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ABSTRACT
Powered wheelchair standing devices (PWSDs), providing both mobility and
supported standing, have potential to improve participation and independence for
boys with Duchenne muscular dystrophy (DMD) and may be considered an
alternative to a seated power wheelchair. In this clinician-led descriptive study, I
explored everyday life participation of 9 boys with DMD aged 9-17 years provided
with a PWSD.
Regular occupational therapy clinical care served as the backdrop for data
collection and methods over a 24-month period. I used the Canadian Occupational
Performance Measure (COPM) as an intervention. Key collaborative approaches
promoted daily life use of supported standing in PWSDs: regular refining and redefining of COPM goals; promoting and establishing standing in routines and
activities; consultation and advocacy at home and school.
After 24 months of PWSD use, I gathered event-contingent data over 7 days
with a smartphone app to examine frequency of standing in PWSDs and identify the
activities in which the boys engaged. The PWSD is an example of an intervention for
boys with DMD who are motivated by physical and social engagement and
independence for self-care. Enablers included positive attitudinal/social
environments with sustained supports from caregivers and therapists. Barriers
included pain during supported standing and lack of physical environment
accessibility.
Supply of PWSDs in the late ambulant period of DMD was optimal.
Successful and sustained use of the supported standing feature requires OT
interventions, in particular, time and resources for collaboration with parents and
schools. Findings will inform anticipatory planning, prescription, timing of supply,
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and the complexities of implementation and evaluation of this assistive technology
device. Implications for funding bodies and for future research are outlined.
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Chapter 1
Introduction
In this thesis, I report the results of a study that examined the effects of a specific
assistive technology intervention, the powered wheelchair standing device (PWSD), as a way to
actively promote participation in boys with Duchenne muscular dystrophy (DMD). In this
chapter I present the background to the research, introduce the rationale and models that framed
the study, state the research questions and explain the significance of the study.

1.1 Duchenne Muscular Dystrophy (DMD)
DMD is an X-linked, progressive and life-limiting neuromuscular disease that mainly
affects males and has a rate of occurrence of 15.9 - 19.5 per 100,000 live births worldwide.
Gene mutations lead to the absence of the dystrophin protein and progressive degeneration of
muscle fibres. Strength loss leads to loss of ambulation at a median age of 12 years, resulting in
wheelchair dependence. Once a boy is wheelchair dependent, static positioning of the lower
and upper limbs can lead to muscle contractures (Bakker, de Groot, Beelen, & Lankhorst, 2002;
Eagle, 2002; McDonald, 1998; Ryder et al., 2017).
Steroid therapy has changed the natural history of DMD by slowing disease progression
and prolonging ambulation and lifespan (Ciafaloni et al., 2016; Guglieri & Bushby, 2015). This
therapy, along with improved technology and other aspects of medical care, such as assisted
ventilation from around age 20, has led to considerable extension of lifespan. The median
survival age is 35 years for young men with DMD, with death most likely from respiratory,
orthopaedic and cardiac complications (Birnkrant, Bushby, Bann, Alman, et al., 2018;
Birnkrant, Bushby, Bann, Apkon, Blackwell, Colvin, et al., 2018; Ryder et al., 2017; Van
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Ruiten, Bushby, & Guglieri, 2017). There is no known cure for the disease, but molecular gene
therapies hold promise for future personalised medicine (Mah, 2016; Strehle & Straub, 2015).
Health professionals and researchers have a responsibility to investigate, support and
advocate for care interventions that allow these young people to live the best life possible in the
transition to adulthood. These include social and physical supports to increase independence in
daily activities; goal setting and goal achievement; acceptance, coping and optimism; access to
good medical and psychosocial information; and continuity of care (Schrans et al., 2013).
Steroids and rehabilitation therapies are the mainstays of care in DMD, and the
specialised contribution of allied health management has attracted increased attention in recent
years. In this context, particular concerns have been expressed about the low levels of social
engagement in young men and boys with DMD (Andrews & Wahl, 2018; Bendixen, Lott,
Senesac, Mathur, & Vandenborne, 2013; Bray, Bundy, Ryan, North, & Burns, 2011; Fee &
Hinton, 2011; Kreider et al., 2016; Pangalila, van den Bos, Bartels, Bergen, Kampelmacher, et
al., 2015; Parkyn & Coveney, 2013). Yet only limited research exists on the effectiveness of
specific interventions to enhance boys’ transition to adulthood.

1.2 Rehabilitation Care in DMD
Figure 1.1 presents an overview of the predicted stages of DMD and the typical
neuromuscular and rehabilitation considerations associated with various stages along the
clinical care trajectory.
The known clinical course in DMD requires anticipatory (prospective) care planning
and management. Concurrent with neuromuscular management, physiotherapists (PTs),
occupational therapists (OTs) and other allied health practitioners provide comprehensive
multidisciplinary assessments and care on a regular basis in home and community settings.
Specific targeted therapies include prevention of contracture and deformity; management of
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fatigue; fall prevention strategies; appropriate exercise programmes; assessment and
prescription around mobility, seating and other assistive technology; learning support; pain
management; advocacy for accessible environments and assistive technology; and facilitation
of age-appropriate independence and social development. The overarching goals are
participation and self-actualisation in the transition to adulthood (Birnkrant, Bushby, Bann,
Alman, et al., 2018; Birnkrant, Bushby, Bann, Apkon, Blackwell, Brumbaugh, et al., 2018;
Birnkrant, Bushby, Bann, Apkon, Blackwell, Colvin, et al., 2018; Case et al., 2018). However,
despite widespread acceptance of these goals, it is not easy to optimise participation for people
with complex disabilities, and individual support structures to enable participation may be
limited. OTs have primary responsibility in the multidisciplinary team for exploring
participation with boys with DMD and their families from an early stage. See Box 1.1.

Box 1.1
Quote – Addressing Participation

“Interventions that focus on multiple aspects of the child and address participation
afford children the opportunity to continue to engage in age and developmentally
appropriate activities, and ultimately may serve to promote overall health”
(Bendixen, Senesac, Lott & Vandenborne, 2012, p. 8).
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Figure 1.1
Overview of Assessments and Interventions in DMD Care (adapted from Birnkrant et al., 2018)
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1.3 Addressing Participation in DMD
Participation is a measurable and objective outcome. Bendixen et al. (2013) pioneered
research on participation for boys with DMD and challenged therapists to reframe their practice
by bringing participation to the fore. They used a variety of measures to test the relationships
among various dimensions of participation (King, 2013) and changes in strength and functional
ability. The measures were: strength (isokinetic dynamometry), timed functional tests (10
metres Walk/Run test, Supine Up, ascending 4 Stairs) and participation (Children’s
Assessment of Participation and Enjoyment (CAPE) and the ACTIVLIM activity limitations
questionnaire). Declining strength and declining function correlated with fewer physical
activities as well as fewer recreational, social and skills-based activities in boys over 10 years
of age. The results also indicated less engagement with people other than family members and
outside the home as the boys got older.
Despite declining strength and function, boys with DMD should be offered
interventions and opportunities for social interaction and connection with their peers in ageappropriate life experiences (Bendixen et al., 2013). These should start at a young age and
comprise activities the boys can continue into the non-ambulant phase. Examples of
interventions include aquatic therapy (Hind et al., 2017), social programming (Parkyn &
Coveney, 2013), computer devices and connectivity (Soutter et al., 2004), and power
wheelchair sport (Jeffress & Brown, 2017). Social functioning and communication with peers
appear to have the most impact on coping skills in older boys and their psychosocial quality of
life (Hendriksen et al., 2009; Otto et al., 2017; Uzark et al., 2012).
As we wait for the development of molecular genetic therapies in DMD, interventions
and treatment strategies should aim to improve physical and psychosocial quality of life from
parent, child and community perspectives (Bendixen et al., 2013; Uzark et al., 2012).
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Therapists should “wave the flag” for participation in discussions of clinical practice.
Interventions such as assistive technology, activities, and community engagement need to be:
(a) timed to assist parents and children with managing disease progression, and (b) targeted to
minimise the impact of declining physical status on participation (Bray et al., 2011; Bray,
Bundy, Ryan, North, & Everett, 2010). Participation and quality of life will depend on the
choices made in anticipation of decline, including the timing and provision of power mobility.
See Box 1.2.

1.4 Power Mobility for DMD
Box 1.2
Quote – Power Mobility for People with Muscle Diseases
“Provision of the correct wheelchair and seating system is likely to be one of the most
critical factors in helping to alleviate dependency and the sense of isolation” (Muscular
Dystrophy Campaign, 2011, p. 32).

Boys with DMD gradually develop strategies to allow them to cope with being unable
to keep up with peers or participate in activities they previously enjoyed (Muscular Dystrophy
Campaign, 2011). However, with declining mobility, there is often a gradual decline in family
participation in the community, with the associated risks of social isolation and adjustment
problems. Thus, therapists must take family-centred practice into consideration throughout care
and management (Morrow, 2004), supporting families in the delicate balancing act between
grief, hope and daily life.
The power wheelchair is an environmental support that provides mobility and
independence and improves social inclusion (Law & Darrah, 2014). Children report that they
like the freedom to move around independently to play with friends in the school playground
and outdoors. They see the wheelchair as liberating (Muscular Dystrophy Campaign, 2011).
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See Boxes 1.3 and 1.4. Wheelchairs can have a positive impact on identity despite the
limitations of physical disability (Sapey, Stewart, & Donaldson, 2005).
Boxes 1.3 and 1.4
Boys with DMD Talk about Power Mobility Impact
“When I got my powered chair, it was great.
I could move about again and go to cubs
with my friends; they all thought it was
cool.” Ben, 11 (Muscular Dystrophy
Campaign, 2011, p. 28)

“I felt much better once I had my wheelchair at
school. I used it in the playground to begin
with. I was happy because I could keep up
with the others and I didn’t need anyone with
me in case I fell over.” Joe, 13 (Muscular
Dystrophy Campaign, 2011, p. 27)

1.4.1 Rationale for the Study
The current study arose from my clinical work as an OT in a multidisciplinary
paediatric NM clinic. The initial impetus for the research was my experience with one
adolescent with DMD (whom I shall call Alex) during his transition to power mobility. With
his declining mobility, Alex’s parents self-purchased an imported Swiss powered wheelchair
standing device (PWSD) or sit-to-stand power wheelchair (see Figure 1.2). Alex reported
satisfaction with using power supported standing for independent postural changes in relation
to improved comfort and stretch, positive self-image, independence in toileting (urination),
socialisation, school integration and public speaking. The PWSD appeared to optimise Alex’s
participation in a variety of occupations and contexts.
Alex’s experiences challenged my own assumptions about whether boys with DMD
would tolerate and use supported standing in such a device. At that time, the PWSD was rarely
considered as an equipment intervention for the DMD population in Australia as there was little
evidence for its prescription and it was not funded by existing State government equipment
schemes. I wanted to find out more about Alex’s motivation and what this young man really
did when he used supported standing. Given that the cost of the PWSD was twice that of a
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standard power wheelchair, I wanted to understand what additional benefits he could obtain,
the contribution of the PWSD to optimising his participation, and whether these experiences
would be replicated in other boys with DMD.
Figure 1.2
Power Wheelchair Standing Device (PWSD) – Seated & Standing Positions

Alex’s experiences showed that providing a PWSD could potentially limit the loss of
participation that generally accompanied the progression of DMD. Yet participation as the
outcome of interest has been neglected in previous research, which has mainly focused on the
physical benefits of supported standing, such as stretching of the lower limbs, weight-bearing
benefits for bone health, respiratory health and gastrointestinal health. PWSDs may lead to the
desired changes in physical function by improving participation and adopting a strengths-based
focus (Rosenbaum & Gorter, 2012). For example, school- and work-related activities have a
positive effect on upper limb function in patients with DMD (Janssen, Hendriks, Geurts, & de
Groot, 2016). Increasing the range of reach for upper limb activities from standing in PWSDs
has the potential to increase autonomy in daily life tasks. There has also been growing research
interest in participation outcomes in their own right (Dicianno, Morgan, Lieberman, & Rosen,
2016; Townsend, Bibeau, & Holmes, 2016; Vorster et al., 2019). At the same time, there is

-8-

evidence of poor adherence to the use of supported standing devices (Pandya, Andrews,
Campbell, & Meaney, 2016; Pedlow, McDonough, Lennon, Kerr, & Bradbury, 2019;
Townsend et al., 2016).
1.4.2 Gaps in PWSD Research
There are several gaps in the research literature on PWSD. These include studies on
interventions to improve adherence to standing (Townsend et al., 2016) and investigation of the
potential links between PWSDs, reported increased independence and improved emotional
well-being (Vorster et al., 2019). Longer-term outcomes also require a greater evidence base
(Pedlow et al., 2019; Townsend et al., 2016).
A critical gap exists in relation to understanding how and how frequently boys with
DMD use PWSDs. One purpose of the present study was to address this gap. I also wanted to
find out more about the part that therapists play in optimising the use of this costly assistive
technology. Learning to use assistive technology requires consistent interventions from the
therapist (Cook & Polgar, 2014; Waldron & Layton, 2008). The PWSD is not a “set-andforget” device but this has not been discussed in the existing literature.
Supported standing in DMD is a complex issue and sensitive measures are needed to
determine which intervention elements influence the outcomes of interest (Craig, Hilderman,
Wilson, & Misovic, 2016; Pedlow et al., 2019). This is of particular relevance to research
addressing participation in real-life daily activities (Anaby, Lal, et al., 2014; Bendixen &
Kreider, 2011; Bendixen et al., 2013; Bendixen et al., 2012; King, 2013). When it comes to
participation, aggregated data collection and longitudinal studies may help overcome the
problems associated with research into interventions in small populations such as boys with
DMD (Smith, 2016). When I first considered research about PWSDs as an intervention in
DMD, I thought that clinician-rated outcome measures would be of interest and collected these
data (see Appendix A). However, as the study progressed, it became evident that the
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partnership between the participant and therapist was key to successful clinical implementation
of the PWSD. Therefore, the outcomes were best explored using a participation framework.
The data on performance-based outcomes are not the topic of this thesis but can be considered
for future analysis and discussion.

1.5 Participation and Occupational Therapy Approaches
The occupational therapy profession is unique in health care, focusing on enabling
clients to engage in occupations in their desired environments (Joosten, 2015). Engagement, or
involvement, in life situations, is the central concept of participation and includes activities of
personal care, mobility, social relationships, education, recreation and leisure, spirituality and
community life. People who can maintain these life roles are more likely to have better physical
and psychological health (Baum, 2011; World Health Organisation, 2007). Ultimately, the goal
of occupational therapy is to ensure that, through participation, our clients develop skills and
relationships that lead to a sense of belonging and life meaning (Bendixen & Kreider, 2011).
Reduced participation results from lack of interaction between people and their
environments. Thus, therapists should find interventions that minimise personal and
environmental barriers to participation (Colver, 2009; Raghavendra, 2013). The occupational
therapy role involves removing obstacles to participating in life roles but overcoming personal
and environmental barriers is not always straightforward. Participation also involves
motivation, feeling competent, self-efficacy and self-determination (Baum, 2011; Deci & Ryan,
2000). Opportunities need to reflect intrinsic motivation.
In clinical practice, OTs help clients identify, mobilise and utilise personal and
environmental resources to optimise opportunities for participation. In achieving the optimum
match between intrinsic and extrinsic factors, it is the therapist’s responsibility to find out what
clients want to do. Baum (2011) described the difficulties in measuring participation and
suggested that researchers employ constructs such as time, frequency, effort, difficulty, support,
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satisfaction, meaning, choice, control, importance and expectations. In other words, people
need to report what they do, how important it is for them to do it, and what meaning it brings to
them (Baum, 2011). OTs and researchers are challenged to look for suitable methods and
meaningful outcome measures of participation interventions.
Accordingly, I needed to identify systematic assessment measures and effective
intervention strategies to inform my investigation of participation and the use of PWSDs. I
looked to the models of occupational therapy practice used by clinicians and researchers for
guidance in how best to: communicate the role of occupational therapy; identify the needs of
our clients; measure the outcomes of interventions; reduce personal bias; document complex
evidence; and engage in problem solving (Joosten, 2015). Two key models of practice guided
this study on PWSDs: the Person-Environment-Occupation-Performance (PEOP) model
(Christiansen, 2015); and the optimal participation model and participation-based therapy
(Kang, Palisano, King, & Chiarello, 2014; Palisano et al., 2012).
1.5.1 Participation: Barriers and Enablers
The PEOP Model (Christiansen, 2015) helps to identify personal (intrinsic) and
environmental (extrinsic) barriers and strategies for overcoming barriers for individual clients.
Competence in occupational performance can lead to the desired outcome of attaining
occupational participation (see Figure 1.3.). Occupational participation is defined as the ability
to make lifestyle choices to participate in meaningful and purposeful roles and activities.
Therapist interventions in the PEOP process include remediation, compensation, and
environmental modification (Christiansen, 2015; Wong & Fisher, 2015).
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Figure 1.3
Features of the Person-Environment-Occupation-Performance (PEOP) Model (adapted from
Wong & Fisher, 2015).

Focus of Intervention:
Enablers and Barriers

Which leads to:
Occupational
Performance

Desired
Outcome:
Occupational
Participation

I adopted a longitudinal research design over 2 years to explore the use of PWSDs
during a critical period in the lives of boys with DMD. I utilised a descriptive case study
approach, which included goal setting and collection of data on quality of life, psychosocial
impact, physical impact, and detailed demographic and intervention profiles for individual
boys. The focus was on unpacking the complex relationships among the factors that enabled or
hindered participation, the boys’ use of PWSDs and the intervention strategies that the
therapists employed.
1.5.2 Participation and Assistive Technology
Assistive technology devices can optimise functioning, reduce the negative impacts of
disability, and are fundamental to enablement and inclusion (Steel & Layton, 2016). Assistive
technology is an extrinsic enabler, comprising the assistive device together with any associated
services, training and instructional supports (Cook & Polgar, 2014). In the PEOP model,
assistive technology is an environmental modification intervention (Christiansen, 2015), and
assistive technology is considered to be vital to rehabilitation for boys with DMD. Yet
participation is seldom considered as an outcome in evaluations of assistive technology for
boys with DMD.
Researchers in the assistive technology field generally agree that participation measures
should be device-specific. Success or failure of an assistive technology device depends on
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personal perspectives on use of the device in day-to-day activities. Hence there is a need for
detailed, concrete information about the interactions between the assistive technology, the
person and the environment (Harris, 2007; Hoenig, Giacobbi, & Levy, 2007; Mahant, Cohen,
Rosenbaum, & 2012). The collection of rich descriptive case study data allowed me to examine
these complex interactions.
1.5.3 Optimal Participation and Therapist Interventions
According to Kang et al. (2014), optimal participation is a dynamic process that
involves a balance between factors in the external environment of the family and the multiple
dimensions of engagement, thereby enhancing quality of life, health and well-being (see Figure
1.4.) This intervention model is consistent with the PEOP and other descriptive occupational
therapy models of strengths-based, client- and family-centred practice and enablement. The
optimal participation model (Kang et al., 2014) and participation-based therapy (Palisano et al.,
2012) can assist therapists to improve participation outcomes from the PWSD equipment
intervention.
Because participation-based therapy is a strengths-based approach, collaboration is
recommended when implementing an intervention such as the PWSD. Therapists, teachers and
parents need to collaborate to match the child’s goals, expectations and life roles with the
reality of family and community environmental circumstances (Palisano et al., 2012). An
outcome of interest in my study was how therapists could best implement PWSDs in the
everyday lives of our clients. I used collaborative participation-based therapy and occupationfocused strategies, over 2 years, with boys, parents, and school staff. Reflections on practice
over this time provided insights into how best to achieve successful implementation. The five
steps that Palisano et al. (2012) identified as critical to participation-based therapy are: develop
a collaborative relationship with the family and child; determine mutually agreed upon goals
for home and community participation; assess child, family, and environment strengths and
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what needs to occur; develop and implement the intervention plan; and evaluate processes and
outcomes for the child and family.

