.1 (-40.9 t0 -19.3) 1.1 (0.7 to 1.5, large effect)
Ball of foot length 146.5 (20.6) 166.1 (21.1) -19.7 (-27.9to 11.5) 1.0 (0.6 to 1.4, large effect)
Outside ball of foot length 125.8 (17.2) 147.0 (17.6) -21.2 (-28.1t0-14.4) 1.2 (0.8 to 1.6, large effect)
Diagonal foot width 78.2 (11.7) 86.5 (11.2) -8.3 (-12.8 to -3.8) 0.7 (0.3 to 1.1, moderate effect)
Horizontal foot width 76.3 (10.9) 83.1 (10.3) -6.8 (-11.0 to -2.6) 0.7 (0.3 to 1.1, moderate effect)
Heel width 49.1 (7.6) 56.1 (6.9) -6.9 (-9.8 to -4.1) 1.0 (0.6 to 1.4, large effect)
Ball girth 187.3 (26.1) 205.4 (24.9) -18.0 (-28.0 to -8.0) 0.7 (0.3 to 1.1, moderate effect)
Instep girth 201.3 (25.2) 224.0 (26.6) -23.3 (-33.5t0-13.1) 0.9 (0.5 to 1.3, large effect)
First toe height 19.5 (3.6) 21.9 (2.8) -2.4 (-3.7to-1.1) 0.8 (0.4 to 1.2, large effect)
Fifth toe height 16.2 (2.9) 15.5(2.4) 0.7 (-0.3t01.7) 0.3 (-0.1 to 0.7, small effect)
Instep height 54.9 (7.5) 64.5 (7.4) -9.6 (-12.5t0-6.7) 1.3 (0.9 to 1.7, large effect)
Forefoot shape 1.58" (b = 0.483)?
1t toe longest, n (%) 42 (82) 46 (90)
2" toe longest, n (%) 3(5) 1(2)
1st and 2" toe equal length, n 6 (12) 4 (8)

(%)

"Pearson’s chi-square statistical test value. 2P-value.
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Table 4. Comparison of normalised differences in foot dimensions. Values are the mean (SD) and measured in mm unless indicated

otherwise.

Foot measurement Children with Typically developing Mean difference Cohen’s d
Down syndrome children (95% Cl) (95% Cl, size of effect)

Foot length’ 202.3 (10.0) 213.9 (7.3) -11.6 (-15.1 10 -8.2) 1.2 (0.8 to 1.6, large effect)
Ball of foot length 157.8 (4.9) 155.0 (3.7) 29(1.21t04.6) 0.7 (0.3 to 1.1, moderate effect)
Outside ball of foot 135.8 (6.3) 137.4 (6.3) -1.6 (-4.1100.9) 0.3 (-0.1 to 0.7, small effect)
length
Diagonal foot width 84.4 (6.2) 80.8 (3.8) 3.7(1.6105.7) 0.7 (0.3 to 1.1, moderate effect)
Horizontal foot width 82.4 (5.8) 77.6 (3.7) 4.8 (2.91t06.7) 1.0 (0.6 to 1.4, large effect)
Heel width 53.1 (5.5) 52.4 (3.5) 0.7 (-1.1to 2.5) 0.2 (-0.2 to 0.6, small effect)
Ball girth 202.5 (14.2) 191.9 (8.8) 10.6 (5.9 to 15.3) 0.9 (0.5 to 1.3, large effect)
Instep girth 217.9 (14.7) 209.9 (9.7) 7.9 (3.0t0 12.8) 0.7 (0.3 to 1.1, moderate effect)
First toe height 21.0 (2.6) 20.5 (2.2) 0.5(-0.5t01.4) 0.2 (-0.2 to 0.6, small effect)
Fifth toe height 17.6 (3.0) 14.5 (1.4) 3.1(22t04.1) 1.3 (0.9 to 1.7, large effect)
Instep height 59.5 (6.1) 60.4 (4.1) -0.9 (2910 1.1) 0.2 (-0.1 to 0.6, small effect)
Forefoot shape 1.582 (0.483)?
1t toe longest, n (%) 42 (82) 46 (90)
2" toe longest, n (%) 3(5) 1(2)
1stand 2" toe equal 6 (12) 4 (8)

length, n (%)

'Foot length was normalised to height while remaining dimensions were normalised to foot length. 2Pearson’s chi-square statistical test

value. 3P-value
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Figures

Figure 1. 3D model of the foot.
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Figure 2. Foot dimension measurement technique.
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Chapter 6 — Discussion

6.1 Summary of key findings

This thesis examined two interrelated problems — reduced participation in physical
activity and poorly-fitting footwear in children with Down syndrome. The two primary aims
of this thesis were to determine the: (i) effectiveness of interventions (including custom-
fitted footwear) to increase physical activity in children with Down syndrome, and (ii) foot
dimensions of children with Down syndrome, to better understand the issue of poorly-
fitting footwear. Four related studies were completed that address these aims. The

following section summarises the key findings identified in these studies.

Key finding 1 (Chapter 2) — No previous studies investigated the
effectiveness of footwear to increase physical activity in children with

Down syndrome

The aim of the study presented in Chapter 2 was to determine the effectiveness of
interventions to increase physical activity in individuals with intellectual disabilities. In
order to do this, a systematic review of randomised trials was conducted to synthesise
findings from high level evidence. Key findings were: (i) a small body of evidence (9
studies) currently exists regarding the effectiveness of interventions in increasing
physical activity in individuals with intellectual disabilities; (ii) no trials had evaluated the
potential effects of footwear in increasing physical activity in individuals with intellectual
disabilities, including those with Down syndrome; (iii) several trials had methodological
limitations and none were rated as low risk of bias; (iv) a limited number of interventions
were effective in increasing physical activity in individuals with intellectual disabilities,
and the magnitude of effect was small to large; (v) three trials included children or
adolescents with Down syndrome as participants; and (vi) only one trial, involving
adolescents with Down syndrome, demonstrated positive effects of an intervention

(progressive resistance training program) on physical activity.

No previous randomised trials had evaluated the effects of footwear on physical activity
in children with Down syndrome. However, there is preliminary evidence to show poorly-
fitting footwear is associated with reduced physical activity in children with Down
syndrome [80], so further research was warranted to evaluate the effectiveness of

appropriate footwear fit in increasing physical activity.
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Key finding 2 (Chapter 3) — A definitive randomised trial to evaluate
the efficacy of custom-fitted footwear to increase physical activity in
children with Down syndrome is feasible, but commercially available

footwear may not be suitable

The aim of the study presented in Chapter 3 was to investigate the feasibility of a
definitive randomised trial to evaluate the efficacy of custom-fitted footwear to increase
physical activity in children with Down syndrome. To achieve this, a randomised pilot
study was performed that evaluated six feasibility domains; demand, implementation,
acceptability, practicality, limited efficacy testing and adaptation. Key findings from this
study were: (i) a definitive randomised trial is feasible, (ii) intervention adherence and
acceptability were high, and (iii) positive trends for effects on physical activity in the
intervention group were found in the short term (6 weeks). However, several issues need
to be considered prior to embarking on a definitive trial, including: (i) the rate of
recruitment was lower than anticipated due to long travel distances and competing family
responsibilities of participants’ caregivers, (ii) the use of co-interventions was high, and
importantly, (iii) footwear fit of the intervention was no better than participants’ existing

footwear.

The primary issue with the intervention (i.e. commercially available footwear) used was
insufficient width fittings to accommodate the width requirement of the forefoot in children
with Down syndrome. Although steps were taken to custom-fit the footwear — such as
using footwear manufactured by a reputable children’s footwear manufacturer, using
styles of footwear with multiple width fittings, adhering to a measurement and fitting
protocol provided by the manufacturer, using footwear styles that were adjustable to suit
width (i.e. Velcro and lace fixation options, and using footwear that had a removable foot
bed to increase space) — this was not sufficient to accommodate foot width. Therefore,
these findings indicate commercially available footwear does not provide an appropriate
fit for children with Down syndrome, which may explain the high prevalence of poorly-

fitting footwear in this population.

Key finding 3 (Chapter 4) — Measuring the foot dimensions of children

with Down syndrome is reproducible using 3D foot scans

The aim of the study presented in Chapter 4 was to determine the intra- and inter-rater
reproducibility of measuring foot dimensions of children with Down syndrome using 3D
foot scans. In order to improve the understanding of variations in foot structure of

children with Down syndrome, its impact on footwear fit, and subsequently, to design
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appropriately fitting footwear, it is critical that 3D measurements of foot dimensions are

reproducible.

A method for obtaining detailed measurements of foot dimensions (including lengths,
widths, girths and height measurements) of children with Down syndrome using 3D foot
scans was developed and the intra- and inter-rater reproducibility was evaluated. Key
findings from this study were: (i) measuring the foot dimensions of children with Down
syndrome is reliable, as there was moderate to excellent reliability for all measurements
performed; (ii) agreement for the measurement of foot length was acceptable; (iii) the
acceptability of agreement for the remaining measurements was unclear. Overall, the
findings from the study in Chapter 4 indicate that the reproducibility of foot dimension
measurements from 3D foot scans is acceptable, which means the method can be used

in future studies in this population.

Key finding 4 (Chapter 5) — Children with Down syndrome have
shorter, wider feet with increased girth and fifth toe height compared

to typically developing children

The aim of the study presented in Chapter 5 was to compare the 3D foot dimensions of
children with Down syndrome to typically developing children. A cross-sectional
observational study was conducted with 51 typically developing children who were
matched according to age (2 years) and sex to 51 children with Down syndrome. Both
absolute and normalised (to scale) differences in foot dimensions were assessed. Key
findings were: (i) children with Down syndrome have smaller foot dimensions overall; and
(ii) when foot dimensions were normalised to scale, children with Down syndrome have a
shorter foot (heel to toe measurement) but a longer ball of foot length measurement (heel
to ball measurement), a wider forefoot with increased girth (ball and instep girth), and a
greater fifth toe height measurement. These findings confirm there are differences in the
3D foot shape of children with Down syndrome, and this should be considered when

fitting and manufacturing footwear for this population.

These findings are consistent with the previously conducted studies that infer differences
in foot structure between children with and without Down syndrome in terms of length
and width [59, 61-63, 65, 66]. However, the study presented in Chapter 5 has added to
the existing knowledge by describing other dimensions that have not been previously
evaluated. Specifically, these findings show children with Down syndrome have a longer
ball of foot length, increased girth measurements (which highlights the volume of the

foot), and a greater fifth toe height measurement. These findings are important as they
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provide information regarding critical dimensions that are important in assessing

footwear fit, fitting footwear, as well as footwear manufacturing.

6.2 Discussion of the main findings

6.2.1 There are limited interventions that have been shown to

increase physical activity in children with Down syndrome

There are limited interventions that increase physical activity in children with Down
syndrome. Only three interventions have been shown to be effective in improving
physical activity; but these interventions include individuals with intellectual disabilities of
any origin and only one intervention involved adolescents with Down syndrome. These

interventions are:

i. A 12-week gym-based, progressive resistance training program (compared to a
social group) [124], which had a large effect on maintaining physical activity;
i. A multicomponent diet and physical activity program (compared to a wait-list
control group [99]), which had a small effect on physical activity;
iii. A physical activity framework and education program (compared to usual care

[102], which had a large effect on physical activity.

These interventions, which all had a positive effect on physical activity, share common
characteristics that may play a role in their effectiveness: access, familiarity, routine and
support. First, each of the interventions were implemented in a convenient, accessible
location for participants. The first intervention was implemented at a local community
gym [124], the second at participants’ homes [99], and the final at a day activity centre
regularly attended by participants [102]. Utilising a convenient location improves access
by reducing barriers to participation (such as long travel distances or transportation
issues) and has the additional advantage of enabling physical activity without the need
for specific equipment, as the physical activity programs can be adapted to an
individual’s environment. Second, implementing a physical activity intervention in a
familiar environment (such as participants homes) and involving the individuals who
provide care is also more likely to encourage individuals with an intellectual disability to
engage in organised activities as familiarity facilitates physical activity [129, 130]. Third,
the interventions encouraged an individual to develop a routine. A routine of physical
activity provides individuals with regular opportunities to practice and improve their skills
[119, 129, 131]. This may help improve their confidence in their abilities to engage in
physical activity. Establishing a routine of physical activity is also beneficial because it
creates a habit. Finally, a support person can facilitate the physical activity intervention

by encouraging and supporting individuals with an intellectual disability to participate. A
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support person can initiate physical activity as well as participate in physical activity
alongside individuals with an intellectual disability to help their adherence. Involving a
support person during physical activity is also useful in assisting individuals with an

intellectual disability in learning new skills through imitation [119, 129].

Some characteristics of the interventions outlined above, however, may have had less of
an influence on its effectiveness. For example, although the interventions were adapted
to suit the needs of individuals with intellectual disabilities (e.g. by reducing complex
components or modifying equipment), they were not population-specific, as they were
adaptations of existing programs created for the general public. It is possible that some
components of the interventions were too complex, or adaptations were inadequate, for
participants with an intellectual disability to benefit. In addition, several interventions were
based on theories of behavioural change such as Social Cognitive Theory, which is
grounded on self-efficacy and motivation. Although behavioural change is more likely to
occur when based on an appropriate theory [132], the use of behaviour change theories
for those with intellectual disabilities has been questioned due to the level of abstract
thinking required [133]. Further, despite the lengthy duration of some interventions
(which allows individuals enough time to develop new routines or behaviours), no long-

term intervention was effective.

The generalisability of the findings from the existing trials to children with Down
syndrome also needs consideration. Only three trials [124-126] included children with
Down syndrome, and only one intervention (progressive resistance training) was shown
to be effective in maintaining physical activity in young adults (aged between 14 to 22
years) [124]. Further, a gym-based progressive resistance training intervention may not
be appropriate for younger children. Therefore, there are no interventions supported by
randomised controlled trials that have been shown to be effective at increasing physical

activity in school aged children with Down syndrome.

Similar to the findings of Chapter 2 (systematic review), there are few interventions to
increase physical activity in children with intellectual disabilities (i.e. not only children with
Down Syndrome) and have limited effectiveness [133]. More broadly, while interventions
aimed to increase physical activity in children with any kind of disability (including
physical, intellectual, sensory and developmental disabilities) have short terms benefits,
there are methodological limitations to available published studies, such as

generalisability, transferability and scientific rigour [134].
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6.2.2 Children with Down syndrome have a unique foot structure and

this has implications for footwear fit

Children with Down syndrome have a unique foot structure, which is a proportionally
shorter foot length (heel to toe measurement), a longer ball of foot length (heel to ball
measurement), greater forefoot width, greater foot girth (ball and instep girth), and
greater fifth toe height. These findings, outlined in Chapter 5, broadly align with previous
descriptions of the feet of individuals with Down syndrome [59, 61-63, 65, 66], but they
also add to existing knowledge by providing a thorough description of the 3D foot
dimensions of children with Down syndrome. These findings have identified new
information regarding the variations of the ball of foot length, girth and height
measurements of the feet of children with Down syndrome. These novel findings suggest
that achieving appropriate footwear fit extends beyond fitting based on length and width
measurements, as traditionally performed. These findings also indicate that footwear fit

can be inappropriate even with the correct length and width fitting.

The improved understanding of the unique foot shape of children with Down syndrome
allows for a better evaluation of footwear fit in this population, and this may lead to the
supply of more appropriately fitting footwear. At present, children with Down syndrome
commonly wear footwear that is either too long when fitted according to width, or too
narrow when fitted to length. This can be explained by the unique dimensions of the feet
of children with Down syndrome that are wider at the forefoot (with greater girth
measurements) and shorter in length [70]. Further, additional considerations for width
may be required in the presence of a foot deformity, such as hallux valgus. When
attempting to accommodate a wider foot, larger footwear sizes are often selected, which
increases footwear length. This subsequent change in length (which is based on the foot
width fitting as opposed to the true length of the foot) then affects the position of the
metatarsophalangeal joints, particularly the first metatarsophalangeal joints, relative to
the treadline of footwear. This distorts the overall fit, as footwear fitted will be too long
[65, 79-81]. Therefore, width fitting is the most problematic issue when fitting footwear
[135], and explains why children with Down syndrome frequently wear poorly-fitting

footwear.

Evaluating the range of foot dimensions allows for the identification of key areas of
footwear fit that can be improved. The findings from Chapter 5 suggest in order to
appropriately accommodate the feet of children with Down syndrome, there are some
key considerations. First, greater width and girth fittings are necessary to accommodate
the increased volume of the foot at the forefoot and midfoot. Second, a deeper toe box is
needed to accommodate for increased toe height. Lastly, ball of foot length as well as

overall footwear length (heel to toe measurement) need to be considered in the fitting
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process. Fitting according to the ball of foot length measurement will ensure correct

alignment of the first metatarsophalangeal joint at the treadline of the shoe.

Due to the limited research on footwear fit in children with Down syndrome, it may be
useful to consider the outcomes of other studies that have improved footwear fit in other
populations. Footwear fitting issues are common in older individuals who have structural
variations. These variations may be related to ethnic or sex-differences to foot structure
(e.g. different lengths, widths, girth and height measurements) or structural deformities
(such as forefoot deformities), which are prevalent in older people. In previous clinical
trials, off-the shelf, extra-depth and width footwear (known as medical-grade footwear)
has been shown to improve footwear fit in older people [136, 137]. Further, extra-depth
and width footwear significantly improved foot pain and function, which is an indication of
improved foot health [137]. These findings may be relevant to children with Down
syndrome, since both groups share similar foot characteristics — older individuals
typically have a broader forefoot [79], forefoot deformities, and are more likely to have a
flatter medial arch [79].

While extra-depth and width footwear might be a potential option for improving footwear
fit in children with Down syndrome, access to such footwear needs to be considered.
Although extra-depth and width footwear for children is available online, it is not readily
available in a retail setting (Figure 3). This limits the options available for children with
Down syndrome where being fitted prior to purchase could be considered to be critical to
ensuring the fit is correct. It is also unclear whether extra-depth and width footwear would
be aesthetically pleasing for children with Down syndrome, which may affect wear
adherence. Therefore, off-the-shelf, extra-depth and width footwear may be an option for
children with Down syndrome; however further research is required to determine if: (i)
such footwear can be purchased in a way to ensure that it fits correctly; and (ii) the styles

of footwear available are aesthetically acceptable.
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Figure 3. Examples of off-the-shelf, extra-depth and width footwear for children and
adults. Top row: children’s footwear obtained from an online retail store (left:
Healthyfeetstore.com, Mt Emey 3301 model, retailing for $100 USD, with extra wide
fitting [138]; right: Wellandable.com.au, Boston school shoe model retailing at $268 AUD,
with wide fitting [139]). Bottom row: adults’ footwear available online or through
healthcare providers (left: Dr. Comfort, Maggie X model retailing at $289 AUD [140];
right: Dr Comfort, William X model retailing at $279 AUD [141], with both models having

extra wide fitting).

