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Abstract

Cerebral palsy (CP) is a non-progressive disorder caused by trauma to or malformation of
the developing brain which leads to limitations in motor planning, posture, perception, and
sensation. Due to the pediatric onset of CP, much of the current research focuses on childhood
outcomes even though 90% of children with CP age into adulthood with life expectancies similar
to that of the general population. It is well established that adults with CP experience several
barriers to lifelong participation in physical activity (PA) and many of these barriers are related
to physical limitations. An understanding of the factors that keep adults with CP from remaining
physically active throughout the course of their lives is still largely unknown. The purpose of this
dissertation is to obtain a better understanding of these factors and how they may affect the
lifelong participation in PA among adults with CP.

The first study examined how attitudes and experiences with lifelong PA opportunities
affected adult PA trajectory. Participants (n= 68) were categorized according to age (young,
middle, or older adults). A new survey was created and validated that asked adults with CP to
recall their experiences with PA at different developmental stages of life. Additionally, they were
asked to reflect on how those experiences affected their current levels of physical activity.
Participants also engaged in a semi-structured recall interview that focused on type and intensity
of activity completed over three days. All surveys and interviews were conducted via
teleconferencing software. Regardless of age, adults with CP had relatively positive attitudes
towards past experiences with PA. However, positive attitudes towards PA were negatively

correlated with time spent in moderate activities of daily living. These findings suggest that the

Xi



PA opportunities offered to individuals with CP are sufficient to create positive associations with
PA but may require additional effort to impact PA trajectory.

The second study examined the factors that may facilitate ongoing participation in PA.
Surveys of pain, quality of life, self-perception and independence were administered
concurrently with the survey and interview conducted in study one. The current level of activity
that was determined using the semi-structured interviews was used again in this study. Factor
domain contributions of self-perception and pain were strongly associated with activities of high
perceived exertion, whether it was required tasks of daily living or self-selected leisure activities.
Self-perception of athletic ability, pain severity, affective distress, and pain associated with
general activities were significant predictors of time spent in leisure activities.

The final study addressed the need to enhance the healthcare reach for adults with CP.
This study tested the feasibility of assessing physical function, encompassing mobility,
functional leg strength, balance, sensory integration, and gait speed, using a telehealth approach.
From the original sample, twenty participants were randomly selected to take part in this study.
Most participants were able to complete the assessments, demonstrating the feasibility of using a
telehealth model to monitor physical function in adults with CP.

Collectively, these findings illustrate the importance of continuous monitoring of adults
with CP to maintain function. Adults with CP have positive attitudes towards lifetime PA but are
still less active than the general population. Functional maintenance through telehealth-based
assessments may facilitate increased physical and psychological well-being while indirectly

increasing lifetime participation in PA.

xii



Chapter 1 Background

1.1 Physical Activity and Health

The body of evidence supporting the positive associations between physical activity (PA;
defined as: “any body movement that is produced by the contraction of skeletal muscles and that
increases energy expenditure” (Chodzko-Zajko et al., 2009)) and health has been growing
exponentially over the last century (Vanhees et al., 2005). Regular participation in PA has been
shown to decrease the risk of premature mortality and mitigates the onset and/or effect of
cardiovascular disease, hypertension, stroke (Chodzko-Zajko et al., 2009), osteoporosis, Type Il
diabetes, obesity, cancer, depression (Gremeaux et al., 2012), functional decline, and cognitive
function (Lee et al., 2012) while increasing one’s emotional and social well-being (Bloemen et
al., 2015). Additionally, regular participation in PA has also demonstrated protective effects on
the body, including but not limited to reduction in systematic inflammation, reduction body fat
mass, and improved muscle mass and strength (Gremeaux et al., 2012; Vanhees et al., 2005). As
a result of the work done in this area, and in an effort to increase public awareness, the Center for
Disease Control (CDC) and the American College of Sport Medicine (ACSM) released
recommendations in 1995 for U.S. adults to “accumulate 30 minutes or more of moderate PA on
most, preferably all, days of the week™ (Chodzko-Zajko et al., 2009). While the guidelines have
been updated in recent years to include specific recommendations for cardiovascular, resistance,
balance, and flexibility training, the overall goal of improving health through PA remains the

same.



Despite the growing evidence in support of continued PA throughout the lifespan, many
Americans fail to meet the minimum PA guidelines and as a result, the United States of America
has some of the highest prevalence of obesity, secondary health conditions, and premature
mortality within developed countries (Lee et al., 2012; Olshansky et al., 2005; Rimmer et al.,
2001). While PA and lifestyle patterns are often discussed for adults, research related to
childhood PA has shown that many adult patterns of inactivity are developed in childhood that,
in turn, can either positively or negatively impact adult PA trajectories later in life (Robinson et
al., 2015). PA trajectory is defined as the level and change in PA over age and time (Nagata et

al., 2021).

1.2 Theories of Child Development

The role of childhood PA and its impact on PA trajectory is a widely researched topic in
the field of motor development. In the early years of child development, pioneering investigators
including Piaget, Geselle, and McGraw speculated that motor development was “hard-wired”
within every child and that the acquisition of new skills were “prescriptive”; occurring only after
the preceding skill has been mastered (Thelen et al., 1991). For example, children must have
head control before sitting, sitting before standing, standing with support before walking, etc.

Work in child development has moved away from a hierarchal model of skill acquisition
to one that is more dynamic. Esther Thelen is one of the most recognized researchers in motor
development whose work used Dynamic Systems Theory (DST) as a theoretical framework.
Known more widely in mathematics and physics as “chaos theory”, this theory states that
organisms are viewed as complex, thermodynamic, multi-component systems that spontaneously
self-organize into meaningful behaviors or patterns assembled in response to environmental

demands. DST supports the notion that the process of motor development is both context-



specific (assembled from component systems that are free to re-assemble in functional ways in
different contexts) and non-linear, and only through exploration and practice can an organism
settle into patterns of behavior that are functional to their needs (Teulier et al., 2015; Thelen et
al., 1991). DST and the work done by Thelen, Ulrich, and others supports the idea that early
opportunities to explore through tactile stimulation of the surrounding environment leads to
greater gains in motor development over time (Johnson, 2010; Teulier et al., 2015; Ulrich, 2010).
The previously mentioned aspects of DST work harmoniously with the model of
Perceived Motor Competency (PMC) proposed by David Stodden and colleagues in 2008. While
DST discusses the importance of early opportunities to move, Stodden’s model presses the
importance of “learning to move” as a necessary skill underlying lifelong participation in PA.
Early childhood consists of learning fundamental motor skills (FMS) that form the foundation
for future physical activity (Haywood & Getchell, n.d.; Stodden et al., 2008). Stodden and
colleagues propose that the individual level of competency (high or low) in these motor skills
can either encourage or discourage PA levels. Furthermore, the development of motor
competency is vital in understanding why individuals choose to be physically active or not
(Robinson et al., 2015; Stodden et al., 2014). By combining the fundamental components of DST
and PMC, it can be safely assumed that a child who is given more opportunities to move and
explore in infancy will have greater gains in motor development than a child who was not
afforded the same opportunities. Given these early opportunities to move, the child moves more
often and perceives themselves as a competent mover. With high levels of PMC, the child enjoys
and engages more in PA early and more often. Developing a child’s desire to move and
increasing their enjoyment in moving can assist in establishing positive PA patterns early in life

that are likely to carry-on into adulthood. While this is a relatively safe assumption for



individuals with typical development, individuals with developmental disabilities, like cerebral
palsy, face greater challenges when it comes to positive and ongoing opportunities to be

physically active throughout the course of their lives.

1.3 Overview of Cerebral Palsy

Cerebral palsy (CP) is the most common pediatric onset physical disability with a U.S.
prevalence of 2-3 out of 1,000 live births (Paneth et al., 2006). CP is a non-progressive disorder
caused by trauma to or malformation of the developing brain (Ross et al., 2016) which leads to
limitations in motor planning (Verschuren et al., 2018), posture (Mezaal et al., 2009), perception
and sensation (Haak et al., 2009); including movement related somatosensory feedback (Auld et
al., 2012; Goble et al., 2009; Langan et al., 2014). Even with advances in medicine to prevent
malformation in utero (i.e., magnesium sulfate for preeclampsia, corticosteroids for
inflammation, and early detection and vigorous treatment of infection) (Rogers & Wong, 2018;
Usuba et al., 2014) the prevalence of children born with CP has remained stable since the 1970’s
(Strauss et al., 2007). This is likely due to the risk of CP associated with pre-term, very pre-term,
and low birth weight infants that now have improved survival, albeit with disability (Reddihough
& Collins, 2003).