Figure 1.4
Conceptual Model of Optimal Participation for Children with Physical Disabilities (adapted
from Kang et al., 2014).
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1.6 Overview of the Study
In this study, I examined the effects of PWSDs as a means of actively promoting
participation in boys with DMD. The PWSDs gave the boys the capacity to maintain standing
and function at a time when the usual clinical course and loss of ambulation were expected to
have greatest emotional impact.
The PEOP (Christiansen, 2015) and optimal participation (Kang et al., 2014; Palisano et
al., 2012) models guided formulation and interpretation of the study outcomes. Occupationfocused models can be combined to augment the approaches (Wong & Fisher, 2015). A rich
descriptive study methodology included the collection of longitudinal data and detailed
demographic and intervention profiles for individual boys. I explored individual experiences
using a modified Experience Sampling Method (ESM) methodology (Hektner, Schmidt, &
Csikszentmihalyi, 2007). ESM is a measure of self-report of subjective experience, allowing
data collection of in-the-moment experiences and perceptions about those experiences.
Previous studies had validated the use of personal digital assistant devices for assessing selfreported quality of life in everyday life for boys with DMD (Bray, Bundy, Ryan, & North,
2017; Bray, Bundy, Ryan, & North, 2010).
I gathered data for this descriptive study between 2014 and 2016 as part of my usual
clinical role, with support from the Occupational Therapy Department and the
Neurogenetics/Neuromuscular Specialist Outpatient clinic at the Children’s Hospital Westmead
(CHW). I obtained ethical approval through the Sydney Children’s Hospitals Network (SCHN).
I recruited a convenience sample of 9 boys with DMD who had been clinically indicated and
trialled successfully for powered mobility using a PWSD. EnableNSW (a State government
equipment funding scheme) and MiTech NSW (supplier of the LEVO C3, a model of PWSD)
provided grants to enable all eligible study participants to access a PWSD. Any remaining
funding shortfalls were met by support from charitable organisations in NSW.
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Therapists acknowledge that standing is important for boys with DMD; however, little
is known about the potential benefit of PWSDs to facilitate musculoskeletal and participation
goals. By disrupting the usual decline in activity and independence, I hoped that a PWSD might
provide a seamless transition from stage 3 to stage 4 DMD. Importantly, with increasing
emphasis on participation goals driving government funding approvals for assistive technology
interventions, therapists need to improve their understanding of how to assess and describe
participation outcomes and switch focus to participation in daily life as the main motivator and
end goal for the use of complex assistive technology such as the PWSD.
1.6.1 Aim and Objectives
My main aim was to provide foundational evidence about boys with DMD and their use of
supported standing in PWSDs for participation in everyday life. The objectives were to:
•

identify frequency of use and types of everyday activities done in supported standing

•

identify factors (barriers/enablers/motivators) impacting on use of supported standing
in PWSDs

•

identify and describe occupational therapist management strategies to optimise use of
supported standing in PWSDs

Meeting the above objectives will provide therapists with an informed viewpoint from which to
prescribe, implement and evaluate this complex assistive technology device.
1.6.2 Research Questions
The study addressed the following research questions were: (a) What typical activities
do boys with DMD engage in when using supported standing in a PWSD, and what is the
impact on their participation in everyday life? (b) What factors impact on the use and retention
of a PWSD? (c) What are the barriers, enablers, and motivators for standing in a PWSD? (d)
How can occupational therapists best support the uptake and effectiveness of this equipment?
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1.7 Organisation of the Thesis
In this chapter, I presented the background to the research. I also explained the rationale
for and significance of the study, introduced the conceptual frameworks and identified the
research aims and questions.
In Chapter 2, I present a comprehensive review of the empirical and theoretical
literature on supported standing and the use of PWSDs for children with disability, with
particular focus on evidence about the impact of this form of assistive technology.
Chapter 3 comprises a manuscript entitled “Everyday life participation using powered
wheelchair standing devices by boys with DMD”. The paper presents the results of the study in
relation to research questions (a), (b) and (c) stated just above. It describes the use of a novel
electronic survey app that I used to identify and explore the activities in which boys with DMD
engaged during supported standing in a PWSD, the factors that impacted on the use and
retention of PWSDs, and the barriers/enablers/motivators for supported standing in PWSDs. At
the time of writing, this paper was under review.
Chapter 4 comprises a manuscript entitled “Enabling use of powered wheelchair
standing devices: Collaborative approaches”. This paper addresses research question (d) by
presenting case studies of the three boys who reported most frequent use of supported standing
in PWSDs. It details the use of collaborative goal setting and an occupation focus by therapists,
boys and carers to optimise implementation of the PWSD in real-life settings. At the time of
writing, this paper was under review.
Chapter 5 discusses the key findings, focusing on the barriers to and enablers of
participation associated with the use of the PWSD. I also comment on the study’s limitations,
discuss the implications of the findings for clinical practice and make recommendations for
future directions for research on PWSDs.
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Chapter 2
Literature Review
This chapter provides a critical synthesis of the research literature on outcomes of
supported standing and on powered sit-to-stand wheelchairs, also known as powered
wheelchair standing devices (PWSDs). In this review, I describe the physical, psychosocial,
cognitive and participation outcomes of supported standing. I also review related research on
carer burden and issues around abandonment of assistive devices. Finally, I pay particular
attention to the limited research on PWSDs, including outcomes, participation and
interventions to support their use. Wherever possible, I focus on research with paediatric
populations, specifically Duchenne Muscular Dystrophy (DMD).
To initiate this review, I entered key words - Duchenne muscular dystrophy, standing
devices, power standing wheelchair, to search the Cochrane Data base, CINAHL, Medline via
Ovid database searches and Google Scholar. I reviewed key author reference lists and
conducted citation searches of identified papers for potential sources of further information on
power wheelchair standing devices. I used strategies such as hand searches and peer
networking with others researching similar fields. The body of literature was also curated as
part of my clinical practice over a number of years on the topics covered in the thesis literature
review. I also searched grey literature (literature which is not necessarily peer reviewed).

2.1 Definitions of Standing Devices
Examples of static standing devices include tilt tables, standing frames (upright
standers, supine standers and prone standers), customised standing braces for young children,
and standing boxes. Dynamic standers include braced ambulation devices, oscillating standers,
whole body vibration platforms combined with a standing frame, gait trainers, and sit-to-stand
wheelchairs (Paleg, Smith, & Glickman, 2013).
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The NCART Standing Device Funding Guide (National Coalition for Assistive and
Rehabilitation Technology (NCART) Standing Device Work Group, 2013) classifies all types
of standing devices that might be considered for use as: (a) standing frame system (one
position), (b) standing frame system (multi-position), (c) standing frame system (mobile), (d)
sit-to-stand system with seat lift, (e) manual wheelchair accessory (manual standing system),
and (f) power wheelchair accessory (power standing system). Detailed descriptions of each
category appear in the NCART Guide.

In this thesis, I use the term “supported standing” to describe standing with the support
of postural seating and/or harnesses or additional knee and foot assemblies, in any of the above
devices. Where relevant, I describe the specific assistive device providing the supported
standing. When I am referring to a power standing system in a power wheelchair, I use the term
“powered wheelchair standing device” (PWSD). I have extrapolated the term “PWSD” from
the terminology used in the position papers of the Rehabilitation Engineering and Assistive
Technology Society of North America (RESNA), which are commonly cited in the literature on
supported standing (Arva et al., 2009; Dicianno et al., 2016). RESNA refers to “wheelchair
standing devices”, which can be either manual or powered devices. In this thesis, the focus is
on the powered version of wheelchair standing in a power wheelchair, which I refer to as a
“powered wheelchair standing device” (PWSD).