6.2.3 Commercially available footwear is not suitable for children with

Down syndrome

A key finding from the pilot study presented in Chapter 3 was that custom-fitted footwear
did not accommodate the foot structure of children with Down syndrome. Indeed, the fit
of the footwear was found to be no better fitting than participants’ existing footwear,
highlighting a major limitation in the suitability of commercially available footwear. This
indicates that commercially available footwear is not suitable for all children with Down
syndrome, and as such, parents are likely to experience difficulty acquiring footwear for

their children that fits appropriately.

A limitation of commercially available footwear is that there are insufficient width fittings
to accommodate the relatively wide forefoot shape of children with Down syndrome
[135]. There are limited styles of footwear that are designed to accommodate variations
in foot structure or structural deformities that increase width dimensions of the forefoot,
as these differences are not usually seen in typically developing children. This limits
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children with Down syndrome from being able to wear certain styles of footwear. It is
possible that these issues may not be a problem across all footwear brands. However,
the challenge when fitting children with Down syndrome is identifying commercially

available footwear that has sufficient dimensions to accommodate their feet.

Besides limited width fittings, there are a number of other reasons to explain why
commercially available footwear is not suitable for children with Down syndrome. The
first is the existing practice of fitting footwear according to length and width
measurements, as footwear sizes are based on these measurements [135]. This
approach oversimplifies footwear fitting as it does not consider the way in which other
foot dimensions, such as foot girth, influence overall fit. Footwear fit is further
compounded by the inconsistencies in sizing that occur across footwear brands. This
sizing issue occurs because of the different sizing and grading systems (including the
French, Chinese, Japanese, American, British and Mondo Point systems) used across
the world. Each system varies in its incremental differences between sizes, and this may
affect the resulting footwear fit when attempting to purchase footwear that is the same
size as an individual’s existing footwear [135]. This misfit may be further accentuated in
the presence of foot deformities or significant variations in the average foot shape, which

is typically seen in the Down syndrome population.

Although commercially available footwear is not able to accommodate the foot structure
of children with Down syndrome, a number of compensatory footwear fitting techniques
may be used to address the limitations of commercially available footwear in the interim.
Initially, applying appropriate footwear fitting techniques in conjunction with selecting
footwear with favourable features may improve footwear fit. This includes use of footwear
with: (i) a malleable upper material to accommodate structural variations, (ii) a deep
round-shaped toe box to accommodate differences in toe height, (iii) multiple width
fittings at a given size (e.g. New Balance® footwear, or Dr Comfort® footwear for older
children who may fit into adult sizes), and (iv) lace-up or Velcro fixation to allow for

adjustment.

Although these compensatory footwear fitting techniques may be useful, these
adjustments may not be able to improve all aspects of footwear fit for all children, as
happened in our trial (Chapter 3). To address this, two alternative options are available.
First, extra-depth and width footwear (medical-grade footwear) can be used, which is
likely to cater for the additional depth and width required. Second, if extra-depth and
width footwear does not provide an adequate fit, custom-made footwear can be
accessed. Both of these options are relatively expensive, particularly when it is
considered that the footwear will be replaced regularly to allow for growth. Fortunately,

external funding schemes are available in Australia (e.g. State-wide Equipment Program
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[SWEP] and the National Disability Insurance Scheme [NDIS]) for children with Down
syndrome and can help families access footwear by covering the costs of medical-grade

footwear or custom-made footwear as required.

A long-term solution to improving footwear fit of children with Down syndrome is to create
footwear that is based on the foot dimensions of this population. Manufacturing footwear
for children with Down syndrome using normative data for this population would result in
footwear that appropriately accommodates their unique foot dimensions. While the
findings from Chapter 5 provide preliminary data on the foot dimensions of children with
Down syndrome, the sample size included in the study was relatively small (51 children
with Down syndrome) and is unlikely to be representative of all children with Down
syndrome. A representative sample would need to consider: (i) the number of children
with Down syndrome within a region (e.g. within Australia); (ii) the distribution of ages
within the age bracket of 5 to 18 years and (iii) the number of boys and girls with Down
syndrome, including those within each age group. In previous studies, the number of 3D
foot scans analysed for foot dimension data have ranged substantially, from 42 to 9,220
[70, 71, 76, 142-150]. A more recent study evaluated 1.2 million foot scans across three
geographical regions [151]. Therefore, a significant body of further work (with the input of
a statistician) is required to obtain a large database of 3D foot scans that is
representative of children with Down syndrome to allow for footwear manufacturing for

this population.

6.2.4 Using innovative technology to design and manufacture
customised footwear is a possible alternative to commercially
available footwear, which can help solve footwear fitting issues in

children with Down syndrome

With advancements in technology, innovative technologies may play a pivotal role in the
future of footwear design and manufacture of footwear, particularly in developing
affordable, customised footwear. This could have a substantial effect on resolving
footwear fitting issues experienced by children with Down syndrome as it addresses the

limitations of mass-produced, generic footwear.

Mass-customisation of footwear uses technology to develop products that are tailored to
the needs of individuals while minimising the associated cost of production [152]. As
discussed previously, children with Down syndrome require footwear that is appropriately
fitting, affordable and readily available, which suggests that mass-customisation of
footwear may be an ideal approach for this population. Aesthetics is also an important

factor as the appearance of footwear can have social implications (e.g. identity and
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personal style a child may identify with), and thus it may affect adherence [153]. A
framework for mass-customisation has been described elsewhere [154]. Essentially,
mass-customisation of footwear uses a computer-automated design system to design
customised footwear in relation to style and fit. 3D scanning is used to obtain foot
dimension data that are used to create the digitised foot model for that individual.
Footwear style is then decided upon by the consumer through an existing database of
footwear styles. Once the style has been finalised, the available footwear lasts are
adapted according to the dimensions of the consumer (obtained through the 3D foot
scan) and the footwear is manufactured [154]. This system bridges the gap between
manufacturers and consumers and provides consumers a significant role in determining
their preferred footwear that have a superior fit to commercially available footwear [154].
In future, mass-customisation of footwear may replace traditional methods of footwear
manufacturing for both custom-made footwear (which is time consuming, labour
intensive and costly) and generic footwear. Although exciting, this advanced process of
footwear manufacture is still in development and likely to take time before it is fully

implemented [155].

6.3 Future research

To build on the knowledge generated from this thesis, it would be important to solve the
issue of poor footwear fit in children with Down syndrome before a definitive randomised
trial is conducted to evaluate the effectiveness of custom-fitted footwear to increase
physical activity. The use of extra-depth and width footwear is a possibility, and an initial
step would be to collaborate with manufacturers of extra-depth and width footwear to
compare footwear last dimensions with the average foot dimensions of children with
Down syndrome obtained from 3D foot scans (e.g. data from Chapter 5). If it was found
that their foot dimensions can be accommodated in such footwear, a definitive trial using
extra-depth and width footwear could be conducted. Important outcome measures such
as appropriateness of footwear fit and acceptability of footwear (i.e. acceptability of the
footwear in relation to its aesthetics, and adherence to wear as measured in the
randomised pilot study) would need to be evaluated. Other limitations identified in the
pilot study presented in Chapter 3 need to be addressed prior to a definitive trial. For
example, the slow recruitment rate as a result of long travel distances to assessment
location can be improved by altering data collection methods. This may include collecting
outcome measurements online where feasible (e.g. using REDCap software), as well as
allowing some flexibility with the location of the trial to collect data that cannot be

collected through an online platform (e.g. multi-site trial).
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To further improve footwear fit, creating footwear that is specific to the foot dimensions of
children with Down syndrome (i.e. wider, deeper footwear that can accommodate for the
increased girth and toe height, at a given size) is necessary. To do this, further research
is required to establish normative data for the foot dimensions of children with Down
syndrome. Data on foot dimensions can be collected through the use of 3D foot scans for
analysis, and the analysis can be further extended to evaluate sex- and age-based
differences, as evaluated in studies of other populations [70, 143, 151]. Findings from
this study can then be factored into the footwear development process. A prototype of
the footwear at a range of sizes can be trialled in future studies to determine the
appropriateness of fit and acceptability in children with Down syndrome prior to

developing this range on a commercial scale.
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6.4 Strengths and limitations of this thesis

The strengths of this thesis lie in its examination of the two interrelated concepts of
physical activity and footwear in children with Down syndrome, which have not been
investigated previously. The findings build upon previous literature by: (i) synthesising
research that has evaluated the effectiveness of physical activity interventions; (ii)
identifying key considerations for a definitive randomised trial; (iii) providing preliminary
findings on a novel intervention (custom-fitted footwear) to improve physical activity; (iv)
establishing 3D scanning is a reproducible method of measuring foot dimensions for
children with Down syndrome; and (v) providing an in-depth understanding of the foot

dimensions of children with Down syndrome.

A variety of study designs were implemented to thoroughly answer the research
questions that were posed. Rigorous methods reduced the effects of confounding factors
(such as risks of bias), and valid and reliable tools were consistently used to collect data,
thus increasing confidence in the findings. The systematic review and the randomised
pilot study were registered prospectively (with PROSPERO and ANZCTR). The use of
relevant reporting guidelines (e.g. PRISMA, TIDier, CONSORT, GRAAS, STROBE) also

ensured transparency and consistency when reporting the studies.

The findings from the studies conducted in this thesis have several applications across
clinical, research and industry settings. There is potential for the findings to have an
impact on clinical and research practice, that will ultimately lead to positive improvements
to the health and quality of life of children with Down syndrome. For example, for
clinicians, the findings provide a better understanding of footwear fitting issues commonly
experienced in children with Down syndrome and highlight how footwear fit can be
evaluated and improved. For researchers, future studies can be guided by the available
data, including using: (i) the randomised pilot study (Chapter 3) to plan a definitive
randomised trial, and (ii) the measurement technique (presented in Chapter 4 and 5) to
obtain normative data on the foot dimensions of children with Down syndrome. For
industry, the findings will assist in the design and manufacture of footwear specific to
children with Down syndrome. Additionally, this thesis focused on a young age group,
which is an important group for research to focus on as health improvements during

childhood years have implications that persist into adulthood.

There are also some limitations. Randomised trials investigating the effectiveness of
physical activity interventions (i.e. those included in Chapter 2) had significant
heterogeneity in the types of interventions and time-points that were evaluated, which
limited the ability to conduct a meta-analysis. A meta-analysis would have been useful to
improve statistical power and the precision of the effect estimates. There were also

methodological issues associated with the studies (such as missing data and risk of
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bias), which reduces the certainty of the confidence of the findings. In addition, because
physical activity interventions are physical, participant blinding is difficult. Although this is
recognised as an inherent issue in randomised trials [156], the possibility of
ascertainment bias affecting the estimate of effects of such interventions cannot be

overlooked.

A further limitation relates to the inclusion criteria used in the randomised pilot study
presented in Chapter 3. Participants did not have their existing footwear screened for
appropriateness of fit prior to being enrolled in the study. Although this was not an issue
for the majority of participants (as 88% of participants wore poorly-fitting footwear prior to
being enrolled), this is an important consideration in any future trial as it may interfere
with the difference in the effect between the experimental footwear and the existing
footwear (as there would be little difference in fit between the two shoes, thus masking
any effect if the experimental intervention was effective). Therefore, any future trial
should revise the eligibility criteria and exclude children with Down syndrome who

present with appropriately fitting footwear (if any).

In addition to this, future research involving the lower extremity in children with Down
syndrome should also consider any conditions that may affect joints and their function
(such as Juvenile Idiopathic Arthritis [51]) due to such a condition being under-diagnosed
in this population. This is also necessary when using interventions that may impact joint
function. Future studies should consider these conditions when designing studies, for

example, when developing participant inclusion and exclusion criteria.

Finally, in the case-matched study presented in Chapter 5, a technical error with the
original foot scanner (3D FotoScan foot scanner) occurred, so the scanner was not able
to be used for participants in the control group. Therefore, all participants in the control
group had their foot scanned using a more recent scanner (INFOOT foot scanner). Even
though both scanning devices have the high accuracy (within 0.5 to 1.0 mm) and create
the same output file, it was not ideal to measure participants using different scanners. It
was also not feasible to ask the children with Down syndrome to attend a further testing

session for the purpose of having their foot rescanned.

6.5 Conclusion

Footwear fit is a problem for children with Down syndrome. Footwear may have potential
to improve participation in physical activity, but this is difficult to evaluate empirically until
there is a solution to the issue of limited availability of appropriately-fitting footwear.
Possible solutions to this problem that warrant further investigation are extra-depth and

width footwear, and innovative approaches to footwear production using 3D scanning
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and manufacture. Further studies could then test the hypothesis that foot health status
and the amount of physical activity of children with Down syndrome could be improved
through footwear modification. Given footwear plays a substantial role in performing day-
to-day activities, it is imperative that footwear fit is improved for children with Down

syndrome.
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Appendices

Appendix 1. Online supplementary files associated
with the published systematic review

Supplementary file 1 — Search records

# Search terms MEDLINE EMBASE CINAHL SPORTDiscus Cochrane
Library

1 Exp Intellectual 184,365 455,893 14,143 1,140 3,299
Disability/or
intellectual
disability*.mp or
exp Cognition
Disorders/ or
cognitive
deficit*.mp or
*mentally
disabled persons/
2 Exercise.mp or 390,959 672,246 124,573 235,537 60,482
exp Exercise/ or
exp physical
activity/ or
physical
activity*.mp
3 1AND2 2,841 11,352 360 248 234

4 Search filters* 908 1,389 129 Nil Nil

Note: mp: title, original title, abstract, name of substance word, subject heading word. Exp: explode.*Details of the search
filters are located in Additional file 2.
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Supplementary file 2 — Search filters used in each database

MEDLINE EMBASE CINAHL Cochrane
Library' and
SPORTDiscus
Exp Intellectual Exp (MH “exp Intellectual Intellectual
disability/or intellectual Intellectual Disability+”) OR disabilit*.ti,ab,k
disabilit* .mp. Disability/ or “intellectual disability*” w
intellectual
disabilit*.mp.
Exp Cognition Cognitive “cognitive deficit*™” OR (MH  Cognitive
Disorders/or cognitive  deficit*.mp. exp “Cognition deficit*.ti,ab,kw
deficit*.mp. Disorders+”)
*mentally disabled *Mentally (MH exp “Mentally *mentally
persons/ disabled Disabled Persons”) OR disabled
persons/ “mentally disabled persons:ti,ab,k
persons” w
1or2or3 1or2or3 1OR20R3 1or2or3
Exp Exercise/ or Exp physical (MH exp “Exercise+”) OR  Physical
exercise.mp. activity/ or “exercise” activit*:ti,ab,kw
physical
activit*.mp.

Physical activity*.mp.

Exp exercise/
or

(MH exp “Physical
Activity”) OR “physical

Exercise:ti,ab,k
w

exercise.mp. activity™
50r6 5o0r6 50R6 50r6
4and 7 4and 7 4 AND 7 4and 7
Randomized Random:.tw. (MH “Clinical Trials+")
controlled trial.pt
Controlled clinical Placebo:.mp.  PT Clinical Trial
trial.pt.
Randomized.ab. Double- TX clinic* n1 trial*
blind:.tw.
Placebo.ab. 9or10 or 11 TX ( (singl* n1 blind*) or
(singl* n1 mask™) ) or TX (
( doubl* n1 blind*) or
(doubl* n1 mask®) ) or TX (
(tripl* n1 blind*) or (tripl*
n1 mask*) ) or TX (trebl*
n1 blind*) or (trebl* n1
mask*) )
Drug therapy.fs. 8 and 12 TX randomis* control*

trial*

Randomly.ab. (MH “Random Assignment
“)

Trial.ab. TX random* allocat*®

Groups.ab. TX placebo

9or10or11or12or
13or14 or150r 16

(MH “Placebos”)

Exp animals/ not
humans.sh.

(MH "Quantitative
Studies”)

17 not 18

TX allocate* random*
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8 and 19 90OR 100R 11 OR120R
13 0R 14 OR 15 OR 16
OR17OR 18 OR 19
8 AND 20

Abbreviations: exp, explode; MH, major heading; sh, medical subject heading; ti, title; ab, abstract; kw, keyword; pt,
publication type; tw, title/abstract; mp denotes free text search; fs denotes floating subheading;. 'ti, ab, kw used for
Cochrane search strategy.
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Supplementary file 3 — Risk of bias judgement

Angulo-Barroso et al. (2008)

Methods

Randomised controlled trial.

Participants

30 infants with Down syndrome.

Interventions

Individualised treadmill training protocols (high-intensity and
low-intensity).

Outcome Changes to physical activity levels between groups during
the intervention phase and at four different occasions
during a 1-year follow up.

Risk of bias

Item Authors’ Description
judgement

Adequate sequence Unclear Insufficient information provided to permit a

generation judgement of risk.

Allocation Unclear Insufficient information provided to permit a

concealment

judgement of risk.

Blinding of High Participants not blinded due to the nature of
participants the intervention.
Blinding Low Not blinded, but main outcome was an

Outcome assessor

objective outcome measure (activity log), so
not likely to be influenced by lack of blinding.

Incomplete outcome
data

High Six out of 30 participants dropped out and
were subsequently left out of the study, and
the authors have not mentioned which group
they dropped out of.

Selective reporting Unclear Insufficient information provided to permit a
judgement of risk.
Other biases Unclear Insufficient information provided to permit a

judgement of risk.
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Bergstrom et al. (2011)

Methods

Cluster randomised controlled trial.

Participants

129 adults with mild to moderate intellectual disabilities aged
between 20-66 years.

Interventions

Multi-component intervention for caregivers and participants based
on the social cognitive theory and health promotion.

Outcome Moderate to vigorous physical activity measured by steps per day.
Risk of bias
Item Authors’ Description
judgement
Adequate Low Simple randomised design was used and a
sequence researcher with no knowledge of the participants
generation performed randomisation. Participant identification
numbers were mixed in a basket and chosen to
allocate participants into groups.
Allocation Low Sealed envelopes with participant identification
concealment numbers were used.
Blinding of High Not blinded due to nature of intervention.
participants
Blinding Low Not blinded however primary outcome was an
outcome objective outcome measure which is not likely to be
assessor influenced by lack of blinding.
Incomplete Low Three out of 33 clusters dropped out after recruitment
outcome data but before the intervention was implemented. One
out of 130 participants dropped out and was
subsequently left out of the trial. Missing data unlikely
to be related to the outcome.
Selective Low Protocol published and outcomes pre-specified.
reporting
Other biases Low The trial appears to be free of other sources of bias.
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Curtin et al. (2013)

Methods

Pilot randomised controlled trial.

Participants

21 participants aged between 13-26 with Down syndrome
and a BMI of equal or greater than 85" percentile were
enrolled in the trial.

Interventions

Nutrition and activity education versus nutrition and activity
education with a behavioural intervention.

Outcome Change in moderate to vigorous physical activity.
Risk of bias
Item Authors’ Description
judgement
Adequate sequence Unclear Insufficient information provided to permit a

generation

judgement of risk.

Allocation
concealment

High Group assignment was made in the order of
enrolment by the research coordinator
working from a printed list of assignments.