CP is classified by the neuroanatomical location of the damage (i.e. basal ganglia,
cerebellum, or motor cortex) resulting in neurologic dysfunction (i.e. spastic, hypotonic,
athetoid, dystonic, or a combination) and extremity involvement (i.e. monoplegia, diplegia,
hemiplegia, quadriplegia, etc.) (Graham et al., 2016; Turk & Fortuna, 2019; Zaffuto-Sforza,
2005). Additionally, a classification system based on disability and functional limitations was
created by Palisano and colleagues in 1997 known as the Gross Motor Function Classification

System (GMFCS). This classification system allows for comparison and generalizability among



this highly heterogenous population. The GMFCS classifies individuals on a scale of 1-V, with a
GMEFCS score of “I”” indicating the highest level of gross motor function and independence and
“V” indicating no independent mobility (Jahnsen et al., 2007; Palisano et al., 1997; Rosenbaum
et al., 2003). While CP is a non-progressive disorder in terms of brain damage severity, gross
motor function can decrease significantly with age especially in the absence of continued
participation in PA (Palisano et al., 2000). This is why it is important to understand the
interaction of multiple domains within a person’s life that may optimize or reduce their ability to
remain physically active throughout their life (Benner et al., 2019).

As previously mentioned, CP is a heterogenous disability which means that two
individuals with the same CP classifications can present with completely different motor patterns
and limitations. This problem is well addressed by the International Classification of
Functioning, Disability and Health (ICF) by the World Health Organization (WHQ) (Benner et
al., 2019; Frisch & Msall, 2013; Liptak, 2008). Figure 1 depicts the ICF framework which
examines the interaction between health condition, environment, and personal factors with body
function and structure, activities and participation (Frisch & Msall, 2013; Liptak, 2008). This
internationally accepted standard allows for universal language regarding the impact of disability
or disease on a person’s life (Benner et al., 2019) and is widely used in both research and clinical
settings (Liptak, 2008).

---- Figure 1----

1.4 Physical Activity for Children with Cerebral Palsy

Since CP is a pediatric onset disability, much of the work being done in CP and PA
participation focuses on childhood and adolescence (Cremer et al., 2017; Turk, 2009). Early

intervention is of the upmost importance when discussing PA for infants who are at risk (i.e. pre-



term, low birth weight, asphyxia at birth, postnatal meningitis, etc.) (Maitre et al., 2021) or those
with an early diagnosis of CP (Graham et al., 2019). As discussed earlier, opportunities for
children to move and explore their environment is vital to development, however, the importance
of beginning this practice in infancy was not previously mentioned. At this age, these movements
and explorations are generated spontaneously, which unlike reflexes, are not initiated by any
obvious external stimuli. These movements generally disappear by the age of one, but they play
an integral role in the development of mobility (Piek & Carman, 1994). Variations to these
general infant movements often depict underlying concerns within the developing nervous
system (Kanemaru et al., 2014; Kwong et al., 2018). There are no standardized clinical
guidelines for using motor impairment predictions for diagnosis of high risk infants (Marcroft et
al., 2015). And yet, the presence of writhing movements at 9-20 weeks post-term versus fidgety
yet elegant movements is often a powerful predictor of CP (Kanemaru et al., 2014). This is
important for early identification because definitive diagnosis and classification of CP stabilizes
after 2 years of age, with most diagnoses happening by 19 months. Withholding early
intervention until a medical diagnosis has been given may result in missed opportunities to
implement interventions during a time of high infant neural plasticity in which to maximize
functional outcomes (Kwong et al., 2018). In addition to early intervention, most individuals
with CP will continue in therapy and habilitation for most of their childhood and adolescence.
Clinicians and researchers have switched their focus from “normalizing motor patterns”
in children with CP to interventions that help strengthen supporting systems that allow that child
to be more mobile, and ultimately, more independent (Rosenbaum & Gorter, 2012). For a given
individual there are a number of factors that can be intervened upon, but it is in the best interest

of the provider to target the areas that are most functional to the individual (Teulier et al., 2015).



For example, hippotherapy is commonly used to strengthen postural control (Dewar et al., 2015)
and general motor function (Park et al., 2014). Further examples of therapeutic interventions that
increase motor function include aquatic therapy (Lai et al., 2015) and task-oriented training
(Salem & Godwin, 2009). General mobility efficiency and gait speed can be increased using gait
and resistance training, and electrical stimulation (Moreau et al., 2016). While most therapeutic
interventions are conducted in a clinical setting with adult clinicians, children and adolescents
with CP can also benefit from structured physical education (PE) classes and other forms of PA
with their peers.

PE can be defined as instruction in physical and motor fitness, fundamental motor skills
and patterns, and skills in aquatics, dance, games and sports in either an integrated (general
education environment) or self-contained (including only students with disabilities) setting
(Haegele & Kirk, 2018). In recent years, educational research for individuals with disabilities has
switched focus from objective measures of physical prowess and game-play ability to subjective
attitudes towards PE and PA participation (Haegele & Kirk, 2018; Haegele & Sutherland, 2015;
Haegele & Zhu, 2017; Lauruschkus et al., 2015; Leo et al., 2018; Li & Chen, 2012; Nyquist et
al., 2019; Sienko, 2019).

Lauruschkus et al (2015) reported that students with disabilities enjoyed the sensation of
speed that came with activities like running, swimming, dancing, biking, or playing active video
games. Students also expressed that they enjoyed “getting tired the fun way”, participating in
activities that were engaging to them and allowed them to be competitive or show off to their
peers. Lee et al (2018) reported positive affective attitudes towards PA in individuals with
disabilities; however, boys generally reported more positive affective attitudes than girls. The

thematic analysis of in-depth interviews conducted by Nyquist et al (2019) revealed five main



themes in regard to participants subjective experiences with PE and PA. These children enjoyed
1.) the ability to self-select their own activities as opposed to withdrawing from an activity that
they are unable to perform; 2.) the feeling of belonging and feeling equal to others; 3.) the sense
of joy and fulfillment that came with participating in self-selected activities; 4.) being free from
the worries of their disabilities and of not “being good enough™; 5.) finding novel “cool
activities” that can be done at home with friends.

Even with a growing compilation of traditional and alternative interventions aimed to
meet the motor development needs of children with CP, supplemented by the positive attitudes
towards PE classes and other PA opportunities, these children are still less active than their
same-aged peers without CP (Shields et al., 2012; Shields & Synnot, 2016; Sienko, 2019). The
reasons for low levels of PA participation in children with CP are complex (Shields et al., 2012).
The youth in this population have less variety in their recreation and leisure participation and as a
result, they spend more time in slower-tempo skilled based activities and sports, or in sedentary
recreational activities (Sienko, 2019). Research in this area has shown that children with CP
experience a number of barriers to continued PA with the most notable being pain and fatigue
(Vogtle et al., 2014).

In children with cerebral palsy, the prevalence of pain ranges from 14 to 76% and is more
common in those who are non-ambulatory (79%) (Jersak & Noritz, 2021). The musculoskeletal
limitations in CP suggest that pain is the result of the movement disorder itself (\Vogtle, 2009),
however, pain can occur acutely, recurrently, or chronically (Turk, 2009), and for this reason the
true etiology of pain in CP is unclear (Peterson et al., 2021). Fatigue, or the feeling of exhaustion
or lacking energy (Opheim et al., 2009), of all types (i.e., mental, physical, etc.) is more

prevalent in CP than the general population (Jahnsen, et al., 2007) and is often linked with pain



in a perpetual loop. Fatigue incites pain, but pain subsides with PA which is difficult when
fatigued (Turk, 2009). This relationship is not well understood (Vogtle, 2009), but the two play a
role in the overall deterioration of functional mobility over time (Opheim et al., 2009). Other
barriers of continued physical activity for children with CP can be physical (i.e., GMFCS level,
low motor skill, etc.)(Bloemen et al., 2015), psychological (i.e., awareness of individual
differences, embarrassment, fear, etc.)(Shields & Synnot, 2016) or societal (i.e., lack of
professional assistance, lack of adapted equipment, negative societal attitudes, etc.)(Sienko,

2019) and vary by individual (Bloemen et al., 2015; Shields & Synnot, 2016).

1.5 Aging with Cerebral Palsy

While CP is often referred to as a disorder involving only children, 90% of children with
CP will age into adulthood (Zaffuto-Sforza, 2005). As a result, there is an increase in the
importance of understanding the life course changes associated with CP, including
musculoskeletal, cardiorespiratory, and mental health, and the onset of comorbidities (Yi et al.,
2019). Moll & Cott (2013) stressed the importance of a life course perspective especially as it
relates to preparing individuals with CP to manage their bodies and move in ways that are
effective and efficient for participation. In one of the earliest papers examining changes
associated with aging with CP, Zaffuto-Sforza (2005) reported on these changes with an
emphasis on lifetime care and general aging effects on major bodily systems (i.e., respiratory,
endocrine, etc.), while further discussing the medical and social issues unique to adults with CP.
Mudge et al (2016) conducted interviews with adults with CP to understand their experiences of
aging with CP, primarily their experiences with health services. Furthermore, the ongoing
interactions with health care providers to manage these changes have the potential to positively

or negatively impact the individual’s experience with healthcare.