2.2 Outcomes of Supported Standing
Supported standing can be enabled by static or dynamic devices for people in all age
groups who have lost the ability to stand or walk independently. Therapists often prescribe
standing programs for use in home and school settings for children with cerebral palsy and
other neurodevelopmental or neuromuscular conditions (Gibson, Sprod & Maher, 2009; Novak
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et al., 2013; Paleg et al., 2013) and for adults with spinal cord injuries or neuromuscular or
neurological conditions (Paleg & Livingstone, 2015). Supported standing aims to reduce or
prevent physiological complications and optimise function. The strongest evidence-based
outcomes for supported standing are: improving range of motion of hips, knees and ankles and
reducing contracture risk; promoting bone health of legs and spine; reducing abnormal muscle
tone and spasticity; and improving hip biomechanics. There is less conclusive evidence on their
ability to promote vital organ capacity (pulmonary, bowel and bladder function), muscle
strength, alertness and improved participation and psychological benefits (Glickman, Geigle, &
Paleg, 2010; Paleg et al., 2013). A daily goal of 60-90 minutes per day in standing equipment is
recommended for people with DMD and other physical disabilities (Case et al., 2018; Dicianno
et al., 2016; Mannlein & Pangilinan, 2008; Paleg et al., 2013; Pedlow, McDonough, Lennon,
Kerr, & Bradbury, 2015). Nonetheless, the consensus is that, despite widespread clinical use of
supported standing, clinicians and researchers lack evidence-based recommendations for
effective standing and program dosing (Craig et al., 2016; Glickman et al., 2010; Paleg &
Livingstone, 2015; Paleg et al., 2013).
2.2.1 Supported Standing for the DMD Population
Maintaining ankle dorsiflexion is a priority for anticipatory management among boys
with DMD in the ambulant phases. Loss of ankle dorsiflexion range contributes to progressive
mobility decline in DMD. Timely interventions of supported standing, positioning, orthoses,
stretching, serial casting regimes and surgical interventions can maintain range of movement in
ankle, hip and knee (Case et al., 2018; Kiefer et al., 2019; Skalsky & McDonald, 2012).
Although there is a lack of conclusive evidence to support the use of supported standing in
DMD for contracture management (Eagle, 2002; Pedlow et al., 2019), the DMD standards of
care guidelines recommend use of passive or motorised supported standing devices from the
early non-ambulatory stages for contracture and deformity prevention if standing positioning is
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possible and tolerated (Birnkrant, Bushby, Bann, Alman, et al., 2018; Birnkrant, Bushby, Bann,
Apkon, Blackwell, Brumbaugh, et al., 2018). Caution should be exercised with supported
standing during the late non-ambulatory stages of DMD in the presence of co-morbidities such
as bone fragility, spine deformities and severe lower limb contractures (Birnkrant, Bushby,
Bann, Alman, et al., 2018). Thus, despite lack of conclusive evidence, clinicians consider that it
is essential to time the provision of different kinds of equipment in anticipatory planning for
independence, clinical care and safety for boys with DMD, including supported standing
devices and early prescription of power mobility for part-time use (Birnkrant, Bushby, Bann,
Apkon, Blackwell, Brumbaugh, et al., 2018; Case et al., 2018).
There is variability in the types, frequency and duration of use of equipment for
mobility in the DMD population (Landfeldt et al., 2015; Pandya et al., 2016). Currently, access
to standing devices for children with DMD is low, at less than 14% in all sites surveyed worldwide (Landfeldt et al., 2015; Pandya et al., 2016). Pandya’s research, using surveillance data
collected from 362 caregivers from 2006-2012, revealed that very little is known about the
clinical outcomes of mobility equipment in the DMD population. His team found that the mean
stop age of use of night splints, leg braces, standers and manual wheelchairs was between 10
and 12 years for boys with DMD, the same point at which power wheelchairs are required on a
full-time basis (Birnkrant, Bushby, Bann, Apkon, Blackwell, Brumbaugh, et al., 2018; Pandya
et al., 2016). Importantly, standing device use was found to cease in the non-ambulatory phase
of DMD by the average age of 11.8 years, despite management guidelines recommending
continued use into the non-ambulant period (Bushby et al., 2009; Pandya et al., 2016).
Several authors have demonstrated other physical effects of standing for boys with
DMD. Standing using a standing frame improved vital capacity and peak expiratory flow for
boys with DMD and delayed the development and progression of spine scoliosis (Galasko,
Williamson, & Delaney, 1995). Weight-bearing exercise stimulated bone regeneration with
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dynamic loading activity, providing gains in bone tissue. Ambulant boys with DMD can stand
with the addition of whole-body vibration (WBV) as an intervention for bone health (Bell et al.,
2017; Söderpalm et al., 2013). Whilst safe and tolerated by the boys with DMD, no significant
changes occurred in bone mineral density (BMD) in total bone, spine, hip, heel bone or bone
markers after WBV two or three times a week for 10 weeks (Söderpalm et al., 2013).
A Cochrane review of literature on assisted standing in DMD (Pedlow et al., 2019)
aimed to assess the effects of standing devices and orthoses on pain, contractures, scoliosis and
bone density, as well as on quality of life, participation in activities and patient experience. The
reviewers included randomised controlled studies and excluded qualitative studies. There was a
significant gap in research about participation in daily activities, quality of life and motivation
for using supported standing. The authors concluded that there were inadequate studies of
sufficient quality to make conclusions about the impact of supported standing devices (Pedlow
et al., 2019). Randomised controlled trials are considered the gold standard in clinical research
but may not always be feasible in the field. Thus, we need to consider other types of studies,
including qualitative studies, focusing on particular issues important to this specific population.
Overall, the research shows that the practical implementation of supported standing in
the DMD population is problematic. Low compliance with positioning equipment may reflect
discomfort but may also be due to differences in clinician management or patient/family
preferences and financial constraints (Pandya et al., 2016). Carer burden and difficulties with
transfers as boys grow taller and heavier are factors in the decision to abandon standing in
stationary standing frames or tilt tables (Landfeldt et al., 2015; McDonald, 1998; Pandya et al.,
2016). There is need for further research and understanding of the obstacles to implementation
of supported standing in anticipatory care, especially in view of the finding that real world
DMD care does not necessarily match the DMD care guidelines (Landfeldt et al., 2015).
2.2.2 Supported Standing beyond DMD
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Four recent systematic reviews of supported standing for adults and children are
available (Craig et al., 2016; Glickman et al., 2010; Paleg & Livingstone, 2015; Paleg et al.,
2013). Although many of the studies included in systematic reviews reported on individuals
with non-progressive conditions such as spinal cord injuries (SCI) or cerebral palsy (CP), the
outcomes can also apply to populations with progressive conditions, such as DMD. Thus, in the
following section, I discuss studies categorised according to outcomes of interest, rather than
medical conditions. These are: (a) physical outcomes, (b) psychosocial outcomes, (c) pain, (d)
cognitive outcomes, (e) carer burden and abandonment issues, (f) environment, and (g) client
choice and (h) participation outcomes, which I consider in detail.
2.2.2.1 Physical outcomes
Two (2) systematic reviews provide guidance on outcomes of supported standing for
children. Craig et al. (2016) reviewed stretch interventions for children with neuromuscular
disabilities (cerebral palsy, muscular dystrophies, spinal cord injuries, neural tube defects,
spinal muscular atrophies, traumatic brain injury, and other rare neuromuscular diseases). Paleg
et al. (2013) focused on dosage of supported standing for different outcomes.
An ideal supported standing programme for children is difficult to define as the
literature around dosing is minimal. Thus, expert opinion, combined with the limited evidence
base, has informed clinical decision-making (Paleg et al., 2013). Clinical recommendations on
standing dosage were based on a synthesis of evidence from all reviewed studies of physical
outcomes. Supported standing is known to benefit lower limb function: 60 minutes per day in
30-60 degrees of hip abduction for hip stability and 45-60 minutes per day for range of motion
of the hips, knees and ankles (Paleg et al., 2013). Non-mobile children with cerebral palsy
using a standing frame for 1 hour, 5 days per week, for 6 weeks showed significant
improvements in hamstring length (by popliteal angle measurement) (Gibson et al., 2009).
Range of motion in hips and knees was maintained through standing programmes for 60-90
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minutes per day in a Gazelle straddled stander in children with cerebral palsy (Martinsson &
Himmelmann, 2011). A longitudinal study reported that the use of a customised standing
orthotic frame (reviewed 6-monthly) used daily for at least 1 hour between the ages of 12
months and 5 years led to reduced hip dysplasia measured radiologically and increased hip
abduction measured with goniometers (Macias-Merlo, Bagur-Calafat, Girabent-Farres, &
Stuberg, 2016; Macias-Merlo, Bagur-Calafat, Girabent-Farrés, & Stuberg, 2015).
Bone mineral density (BMD) is considered an important outcome from supported
standing; 60-90 minutes per day 5 days/week yielded positive results in bone mineral density
(Paleg et al., 2013). “Dynamic standing” in adapted standing frames providing reciprocal
loading that mimicked natural gait increased cortical BMD in non-ambulant children using
Dual energy X-ray absorptiometry (DEXA) scans (Damcott, Blochlinger, & Foulds, 2013).
Several researchers (Caulton et al., 2004; Gudjonsdottir & Mercer, 2002; Ward et al., 2004)
supported the benefits of standing using upright static or dynamic standing frames on vertebral
BMD in children. Adding whole body vibration (WBV) to standing devices yielded conflicting
results for BMD. Ward et al. (2004) investigated the effects of the use of low-magnitude, highfrequency vibration plates for 10 minutes standing, 5 days a week for 6 months. The results of a
pilot randomised controlled trial (RCT) with matched pairs of ambulant children with physical
disabilities showed that this improved trabecular bone density of the proximal tibia and spine.
However, Ruck, Chabot, and Rauch (2010) found that, although walking speed improved in
children with CP who were given 9 minutes of WBV 5 days per week, there was no positive
treatment effect on bone.
Researchers have investigated other physical and functional mobility outcomes from
supported standing. Spasticity can be managed with 30-65 minutes of supported standing per
day (Paleg et al., 2013). Spasticity decreased in triceps surae and tibialis anterior muscles after
stretching in a supported stander for 30 minutes, and the stretch effect lasted 35 minutes. The
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authors recommended activities be provided immediately after the stretching (e.g., walking or
dressing) (Tremblay, Malouin, Richards, & Dumas, 1990). Children with CP who used a prone
stander for 45 minutes 3 times a week experienced decreased spasticity in the soleus muscle
and improved walking speed and gait (dorsiflexion angle during midstance) (Salem, LovelaceChandler, Zabel, & McMillan, 2010). Supported standing reportedly improved transfers
(Gibson et al., 2009). A standing programme combined with whole body vibration resulted in
improved scores on the Gross Motor Function Measure (Rauch, 2009; Stark, NikopoulouSmyrni, Stabrey, Semler, & Schoenau, 2010) and improved mobility and muscle power in
children with osteogenesis imperfecta (Semler et al., 2008). Qualitative interviews with parents
and children aged 7-19 years revealed that the children felt stronger and straighter from
supported standing, and bowel function improved (Nordstrom, Naslund, Ekenberg, &
Zingmark, 2014).
Craig et al. (2016) included six studies related to supported standing (Effgen &
McEwen, 2013; Franki et al., 2012; Montero & Gomez-Conesa, 2014; Novak et al., 2013;
Paleg et al., 2013; Pin, 2007). They employed Grading of Recommendation Assessment,
Development and Evaluation (GRADE) guidelines, which provide a strength of
recommendation of either “strong” or “weak” for confidence on desirable vs undesirable
consequences of an intervention (Andrews et al., 2013). Increased lower limb BMD was the
only outcome that achieved a “strong” recommendation from the supported standing
intervention, using these guidelines (Craig et al., 2016). Nonetheless, using the GRADE
guidelines for quality of evidence (high, moderate, low, or very low), Craig’s team identified
the quality of evidence about supported standing and BMD as “very low.” In relation to
supported standing intervention for prevention of contractures in the lower limbs and spasticity,
strength of recommendation was weak, and quality of evidence was very low.
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All systematic reviews of studies involving supported standing with adults and children
(Craig et al., 2016; Glickman et al., 2010; Paleg & Livingstone, 2015; Paleg et al., 2013) have
highlighted the need for high-quality research and better outcome measures to quantify the
effectiveness. Limitations in the research include lack of study design rigour, limited
standardisation of supported standing protocols and large variance in outcome measures
(Glickman et al., 2010). Despite lack of unequivocal evidence, therapists generally promote
standing as part of daily comprehensive postural management and activity programming for
children with problems in maintaining upright positions, standing or walking (Paleg et al.,
2013; Taylor, 2009) and supported standing interventions are entrenched in clinical care
settings.
In conclusion, there are limitations in the information from physical measures. Medical
diagnostic tests are useful for comparisons among individual subjects in body structure studies.
However, physiological change is slow to occur and, thus, can be difficult to measure for
people with complex disabilities (Sprigle, 2007). While physical outcomes are the primary
objective for caregivers, the viewpoints of children appear more complex, supporting the need
for more research on patient-reported outcomes.
Qualitative interviews of young people with CP aged 8-18 years about their experiences
using standing frames showed that adolescents and children do not necessarily see any
connection between supported standing and health; nor do they necessarily place importance on
reaching the recommended “dosage” of standing as they cannot sense changes in areas such as
bone density or hip biomechanics. Therapists should understand individual perspectives about
supported standing and ensure that caregivers and children have information about supported
standing to make informed health decisions (Goodwin et al., 2018). Surveys of therapists and
users reported positive perceptions of supported standing on bowel function, weight-bearing,
pressure relief and range of motion (Taylor, 2009). However, measures such as range of motion
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or BMD may not necessarily translate into improved activity or function in everyday life or
quality of life.
2.2.2.2 Psychosocial outcomes
Standing devices impact more than physical functions and therapists should understand
the meaning of the altered body position (Nordstrom, Naslund, Eriksson, Nyberg, & Ekenberg,
2013). Psychosocial and cultural factors and adaptation to disability influence beliefs about
assistive technology (Pape, Kim, & Weiner, 2015). Nordstrom, Naslund, Eriksson, et al. (2013)
asked people aged 2-84 years about their standing devices (standing frames, standing shells, tilt
tables and power wheelchair standers) and quality of life. Using the Psychosocial Impact of
Assistive Devices Scale (PIADS) (Jutai & Day, 2002), Nordstrom, Nyberg, Ekenberg, and
Naslund (2014) found that standing in assistive devices improved subjective feelings of wellbeing and enhanced participation and social functioning. They concluded that the optimal
standing device should help people meet meaningful psychosocial goals.
Qualitative studies have explored the complex psychosocial aspects and symbolic
meaning of standing and walking. In interviews with parents of children with neuromuscular
diseases about the process of wheelchair prescription, parents placed high value on walking
(Paguinto, Kasparian, Bray, & Farrar, 2019). “Being the same” as non-disabled children
through standing, by whatever means, is a form of social capital, giving physically disabled
children a feeling of belonging (McKeever, Rossen, Scott, Robinson-Vincent, & Wright, 2013).
“Standing on your own two feet” has multiple meanings, not just physical standing. Identity,
vitality and body image are affected by lack of independent mobility for children with
disabilities. The design and provision of any assistive devices for mobility needs to take
account of the importance of psychological independence and freedom of movement to
enhance autonomy and to socialise with peers (Mulderij, 2000). School-based therapists
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reported that standing programmes at school promoted self-esteem, social interaction and
psychological well-being (Taylor, 2009).
Despite suggestions about the psychosocial benefits of standing and walking, tension
and ambiguity surround these functions for physically disabled children. A number of
researchers (Gibson, Upshur, Young, & McKeever, 2007; Goodwin et al., 2018; Nordstrom,
Naslund, et al., 2014; Ruck et al., 2010) have described conflicting beliefs about assistive
technology for children with physical disabilities. Technology can sustain life and improve
functionality, but complex devices can also stigmatise and lead to social exclusion. Supported
standing can have both positive and negative effects on freedom and participation as well as
physical benefits. Children are dependent on others to get into standing; are restricted by static
devices; and often experience pain associated with weight-bearing. Therapists must therefore
consider the complex interrelationships between technology and the human body for people
with disabilities when prescribing standing devices. These different perspectives on supported
standing highlight the need to better understand barriers to and facilitators of the use of
standing devices. Research on the meaning of upright standing and mobility should fully
engage children and their families (McKeever et al., 2013).
2.2.2.3 Pain from supported standing among children
Pain is a deterrent to use of supported standing devices by children and adolescents
(Goodwin et al., 2018; Nordstrom, Naslund, et al., 2014). Boys with DMD reported pain,
discomfort and fatigue from standing in PWSDs. Specifically, pain affected lower back and
ankles, forefoot pressure, leg fatigue, anterior knee/shin discomfort related to pressure from
support pads, and plantar foot paraesthesia (Townsend et al., 2016). Boys with DMD in both
ambulatory and non-ambulatory stages often reported back, neck and leg pain, not necessarily
related to supported standing (Engel, Kartin, Carter, Jensen, & Jaffe, 2009; Frank & De Souza,
2018; Lager & Kroksmark, 2015; Pangalila, van den Bos, Bartels, Bergen, Stam, et al., 2015;
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Silva et al., 2016). These findings signal the need for further research about pain as a barrier to
supported standing.
Despite potential pain, Goodwin et al. (2018) found that young people understood the
reasons for using standing frames and were pragmatic about negative experiences in standing
(such as pain or static position restrictions). Balancing negatives and pain tolerance with the
positive benefits of supported standing may depend on what activities children engage in
during supported standing.
2.2.2.4 Cognitive outcomes
Research addressing cognitive outcomes from supported standing is limited. The use of
standing frames and postural seating systems that provide postural security for trunk and upper
limb function resulted in improved scores for children with spastic quadriplegia or diplegia
aged 17-58 months on the Bayley Infant Development Mental scale (Miedaner & Finuf, 1993).
Logan provided detailed descriptions of developmental measures and training for caregivers
and preschoolers with Down syndrome and neurological deficits using short periods of
supported standing in modified ride-on powered toy cars (Logan et al., 2019; Logan et al.,
2017).
Therapists ranked physiological function, functional mobility, motivation and cognition
highest as factors for successful use of walkers (Low, McCoy, Beling, & Adams, 2011).
Nonetheless, clinicians and parents may put too much value on walking and standing, thus
encouraging children to spend their time on therapies, to the detriment of participation in
childhood play and activities that promote learning and socialisation (Gibson & Teachman,
2012; Gibson et al., 2012; McKeever et al., 2013).
2.2.2.5 Carer burden and abandonment of supported standing devices
There is limited evidence on the impact of using assistive technology on family
caregivers of children with physical disabilities and what is available is inconsistent. Impact on
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caregivers can be difficult to measure and is often not reported, especially psychological/
emotional impact (Nicolson, Moir, & Millsteed, 2012). Positive benefits include: reduced effort
for carers and children, reduced dependence on carers, and increased activity and participation
(Henderson, Skelton, & Rosenbaum, 2008; Nicolson et al., 2012). Standing frame use eased the
burden of care by making performance of activities of daily living easier (Gibson et al., 2009).
Unfortunately, burden of transfers, orthopaedic decline, medical status decline, pain, poor
tolerance, time constraints and behaviour problems often led to abandonment of standing frame
programmes in schools in later years (Taylor, 2009). Carer burden in using static standing
devices for children with CP (Goodwin et al., 2018) and boys with DMD (Pandya et al., 2016),
as they get older and heavier, is also a limiting factor for compliance with daily standing
programmes.
Burden of care in using standing frames depends on user perception. Viewpoints can be
negative or positive, as noted in attitudes to pain from supported standing mentioned earlier
(Nordstrom, Naslund, et al., 2014). Preventing abandonment of assistive devices, such as
standing devices, can be explored through a deeper understanding of the psychosocial impact of
assistive technologies and, thus, quality of life (Day, Jutai, and Campbell, 2002). Dependency
on others for getting into standing, non-use and dissatisfaction rates suggest a need for an
improved match between users and different types of standing devices (Nordstrom, Naslund,
Eriksson, et al., 2013; Nordstrom, Nyberg, et al., 2014). Balancing the effort required with the
benefits gained depends on what activities children and adults engage in during supported
standing (Nordstrom, Nyberg, et al., 2014).
Family environment has been shown to have the greatest impact on whether an assistive
technology device will be adopted and supported at home (Østensjø, Carlberg, & Vøllestad,
2005). Therapists have therefore been urged to educate, support and guide family carers
throughout the process of prescription and implementation (Kling, Campbell, & Wilcox, 2010;
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Østensjø et al., 2005; Paguinto et al., 2019). Ideally caregiver support should involve
standardised assessments, valid outcome measures and comprehensive follow-up evaluations,
which would provide evidence of effectiveness and might reduce equipment abandonment.
Better client outcomes and economic savings should result from these evaluations (Ryan et al.,
2009).
2.2.2.6 Environmental factors
There is a paucity of research on the environmental context of the use of standing
devices. In addition to the features of the assistive technology device itself, it is important to
examine the factors influencing the interaction between the person with a disability and the
environment (Carver, Ganus, Ivey, Plummer, & Eubank, 2015; Layton, 2012). Clinically,
supported standing is most commonly used in a standing frame system in the classroom or at
home. Standing frames are often used at a desk or with a fixed tray for upper body support and
arm use. Some activities, such as computer games, can encourage tolerance of standing for its
physical benefits. However, standing for activities such as cooking at benches and washing up
at the sink also facilitates participation in the natural environment (Goodwin et al., 2018).
Clinicians and carers can direct their efforts toward educating young people about standing and
involve them in the design of the standing frames (Goodwin et al., 2018). McKeever et al.
(2013) note the importance of user-friendly design and environmental adaptation to improve
physical and social accessibility but argue that meeting individual participation goals should be
prioritised since it is vital for promoting use of supported standing in meaningful activities.
2.2.2.7 Client choice
Use of a standing frame for group activities in the classroom (Taylor, 2009) or
integration of standing into a simple motorised toy car for pre-schoolers (Logan et al., 2019)
are examples of using standing as part of a mixed mobility or “multiple mobility” approach
(Gibson et al., 2012). A multiple mobility approach means that the child can use a standing
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device to aid participation and a power or manual wheelchair most of the rest of the time for the
independence it provides.
Therapists need to explore individual clients’ perspectives, personal goals and
therapeutic outcomes to ensure that they use standing frames at the right time, in the right
place, and for the right purpose (Goodwin et al., 2018; Logan et al., 2017). Choosing
appropriate activities when standing in a standing frame improves tolerance and participation
(Goodwin et al., 2018; Nordstrom, Naslund, et al., 2014).
2.2.2.8 Participation
Successful assistive technology reduces or removes personal or environmental barriers
to participation for a person with a disability (Jutai, Fuhrer, Demers, Sherer, & DeRuyter,
2005). Enhancement of activity and participation, rather than body structure and function,
should be the outcome of interventions such as supported standing (Paleg et al., 2013).
Meaningful participation for children involves physical, social and self-engagement in
everyday life situations such as learning, playing with friends, engaging in family life, and
gaining autonomy and mastery in self-care, hobbies and community activities (Kang et al.,
2014; Palisano et al., 2012).
Standing frames can be beneficial for participation but can also reduce participation due
to reduced independence. For example, standing frames give freedom to participate in activities
that are otherwise not possible, such as washing dishes at the sink or cooking, but they can also
be socially isolating, and the process of transferring to standing frames increases carer burden
(Goodwin et al., 2018). Despite the perceived positive effects of standing on participation and
activity, children reported ambivalence because of the discomfort involved (Nordstrom,
Naslund, et al., 2014).
Research on children’s participation using standing frames is extremely limited but
reasonably positive. Noronha, Bundy, and Groll (1989) found beneficial effects on feeding, and
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Taylor (2009) reported improved access to educational materials and activities and social
interactions. Carers of non-ambulant children with CP reported increased ease of performance
of transfers, positioning, dressing, bathing and toileting in a school setting (rated using a 5point Likert scale) (Gibson et al., 2009). Parents believed that trunk uprightness and the
resulting improvement in upper limb function facilitated participation (Mulderij, 2000).
The only participation measure used in the stretch intervention studies reviewed by
Craig et al. (2016) was the Canadian Occupational Performance Measure (COPM), employed
in a study of upper and lower limb casting and orthoses (not supported standing) for children
with cerebral palsy (Autti-Rämö, Suoranta, Anttila, Malmivaara, & Mäkelä, 2006). The
supported standing intervention was evaluated as weak in relation to strength of
recommendation, and the quality of evidence for impact on activity and participation
(functional abilities) was rated very low, due to the lack of quality research using appropriate
measures. The authors suggested that future studies should address activity and participation
using a longitudinal design and sensitive outcome measures to observe whether interventions
such as supported standing helped children to reach their goals.
Taking participation as the primary focus of supported standing might help overcome
adherence and ambivalence issues. Assistive technology interventions such as standing devices
should concentrate on reducing the gap between what people want to do and what they actually
do in their lives (Carver et al., 2015). This applies to children and their parents, as much as to
adult clients. Therapists acknowledge that assistive devices may allow physical independence
in basic activities, such as mobility or showering, but that individuals may remain
interdependent in other meaningful activities related to socialisation or community participation
(Hamdani, Mistry, & Gibson, 2015; Harris, 2007). Supported standing devices provide an
example of the need for interdependencies, since carers are required for transfers and consistent
ongoing support to enable effective use of supported standing for activities and participation.
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2.3 Outcomes from Use of a Powered Wheelchair Standing Device (PWSD)
PWSDs have been available since the 1970s (Paton, Shaw, Hughes, & Runcie, 1978).
They offer the freedom to choose to stand on command as supported standing is integrated into
the device as a power seating function (PSF) via joystick controller programming. When the
standing mode programme is chosen, independent supported standing can be achieved from
sitting into any position in between through a combination of PSFs involving the backrest, leg
rests, seat elevation, anterior tilt, tilt in space, together with knee supports and trunk harness
supports. It is thus possible for standing or perching/anterior reach positions to become
incidental to activities of daily living. Effective use of a PWSD provides physical health
benefits at the same time as it facilitates socialisation and participation in age-appropriate
activities.
2.3.1 PWSDs for Duchenne Muscular Dystrophy
The PWSD is unique, as it addresses physical health concerns as well as participation
concerns resulting from loss of walking and standing. Boys with DMD are a natural population
to consider for PWSDs because they start out in life walking but gradually lose that ability and
develop orthopaedic problems and contractures that become more problematic after they
become wheelchair-dependent (Birnkrant, Bushby, Bann, Apkon, Blackwell, Brumbaugh, et
al., 2018). People with muscular dystrophies experience significant problems of pain, posture
and deformity from sitting in power wheelchairs, requiring pre-emptive and effective
management from power seating functions, pressure care cushions and specialised seating
(Frank & De Souza, 2018; Frank, De Souza, Frank, & Neophytou, 2012; Richardson & Frank,
2009). The PWSD offers a “techno-body”, that is, the capacity to control body positions in
multiple settings at any time, in any environment, with the body fully supported (Gibson et al.,
2007). This is extremely important for boys with DMD because progressive weakness,
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stiffness, immobility and fatigue require postural management on a constant basis in all
environments and activities. Boys with DMD can retain independence in body positional
change in the PWSD, since standing and other anterior reach positions are not “lost” but
retained in this “techno-body”.
Only two studies have reported specifically on the impact of using PWSDs for
supported standing in boys with DMD. They provide evidence on physical outcomes and
social/functional outcomes. As a therapeutic intervention, PWSDs have potential physical
benefits. One of the studies (Townsend et al., 2016) focused on bone mineral density and lower
limb joint range of motion. Four boys with DMD were provided with PWSDs over a 12-month
single subject study period. The boys tolerated supported standing using PWSDs, felt safe in
the PWSDs, and experienced increased hip and knee flexor length. The researchers found no
difference in ankle plantar flexor length or impact on lumbar spine bone mineral density. The
second, qualitative study (Vorster et al., 2019) involved 12 adolescents and focused on user and
caregiver perspectives and lived experiences after 8 months of using PWSDs. The findings
showed that PWSDs allowed increased independence in activities of daily living at a time when
progressive muscle weakness usually leads to dependency in boys with DMD, and also
provided benefits for health, comfort, and community inclusion.
Supported standing in PWSD was found to be safe and tolerable in the late-ambulatory
and non-ambulatory boys with DMD (Case et al., 2018; Paleg et al., 2013; Townsend et al.,
2016), with assumed benefits for daily life if supported standing is used appropriately.
Providing the PWSD during the ambulatory phase is considered appropriate while boys can
still perform standing transfers (Muscular Dystrophy Campaign, 2011; Vorster et al., 2019).
PWSDs might be practical if introduced in the period before contractures develop and if boys
are comfortable with supported standing and motivated to use it during everyday life. The
PWSD allows users to access multiple environments and activity settings for a wide variety of
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tasks requiring upper limb reach. Boys with DMD using PWSDs reported flexibility of use in
home and community environments (Townsend et al., 2016; Vorster et al., 2019).
There are complex interactions between adapting to the need for power mobility and
boys’ declining physical function. Boys with DMD and their families find anticipatory
planning difficult (Bray et al., 2011; Landfeldt et al., 2015; Paguinto et al., 2019) and the
transition to power wheelchair mobility is particularly stressful for parents, both emotionally
and as a result of changes in carer burden (Bray et al., 2011; Erby, Rushton, & Geller, 2006;
Gravelle, 1997). Thus, when transitioning to power mobility, therapeutic interventions, support
and information to the whole family are vital (Bray et al., 2011; Erby et al., 2006; Paguinto et
al., 2019). Power mobility provides boys with independence but is also a marker of loss of
function. PWSDs, with the built-in capacity for power standing, might support adjustment to
DMD progression by maintaining mobility and function and softening emotional and physical
stresses. Thus, use of a PWSD might help re-frame the concept of loss.
2.3.2 Interventions to support the use of PWSDs by boys with DMD
“Hard” technology is the assistive technology device itself, while “soft” technology
refers to the therapist’s direct and indirect interventions—assessment of needs, set-up, trial,
training and follow-up (Cook & Polgar, 2013; Waldron & Layton, 2008). Training family and
caregivers in the use of supported standing equipment in activity plans at home and school
ensures that equipment is used appropriately (Long & Perry, 2008). Recommendations for
therapist support and guidance for carers during the process of implementation of power
wheelchairs (Paguinto et al., 2019) are relevant to PWSDs. Despite the acknowledged benefits
from PWSDs and supported standing, little is known about how children actually learn to use
PWSDs, particularly in relation to the barriers to use of standing in PWSDs and the “soft
technology” factors that facilitate sustained use.
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Early training and support from therapists ensure that a PWSD is used effectively in
multiple settings. Consideration also needs to be given to temperament and individual needs in
training programs, positive feedback from peers and caregivers, as well as early practice to
ensure boys, parents and teachers are confident about PWSD use (Vorster et al., 2019).
Townsend et al. (2016) provided safe use training and suggested that future studies look at
adherence strategies and incentives for maintaining motivation, including commitment to
school-based standing programs. There is an identified need for more detailed information on
strategies and interventions to support boys’ use of PWSDs. To date, research has failed to
comprehensively address soft technology for training and follow-up on the use of supported
standing devices, including PWSDs.
2.3.3 PWSDs beyond Duchenne Muscular Dystrophy
In this section, I discuss the very limited literature on PWSDs, categorised according to
outcomes of interest. I conclude with a review of research on participation outcomes
specifically in relation to PWSDs.
2.3.3.1 Physical outcomes
Outcomes from PWSDs can be measured in terms of pressure loading changes. Power
seating functions (tilt in space, anterior tilt, backrest recline, legrest elevation, power
wheelchair standing) enable independent management of posture and comfort for power
wheelchair users with complex disabilities, including boys with DMD (Case et al., 2018; De
Souza & Frank, 2015; Frank & De Souza, 2018; Liu, Cooper, Kelleher, & Cooper, 2014; Liu,
Mineo, Hanayama, Fujiwara, & Chino, 2003; Mannlein & Pangilinan, 2008; Richardson &
Frank, 2009; Titus & Miller-Polgar, 2018). Power wheelchair standing and power recline
backrest both reduce seat weight load. Standing also reduces loading of weight on the backrest.
Thus tilt, recline and standing systems help power wheelchair users perform weight-shift
(Sprigle, Maurer, Soneblum, & Sorenblum, 2009). One study concluded that careful
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consideration should be given to sliding and lower limb mechanics, including backrest
shearing, during sitting to standing transitions, as up to 75% of body weight was borne by the
lower limbs (23.5% via the knee restraints alone) during supported standing in one type of
PWSD (Yang, Chen, Fang, Chang, & Kuo, 2014). Thus, anti-shear mechanisms and careful
prescription are recommended for people with fixed contractures and osteoporosis (Dicianno et
al., 2016; Yang et al., 2014). Anti-shear mechanisms should also be provided to ensure skin
integrity of the spine and sacrum during sit-to-stand changes (Paleg et al., 2013; Sprigle et al.,
2009).
2.3.3.2 Outcomes reported in reviews and guidelines
A systematic review of supported standing programmes for adults (Paleg &
Livingstone, 2015) included only one study, a case report of an adult with spinal cord injury
(SCI), on the use of a PWSD (Shields & Dudley-Javoroski, 2005). The researchers used
innovative surveillance technology to monitor duration and angle of supported standing and a
questionnaire to assess usability and client satisfaction. The results indicated that 30-40 minutes
of supported standing for 5 days/week decreased spasticity and improved bowel motility, and
the client expressed satisfaction with the benefits of PWSDs; however, no details were given on
the kinds of activities for which supported standing was used. The authors commented that,
given the high cost of the equipment, it was important to quantify standing use to maximise its
effectiveness and ensure economic feasibility. A systematic review of dosage and supported
standing for paediatric clients included no empirical studies on the use of PWSDs, although
experts recommended consideration of PWSDs for multiple bursts of short or long duration
standing for promoting activity and participation, skin integrity and peer interactions (social,
play and movement) (Paleg et al., 2013).
The RESNA position papers recommend supported standing in wheelchair standing
devices as having medical, participatory and quality of life benefits (Arva et al., 2009; Dicianno
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et al., 2016). These recommendations were based on a case study of a 14-year-old boy with
DMD successfully using supported standing in a PWSD and three studies on adults using
PWSDs (Dunn et al., 1998; Shields & Dudley-Javoroski, 2005; Sprigle et al., 2009). All other
studies cited in the RESNA position paper were of therapeutic standing in static devices or
active standers with whole body vibration or oscillation (Dicianno et al., 2016).
Manufacturers and suppliers of PWSDs provide website reference material and
commentary from consultant clinicians. In the USA, the National Coalition for Assistive and
Rehabilitation Technology (NCART) Standing Device Work Group (2013) developed the
NCART Standing Device Funding Guide, which includes an Evaluation Worksheet. The 24Hour Positioning (including Seating and Wheeled Mobility) Practice Guide for occupational
therapists and physiotherapists who support people with disabilities is no longer available.
Previously therapists were able to access it via Clinical Innovation and Governance, NSW
Government Family and Community Services (2016). The Lifetime Care and Support
Authority (LTCSA) provided a guide for prescription of a standing wheelchair developed for
the spinal injured population. In the absence of a strong evidence base, Australian guidelines
call upon therapists to use clinical judgment and experience during assessments, trials and
evaluations of prescription of PWSDs. Emphasis is on goal setting with clients and considering
individual environmental factors during this process, to ensure appropriate matching of
wheelchair standing features to the client (Lukersmith, 2012). This is consistent with the
occupation focus of allied health professionals, especially occupational therapists. Whilst
useful, summaries for therapists, reviews and guidelines do not provide high quality evidence
for activity and functional outcomes from PWSDs.
2.3.3.3 Low use of PWSDs and abandonment
Although 50% of PWSD users reported using their device frequently, 22% reported
infrequent or rare use (Nordstrom, Naslund, Eriksson, et al., 2013). This is concerning as the
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addition of the power standing system makes PWSDs complex and expensive. From a costeffectiveness perspective, they should only be provided to people who will use the supported
standing feature consistently and frequently. Mobility alone or power seating functions for
posture changes can be provided by lower cost options in power wheelchairs, as discussed
earlier (McKeever et al., 2013). More investigation is needed on the reasons for low use or
abandonment of standing in PWSDs, as they might not be the same as for other supported
standing devices. Possible factors could include environmental difficulties and size of
equipment (Nordstrom, Naslund, Eriksson, et al., 2013; Shields & Dudley-Javoroski, 2005).
2.3.3.4 Participation outcomes
Further research is also needed on the motivations, perceptions and experiences around
the use of standing in a PWSD, as compared to static supported standing devices. Being at eye
level with peers and the capacity for self-mobility in a PWSD can promote movement activities
with peers and improve participation (Paleg et al., 2013). Children who experienced both static
standing frames and PWSDs described the added freedom of choice when standing in the
PWSD (Nordstrom, Naslund, et al., 2014). Power seating functions such as tilt, recline and
standing systems help power wheelchair users perform weight-shift (Sprigle et al., 2009) and
manage activities of daily life (Liu et al., 2014). Power wheelchairs function as an extension of
the user’s body in the environment of use (Rossen, Sorensen, Jochumsen, & Wind, 2012) and,
by enabling standing, the PWSD functions even more closely as an extension of the self—the
“techno-body” (Gibson et al., 2007). A shift in research focus is needed towards understanding
the experiences of users and the barriers to and enablers of their use of PWSDs. This would
help clinicians to consider the PWSD as an enabler of participation and, vice versa,
participation as an enabler of the use of the PWSD.
2.3.3.5 Participation for boys with DMD using PWSDs
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As an intervention for boys with DMD, PWSDs have the potential to impact positively
on participation in the face of the challenges they experience from progressive loss of strength
and function (Mannlein & Pangilinan, 2008; Pedlow et al., 2015, 2019; Townsend et al., 2016;
Vorster et al., 2019). Further, it is possible that adherence and motivation to use supported
standing in PWSDs might improve if participation was the primary focus of the PWSD
intervention (Townsend et al., 2016; Vorster et al., 2019).
However, the two research studies on PWSDs (Townsend et al., 2016; Vorster et al.,
2019) reported different findings on how boys use supported standing and the barriers to
compliance. Townsend et al. (2016) concluded that supported standing in PWSD not only
targeted contracture management, but potentially had added benefits for function and
participation at home and in the community. There were anecdotal reports about functional
gains such as: reaching shelves and counters; accessing the fridge and breakfast bar; putting
away kitchen utensils in a drawer; throwing a ball for the dog; and standing for urination.
According to Vorster et al. (2019), PWSDs gave boys the capacity to stand for short and long
periods, whenever they wished, and this improved their independence, health and community
involvement. The boys received positive feedback from peers and caregivers when they used
supported standing in PWSDs in real-life settings and for socialisation. However, boys with
DMD reported reluctance to adhere to recommended use of standing in PWSD in both studies,
due to discomfort, low motivation, and feeling self-conscious. Similar barriers have been
reported by children in studies of other supported standing devices (Goodwin et al., 2018;
Nordstrom, Naslund, et al., 2014).
Participation outcome measures were not included in the two research studies on
PWSDs on boys with DMD cited above. Vorster et al. (2019) relied on verbal reports from
boys and carers, without real-time data as to what boys actually did in supported standing in
PWSDs. They suggested that the effects of supported standing and PWSD on quality of life,
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physical and mental health and major life transitions needed to be quantified over a longer
period of time. Townsend et al. (2016) considered that adherence to supported standing might
improve with an emphasis on participation in PWSDs. This would require a shift in research
emphasis to activities and participation measures, a reorientation that was supported by the
Cochrane Review on assisting standing for DMD (Pedlow et al., 2019).
Overall, there is a perception that such a shift in DMD research should be prioritised
due to the impact of disease-modifying therapies and the increased life span that boys with
DMD can expect (Birnkrant, Bushby, Bann, Alman, et al., 2018; Birnkrant, Bushby, Bann,
Apkon, Blackwell, Brumbaugh, et al., 2018; Mah, 2016; Van Ruiten et al., 2017). Bendixen et
al. (2013), Bray et al. (2010) and Bray et al. (2011), among others, have urged researchers and
therapists to learn more about the activities that boys prefer to engage in and how these change
over the course of DMD. The ultimate goal is to develop interventions that improve overall
health and quality of life (Bendixen et al., 2013; Bendixen et al., 2012; Bray et al., 2011; Bray
et al., 2010). In a cross-sectional study, Bendixen et al. (2013) investigated participation in
daily life activities and its relationship to strength and function in 60 boys with DMD. The
findings showed a significant decline in social activities and community-based engagement as
the boys with DMD aged and became increasingly weak. Older boys with DMD engaged less
in social activities, and this was of great concern. The authors urged the DMD community and
rehabilitation specialists to move beyond medical concerns to focus on daily activity and
participation.
Bendixen et al. (2012) and Bendixen et al. (2013) proposed that outcome measures of
therapeutic interventions should address participation, anticipatory and preventative care,
advocacy, education and resources management, and recommended that the facilitators of and
barriers to participation should be monitored throughout the course of this disease. Bray et al.
(2011) and Bray et al. (2010) supported those findings in quality of life studies among boys
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with DMD and their parents. Yet, in the context of PWSD as a therapeutic intervention for boys
with DMD, no previous study has specifically addressed participation. We do not fully
understand the facilitators of and barriers to participation and the use of PWSDs in this
population. Enhancing participation, as recommended by Bendixen et al. (2013), could become
the primary target of both “hard” and “soft” technology in supplying and implementing
PWSDs.