Blinding of High Participants not blinded due to the nature of
participants the intervention.

Blinding High Outcome assessors were not blinded to
Outcome assessor group assignment.

Incomplete outcome High 4 out of 21 participants dropped out (19%)

data

with unclear reasons for drop-outs.

Selective reporting Unclear Insufficient information to determine risk of
bias. Unable to locate trial protocol.
Other biases Unclear Insufficient information to determine risk of

bias.

139



McDermott et al. (2012)

Methods

Randomised active controlled intervention trial.

Participants

443 community dwelling adults aged between 19-70 with
mild to moderate ID.

Interventions

'Steps to Your Health' participatory classes.

Outcome Change in mean of minutes of moderate to vigorous
physical activity.
Risk of bias
Item Authors’ Description
judgement

Adequate sequence Unclear Participants were assigned on random

generation assignment however it is unclear how the
process of randomisation took place.

Allocation Unclear The authors did not address this domain.

concealment

Blinding of High Participants were not blinded due to the

participants nature of intervention.

Blinding of outcome Low Primary outcome was measured objectively

assessor and is unlikely to be affected by lack of
blinding.

Incomplete outcome High Significant amounts of outcome data were

data missing. 236 out of 445 participants (53%)
dropped out and were subsequently left out
of the trial.

Selective reporting Unclear Insufficient information provided to determine
risk of bias. No protocol was located.

Other biases Unclear Unclear if other forms of bias are present.
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Melville et al. (2015)

Methods

Cluster randomised controlled trial.

Participants

102 participants over 18 with any level of ID.

Interventions

Walk Well program aimed to encourage walking and
engagement in physical activity.

Outcome Percentage in time in moderate to vigorous physical
activity.
Risk of bias
Item Authors’ Description.
judgement
Adequate sequence Sequence generation was random by using a
generation Low computer to generate permuted blocks.
Allocation low Used an interactive voice response system
concealment that was hosted externally.
Blinding of High Not blinded due to nature of intervention.
participants
Blinding of outcome Low Not blinded, but primary outcome was an

assessor

objective outcome measure (activity log via
an accelerometer), so not likely to be
influenced by lack of blinding.

Incomplete outcome High 82 out of 102 participants dropped out (20%)

data and were subsequently left out of the trial.

Selective reporting Low Reported pre-specified outcomes. Qualitative
outcomes published elsewhere.

Other biases Low Appears to be free of other forms of bias.
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Shields et al. (2013)

Methods

Randomised controlled trial.

Participants

68 young people with Down syndrome who were aged
between 14-22 and had mild to moderate ID.

Interventions

Student-led progressive resistance training program versus
attention controlled social program.

Outcome Physical activity measured as the average vector
magnitude activity per minute.
Risk of bias
Item Authors’ Description
judgement
Adequate sequence Low Sequence generation process performed
generation through block randomisation method where
participants were considered in blocks of 4, 6
& 8. Order of blocks were generated from a
web-based program.
Allocation Low Allocation concealment (1:1 allocation) was

concealment

performed through sequentially numbered,
opaque and sealed envelopes.

Blinding of High Participants were unable to be blinded due to
participants nature of intervention.
Blinding of outcome Low Assessments were completed by an assessor

assessor

blinded to group allocation and had no
involvement in recruitment, randomisation or
training participants.

Incomplete outcome Low A small amount of missing data occurred for

data reasons other than that related to the
intervention.

Selective reporting Low Outcomes were reported as specified in the

trial protocol. Two minor variations however
were made to data analysis, including the
calculation of SMD and using Pearson's r
correlation coefficient to improve
interpretability of results.

Other biases

Low This trial appears to be free of other forms of
bias.
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Shields and Taylor (2015)

Methods A phase Il randomised controlled trial.

Participants 16 participants aged from 18-35 with Down syndrome.

Interventions Mentored physical activity program.

Outcome Physical activity measured as vector magnitude per

minute.

Risk of bias

Item Authors’ Description

judgement

Adequate sequence Low Sequence generation process performed

generation through block randomisation method where
participants were considered in blocks of 4,
6 & 8. Order of blocks were generated from
a web-based program.

Allocation concealment Low Allocation concealment (1:1 allocation) was
performed through sequentially numbered,
opaque and sealed envelopes.

Blinding of participants High No blinding due to nature of intervention.

Blinding of outcome Low Assessments were completed by an

assessor assessor blinded to group allocation and had
no involvement in recruitment, randomisation
or training participants.

Incomplete outcome Low Data missing for 4 participants (3 controls, 1

data intervention). Reasons for missing sessions
were not related to the intervention, carry
forward technique used for missing data.

Selective reporting Low Trial protocol not located however the
authors reported on results for key outcomes
expected to be reported.

Other biases Low Free of other forms of bias.
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Ulrich et al. (2011)

Methods Randomised controlled trial.

Participants 72 participants aged between 8-15 with Down syndrome.

Interventions Modified bicycle versus a wait-list control.

Outcome Physical activity measured in number of minutes per day

spent in moderate to vigorous physical activity.
Risk of bias
Item Authors’ Description
judgement

Adequate sequence Unclear Insufficient information on randomisation

generation and sequence generation process.

Allocation concealment  Unclear Method of allocation not described and
possibly not performed.

Blinding of participants High Not blinded due to the nature of the
intervention.

Blinding of outcome High Although some outcomes were objective

assessor (e.g. physical activity via accelerometers),
on balance, there is too much room for bias.

Incomplete outcome High 11 out of 72 participants (15%) dropped out

data and were subsequently left out of the trial,
plus 15 were not analysed because they did
not learn to ride the bike (36% in total not
analysed).

Selective reporting High Trial registry shows different time points to
what was reported.

Other biases High Potential conflict of interest regarding

funding source and use of fleet bikes
however there is insufficient information
provided to rule this out.
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van Schijndel-Speet et al. (2017)

Methods Cluster randomised clinical trial.

Participants 151 participants who were 40 years or older.

Interventions Physical activity and education programme versus usual

care.

Outcome Physical activity measured in steps per day.

Risk of bias

Item Authors’ Description

judgement

Adequate sequence Unclear Person responsible for randomising groups

generation may be aware of treatment allocation. Clients
and family were concealed to the allocation, not
day centre managers. Investigators/participants
not blinded for allocation.

Allocation concealment High Person responsible for randomising groups
may be aware of treatment allocation. Only
clients and family were concealed to the
allocation, not day centre managers.

Blinding of High Blinding of participants not possible due to

participants nature of intervention.

Blinding of outcome High Executors of baseline and effect measurements

assessor were not blinded to allocation.

Incomplete outcome data High Substantial amount of missing data on the
primary outcome measure of PA.

Selective reporting Low The trial protocol is available, and all pre-
specified outcome measured
(primary/secondary) have been reported as
specified in the protocol however subsets of
data used.

Other biases Unclear Insufficient information to rule out other forms

of bias.
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Supplementary file 4 — Definition of adherence to physical activity

monitors used across studies.

Trial

Definition of adherence

Angulo-Barroso et al.

(2008)

Not reported.

Bergstrom et al.
(2013)

Around the waist in line with the knee for seven consecutive
days.

Curtin et al. (2013)

Equal or greater than 600 minutes per day (10 hours) on at
least three weekdays and one weekend.

McDermott et al.
(2012)

To be worn around the waist during all waking hours for five
days minimum including two weekend days.

Melville et al. (2015)

All walking hours for seven days, minimum being six hours of
data on at least three out of the seven days of use.

Shields et al. (2013)

Four days including one weekend day with at least 10 hours of
data a day.

Shields and Taylor
(2015)

Four days including one weekend day with at least 10 hours of
data a day.

Ulrich et al. (2011)

No minimum time specified, to be used for all activities except
water activities.

van Schijndel-Speet
et al. (2017)

At least four days of use.

146



Supplementary file 5 — Description of interventions

Trial Intervention

Angulo- A 9-month high-intensity interval training program was compared to a
Barroso et al.  low-intensity interval training program on a custom-built treadmill.
(2008) The high-intensity protocol involved progressive increases to

treadmill belt speed, time and ankle weights. The low-intensity
protocol did not change during the longitudinal interval of the

intervention.
Bergstrom et A three-component intervention (with a duration of 12 to 16 months)
al. (2013) was developed in line with the Social Cognitive Theory and aimed to

improve health literacy and behaviour through improving social and
physical environments. The three components were: (i) appointment
for a health ambassador in each community residence attending
network meetings, (ii) a study circle for caregivers and (iii) a health
course for residents.

Curtin et al. A 9-month intervention was used in two active intervention groups.

(2013) One group received a 6-month nutrition and activity education
intervention, and the other group received a 6-month nutrition and
activity education plus a behavioural intervention. The education
program allocated to one group was a nutrition and activity education
program that taught participants simple nutritional concepts and
exercises via verbal instruction, demonstration taste tests and
activities. The other group received same nutrition and activity
education program, plus the addition of a behavioural intervention
that involved sessions with a behavioural specialist who provided
instructions on behavioural strategies (i.e. monitoring diet and

activity).
McDermott et The 12-week intervention used, known as the ‘Steps to Your Health’
al. (2012) classes consisted of eight participatory classes that covered a variety

of topics that encouraged moderate to vigorous physical activity and
body mass reduction. Topics included nutrition, exercise, thinking
patterns, and behaviour management. Sessions were led by a health
educator. The control group covered topics relating to hygiene and

safety.
Melville etal.  The 12-week intervention involved physical activity consultations to
(2015) implement a behaviour change model (encompassing goal-setting,

self-efficacy, self-monitoring and mobilising social support for
change) and involved carers. The Walk Well intervention was
previously used on parents without intellectual disabilities. The aim of
the walking program was for participants to gradually increase their
daily walking time by thirty minutes.

Shields etal.  The 10-week intervention used included a progressive resistance

(2013) training program (using readily available resistance machines) at a
local gymnasium. It involved pairing a physiotherapy student as a
mentor with a participant to assist them complete the training
program and provide support.
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Shields and Using an 8-week walking program, participants in the intervention

Taylor (2015)  group worked with their student mentor to complete walking sessions
together and to plan for an additional session of walking without the
student mentor while participants in the control group engaged in
social activities with their student mentors.

Ulrich et al. Participants were taught how to learn to ride a bicycle (intervention)

(2011) for one week. The bicycle used was a specially designed, adapted
bicycle that provided stability while learning. The bicycle was
designed to allow for incremental progress to a two-wheel bicycle
and could be altered to suit the needs of the rider. Special rollers
could be fitted in place of the rear wheel to facilitate movement that
was similar to a two-wheel bicycle. The rollers included a series of
eight different sizes that increased in difficulty level. The rollers
tapered as the rider progressed in skill, which eventually led to riding
a standard two-wheel bicycle.

Van There were two components to the 8-month intervention. The first
Schijndel- component was an education program (to improve participants’
Speet et al. knowledge on physical activity and its health benefits). The
(2017) education component was inspired by another health promotion

program (known as ‘Health Matters’), which is developed with
experts in educating people with intellectual disabilities and
developing appropriate educational content. The second component
was a physical activity program (based on guidelines set by the
American College of Sports Medicine and the American Heart
Association). The physical activity program was set to address
fitness components, including strength, endurance, balance and
flexibility.
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Appendix 2. Online supplementary files associated with published randomised pilot study

Supplementary file 1 — Effect of Clarks® (intervention) casual shoes on gait parameters.

Biomechanical variable Mean (SD) at Mean (SD) at Mean (SD) at 12 weeks Mean (SD) at 12 Adjusted mean P-value

baseline baseline Control Custom-fitted weeks difference (95% Cl)

Custom-fitted group (n =16) footwear group Control group

footwear (n=17) (n =16)

group

(n=17)
Velocity (cm/sec) 111.24 (23.38) 108.28 (17.26) 122.27 (21.90) 112.54 (23.80) 8.10 (-3.71 to 19.90) 0.18
Cadence 123.67 (16.01)  124.83 (16.97) 125.38 (13.76) 125.41 (17.88) 0.71 (-6.81 to 8.23) 0.85
Step time (sec) L' 0.49 (0.07) 0.49 (0.06) 0.48 (0.05) 0.49 (0.07) 0.00 (-0.04 to 0.023) 0.79
Step length (cm) L 53.35 (9.12) 52.24 (7.84) 57.58 (10.17) 53.99 (10.04) 2.59 (-1.88 to 7.06) 0.26
Step time (sec) R? 0.47 (0.08) 0.49 (0.07) 0.486 (0.05) 0.48 (0.07) -4.02 (-0.03 to 0.00) 1.00
Step length (cm) R 54.88 (10.73) 52.62 (7.59) 60.08 (9.84) 53.87 (10.6) 4.25(-0.33 to 8.84) 0.07
Stride length (cm) L 108.45 (19.47) 105.42 (5.11) 117.25 (21.05) 108.33 (23.08) 3.74 (-5.03 to 12.52) 0.39
Stride length (cm) R 108.53 (19.38) 105.14 (15.32) 118.52 (20.27) 108.43 (21.00) 5.17 (-2.83 to 13.17) 0.20
HH?3 base support (cm) L 11.38 (3.14) 9.76 (1.60) 10.17 (2.87) 9.28 (2.85) -0.12 (-1.79 to 1.56) 0.89
HH base support (cm) R 11.45 (3.07) 9.96 (1.68) 10.11 (2.96) 9.43 (2.76) -0.14 (-1.82 to 1.54) 0.87
Stance time (sec) L 0.61 (0.11) 0.60 (0.09) 0.59 (0.07) 0.59 (0.10) 0.00 (-0.05 to 0.04) 0.87
Stance time (sec) R 0.61 (0.11) 0.60 (0.89) 0.59 (0.09) 0.60 (0.10) -0.01 (-0.07 to 0.04) 0.66
Single support time (sec) L 0.38 (0.04) 0.37 (0.05) 0.38 (0.03) 0.38 (0.04) 0.00 (-0.03 to 0.02) 0.70
Single support time (sec) R 0.38 (0.04) 0.38 (0.03) 0.38 (0.03) 0.38 (0.04) 0.00 (-0.02 to 0.02) 0.96
Double support time (sec) L 0.23 (0.08) 0.22 (0.05) 0.21 (0.04) 0.21 (0.06) -0.01 (-0.04 to 0.02) 0.48
Double support time (sec) R 0.23 (0.08) 0.22 (0.05) 0.21 (0.04) 0.22 (0.06) -0.01 (-0.04 to 0.02) 0.38
Toe in/out angle L 1.02 (10.09) 2.73 (5.97) 3.89 (8.69) 3.76 (6.52) 1.49 (-1.44 t0 4.41) 0.30
Toe in/out angle R 2.08 (7.71) 2.95 (5.92) 4.52 (8.69) 2.75 (6.40) 2.32 (-0.91 to 5.55) 0.16
Step width (cm) 51.22 (7.89) 49.57 (6.20) 54.52 (7.99) 50.15 (8.68) 2.75(-0.34 t0 5.84) 0.08
Stride width (cm) 10.29 (3.04) 9.11 (3.04) 9.11 (2.23) 8.89 (2.30) -0.24 (-1.75 t0 1.28) 0.76
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Supplementary file 1 (cont.) — Effect of Clarks® (intervention) school shoe on gait parameters.

Biomechanical variable Mean (SD) at Mean (SD) at Mean (SD) at 12 Mean (SD) at 12 Adjusted mean P-value

baseline baseline weeks weeks Control difference

Custom-fitted Control Custom-fitted group (n = 16) (95% Cl)

footwear (n=16) footwear group

group (n=17)

(n=17)
Velocity (cm/sec) 110.57 (21.38)  108.98 (21.96) 115.77 (20.27) 113.48 (25.28) 1.27 (-10.99 to 13.52) 0.84
Cadence 123.42 (15.10)  124.45 (14.60) 124.87 (14.5) 125.91 (15.64) -0.30 (-7.54 t0 6.94) 0.94
Step time (sec) L 0.49 (0.06) 0.50 (0.05) 0.49 (0.05) 0.49 (0.06) 0.00 (-0.04 to 0.04) 0.89
Step length (cm) L 53.64 (9.19) 52.81 (10.21) 58.54 (10.75) 55.00 (10.96) 2.89 (-1.63t0 7.41) 0.21
Step time (sec) R 0.50 (0.06) 0.49 (0.06) 0.49 (0.05) 0.48 (0.06) 0.01 (-0.02 to 0.04) 0.56
Step length (cm) R 54.26 (10.42) 52.73 (10.11) 58.35 (10.13) 54.21 (11.44) 2.94 (-2.59 to 8.47) 0.29
Stride length (cm) L 108.33 (19.40) 105.95 (19.89) 112.01 (20.76) 108.42 (21.76) 1.58 (-8.07 to 11.23) 0.75
Stride length (cm) R 107.87 (19.14)  105.94 (20.21) 113.08 (19.85) 110.19 (22.76) 1.32 (-9.24 to 11.88) 0.80
HH base support (cm) L 10.94 (2.75) 10.34 (1.80) 11.11 (2.69) 9.79 (1.83) 0.99 (-0.30 to 2.28) 0.13
HH base support (cm) R 10.96 (2.83) 10.49 (1.71) 11.19 (2.60) 9.67 (2.10) 1.24 (-0.04 to 2.51) 0.06
Stance time (sec) L 0.61 (0.11) 0.60 (0.08) 0.60 (0.07) 0.59 (0.08) 0.01 (-0.03 to 0.06) 0.53
Stance time (sec) R 0.6109 (0.10) 0.60 (0.08) 0.60 (0.08) 0.60 (0.09) 0.00 (-0.04 to 0.05) 0.95
Single support time (sec) L 0.38 (0.04) 0.37 (0.04) 0.37 (0.03) 0.37 (0.04) 0.00 (-0.02 to 0.02) 0.89
Single support time (sec) R 0.38 (0.03) 0.37 (0.04) 0.37 (1.54) 0.38 (0.04) 0.00 (-0.03 to 0.02) 0.67
Double support time (sec) L 0.23 (0.08) 0.23 (0.04) 0.224 (0.05) 0.22 (0.05) 0.00 (-0.03 to 0.04) 0.84
Double support time (sec) R 0.23 (0.08) 0.23 (0.04) 0.227 (0.05) 0.22 (0.05) 0.00 (-0.03 to 0.04) 0.82
Toe in/out angle L 2.13(9.21) 2.25(5.07) 3.48 (8.97) 2.55 (5.73) 1.01 (-2.84 t0 4.87) 0.60
Toe in/out angle R 3.56 (7.10) 3.53 (6.04) 4.29 (6.46) 2.92 (6.84) 1.34 (-1.33 t0 4.01) 0.32
Step width (cm) 51.01 (7.80) 49.89 (8.08) 53.02 (7.90) 51.02 (8.88) 1.05 (-2.23 t0 4.32) 0.53
Stride width (cm) 9.92 (2.54) 9.46 (1.57) 9.77 (2.27) 8.69 (1.74) 0.82 (-0.25 to 1.89) 0.13

*A system-generated error resulted in loss of data for five participants at the 12-week assessment, however multiple imputation was used prior to analysis. A negative adjusted mean difference indicates the
result favoured the control group. 'L = left and 2R = right. *Heel to heel base of support.
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Appendix 3. Online supplementary files associated
with the published reproducibility study

Supplementary file 1 — 3D foot scan measurement protocol

Software required

The 3D-Tool® Version 13 (3D-Tool GmbH, Weinheim, Germany): https://www.3d-

tool.com/

Canvas® 11 software (ACD Systems International, Seattle, WA, USA).
Notes

e All length and width measurements can be measured using 3D-Tool® viewer
e All girth measurements or cross-sections taken will require Canvas®

¢ Unit of measurement for all dimensions are in mm (both software)
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https://www.3d-tool.com/
https://www.3d-tool.com/

Length

Foot length

Definition
Distance between foot end (heel) and foot tip (anterior point of most protruding toe).