The literature regarding the risk of chronic disease and multimorbidity among adults with
CP is continuing to grow. Whitney et al (2018a) used an electronic cohort query tool to examine
the medical records of hospital patients with CP between the ages of 18 and 30. Of interest was
the diagnosis of or family history of musculoskeletal (i.e., osteopenia, osteoporosis,
osteoarthritis, etc.), cardiometabolic (i.e., stroke, hypertension, type 2 diabetes, etc.), or
pulmonary morbidity (i.e., asthma, pulmonary embolism, etc.). Their findings demonstrate that
adults with CP have a higher prevalence of noncommunicable diseases and multimorbidity than
the general population. The odds of disease onset increased with very low weight, obesity, and
higher levels of motor limitation. These results are similar to others who have used large
electronic databases to access medical records and have found a higher prevalence of
musculoskeletal and cardiometabolic morbidity among adults with CP (Peterson et al., 2021). In
further agreement, Cremer et al (2017) determined that middle-aged adults with CP have a high
prevalence of multimorbidity which further increase with higher gross motor classifications (i.e.,
those who require additional assistance for mobility). Usuba et al (2014) conducted an 8-year
longitudinal look at changes in gross motor function by age. Despite the emphasis on habilitation
during the transition years from school to community, findings suggested that the biggest change
in gross motor function was seen in the late 20°s and 30’s. This is consistent with work that notes
changes in functional mobility as young as 35 years (Jahnsen et al., 2004) and demonstrates the
array of challenges faced by adults aging with CP.

Several factors lead to the deterioration of motor function in adults with CP, including
musculoskeletal structure and morbidity. A review done by Verschuren et al (2018) describes the
differences in muscle size and composition of individuals with CP compared to those without

CP. They reported that muscle cross-sectional area and accompanying force production is
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substantially smaller in those with CP (Graham et al., 2016). Furthermore, the mobility
limitations associated with the accelerated musculoskeletal aging seen in CP was comparable to
the mobility limitations that result from sarcopenia (i.e., age-related loss of muscle mass and
strength) experienced by older adults without CP, suggesting that the fluctuation in
musculoskeletal health among individuals with CP is a lifelong concern not one limited to
adulthood. Whitney et al (2018b) examined the age-related changes in musculoskeletal morbidity
in adults with CP. With a sample of over 1000 participants aged 18 years and older, it was
determined that adults with CP are at high risk for musculoskeletal multimorbidity regardless of
age. These findings were recently confirmed by Thorpe et al (2021) that adults with CP have
higher rates of musculoskeletal morbidity than older adults without CP. These authors have also
found that adults with CP typically experience varying degrees of osteoarthritis. Finally, in one
of the largest cohort studies with a sample of 1,705 participants with CP, O’Connell et al (2019)
determined that adults with CP have higher incidence of osteoporosis and osteoarthritis
compared to adults without CP. The evidence supporting the prevalence of musculoskeletal
morbidity among this population continues to grow, but this is not the only area of concern for
adults aging with CP.

Cardiometabolic morbidity among adults with CP boasts additional concern. Peterson et
al (2020) found that adults with CP had a higher incidence of all cardiometabolic morbidities as
compared to adults without CP. They further determined that these diseases were occurring
earlier in life for adults with CP compared to the age-matched control group. Eighty percent of
the sample younger than 65 years of age and approximately 40% between the ages of 18 and 44.
Earlier work by Peterson et al (2019) also showed a higher incidence of cardiometabolic disease

among adults with CP and observed that disease-free survival significantly shortens with an
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increase in age. It was further demonstrated that the highest rates of cardiometabolic morbidity
observed were hypercholesterolemia and hypertension, and these rates were similar to that of the
general population. Ryan et al (2014) explored the relationship between physical activity,
sedentary behavior, and the risk of cardiometabolic disease among adults with CP. They
determined that moderate PA was negatively associated with the number of cardiometabolic risk
factors, suggesting that adults with CP were at an increased risk of developing chronic disease
due to reduced levels of PA participation. Similarly, Whitney et al (2020) also concluded that
middle-aged adults with functional disabilities had a higher prevalence of cardiometabolic
morbidity that was more pronounced in those with more physical limitations. While it was
determined that this sample had increased prevalence of depressive symptoms and sleep
disorders, these secondary issues were independent of the increased cardiometabolic risk factors.
A common conclusion from the cardiometabolic morbidity literature is the importance of early
and continued monitoring of disease risk for adults with CP as these issues tend to arise earlier
than the general population (Peterson et al., 2019; Ryan et al., 2014; Whitney et al., 2020).
Monitoring adults with CP for disease risk should extend beyond musculoskeletal and
cardiometabolic concerns to include screenings for psychological risk factors as well due to the
high prevalence among this group. In a large retrospective cohort study of 15,000 participants
using a national database of private insurance claims, Peterson et al (2021) determined that
adults with CP (and spina bifida) had a higher incidence of all psychological morbidities (i.e.,
insomnia, anxiety, post-traumatic stress disorder, dementia, etc.) than adults without disability.
Previous work completed by Smith et al (2019) and Whitney et al (2019) reported that
depression and anxiety have higher levels of prevalence and incidence among adults with CP

compared to the general population. Fortuna et al (2018) also determined that there is a high
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prevalence of anxiety and depression among their cohort of 229 adults with CP. Mental health in
adults with CP is an area of increased awareness and warrants continued monitoring for a better
understanding of how issues in this area may prevent participation in PA. The overall research on
aging with CP has increased over the last 15 years, but much remains to be learned about

promoting healthy aging for this group using physical activity (Thorpe, 2009).

1.6 Physical Activity for Adults with Cerebral Palsy

It is important to mention again that adults with CP have a normal life expectancy,
however, they are overall less active than their same-aged peers without disabilities (Heller et al.,
2002; Rimmer et al., 2001; Thorpe, 2009; Turk, 2009; Zaffuto-Sforza, 2005). This is due in large
part to the smaller variety of activities designed/adapted for this population as well as the slower
tempo at which these activities are performed (Cremer et al., 2017). Additionally, increased rates
of sedentary lifestyles lead to increased body fat composition (Thorpe, 2009; Whitney et al.,
2018) and decreased lean muscle mass (Ross et al., 2016; Verschuren et al., 2018). This
cascading effect of inactivity can lead to declines in mobility, functional status, musculoskeletal
changes, and the occurrence of comorbidities such as hypertension and diabetes (Roebroeck et
al., 2009; Thorpe, 2009; Turk, 2009).

To combat the negative relationship between physical inactivity and health, Piercy et al
(2018) describe the physical activity guidelines for Americans that were established in 2008. It
was suggested that adults engage in at least 150 minutes of moderate intensity aerobic activity a
week as well as two days of muscle strengthening activities. These guidelines were updated in
2018 to include adults with chronic conditions and disabilities. The new suggestions include at
least 150-300 minutes a week of moderate intensity activity or 75-100 minutes of heavy intensity

activities a week, or a combination of the two. Additionally, muscle strengthening activities
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within the moderate-to-heavy intensity for large muscle groups should be done two or more days
a week. For those unable to meet these guidelines, it is suggested that they engage in regular PA
participation at their level of ability and avoid long bouts of inactivity. Despite established PA
guidelines for adults with CP (Verschuren et al., 2016), they remain less physically active than
the general population (Ryan et al., 2014; Sienko, 2019).

Adults with CP have expressed their desire to remain physically active as they age (Moll
& Cott, 2013; Mudge et al., 2016), and yet similarly to children with CP, they face barriers that
can be difficult to overcome. One of the largest barriers for adults with CP is access. Access
refers not only to the built environment (buildings, ground around buildings, layout of
communities, transportation infrastructure, and parks and trails) (Sallis et al., 2012), but societal
attitudes towards disabilities, knowledge of needs for people with disabilities (Heller et al.,
2002), and continued healthcare maintenance (Hurvitz et al., 2021; Smith et al., 2021).