2.4 Summary and Conclusion
In this literature review, I began by defining supported standing and the powered
wheelchair standing device (PWSD) and presenting the limited research literature on the
outcomes of supported standing for paediatric populations, focusing on boys with Duchenne
Muscular Dystrophy (DMD). In the second section, I reviewed available literature on the
outcomes of providing PWSDs, again focusing on research on boys with DMD and
participation outcomes.
The loss of walking and standing has multiple effects, and supported standing is
important for children with neuromuscular and other neurological disorders. There are physical
and psychosocial benefits, but little research has been conducted on cognitive and participation
outcomes. Therapists recommend 60-90 minutes of supported standing in equipment per day,
and standing programmes are entrenched in clinical practice despite the low quality of evidence
from current research and recognised obstacles to using standing devices. Barriers include pain,
carer burden from transfers and lack of engagement in activity during static standing, often
resulting in abandonment of supported standing devices. The focus of supported standing
research needs to shift to functional, behavioural, cognitive and participation outcomes.
The standards of care for DMD recommend supported standing, but few boys comply
with using supported standing devices and, among those who do, abandonment of devices is
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commonplace by the early non-ambulatory phase. New disease-modifying therapies have
extended life span and improved health for boys with DMD and participation should be
monitored throughout the progression of mobility loss. Interventions such as PWSDs, which
provide supported standing in a power mobility device, are considered important for physical
health and are valued by boys with DMD and their caregivers to improve independence, daily
life and inclusion. Only two studies (Townsend et al., 2016; Vorster et al., 2019) have
investigated PWSDs as an intervention for boys with DMD and, whilst they acknowledged
participation as important, neither measured the participation impact. In this thesis, I seek to
build on existing research on PWSDs by addressing gaps in knowledge, specifically,
participation by boys with DMD using PWSDs and the implementation of this complex
assistive technology intervention.
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Abstract
Background: Powered wheelchair standing devices (PWSDs) allow supported standing in
everyday activity; however, little is known about their use. Objective: To identify factors
affecting use of supported standing for participation among boys with Duchenne muscular
dystrophy (DMD). Methodology: Over 7 days, using a smartphone application, we gathered
event-contingent data about standing from boys who had used PWSDs for 24 months. We used
descriptive statistics to identify factors that affected their participation. Findings:
Physical/social engagement and independence were strong motivators for standing in PWSDs.
Enablers included positive attitudinal/social environments. Barriers included pain during
supported standing and lack of physical environment accessibility. Conclusions: Identifying
real life patterns of use at home, community and school can help practitioners understand the
implications of providing PWSDs for participation. Supply of PWSDs in the late ambulant
period of DMD was optimal and we recommend therapists manage factors that impact on
uptake and sustainability of use.
Keywords: descriptive study, survey, occupational performance
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Participation refers to involvement in life situations (World Health Organisation, 2007)
and includes activities associated with personal care, mobility, social interaction, education,
leisure, spirituality and community life. For children, optimal participation is a dynamic
process of balancing individual, family and environmental characteristics with the demands of
physical, social and self-engagement (Kang et al., 2014; Palisano et al., 2012). The PersonOccupation-Environment-Performance model (PEOP) (Christiansen, 2015) emphasises
identification of personal (intrinsic) and environmental (extrinsic) barriers to participation.
Environmental determinants (physical, social, attitudinal, family and institutional) can be either
barriers to or enablers of participation (Law, Petrenchik, King, & Hurley, 2007).
Duchenne Muscular Dystrophy (DMD) is the most common inherited neuromuscular
disease affecting boys, with progressive loss of mobility in childhood. Medical and
rehabilitative management have extended life expectancy (Birnkrant, Bushby, Bann, Apkon,
Blackwell, Brumbaugh, et al., 2018; Moxley, Pandya, Ciafaloni, Fox, & Campbell, 2010) but
boys experience social and community disengagement due to declining physical ability.
Enabling interventions targeting optimal participation are needed to address this decline
(Bendixen et al., 2013; Bendixen et al., 2012; Bray et al., 2011; Bray et al., 2010; Lue, Chen, &
Lu, 2017).
Whilst a conventional power wheelchair is an important intervention for boys with
DMD aged 8-14 years (Birnkrant, Bushby, Bann, Apkon, Blackwell, Brumbaugh, et al., 2018;
Case et al., 2018; Muscular Dystrophy Campaign, 2011), prolonged sitting leads to problems
such as chronic pain and orthopaedic complications (Richardson & Frank, 2009). Fatigue and
wheelchair use negatively affect health-related quality of life (Wei, Speechley, Zou, &
Campbell, 2016). In addition, wheelchair dependency and need for equipment and assistance
for toileting are associated with voiding postponement and resulting genitourinary health
problems (Backhouse & Harding, 2006; Zhu et al., 2015). Supported standing in a powered
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wheelchair standing device (PWSD; also known as a sit-to-stand wheelchair) may overcome
these problems by providing mobility and independence for moving from sitting to standing.
Supported standing in a PWSD for boys with DMD has attracted increasing interest
(Mannlein & Pangilinan, 2008; Pedlow et al., 2015; Townsend et al., 2016), including in
relation to its potential to enable participation in everyday activities (Vorster et al., 2019). Yet
research on participation and supported standing remains limited, despite numerous
recommendations for studies of functional, behavioural, cognitive and participation outcomes
of its use (Craig et al., 2016; Glickman et al., 2010; Nordstrom, Naslund, et al., 2014;
Townsend et al., 2016). This is partly attributable to a lack of outcome measures that are
sufficiently sensitive to assess and monitor participation during real-life daily activities
(Bendixen & Kreider, 2011; Bendixen et al., 2013; Bendixen et al., 2012).
Electronic diary methods offer a potential solution by capturing in-the-moment
participation. The experience sampling method (ESM) (Hektner et al., 2007), using personal
electronic devices, has been found to be valid and reliable for providing details of everyday
experience in the DMD population (Bray et al., 2017; Bray et al., 2010). Findings from studies
using methods like ESM to identify real life patterns of use in the home, community and school
will help clinicians understand the pragmatic implications of providing PWSDs for the DMD
population and assist with decision-making about, and prescription of, this high-cost equipment
(Lukersmith, 2012). The aims of this paper are to report on participation of boys with DMD
who have transitioned to a PWSD and identify factors that impact on the use of PWSDs.
Methods
We conducted a 24-month clinician-led descriptive study with boys with DMD and
their parents/carers. ENABLE NSW (NSW state equipment supplier), Mitech (NSW supplier)
and charities provided grants to purchase LEVO C3 PWSDs for participants between April
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2014 and September 2015. The LEVO C3 is a model of PWSD imported into Australia,
manufactured by LEVO in Wohlen, Switzerland.
This paper focuses on findings from smartphone app-based standing surveys collected
for 7 days after boys had used PWSDs for 24 months. We considered 24 months of experience
adequate to ensure boys had incorporated the device into everyday life and that standing
surveys reflected typical use.
Participants
We recruited participants from two pediatric neuromuscular clinics in Sydney NSW
Australia via convenience sampling through usual clinical care. All the boys lived in
metropolitan Sydney, NSW Australia. Inclusion criteria were a confirmed DMD diagnosis
according to standard diagnostic criteria and supply of a PWSD via the above-mentioned
grants.
Nine boys and guardians/parents provided written consent to participate in the full
study. This study was approved by the Human Research Ethics Committee at the Sydney
Children’s Hospitals Network. Table 1 summarises information about the boys, including Egen
Klassifikation 2 (EK2) Scale scores, which measure functional abilities in neuromuscular
diseases on a 30-point scale (Steffensen, Hyde, Attermann, and Mattsson, 2009).
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Table 1.
Participant Information
P1

P2

P3

P4

P5

Age at Survey

17y
3m

11y
3m

14y
8m

13y
10m

PWSD access

Bot
h

Both

Both

P7

P8

P9

12y 10m 12y
4m

13y
3m

13y

16y
7m

Not
indoors
home

Both

Scho
ol

Both

Schoo
l

Bot
h

Y

N

Y

N

N

N

Y

Y

Y

CALD

N

Y

N

Y

Y

N

N

Y

N

Lower limb
surgery
complications

N

Y/N
C

Y/N
C

Y-need Y/C
foot
complex

Y/NC N

N

Y/C

Orthoses

Yfoot

Ysolid
AFO
s

Ysolid
AFO
s

N

Solid
YAFOs
solid
after
AFOs
surgery N before

Ysolid
AFO
s

YN
foot
wedge

Steroid therapy

Y

Y

Y

Y

Y

Y

Y

Y

N

EK2 Score:
At Supply

4

6

3

5

6

1

1

0

14

10

6

9

8

10

5

4

1

27

Home/School/Bot
h
Family van for
wheelchair

EK2 Score:
At Survey

P6

Notes. CALD = culturally and linguistically diverse
Y = Yes; N = No; NC = No complications; C = Complications; AFO = Ankle-Foot Orthosis.
EK2: 0 represents the highest level of independent function
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Table 2 presents individual and grouped characteristics. The DMD Care Considerations
Guidelines (Birnkrant, Bushby, Bann, Apkon, Blackwell, Brumbaugh, et al., 2018) recognise 5
stages in the progression of DMD: 1. At diagnosis; 2. Early ambulatory; 3. Late ambulatory; 4.
Early non-ambulatory; and 5. Late non-ambulatory.
Table 2.
Participant Characteristics

High use

Low use

Ambulant

Non-users

P1

P2

P3

P4

P5

P6

P7

P8

P9

DMD stage:
At PWSD Supply

3

4

4

3

4

3

3

2-3

5

DMD stage:
At Survey

4

4

4

4

4

3-4

3

3

5

Number of SS events
per 7-day survey

42

39

32

16

11

13

6

0

0

We first ranked participants by the number of times they used supported standing in
their PWSD over the 7-day monitoring period. Next, we considered ambulatory status and,
based on these two sets of classifications, we assigned the boys to one of four groups:
(a) Group 1: High use PWSD (n = 3). Group members were non-ambulant, stood 32-42 times
per week. EK2 scores: at supply of PWSD, mean = 4.3 (range 3 – 6); at survey, mean = 8.3
(range 6-10). Boys maintained ankle/foot stability via consistent use of orthotics. They reported
no, or non-complicated, lower limb surgery prior to supply of the PWSD. Access to home
environments was possible and 2 out of 3 boys had wheelchair access vans. The third boy
regularly used wheelchair taxis.
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(b) Group 2: Low use PWSD (n = 2). Boys were non-ambulant and stood 11 and 16 times per
week. EK2 scores: at supply of PWSD, mean = 5.5 (range 5 - 6); at survey, mean = 9
(range 8 -10). These boys did not use orthotics and had contractures requiring lower limb
surgery; one boy experienced painful complications following surgery. One boy (P4) did not
have ramp access to his home. Neither boy had wheelchair access vans.
(c) Group 3: Ambulant PWSD user (n = 2). Boys were ambulant and stood 6 and 13 times per
week. EK2 scores: at supply of PWSD, Mean = 1 (range 1-1); at survey, mean = 4.5 (range 4 5) One boy in this group had non-complicated lower limb surgery and both wore orthotic
devices. One chose not to use his PWSD at home, due to lack of wheelchair access transport
and personal choice to walk/use manual wheelchair.
(d) Group 4: Non-users (n = 2). Boys in this group did not participate in the survey. They
represented opposite ends of the functional mobility spectrum as seen in EK2 scores (see Table
1). P8 was ambulant and continued to walk for medium distances throughout the 24-month
study. EK2 score = 0 at supply of PWSD; EK2 = 1 at survey. He did not use supported standing
in his PWSD. He wore foot orthoses and had never had lower limb surgery. In contrast, P9 was
already in stage 5 of DMD at supply of his PWSD. EK2 score = 14 at supply of PWSD; EK2 =
27 at survey. P9 had prior history of significant lower limb contractures and surgery
complications; he refused orthotics. One-and-a -half years after supply of the PWSD, he
refused to use supported standing due to discomfort, personal preference to remain in sitting for
toileting and not wanting to draw attention to himself when getting into standing.
Outcome Measure
We used a purpose-built application for smartphones to collect information about (1)
activities in which the boys used supported standing, (2) initiation of standing, (3) reasons for
using standing, (4) physical and (5) social environments in which boys used standing, and (6)
reports of pain. The surveys were delivered using the Participation in Everyday Life
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Application (PIEL) app https://pielsurvey.org/ (Blue Jay Ventures Pty Ltd, 2017; Jessup, Bian,
Chen, & Bundy, 2012). We provided training and test survey practice to boys, parents, and
relevant staff at boys’ schools. The survey consisted of 11 potential questions, the number
depending on the responses selected for previous questions (e.g., if a participant answered “Do
you have pain in standing?” with a “Yes” response, the next question would be, “Please tell me
where the pain is.”). Supplementary material 1 summarises survey questions and response
choices, formatted as multiple-choice questions, text descriptions, or yes/no questions. The
survey measured frequency of supported standing occasions, but not duration. The survey took
2-3 minutes to complete; the app recorded and time-stamped the responses.
Procedures
Boys completed a survey each time they used supported standing over the survey
period. Parents or teacher aides completed the survey when a boy was unable to do so due to
task requirements. After 7 days, results were returned to the chief investigator.
Data Analysis
We cleaned the survey data in Microsoft Excel (2017 version). We analysed responses
using descriptive statistics (i.e., percentages and means) to group and categorise data (see Table
3).
Results
Seven of the nine boys regularly used the supported standing function and completed
the PIEL app standing surveys; the app recorded 159 standing surveys in total (High users =
113; Low users = 27; Ambulant = 19). Table 3 summarises the survey data.
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Table 3.
Supported Standing Survey Data from 7-day Monitoring Period

Total n surveys

Initiation of SS:
Self-initiated
Other-initiated
Refused
Activity:
Urination
iPad/computer
Cook/tea making
Talk/socialise
Reaching
Stretching
Class/library
Assembly
Home parent/sib
Dance/outdoor
Washing up
TV
Quiet activity
Home alone
Board games
Refusal
Who with SS:
Alone (urination)
Carer (urination)
Adult
Class
Adult & sibling
Alone
Siblings only
Group
Refusal
Unknown (P7 only)
Where SS:
Toilet
Home
Classroom

High use group
P1, P2, P3

Low use group
P4, P5

Ambulant group
P6, P7

113

27

19

n

%

n

%

n

%

93
20
0

83
18
0

20
6
1

74
22
4

12
4
3

63
21
16

52
10
7
7
7
6
6
5
3
2
2
2
2
1
1

46
9
6
6
6
5
5
4
3
2
2
2
2
1
1

17

63

2
2
1

7
7
4
3
1

16
5

9

48

3

16

3

16

1
11

5
58

3
4

16
21

2
6

11
31

22
30
14
20
9
9
6
3

52
37
10

4

19
27
12
18
8
8
5
3

46
33
9
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15

1

4

11
6
7
1
1

41
22
26
4
4

1

4

17
6
1

63
22
4

High use group
P1, P2, P3
Library
Assembly
Hall
Playground
Park
Refusal
Why SS: (multiple
responses possible)
Stretching
Need for task
Being with others
Easier to do task
Likes being tall
Likes standing
Use arms
Refused

7
5
1
1

n=169

Low use group
P4, P5
6
4
1
1

%

1
1
1

4
4
4

n=36

%

45
27
5
18
1
4

3
5

16
26

3

16

n=14 (P6)

%

22
47
0
25

29
43

3
7
21

3

Reason for refusal SS:
Tired
Pain during class
Pain report SS:
SS events pain
Areas of body (most
frequent *)

Ambulant group
P6, P7

1

8
Knees *
Ankles
Feet
Legs/calf
Back
Hip

7

11
Knees
Ankles *

4

41

Legs/calf

3

16

4
Knees

18

Legs/Calf
Back *

Note. P7 had malfunction of his PIEL survey app - results are unrecorded for “who with SS”, but we
know from “where” question that he was in the playground x2, at home watching movie x2 and in class
x2. Class result added to Class group data. Unrecorded - P7’s reasons for SS

Everyday Tasks and Frequency of Supported Standing in PWSDs
Non-ambulant boys reported toileting (urination) as the most frequent activity in
supported standing (High users 46% of standing events; Low users 63%); 33 reports were of
independent toileting (High users 19% of total; Low users 41%). Other than toileting, non-56-

ambulant boys participated in a variety of learning, social, leisure and physical activities such
as sport, and productivity tasks such as cooking and bench activities involving reaching (High
users 15 categories and Low users 5 categories of everyday tasks). Table 3 details the type and
frequency of tasks. The Ambulant boys used standing in the PWSDs most frequently in active
pursuits: sports, dance, outdoors at school (48% of total events).
Initiation and Reasons for Supported Standing in PWSDs
Both non-ambulant and ambulant boys self-initiated standing on the majority of
occasions (High users 83%; Low users 74%; Ambulant 63%). They also complied with
caregiver reminders to use standing (High users 18%; Low users 22%; Ambulant 21%). At
times (16%), Ambulant boys refused to use supported standing when requested by carers.
We designed the “why stand” question to learn about boys’ reasons for using supported
standing. The High use group reported “stretching” and “need for standing”; the Low use group
reported “need for standing” and “easier to do the task”; and the Ambulant group reported
“being with others” as main reasons. Reasons for refusals by one Low use boy and one
Ambulant boy were given as fatigue and pain.
Environment – Physical, Social and Attitudinal
Other than toileting, High use boys used the PWSDs at home (33% of total standing
events) and school (21% in all school environments), and Low use boys at home (22%) and
school (8% in all school environments). Ambulant boys used standing in the PWSDs 73% of
the time in school environments of classroom, hall and playground.
All groups reported adults were present for occasions of supported standing in PWSDs,
either in one-to-one or group situations (High users 68%; Low users 60%; Ambulant 79%).
This included counts of refusals when adults were recording the refusals.
Pain Reports in Supported Standing
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The High use group reported pain 8 times (7% of events); pain was typically diffuse
over lower limb joints and spine. The Low use group reported pain 11 times (41% of events) in
ankles, knees and calves. The Ambulant group reported pain 4 times (18% of events) in spine,
knees and calves.