Instructions

y ate - i +fl¢ Wall Thickness Analysis | (5 Full Screen
& |~ @
Cross Meas

. More Toois - & Custom iew Show

Painter  Explode Tooling g e ot

leasure
Section  Markup Analysis [ Play Animation -

Tools Toalbox Presentation

187.38
(11.31, 186.66, 11.80)

To measure length, click on right view under the Align tab. Select measure mark-up and

select your landmarks from the pternion to the most protruding toe.

Ball of foot length

Definition

Distance between foot end (heel/pternion) and the 15t metatarsophalangeal protrusion.
Instructions

To measure ball of foot length, rotate the 3D model to view the
medial side of the foot. Select ‘measure mark-up’ and click on the

heel from the pternion. Rotate the image to view the planter

surface of the model. Select the landmark at the protrusion of the . ,,,,,

1st metatarsal. Rotate the model to check the dorsal side of the TR

foot to confirm positioning (see image). Qﬂﬂ :
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Outside foot length

Definition

Distance between foot end (heel/pternion) and the fifth

metatarsophalangeal protrusion.

Instructions

112.81
(23.46, 110.06, 7.92

Select the same point of the pternion used for foot length and ball
of foot length, rotate the model to view the plantar side. Select the
point of the protrusion of the 5" metatarsal. Rotate the model to
check the dorsal side of the foot to confirm positioning (see
image).

Foot width

76.79 74.23
(60.44, 32.54, 3.97) (73.26, 11.93, 0.77)

"Nl 40.53
p (40.29, 1.69, 4.05) |

(A) (B) (C)
(A) Diagonal foot width
Definition
Connecting line between the 15t metatarsophalangeal joint and the 5t
metatarsophalangeal joint.

Instructions

Position to view the plantar surface of the foot. Select ‘measure mark-up’ and measure
the widest points of the forefoot, at the 15 metatarsal to the 5" metatarsal, following the

height of the metatarsal heads.
(B) Horizontal foot width
Definition
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Orthogonal connection line starting at the 1t metatarsophalangeal joint to the outside

curvature of the foot.
Instructions

Similarly, select the 15t metatarsophalangeal joint and measure to the outside curvature
of the foot.

(C) Heel width

Definition

Orthogonal connection line starting on the medial side of the heel to the outside

curvature of the heel.
Instructions

Measure the widest part of the heel from the medial to lateral aspect of the heel.

Girth

Ball girth

Definition

Maximum circumference over the first to the fifth

metatarsophalangeal joint protrusion.
Instructions

Rotate the model to view the dorsal side of the foot. Select
‘cross section’. Select the ‘XZ-plane’ and drag the arrow to the
ball of the foot. Adjust the ‘angle Z’ to follow the metatarsal
head positioning. Select the ‘setting button’, select ‘export

cross-section as DXF’ and save. You will need to open this

file in Canvas® to measure ball girth.
Instep girth
Definition

Measured from the most plantar surface of the foot to the most dorsal aspect of the foot,

in alignment with the navicular.

Instructions
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Similar to ball girth, drag the arrow to the instep region and
adjust the angle to align with the navicular. Rotate the image
for the best view of the final area, then export as a DXF to
open and measure in Canvas®. For all girth measurements
that are exported as a DXF and opened in Canvas®, a
dialogue box will allow you to select from a range of options.
Ensure settings are in mm, open the file and select the

image. The top panel will show the perimeter value.

Height

First and fifth toe height
Definition (first toe height)

Maximum height of the hallux measured from the most
plantar aspect of the hallux to the most dorsal aspect of the

hallux.
Instructions

Position the model to view the medial side. Take a cross-
section of the highest point of the digit, reposition the foot

model (to view from the front) and measure height.
Definition (fifth toe height)

Maximum height of the 5" toe measured from the most

plantar aspect of the toe to the most dorsal aspect of the toe.

Instructions

Position the model to view the lateral side. Take a cross-
section of the highest point of the digit, reposition the foot

model (to view from the front) and measure height.

Instep height

Definition

Measured from the most plantar aspect of the foot to the
highest dorsal aspect of soft tissue (plantar foot end to the

junction of shank and foot dorsum).

Instructions

18.60 :
(0.57, 0.00, 18.60)
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Rotate the model to view the medial side of the foot. Select
‘cross section’. Select the ‘XZ-plane’ and drag the arrow to
the region according to the definition. With this cross-section
of the instep height, measure from the most plantar aspect

to the most dorsal aspect of soft tissue.

Forefoot shape

The forefoot region of each scan has been categorised into

47.14
3 shapes, which reflect the length of toes relative to each (1.30, 0.00, 47.12)

other. This section involves evaluating the forefoot and

determining which category best suits the shape of the toes

for each scan.
Shapes are:
(1) 1st digit is the longest digit (1>2>3>4>5)

(2) 2 digit is the longest digit (2>1>3>4>5)
(3) 1st and 2" digits are equal length, and longer than the remaining (1=2>3>4>5)

(1) () )
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Appendix 4. Study registrations (systematic review
and pilot study)

N I H R | National Institute PROSPERO
for Health Research International prospective register of systematic reviews

Effectiveness of interventions to increase physical activity in individuals with intellectual
disabilities: a systematic review of randomised controlled trials
Nirmeen Hassan, Shannon Munteanu, Karl Landorf, Nora Shields

Citation

Nirmeen Hassan, Shannon Munteanu, Karl Landorf, Nora Shields. Effectiveness of interventions to
increase physical activity in individuals with intellectual disabilities: a systematic review of
randomised controlled trials. PROSPERO 2016 CRD42016046948 Available from:
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42016046948

Review question
What interventions increase physical activity in individuals with intellectual disabilities?

Searches

We will search the following electronic databases: MEDLINE, CINAHL, Cochrane library, SPORTDiscus and
EMBASE.

The search strategy will include only terms relating to physical activity and intellectual disabilities. The terms
will be combined with the Cochrane MEDLINE filter for randomised controlled trials of interventions. The
search terms will be adapted across other databases in combination with database-specific filters for
randomised controlled trials where possible. No restrictions will be placed on language or publication period.

Types of study to be included
Only RCTs will be included.

Condition or domain being studied
Physical activity in people (children and adults) with an intellectual disability as a primary diagnosis.

Participants/population
Inclusion: Any age with an intellectual disability. No restrictions on level of intellectual disability or
geographical location of individual.

Intervention(s), exposure(s)

Any intervention that aims to improve overall participation in physical activity. Interventions may include but
are not limited to structured walking programs, structured exercise programs, health promotion programs,
multi component interventions (nutritional and exercise programs) and use of exercise equipment.

Comparator(s)/control
Usual care or groups not expected to have an effect on physical activity e.g. social activities not involving
physical activities.

Main outcome(s)
Studies need to include at least one count of physical activity measured objectively, and at least one
outcome measuring physical activity objectively (e.g. accelerometers, pedometers, doubly labelled water).

* Measures of effect

Standardised mean differences and associated 95% confidence intervals.

Additional outcome(s)
None.

* Measures of effect
N/A

Data extraction (selection and coding)
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Titles and/or abstracts of studies retrieved using the search strategy will be screened independently by two
review authors to identify studies that potentially meet the inclusion criteria. The full text of potentially eligible
studies will be retrieved and independently assessed for eligibility by two review authors. Any disagreement
between the two authors will be resolved through discussion. A modified data extraction form will be used to
extract data from the included studies.

Extracted information will include: study setting; study population and participant characteristics at baseline;
details of the intervention and control conditions; study methods, including outcome measures and times of
measurement.

Two review authors will extract data independently, discrepancies will be identified and resolved through
discussion (with a third author where necessary). Missing data will be requested from authors of included
studies.

Risk of bias (quality) assessment

Two review authors will independently assess the risk of bias of included studies using the Cochrane Risk of
Bias tool. Any disagreement will be discussed between review authors until consensus is reached. A third
reviewer will be involved if an agreement cannot be reached.

Strategy for data synthesis

A quantitative synthesis is planned and the means and standard deviations of the outcome measures
(assuming continuous scaled data) will be extracted. Standardised mean differences with 95% confidence
intervals will be determined. A meta-analysis will be performed where there are multiple studies comparing
the effectiveness of a similar intervention at a similar time point.

Analysis of subgroups or subsets
If feasible, sub-group analysis for people with differing levels of intellectual disability or differing medical
conditions associated with the disability will be performed.

Contact details for further information
Ms. Hassan
N.Hassan@latrobe.edu.au

Organisational affiliation of the review

Discipline of Podiatry, School of Allied Health, Human Services and Sport, College of Science, Health and
Engineering, La Trobe University, Melbourne, Victoria 3086, Australia

http://www.latrobe.edu.au/

Review team members and their organisational affiliations

Ms Nirmeen Hassan. Discipline of Podiatry, School of Allied Health, La Trobe University
Assistant/Associate Professor Shannon Munteanu. Discipline of Podiatry, School of Allied Health, La Trobe
University

Professor Karl Landorf. Discipline of Podiatry, School of Allied Health, La Trobe University

Professor Nora Shields. Discipline of Physiotherapy, School of Allied Health, La Trobe University

Type and method of review
Systematic review

Anticipated or actual start date
04 August 2016

Anticipated completion date
01 May 2017

Funding sources/sponsors
This review will not be funded.

Conflicts of interest
None known

Language
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English

Country
Australia

Stage of review
Review Completed published

Details of final report/publication(s) or preprints if available

Hassan NM, Landorf KB, Shields N, Munteanu SE. Effectiveness of interventions to increase physical activity
in individuals with intellectual disabilities: a systematic review of randomised controlled trials. Journal of
Intellectual Disability Research; 2018:63; 168 — 191. doi: https://doi.org/10.1111/jir.12562
https://onlinelibrary.wiley.com/doi/full/10.1111/jir.12562

Subject index terms status
Subject indexing assigned by CRD

Subject index terms
Humans; Intellectual Disability; Motor Activity; Quality of Life

Date of registration in PROSPERO
13 October 2016

Date of first submission
18 June 2020

Stage of review at time of this submission

Stage Started Completed
Preliminary searches Yes Yes
Piloting of the study selection process Yes Yes
Formal screening of search results against eligibility criteria Yes Yes
Data extraction Yes Yes
Risk of bias (quality) assessment Yes Yes
Data analysis Yes Yes

Revision note
This record is being updated as the publication is now available online.

The record owner confirms that the information they have supplied for this submission is accurate and
complete and they understand that deliberate provision of inaccurate information or omission of data may be
construed as scientific misconduct.

The record owner confirms that they will update the status of the review when it is completed and will add
publication details in due course.

Versions
13 October 2016
17 October 2016
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10 September 2020

PROSPERO
This information has been provided by the named contact for this review. CRD has accepted this information in good
faith and registered the review in PROSPERO. The registrant confirms that the information supplied for this submission
is accurate and complete. CRD bears no responsibility or liability for the content of this registration record, any
associated files or external websites.
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Australian New Zealand Clinical Trials Regi
i DEFINITIONS HINTSAND TIPS FAQs REGISTERTRIAL MY TRIALS

Trial Review

COVID-19 sudies are our top priority. For all other trials, there is a 4-week delay in processing a trial submitted to the ANZCTR and
additional delays for updates of regisered trials. We appreciate your patience.

The safety and scientifc validity of this sudy is the responsibility of the sudy sponsor and invesigators. Lising a sudy does not
mean it has been endorsed by the ANZCTR. Before participating in a sudy, talk to your health care provider and refer to this
information for consumers

Trial regisered on ANZCTR

Regisration number @ ACTRN12616001118493
Ethics application satus @ Approved

Date submitted (@) 28072016

Date regisered (i) 17/08/2018

Date las updated (@) 1082018

Type of regisration @ Prospectively regisered

Titles & IDs
Public title Do cusomised ft shoes increase physical activity in children with Down syndrome?
Scientifc title A pilot randomised controlled trial to invesigate if cusomised ft shoes increase the amount of physical activity
performed by children and adolescents with Down syndrome
Secondary ID [1] None

Universal Trial Number (UTN)
Trial acronym ShoeFIT

Linked sudy record

Health condition

Health condition(s) or problem(s) sudied:
Physical activity in Down syndrome

Feot health in Down syndreme

Condition category Condition code
Physical Medicine / Rehabilitation Other physical medicine / rehabilitation
Human Genetics and Inherited Disorders Down's syndrome
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Study type

Description of intervention(s) /

exposure

Intervention code [1]
Intervention code [2]

Intervention code [3]

Comparator / control treatment

Control group

Outcomes

Primary outcome [1]
Timepoint [1]

Secondary outcome [1]

Timepoint [1]

Secondary outcome [2]

Timepoint [2]

Secondary outcome [3]

Timepoint [3]

Secondary outcome [4]

Timepoint [4]

Secondary outcome [5]

Timepoint [5]

Secondary outcome [6]

Timepoint [6]

Secondary outcome [7]

Timepoint [T]

Secondary outcome [8]

Timepoint [8]

Secondary outcome [9]

Timepoint [9]

Secondary cutcome [10]

Interventional

The intervention group will receive two pairs of sandard commerically available shoes (from Clarks Ausralia);
one pair for school and one pair for ordinary wear. The shoes will be cusom fitted during a single one-on-one
appointment (approximate duraticn of 1 hour) with a podiatris trained in fiting shoes. The scheol shoes will be
Clarks Laura {females) or Lochie (males) model shoes. Participants that have feet that are too large for the
Laura/Lochie syles or prefer lace-up shoes will be provided with Daytona model shoes. Ordinary wear shoes
will be Clarks Ventura model (males and females) shoes. Participants that prefer lace-up shoes will be
provided with Vancouver model shoes.

The duration of the intervention will be 12 weeks. Participants will be expected to use the school shoes when
they go to school and use the ordinary wear shoes at other times (i.e. when they are not at school but are
wearing shoes).

Adherence will be monitered by specially designed quesicnnaire that the parents will complete at 6 and 12
weeks.

Treatment: Other

Lifesyle

Treatment: Devices

The control group (wait lis control) will continue wearing their exising shoes and will then receive two pairs of
cusomised ft shoes at the end of the sudy (12 weeks).

Active

Physical activity (using an Actigraph activity monitor collected over 7 days)
Baseline and at 6 and 12 weeks. Twelve weeks is the primary end-point

Foot-specifc disability (physical domain) using the physical domain of the Oxford Ankle Foot Quesionnaire for
Children) - parent reported version

Baseline, 6 and 12 weeks

Foot-specifc disability (school and play domain) using the Oxford Ankle Foot Quesionnaire for Children -
parent reported version

Baseline, 6 and 12 weeks

Foot-specifc disability (emotional demain) using the Oxford Ankle Foot Quesionnaire for Children - parent
reported version

Baseline, 6 and 12 weeks

Acceptability of the cusom ft shoes (experimental group) via semi-sructured interview of the participants and
carers/parents

12 weeks

Walking velocity (using the GAITRite sysem) wearing the pre-sudy entry shoes and cusom ftted shoes (both
ordinary wear and school shoes)

Baseline and 12 weeks

Cadence (using the GAITRite sysem) wearing the pre-sudy entry shoes and cusom ftted shoes (both
ordinary wear and school shoes)

Baseline and 12 weeks

Stride length (using the GAITRite sysem) wearing the pre-sudy entry shoes and cusom fited shoes (both
ordinary wear and school shoes)

Baseline and 12 weeks

Step length (using the GAITRite sysem) wearing the pre-sudy entry shoes and cusom ftted shoes (both
ordinary wear and school shoes)

Baseline and 12 weeks

Base of support (using the GAITRite sysem) wearing the pre-sudy entry shoes and cusom ftted shoes (both
ordinary wear and school shoes)

Baseline and 12 weeks

Toe infout angle (using the GAITRite sysem) wearing the pre-sudy entry shoes and cusom ftted shoes (both
ordinary wear and school shoes)
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Timepoint [10]
Secondary cutcome [11]

Timepaint [11]

Secondary cutcome [12]

Timepoint [12]

Secondary cutcome [13]

Timepoint [13]

Secondary cutcome [14]

Timepoint [14]

Secondary outcome [15]

Timepoint [15]

Secondary cutcome [16]

Timepoint [16]

Secondary cutcome [17]

Timepoint [17]
Secondary cutcome [18]

Timepoint [18]

Secondary outcome [19]
Timepoint [19]

Eligibility

Key inclusion criteria

Minimum age
Maximum age
Gender

Can healthy volunteers
participate?

Key exclusion criteria

Study design

Purpose of the sudy

Allocation to intervention

Procedure for enrolling a subject
and allocating the treatment

(allocation concealment
procedures)

Baseline and 12 weeks

Step width (using the GAITRIte sysem) wearing the pre-sudy entry shoes and cusom ftted shoes (both
ordinary wear and school shoes)

Baseline and 12 weeks

Adverse events (such as new pains in the body, rolled ankles, blisers, swelling) will be assessed via survey
completed by the parents/next of kin. The survey has been specifcally designed for this sudy.

6 and 12 weeks

Adherence to the intervention (experimental group only) will be determined by survey of parents/next of kin.
Parents of the participants will provide information regarding the number of hours per day and number of days
they have worn their shoes during the previous 6 weeks. The survey has been specifcally designed for this
sudy.

6 and 12 weeks

Use of co-interventions (such as new shoes that have not been prescribed in this sudy, visits to health care
providers for treatment of any foot canditions) will be assessed via a survey. The survey has been specifcally
designed for this sudy.

6 and 12 weeks

Stride width (using the GAITRIte sysem) wearing the pre-sudy entry shoes and cusom ftted shoes (both
ordinary wear and school shoes)

Baseline and 12 weeks

Single leg support time (using the GAITRite sysem) wearing the pre-sudy entry shoes and cusom fited shoes
(both ordinary wear and school shoes)

Baseline and 12 weeks

Double leg support time (using the GAITRite sysem) wearing the pre-sudy entry shoes and cusom ftted
shoes (both ordinary wear and school shoes)

Baseline and 12 weeks

Stance time (using the GAITRite sysem) wearing the pre-sudy entry shoes and cusom ftted shoes (both
ordinary wear and school shoes)

Baseline and 12 weeks

Step time (using the GAITRIite sysem) wearing the pre-sudy entry shoes and cusom ftted shoes (both
ordinary wear and school shoes)

Baseline and 12 weeks

Children and adolescents with Down syndrome will be eligible for inclusion in the trial if they are aged between
5 and 17 years and have the ability to follow simple verbal insructions in English.