Rimmer et al. (2004) conducted focus groups involving individuals with disabilities and
professionals from across the U.S. to determine barriers and facilitators to participation in PA. In
terms of access to the built environment, individuals with CP and healthcare professionals
reported that PA is inherently inaccessible for individuals with disabilities. The lack of
accessibility is due to a multitude of reasons including inefficient curb cuts on sidewalks leading
to the street, inaccessible sidewalk routes for wheelchairs or other assistive devices, lack of
elevators, and lack of space between equipment to allow for wheelchairs. Barriers related to
societal attitudes towards disability included feeling self-conscious for the attention being drawn
toward disability, and concerns regarding the need and request for assistance. Rimmer et al.
(2004) also discussed “knowledge of needs” as a barrier to participation, and this can be in

reference to lack of knowledge of the individual with disabilities themselves or the lack of
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knowledge from fitness and recreational professionals. The largest barriers were seen in lack of
adaptive and/or accessible equipment and lack of professional knowledge, education, and
training regarding working with individuals with disabilities. PA limitations do to access are still
ongoing and have been illustrated again recently (Aviram et al., 2021; Sienko, 2019; Wright et
al., 2019). Most of these barriers could be eliminated with additional training by professionals in
the field, but some participation limitations are due primarily to the brain damage suffered in
infancy.

When considering the concerns related to access to healthcare, Hurvitz et al (2021)
discuss a number of ongoing challenges faced by adults with CP. The first factor is a lack of
providers who work with the adult population of CP. Adults with CP require complex care that
often requires longer appointment times that are difficult to incorporate into schedules already at
capacity. Furthermore, there is lack of training in medical school as it pertains to individuals with
disabilities. Given that adults with CP represent a specialized clinical population there is little
published guidance on how to effectively manage their unique and varied needs. Preventative
care used within the general population differs substantially for those aging with CP. Common
preventative and monitoring methods such as body mass index, glomerular filtration rate, and
bone mineral density are impacted by physiological aspects of CP and may not allow for the
accurate interpretation of results. Finally, there is a lack of equitable access for individuals with
CP regarding healthcare needs and community factors that may influence the desire to seek out
supportive healthcare (i.e., the cost to travel, taking time off work, attaining support staff, etc.).
Increased access to healthcare monitoring and maintenance would provide more knowledge
about the process of aging with CP while also coordinating care leading to an increase in PA

participation and overall quality of life (QOL).
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Pain is the most researched and discussed secondary condition that acts as a barrier to
continued participation in PA for adults with CP (Roebroeck et al., 2009; Turk, 2009; Yi et al.,
2019). Secondary conditions are injuries, impairments, or functional limitations that occur as a
result of a primary condition like CP (Gajdosik & Cicirello, 2002). As discussed, the high
prevalence and epidemiology of pain in CP is not fully understood, but it can be associated with
contractures, orthopedic deformities, weakness, falls, or muscle spasticity (Gajdosik & Cicirello,
2002; Turk, 2009; Yi et al., 2019). Additionally, pain prevalence appears to be similar in
adolescence and adulthood which suggests that the presence of pain begins early in life and
continues to progress with age (Jersak & Noritz, 2021; van der Slot et al., 2021). Pain in adults
with CP is seen predominantly in the lower back, hip, and legs (Roebroeck et al., 2009; Turk,
2009; zaffuto-Sforza, 2005). Moreover, pain can be defined as either acute, recurrent, or chronic
(Gajdosik & Cicirello, 2002; Turk, 2009; Yi et al., 2019; Zaffuto-Sforza, 2005). While there is
lack of consensus about the definition of chronic pain, which can make comparison across
studies difficult (Roebroeck et al., 2009), it is reported most often with 75% of adults
experiencing some form of chronic pain throughout their lives (Yi et al., 2019).

Recently, Peterson et al (2021) differentiated pain subtypes in a sample of over 22,000
participants accessed through a nationwide insurance claims database. They discuss three pain
subtypes: nociceptive, neuropathic, and nociplastic pain. Nociceptive pain is pain due to direct
tissue damage and is commonly referred to as muscular pain in CP, often because of physical
deformities or physical exertion/overuse. Neuropathic pain is pain due to damage to the
somatosensory system of the body and peripheral neuropathy is one of the most common
examples of neuropathic pain. Finally, nociplastic pain is due to central sensitization, more

commonly known as centralized pain or central hyperalgesia, this pain sensation stems from the
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overamplification of pain processing in the central nervous system. Common examples of
nociplastic pain include fibromyalgia, chronic migraine, and irritable bowel syndrome. Peterson
and colleagues further determined that 60% of their sample experienced pain of any kind. The
results of these findings illustrate the importance of understanding the phenotype of individual
pain to provide appropriate treatment and care.

Despite the high prevalence and incidence of pain found amongst those with CP, it has
been shown that less than half of this population will seek out medical care to help manage their
pain (Liptak, 2008; Zaffuto-Sforza, 2005). PA has been shown to be one of the most common
and cost-effective relievers of pain (Schwartz et al., 1999; Turk, 2009). For adults with CP, the
literature surrounding aging continues to grow, but there are still large gaps in our understanding
of what keeps adults with CP active throughout their lifespan. Implementing a method of
longitudinal physical functioning surveillance and maintenance would be beneficial to track a

variety of individuals over an extended period.

1.7 Using Telehealth to Increase Access

Adults with CP could benefit from a method of healthcare delivery that increases
clinician reach and promotes monitoring of physical function from afar (Robinson et al., 2017).
Care for adults with CP utilizes a variety of specialized disciplines (Graham et al., 2019;
Kantarcigil et al., 2016). However, access to such specialized care can be difficult especially for
those living in rural areas or in lower income communities (Annaswamy et al., 2020). In
response to the recent COVID-19 pandemic, non-essential face-to-face care was suspended,
leaving many individuals with CP without services. To counter these issues, many providers

began using telehealth (Maitre et al., 2021).
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Telehealth is the delivery of health care to a patient from a distance using technology
(Dorsey et al., 2020). By delivering care remotely, individuals with disabilities like CP can easily
access the specialized care they require (Dorsey et al., 2020). For instance, Yeroushalmi et al
(2020) found that 31% of patients with multiple sclerosis do not have access to specialized care
and yet, after a review of literature they concluded that telehealth provides affordable access to
clinical care especially in terms of clinical examinations, longitudinal management and
telerehabilitation. The issues of patient location and distance to specialized care are vast and this
issue is not faced by adults with CP alone (Rimmer et al., 2013; Sutter et al., 2021; Yeroushalmi
et al., 2020). Twenty-five percent of individuals with amyotrophic lateral sclerosis (ALS) live
more than 100 miles from their nearest ALS clinic (Howard & Kaufman, 2018). Furthermore,
the cost to attend the appointment often exceeds the amount issued by insurance copay (Dorsey
et al., 2020). Work done by Dorsey et al. (2020) shows that a 30-minute doctor’s appointment for
an individual with Parkinson’s disease could take up to 4 hours between travel, parking,
mobility, and wait time. More than anything, telehealth could make care for patients and
caregivers more convenient (Kantarcigil et al., 2016).

By utilizing telehealth as a primary mode for delivering healthcare the overhead cost to
the providers is reduced by limiting staff and space requirements (Miller et al., 2006),
furthermore, telehealth all but eliminates the out-of-pocket cost for the patient in terms of travel
and the need for an aide (Howard & Kaufman, 2018). Telehealth delivery also decreases the risk
of falls and other accidents (Dorsey et al., 2020) while also decreasing a patient’s exposure to
other illnesses (i.e., Covid-19)(Annaswamy et al., 2020).

Providers and patients may be more comfortable using telehealth approaches if they

considered the process “new age” house calls. In the 1930’s, physician home-Visits accounted for
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40% of healthcare delivery, but as a society we have since moved away from that practice,
opting instead for more face-to-face care (Dorsey et al., 2020). Dorsey et al. (2020) suggests that
these small glimpses into the patients natural setting is a better insight into the individual’s true
function compared to a controlled clinic environment. Additionally, telehealth reduces power
asymmetry among the patient and provider. It increases comfort and convenience for the patient
while also increasing patient confidentially by eliminating societal preconceptions of disability.

While many are still wading through the nuances of telehealth others have implemented
telehealth delivery with promising outcomes. Kantarcigil et al. (2016) tested the reliability of an
asynchronous telehealth delivery of standardized clinical assessments to evaluate dysphagia in
children with CP. They found that the asynchronous evaluations had acceptable levels of
agreement with face-to-face evaluations and were an acceptable alternative for children with
inadequate access to expert swallowing care. Harper et al. (2021) evaluated the use of telehealth
as a screening tool for spasticity and compared it to direct patient assessments in a long-term care
facility. This study utilized a telepresenter, or someone on the patient’s end of the call that can
assist with the visit (i.e., give physical assistance, assist with communication in cases of
decreased cognition, ask clarifying questions, etc.). In this instance the telepresenters were nurses
working in the long-term care facility. After evaluation and agreement by two teleneurologists it
was determined that telehealth may be a useful and efficient method of identifying individuals
who would benefit from a referral for spasticity evaluation.