Discussion
In this descriptive study, we followed the supported standing events of 9 boys who had
used the PWSD for 24-months. We explored how boys used standing to participate in everyday
activities and identified factors that impacted their use. The experiences of the High use group
contrasts with previous research showing low engagement in everyday activities as boys with
DMD get older (Bendixen et al., 2013). We believe this reflected the impact of the PWSDs.
Boys in the High use and Low use groups reported musculoskeletal management and
independence for purposeful activities as their primary motivators to stand. While we were not
able to measure durations of the standing events, boys in the High Use group reported engaging
in a variety of purposeful activities. P1 made a smooth transition from ambulation to nonambulation during the 24-month study period and used standing most frequently of all the boys.
Supported standing in PWSDs allowed social and physical engagement for boys with DMD
despite declining physical and functional abilities (Vorster et al., 2019). Our data support
Nordstrom’s finding that frequency of standing and psychosocial impacts were greatest when
boys used standing for short periods in a variety of meaningful and purposeful activities
(Nordstrom, Nyberg, et al., 2014). Our findings show promise for use of PWSDs, in contrast to
the abandonment of static standing devices, by boys with DMD (Pandya et al., 2016).
Importantly, non-ambulant boys were able to urinate alone using supported standing.
PWSDs allowed boys with DMD to meet this important participation goal by continuing
independence in toileting at a time when they usually become dependent on others. The
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possibility for ease in toileting helped boys overcome the ambivalence often associated with
supported standing (Nordstrom, Naslund, et al., 2014). PWSDs also have the potential to
support the genitourinary health of young men with DMD by counteracting negative
perceptions of dependency and overcoming problems of voiding postponement and reduced
fluid intake noted by other researchers (Backhouse & Harding, 2006; Zhu et al., 2015).
Frequency of supported standing in PWSDs by the non-ambulant Low Use group and
the Ambulant group were similar. However, analysis by ambulatory status revealed different
motivators. The main motivators for the Low Use group were physical engagement for
independent toileting and stretching. For the Ambulant group, supported standing was least
used at home as they reported walking indoors at home. Desire for social engagement appeared
an important motivator for supported standing in the Ambulant group to “keep up” with peers
in active physical activities.
Not surprisingly, personal choice appeared to play a role in real life use of PWSDs for
ambulant boys, affecting motivation for supported standing. Ambulant boys did not always
choose to use their PWSDs, reportedly because they could stand independently for daily tasks
and walking indoors at home. They also reported use of a manual wheelchair for outings due to
ease of transport. This choice decreased use of the PWSD and supported standing. P6
(Ambulant) and P8 (ambulant Non-user) had accessible home environments but chose to use
PWSDs at school only. Occasional refusals to follow adult requests to use supported standing
were not surprising in ambulant boys. Feeling self-conscious and not wishing to draw attention
affected personal choice regarding the use of standing in PWSDs in social situations for Low
users, Ambulant and Non-users. These findings are consistent with previous PWSD research
(Vorster et al., 2019). Personal factors can impact greatly on engagement and participation of
school age children. Opportunity alone is not enough to enhance participation. Individual
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factors – abilities, motivation, and preference - often decide whether and how opportunities are
used, and these factors can change over time (Egilson & Traustadóttir, 2009).
Comparison of the experiences and personal choices of the Non-Users with those of
other boys showed the importance of the timing of supply of a PWSD. The PWSD was a “taxi”
for P8 for playground mobility, a benefit that could have been provided by a standard seated
power wheelchair. P9’s advanced DMD progression and reported barriers/choices led to
cessation of supported standing. Clinical pictures of these two individuals from opposite ends
of the spectrum of mobility loss suggested that appropriate timing of supply of a PWSD
optimises use of the supported standing feature. Waiting for boys to reach stage 3 DMD or an
EK2 score >3 may be useful for anticipatory management and the transition to using standing
in the non-ambulant stages. However, delaying supply until stage 5 may prove less sustainable
for boys with long-standing joint contractures and limited range of motion.
Boys who experience pain in supported standing are less likely to engage in it in daily
life routines. The High use group and the Low Use group had similar EK2 scores and DMD
stages, however frequency of standing events and pain reports differed greatly. Pain-free
standing for the High use group, who benefitted from successful lower limb management
(orthotics, complication-free surgery), made standing easier for a wide variety of participation
tasks. One of our most important findings was that independence for urination provided by
PWSDs was a powerful motivator for non-ambulant boys. The Low use group considered it
worthwhile to persevere with supported standing for independent toileting despite
pain/discomfort.
Pain, as reported in Table 3, was mostly episodic and subsided with return to sitting or
perching positions (i.e., release of stretch). We suspect that the Ambulant group reported
discomfort during dance and sport with able-bodied peers due to sustained end-of-range
stretches in PWSD stand postures for long periods during these activities. Pain is known to
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affect boys and young men with DMD, often worsening with progression of disease (Engel et
al., 2009; Silva et al., 2016; Zebracki & Drotar, 2008). Pain was a reported barrier for P9 (Nonuser) who ceased standing in his PWSD.
Lack of wheelchair-access vans and home access prevented some boys from full time
use of PWSDs. This almost certainly contributed to lower frequency of supported standing.
Four boys (High use=1; Low use=2; Ambulant=1) did not have wheelchair-accessible vans. P4
(Low use) did not have ramp access to his home and therefore could not use his PWSD indoors.
Limitations in access to the physical environment are known to affect participation and quality
of life of pediatric power wheelchair users (Gudgeon & Kirk, 2015). Therapists must work
collaboratively in anticipatory planning with families for high cost accessibility needs, such as
major home modifications and wheelchair transport vans, especially if a PWSD is an option for
a power mobility device.
Positive attitudinal and social environments facilitated and motivated boys to use
supported standing in PWSD for engagement in activity. Adult presence (i.e., expectations and
attitudinal environment support) seemed an important enabler, suggesting that boys needed
support to learn to use the device and develop self-motivation. Of course, it is possible that
some boys stood when alone or with peers and did not record every event of standing. We
identified needs for supportive physical, social and attitudinal environments to enable optimal
participation by children with disabilities (Kang et al., 2014; Law, Anaby, Imms, Teplicky, &
Turner, 2015; Law et al., 1999; Law et al., 2007). Therapist management to modify barriers
and enablers is key to occupational participation (Christiansen, 2015).
Supported standing using PWSDs seemed to allow equality and connection to peers in
social environments for non-ambulant boys, as indicated by comments from the High Use
group such as, “I feel I am less invisible when I can stand” and, “Standing makes people want
to talk more to me”. Social skills, social maturity and change in adolescents’ interests may also
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alter perceptions and motivators about belonging and participation (Egilson & Traustadóttir,
2009).
Limitations and Future Research Directions
Our sample size was small. The PWSD is a new intervention for the DMD population,
rarely prescribed or funded in full. The number of participants was limited by the number of
supplier and subsidy grants offered to fund PWSDs. However, the sample included ambulant
and non-ambulant boys from across the stages of DMD when power wheelchairs are prescribed
(according to EK2 scores and DMD Care Considerations Working Group Guidelines).
Precise measurement of dosage and adherence to supported standing would have been
possible if the PWSD had a built-in device to measure actual time and number of standing
events. We attempted Actigraph monitoring (Moran et al., 2016) but this proved impractical
and unreliable for wheelchair users. Apps using smart devices and Bluetooth for PWSD models
are now available to monitor inclinometry (angle of stance) and exact standing duration but
were unavailable at the time of our data collection. However, these tools do not provide the
valuable data on participation which was possible with modified ESM. By using a modified
ESM using a smartphone app-based survey to report on participation of boys with DMD using
supported standing in PWSDs we were able to monitor real-life daily activity (Bendixen et al.,
2012). The survey yielded detailed information about the context and frequency of use of
standing in the PWSD. Descriptive findings provided valuable information on how boys with
DMD used these assistive devices in real life and allowed identification of barriers and
enablers. The usability and feasibility of the ESM to study everyday experiences in boys with
DMD was supported (Bray et al., 2017; Bray et al., 2010). Smartphone application technology
may provide valuable tools for use in both clinical practice and further research.
Implications for Occupational Therapy Practice
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•

Boys with DMD can use supported standing in PWSDs to facilitate participation,
potentially reducing the impact of progressive muscle deterioration on daily life.

•

Therapists need to recognise the importance of timing of supply, maximising enablers
and minimising barriers for successful use of the PWSD (e.g. supportive physical,
social and attitudinal environments) as these are likely to impact uptake and
sustainability of use.

•

Smartphone app technology was easy and motivating. Researchers and clinicians can
use apps to collect data on everyday experiences.
Conclusions
Defining real life patterns of use at home, community and school can help clinicians

understand the implications of prescribing PWSDs for this population. Before prescribing
PWSDs, therapists should consider resourcing the environment for boys with DMD to remove
barriers and optimise enablers to use of supported standing in PWSDs. Therapists should thus
consider anticipatory planning, funding time frames and management of barriers and enablers,
if we want to maximise use of PWSDs for everyday life participation.
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Supplementary Material 1
STANDING SURVEY – Summary of questions

Response options
Who is
filling in
this survey?
Are you
standing
now?
Where are
you
standing?
Who are
you with?
What are
you doing
in
standing?
What are
you doing
in
standing?
Why did
you stand
up?

Person using wheelchair/Other

My choice to stand/I was asked to stand and did it/ I
was asked to stand but refused
Bathroom
/Classroom/Playground/Library/Home/Shops/Friend's
house/Hospital/Respite/Elsewhere- specify
No one/with Adult/s/Class/1-2 Friends/Sibling/s/Small
Group up to 10/Larger group over 10
Using arms long period e.g. playing music, art,
science/Momentary reaching e.g. shelf, press
button/Toileting/clothing
Other -Please specify
Talking/socialising with
peers/PE/Sport/Dance/Assembly/Church/TV/Board
game/Computer game/Other- specify
Join with others who are also standing/Need standing to
do the task/Standing makes it easier to do the task/
Relieving physical discomfort or to stretch out/I like
standing/I like being tall

Do you
have pain?
Where?

Yes/No and text

Why didn’t
you stand
up?

Not enough time to get into
standing/Pain/Tired/Preferred to do the activity in
sitting/Did not want to stand/
Don’t like people watching/No reason

-70-

Chapter 4
Journal Article
Enabling use of Power Wheelchair Standing Devices: Collaborative
Approaches

Helena Young, B Sc, PGDip OTa, *, Paula Bray, PhDb, c, Kausik McKinnon, M
OTa, Joshua Burns, PhDb, c and Anita Bundy, ScD, OT/L, FAOTAc, d

a Occupational

Therapy Department, The Children’s Hospital at Westmead, Sydney, NSW,

Australia; b The Children's Hospital at Westmead, Sydney, Australia; c The University of
Sydney School of Health Sciences, Faculty of Medicine and Health, Sydney, NSW, Australia; d
Colorado State University, Department of Occupational Therapy, Fort Collins, Colorado, USA

*Corresponding Author:
Helena Young
Occupational Therapy Department, The Children's Hospital at Westmead
Locked Bag 4001, Westmead, NSW 2145, Australia
Tel: +61 2 9845 3369 Fax: +61 2 9845 3625
Email: Helena.young@health.nsw.gov.au

This chapter is formatted for the journal to which it has been submitted.

-71-

Faculty of Medicine and Health
Author Contribution Statement
Candidate Name:

Helena Young

Degree Title:

Master of Applied Science, Discipline of Occupational Therapy

Paper:

Enabling use of Powered Wheelchair Standing Devices: Collaborative
Approaches

As supervisor for the candidate I confirm that Helena Young has made the following
contributions to the paper listed above:
•

Conception and design of the research

•

Analysis and interpretation of the findings

•

Writing the paper and critical appraisal of content

Signed

Dated

28/07/2020

-72-

Abstract
Purpose: We report on interventions guided by collaborative goal setting for effective use of
supported standing in power wheelchair standing devices (PWSDs). Methods: We used the
Canadian Occupational Performance Measure (COPM) to incorporate supported standing into
daily life, provided over a 24-month period. A case study approach yielded findings for 3 boys
with Duchenne muscular dystrophy (DMD) aged 9-17 years. Results: COPM goals and
collaborative interventions promoted use of supported standing in PWSDs. Key approaches:
regular refining and re-defining of goals; promoting and establishing standing in routines and
activities; consultation and advocacy at home and school. Chart review revealed that significant
investment of therapist support facilitated use of standing in PWSDs in community settings.
Conclusions: Successful and sustained use of supported standing in a PWSD requires OT
interventions, in particular, time and resources for collaboration with parents and schools.
Keywords: occupational therapy, case study, participation, intervention
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Boys with Duchenne muscular dystrophy (DMD) lose walking mobility in early
adolescence (Birnkrant, Bushby, Bann, Apkon, Blackwell, Brumbaugh, et al., 2018). Power
wheelchairs represent standard therapy practice in DMD to improve participation by promoting
independent mobility (Case et al., 2018). The power wheelchair standing device (PWSD) has
standing as an additional power function. However, it is rarely prescribed in the DMD
population due to high cost. Thus, practitioners have limited experience supporting boys to use
this equipment successfully. Nonetheless, there is growing interest in the potential for PWSDs
to enhance physical outcomes, participation and independence (Townsend et al., 2016; Vorster
et al., 2019).
Very little is known about therapist interventions to guide use of PWSDs for boys with
DMD. Goal setting is a core occupational therapy skill and essential for understanding
motivations and facilitating shared decision-making; these factors, in turn, serve as a basis for
optimal support strategies (Law et al., 2015; Majnemer, 2010; Majnemer, Shevell, Law, Poulin,
& Rosenbaum, 2010; Pritchard-Wiart & Phelan, 2018). (Brewer, Pollock, & Wright, 2014;
Oien, Fallang, & Ostensjo, 2010). Tools such as the Canadian Occupational Performance
Measure (COPM) (Law, 2015) provide a systematic means of setting and monitoring goals.
While children are capable of identifying their own goals (Foley, 2016; Vroland-Nordstrand,
Eliasson, Jacobsson, Johansson, & Krumlinde-Sundholm, 2016), goal achievement requires
effort that can be difficult to sustain (Levine et al., 2011; Radomski et al., 2018).
We followed 9 boys with DMD for 24 months following supply of a PWSD. We
recruited participants from pediatric neuromuscular clinics in Sydney NSW Australia via
convenience sampling through usual clinical care. All the boys lived in metropolitan Sydney,
NSW Australia. Inclusion criteria were a confirmed DMD diagnosis according to standard
diagnostic criteria and supply of a PWSD. All boys and guardians/parents provided written
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consent to participate in the full study. This study was approved by the Human Research Ethics
Committee at the Sydney Children’s Hospitals Network.
All 9 boys and their families participated in collaborative goal setting related to
supported standing for everyday tasks. Subsequently they received interventions to enable use
of supported standing. I grouped the boys into sub-groups according to their frequency of use
for supported standing and ambulatory status. Three of the 9 boys comprised a High Use group;
they stood 32-42 times per week. In this paper, we explore the collaborative interventions for
those high frequency users.
Case Studies
The High Use group had common characteristics that seemed to contribute to their success.
They rated importance of standing goals as > 8 out of 10 on the COPM and reported improved
performance and satisfaction with progress toward goal achievement after 24 months. This
group had no learning deficits and reported little or no pain on supported standing. They
reported positive psychosocial impact from using standing in PWSDs as measured on the
Psychosocial Impact of Assistive Devices Scale (PIADS) (Jutai & Day, 2002). Table 1
describes the characteristics of each boy, using pseudonyms.
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Table 1.
Participant Characteristics
SANDY

HARRY

PERRY

Age at PWSD supply

15y 3m

9y 3m

12y 8m

Total number of standing
events per 7 -day monitoring
period

42

39

32

Pain events reported in
supported standing (% of total
standing)

17%

3%

0%

Steroid therapy
Vitamin D supplement
Calcium supplement
Zoledronate

Y
Y
Y
Y

Y
Y
Y
Y

Y
Y
Y
Y

DMD stage at PWSD supply
DMD stage after 24 mths

3
4

4
4

4
4

EK2 Score at PWSD supply
EK2 Score after 24 mths

4
10

6
6

3
9

LL surgery complications

N

Y/NC

Y/C (resolved)

Fracture # history

Foot stress #

Spine
compression #

Orthoses

Y-foot;
Night splints

Y-solid AFOs;
Night splints

Tibia # at age 10
years; spine
compression #
Y-solid AFOs;
Night splints

10 (10 – 10)
9.3 (9 - 10)

10 (10 - 10)
8.7 (7 - 10)

9.8 (9 - 10)
8.4 (7 – 9)

COPM scores for Performance
-Mean (Range):
At PWSD supply
5.3 (1 – 8)
24 mths post-supply
5.9 (1 – 10)

2.8 (1 – 5)
7.0 (4 - 9)

3.2 (0 - 6)
7.6 (7 – 8)

COPM scores for Satisfaction
- Mean (Range):
At PWSD supply

2.2 (1 – 5)

2.4 (0 - 6)

COPM scores for Importance
- Mean (Range):
At PWSD supply
24 mths post-supply

5.3 (1 – 8)
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24 mths post-supply

PWSD access
Family home ownership
Family wchair van
School

Physiotherapy home/school
program
PIADS -Competence
3 m post-supply
24m post-supply
PIADS - Adaptability
3 m post-supply
24m post-supply
PIADS – Self Esteem
3 m post-supply
24m post-supply

SANDY

HARRY

PERRY

7.1 (2 – 10)

7.5 (3 - 10)

7.8 (6 – 10)

Community,
home, school
Own
Y
Physical
support unit
and
mainstream
Y

Home, school

Community,
home, school
Own
Y
Mainstream with
integration support

Y

Y

1.92
2.58

1.83
2.58

2.17
2.67

1.5
2.67

1.17
2.17

2.5
3

2.25
0.88

2
2.25

2.13
2.75

Rent
N
Mainstream
with integration
support

Notes.
Y = Yes; N = No; LL = Lower limb; NC = No complications; C = Complications; AFO = Ankle-Foot
Orthosis
The DMD Care Guidelines recognize five stages in the progression of DMD (Birnkrant, Bushby,
Bann, Apkon, Blackwell, Brumbaugh, et al., 2018). 1. At diagnosis; 2. Early ambulatory stage; 3. Late
ambulatory stage; 4. Early non-ambulatory stage; and 5. Late non-ambulatory stage.
Egen Klassifikation 2 (EK2) measures functional abilities (Steffensen et al., 2009). Scores range from
0 to 30 where 0 represents the highest level of independent function.
COPM is a semi-structured interview (Law, 2015) to help clients identify goals. COPM allows
Importance, Performance and Satisfaction ratings from 1 – 10 with 10 being most desirable.
The Psychosocial Impact of Assistive Devices Scale (PIADS) is a self-rated questionnaire (Jutai &
Day, 2002) describing client experiences in Competence; Adaptability; and Self-esteem. Scores range
from –3 (maximal negative impact) to +3 (maximal positive impact).

Sandy was ambulant for short distances indoors when first supplied with the PWSD but
became non-ambulant one year into the study. He lives with his parents and one younger sister.
His mother is a homemaker and primary caregiver; his father works full time. The PWSD was
Sandy’s second power wheelchair. Sandy’s family had a wheelchair-accessible van.
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Harry was non-ambulant. He lives with his parents, one older sister and one younger
brother who also has DMD. His father is his primary caregiver; he works part-time. Harry’s
mother is a homemaker. Harry’s family are from a culturally and linguistically diverse
background. Harry received the PWSD 1 month prior to multi-level lower limb surgical
releases. Harry lived one block away from school. He used wheelchair accessible taxis and
public transport to attend community activities and wheelchair sports. His family lifted Harry
into the car and used a manual wheelchair due to lack of a van.
Perry was non-ambulant. He lived with his mother, who worked part-time, and two
brothers. The PWSD was his second power wheelchair. Perry had multilevel lower limb release
surgery 6 months prior; pain had resolved by the time he acquired the PWSD. Perry’s family
had a wheelchair-accessible van; he used school-assisted transport. His family engaged in
sports, other activities and camps for boys with DMD.

Collaborative Goal Setting and Strategies
The first author met 5 times with each family in a hospital outpatient setting: 24 months
prior to supply of the PWSD and 3, 6, 12 and 24 months after supply. The aim of appointments
was to support supported standing in everyday tasks. Each 45- to 60-minute appointment
comprised two components: goal setting/refinement and identification of barriers and enablers.
In accordance with COPM procedure, boys rated the importance of supported standing at the
first and last time points, and performance and satisfaction for each goal at each time point.
COPM scores appear in Table 1 and examples of goals in Table 2. Following each interview,
the therapist provided a report to parents, schools and community therapists and recorded case
notes.
Collaborative Strategies guided therapists and families to develop strategies to address
barriers and enablers of supported standing. Strategies included familiarizing users with PWSD
functions; promoting new goals; analyzing successes (Cook & Polgar, 2014); identifying needs
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for advocacy for changes in physical/social/attitudinal environments (Christiansen, 2015).
Necessary and ongoing communication among therapists, parents, boys and school caregivers
took place at school, home, and clinic and through telephone calls, reports and emails.
Examples of specific strategies and enabling strategies appear in Table 3.
Table 2.
Goals by Category for Supported Standing

OCCUPATIONAL
PERFORMANCE
CATEGORY

GOAL

PRODUCTIVITY

Re-decorating bedroom/Christmas decorations
Cooking/tea making/making lunch/juicing at
kitchen bench
Reaching shelves at home/supermarket/library/
school
Work experience as travel agent–standing for work
Recycling-standing to drop items in bin
Pay money at shopping
Watering plants with hose
Stand during reading
Stand for gardening
Bench activities with peers at school
Stand at assembly/Prayer time
Stand for news in class

SELF CARE

Toileting- using urinal bottle independently
Clothing management of lower half of body
Brushing teeth
Stand for muscle stretches
Physiotherapy games

LEISURE

T ball and basketball sports
Standing during screen time
Stand for Lego
Socializing with peers
Spectator sports
Craft table
Gardening at raised garden
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Table 3.
STRATEGIES to Enable Supported Standing (SS) in PWSDs.
BARRIERS
PERSON (Intrinsic)
Poor tolerance of SS from
pain/discomfort/fatigue.