SYears
17Years
Both males and females

Yes

Participants will be excluded from the trial if there is an acute or subacute medical reason why their physical
activity levels might be afected on an on-going basis (e.g. previous lower limb surgery , unable to walk without
a supportive device such as a walker or brace), or a concomitant medical condition or injury that could afect
their physical function (e.g. neurological or infammatory discrder). Participants will also be excluded from the
trial after the initial assessment if they cannot adhere to wearing a monitor to measure the amount of physical
activity they do for at leas 10 hours on at leas 4 days including at leas one weekend day .

Treatment
Randomised controlled trial

Participants will be randomly allocated to one of two groups after baseline assessment using sealed opaque
envelopes. The sealed envelopes will be prepared beforehand by a researcher with no other involvement in
participant recruitment, allocation or assessment.
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Methods used to generate the
sequence in which subjects will
be randomised (sequence
generation)

Masking / blinding

Who is / are masked / blinded?

Intervention assignment

Other design features
Phase

Type of endpoint(s)

Statisical methods / analysis

Recruitment satus

Date of frs participant enrolment

Anticipated 23/08/2018

Date of las participant enrolment

Anticipated 29/09/2017

Date of las data collection

Anticipated 22/12/2017
Sample size
Target 30

Recruitment in Ausralia
Recruitment sate(s)

Funding & Sponsors

Funding source category [1]
Name [1]
Address [1]

Country [1]

Primary sponsor type
Name

Address

Permuted block randomisation {with random block sizes)

Blinded (masking used)

The people adminisering the treatment/s
The people assessing the outcomes
The people analysing the results/data

Parallel

Not Applicable
Efcacy
Statisical analysis will be completed using SPSS (IBM Corp, NY, USA). Demographic characterisics and

baseline data will be summarized by descriptive satisics.

Data on outcome measures will be analysed on an intention-to-treat basis. Multiple imputation will be used to
replace any missing data using fve iterations, with age, baseline scores, and group allocation as predictors.

Groups will be compared on primary and secondary outcomes at week 6 and 12. Continuously-scored
outcome measures will be analysed using analysis of covariance with the intervention group and baseline
scores entered as independent variables. Efect sizes and associated 95% confdence intervals will be
calculated for each outcome. A sample size calculation for a fully powered randomised controlled trial will also
be completed.

Acceptability data from semi-sructured interviews will be analysed using thematic analysis by two independent
assessors and fnal themes will be agreed by consensus.

Statisical signifcance for hypothesis tess will be set at the conventional level of a = 0.05

Completed

Actual 21/08/2016
Actual 8/09/2017
Actual 20/12/2017
Accrual to date Final 89

VIC

University
La Trobe University. Sport, Exercise and Rehabilitation Research Focus Area Grant Scheme 1 — Pilot Project

La Trobe University
Melbourne VIC 3086

Ausralia
Individual
Shannon Munteanu

School of Allied Health,
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Country

Secondary sponsor category [1]
Name [1]

Address [1]

Country [1]

Other collaborator category [1]
Name [1]

Address [1]

Country [1]

Other collaborator category [2]
Name [2]

Address [2]

Country [2]

Other collaborator category [3]
Name [3]

Address [3]

Country [3]

Other collaborator category [4]
Name [4]

Address [4]

Country [4]

Ethics approval

Ethics application satus
Ethics committee name [1]

Ethics committee address [1]

Ethics committee country [1]

Date submitted for ethics
approval [1]

Approval date [1]
Ethics approval number [1]

Summary

Brief summary

La Trobe University,
Melbourne VIC 3086

Ausralia
Individual
Nora Shields

School of Allied Health,
La Trobe University,
Melbourne VIC 3086

Ausralia
Individual
Hylton Menz

School of Allied Health,
La Trobe University,
Melbourne VIC 3086

Ausralia
Individual
Nicholas Taylor

School of Allied Health,
La Trobe University,
Melbourne VIC 3086

Ausralia
Individual
Angela Evans

School of Allied Health,
La Trobe University,
Melbourne VIC 3086

Ausralia
Individual
Cylie Williams

Faculty of Medicine, Nursing & Health Sciences,
Monash University,

Wellington Rd & Blackburn Rd,

Clayton VIC 3800

Ausralia

Approved
La Trobe University Human Ethics Committee

La Trobe University
Melbourne
VIC 3086

Ausralia

30/03/2016

19/05/2016
HEC18-027

The aim of this sudy is:

To conduct a pilot randomised controlled trial to evaluate if wearing cuscmised ft shoes increases physical
activity among children and adolescents with Down syndrome
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Trial website

Trial related presentations /
publications

Public notes

Contacts

Principal invesigator
Name

Address

Country

Phone
Fax
Email

The research quesions are:

In children with Down syndrome:

* Does improving shoe ft increase physical activity?

* Does improving shoe ft improve foot specifc disability, and walking patterns?
* Are cusomised ft shoes acceptable?

The sudy methods are:

We will conduct a pilot randomised trial to compare cusomised ft shoes (intervention) to a waitlis (control)
group for children with Down syndrome. Thirty participants with Down syndrome aged 5 to 17 years will be
recruited, and randomly allocated to one of two groups. The intervention group (15 children) will receive two
pairs of cusomised ft shoes (from Clarks Ausralia): one pair for school and one pair for ordinary wear. The
control group (15 children) will continue wearing their exising shoes for 12 weeks (and will then receive two
pairs of cusomised ft shoes). Participants will be assessed at the sart of the sudy (baseline/week 0), then at
6, and 12 weeks. Four outcomes will be measured: (1) physical activity (using an activity monitor collected over
7 days) (main outcome), (2) computerised gait analysis, (3) foot-specifc disability using a quesionnaire called
the Oxford Ankle Foot Quesionnaire for Children, and (4) acceptability of the intervention (using an interview
approach).

Dr Shannon Munteanu

School of Allied Health,
La Trobe University
Melbourne

VIC 3086

Ausralia

+61 3 94795866

s.munteanu@latrobe.edu.au

Contact person for public queries

Name

Address

Country
Phone
Fax
Email

Dr Shannon Munteanu

School of Allied Health,
La Trobe University
Melbourne

VIC 3086

Ausralia

+61 3 94795866

s.munteanu@latrobe.edu.au

Contact person for scientifc queries

Name
Address

Country
Phone

Fax
Email

Dr Shannon Munteanu

School of Allied Health,
La Trobe University
Melbourne

VIG 3086

Ausralia

+61 3 94795866

s.munteanu@latrobe.edu.au
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Summary results

Have sudy results been
published in a peer-reviewed
journal?

Other publications

Have sudy results been made
publicly available in another format?

Results — hasic reporting
Results — plain English summary

ANZCTR Regiser a trial Search for a trial

Home Create account Find a trial

About us Login How to search
Statisics How to regiser a trial How to get involved
Useful links How to update a trial

News Data item defnitions

Contact Hints and tips

Privacy
Terms and conditions

Major funders

Ausiralian Government
National Health and Medical Research Couneil

NCRIS

National Research
Infrastructure for Australia

An Australian Gove rnment Initiative

THERAPEUTIC
INNOVATION

AUSTRALIA

‘ Health Research

rC Council of
7, New Zealand

Privacy | Disclaim

Copyright © Ausralian New Zealand Clinical Trials Regisry. All rights reserved.
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Appendix 5. Author contributions

This thesis includes 3 studies that have been published with several co-authors, and one
manuscript included as a chapter in this thesis. For each study, | was the first author and
was the major contributor of the article. Below is an outline of my contributions for each

piece of work.

Systematic review (Chapter 2)
| was involved in the concept and design of the systematic review.

| registered this review with PROSPERO.

| created the relevant search terms and applied these terms to conduct the search. |

screened and selected all the relevant articles to be included in the review.

I completed the risk of bias assessment using a risk of bias tool and extracted the

relevant data. | completed the data analysis using Revman software.

| drafted the final manuscript, prepared all tables and figures and worked in conjunction

with my co-authors to finalise the article for publication.

Randomised pilot study (Chapter 3)

| recruited all participants included in the randomised pilot study and completed all initial

and baseline assessments for all participants.

| completed all the progress reports required for ethics throughout the duration of the

trial.

| collected and extracted all the data and performed the data analysis using SPSS

software.

| wrote the manuscript and prepared all tables and figures. | worked in conjunction with

my co-authors to finalise the article for publication.

Reproducibility study (Chapter 4)

| was involved in the concept and the design of the study.

| collected and extracted all the data and performed the data analysis using SPSS

software.

| wrote the manuscript and prepared all tables and figures. | worked in conjunction with

my co-authors to finalise the article for publication.
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Cross-sectional observational study (Chapter 5)

| completed the ethics application for this study. | created all the relevant documentation
required for this application (recruitment flyers, Participant/Parent Information

Statements, consent forms and assessment forms).

| recruited all participants included in the cross-sectional observational study and

completed all assessments for participants.
| completed all the progress reports required for ethics as required.

| collected and extracted all the data and performed the data analysis using SPSS

software.

| wrote the manuscript and prepared all tables and figures. | worked in conjunction with

my co-authors to finalise the article for publication.
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Appendix 6. Ethical approval statements

Nora Shields

From: ResearchMasterEthics@latrobe.edu.au

Sent: Thursday, 19 May 2016 9:48 AM

To: ResearchMasterEthics; Nora Shields

Cc: Angela Evans; Hylton Menz; Nicholas Taylor; Shannon Munteanu;
cylie.williams@Monash.edu

Subject: Application HEC16-027 (Finalised - Approved) - Application finalised as Approved

Dear Nora Shields,

The following project has been assessed as complying with the National Statement on Ethical Conduct in
Human Research. | am pleased to advise that your project has been granted ethics approval and you may
commence the study.

Application ID: HEC16-027
Application Status/Committee: Finalised - Approved

Project Title: Do custom fitted shoes change physical activity in children with Down syndrome?
Chief Investigator: Nora Shields
Other Investigators: Cylie Williams, Nicholas Taylor, Angela Evans, Shannon Munteanu, Hylton Menz

Date of Approval: 19/05/2016
Date of Ethics Approval Expiry: 22/12/2017

The following standard conditions apply to your project:
- Limit of Approval. Approval is limited strictly to the research proposal as submitted in your application.

- Variation to Project. Any subsequent variations or modifications you wish to make to your project must be
formally notified for approval in advance of these modifications being introduced into the project.

- Adverse Events. If any unforeseen or adverse events occur the Chief Investigator must immediately notify the
UHEC immediately. Any complaints about the project received by the researchers must also be referred
immediately to the UHEC.

- Withdrawal of Project. If you decide to discontinue your research before its planned completion, you must
inform the relevant committee and complete a Final Report form.

- Monitoring. All projects are subject to monitoring at any time by the University Human Ethics Committee.

- Annual Progress Reports. If your project continues for more than 12 months, you are required to submit a
Progress Report annually, on or just prior to 12 February. The form is available on the Research Office website.
Failure to submit a Progress Report will mean approval for this project will lapse.

- Auditing. An audit of the project may be conducted by members of the UHEC.

- Final Report. A Final Report (see above address) is required within six months of the completion of the
project.

You may log in to ResearchMaster (https://rmenet.latrobe.edu.au) to view your application.

If you have any further questions, please contact the:

UHEC at humanethics@latrobe.edu.au

SHE College Human Ethics Sub-Committee at chesc.she@latrobe.edu.au ASSC College Human Ethics Sub-
Committee at chesc.assc@latrobe.edu.au
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LA T R 0 B E Research and Graduate Studies Committee
University Human Ethics Committee

UNIVERSITY http://www.latrobe.edu.au/researchers/ethics/human-ethics

Research Office

HUMAN RESEARCH ETHICS APPLICATION FORM:
DECLARATION FOR EXTERNAL INVESTIGATOR

This document must be submitted as an attachment to the online Human Research Ethics Application Form in ResearchMaster.
All investigators who are not current staff or students of La Trobe University are required to complete this declaration form.

RESEARCH PROJECT

Project Title

Do custom fitted shoes change physical activity in children with Down
syndrome?

Chief Investigator Dr Shannon Munteanu

DECLARATION

In preparing this application I/we, the undersigned, declare that I/we:

have read and agree to abide by the La Trobe University Human Research Ethics Guidelines;

have read and agree to abide by the conditions and constraints of the National Statement on Ethical
Conduct in Human Research (2007) and any other relevant University and/or statutory requirements;

accept responsibility for the accuracy of the information provided in this application and for the
conduct of this research, in accordance with the principles contained in the NHMRC Guidelines and any
other conditions specified by the University Human Ethics Committee;

will ensure that the qualifications and / or experience of all personnel involved with the project are
appropriate to the procedures performed;

will ensure that appropriate permits from relevant external organisations, or State or Federal agencies
will be obtained, that copies will be lodged with the UHEC and that any imposed conditions will be
observed;

understand that the information contained in this application is given on the basis that it remains
confidential in accordance with relevant University and statutory requirements;

abide by the terms and conditions set by the University Human Ethics Committee;
certify that the information contained in this application is true and accurate;

will seek approval for modifications to the research prior to their implementation.

SIGNATURE

Name

Cylie Williams Date 1 4/03/1 6

Signature
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Down Syndrome
Victoria

Supporting Victorian families since 1978

12 April 2016

Prof Nora Shields,
Department of Physiotherapy,
La Trobe University,

Bundoora,
Victoria 3086.

Dear Nora,
Re: Benefits of custom fitted shoes in children with Down syndrome
The Down syndrome Association of Victoria (DSAV) have reviewed your research application

and, subject to approval from La Trobe University Ethics Committee, we agree in principle to
allow you to send project flyers to relevant members.

Yours sincerely,
el Q)

Sue O'Riley
Executive Officer
Down Syndrome Association of Victoria

Down Syndrome Association of Victoria Inc.

18/71 Victoria Crescent Abbotsford VIC 3067 t: (03) 9486 9600 03 9486 9601
e:info@dsav.asn.au w: downsyndromevictoria.org.au

Reg No AO008787R ABN 59 901 963 154
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HEC19290 - New Application - Approved

Human Ethics <humanethics@latrobe.edu.au=
12/08/2019 12:15 PM

To: Shannon Munteanu Cc: NIRMEEN HASSAN; Andrew Buldt; Karl Landorf; Nora Shields

** This is an automatically generated email, please do not reply. Contact details are listed below.**
Dear Shannon Munteanu,

The following project has been assessed as complying with the National Statement on Ethical
Conduct in Human Research. | am pleased to advise that your project has been granted ethics

approval and you may commence the study.

Application ID: HEC19290
Application Status/Committee: University Human Ethics Committee

Project Title: Differences in foot anthropometry and foot health in children and adolescents with and
without Down syndrome

Chief Investigator: Shannon Munteanu
Other Investigators: Karl Landorf, Andrew Buldt, Nora Shields, Ms Nirmeen Hassan

Date of Approval: 12/08/2019
Date of Ethics Approval Expiry: 12/08/2024

The following standard conditions apply to your project:

- Limit of Approval. Approval is limited strictly to the research proposal as submitted in your
application.

- Variation to Project. Any subsequent variations or modifications you wish to make to your project
must be formally notified for approval in advance of these modifications being introduced into the
project.

- Adverse Events. If any unforeseen or adverse events occur the Chief Investigator must notify the
UHEC immediately. Any complaints about the project received by the researchers must also be
referred immediately to the UHEC.

- Withdrawal of Project. If you decide to discontinue your research before its planned completion,
you must inform the relevant committee and complete a Final Report form.

- Monitoring. All projects are subject to monitoring at any time by the University Human Ethics
Committee.

- Annual Progress Reports. If your project continues for more than 12 months, you are required to
submit a Progress Report annually, on or just prior to 12 February. The form is available on the
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Research Office website. Failure to submit a Progress Report will mean approval for this project will
lapse.

- Auditing. An audit of the project may be conducted by members of the UHEC.

- Final Report. A Final Report (see above address) is required within six months of the completion of
the project.

You may log in to ResearchMaster (https://rmenet.latrobe.edu.au) to view your application.

Should you require any further information, please contact the Human Research Ethics Team on:
T:+61 39479 1443| E: humanethics@latrobe.edu.au.

Warm regards,

Human Research Ethics Team
Ethics, Integrity & Biosafety, Research Office
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Appendix 7. Forms associated with the randomised
pilot study

Q LA TROBE
w2 UNIVERSITY

Participants
Wanted!

Custom shoe fitting in young people with Down syndrome

We want to find out if custom fitted shoes are useful for young people with Down syndrome.
WE WOULD LIKE YOU TO HELP US!

What is involved?

Your child or adolescent will be allocated at random to one of two groups. One group will
receive two pairs of custom fitted shoes immediately, and the second group will be asked to
continue wearing their regular shoes for 12 weeks after which they will receive two pairs of
customised fitted shoes.

We will ask all participants to complete a range of outcomes at the start of the study, after 6
weeks, and again 12 weeks later including assessments of their footwear, foot disability,
physical activity, foot health and walking.

How much will it cost?
We will cover the cost of the two pairs of new Clarks shoes and will contribute a small amount
towards the cost of your travel associated with the project.

Who will be taking part?
Young people with Down syndrome aged 5-17 years.

Who is organising this study?

Dr Shannon Munteanu, Dr Angela Evans, and Prof Hylton Menz are research podiatrists at La
Trobe University. Dr Cylie Williams is a paediatric podiatrist and adjunct research fellow at
Monash University. Prof Nora Shields and Prof Nick Taylor are research physiotherapists at La
Trobe University.

Interested?

If you are interested in taking part or you have any questions regarding this study please
contact Dr Shannon Munteanu (9479 5866 or s.munteanu@Iatrobe.edu.au) or Prof Nora
Shields (03 9479 5852 or N.Shields@Iatrobe.edu.au).
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La Trobe University

% LA TROBE Mailing address

UNIVERSITY Victoria 3086 Australia
College of Science Health and Engineering T +6139479 5815
School of Allied Health F +6139479 5737

E health@latrobe.edu.au
latrobe.edu.au/health

PARTICIPANT INFORMATION STATEMENT (PARENT OR GUARDIAN)

PROJECT TITLE: Do custom fitted shoes change physical activity in children with Down syndrome?

INVESTIGATORS:

Dr Shannon Munteanu is senior lecturer in podiatry in the School of Allied Health at La Trobe University
Professor Nora Shields is the Professor of Clinical and Community Practice in the School of Allied Health at
La Trobe University and Northern Health.

Dr Angela Evans is a paediatric podiatrist and a senior lecturer in the School of Allied Health at La Trobe
University.

Dr Cylie Williams is a paediatric podiatrist and an adjunct Research Fellow at Monash University
Professor Hylton Menz is a NHMRC Senior Research Fellow in the School of Allied Health at La Trobe
University

Professor Nicholas Taylor is the Professor of Allied Health in the School of Allied Health at La Trobe
University and Eastern Health.