When working with infants from the neonatal intensive care unit surveillance of
neurodevelopmental risks is crucial. Early and accurate detection of developmental concerns
leads to diagnostic assessments. In the wake of Covid-19 restrictions, Maitre et al. (2021)

developed a telehealth neurodevelopmental surveillance program for infants at high risk. They
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discovered that the program provided standardized and timely care to the infants during “shelter
in place” orders. The authors believe that broadening telehealth applications will assist in
overcoming access barriers in the field of neurodevelopmental surveillance. Graham et al. (2019)
published a scoping review of the effects and processes of telehealth wheelchair and seating
assessment. Wheelchair assessment is generally complex, costly, and requires input from
numerous specialists. It was determined, however, that telewheelchair assessment may be a
feasible delivery format especially for follow-up after initial assessment and delivery of
wheelchair.

For individuals with disabilities, the rates of obesity are higher than those without
disabilities. To target this underrepresented population, Rimmer et al. (2013) designed a 9-month
remote, telephone-based weight management program for people with physical disabilities. They
determined that a telephone intervention supported by web-based remote coaching was an
effective strategy for weight maintenance or body weight reduction among individuals with
physical disabilities. As evident by these examples, telehealth has a promising role in healthcare
and participation, but like any new approach to services it has its limitations.

A large limitation of telehealth is that it is not generally covered or reimbursed by
insurance companies (Yeroushalmi et al., 2020). Furthermore, there are restrictions if the
provider is in a different state (Annaswamy et al., 2020), which is one of the most appealing
aspects of telehealth for those who live in areas with limited or no availability to doctors
(Howard & Kaufman, 2018). This limitation could be mitigated if the U.S. would implement a
national telehealth regulatory framework which would allow insurance companies and providers

to monitor patients across state lines (Annaswamy et al., 2020).
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Another roadblock of telehealth is infrastructure, that is broadband high speed internet
access to rural and low economic communities who would likely utilize telehealth most
frequently (Annaswamy et al., 2020; Sutter et al., 2021). While internet access has become less
of an issue over the last 20 years (Howard & Kaufman, 2018), access still plays role in the
disparities of healthcare access and pleads for infrastructure reform (Kantarcigil et al., 2016).
Along the lines of access comes interface and communication barriers with telehealth.
Annaswamy et al.(2020) note that issues such as lack of document magnification or poor screen
contrast can make a telehealth appointment more stress inducing for patients than traditional in=-
person visits. They further explain that the Americans with Disabilities Act does not address
internet accessibility, so a telehealth platform for those who are blind, deaf, or use augmented
assisted communication may not be as efficient as a traditional practice. Finally, for providers,
telehealth comes with an inherent risk of “liability for negligence”; this occurs when reasonable
care is not provided to the patient. This can come about by something as simple as
malfunctioning equipment or if the patient/caregiver does not know how to operate or monitor
equipment correctly (Miller et al., 2006). Understandably, this is a foremost barrier to the global

adoption of telehealth by practitioners.

1.8 Dissertation Statement of Purpose

An understanding of the factors that keep adults with CP from remaining physically
active throughout the course of their lives is still largely unknown. Therefore, the purpose of this
dissertation is to obtain a better understanding of the factors in one’s life that may affect their
lifelong participation in PA. The first two aims utilized remote questionnaires that have been
validated to use within this population. Additionally, semi-structured interviews were conducted

to determine the current level of PA engagement by the participants. The same participant
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sample was used for the first two studies. The final aim is a feasibility study to determine if
assessing physical function in adults with CP using a telehealth delivery is practical. This sample
was comprised of 20 participants randomly selected from the participants of the first two studies.

Presented earlier were the attitudes of children with CP towards their current
opportunities to be physically active. Of greater interest, however, is the association between life
course experiences with PA and adult PA behaviors. These experiences are not limited to PE, but
all forms of PA including therapy (physical or occupational), adapted physical activity, inclusive
and competitive sport, and community programs. The only work done in the adult CP population
is looking at attitudes towards adult healthcare (Mudge et al., 2016), health and self-efficacy
(Becker & Schaller, 1995), and living with and managing a disability (Nieuwenhuijsen et al.,
2009). Nothing explicitly asks adults with CP about their attitudes towards previous
opportunities to be active. Furthermore, it would be interesting to see if adults with CP can recall
PA opportunities with peers and how that may have motivated them to continue to be physically
active.

Of additional interest are factors within an individual’s life that may facilitate or hinder
their ongoing participation in PA. These factors are within the personal factor’s domain of the
ICF. Exploring the relationships between individual factors and their interactions on continued
participation in PA may provide clinicians with a prescriptive approach to services based on
current levels of PA of their individual patients. Factors that have been known to influence levels
of PA were used and include quality of life, self-perception, pain, and functional independence.

And finally, with an ever-growing population of adults aging with CP and a finite number
of physicians that work with them, it seems highly beneficial to establish a collection of

assessments that measure current levels of physical function in adults with CP using a telehealth
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model. This would allow physicians to monitor more patients over an extended period with
greater ease. Ultimately the goal of this dissertation is to better understand the lived experience

of PA participation across the lifespan of individuals aging with CP.

1.8.1 Specific Aims

Aim 1.1: Determine if attitudes towards experiences with lifelong PA differ with age.
Hypothesis: Attitude scores towards lifetime experiences in PA participation for older
adults with CP will be significantly lower than the attitude scores of the younger adults
with CP.

Aim 1.2: Determine if attitudes towards experiences with lifelong PA affect current levels of PA.
Hypothesis: Positive attitude scores will be related to more time spent in moderate and
heavy leisure time PA (LTPA). Negative attitude scores will be related to more time

spent in activities of daily living (ADL) versus LTPA, as well as mild intensities.

Aim 2.1: Identify the relationship between ICF domains and the current type and intensity of
activity chosen.
Hypothesis: Domains of pain will be associated with low intensities of self-selected
LTPA. High scores within the domains of QOL and self-perception will be associated
with higher intensities of self-selected LTPA. Functional independence will be associated
with high intensities of ADL and moderate-high intensities of self-selected LTPA.
Aim 2.2: Explore which ICF domains have the greatest influence on self-selected types of PA
and if that factor is affected by age.
Hypothesis: Domains of pain will be the leading factor affecting self-selected types of

LTPA. Independence scores will affect self-selected PA the least.
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Aim 3.1: Establish the feasibility of using telehealth to assess physical function remotely.
Hypothesis: Telehealth assessments will be feasible based on the proportion of

participants who complete the assessment and do so safety.
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1.9 Figure

Figure 1. The International Classification of Functioning, Disability, and Health Framework (World Health

Organization, 2001)
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Chapter 2 Attitudes and Perceptions Towards Lifetime Physical Activity and the Effect

on Current Levels of Physical Activity

2.1 Abstract

Introduction: Childhood is an important period to introduce new types of physical activity (PA)
as it is a time where both attitude development and skill development are high; both of which are
important for shaping adult PA behaviors. Children with cerebral palsy (CP) may experience
more negative opportunities with PA such as early, frequent, and intense therapy sessions, or
poorly conceptualized and implemented adapted physical education. While the benefit of
continued PA is comprehensive, how past experiences and attitudes with PA shape adult PA
behavior for individuals with CP is not well understood.

Methods: Adults with CP who were ambulatory, with or without assisted devices, completed the
Assessment of Attitudes Towards Lifetime Physical Activity (AATLPA). This newly created and
validated survey asks adults with CP to recall their experiences with PA in different
developmental stages of life and reflect on how that may affect their current levels of activity.
Participants further participated in a semi-structured interview known as the PARA-Sci which
recalls the type, intensity, and frequency of activity done in a three-day period of time.
Results: A total of 68 adults with CP participated in the study and were split into three age
groups; younger, middle, and older adults. When looking at attitudes towards lifetime PA
opportunities, there was no significant difference in attitude scores among the three age groups,

p=.26. Approximately three fourths of the population had between positive and very positive
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attitudes towards lifetime PA opportunities (72% >48). A correlation existed between the age of
the participant and their self-assessment of movement quality (r=-.32, p=.02). Finally,
Spearman’s rho correlations identified two negative relationships between AATLPA scores, and
time spent in moderate ADLs for young adults (r=-0.54, p=.01) and middle adults (r=-0.55,
p=.01).