Lack awareness of SS in PWSD.

Low self-motivation, low expectations,
low self-confidence to talk about needs
for SS.
Ambulant boys avoid SS.
Embarrassment about noise, time
associated with SS.
Social isolation and stigma
Foot health problems
Progressive loss of upper limb range of
reach and strength.

ENABLERS
Examples
Therapist provides frequent home and school visits in first 3 months for:
Education re: SS benefits.
COPM – setting meaningful SS goals.
Familiarisation with technical features & adjust seating.
Promoting well-tolerated positions (e.g., anterior reach, tilt).
Fatigue management – use frequent angle changes.
Physical therapy - games and stretches in SS.
Modification of routines (environment or activities).
Pacing and upgrading SS - matching goals to daily routines.
Promoting individual motivators (e.g., independence or fun).
Identifying activities for distraction in SS (e.g., gaming).
YouTube links about PWSD.
Education re: SS for social and activity benefits (e.g., public speaking, drama,
assembly, standing for science/art/cooking).
Goal setting and regular re-visiting to match goals and motivators.
Monitor SS usage with concrete tools (e.g., apps).
Encourage being an active helper (e.g., cook, fetch and carry, shop).
Promote automatic use of SS for socializing (e.g., high five, hugs).
Promote SS practice for specific tasks (e.g. urination, cooking, dance).
Alter schedules: arrive early; allow time for SS; use during noisy transitions by class.
Refer for counselling. Promote social contact with other boys with PWSDs via camps,
wheelchair sports, social media.
AFOs and shoes at all times in SS position. Refer to podiatrist if needed.
Modified games in SS (e.g. lower basketball hoop, lightweight equipment, boxing, ball
games) during sport/PE/Physical therapy.
Aids to compensate for weakness (e.g. kettle tipper, modify clothing, raised garden).

ENVIRONMENT (Extrinsic)
Low expectation by adult carers.

YouTube links about PWSD user experiences. Educate carers re: SS benefits. Coach
carers to communicate higher expectations.

Lack of support for modifying routines,
activity or environment.

Repeated therapist visits – Promote carers to consistently modify routines,
environment or activities. Promote age-appropriate activities for SS, privacy needs,
social situations. Identify SS opportunities in social settings. Integrate SS into family
activities and routines (e.g., spectator sports, shopping).
Carers modify environment to increase incidental opportunities and normalise
automatic SS (e.g., reach shelves, standing desk at home/school, use smartboard).
Provide photographs, reports and emails for reminders.

Carers forget to remind boys and lack
time for standing.
Parents lack time to communicate to
other carers.
Inappropriate seating.
Financial hardship - unable to provide

Regular seating reviews by therapist and technician for posture, growth, comfort,
including adjusting knee support and harness frequently.
Anticipatory planning – refer for financial guidance, practical help, home mods.
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accessible home or transport
Community access problems–standing
viewed as safety risk.
Service and maintenance needs, lack
PWC during repairs.
Lack access to intensive ongoing
therapist support

Immediate access – advice on public transport, taxi vouchers, hire/share vehicles, lowcost modifications (e.g., portable ramp, shelf for urinal bottle).
Provide training for boys and carers on safe driving habits–routes of travel, using
PWSD on ramps, slopes, grass, speed. Promote community practice of SS (e.g.,
reaching taps, bench counters).
Establish regular service and maintenance plans. Organize loan of PWC during
repairs.
Parents advocate for improved access to funding for therapist services.

Sandy and his parents set standing goals reflecting interests typical of his age group (e.g.,
getting a paid job, cooking and shopping). Supported standing gave a height advantage and a
secure position for prolonged standing for cooking, reaching and decorating. Sandy reported
challenges with low expectations of adults, lack of awareness about supported standing, overprotectiveness, and lack of support for modifications, all of which reduced opportunities for
standing at school. Parents and community therapists advocated with school personnel.
Sandy was motivated to increase standing tolerance, aware that standing would
contribute to independence. To increase tolerance, therapists and parents encouraged him to use
supported when watching TV. In early goal-setting interviews, Sandy’s therapist and parents
encouraged him to become aware of motivators for standing. Sandy loved cooking meals for
his family; supported standing facilitated working at the kitchen counter. Full upright supported
standing was not always required; the therapist encouraged Sandy to use the tilt-in-space,
anterior reach and perching positions and small angle changes in the PWSD for comfort and
posture changes. Anterior reach positions and smaller angle changes were less time-consuming
and less likely to draw attention from people around him. Sandy practiced supported standing
for urination and other self-care tasks.
Re-defining goals with the therapist helped Sandy match supported standing with tasks
he wanted to do. Cooking for his family was one of his goals. Paid work in a travel agency was
a desired area of participation; he was highly motivated to stand at work because he could
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perform the required work tasks (e.g., stacking shelves) more easily. Another motivator was
making a cup of tea at home and he achieved complete independence in this task.
Sandy became non-ambulant between 16- and 17-years-of-age. He met the goal of
independent urination immediately on loss of ambulation by using supported standing. Sandy
prioritized independent self-care skills (e.g., brushing teeth and hair) and managed personal
care at his workplace. He incorporated supported standing into daily tasks and participation in
leisure (e.g., socializing with friends, craft at a bench and gardening at raised garden beds). He
also reported standing to give speeches.
Harry and his father set standing goals that encouraged reaching, stretching and
independent urination. The therapist provided advice on clothing modifications to facilitate
toileting. The PWSD accommodated knee, hip and ankle contractures by using tilt-in-space,
anterior reach positions, and small angle changes. One month after supply of the PWSD, Harry
had multi-level surgical releases. On day 3 post-surgery, Harry stood in a tilt table standing
frame. After 2 to 3 weeks of tilt table use, Harry made a seamless transition to the PWSD for
standing. Harry’s father helped him upgrade standing tolerance through screen time; Harry
tolerated long periods of standing for video gaming.
The therapist visited home and school or saw Harry in the hospital clinic on a weekly
basis during the initial introductory period. While his father was highly motivated for Harry to
stand, Harry was less motivated. His father identified incidental instances of supported standing
for reaching articles on shelves and doing home chores. Harry used supported standing for
home physical therapy sessions and his father set up the home environment to encourage
standing (e.g., put desirable items on a higher shelf). Harry attempted cooking at home, but his
mother did not have time to supervise him at busy mealtime. Some other goals turned out to be
one-off events rather than long term plans (e.g., Harry watered the garden only once). Harry
reported that the most important use of standing was “being independent, especially toileting
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with the bottle.” Standing reflected good manners in Harry’s culture. He reported improved
social confidence as he felt that people liked it when he stood for prayers and when greeting
others at community meetings.
Therapist advocacy at school was important as low expectations and lack of awareness
from school staff reduced supported standing opportunities. Therapist consultations with
teachers facilitated school-based standing for activities not explicitly named as goals: school
sport, smartboard use and giving speeches. The therapist provided advice to school personnel
regarding a shelf in the bathroom for the urinal bottle to allow independence in this task.
Perry and his mother created standing goals that reflected participation, socialization
and independence. Perry was inspired by another boy who attended his school and also used a
PWSD. He participated in power wheelchair sports and disability sailing. The school learning
support team proactively modified the environment to encourage supported standing. Perry had
immediate success with independence in urination toileting. He reported he was drinking more
water, which helped him to feel better.
Early on, Perry and his mother set goals related to supported standing. He gradually
increased tolerance up to 1 hour per stand. The goal setting process revealed that Perry enjoyed
cooking and making his own lunches; supported standing made kitchen bench access easier.
The family led an active social life; Perry did everything with his family and transport of his
PWSD was not a barrier. Every Saturday, Perry’s family watched his brother play competition
soccer; standing as a spectator became normal for Perry and facilitated socialization: “I feel I
am less invisible when I am standing” and “standing makes people want to talk more to me.”
Perry liked the positive attention and compliments from other people when he used the “cool,
amazing” PWSD.
Perry reported standing for socialization with his DMD friends, a group including
Sandy. “Hanging out” with friends is something most teenagers take for granted. Perry valued
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feeling tall and the stretch effect. He reported, “My body tells me to stand when my butt gets
stuck.” After 24 months (at age 14 to 15 years), he seldom needed reminding to stand. Perry’s
mother reported that she thought he was “stronger” and had gained confidence. He experienced
no pain on standing.
Therapist support. We conducted a chart review for Harry to examine the number and
type of occasions of service (OOS) and time spent on the PWSD for 24 months from presupply to final interviews. OOS included face-to-face contacts during clinic, school and home
visits; phone consultations; emails; community visits and case notes and reports. We included
goal setting, strategy development and follow-up consultations but excluded OOS not related to
the PWSD. We identified four phases of PWSD use, corresponding to periods between the 5
research appointments (Table 4).
-

“Introducing supported standing” (first 3 months post-supply) - Therapist input focused on
safety and comfort and meeting standing goals at home and school. Face-to-face visits
were time-intensive during this period (i.e., 27 OOS totaling 31 hours, 20 minutes.)

-

“Experiencing supported standing” (4-6 months post-supply) - Boys, parents and school
staff experienced standing and established routines for using it, independent of the
therapist. The few face-to-face interventions (i.e., 4 OOS totaling 4 hours) were clinic
visits and checking in by email.

-

“Establishing supported standing” (7-12 months post-supply) - The therapist repeated
school and clinic visits to revisit strategies for building standing tolerance; pacing;
establishing and modifying routines; and attitudinal, social and physical environment
adjustments. Harry received a total of 15 OOS totaling 15 hours, 15 minutes.

-

“Sustaining supported standing” (13-24 months post-supply) - Therapist input was mainly
for reviewing progress and completed via email and phone calls. Harry also visited the
technician for seating and servicing requirements; 19 OOS totaled 14 hours.

-84-

Table 4.
Phases and Interventions over 24 Months for Harry

PHASE
Introducing

Time
OOS
Experiencing Time
OOS
Establishing Time
OOS
Sustaining
Time
OOS

Email
105
2
45
1
90
3
120
5

Phone
60
1
0
0
60
2
75
3

Home
Visit
435
4
0
0
0
0
90
1

Schl
Visit
300
3
0
0
330
2
0
0

Clinic
560
8
120
1
210
2
360
5

CM/
DOC
420
9
75
2
225
6
60
3

Comm
Visit
0
0
0
0
0
0
135
2

TOTAL
1880
27
240
4
915
15
840
19

Note: OOS reported as total number and time in minutes
Discussion
We reported on collaboratively developed approaches, procedures and strategies that
enabled 3 boys to use supported standing in PWSDs successfully. For one boy, we examined in
depth amount of therapist time and how it was spent for supporting successful use of standing
in his PWSD in everyday life.
Boys with DMD gradually adapt to everyday routines without standing or walking; they
lose independence in toileting and cease activities such as sports. Introducing supported
standing, therefore, required reframing daily life goals and capacities when dynamic posture
change became possible once more. This High Use group reported feeling empowered by
choosing when and how to control body positions. They used supported standing for stretching,
socialization, independent hygiene and improving reach. Our study addressed the need for
adherence strategies and incentives for maintaining motivation for supported standing
(Townsend et al., 2016). Our findings support those of previous researchers (Vorster et al.,
2019) who indicated that introducing supported standing in PWSDs enabled boys to maintain
independence at a time when motor skills were declining.
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Re-framing the therapeutic process. We conducted semi-structured interviews at
multiple time-points in the 24 months after supply of the PWSDs, allowing articulation of
priorities and goals and opportunities for problem solving. Using a COPM semi-structured
interview, therapists explored the boys’ lives and motivators. Boys initially identified broad
goals that did not involve standing (e.g., getting to powerchair sports, organizing friends for a
movie outing); they needed guidance to focus on supported standing. This was not surprising
given that they had accommodated to the loss of standing. To them, goals were simply anything
they would like to accomplish. Standing was not automatically part of the process. Goal setting
provided an opportunity to focus on supported standing as a new mobility skill, requiring new
learning, repeated practice and reinforcement. Repeated COPM interviews allowed us to revisit
goals, unpack barriers and collaborate on strategies to target and enable supported standing in
PWSDs.
Goal setting did not mean that goals were attained (Foley, 2016; Vroland-Nordstrand et
al., 2016). This is evident from comparison of the standing goals in Table 2 with detailed case
study reports of what the boys actually did. Sometimes a boy achieved a goal just once. In
contrast, boys also achieved activities not explicitly named as goals. Goal setting led boys,
parents and teachers to identify activities at home and school for short and sustained standing,
and to keep goals current, relevant and achievable.
Collaborative approaches. Identifying barriers and finding enablers in real-life
environments were keys to success. Both intrinsic and extrinsic factors in the boys’
environments were relevant (Table 3). Therapists collaborated with parents and school
caregivers through frequent contact to generate ideas that motivated the boys. Strategies
involved gaining satisfaction for independent supported standing attempts (e.g., reaching
shelves and independent urination) and prioritizing child and family activity preferences (e.g.,
spectator sports). Motivating activities allowed the boys to manage some of the psychological
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barriers noted in previous studies, including anxiety about looking different (Vorster et al.,
2019) and adherence difficulties (Townsend et al., 2016). Independence in self-care improved
social confidence and helped to overcome low expectations of parents.
Therapist interventions. The PWSD is not a “set-and-forget” intervention. Success
depends on high level therapist support. Caregivers, employers, teachers, family and friends
provided Sandy, Harry and Perry with positive physical, social and attitudinal support.
Therapists assisted caregivers to manage barriers and promote enablers of supported standing.
Clearly, supply of a PWSD needs to be accompanied with staged and targeted therapist support.
Tables 3 and 4 show that repeated therapist contacts in clinical and community settings
involving significant time were important to incorporating supported standing into daily
routines. School personnel and parents responded positively to therapist-provided training and
practical support.
Intrinsic and extrinsic motivation for supported standing in PWSDs. Sandy and
Perry expressed, in their behaviors, preferences and reflections, that they had internalized a
strong sense of intrinsic motivation to use supported standing. The boys and their families
followed through with collaborative goal setting. The boys followed adult reminders to use
standing. With experience and maturity, they created goals and adaptations reflecting intrinsic
motivation (e.g., supported standing for paid work reaching tasks, public speaking, social
occasions). In contrast, extrinsic motivators (e.g., adult reminders) appeared significant for
Harry who was younger than Sandy and Perry. In-depth and ongoing examination of intrinsic
and extrinsic motivators for supported standing is important when a PWSD is being considered.
Individual characteristics influence use of supported standing in the PWSD:
temperament and individual training needs; feedback from peers and caregivers; and ensuring
boys and caregivers are confident in PWSD use (Vorster et al., 2019). Sandy made a successful
and seamless transition from ambulatory stage 3 to non-ambulant stage 4 of DMD through the
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PWSD providing supported standing. Thus, he continued standing and independence for tasks
such as toileting urination and productivity tasks at home and work-place settings. The High
Use group was relatively pain-free on supported standing. Successful lower limb surgery,
physical therapy, orthotics and casting in the earlier stages of DMD benefitted the boys in terms
of maintained range of motion. Therapists regularly made adjustments to knee supports and
seating to maintain pain-free supported standing. Boys who experienced pain in supported
standing were more likely to abandon standing; they are apt to see the PWSD primarily as a
mobility device and not as a means of postural change. This was evidenced in our larger study,
where boys in the Low Use, Ambulant and Non-user groups used supported standing much less
frequently (i.e., between 0 and 16 times per week). The High Use group described here also had
no neurobehavioral problems. Boys with neurobehavioral problems such as attention
deficit/hyperactivity disorder (ADHD), depressed mood and behavior problems (Conway et al.,
2015) may require higher levels of therapist support to use supported standing in PWSD and
are likely to be at higher risk of abandonment of the standing feature.
Limitations
Our case studies were limited to 3 boys who were the most successful users of supported
standing in PWSDs in our larger study. Detailed descriptions of their characteristics and
experiences in using PWSDs, along with details about collaborative interventions, provided
rich information that may be useful to clinicians when considering prescribing a PWSD.
Because we lacked specifics of services provided by Perry’s and Sandy’s community
therapists, we were only able to examine, in detail the type, time and number of interventions
that Harry received.
I was the primary therapist for Harry and 3 out of the 9 boys in the study. These 4 boys
were classified into each of the 4 user groups identified (according to frequency of use of
supported standing and ambulatory status): High Users, Low Users, Ambulant Users, and Non-
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users. Thus, it appears that my personal intervention as a therapist did not impact on results for
frequency of standing.
Conclusions
High cost equipment, such as PWSDs, may ease the transition from ambulant to non-ambulant
phases of DMD and enable meaningful participation. Importantly, appropriate and maximum
use of this AT required sustained effort from parents and boys and a commitment of time and
therapist resources.
Therapists can use collaborative goal setting with boys, parents and school personnel,
guiding to ensure supported standing and participation in desired activities. Repeated COPM
interviews allowed us to revisit goals, unpack intrinsic and extrinsic barriers, consider
motivators and collaborate on strategies. Collaborative goal setting was both a starting point
and an ongoing intervention, providing “signposts” along the road to successful use of the
PWSD.
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Chapter 5
Discussion and Conclusion
In this descriptive study, I explored the impact of PWSDs on participation in everyday
life for 9 boys with DMD. Recommendations for the use of PWSDs for boys with DMD
require careful consideration. If used appropriately, PWSDs provide both power mobility and
supported standing. However, it is important to understand motivation for use of the supported
standing feature and prevent its abandonment since, without it, the PWSD merely performs the
function of a seated PWC which could have been provided at much less cost. Despite the best
efforts of therapists, schools and parents, the clinical reality is that not every boy with DMD is
suited to a PWSD. As practitioners, our aim is to prescribe PWSDs to boys who are most likely
to engage in supported standing to enhance their participation.
In the absence of a cure for DMD, participation should be the main focus of therapist
attention (Bendixen et al., 2013; Bray, Bundy, Ryan, North, & Burns, 2011; Bray, Bundy,
Ryan, North, & Everett, 2010; Uzark et al., 2012). While the PWSD has potential to minimise
the impact of declining physical status on participation, only two previous groups of
researchers (Townsend et al., 2016; Vorster et al., 2019) have investigated PWSDs as an
intervention for boys with DMD. Vorster et al. (2019) interviewed boys and carers and
identified positive participation outcomes from lived experience reports. Whilst they
acknowledged participation as important, and the ultimate desirable outcome of supported
standing in PWSDs, neither group measured participation itself. I sought to address relevant
gaps in knowledge about participation.
Through my research, I hoped to help practitioners take a step back and seek detailed
information from boys with DMD on what they do with supported standing in PWSDs. I
focused on participation rather than physical changes (such as increased bone density), as a
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primary motivator for standing in PWSDs. Young people with physical disability provided with
therapeutic standing cannot sense changes in areas such as bone density or lower limb
biomechanics. Furthermore, physical measures such as range of motion or bone mineral density
may not translate into improved activity or function in everyday life or quality of life (Goodwin
et al., 2018). Thus, standing for physical benefits alone is unlikely to be an effective motivator.
I saw gains associated with increased participation as the primary benefit and physical changes
as a secondary (albeit important) gain of supported standing in PWSDs. While participation
was the primary outcome under investigation, I also collected data on range of motion,
myometry and respiratory function (see Appendix A). However, analysis of the physiological
data was beyond the scope of this master’s thesis. I plan to analyse these data in the future.
In this chapter, I revisit the aims and objectives of the current study and present
findings, interwoven with lessons learned from conducting this research. I also discuss the
implications for clinical practice, future research directions and limitations of this study.

5.1 Aims and Objectives
My main aim was to provide foundational evidence about boys with DMD and their use of
supported standing in PWSDs for participation in everyday life. The objectives were to
identify:
•

frequency of use and types of everyday activities in which boys engaged when using
supported standing;

•

factors (barriers/enablers/motivators) impacting use of supported standing in PWSDs;
and

•

OT management strategies to optimise use of supported standing in PWSDs.

My findings provide therapists with an informed viewpoint from which to prescribe, implement
and evaluate this complex assistive technology device.
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5.2 Everyday Activities and Supported Standing in PWSDs
To meet the first objective, I used a modified ESM via a smartphone app-based survey
to monitor the use of supported standing and PWSDs in real-life daily activity. The frequency
and purposes of using the standing function varied amongst the boys in my study. I used the
Egen Klassifikation Scale (EK2) (Steffensen, Hyde, Lyager, & Mattsson, 2001) and the DMD
Care Considerations stages (Birnkrant, Bushby, Bann, Apkon, Blackwell, Brumbaugh, et al.,
2018) to track the trajectory of gradual loss of ambulation. I found that the boys used supported
standing in PWSDs in different ways depending on the stage of their muscle disease
progression. I identified four groups based on frequency of use and ambulatory status: the nonambulant High Use group; a non-ambulant Low Use group; an Ambulant group; and a NonUsers group.
Chapter 3 is a publication describing details of the findings. Boys in stages 2 and 3
DMD were still walking and were low frequency users of supported standing. One boy in the
Non-User group was in stage 2 DMD and used the PWSD for long distance mobility only.
Whilst ambulant boys benefitted from the power mobility provided by the PWSD, they did not
necessarily use supported standing often, preferring to “stand on their own two feet.” As they
entered stage 3 DMD, their use of supported standing in the PWSD evolved as well. The
Ambulant group boys in stage 3 were most likely to use supported standing in PWSDs at school
for active pursuits to “keep up” with peers, but still mainly preferred to stand on their own.
Boys who were ambulant at the beginning of the study but non-ambulant by the end made a
smooth transition from stage 3 to stage 4 DMD with the aid of the PWSD. This was at a time in
their lives when loss of mobility usually leads to dependency on others and a decline in
participation and socialisation (Bendixen et al., 2013). By disrupting the usual decline, PWSDs
contributed positively to this transition.
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Comparison of frequency of use of supported standing by the High Use boys with other
groups showed that PWSDs empowered the boys when they were expected to use standing,
chose to use it AND there were no barriers to its use. The PWSD allowed stage 4 nonambulant boys to attain standing anywhere at any time for incidental short stands and longer
sustained standing periods as part of their daily life routines. The High Use group were
motivated, high frequency users.
In Chapter 4, I detailed the High Use group’s experiences and the intrinsic and extrinsic
barriers and enabling strategies that optimised the use of supported standing. The boys named
the main motivators as ease and independence in daily life tasks and the physical process of
changing body position. Supported standing empowered them with a new capacity for doing
things and a new set of expectations. The fictional scenario in Box 5-1 below illustrates loss of
function that could potentially be regained with supported standing in a PWSD.