Ms Nirmeen Hassan is a podiatrist and Master of Research student in the School of Allied Health at La
Trobe University.

Dr Andrew Buldt is a podiatrist and post-doctoral researcher in the School of Allied Health at La Trobe

University.

ABOUT THE PROJECT:

Your child or adolescent is invited to take part in a project to see if custom fitted shoes changes the amount
of physical activity young people with Down syndrome do. This project will test if young people with Down
syndrome who wear custom fitted shoes and then wear the shoes regularly for 12 weeks do more physical

activity than young people with Down syndrome who wear their own shoes.

WHO CAN TAKE PART?:
Your child is being asked to take part because they are aged 5-17 years and have Down syndrome.
Children with Down syndrome can take part in this project you need to be able to follow short instructions

in English.
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Children with Down syndrome will not be allowed to take part in this project if there is some reason why

you cannot be active such as having an operation on their leg or needing to wear to brace to walk.

WHAT YOUR CHILD WILL BE ASKED TO DO:

If you agree for your child or adolescent to take part, they will be randomly put into either a group that will

receive two pairs of custom fitted shoes (one pair of school shoes and one pair of casual shoes) or a group

that will continue to wear their own shoes for 12 weeks (the control group).

All children taking part will be asked to do some tests at four time points:

e before the start of the project (initial assessment),

e two-weeks after their initial assessment (baseline assessment, week 0),

e 6-weeks from baseline (mid-way assessment, week 6) and

e atthe end of the project (follow-up assessment, week 12).
If your child or adolescent has been randomly put into the control group (wear their usual shoes for 12
weeks), they will have an opportunity to receive two pairs of custom fitted shoes after they have finished all

assessments.

TESTS:

Your child or adolescent will be asked to do some tests.

The tests will be done at La Trobe University, at the Melbourne campus in Bundoora, and will take about 90
minutes.

You will need to get your child or adolescent or young adult to the place where the tests are done.

We will pay $30 towards the cost of getting to the testing place and will give your adolescent or young adult

that money on the day of the test. The exception is the midway test (week 6) which is done at home.

1. Wearing a little monitor: your child or adolescent will be asked to wear a little monitor for 8 days. It will

measure the amount of movement your child does.
You child or adolescent will wear this monitor on their waist using a belt. You need to wear the monitor from

when they get up in the morning until they go to bed at night.

If your child or adolescent is not able to wear the monitor for 10 hours each day for four days including

either a Saturday or a Sunday, they cannot take part in the project.
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Dr Shannon Munteanu will arrange for you and your child to be seen at the Health Sciences Clinic, La Trobe

University to advise you on how to deal with the problem and determine the need for further referral, if any.

This project has been approved by the University Human Ethics Committee at La Trobe University. Clarks
Australia is supporting this project by providing the shoes that will be prescribed by the podiatrists for free.
This project has been given money from the Sport, Exercise and Rehabilitation Research Focus Area at La

Trobe University (524,137).

STORING INFORMATION:

All information we collect as part of this project will be confidential.

If your child or adolescent takes part in the study they will be given a code number, which we will use when
entering their information on the computer. Their information will be stored during the project in a lockable
filing cabinet in the Podiatry Research room at the La Trobe University Health Sciences Clinic. Data will be put

on an electronic file on a computer that needs a password to use it.

Although the researchers will know who your child or adolescent is during the project, their name will not be

put included in anything we write about the project. Their identity will remain confidential.

After the project is finished, the computer records and written forms will be transported to a lockable filing
cabinet in the locked office of the principal researcher (Dr Shannon Munteanu) at La Trobe University (Room
540, Health Sciences Building 3). No one apart from the researchers will have access to data. At the end of
the study a summary of the results will be kept as a computer file on the La Trobe University server. Data will

be kept for fifteen years after publication of the results of the study and then it will be destroyed.

RESULTS OF THE STUDY:
When the study is finished, the researchers will send a report about the results to everyone who took part in

the study. If your child or adolescent wants a copy of their results they will be given these.

The results of this project may appear in journal publications and in presentations at conferences but

participants in the study will not be named.
WITHDRAWING FROM THE STUDY:

Your child or adolescent can stop taking part in the project at any time. If they change their mind, you can

request for them to stop being part of the project, provided you tell us within four weeks of having finished
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taking part in the project. Once we receive your request, we will destroy all data we have about your children
or adolescent. To make this request, you will need to complete and sign a Revocation of Consent Form and

send it to Dr Shannon Munteanu in the School of Allied Health at La Trobe University, Bundoora, VIC, 3086.

You may only make this request if you change your mind within four weeks of finishing the project.

Taking part is purely voluntary and there are no disadvantages, penalties or adverse consequences for not

taking part in or from stopping taking part in the research early.

QUESTIONS OR COMPLAINTS?

If you have any questions about this project you can telephone Dr Shannon Munteanu at La Trobe University,
on (03) 9479 5866. If you have any complaints or questions that the researchers have not been able to answer
to your satisfaction, you may contact the Senior Human Ethics Officer, Ethics and Integrity Research Office,

La Trobe University, Victoria 3086 by telephone 03 9479 1443 or by e-mail humanethics@latrobe.edu.au.

Please quote the application reference number HEC16-027.
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La Trobe University

UNIVERSITY Victoria 3086 Australia

Q LA TROBE

T +6139479 5815
College of Science Health and Engineering F + 6139479 5737

. E health@latrobe.edu.au
School of Allied Health latrobe.edu.au/health

CONSENT FORM (PARENT OR GUARDIAN)

Do custom fitted shoes change physical activity in children with Down syndrome?

I have read (or, where appropriate, have had read to me)
and understood the information above and any questions | have asked have been answered to my

satisfaction.

| agree for my child or adolescent to take part in the project, realising that | may withdraw my child or
adolescent from the study at any time. | know that | may ask that all traces of my child or adolescent’s

participation be removed from the project records up to four weeks after taking part in the project
| agree that the research data provided by my child or adolescent or with my permission during the

project may be presented at conferences and published in journals on the condition that neither my

child or adolescent’s name nor any other identifying information is used.

Child or adolescent’s name (block letters):

Name of parent (block letters):

Signature: Date:

Name of researcher (block letters):

Signature: Date:
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ASSENT FORM (ADOLESCENT)

Do custom fitted shoes change physical activity in children with Down syndrome?

| have read (or someone else has read it to

me) and understood the information above, and any questions | have asked have been explained to

me so that | understand.

| agree to take part in the project, but | know that | may stop taking part in the study at any time and
may ask that my name and all information about me or collected from me to be removed from the

project records up to four weeks after | have finished the program.
| agree that the information provided by me during the project may be included in written reports

and articles that might be presented at conferences or written in journals but that my name nor any

other information that might identify me will not be used.

Name of participant (block letters):

Signature: Date:

Name of researcher (block letters):

Signature: Date:
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UNIVERSITY La Trobe University

. . . Victoria 3086 Australia
College of Science Health and Engineering

School of Allied Health T +613 94795815
F + 6139479 5737

E health@latrobe.edu.au
latrobe.edu.au/health

REVOCATION OF CONSENT FORM (PARENT OR GUARDIAN)

Do custom fitted shoes change physical activity in children with Down syndrome?

| hereby wish to WITHDRAW my consent for my child or adolescent to participate in the research
proposal described above and understand that such withdrawal WILL NOT jeopardise my relationship

with La Trobe University.
| understand that all traces of my child or adolescent’s data will be removed from the project, provided

| tell the principal researcher (Shannon Munteanu) this within four weeks of having finished taking

part in the project.

Child or adolescent’s name (block letters):

Name of parent (block letters):

Signature: Date:

Name of researcher (block letters):

Signature: Date:
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College of Science Health and Engineering | T+61394795815
School of Allied Health F +6139479 5737
E health@latrobe.edu.au
latrobe.edu.au/health

REVOCATION OF CONSENT FORM (ADOLESCENT)

Do custom fitted shoes change physical activity in children with Down syndrome?

| do not want to be a part of the project anymore. | would like you to destroy any information | have
given you and remove my name and details from the project. | understand that | need to tell the
principal researcher (Shannon Munteanu) that | would like all traces of my data to be removed from

the project within four weeks of having finished taking part in the project.

| understand that nothing bad will happen to me or my family because | have changed my mind.

Participant’s name (block letters):

Signature: Date:

Name of researcher (block letters):

Signature: Date:

185



£ LA TROBE
o, UNIVERSITY

School of Allied Health, College of Science, Health and Engineering,
La Trobe University, Victoria 3086 Australia
T (03) 9479 5866, F (03) 9479 5768

INITIAL APPOINTMENT

D - ) { <

Study Identification: SHOEFIT_

Do customised fit shoes increase physical activity in

children with Down syndrome?

La Trobe University Human Ethics Committee application reference number HEC16-027

Investigators:
Professor Nora Shields Dr Shannon Munteanu Dr Angela Evans
Dr Cylie Williams Professor Hylton Menz Professor Nicholas Taylor
Ms Nirmeen Hassan Dr Andrew Buldt
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PARTICIPANT AND/OR GUARDIAN CONSENT

Informed consent form signed by:

Participant []Guardian []
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PARTICIPANT CHARACTERISTICS AND MEDICAL HISTORY

Sex: Male / Female

Initials: First name / Surname: (e.g SM)
Type of Down syndrome Trisomy 21 [] Translocation [] Mosaic []
DOB: / / Age (years):

Unable to be enrolled if <5 years or 18 years or older (or unable to follow basic verbal instructions)

Does your child currently use foot orthoses/arch supports: Yes / No (please circle)
Does your child use any other aids: Yes / No (please circle)

Please specify:

Unable to be enrolled if unable to walk without the aid of a walker or cane?

Does your child have/ever had any of the following medical conditions?

Hearing impairment Yes [ ] No [ ]
Vision impairment Yes [ ] No [ ]
Diabetes Yes [ ] No [ ]
Stroke Yes [ ] No [ ]
Cancer Yes [ ] No [ ]
Heart disease/ Yes [ ] No [ ]
Incontinence — urinary Yes [ ] No [ ]
Broken bones Yes [ 1] No [ 1]
Hypothyroidism Yes [ 1] No [ 1]
Leukemia Yes [] No [ ]
Atlantoaxial dysfunction Yes [] No [ ]
Epilepsy Yes [ 1] No [ ]
Constipation Yes [ 1] No [ ]
Celiac disease Yes [ 1] No [ ]
Anxiety Yes [1] No [ 1]
Depression Yes [ ] No [ ]
Autism Yes [] No [ ]
Other medical condition (please specify) Yes [ 1] No [ ]

Unable to be enrolled if the presence of a concomitant medical condition or injury that could affect their physical

function (e.g neurological or inflammatory disorder)

What medications is your child currently taking? Include medications bought directly from the chemist or
shop without prescription. (Tablets, capsules, mixtures, powders, injections, eye drops, vitamins, herbs etc).

None [ ] = Go to next question

1. 4.
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PARTICIPANT ANTHROPOMETRICS

Test | Equipment | Instructions Test result
Test 1 (cm 1 dec point):
Take 2 height measurements using
stadiometer
Height Stadiometer Remove shoes
Test 2 (cm 1 dec point):
Test 1 (kg 1 dec point):
Take 2 weight measurements using
Standard scales
Weight weighing Remove shoes
scales
Test 2 (kg 1 dec point):
Test 1 (cm 1 dec point):
Take 2 measurements using tape
. measure
Waist T
circumference ape measure .
Test 2 (cm 1 dec point):
Test 1 (cm 1 dec point):
Take 2 measurements using tape
. measure
H'|p Tape measure
LB IEE Test 2 (cm 1 dec point):

~
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FOOT ASSESSMENT
Lesser toe deformity (tick if present) Blistering (sketch and label)

g Bunionette (tick if present) Onychomycosis (sketch and label)
Corns/callus (sketch areas and label) Onychocryptosis (sketch and label)
Warts (sketch and label) Other...
TInea (sketch and label)

Right foot:

Xerosis scale: 0 1 2 3 4 5 6
Left foot

Xerosis scale: 0 1 2

190



LA TROBE

UNIVERSITY

«= Hallux valgus — Manchester scale — right foot

grade

«. Hallux valgus — Manchester scale — left foot

grade
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rrisrer FOOL Posture Index (FPI)

ar Arch Index

Foot Posture Assessment

1 Talar head palpation

2 Supra / infra malleolar curvature

3 Inversion/eversion of calcaneus

4 Prominence of TNJ

5 Congruence of medial arch

6 Abduction/adduction of FF on RF

TOTAL

Right foot

Right foot:
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ASSESSMENT OF DIMENSIONS OF FOOTWEAR
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Trace outline here OF USUAL RIGHT NON-SCHOOL shoe
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Trace outline here OF USUAL RIGHT SCHOOL shoe
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ASSESSMENT OF DIMENSIONS OF FEET

Ask subject to stand on carbon imprint paper and trace around RIGHT FOOT

Tick box when completed:

FIT_FEET Foot

Right foot:
Length (mm):

Maximum width (mm)

Total area (mm?)

11
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ASSESSMENT OF SHOE SIZING USING FOOT GAUGE / SHOE PREFERENCE

sHoesizeSizi ng

Left foot: Right foot:
Length: Length
Width: Width:

Recommended shoe length and width to order (e.g. 1 2 H) :

Shoe preference

Male Female Unisex (if feet too
large or prefer lace-
ups)

School Lochie Laura Daytona
Casual Ventura (black, white/navy, white fuchsia, Vancouver (black,
white/silver) white/navy,
white/silver)

Rules:
Fit with socks on
Sitting position

Length:

If more than a half number is covered, then go up;

If a V2 size but the shoe is only in full size length, then go up size
Width: If b/w two width fittings, then go up size.

12
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3D FOOT SCANS

Label as study SHOEFITRCT (study number)_right/left
e.g.SHOEFITRCTO1_R

Use “VERY DARK” setting and turn off lights in the room. Participant
should be standing with feet approx. shoulder width apart.

[1 Right foot

13
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FOOTWEAR ASSESSMENT TOOL

FAT_USUALNONSCHOOL Usual NON-SCHOOL/CASUAL shoes

. Shoe details, including size

. Age of shoes: (months)

. Footwear style: [ ]walking shoe [ ]athletic shoe
[ ]boot [ 1ugg boot
[ ]slipper [ ]backless slipper

[ ]sandal [ ]surgical/bespoke

. Heel height: (mm)

. Forefoot height: (mm)

. Flexion point: [ TatMTPJs [ ]proximal

. Midfoot sole sagittal stability: 1[ ] minimal (>45°)

. Fixation: [ 1none [ ]laces [ ]straps/buckles

[ ] oxford shoe
[ 1high heel
[ ]court-shoe

[ ]1moderate (< 45°)

[ 1moccasin
[ 1thongs
[ Imule

[ 1rigid (0-10°)

[ 1zips

FOOTWEAR ASSESSMENT TOOL

FAT_USUALSCHOOL Usual SCHOOL shoes

1.

2.

Shoe details, including size

Age of shoes: (months)
. Footwear style: [ ]walking shoe [ ]athletic shoe
[ ]boot [ 1ugg boot
[ 1slipper [ ]backless slipper
[ ]sandal [ ]surgical/bespoke
. Heel height: (mm)
. Forefoot height: (mm)
. Flexion point: [ 1at MTPJs [ 1proximal
. Midfoot sole sagittal stability: 1[ ] minimal (>45°)
. Fixation: [ ]none [ ]laces [ ]straps/buckles

[ ] oxford shoe
[ 1high heel
[ 1court-shoe

[ ] moderate (< 45°)

[ 1moccasin
[ ]1thongs
[ 1mule

[ ]rigid (0-10°)

[ 1zips

14
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ACTIGRAPH PHYSICAL ACTIVITY MONITOR TO BE PROVIDED TO PARENT

15
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CHECKLIST

Place tick next to each dot when complete

Pre- Baseline Week Week

Baseline (t0) 6 12
(t-2
weeks)
Clinic GAIT  Postal Clinic
LAB

Informed consent obtained and eligibility confirmed [
Initial / baseline assessments

Measure for shoes o

Participant characteristics / medical history ®

Foot assessment (deformity, dermatology, Foot Posture [

Index/Arch Index, toe deformity)

Simplified Footwear Assessment Tool — non-school and o ®

school shoes

Shoe Fit casual and school shoes (Menz Morris) [ ®

3D foot scan (shoe fit) of right foot [
Biomechanical assessment ® ®
Primary outcome measure

Physical activity (Actigraph monitor 7 days) ® L4 o
Secondary outcome measures

Oxford Ankle Foot Questionnaire for Children for children ® ® ®

- parent proxy

Acceptability of the custom fit shoes (experimental group ®

interview)
Adherence (experimental group) ® ®
Adverse events (experimental group) [ o
Use of cointerventions (including shoe changes) ® ®

16
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OXFORD ANKLE AND FOOT QUESTIONNAIRE FOR CHILDREN -
PARENT VERSION

The following questions are based on how children and adolescents have previously expressed how they have
been affected by a problem to their feet or ankles.

Please fill out this questionnaire to the best of your ability and place a tick under each answer that describes
your child or adolescent best for each question.

Consideringthe previous week,

1. Hasyour child found walking difficult because of their foot or ankle?

never rarely sometimes very often always

O O @) O O

2. Hasyour child found it difficult to run because of their foot or ankle?

never rarely sometimes very often always

@) O @) O O

3. Hasit beendifficult for your child to stand up for long periods?

never rarely sometimes very often always

O O O O O

4. Hasyourchild had painintheirfoot or ankle?

never rarely sometimes very often always

O O O O O

5. Haveyour child’s legs been sore or ached after walking or running?

never rarely sometimes very often always

@) O @) O O

6. Hasyourchild felt tired because of their foot or ankle?

never rarely sometimes very often always

O O O O O

7. Hasyourchild’sfoot or ankle stopped them joiningin with othersin the playground?

never rarely sometimes very often always

O O O O O

8. Hasyourchild’s foot or ankle stopped them playingin the park or outside?

13
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10.

11.

12.

13.

14.