Conclusions: Attitudes towards lifetime PA opportunities do not change with an increase in age.
Adults with CP from this sample, appear to have relatively positive attitudes towards past
experiences with PA. Attitudes towards the self-assessment of movement quality become
increasingly negative as they get older, and attitudes are negatively associated with time spent in
moderate ADL’s. These findings underscore the importance of offering more meaningful
opportunities for PA that are specifically designed or adapted towards the movement quality of
individuals with CP. This should extend beyond the currently established early therapeutic
opportunities to more lifelong opportunities that allow adults with CP to maintain and build off
the foundation created in childhood. Future studies should examine this interaction between
attitudes towards lifetime PA and current levels of PA using objective measures of PA as

opposed to semi-structured interviews.
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2.2 Introduction

Cerebral palsy (CP) is the most common pediatric onset disability and can be the result of
many things including a complicated or preterm birth (Graham et al., 2016). Postural and motor
concerns related to CP can manifest between 6 and 9 months when babies with typical
development begin grasping, sitting up without support, or rolling over (Krigger, 2006). A great
deal of time and resources are dedicated to habilitation in the early stages of life for those with
CP (Aisen et al., 2011), in order to increase individual functional ability and introduce patterns of
adaptation that can increase independence. This often requires the involvement of more than one
mode of therapy such as physical, occupational, or speech therapy, multiple times a week (Moll
& Cott, 2013). To eventually increase physical functioning, children with CP must actively
participate in the habilitation process.

Actively participating in intense physical therapy sessions multiple times a week
throughout childhood and adolescence can be challenging. Children with CP, in general,
understand why they have to attend therapy but they do not enjoy it and feel they have no choice
but to attend (Houx et al., 2021). Furthermore, routine physical therapy can cause pain beyond
what is experienced daily as a result of CP (Houx et al., 2021). Therefore, an association between
either boredom or pain and movement during therapy can negatively impact activity levels over
time (Redmond & Parrish, 2008).

Social barriers to activity participation can come in the form of school-based PA or other
childhood-based recreation (i.e., physical education or group sport). One common perspective of
school-based PA that occurs for many children with disabilities is the interaction with
neurotypical peers. Often students with disabilities will discuss positive interactions with their

peers, suggesting that the feelings of inclusivity increased their desire to be physically active
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(Haegele & Sutherland, 2015; Li & Chen, 2012). However, it has been shown that physical
education contexts differentiate able and disabled bodies to an extent that leads to bullying
(Haegele & Sutherland, 2015). Beyond the scope of bullying, students with disabilities often
report feelings of exclusion in school-based PA (Haegele & Zhu, 2017; Lindsay & McPherson,
2012). These feelings can manifest through improper training of an educator (Li & Chen, 2012),
discrimination due to disability (Haegele & Kirk, 2018), or lack-of or poor activity modifications
(Haegele & Kirk, 2018). Again, a relationship is formed between PA and the experiences and
attitudes associated with that activity.

Childhood is a pertinent stage to introduce different forms of PA as this is a time where
both attitude development and skill development occur, both of which are important for regular
adult PA. In a 10-year longitudinal study by Miller and Siegel (2017), it was determined that PA
in childhood was a significant predictor of PA participation in young adulthood. The authors
further suggested that the predictive value of childhood PA opportunities on adult participation is
mediated by the perception of the experience itself, which can often be negative. Furthermore,
Thompson and colleagues (2003), found that significant PA experiences in childhood and
adolescence had lasting impact on adult preference for PA or inactivity.

Past experiences with PA on future opportunities to be physically active in adulthood are
not well understood in developmental disabilities like CP. Attitudes towards previous
opportunities and experiences with PA, primarily in childhood and adolescence, may have
predictive value in determining the PA trajectory of adults with CP. In the past, qualitative
studies have examined childhood experiences with PA for pediatric disabilities (Haegele & Kirk,
2018; Haegele & Sutherland, 2015; Haegele & Zhu, 2017; Lauruschkus et al., 2015; Leo et al.,

2018; Li & Chen, 2012; Nyquist et al., 2019; Sienko, 2019), but research focused on the adult
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disability population primarily examines healthcare concerns (Becker & Schaller, 1995; Mudge
et al., 2016; Nieuwenhuijsen et al., 2009), barriers and facilitators to PA (Buffart et al., 2009;
Heller et al., 2002; Li & Chen, 2012; Rimmer et al., 2001; Sandstrém, 2007), or attitudes and
experiences in adult PA opportunities (Jahnsen et al., 2003). Whether a relationship exists
between attitudes towards previous childhood experiences with PA and current attitudes towards
PA in adults with CP is unclear.

It may be also important to consider the age of the adult. Different experiences may have
been available based on the age of the individuals. Older adults with CP may not have had access
to inclusive sport or recreation and may have only been exposed to physical or occupational
therapy services (Winnick, 2011). In contrast, younger adults with CP may have had more
opportunities in adapted sports and recreation, adapted physical education classes, and inclusive
classroom (S. M. Miller & Siegel, 2017; Sienko, 2019). Recalling these experiences may offer a
better understanding of PA preferences for adults with CP.

Memory recall in adulthood is often met with skepticism, with many believing that older
adults are unable to remember specific incidences that may have occurred in childhood (Kim &
Welk, 2017). However, it has been shown that physical and psychological childhood events are
important relays of adult behaviors (Smith, 2009). Therefore, the purpose of this study is to
determine if lifelong attitudes towards PA influence adult behaviors. The results of this study
will assist in pushing the importance of well-designed physical education and physical activity

opportunities for individuals with CP across school and community contexts.

2.3 Methods

This study examined and compared the association between lifelong experiences and

attitudes towards PA and how those experiences influence adult PA behavior. Data were
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collected using a newly designed and validated survey for lifelong experiences and attitudes with
PA. Those responses were compared to scores of a 3-day recall of current levels of PA. The
intended outcome of this study is to demonstrate the importance of providing meaningful and
consistent opportunities for children and adolescents with CP to be physically active to
encourage and support lifelong participation in PA. All study components were completed by the
participants remotely due to the restrictions brought on by the COVID-19 pandemic. This study
was approved by the Institutional Review Board at University of Michigan, Ann Arbor.

Electronic informed consent was obtained from all study participants.

2.3.1 Study Population

Between February and July of 2021, adults with CP were recruited by flyers hanging in
the Physical Medicine and Rehabilitation (PM&R) clinics at the University of Michigan, Ann
Arbor. Further recruitment included electronic flyers posted to multiple CP support group social
media platforms, such as Facebook, Instagram, Twitter, etc. Inclusion criteria included: 1.) 18
years of age or older; 2.) clinical diagnosis of CP; 3.) GMFCS level I-111 (characterized by the
ability to ambulate with or without assistive devices such as a posterior walker); 4.) Access to a
laptop or other screening device, and internet access. Finally, the ability to complete the oral
Trail B test in less than 273 seconds was a test of cognitive function. Participants were asked to
count correctly from A1-L12 (i.e., Al, B2, C3, D4, etc.), but those who were unable to complete
the oral Trail B in the allotted time were excluded from the study (Reitan, 1958).Topographical
representation of CP was determined clinically and reported to the research team during
participant screening.

Due to the large age range and subsequent variability among ages, the sample was

trichotomized into age groups; young adults (YA) (ages 18-32), middle adults (MA) (ages 33-
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49), and older adults (OA) (ages 50-70). Additional sociodemographic information was obtained

including race, level of education, annual income, and status of a primary care provider.

2.3.2 Assessment of Attitudes Towards Lifelong Physical Activity (AATLPA)

The newly developed Assessment of Attitudes Towards Lifelong PA (AATLPA) is
unlike other subjective recall measures because it focuses primarily on the attitudes and
opportunities for PA throughout the life course for those with developmental disabilities. What
makes this survey unique is its approach to recall for older individuals. The AATLPA attempts to
mitigate recall limitations by asking respondents to recall the age of their first opportunity to be
physically active, the context of the PA (i.e. playground, therapy, home, daycare, etc.), and who
participated in the PA (i.e. parents, siblings, peers, therapists, etc.). This method allows
participants to recall chronologically within specific times of their development and can help
provide more accurate accounts.

Furthermore, the AATLPA requests that participants recall the interactions in PA they
may have experienced as children. This can include professionals who have specific training
working with individuals with disabilities (IwD) such as physical or occupational therapists,
social workers, and direct support professionals, or meaningful interactions with those who do
not have special training like peers, coaches, or grandparents. The AATLPA asks participants to
consider how those interactions may have shaped their current attitudes towards PA. The
AATLPA also has respondents recall PA interactions with peers both with and without
disabilities and how those interactions may have swayed their attitudes towards PA. Finally,
respondents are asked about their attitudes to PA in four developmental stages (i.e. early
childhood, middle childhood, adolescents, and young adulthood), their current attitude towards

PA, how they would rate themselves currently as movers, and how they think their past
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experiences and attitudes have influenced their current levels of physical activity. Altogether, the
AATLPA paints a picture of the lived experience of participating in physical activity for
someone with a developmental disability. A copy of the AATLPA instrument is in Appendix A.
The highest possible score on the AATLPA is 84 while the lowest possible score is 12. Scores
fall within one of four categories: 12-29 negative attitude, 30-47 moderate attitude, 48-66

positive attitude, and 67-84 very positive attitude.