Box 5.1
Quote from “The Fundamentals of Caring” a Feature Film from Netflix 2016

Trevor (T) – teenager with DMD talking to Ben (B), his carer)
•

B: Can I ask you a question?

•

T: What?

•

B: If you woke up and you were totally... fine...what's the thing you'd wanna do most?

•

T: If I could do anything at all? I'd really like to take a pee standing up.

•

B: Yeah, it's pretty awesome.

The Fundamentals of Caring (n.d.). Scripts.com. Retrieved February 9, 2020,
from https://www.scripts.com/script/the_fundamentals_of_caring_20273.
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Interestingly, my real-world research echoed Trevor’s response. The main task in
everyday life for which supported standing in the PWSD was used was toileting urination. The
stage 4 non-ambulant High Use and Low Use groups mainly chose to use supported standing
for toileting urination. Despite the barriers for the Low Use group (pain and poor environmental
access), independence in this essential daily living task was a powerful motivator. The nonambulant boys were motivated to use their PWSDs for independence and convenience and to
counter negative perceptions associated with toileting dependency. This had an additional
benefit as we know that reduced fluid intake and the avoidance of toileting procedures cause
health problems for young men with DMD (Backhouse & Harding, 2006; Zhu et al., 2015).
Timing the introduction of the PWSD is important. Given the progression of DMD and
the frequency of use described above, supplying a PWSD too early in stage 2 or too late in
stage 5 will likely result in non-use of supported standing. Supplying PWSDs to boys in later
stage 3 DMD maximises use of the supported standing function as they transition from
ambulation to stage 4 non-ambulation. Delaying supply until stage 5 may prove unsuitable for
boys with long-standing muscle contractures and other musculoskeletal anomalies, as I found
that pain and discomfort were barriers to the use of supported standing. Overall, the use of
supported standing in PWSDs involved individual decisions based on a combination of factors
– timing of the supply of the PWSD, motivation, enablers and barriers.

5.3 Barriers and Enablers in the Use of Supported Standing in PWSDs
My second objective was to identify barriers/enablers that impacted on optimal use of standing
in PWSDs. Given the constraints imposed by my primary role as a clinician, it was essential for
me to employ familiar and time-efficient measures in this clinician-led study. I used a range of
sources to learn more about the barriers, enablers and motivators—specifically, demographic
data, chart review histories, clinical measures and intervention profiles— in addition to the app
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survey data. I was able to collect and interpret rich descriptive data for all four groups in order
to identify and compare intrinsic and extrinsic influences. The barriers and enablers that
emerged from these comparative analyses were discussed in detail in Chapter 3.
I identified enablers of the use of supported standing in PWSDs as: a positive attitudinal
and social environment provided by adult carers; motivation among boys/parents/school carers;
and sustained implementation of therapist/carer collaborative strategies. I identified barriers to
the use of the SS function among low frequency users as: pain during supported standing; and
lack of accessibility in the physical environment, including lack of wheelchair transport. The
barriers were the converse of the enabling factors – lack of positive social and attitudinal
environments and lack of motivators.
Pain varied among individuals and was related to complications following surgical
intervention or long-standing sub-optimal physical care management. Amongst non-ambulant
boys, pain prevented supported standing in relation to both frequency and function. Though
important, a discussion of pain management itself is beyond the scope of this thesis. However,
because pain affected ease of supported standing, the prevention of lower limb and back pain
should be a key goal of health professional interventions in order to keep open the option for
prescription of a PWSD. Nonetheless, even in the face of pain/discomfort, independence for
toileting urination was a powerful motivator for supported standing.
Environmental access barriers need to be overcome in preparation for the supply of any
type of power wheelchair. Boys in my study who lacked a favourable physical environment
could not use PWSDs optimally. Thus, therapists should help clients to identify, mobilise and
utilise personal and environmental resources (anticipatory planning) for high cost items (major
home modifications, vans or financial support for taxis) prior to supply of a
PWSD. Anticipatory planning should commence from the early diagnosis stage of DMD.
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Other environmental determinants also impacted participation and use of supported
standing in the PWSDs. Like other interventions, the successful introduction of a PWSD for
boys with DMD requires enabling environmental supports in the community (Hind et al., 2017;
Jeffress & Brown, 2017; Parkyn & Coveney, 2013; Soutter et al., 2004). Because parents and
teachers prompted use of supported standing on most occasions, I labelled motivated adult
carers as enablers. Attitudinal support from enabling adult carers facilitated standing in PWSDs
in social activities, such as participating in class group sports and dances, being a spectator at
sports events; attending parties, outings and shopping (See Figures 5.1, 5.2 and 5.3).
Participation in social and recreational activities is particularly effective for promoting and
maintaining meaningful relationships over time (Hendriksen et al., 2009; Otto et al., 2017).
Therapists, parents and teachers should aim to optimise social and attitudinal environments
from the time of diagnosis.

Figures 5.1, 5.2, 5.3
Participation in Class, Assembly and Dance Using PWSDs.
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Therapists and adult carers should take a long-term view in relation to the removal of
barriers and the deployment of motivators and enabling strategies, especially as boys are
maturing and adjusting to the use of a PWSD. Some boys chose to remain in a seated position
and not use the standing power feature. Feelings of self-consciousness and not wishing to draw
attention to themselves in social situations decreased the frequency of supported standing use.
This was also noted by Vorster et al. (2019). Personal motivations and expectations regarding
the upright body position are subject to change (Nordstrom, Naslund, & Ekenberg, 2013).
Similarly, the characteristics of individual children, families and schools – abilities, motivations
and preferences – can change over time and impact greatly on children’s engagement and
participation (Egilson & Traustadóttir, 2009).
Participation is a key motivator over time and across home, school and community
environments. However, standing does not occur automatically just because we have provided
this complex assistive technology device. A thorough understanding of barriers and enablers to
the use of supported standing in PWSDs and their interaction with timing is essential to the
optimal prescription and supply of PWSDs. Therapists have an essential role to play here.

5.4 Therapist Management to Optimise Using PWSDs
The third objective was to identify OT management strategies to optimise use of the
standing feature in PWSDs. This involves early intervention to manage barriers and enablers
prior to supply of PWSDs and follow up after supply with sustained intervention strategies.
While conducting this study, I was constantly reminded to reflect on three things: (a) my
position as a proactive enabler of engagement in occupation (Christiansen, 2015; Joosten,
2015); (b) the power of collaborative family-therapist processes (An & Palisano, 2013; An et
al., 2016; An et al., 2018; D'arrigo, Ziviani, Poulsen, Copley, & King, 2017; Goodwin et al.,
2018; Graham, Rodger, & Ziviani, 2013; Hanna & Rodger, 2002; King & Chiarello, 2014;
Novak & Cusick, 2006; Palisano et al., 2012); and (c) the impact of therapist interventions via
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changes in the environment (Anaby, Law, et al., 2014; Anaby, Law, Feldman, Majnemer, &
Avery, 2018; Anaby, Law, Teplicky, & Turner, 2015; Anaby, Vrotsou, Kroksmark, & Ellegård,
2019; Coster et al., 2013; Kang, Hsieh, Liao, & Hwang, 2017; King, Imms, Stewart, Freeman,
& Nguyen, 2017; Kramer, Olsen, Mermelstein, Balcells, & Liljenquist, 2012; Shikako-Thomas,
2014). I elaborate on each of these roles below.
Therapist as a proactive enabler of engagement in occupation. OT practice enables the
performance of, or engagement in, an occupation that a client wishes to perform, needs to
perform, or is expected to perform (Polatajko & Davis, 2012). When examining the impact of
expensive and complex equipment interventions such as PWSDs, therapists should adopt
theoretical frameworks that allow for evaluation of the person and the equipment
simultaneously. A participation framework was appropriate in this study as the PWSD offers a
responsive dynamic fit between person, equipment and environment—a “techno-body” (Gibson
et al., 2007).
Two models guided my reflective practice and my use of collaborative strategies with
children and families. I used the occupation-focused Person-Environment-OccupationPerformance (PEOP) model when setting goals with boys about the use of supported standing
in their PWSDs. The PEOP helped identify extrinsic (environmental) and intrinsic (personal)
barriers/enablers to participation and use of assistive technology. The top-down approach of the
PEOP model was suited to understanding the impact of assistive technology (Christiansen,
2015). The optimal participation model and participation-based therapy principles (Kang,
Palisano, King, & Chiarello, 2014; Palisano et al., 2012) guided my understanding of the
complex relationships among dimensions and determinants of participation. Through this
research, I gained a deeper understanding and appreciation of the value of occupation-based
models (Wong & Fisher, 2015). The models provided a language for describing the various
aspects of participation. The concepts of barriers, enablers and motivators helped me to identify
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individual, family and environmental determinants of participation (Kang et al., 2014). The use
of participation models also enhanced my communication around participation with other
therapists and with funding bodies.
Collaborative family-therapist processes. Supporting boys in the uptake of supported
standing in PWSDs represents an additional demand on adult caregivers, who are already
dealing with the complex emotional and physical adjustments necessitated by living with DMD
(Bray et al., 2010; Erby et al., 2006; Gravelle, 1997; Paguinto et al., 2019; Setchell et al., 2018;
Webb, 2005). Parents need empowerment and support to maintain their roles as the child’s
chief “coach”, advocate and “cheer squad.” Therapists and caregivers need to implement
sustained collaborative strategies to encourage boys to use standing in a PWSD and encourage
its uptake (see Chapter 4, Table 3). Analysis of the rich case history material identified the
following key collaborative approaches: regularly refining and re-defining supported standing
goals; promoting and establishing supported standing in routines and activities; and consulting
and advocating at home and school. Significant investment of therapist time in a staged and
targeted fashion enabled sustained use of standing in PWSDs.
I encourage therapists to use the Canadian Occupational Performance Measure (COPM)
(Law, 2015) to guide: prescription of, clinical justification for, and implementation of assistive
technology devices such as the PWSD. Its use in the present study provided multiple benefits
for the boys. Goal setting, using the COPM, was an intervention strategy that enabled use of
supported standing by targeting tasks that were of priority to individuals. Some non-ambulant
boys and their families had initial difficulties with goal setting for the use of standing in
PWSDs, as they had become accustomed to daily routines adapted to sitting in wheelchairs,
such as assistance from carers with clothing and pulling forward in a seated position to use a
urinal bottle. The COPM promoted the use of goals to guide boys about where, when and what
to do in standing in the PWSD, and why it could be useful. Targeting client priorities by using
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COPM goal setting also focuses therapist management strategies, as funding limitations may
limit availability of therapist services in community care.
I used the COPM as an intervention tool to improve communication with clients and
gauge the effect of the PWSD. This helped to reduce the risk of abandonment by matching
individual goals, preferences, needs and resources (Day, Jutai, Woolrich, & Strong, 2001;
Fuhrer, 2007; Lenker et al., 2010; Scherer & Glueckauf, 2005). My findings support those from
other research indicating that the COPM can be used as an intervention strategy to facilitate
collaboration (Evans, Neophytou, de Souza, & Frank, 2007; Giesbrecht, Ripat, Quanbury, &
Cooper, 2009; Kinney, Goodwin, & Gitlow, 2016; McGarry, Moir, & Girdler, 2012; Nicolson
et al., 2012; Nilsson & Durkin, 2016). The COPM can be used as a self-report measure or a
proxy measure with parents and contributes to assessment of environmental barriers and
facilitators (Field, Miller, Jarus, Ryan, & Roxborough, 2015; Field, Miller, Ryan, Jarus, &
Abundo, 2016; Granlund, 2013; King, 2013; Raghavendra, 2013).
The High Use group benefitted most from the COPM intervention process, as it allowed
them to constantly refine and re-define their supported standing goals. By exploring client
perspectives and experiences of being upright and changes in their motivations and
expectations over time, therapists can develop interventions to meet their goals (Nordstrom,
Naslund, and Ekenberg (2013). High use group families and boys explored a wide variety of
ways to use supported standing at home and school (see Figures 5.1, 5.2, 5.3, 5.4 and 5.5).
They also explicitly named goal setting as a meaningful learning experience that appeared to
have long-term impact. In review appointments at the tertiary hospital clinic, participants
continued to use the goal setting framework, with spontaneous comments such as, “His current
goals are …..”
Boys in my study reported high psychosocial impact from the provision of PWSDs,
according to the Psychosocial Impact of Assistive Devices Scale (PIADS (Jutai & Day, 2002).
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Therapists can use the COPM and PIADS as patient-reported outcome measures at the time of
re-assessment to justify funding a replacement PWSD. In clinical follow-up with my
participants beyond the study period, my colleagues and I have used the COPM to show the
significant impact of PWSDs on everyday life tasks, with boys rating supported standing as
being of high importance to them and reporting significant changes in performance and
satisfaction with their abilities to perform these tasks. This information has contributed to
successful funding of new replacement PWSD equipment.

Figures 5.4 and 5.5
Examples of PWSD Use - Participating in Cooking at Home

Therapist Interventions via Environmental Changes. Therapist support may delay,
reduce or prevent assistive technology device abandonment (Hocking, 1999; Jutai et al., 2005).
Very few assistive technology devices are “set-and-forget” interventions, and this applies to
supported standing in PWSDs for young boys. The PWSD can be viewed as an intervention
that supports continuing inclusion and participation in childhood pursuits with peers and, like
other interventions, is dependent on personal and environmental supports to sustain ongoing
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success (enablers). I have earlier described the therapist role in overcoming barriers to
supported standing in PWSDs and in enabling/facilitating social and attitudinal environments.
This involves preventative management, awareness education, advocacy and proactive support
structures (see Chapter 4, Tables 3 and 4).

5.5 Implications of the Findings for Therapists
The PWSD should be considered as one option by therapists when boys with DMD are
provided with power wheelchairs, but the enablers/barriers/motivators must be taken into
account in the assessment process. The PWSD has potential to reverse the loss of independence
usually seen in DMD in adolescence. Explicit discussion about barriers and enablers can guide
therapist-community-family collaborative interventions and improve communication,
strengthening the therapeutic alliance from the early stages of the relationship. Therapists need
to initiate discussions about enabling participation from the time of diagnosis of DMD, as I
propose that similar barriers and enablers apply to other interventions for boys; for example,
the physical environment can present barriers for all types of mobility devices, and motivated
carers will facilitate social activities. If the PWSD can “reverse” loss of function, it can also
have a powerful impact on perceptions of disability and physical, psychological and emotional
functions.
Successful uptake of the PWSD is dependent on the deployment of therapist/caregiver
strategies to optimise its use for participation in meaningful activities. Sustained therapist
interventions require significant investment of time and resources in collaborative relationships
with parents and schools (see Chapter 4, Table 4). These therapist activities should be included
in the costing of provision of the PWSD and, indeed, of any assistive technology device.
Therapist time should not be viewed as a luxury but, rather, as a necessity associated with the
supply of assistive technology (Waldron & Layton, 2008).
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Liu et al. (2014) provided a user guide for the use of power seating functions. Standing
in a PWSD is essentially a type of advanced power seating/positional function, adding to the
complexity and cost of a standard power wheelchair. As the next step in my goal of supporting
and improving therapist practice based on my learning in this study, I will develop a practical
user guide for supported standing and PWSDs. The guide will focus on facilitating participation
in the natural environments of home and school, with secondary benefit for physical outcomes.
Clinicians can use the DMD tracking scales of the EK2, the DMD care considerations
stages in combination with chart reviews, demographic information, longitudinal COPM goal
setting, in-the-moment survey data and other patient-report outcome measures to collect
information that will identify barriers and enablers to using supported standing in PWSDS.
Longer trials of PWSDs in community and home settings and rich data from the above sources
can provide the information needed to assess suitability and prescription.
Timing of the supply of a PWSD should be considered alongside timing of other
interventions that require anticipatory planning. Timing is the key to successful uptake. The
standard power wheelchair is essential for participation and community mobility during the
ambulant phases (Muscular Dystrophy Campaign, 2011). Participation goals should be
elucidated clearly if a boy with DMD wants to progress to a more complex prescription for the
PWSD and custom seating in late stage 3. Reports from boys in another study (Vorster et al.,
2019) also indicated that supply of a PWSD in the ambulant stage 3 would assist the transition
to stage 4. Thus, a PWSD might be considered for the second power mobility device for a boy
with DMD. Loan systems of standard seated power wheelchairs in stage 2 and early stage 3
may prove useful in real-world practice. Loan systems will allow time for therapists, boys and
families to carefully consider goals, barriers and enablers, motivation and personal factors, all
of which we know impact on successful uptake and use of PWSDs.
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Therapists and suppliers need to keep up with the fast pace of technological innovation
and the complexity of assessing individuals’ needs for assistive technology. Responsible cost
considerations and cost-effectiveness are essential components of prescription practice to
ensure that “reasonable and necessary” assistive technology is funded appropriately and
effectively. This is certainly true of PWSDs, which are funded in Australia by the National
Disability Insurance Scheme (NDIS) according to strict criteria.

5.6 Implications of the Findings for Funding Bodies
Mobility devices are increasing in complexity and cost and, with the growing need for
clinical justification for funding, therapists and suppliers need to show that these devices offer
substantive benefit (minimising the barriers to participation) and are cost-effective (Bray,
Noyes, Edwards, & Harris, 2014; Hoenig et al., 2007). When it comes to a complex
intervention such as the PWSD, we should prescribe to boys who are most likely to use
supported standing.
The total economic burden of rare diseases such as DMD is substantial (Landfeldt et al.,
2014; Landfeldt et al., 2016; Ryder et al., 2017; Schreiber-Katz et al., 2014; Teoh, Geelhoed,
Bayley, Leonard, & Laing, 2016). The PWSD is a powerful example of an assistive technology
intervention with the potential to reverse the loss of independence in the trajectory of DMD by
providing mobility and supported standing. My study showed that PWSDs can increase boys’
independence in body positioning changes and self-care tasks. We need to consider the relative
cost of the PWSD in relation to overall participation and physical health benefits. This is yet to
be determined in any cost-benefit analysis. As well as including the dollar value of the initial
investment and ongoing maintenance, any cost-benefit analysis should be informed by careful
consideration of the ability to participate in everyday life, that can result from use of a PWSD.
Assistive technology devices such as PWSDs can reduce the effort required from
caregivers by increasing the child’s independence (Kling et al., 2010; Nicolson et al., 2012)
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(See Figures 5.4, 5.5, 5.6 and 5.7). The relative costs and benefits of such independence could
be calculated according to a range of direct and indirect costs, including those related to: paid
care (e.g., hours needed, cost of manual handling equipment and risk of carer injury); health
management (e.g., lower limb surgery, genitourinary, pressure care or other problems); parent
caregiver burden (e.g., caregiver mental health, family economic burden, capacity for carers to
return to paid employment); and savings from less extensive home modifications. PWSDs can
also yield mental health benefits by reducing the stigma associated with dependency, which
may also reduce the societal burden by, for instance, enabling young men with DMD to enter
the workforce ( as the case study of P1) and to participate in class activities with peers and
perform tasks at home (see Figures 5.1 – 5.7). These benefits of the PWSD provide the basis
for justifying its provision for boys and young men, as long as enablers are optimal, and there
are no barriers to its use.

Figure 5.6 and 5.7
PWSD and Independence – Choosing from Wardrobe and Fridge
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The services environment is a determinant of participation (Kang et al., 2014). The
services environment must provide not only the PWSD, but the support structures to use it
effectively. This appears especially important in the development of an optimum services
environment for the DMD population, among whom assistive technology can impact burden of
care and quality of life (Landfeldt et al., 2015; Pandya et al., 2016). Equity of access to
complex assistive technology is more likely if therapists and disability advocates support our
clients and their families to communicate their needs and goals AND services to meet their
physical, social and psychological needs are provided. I identified the following service
environment needs: funding the PWSD, home modifications, wheelchair accessible vehicles,
and intensive therapy/paid caregiver services, especially in the early motivating/prompting
stages after supply of PWSDs. Therapist activities should be costed into provision of the
PWSD. A long-term view is required to sustain motivators and enabling strategies for boys
with DMD, especially as they mature and adjust to using a PWSD. Paid caregiver services
costs can be reduced over time if the PWSD is used to increase independence (e.g., toileting
urination, reaching and using upper limbs in activities of daily living).
Attention to consumer satisfaction with PWSDs is another way for funding bodies to
understand their impact. Kenny and Gowran (2014) encouraged service providers to integrate
sustainability indicators and service evaluation into the process of supplying wheelchairs and
seating. Dissatisfaction with funding and device choices is a real problem for consumers (Evans
et al., 2007). Recommendations arising from a UK study are also applicable in the Australian
context; these include reduced waiting times for assessment trials and delivery; ongoing safety
training by therapists; and improved funding for private and public transportation of power
wheelchairs in the community (Evans et al., 2007).
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5.7 Limitations of the Study
My sample size was small. Randomised controlled trials (RCTs), though considered the
gold standard in clinical research, are not always feasible, especially in rare diseases research.
The PWSD is a new intervention for the DMD population that is infrequently prescribed and
rarely funded in full. However, my participant sample represented ambulant and non-ambulant
boys across the stages of DMD when power wheelchairs are prescribed. I showed that
frequency of use differed and that boys used standing in PWSDs in different ways depending
on their stage of muscle disease progression, which allowed me to comment on the impact of
timing and identify the barriers and enablers in the use of PWSDs.
I was the primary occupational therapist for 4 out of the 9 boys in the study; other local
community therapists provided OT services for the remaining boys. These 4 boys were
classified into each of the 4 user groups identified (according to frequency of use of supported
standing and ambulatory status): High Users, Low Users, Ambulant Users, and Non-users.
Thus, it appears that my personal intervention as a therapist did not impact on results for
frequency of standing.
I used standardised procedures to conduct the COPM as an intervention strategy over
the 24 months of the study. However, I did not standardise the community therapists’ action
plans and service provision. Although I shared my COPM findings before and during the 24
months and provided all community therapists with detailed additional information on what the
boys and their parents had said about barriers and enablers for supported standing, I did not
control their practice or provide a standardised therapy programme. All the other community
therapists reported that the additional COPM reports provided impetus for collaborative
strategies with carers during home and school visits and allowed for close monitoring of the
boys, but we did not formalise our strategies and interventions. The effectiveness of the COPM
intervention points to the possibility of standardising the number and type of therapist
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interventions in the early training period, possibly incorporating weekly goal-setting
consultations and intensive consultations in the first 3 months. I will take this into account
when developing a practical user guide for PWSDs.