15.

never rarely sometimes very often always

O O O O O

Has your child’s foot or ankle stopped them taking partin physical education lessons?

never rarely sometimes very often always

O O @) O O

Has your child’s foot or ankle stopped them taking partin any other lessons at school?

never rarely sometimes very often always
O O O O O
Has your child been bothered by how their foot or ankle looks?
never rarely sometimes very often always
O O O O O
Has the way your child walks bothered them?
never rarely sometimes very often always
O O O O O
Has your child been embarrassed because of their foot or ankle?
never rarely sometimes very often always
O O O O O

Has anyone been unkind to your child because of their foot or ankle?

never rarely sometimes very often always

O O @) O O

Has your child’s foot or ankle stopped them wearing any shoes they wanted to wear?

never rarely sometimes very often always

O O @) O @)

14
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POST INTERVENTION INTERVIEW SCHEDULE (Participants with Down syndrome and their parents)

INTERVIEW PURPOSE & FRAMEWORK:

o To find out how the participants felt about their custom fitted shoes, and what effects they had, if any

e  Use the following questions to guide your discussion

e Feel free to follow a participant’s lead, and explore their thoughts as they arise

INITIAL STATEMENTS TO PARTICIPANTS:

e Let the participant know that you will be asking them questions about their custom fitted shoes,
which they have been wearing for 12 weeks

e Remind the participant that you will be recording their answers, so that the researchers can look at
them later

e Reassure the participant that they can give whatever answers they like, and that they won’t get into

trouble for saying what they think

Topic area: Question examples:

Context questions & general thoughts Tell me about the shoes you got
What did you like about the shoes?
What were the things you didn’t like about the shoes?
e  Prompts: style, colour, comfort, fit
Have you enjoyed wearing your shoes? Why/ why not?
How often have you worn the shoes?

e  Prompts: daily, just for school, just at home, when asked

Shoes in the future What would you change about the shoes?
Would you like/ your child/ your adolescent like to continue

wearing custom fitted these shoes? Why? Why not?
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Appendix 8. Forms associated with the cross-
sectional observational study

La Trobe University
> UNIVERSITY Victoria 3086 Australia

ﬁ“ f# LATROBE Mailing address

T +613 94795815

) . ) F +613 94795737
College of Science Health and Engineering ¥ TedihEhirobe:cdumu

School of Allied Health, Human Services and Sport latrobe.edu.au/health

FREE FOOT HEALTH ASSESSMENT FOR
YOUR CHILD!

DIFFERENCES IN FOOT ANTHROPOMETRY AND FOOT HEALTH IN CHILDREN
AND ADOLESCENTS WITH AND WITHOUT DOWN SYNDROME

Background

We are conducting a research project that aims to
determine the foot dimensions and foot health of
children and adolescents without Down syndrome
and compare these findings to those with Down
syndrome.

What is involved?

Your child or adolescent will attend a 30 minute

appointment at the Health Sciences Clinic at La Trobe University to have their
foot health and footwear assessed. Additionally, a 3D image will be taken of
their foot. You will need to bring in the 2 pairs of footwear — one pair of most
commonly worn casual shoes and one pair of school shoes.

Who is eligible?
Young people without Down syndrome aged between 5 — 19 years.
Investigators of the project

Nirmeen Hassan, Associate Professor Shannon Munteanu, Associate Professor
Karl Landorf, Dr Andrew Buldt are research podiatrists at La Trobe University.
Professor Nora Shields is a physiotherapist researcher at La Trobe University.

Interested?

If you're interested in having your child participate in this project or have any
questions regarding this project, please contact Nirmeen Hassan (03 9479 6760
or n.hassan@Ilatrobe.edu.au).
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The research is being carried out in partial fulfilment of a PhD under the supervision of A/Prof Shannon Munteanu,
A/Prof Karl Landorf and Professor Nora Shields. The following researchers will be conducting the study:

Role Name Organisation

Chief Investigator A/Prof Shannon Munteanu Department of Physiotherapy,

Podiatry, and Prosthetics and

Orthotics

Associate investigator Nirmeen Hassan Department of Physiotherapy,

Podiatry, and Prosthetics and

Orthotics

Associate investigator A/Prof Karl Landorf Department of Physiotherapy,

Podiatry, and Prosthetics and

Orthotics

Associate investigator Dr. Andrew Buldt La Trobe Sport and Exercise Medicine

Research Centre

Associate investigator Prof. Nora Shields Department of Physiotherapy,

Podiatry, and Prosthetics and

Orthotics

Research funder This research receives in-kind support from La Trobe University.

What is the study about?
This is an invitation for your child to take part in a study. Children with Down syndrome have a unique foot shape that
can complicate footwear fitting. As many children with Down syndrome have wider feet than other children, children

with Down syndrome often wear poorly-fitted footwear, namely footwear that is too long to accommodate for the lack

of width. This is problematic as poorly-fitted footwear can cause pain and interfere with normal walking patterns.

This research project will recruit typically developing children to assess their foot dimensions and foot health. Children

recruited to this project will then be matched to children with Down syndrome based on age and sex. Therefore, the

aim of this project is to compare the differences in foot dimensions and foot health in children with and without Down

syndrome.

Does my child have to participate?

Being part of this study is voluntary. We ask that you discuss the study with your child when you are deciding if you
want your child to take part. If you decide together for your child to be part of the study, we ask that you read this
information carefully and ask us any questions.

If you decide together you do not want your child to take part this won’t affect your relationship with La Trobe
University or any other listed organisation. You can read the information below and decide at the end if you do not
want your child to take part.

Who is being asked to participate?

Your child has been asked to be part of the study because:
e Theyare aged between 5 to 17 years

e Theydo not have Down syndrome

Your child cannot participate in the study if they have:

e  Foot pain

e A medical condition that may affect foot function

e Lower limb amputation

e Surgery tothelower limbin the last 12 months

e Require the use of an ambulatory assistive device (such as a cane or walker)

e Do not have the appropriate characteristics (age and sex) required to match the case group (children with Down
syndrome who have been recruited previously).
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4. What will my child be asked to do?
If your child wants to take part in this study, we will gather data about your child, including their date of birth, medical
history and existing medication list (if applicable). We will measure your child’s height and weight and calculate their
body mass index. Your child will have their foot assessed through a number of ways that are described below.

Foot health assessment:

e Foot type: clinical scoring system and arch profile to determine foot posture

e Skin condition: visual assessment of the skin and nail to observe for corns, calluses, infections, ingrown toe
nails

e Presence of bony deformities: visual assessment for the presence of bunions and toe deformities

e Foot shape: a 3D foot scan will be taken of your child’s foot. Your child’s face will not be visible in these scans.
These scans create a 3D model of the foot which provides data on dimensions (i.e. length and width of the
foot)

e Footwear characteristics: your child’s shoes will be assessed for a number of characteristics such as style of
footwear, age, shoe fit. You will be required to bring in two pairs of footwear for the assessment-your
child’s school shoe and your child’s casual shoes worn frequently.

Foot and ankle disability assessment:
e You will be given a questionnaire to complete that collects information about how your child’s feet or ankles
may affect them.

It will take 30 minutes of your child’s time to be part of this study. We will require you to be present at the same time.
When your child is taking part in this study, the following people will be present:

Name/Organisation Position
Nirmeen Hassan, La Trobe University PhD student and investigator of the project

5. What are the benefits?
The benefit of your child taking part in this study is that you will receive a free foot health assessment. In the event that
the foot health assessment identifies an issue that may require treatment, a complimentary appointmentat the La
Trobe University Podiatry Clinic will be provided. The La Trobe University Podiatry Clinic is a student-run clinic that
services the local community for all their podiatric needs. Students are exposed to a variety of patients and practice
under the supervision of registered Podiatrists. Please note, we will waive the consultation fee of the complimentary
appointment, however the cost of certain treatment (for example, purchasing consumables or requiring insoles) will
need to be charged and will be explained by the student Podiatrist before any costs are incurred.

The expected benefits to society in general is that it willimprove our understanding of variances in foot dimensions
between children with and without Down syndrome which is useful information for footwear manufacturers. It is
possible that this data can be used to guide footwear manufacturing for children with Down syndrome to create better
fitting footwear.

6. What are the risks?
With any study there are (1) risks we know about, (2) risks we don’t know about, and (3) risks we don’t expect. If you or
your child experience something that you aren’t sure about, please contact us immediately so we can discuss the best
way to manage your concerns.
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10.

Name/Organisation Position Telephone Email
A/Prof Shannon Munteanu Chief investigator 9479 5866 s.munteanu@I|atrobe.edu.au
Nirmeen Hassan Associate investigator 9479 6760 nmhassan@students.latrobe.edu.au
A/Prof Karl Landorf Associate investigator 94795300 k.landorf@latrobe.edu.au
Dr. Andrew Buldt Associate investigator 9479 6760 a.buldt@Iatrobe.edu.au
Prof. Nora Shields Associate investigator 94795852 n.shields@latrobe.edu.au

We do not foresee any risks associated with this study.
What will happen to information about my child?

We will collect information about your child in ways that do not reveal who they are.

We will store information about your child in ways that do not reveal who they are.

We will publish information about your child in ways that cannot be identified in any type of publication from this

study.

We will keep your child’s information for 7 after the project is completed. After this time, we will destroy all of your

child’s data.

The storage, transfer and destruction of your child’s data will be undertaken in accordance with the Research Data

Management Policy https://policies.latrobe.edu.au/document/view.php?id=106/.

The personal information provided will be handled in accordance with applicable privacy laws, any health information
collected will be handled in accordance with the Health Records Act 2001 (Vic). Subject to any exceptions in relevant
laws, you have the right to access and correct your child’s personal information by contacting the research team.

Will we hear about the results of the study?

We will let you know about the results of the foot health assessment within two weeks of the data collection session.
You will also receive the results of the study via email once complete. As the tests provide information about your child’s
foot health, you will be advised if there are any issues that require the attention of a Podiatrist. In this case, a

complimentary consultation with student Podiatrists at the La Trobe University Podiatry Clinic will be organised.

What if we change our minds?
You or your child can choose to no longer be part of the study at any time, including during the appointment, until [four

weeks] following the collection of your data. You can let us know by:
1. Completing the ‘Withdrawal of Consent Form’ (provided at the end of this document);

2. Phoningus;or
3. Emailingus

Your or your child’s decision to withdraw at any point will not affect your relationship with La Trobe University or any

other organisation listed.

When you withdraw your child from the study we will stop asking for information. Any identifiable information about
your child will be withdrawn from the research study. However, once the results have been analysed we can only

withdraw information, such as your child’s name and contact details. If results haven’t been analysed you can choose if

we use those results or not.

Who can we contact for questions or want more information?
If you or your child would like to speak to us, please use the contact details below:

Name/Organisation Position Telephone Email
A/Prof Shannon Munteanu Chief investigator 9479 5866 s.munteanu@latrobe.edu.au
Nirmeen Hassan Associate investigator 9479 6760 nmhassan@students.latrobe.edu.au
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A/Prof Karl Landorf Associate investigator 94795300 k.landorf@latrobe.edu.au
Dr. Andrew Buldt Associate investigator 9479 6760 a.buldt@latrobe.edu.au
Prof. Nora Shields Associate investigator 94795852 n.shields@latrobe.edu.au

11. What if we have a complaint?
If you or your child would like to make a complaint about any part of this study, please contact:

Ethics Reference Number Position Telephone Email
HEC19-290 Senior Research Ethics Officer +6139479 1443 humanethics@latrobe.edu.au
Consent Form — Declaration by Parent/Guardian

| (the parent/guardian) have read (or, where appropriate, have had read to me) and understood the parent/guardian information
statement, and any questions have been answered to my satisfaction. | understand | am being asked to provide consent for my
child to be part of this study. | agree for my child to participate in the study, | know either myself or my child can withdraw at any
time until [four weeks] following the collection of data. | agree information provided by my child or with my permission during the
project may beincluded in a thesis, presentation and published in journals on the condition that my child cannot be identified.

| would like my child’s information collected for this research study to be:

[] only used for this specific study (up until my child turns 18, and then they will be asked for their own consent);

[] Used for future related studies (up until my child turns 18, and then they will be asked for their own consent);

[] Used for any future studies (up until my child turns 18, and then they will be asked for their own consent)

] 1 would like to receive a copy of the results via email or post. | have provided my details below and ask that they only be used
for this purpose and not stored with my information or for future contact.

Name Email (optional) Postal address (optional)

Parent/Guardian Signature
[ 1 have received a signed copy of the Parent/Guardian Information Statement to keep
[ if appropriate - | have discussed the study with my child and through these discussions, they have shown to me they want to
be part of the study.
Parent/Guardian printed
name
Parent/Guardian signature
Date

Declaration by Researcher
[ 1 have given a verbal explanation of the study, what it involves, and the risks and | believe the participant has understood;
[J 1am a person qualified to explain the study, the risks and answer questions

Researcher’s printed name

Researcher’s signature

Date

* All parties must sign and date their own signature
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Withdrawal of Consent

| wish to withdraw my consent for my child to participate in this study. | understand withdrawal will not affect my or my child’s
relationship with La Trobe University of any other organisation or professionals listed in the Participant Information Statem ent. |
understand my child’s information will be withdrawn as outlined below:

v" My child will not be asked to provide any more information
v' Any identifiable information will be withdrawn from the study
v The researchers cannot withdraw my child’s information once it has been analysed

| would like my child’s already collected and unanalysed data
[] Destroyed and not used for any analysis
[ used for analysis

Parent/Guardian Signature
Parent/Guardian’s printed
name
Parent/Guardian’s signature
Date

Please forward this form to:

Cl Name Shannon Munteanu
Email s.munteanu@latrobe.edu.au
Phone 9479 5866

Postal Address = Shannon Munteanu, Room 539, Level 5, Health Sciences 3, La Trobe University, 3086
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La Trobe University

UNIVERSITY Victoria 3086 Australia

Q LA TROBE

T +61394795815

College of Science Health and Engineering : +hgi|§h9@;1|7a?rizz7edu a

School of Allied Health, Human Services and Sport latrobe.edu.au/health

ASSENT FORM (CHILD/ADOLESCENT)

DIFFERENCES IN FOOT ANTHROPOMETRY AND FOOT HEALTH IN CHILDREN AND ADOLESCENTS
WITH AND WITHOUT DOWN SYNDROME

| have read and understood the information about

the research project, and any questions | have asked has been answered to help me understand the

information about the project.

| agree to join the project, and | know that this information may be used for future, related projects.
| know that | am able to stop taking part in this project at any time | like, including now during the
appointment and after the appointment. I also know that | am allowed to ask for my name and all
the information | have given to be removed from the project records up to four weeks after | joined

the project.

| know and agree to have my information shared in papers and articles that may be presented at

conferences or in journals, however my personal information that may identify me will not be used.

Child or adolescent’s name (block letters):

Name of parent or guardian (block letters):

Signature: Date:

Name of researcher (block letters):

Signature: Date:
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CONSENT FORM FOR CHILDREN

We are doing a project about your feet. For
this project, we will:

Measure and scan your feet

Look at how healthy your feetare

And measure your shoes to see how they fit
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Lastly, your parent will answer a few
questions.....and that’s it! ©

\

Would you like to join? (Please circle)

Participant signature:......cccccriiicnnnicnninnns

Parent signature: ........cccevereviicniienrinnnens
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The research is being carried out in partial fulfilment of a PhD under the supervision of A/Prof Shannon
Munteanu, A/Prof Karl Landorf and Professor Nora Shields. The following researchers will be
conducting the study:

Role Name Organisation

Chief Investigator A/Prof Shannon Munteanu Department of Physiotherapy,
Podiatry, and Prosthetics and
Orthotics

Associate investigator Nirmeen Hassan Department of Physiotherapy,
Podiatry, and Prostheticsand
Orthotics

Associate investigator A/Prof Karl Landorf Department of Physiotherapy,
Podiatry, and Prosthetics and
Orthotics

Associate investigator Dr. Andrew Buldt La Trobe Sport and Exercise
Medicine Research Centre

Associate investigator Prof. Nora Shields Department of Physiotherapy,
Podiatry, and Prostheticsand
Orthotics

Research funder This research receives in-kind support from La Trobe University.

1. What is the study about?
We invite you to join our study. Kids with Down syndrome have a unique foot shape that can make it hard for them to
find shoes that fit well. As many kids with Down syndrome have wider feet than other kids, they often wear shoes that
don’t fit well for their feet. They have to wear shoes that are too long so that they can be wide enough. This is a
problem for these kids because shoes that don’t fit well can cause pain and change the way they walk.
This project will ask kids without Down syndrome to join so that we may collect information about their foot
dimensions and foot health. This information will be compared to information about kids with Down syndrome so that
we can see the differences between the different feet.

2. Dol have to participate?
Joining our study is your choice. If you would like to join, please read the rest this information and ask us any questions.

You can read the information below and decide at the end if you do not want to join. If you decide not to join our study,
this won’t affect your relationship with La Trobe University, or any other group listed.

3. Who is being asked to participate?
You have been asked to participate because you:
e Agedbetween 5to 17 years
e Do not have Down syndrome

You cannot join if you have:

e  Foot pain

e A medical condition that may affect the way your foot works

e Surgery toyourlegs in thelast 12 months (includingamputation)

e Need to use a device that will help with walking (such as a cane or walker)
e Are not thesame age or gender as the kids with Down syndrome

4. What willl be asked to do?
If you would like to join this study, we will ask your parents questions about your birthday, your medical history and
existing medication list (if you have one). We will measure your height and weight and calculate your body mass index.

Your foot will be checked through a number of ways that are described below.

Foot health assessment:
e  Foot type: clinical scoring system and arch profile to determine foot posture
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e Skin condition: visual assessment of the skin and nail to check for corns, calluses, infections, ingrown toe nails

e Presence of bony deformities: visual assessment for the presence of bunions and toe deformities

e  Foot shape: a 3D foot scan will be taken of your foot. Your face will not be visible in these scans. These scans
create a 3D shape of the foot which provides information on dimensions (i.e. length and width of the foot)

e  Footwear characteristics: your shoes will be checked for the style of shoe, age, shoe fit. You will be required to
bring in two pairs of footwear for the appointment- your school shoe and your casual shoes worn
frequently.

Foot and ankle disability assessment:
e  Your parents will answer some questions about how your child’s feet or ankles may affect them.

It will take 30 minutes of your time to be part of this study.

5. What are the benefits?

The benefit of taking part in this study is that you will receive a free foot health assessment, which will tell you how
healthy your feet are. If we find any issues with your feet, we will provide you a free appointment at the La Trobe
University Podiatry Clinic. The La Trobe University Podiatry Clinicis a student-run clinic where students are exposed to a
many patients and work under the help of Podiatrists (a foot expert). Please note, the cost of the consultation will be
free but if you need certain treatments, your parents will need to pay for it. We will explain this to your parents
beforehand.

The expected benefits to society in general is that it will improve our understanding of differences in foot
measurements between kids with and without Down syndrome which is useful information for footwear companies. It
is possible that this information can be used to guide footwear companies to make better-fitting shoes for kids with
Down syndrome.

6. What are the risks?
With any study there are (1) risks we know about, (2) risks we don’t know about and (3) risks we don’t expect. If
something happens that you aren’t sure about, please let your parents know so thatthey can contact us immediately to
manage any concern.

Name/Organisation Position Telephone Email
A/Prof Shannon Munteanu Chief investigator 9479 5866 s.munteanu@latrobe.edu.au
Nirmeen Hassan Associate investigator 94796760 nmhassan@students.latrobe.edu.au
A/Prof Karl Landorf Associate investigator 9479 5300 k.landorf@latrobe.edu.au
Dr. Andrew Buldt Associate investigator 9479 6760 a.buldt@Iatrobe.edu.au
Prof. Nora Shields Associate investigator 94795852 n.shields@Iatrobe.edu.au

We do not see any risks with this study.