2.3.3 Physical Activity Recall Assessment for Individuals with Spinal Cord Injury (PARA-Sci)

The Physical Activity Recall Assessment for People with Spinal Cord Injury (PARA-Sci)
(Martin Ginis & Latimer-Cheung, 2005) is a 3-day recall of activity, including both activities of
daily living (ADL) and leisure time physical activity (LTPA). Participants are surveyed
regarding activities performed in the last three days. It aims to measure the type (ADL vs.
LTPA), frequency, duration (time in minutes), and intensity (mild vs. moderate vs. heavy) of
physical activity. The PARA-Sci is sensitive enough to measure very low intensity activities
expected of people who have disabilities with physical limitations. This semi-structured
interview has been designed to be conducted over the phone or using other methods of face-to-
face communication such as Zoom, Facetime, or Skype. This instrument has been used in

populations of CP and other disabilities with physical limitations (Claridge et al., 2015).

2.3.4 AALTPA Tests of Validity and Reliability

Reliability
To assess the test-retest reliability of the AALTPA, calculations between 2 AALTPA
scores were taken using an intraclass coefficient (ICC 3,1) with consistency, single measure, and

95% CI (Koo & Li, 2016) as well as a paired t-test for the mean difference in responses. A
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convenience sample of 20 participants from the study were retested between 40 and 70 days after
the first test (Shore et al., 2019; Vasudevan et al., 2015; J. Verbunt, 2008; Washburn et al.,
2002). Absolute reliability was assessed by the following equation for standard error of
measurement (SEM): SEM = SD x v (1- ICC), with SD reflecting the pooled standard deviation
of the two measurements and ICC of the test-retest analysis (Portney, 2020). Internal consistency
using Cronbach’s alpha was measured with a minimum, acceptable alpha score of 0.70. If a

question resulted in an alpha score of less than 0.70, that question would be removed.

Minimal Detectable Change

To interpret changes in test scores, the minimal detectable change (MDC®) at 95% CI was
calculated using the equation: MDC®% = SEM x 1.96 x V2 (Portney, 2020). SEM was determined
based on the standard deviation while the ICC was determined from the test-retest analysis. The
MDC?® determines the minimal amount of change in outcome scores not due to subject variability
or measurement error. Therefore, a true change in a person’s attitude is determined when a score

exceeds the MDC, and this is with 95% confidence.

Factor Analysis

Construct validity was measured using methods similar to those described by Washburn
et al in 2002. The current construct of PA opportunities and attitudes in childhood is theoretical.
Therefore, a factory analysis was deployed to determine if responses to the AALTPA grouped
together in meaningful and foretelling ways. After completing an exploratory factor analysis on
the data it was determined that a principal component extraction with VVarimax orthogonal

rotation based on Kaiser’s criterion of on an eigenvalue >1 and a factor loading >.40 was the
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most appropriate analytical approach (Rimmer et al., 2001; Vasudevan et al., 2015; Washburn et

al., 2002).

Internal Consistency

Once factors were identified, internal consistency was tested using Cronbach’s o for
items within each factor. This helps explain the degree of homogeneity within instrument
questions (Rimmer et al., 2001; Vasudevan et al., 2015; J. Verbunt, 2008; Washburn et al.,

2002).

Criterion Validity

The AALTPA was designed to be used as a tool to understand PA patterns in adults with
disabilities. It is expected that more active adults will have higher AALTPA scores while less
active adults will have lower AALTPA scores. Spearman correlation was used to examine
criterion validity of the AALTPA with PARA-Sci (gold standard reference measure) responses
(in minutes) by age group. Recommendations for correlation strength are as follows: little-none
(p < 0.25), poor (p= 0.25-0.50), moderate-good (p= 0.50-0.75), and good-excellent (p > 0.75)

(Portney, 2020).

Floor-and-ceiling effects
The presence of either a floor or ceiling effect may sway the reliability and validity of
this measure. Therefore, if 15% or more of respondents scored either the highest or the lowest

ACPAR score possible, we would know an effect had emerged (Verbunt, 2008).

2.3.5 Statistical Analysis
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To determine if attitudes towards lifelong PA opportunities change with age, a one-way
ANOVA was conducted with the AALTPA score as the dependent variable and age group as the
independent variable. The three age groups of the participants are categorical variables, while the
AALTPA score is discrete with no temporal sequence. For this reason, Spearman’s rho
correlations were used to determine if there is a relationship between the age of the individual
and their attitudes towards lifelong PA based on their AALTPA score. A further understanding
of the association between age and individual survey questions was also of interest to see if a
particular question may be associated with overall attitude scores more than others. Spearman’s
rho correlations were conducted again using age and individual survey question scores.

Of further interest was to see if there was a relationship between attitudes and perceptions
towards lifelong participation in PA and current levels of self-selected activity by age group.
Again, because the AATLPA score is a discrete variable this relationship was determined using
Spearman’s rho correlations. All statistical analyses were completed with IBM-SPSS version 28

and a two tailed significance level of (p<0.05).

2.4 Results

2.4.1 Psychometric Properties of the AALTPA

Reliability

The ICCs,1 of the two AATLPA test-retest scores was high (ICC= 0.98), with a 95% ClI
of 0.96-0.99. The SEM (1.63) and MDC®% (4.52) were small of this assessment. According to the
paired t-test, there was no significant difference in AATLPA scores between time periods (M1 =
53.24 + 11.28; M2 =53.82 + 11.73), which demonstrates that the AATLPA has good test-retest

reliability (p = .17, effect size d = 1.7). The Cronbach’s alpha of the total AATLPA score was

36



0.75, which indicates an acceptable internal consistency. No significant change to the alpha score

was observed when items were removed.

Factor Analysis

The mean score for all 13-items of the AATLPA, correlations between each item and the
total AATLPA score, eigenvalues, factor loadings, percentage of variance explained, and
Cronbach’s alpha coefficients are presented in Table 1. Six out of the 13-items significantly
correlated (p < .05) with the total AATLPA score. According to the Kaiser criterion described
earlier, four latent factors were identified: factor 1, attitudes towards physical activity in early
childhood (“early childhood attitude”; items 2, 5, 10a, 10b); factor 2, attitudes towards physical
activity in the transition years (“‘transition years attitude”’; items 4, 10c, 10d); factor 3, current
attitudes towards physical activity (“current attitude ”; items 11, 12, 13); factor 4, interactions
within opportunities to be physically active (“interactions”; items 8, 9).

Each factor had the following percent variance explained; early childhood attitude
(30.6%), transition years attitude (15.4%), current attitude (12.5%), and interactions (10.9%)
Altogether, these factors accounted for 69.4% of the total item variance. Cronbach alpha for each
factor are as follows: early childhood attitude o = 0.76, transition years attitude a. = .56, current
attitude a = .74, and interactions o = .83, given the small number of items in each factor
moderate-to-good internal consistency was observed. Removal of item 4 in the transition years
attitude factor led to an increase in alpha from .56 to .81, for this reason, and because the
response to item 4 is dependent on the answer to a preceding, unscored question, it was removed
from the subscale. This validation provides empirical evidence that the scores from this

instrument reflect the construct of interest. Furthermore, the results of the other psychometric
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properties of the AATLPA indicate that the survey has good reliability and no floor-or-ceiling
effects.
--- Table 1 ---
Criterion Validity
The correlation summary of the PARA-Sci responses by age and the total AATLPA score
are shown in Table 2. Moderate intensity ADLs were negatively correlated with both young
(moderate correlation) and middle adults (strong correlation).
--- Table 2 ---
Floor-and-Ceiling Effects
Of the 68 participants in this study, not one scored the highest (84) or lowest (12) score
on the AATLPA. The highest individual score on the ACPAR was 77 and the lowest was 31.
Demonstrating that this measure is sensitive enough to capture increases and decreases in

participant responses over time.

2.4.2 Study Results

The sociodemographic descriptive characteristics of the 68 adults with CP that were
recruited into the study is depicted in Table 3. Of the whole sample, the mean age was 41.84 +
13.70 years. Approximately 62% of participants had a topographical representation of CP as
diplegia, while the remainder had hemiplegia. Most of the sample was both female (76.5%) and
Caucasian (86.8). Only 85.7% of YA had a Primary Care Physician (PCP) and of that, 19% of
PCP’s were pediatricians. An overwhelming 89.7% of participants had experienced a major
surgery in their lifetime, which includes but is not limited to Botox injections, tendon
lengthening/release, and dorsal rhizotomy. Of the Y A group, a majority were single (95.2%) and

as expected, marriage and divorce increased with age groups; MA married (68.2%), OA married
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(40%), MA divorced (4.5%), OA divorced (20%). In terms of education for the sample, 94.2%
had at least some college experience with 41.2% receiving graduate level education. However,
76% of the sample population did not make over $60,000 annually despite being a highly
educated group.