5.8 Implications for Future Research
Participation is a complex construct and especially so in DMD. Further exploration of
the impact of the PWSD in relation to transition to adulthood would be valuable, because
quality medical surveillance has extended the lifespan of individuals with DMD. Success in
transition to adulthood and in use of PWSDs requires similar enablers and results in
independence and satisfaction with daily living activities. As shown in Box 5.2, success in both
processes involves a complex interplay between disability, disease progression, extrinsic
barriers and an individual’s own psychological and emotional characteristics (Schrans et al.,
2013).

Box 5.2
Success Factors for Transition (Schrans et al., 2013)

SUCCESS FACTORS for TRANSITION into ADULTHOOD in DMD
Social and physical support leads to independence.
The importance of setting goals and reaching them in an inventive way.
Daily activities give satisfaction.
Acceptance, coping and optimism are vital.
Access to good medical and psychosocial information is vital.
Continuity of care during transition to adulthood is vital.
(Schrans et al., 2013, p.284)
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A longitudinal follow-up study of the young people in my High Use group is a logical
starting point, possibly expanded to include young adults with neuromuscular diseases other
than DMD. Studies focusing on experiences of standing in PWSDs in transition to adulthood
would enrich the evidence base on the potential range and scope of participation benefits. This
work could incorporate social participation as a variable, as the older boys in my study reported
using supported standing for socialisation activities (see Figures 5.7 and 5.8).

Figures 5.7 and 5.8
Social Participation – “Partying” and Spectator Sport with Peers

I developed a useable outcome tool (the standing survey) for this study and established
foundational evidence on PWSDs and participation, both of which could inform future
longitudinal research. Alternative approaches are needed to study complex and subjective
outcomes such as participation in children and young people with disabilities (Anaby, Lal, et
al., 2014). The PIEL Survey app https://pielsurvey.org/ (Blue Jay Ventures Pty Ltd, 2017) was
easy and motivating and yielded detailed information about the real-life context and frequency
of use of standing in PWSDs in natural environments (see Chapter 3 Supplementary Material 1
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and Figure 5.9 below). Researchers and therapists can customise the PIEL app to develop
specific surveys on the use of other assistive technology devices or therapeutic interventions
and can expand the scope of the questions. Surveys can be as simple or complex as needed.
Researchers and therapists should also utilise built-in applications, such as the Virtual Seating
Coach (VSC) App provided in the Permobil PWSD (available since late 2018), which reminds
users and records actual use of re-positioning power functions.

Figure 5.9
The PIEL Survey App and the Standing Survey (screen samples)

The PIEL Survey App

I expect that longitudinal studies in young adults would reveal the complexity of
participation outside the safe space and protection of childhood. Tracking scales, chart reviews
and demographic information provide readily available data about intrinsic and extrinsic
factors. The COPM is a good fit as a tool for initiating and capturing self-reported information
from the young adult population and monitoring desired social, leisure, educational and
vocational goals and changes. Whilst I considered the COPM primarily as a therapist
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intervention, it is also (and more commonly) an effective evaluation tool in studies on
participation of young people (Anaby et al., 2018; Gimeno, Gordon, Tustin, & Lin, 2013; Law
et al., 2015). In addition, setting implementation intentions via time-based, event-based or
emotion-based triggers (Radomski et al., 2018) might support young adults to meet their selfidentified goals for using standing in PWSDs and can be added in a future study alongside
goal-setting tools. Similarly, alongside the COPM, assessment of client-perceived confidence
in meeting goals could be added (Poulsen, Ziviani, Kotaniemi, & Law, 2014; Ziviani, Poulsen,
Kotaniemi, & Law, 2014).
The missing piece from my study was in-depth examination of the psychological impact
of participation gains from the PWSD. The meaning of the altered body position (Nordstrom,
Naslund, Eriksson, et al., 2013) and the multiple meanings associated with “standing on your
own two feet” (McKeever et al., 2013; Mulderij, 2000) point to the need for further study in
relation to the long-term psychological impact of PWSDs. We know that parents place high
value on maintaining walking and standing, and there is growing interest in the experiences
associated with readiness for change around power mobility for parents and children with
neuromuscular diseases (Paguinto et al., 2019). Further research about the timing and
prescription processes around PWSDs could explore the psychological and emotional issues
that arise for boys and their parents from offering the PWSD option.
One of my main findings was the need for sustained therapist implementation strategies
and the human resources needed to do so. We know the PWSD is not a set-and-forget device.
Therapist time and knowledge are necessary to undertake intensive early intervention strategies
such as goal–setting and preparation of carers to perform their key role in the use of PWSDs
and supported standing. A future study could seek better understanding of the barriers to the
effective implementation of therapist strategies. Further research on the expectations of
therapists about our role in the implementation of PWSDs is also important, especially when

-114-

we consider that current funding models do not necessarily take into account the complexity of
the supports needed by consumers to use assistive technology devices. Further research on the
impact of a standardised intensive therapy programme in the initial phase of PWSD supply
would inform the development of an optimum therapist approach and refinement of effective
strategies.
Participation benefits and outcome measures should definitely be part of any future
cost-benefit analysis. The incorporation of participation-based outcome measures, physical
outcome measures, psychosocial health and quality of life measures into health economics
research would improve the assessment of costs and benefits (Bray et al., 2014).

5.9 Concluding Remarks
The usual developmental trajectory to autonomy in adolescence and young adulthood is
reversed in DMD, with increasing dependency from loss of mobility. I found that re-framing
the DMD trajectory by the intervention of a PWSD had consequences for participation and
transition from the ambulant to non-ambulant stage of DMD. The insights generated from this
study led to better understanding of barriers and enablers to the use of PWSDs for participation
and will assist therapist decision-making and prescription of this high-cost equipment for the
DMD population. Funding proactive service provision is essential if we are to overcome
identified barriers and enhance enablers necessary for successful implementation of a
promising assistive technology intervention.
Participation is a construct that should be discussed often and in depth with boys and
their families. We can and should use our core OT skills, with goal setting as a continuous
intervention strategy that directly impacts on anticipatory planning for progressive diseases
such as DMD. With increasing emphasis on participation goals as drivers of government
funding approvals for assistive technology interventions, therapists need to switch focus to
participation in daily life as the end goal for the use of complex devices such as the PWSD.
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Advances in technology have provided therapists with a unique opportunity to consider new
interventions and methodologies to measure participation. My descriptive study has provided
previously unavailable foundational evidence about measures and methods that may be
replicated and further developed in future research to address other outcomes of interest. The
ultimate aim is that we continue to strive for boys with DMD to participate in as full and
productive a life as possible.
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APPENDIX A
Outcome Measures for Sydney Children’s Hospitals Network Multi-Methods Study: Impact of
Power Wheelchair Standing Devices on Participation, Quality of Life and the Clinical Course
of Duchenne Muscular Dystrophy

Pre-Supply

3 months
Post-

6 months
Post-

12 months
Post-

24 months
Post-

•PROM: COPM, EK2, PEDS QL™ - DMD, OUCHER™
•PBM: Myometry, joint range of motion, FEV 1
•Chart review
•Demographic data

•PROM: COPM, EK2, PEDS QL™ - DMD, OUCHER™, PIADS©
•PBM: Myometry, joint range of motion, FEV 1
•Chart review

•PROM: COPM, EK2, PEDS QL™ - DMD, OUCHER™, PIADS©
•PBM: Myometry, joint range of motion, FEV 1
•Chart review

•PROM: COPM, EK2, PEDS QL™ - DMD, OUCHER™, PIADS©
•PBM: Myometry, joint range of motion, FEV 1
•Chart review

•PROM: COPM, EK2, PEDS QL™ - DMD, OUCHER™, PIADS©, PIEL app standing survey, Exit interview
•PBM: Myometry, joint range of motion, FEV 1
•Chart review
•Demographic data

Notes.
PROM: Patient Reported Outcome Measures
COPM: Canadian Occupational Performance Measure (Law, 2015)
EK2: Egen Klassifikation Scale 2 (Steffensen et al., 2009)
OUCHER™: OUCHER pain scale (Beyer, 1989)
PEDS QL™ - DMD: Peds QL™ Duchenne muscular dystrophy module (Uzark et al., 2012)
PIADS©: Psychosocial Impact of Assistive Devices Scale (Jutai & Day, 2002)
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PIEL app: Participation in Everyday Life Application (for smartphones) (Blue Jay Ventures Pty
Ltd, 2017)
PBM: Performance Based Measures
FEV 1: Forced expiratory volume in the first second
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This letter constitutes ethics amendment approval ONLY. A copy of this letter must be forwarded to the
Research Governance Officer at each site for governance approval.
This application has been assessed in accordance with, and meets the requirements of the National
Statement on Ethical Conduct in Human Research (2007).
Should you require any further information, please do not hesitate to contact the Research Ethics Office at
SCHN-ethics@health.nsw.gov.au or on (02) 9845 1253.
Yours sincerely,

Dr Peter Cooper
Chair, Sydney Children’s Hospitals Network Human Research Ethics Committee
Sydney Children’s Hospitals Network Human Research Ethics Committee

J:\PROJECT FILES - Ethics & Governance\Ethics\LNR\2013\LNR-13-SCHN-222\6. Corrospondence Out\2016-05-15 - Exec
Committee 04.05.2016 - Amendment Approval.docx
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APPENDIX C – Child Participant Information Sheet

CHILD/YOUNG PERSON INFORMATION SHEET
Powered wheelchair standing devices – Impact on quality of life,
participation and clinical course of Duchenne Muscular
Dystrophy - A pilot study in NSW

Corner Hawkesbury Road
and Hainsworth Street
Locked Bag 4001
Westmead NSW 2145
Sydney Australia
DX 8213 Parramatta
Tel +61 2 9845 0000
Fax +61 2 9845 3489
www.chw.edu.au
ABN 53 188 579 090

This is an information sheet that has been put together to help you decide if you would like to take
part in our research study about the impact of powered stander wheelchairs on everyday life for
boys with Duchenne Muscular Dystrophy.
Who is doing the study?
Ms Helena Young - Occupational Therapist who works at The Children’s Hospital at Westmead in the
Neuromuscular Clinic. Phone 02 9845 3369
Dr Paula Bray - Research Occupational Therapist, Institute for Neuroscience and Muscle Research, The
Children’s Hospital at Westmead. Phone 02 9845 3004
Associate Professor Joshua Burns, Head of Clinical Research Team, Institute for Neuroscience and Muscle
Research, The Children’s Hospital at Westmead. Phone 02 9845 1228

What is the study about?
We are trying to find out more about how a power stander wheelchair impacts on the things you do
every day. Finding out these things will help us to learn more about who will benefit most from
having this wheelchair and how important it is for daily life. If you agree to be part of the study
occupational therapist (OT) and physiotherapist researchers will see you every 3 months at an
appointment at the hospital or at your home, to talk to you about your everyday life and also to
measure your joints and muscles and lung function. The OT interviews will take about 1 hour and
the physiotherapy measures about 30 minutes. We will also look at your medical history during the
study to see if there is any relationship linking your health to the power stander wheelchair.
Do I have to take part in the research?
No you don’t. If you say no, that is ok. It is up to you.
Even if you take part at the beginning and change your mind later on and don’t want to be a part of
the study, that is okay as well. All you need to do is tell Helena or your parents that you don’t want
to take part anymore. You also don’t need to answer any question that you don’t want to as well,
that is okay too.
Will anyone know that I am taking part or hear about what I tell you?
No, no-one will know what information you gave to the researchers. You can tell them whatever
you want and no-one will know that it came from you.
Is there anything that might make me upset if I take part in the research?

Version 1 June 2013
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Nothing in this study will hurt you. If anything you talk about or anything happens during the
research that does make you upset you can stop the research. Your parents/carers will be told and
you will be given the names of people you can talk to about what is making you upset, if that is
what you want to do. Helena can help you do that.
What will happen to the information I tell you?
The information you tell us will only be used by Helena and the other researchers listed at the top
of this sheet to help us understand more about how the power wheelchair affects everyday life for
children with muscle conditions. No-one else will be allowed to use this information. The
information could be used with information from other young people in reports or papers about the
research. You will not be able to be identified in these reports or papers.
All information about you will be stored safely and kept private – in a locked filing cabinet in Helena
Young’s office, or in a password-protected computer. The information you tell us will be stored for
a period of 5 years and then it will be shredded.
If you have any questions about the research project or you want to talk about it, please contact us
at the numbers listed at the top of this sheet.

This project has been approved by the Sydney Children’s Hospitals Network Human
Research Ethics Committee. If you have any worries or questions about the study, please
call the Research Ethics Manager, (02 9845 3017), who is the Secretary of the Ethics
Committee and quote approval number LNR/13/SCHN/222.

This information sheet is for you to keep. We will also give you a copy of the signed consent form.
When we have finished the study, your family will be given a summary of what we have learnt from the study.

Version 1 June 2013
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APPENDIX D – Parent Information Sheet

PARENT INFORMATION SHEET
Powered wheelchair standing devices – Impact on quality of life,
participation and clinical course of Duchenne Muscular
Dystrophy - A pilot study in NSW

Corner Hawkesbury Road
and Hainsworth Street
Locked Bag 4001
Westmead NSW 2145
Sydney Australia
DX 8213 Parramatta
Tel +61 2 9845 0000
Fax +61 2 9845 3489
www.chw.edu.au
ABN 53 188 579 090

Investigators:
Ms Helena Young, Occupational Therapy Department, The Children’s
Hospital at Westmead. Phone 02 9845 3369
Dr Paula Bray, Research Occupational Therapist, Institute for Neuroscience and Muscle Research, The
Children’s Hospital at Westmead. Phone 02 9845 3004
Associate Professor Joshua Burns, Head of Clinical Research Team, Institute for Neuroscience and Muscle
Research, The Children’s Hospital at Westmead. Phone 02 9845 1228

We would like you to consider participating in a research study that will be conducted in
conjunction with the Institute of Neuromuscular Research at The Children’s Hospital at Westmead.
What is the study about?
This study will look at the impact of powered wheelchair standing devices on the quality of life and
participation in everyday life of children with Duchenne Muscular Dystrophy. The research will take
place over a 2-year period. It will involve questionnaires and physiotherapy measures at different
time points prior to supply of a powered wheelchair standing device to your child, and at 3 months,
6 months, 12 months and finally at 24 months following supply. This research involves
questionnaires and measurement tools (to be completed by you and your child) with the
occupational therapist. It also involves physiotherapist measures of musculoskeletal changes,
respiratory function and pain. We also seek your permission to conduct a chart review of your
child’s medical record – this information will help us to gain a clear picture of the impact of the
powered wheelchair standing device on your child’s health and quality of life.
Who can participate in the study?
Boys aged between 7 years and 18 years who have Duchenne Muscular Dystrophy and have no
profound learning difficulties that would make it difficult for them to understand and complete the
questionnaires.
What will the study involve?
An occupational therapist will ask you to complete 4 interview-type questionnaires about your son’s
quality of life, participation in everyday life tasks and use of the powered wheelchair standing
device. Your child will be included in 3 of the interview-type questionnaires with you, and one of
the questionnaires has separate items for parent and child. The interviews will be conducted
before supply of the powered wheelchair standing device, and then after supply at 3 months, 6
months, 12 months and 24 months. Your child will also regularly have physiotherapy measures at
the intervals described above. Chart review of medical history and information over the time of the
study period will help the investigators to understand any relationship between the course of your
child’s health and medical condition and the impact of the powered wheelchair standing device.

Page 1 of 2
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Are there any benefits for my child participating in the study?
There are no known clinical benefits for your child in participating in this study. We hope that the
results from this study will help us to understand more about the impact of the powered wheelchair
standing device on the quality of life and participation in everyday life of children with Duchenne
Muscular Dystrophy so that we can improve our care for children with this condition. We hope this
research will inform therapists, parents and funding bodies about how to evaluate this equipment
intervention.
Are there any risks associated with this study?
There are no anticipated risks associated with this study. The physiotherapy measures and
occupational therapy questionnaires and measures are similar to the clinic visit assessment
measures that are routinely done during your child’s Neuromuscular Clinic appointment. If there is
any problem for your child in being part of the study, please contact us immediately and we can
discuss the situation and decide whether to continue your child’s involvement in the study.
Other information
Confidentiality and anonymity will be preserved in this study. All information about your child will
be stored safely and kept private. Any information with identifying information will be kept in a
locked filing cabinet in Helena Young’s office. Your child will be assigned an identification number
for all records pertaining to the study. Information will be transferred to a computer that is
password protected and only accessible by the investigators. Please understand that while your
co-operation would be sincerely appreciated, you are under no obligation to participate in the
study. Also if you do agree to take part you may later leave the study at any time, this will not
otherwise affect the care that your child receives at the hospital.
If you have any questions about the conduct of this study, please do not hesitate to discuss them with the
investigators listed at the top of this information sheet.

This project has been approved by the Sydney Children’s Hospitals Network Human
Research Ethics Committee. If you have any concerns about the conduct of this study,
please do not hesitate to contact the Secretary of the Ethics Committee (02 9845 3017) and
quote approval number LNR/13/CHW/222.
This Information Sheet is for you to keep. We will also give you a copy of the signed consent form. At the
end of the study and when analyses of results are completed, we will provide you with a summary of the
outcomes of the study.
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APPENDIX E – Child Consent Form

PARTICIPANT CONSENT FORM
Powered wheelchair standing devices – Impact on quality of life,
participation and the clinical course of Duchenne Muscular
Dystrophy – A pilot study in NSW

Corner Hawkesbury Road
and Hainsworth Street
Locked Bag 4001
Westmead NSW 2145
Sydney Australia
DX 8213 Parramatta
Tel +61 2 9845 0000
Fax +61 2 9845 3489
www.chw.edu.au
ABN 53 188 579 090

Investigators:
Ms Helena Young, Occupational Therapy Department, The Children’s Hospital at Westmead. Phone 02
9845 3369
Dr Paula Bray, Research Occupational Therapist, Institute for Neuroscience and Muscle Research, The
Children’s Hospital at Westmead. Phone 02 9845 3004
Associate Professor Joshua Burns, Head of Clinical Research Team, Institute for Neuroscience and Muscle
Research, The Children’s Hospital at Westmead. Phone 02 9845 1228

I have read and understand the Information Sheet and give my consent to participate in this
research study, which has been explained to me by Helena Young.
__________________________________________________________________________
I give my consent for the investigators to conduct a Chart Review of my medical record to extract
information to assist the research study.
I understand that I am free to withdraw from the study at any time and this decision will not
otherwise affect my treatment at the Hospital.

NAME: _________________________________________________________ (Please print)

SIGNATURE: ____________________________ ________________________Date: _______

NAME OF WITNESS: ______________________________________________ (Please print)

SIGNATURE OF WITNESS: ________________________________________ Date: _______

NAME OF INTERPRETER: _________________________________________ (Please print)

SIGNATURE OF INTERPRETER: ____________________________________ Date: _______
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APPENDIX F – Parent Consent Form

CONSENT FORM
Powered wheelchair standing devices – Impact on quality of life,
participation and the clinical course of Duchenne Muscular
Dystrophy - A pilot study in NSW

Corner Hawkesbury Road
and Hainsworth Street
Locked Bag 4001
Westmead NSW 2145
Sydney Australia
DX 8213 Parramatta
Tel +61 2 9845 0000
Fax +61 2 9845 3489
www.chw.edu.au
ABN 53 188 579 090

Investigators:
Ms Helena Young, Occupational Therapy Department, The Children’s Hospital at Westmead. Phone 02
9845 3369
Dr Paula Bray, Research Occupational Therapist, Institute for Neuroscience and Muscle Research, The
Children’s Hospital at Westmead. Phone 02 9845 3004
Associate Professor Joshua Burns, Head of Clinical Research Team, Institute for Neuroscience and Muscle
Research, The Children’s Hospital at Westmead. Phone 02 9845 1228

I have read and understand the Information Sheet and give my consent for my child to participate
in this research study, which has been explained to me by Helena Young.
__________________________________________________________________________
I give my consent for the investigators to conduct a Chart Review of my child’s medical record to
extract information to assist the research study.
I understand that I am free to withdraw from the study at any time and this decision will not
otherwise affect my child’s treatment at the Hospital.

NAME OF CHILD: _________________________________________________ (Please print)

NAME OF PARENT OR GUARDIAN: __________________________________ (Please print)

SIGNATURE OF PARENT OR GUARDIAN: ____________________________ Date: _______

NAME OF WITNESS: ______________________________________________ (Please print)

SIGNATURE OF WITNESS: ________________________________________ Date: _______

NAME OF INTERPRETER: _________________________________________ (Please print)

SIGNATURE OF INTERPRETER: ____________________________________ Date: _______
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