7. What will happen to information about me?
We will collect information about you in ways that will not tell who you are.

We will store information about you in ways that will not tell who you are.
We will publish information about you in ways that will not be identified in any type of publication from this study.
We will keep your information for 7 after the project is completed. After this time we will destroy all of your data.

The storage, transfer and destruction of your data will be undertaken in accordance with the Research Data
Management Policy https://policies.latrobe.edu.au/document/view.php?id=106/.
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10.

11.

The personal information you provide will be handled in accordance with applicable privacy laws, any health
information collected will be handled in accordance with the Health Records Act 2001 (Vic). Subject to any exceptions
in relevant laws, you have the right to access and correct your personal information by contacting the research team.

Will I hear about the results of the study?

We will let your parents know about the results of the foot health assessment within two weeks of the data collection
session. Your parents will also receive the results of the study through their email once complete. As the tests tell us
information about your foot health, your parents will be told if there are any problems that needs youto see a Podiatrist.
In this case, a free appointment with student Podiatrists at the La Trobe University Podiatry Clinic will be organised.

What if | change my mind?

You can choose to stop taking part in the study at any time until [four weeks] after we have collected your information.
You can let us know by:

1. Completing the ‘Withdrawal of Consent Form’ (provided at the end of this document);

2. Callingus; or

3. Emailingus

Your decision to stop taking part or having your information removed at any point will not affect your relationship with
La Trobe University or any other group listed.

When you withdraw we will stop asking you for information. Any identifiable information about you will be withdrawn
from the research study. However, once the results have been analysed we can only withdraw information, such as
your name and contact details. If results haven’t been analysed you can choose if we use those results or not.

Who can | contact for questions or want more information?
If you would like to speak to us, please use the contact details below:

Name/Organisation Position Telephone Email
A/Prof Shannon Munteanu Chief investigator 9479 5866 s.munteanu@Iatrobe.edu.au
Nirmeen Hassan Associate investigator 94796760 nmhassan@students.latrobe.edu.au
A/Prof Karl Landorf Associate investigator 94795300 k.landorf@latrobe.edu.au
Dr. Andrew Buldt Associate investigator 94796760 a.buldt@latrobe.edu.au
Prof. Nora Shields Associate investigator 94795852 n.shields@latrobe.edu.au

What if | have a complaint?
If you have a complaint about any part of this study, please contact:

Ethics Reference Number Position Telephone Email
HEC19-290 Senior Research Ethics Officer +6139479 1443 humanethics@latrobe.edu.au
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Consent Form — Declaration by Participant

| (the participant) have read (or, where appropriate, have had read to me) and understood the participant information statement,
and any questions have been answered to my satisfaction. | agree to participate in the study, | know | can withdraw at any time
until [four weeks] following the collection of my data. | agree information provided by me or with my permission during the project
may beincluded in athesis, presentation and published in journals on the condition that | cannot be identified.

I would like my information collected for this research study to be:

[J only used for this specific study;

[] used for future related studies;

[] used for any future studies

] 1 would like to receive a copy of the results via email or post. I have provided my details below and ask that they only be used
for this purpose and not stored with my information or for future contact.

Name Email (optional) Postal address (optional)

Participant Signature

[] 1 have received a signed copy of the Participant Information Statement and Consent Form to keep
Participant’s printed name
Participant’s signature
Date

Declaration by Researcher
] 1 have given a verbal explanation of the study, what it involves, and the risks and I believe the participant has understood;
[] 1am a person qualified to explain the study, the risks and answer questions

Researcher’s printed name

Researcher’s signature

Date

* All parties must sign and date their own signature
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DIFFERENCES IN FOOT
ANTHROPOMETRY AND FOOT HEALTH
IN CHILDREN AND ADOLESCENTS WITH

AND WITHOUT DOWN SYNDROME

Study identification:
Appointment date:

La Trobe University Human Ethics Committee application reference number HEC19-290

Investigators:

Nirmeen Hassan Associate professor Shannon Munteanu Professor Nora Shields

Associate professor Karl Landorf Dr Andrew Buldt
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PARTICIPANT CHARACTERISTICS AND MEDICAL HISTORY

Sex: Male / Female Initials:

DOB: Age (years):

Medical history:

Medication list: Include medications bought from Pharmacy/OTC without prescription (i.e. tablets, capsules, mixtures,
powders, injections, eye drops, supplements/vitamins, herbs etc).

EMAIL (to send foot health report)

Address:

219



PARTICIPANT ANTHROPOMETRY

Weight (kg) e Removeshoes Test1 Test2
e To onedecimal point
e  Repeat twice
e Useweighingscale
Height (cm) e Removeshoes Test1 Test2
e To onedecimal point
e  Repeat twice
e Useflexible tape
measure
BMI Height/weight calculation
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FOOT HEALTH ASSESSMENT

Corn/Callus (C) Bunionette (B) Lesser toe deformity (L) | Wart (W) Blister (B)
Onychomycosis (OM) | Onychocryptosis (OC) ID maceration (IDM) Tinea (T) Other - specify
Right foot:
Xerosisscale: 0 1 2 3 4 5 6
{ B :
—
Left:
Xerosisscale: 0 1 2 3 4 5 6
. h 5
Kx._._o—
P .
4
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Hallux valgus — Manchesterscale - right foot

grade

Hallux valgus — Manchester scale — left foot

grade
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FOOT POSTURE INDEX

Foot Posture Index (FPI)

Left foot

Right foot

Talar head palpation

Supra / Infra malleolar curve

Inversion / eversion of calcaneus

Prominence of TNJ

Congruence of medial arch

Abduction / Adduction of FF on RF

Total

ARCH INDEX:

Use carbon imprint paper to obtain BOTH foot prints. Trace around foot

Left foot

Right foot

Arch index
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FOOT DIMENSIONS (MEASURE FROM CARBON PAPER IMPRINT)

Left foot

Right foot

Length (mm):

Width (mm):

ASSESSMENT OF FOOTWEAR DIMENSIONS

Left shoe:

Right shoe:

Length (mm):

Width (mm):
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FOOTWEAR TRACING — CASUAL

Trace outline of RIGHT casual shoe (use inner lining if removable) here
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FOOTWEAR TRACING - SCHOOL

Trace outline of RIGHT school shoe (use inner lining if removable) here
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3D FOOT SCANS

e Label as follows: FA(studynumberlnitials)_R —Il.e. FAOLAM_R
e Scan both feet

e Usevery dark setting and switch off lights in room

e Have participant standing with feet at shoulder width apart

e FA=FOOT ANTRHOPOMETRY

LEFT FOOT

[ ] wrcHTrooT

10
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Footwear assessment tool — Usual CASUAL shoes RIGHT

1. Shoe details, including size

2. Age of shoes: (months)

3. Footwear style:

1[] walking shoe | 2[] athletic shoe 3 [] oxford shoe 4 [ ] moccasin

5[] boot 6 [ ] ugg boot 7 [ 1 high heel 8 [ ] thongs

9 [ ]slipper 10 [] backless slipper 11 [] court shoe 12 [] mule

13 [] sandal 14 [] surgical/bespoke 15 [] other:
4. Heel height: (mm)
5. Forefoot height: (mm)
6. Flexion point: 1[ ] at MTPJs 2[ ] proximal [ ]distal
7. Midfoot sole sagittal stability: 1[ ] minimal (>452) [ 1 moderate (< 452) [ 1rigid (O-
109)
8. Fixation: [ ]1none [ ]laces [ ] straps/buckles [ ]Velcro [ 1zips

11
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Footwear assessmenttool — Usual SCHOOL shoes RIGHT

1. Shoe details, including size

2. Age of shoes: (months)

3. Footwear style:

1[] walking shoe | 2[] athletic shoe 3 [] oxford shoe 4 [ ] moccasin
5[] boot 6 [] ugg boot 7 [ 1 high heel 8 [] thongs
9 [ ] slipper 10 [] backless slipper 11 [] court shoe 12 [] mule
13 [] sandal 14 [] surgical/bespoke 15 [] other:
4. Heel height: (mm)
5. Forefoot height: (mm)
6. Flexion point: 1[ ] at MTPJs 2[ ] proximal [ ]distal
7. Midfoot sole sagittal stability: 1[ ] minimal (>452) [ ] moderate (< 459) [ ]rigid (O-
109)
8. Fixation: [ ]1none [ ]laces [ 1straps/buckles [ ]Velcro [ 1zips

12
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OXFORD ANKLE AND FOOT QUESTIONNAIRE FOR CHILDREN -
PARENT VERSION

The following questions are based on how children and adolescents have previously expressed how they have
been affected by a problem to their feet or ankles.

Please fill out this questionnaire to the best of your ability and place a tick under each answer that describes
your child or adolescent best for each question.

Consideringthe previous week,

1. Hasyour child found walking difficult because of their foot or ankle?

never rarely sometimes very often always

O O @) O O

2. Hasyour child found it difficult to run because of their foot or ankle?

never rarely sometimes very often always

@) O @) O O

3. Hasit beendifficult for your child to stand up for long periods?

never rarely sometimes very often always

O O O O O

4. Hasyourchild had painintheirfoot or ankle?

never rarely sometimes very often always

O O O O O

5. Haveyour child’s legs been sore or ached after walking or running?

never rarely sometimes very often always

@) O @) O O

6. Hasyourchild felt tired because of their foot or ankle?

never rarely sometimes very often always

O O O O O

7. Hasyourchild’sfoot or ankle stopped them joiningin with othersin the playground?

never rarely sometimes very often always

O O O O O

8. Hasyourchild’s foot or ankle stopped them playingin the park or outside?

13
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10.

11.

12.

13.

14.

15.

never rarely sometimes very often always

O O O O O

Has your child’s foot or ankle stopped them taking partin physical education lessons?

never rarely sometimes very often always

O O @) O O

Has your child’s foot or ankle stopped them taking partin any other lessons at school?

never rarely sometimes very often always
O O O O O
Has your child been bothered by how their foot or ankle looks?
never rarely sometimes very often always
O O O O O
Has the way your child walks bothered them?
never rarely sometimes very often always
O O O O O
Has your child been embarrassed because of their foot or ankle?
never rarely sometimes very often always
O O O O O

Has anyone been unkind to your child because of their foot or ankle?

never rarely sometimes very often always

O O @) O O

Has your child’s foot or ankle stopped them wearing any shoes they wanted to wear?

never rarely sometimes very often always

O O @) O @)

14
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Checklist for investigators

Tick

CHECKLIST

Participant details obtained and accurate

Informed consent obtained

Allitems of assessment have been performed

Scans have been checked for usability

Carbon print clearand completed for both feet

15
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Mailing address
gf( LA TROBE L Tobe Untversity
L=

UNIVERSITY Victoria 3086 Australia
) ) ) T +613 94795815
College of Science Health and Engineering F +61394795737
School of Allied Health, Human Services and Sport E health@latrobe.edu.au

latrobe.edu.au/health
Date
Recipient title, first name, last name
Address, postal or email

Suburb, State, post code

Dear Enter name of parent

Thankyou for participatingin our research project titled Differences in foot anthropometry
and foot health in children and adolescents with and without Down syndrome. On the day of

the assessment, | carried out a foot health assessment and have summarised the results

below.
RESULTS
Presence of toe deformity: Chooseanitem.
Bunionette: Choose an item.
Skin and nail assessment for the presence of:
e Corns: Chooseanitem.
e Callus: Chooseanitem.
e Ingrown toenails: Chooseanitem.
e Maceration between toes: Chooseanitem.
e Wart(s): Chooseanitem.
e Tinea of the skin: Chooseanitem.
e Blisters: Chooseanitem.
e Other: Chooseanitem.
Footwear assessment:
e Style/characteristics of footwear: Chooseanitem.
e Fit of footwear: Chooseanitem.

Comments: Click here to enter text.
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Maili dd
4 LATROBE oo et
pcl =4

UNIVERSITY Victoria 3086 Australia
) ) ) T +613 94795815
College of Science Health and Engineering F +613 94795737
School of Allied Health, Human Services and Sport E health@latrobe.edu.au

latrobe.edu.au/health

Recommend follow-up by a podiatrist: Choose an item.

Kind regards,

Nirmeen Hassan

PhD student

Discipline of Podiatry

School of Allied Health, Human Services and Sport, College of Science, Health and Engineering
La Trobe University, Victoria, 3086, Australia

HS3 room 523a

234



Discipline of Podiatry

Q LA TROBE School of Allied Health,

% UNIVERSITY Human Services and Sport
COLLEGE OF SHE
(SCIENCE, HEALTH & ENGINEERING)

30/4/19

To whom it may concern,

This is a letter to confirm that | have read the ethics for Nirmeen Hassan’s research project titled

‘Differences in foot anthropometry and foot health in children and adolescents with and without
Down Syndrome’.

As clinic manager | approve the use of the clinic for Nirmeen to undertake her project.

Kind regards,

Kim Holmes

Clinic Manager, Health Sciences Clinic

External Clinical and 4™ Year Coordinator, Podiatry Lecturer.

Discipline of Podiatry

School of Allied Health, Human Services and Sport

College of Science, Health and Engineering

La Trobe University | Bundoora, Victoria 3086, Australia

T:0394793364 | E: kim.holmes@latrobe.edu.au | W: www.latrobe.edu.au
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to log in and will present you with the appropriate licence for completion.
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You will be pleased to know that the journal now has 'online early', which means that, as soon as
your corrected proofs are accepted and have been laid out, your paper will be available to view on
the JIDR website and can be cited.
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Yours sincerely,

Professor Craig Melville
Editor in Chief, Journal of Intellectual Disability Research
craig.melville@glasgow.ac.uk

Wiley offers authors the option to make their article available to non-subscribers on Wiley Online Library through their
OnlineOpen service. This service is also suitable for authors whose funding agency requires granteesto archive the final
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ensure that the article is made available to non-subscribers upon publication via Wiley Online Library, as well as deposited
in the funding agency's preferred archive. For the full list of terms and conditions, see
http://wileyonlinelibrary.com/onlineopen#0OnlineOpen_Terms. Any authors wishing to send their paper OnlineOpen will be
required to complete the payment form available from our website at:
https://authorservices.wiley.com/bauthor/onlineopen order.asp.

P.S. Bring your research to life by creating a video abstract for your article! Wiley partners with Research Square to offera
service of professionally produced video abstracts. Learn more about video abstracts at
www.wileyauthors.com/videoabstracts and purchase one for your article at https://www.researchsquare.com/wiley/ or
through your Author Services Dashboard. If you have any questions, please direct them to videoabstracts@wiley.com.
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To: Nirmeen Hassan <N.Hassan@Iatrobe.edu.au>; NIRMEEN HASSAN
<nmhassan@students.latrobe.edu.au>

Cc: Nirmeen Hassan <N.Hassan@latrobe.edu.au>; NIRMEEN HASSAN
<nmhassan@students.latrobe.edu.au>; Nora Shields <N.Shields@latrobe.edu.au>; Karl Landorf
<K.Landorf@latrobe.edu.au>; Andrew Buldt <A.Buldt@latrobe.edu.au>; Nicholas Taylor
<N.Taylor@latrobe.edu.au>; Angela Evans <Angela.Evans@latrobe.edu.au>;
Cylie.williams@monash.edu <Cylie.williams@monash.edu>; Hylton Menz
<H.Menz@latrobe.edu.au>; Shannon Munteanu <S.Munteanu@I|atrobe.edu.au>
Subject: Disability and Rehabilitation - Decision on Manuscript ID TIDS-06-2019-038.R2

10-Nov-2019
Dear Ms Hassan:

Ref: Efficacy of custom-fitted footwear to increase physical activity in children and adolescents with
Down syndrome (ShoeFIT): randomised pilot study

Our referees have now considered your paper and have recommended publication in Disability and
Rehabilitation. We are pleased to accept your paper in its current form which will now be forwarded
to the publisher for copy editing and typesetting.

You will receive proofs for checking, and instructions for transfer of copyright in due course.

The publisher also requests that proofs are checked and returned within 48 hours of receipt.

Thank you for your contribution to Disability and Rehabilitation and we look forward to receiving

further submissions from you.

Sincerely,

Professor Muller

Editor in Chief, Disability and Rehabilitation
davemuller01@btinternet.com
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From: em.jfar.0.6b8248.829ba0Ob7@editorialmanager.com

<em.jfar.0.6b8248.829ba0b7 @editorialmanager.com> on behalf of Journal of Foot and Ankle
Research Editorial Office <em@editorialmanager.com>

Sent: Monday, May 25, 2020 7:54:06 PM

To: Nirmeen Hassan <N.Hassan@latrobe.edu.au>

Subject: Decision has been reached on your submission to Journal of Foot and Ankle Research -
JFAR-D-20-00043R1

JFAR-D-20-00043R1

Reproducibility of foot dimensions measured from 3-dimensional footscans in children and
adolescents with Down syndrome

Nirmeen Hassan; Andrew K Buldt, PhD; Nora Shields, PhD; Karl B Landorf, PhD; Hylton B Menz, PhD;
Shannon E Munteanu, PhD

Journal of Foot and Ankle Research

Dear Mrs Hassan,

I am pleased to inform you that your manuscript "Reproducibility of foot dimensions measured from
3-dimensional footscans in children and adolescents with Down syndrome" (JFAR-D-20-00043R1)
has been accepted for publication in Journal of Foot and Ankle Research.

Before publication, our production team will check the format of your manuscript to ensure that it
conforms to the standards of the journal. They will be in touch shortly to request any necessary
changes, or to confirm that none are needed.

Articles in this journal may be held for a short period of time prior to publication. If you have any
concerns please contact the journal.

Any final comments from our reviewers or editors can be found, below. Please quote your
manuscript number, JFAR-D-20-00043R1, when inquiring about this submission.

We look forward to publishing your manuscript and | do hope you will consider Journal of Foot and
Ankle Research again in the future.

Best wishes,
Gordon J Hendry, PhD, BSc (hons), PgC

Journal of Foot and Ankle Research
https://jfootankleres.biomedcentral.com/

Comments:

Reviewer #2: Much improved and thank you for taking on board my comments. Great to see more
research in the field of Podiatry and Down syndrome.

Please also take a moment to check our website at
https://www.editorialmanager.com/jfar/l.asp?i=40077&I=BH1PYJDO for any additional comments
that were saved as attachments. Please note that as Journal of Foot and Ankle Research has a policy
of open peer review, you will be able to see the names of the reviewers.
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As a result of the significant disruption that is being caused by the COVID-19 pandemic we are very
aware that many researchers will have difficulty in meeting the timelines associated with our peer
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will continue to remind you of the original timelines but we intend to be highly flexible at this time.

This letter contains confidential information, is for your own use, and should not be forwarded to
third parties.

Recipients of this email are registered users within the Editorial Manager database for this journal.
We will keep your information on file to use in the process of submitting, evaluating and publishing a
manuscript. For more information on how we use your personal details please see our privacy policy
at https://www.springernature.com/production-privacy-policy. If you no longer wish to receive
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4. Chapter 5. Hassan et al. 2020. Manuscript submitted for publication.
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