--- Table 3 ---

A one-way ANOVA revealed that there was no statistically significant difference in
attitudes or perceptions towards lifelong participation in PA across age groups (p= .26, n?= .04).
However, 72% of the sample scored a 48 out of 84 or higher. A single sample t-test supports that
the sample population had more positive attitudes towards lifelong participation in PA (M=56.1,
S.D.=11.9) than the general population, (p<.001). The Spearman’s rho correlation between age
and the total AATLPA score was non-significant (p=.66). When looking at individual survey
questions, however, a significant correlation did emerge. There is a moderate negative
correlation between age and self-assessment of current movement quality (r=-.34, p=.03) such
that as the age of the sample increases, self-assessment of movement quality goes down.

Table 4 depicts the responses to the PARA-Sci by age group, intensity (mild, moderate,
or heavy), and type (activities of daily living (ADL) or leisure-time physical activity (LTPA)).
Figures2-4 are graphical representations of time spent within activities and intensities, by
individual age groups. Despite the large amount of variability among time spent in activities and
intensities across the age groups, there were no statistically significant differences between
groups. Spearman’s rho correlations identified two significant relationships. The first is a strong
negative relationship between AATLPA scores and time spent in moderate ADLs for young
adults (r=-.54, p=.01) and the second a strong negative relationship between AATLPA scores

and time spent in moderate ADLSs for middle adults (r= -.55, p=.01). There were no significant
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relationships among the older adults, however, there was a trending moderate negative
relationship between AATLPA scores, and time spent in heavy LTPA (r=-.39, p=.05).

--- Table 4 & Figures 2-4 ---

2.5 Discussion

This study examined how lifelong attitudes towards PA in adults with CP may affect
adult PA behavior. Years of participating in therapy, or facing social challenges in school
recreation contexts, can lead to negative associations between past experiences with PA and
adult behaviors. The AATLPA was created to better understand how early opportunities and
attitudes towards PA may impact the participation trajectory of adults with CP. This instrument
would be a viable addition to other lifespan PA studies where participation is the outcome of
interest. The AATLPA was determined to be a valid and reliable measure of attitudes and
perceptions towards lifelong participation in PA.

Based on survey results, attitudes towards lifetime PA did not vary among age groups.
Furthermore, nearly 75% of the study sample scored within the positive-to-very positive attitude
range for the survey. This indicates that a positive attitude towards PA does not change as the
population ages. This phenomenon could be due in large part to the fact that CP is a pediatric
onset-disability and adults with CP have spent their lives modifying and adapting PA to their
needs and goals (Jahnsen et al., 2004). In contrast, a physical disability that was acquired later in
life would require significant changes to one’s well-learned movement repertoire. Those sudden
changes and need to adapt may generate negative attitudes more than past experiences alone
(Morris et al., 2017). An additional explanation for positive attitudes across age groups is that the
PA opportunities provided to individuals with CP over the course of their lives were impactful

enough to establish positive associations with PA. Perhaps issues with bullying, acceptance, and
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access in childhood is not as impactful on attitudes and perceptions towards PA in adulthood as
originally hypothesized (Deighton et al., 2018).

The significant negative relationship between age and the self-assessment of movement
extends the previous work examining the progressive loss of function common in individuals
with CP (Andersson & Mattsson, 2001; Benner et al., 2017; Jahnsen, Villien, Egeland, et al.,
2004; Lawrence et al., 2016; Strauss et al., 2004). Much of this work looks at the general age
onset of mobility difficulty and walking cessation, with many researchers supporting the notion
that individuals with CP begin to report changes in their mobility as young as 25 years old.

Based on the findings from the PARA-Sci semi-structured interview, a substantial
amount of time was spent within low intensity activities regardless of age group, particularly
mild activities of daily living (ADL). The creators of the PARA-Sci included ADLSs because they
are a part of one’s daily routine and therefore, a relevant indication of daily activity (Martin
Ginis & Latimer-Cheung, 2005). Responses from the PARA-Sci further depicted that as the age
of the groups increased the time spent in moderate and heavy intensity ADLS also increased.
This is likely because as individuals with CP age and detect the changes in their mobility, tasks
take longer to complete and require additional energy expenditure (Hess et al., 2016).

For the younger and middle adult groups, significant negative correlations occurred
between attitude scores and time spent in moderate ADL, such that as attitude scores increased
time spent in moderate ADL decreased. This phenomenon is again due to how individuals
perceive the intensity of the activity. The PARA-Sci’s script does offer suggestions as to what
intensities particular tasks are usually completed in (i.e., brushing teeth = mild ADL, moving
clothes from the washing machine to the dryer = heavy ADL, walking the dog on a flat road =

moderate LTPA, 30-minute spin class = heavy LTPA, etc.). And yet, intensity is subjective and
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changes with everyone. Younger and middle adults may not have reported much time spent in
moderate ADLSs because their perception of working intensity was different from that of the
older adults (Hess et al., 2021).

Leisure-time physical activity (LTPA), the other outcome of interest in the PARA-Sci,
are activities that one chooses to do in their free time and includes organized sports and planned
physical activity (i.e., working out at the gym, group fitness classes, personal training,
etc.)(Martin Ginis & Latimer-Cheung, 2005). The responses for time spent in overall LTPA
depicted low levels of LTPA participation across all intensities. These results indicate that adults
with CP are spending more time completing tasks of daily living than participating in LTPA
(Carlon et al., 2013). One possible explanation for this occurrence is that adults with CP
participate in LTPA because of the known physiological benefits not necessarily because they
enjoy PA (Usuba, 2013). A more reasonable explanation for low levels of LTPA relate to
COVID-19. The interviews were conducted in the middle of the “shelter in place” protocol
initiated by the United States Center for Disease Control and significantly limited access to
LTPA for all, but especially adults with CP who rely heavily on the community for services (i.e.,

support aides, transportation, etc.)(Dogruoz Karatekin et al., 2021).

2.5.1 Practical Implications and Future Research

The findings from this study illustrate positive attitudes towards PA among adults with
CP regardless of age. This demonstrates the importance of creating PA opportunities that are
truly representative of individuals with CP that extend beyond early habilitation interventions
designed to increase individual movement effectiveness. While individuals within this sample
appear to have positive attitudes towards lifetime PA overall, that was not captured in the amount

of time spent in ADL or LTPA. For older adults, more time was spent in higher intensity ADL
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and less time was spent overall in LTPA. If carefully curated adapted PA opportunities extended
beyond adolescence and met the needs of bodies aging with CP (i.e., age-appropriate PA
community programs, programs designed to mediate onset of comorbidities, etc.), we could
minimize those physical changes to mobility which would allow individuals to be more efficient
in their ADL’s while increasing time and intensity in LTPA.

Future work in this area should attempt a truly longitudinal approach to lifelong attitudes
towards PA and the effects on adult PA behavior. The practical application of truly
understanding individual mobility changes with age is limitless. Often in CP research there is a
degree of generalizability due to the heterogeneity of the population. Following a cohort over an
extended period allows for a nuanced account of experienced changes and how they affect daily
participation. Furthermore, this work would benefit from an objective measure of current levels
of physical activity such as accelerometry. The PARA-Sci is an efficient measure but allows for
quite a bit of subjective freedom; accelerometry would allow for a monitored account of how

much activity an individual was completing.

2.5.2 Study Limitations

It is important to consider the limitations of this study when interpreting the results as
they were obtained from a sample of predominantly Caucasian females with high levels of
education. This may make generalizability with other demographics difficult and warrants
additional work with a larger and more diverse sample. As for the design of the AATLPA, with
any recall instrument, there are limitations as to how much an individual can remember. By
asking grown adults (some in their 60’s and older) to recall PA opportunities and attitudes from
childhood there will be inherent gaps in memory. However, many of the participants of this

study were so impacted by early PA interactions that they were able recall them more easily.
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The shelter in place restrictions further limited this study because participants were not as
active as they usually would have been. Many of our participants relied on third party
transpiration or gym access to stay active. With these restrictions put into place, many

participants were limited in their options to be physically active.

2.5.3 Conclusion

This study examined lifelong attitudes towards PA in adults with CP and how those
attitudes may affect adult PA behavior. While it was determined that attitudes towards PA did
not change significantly with an increase in age, the study did show positive attitudes towards
PA opportunities across the lifespan. Furthermore, PA behavior was significantly correlated with
an individual’s self-assessment of movement quality. Future research should use objective
measures of PA such accelerometry to further examine how attitudes towards lifetime PA may

affect adult PA behaviors.
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2.6 Figures & Tables

Table 1. Survey Item Correlation to Total AATLPA Score and Factor Analysis for AATLPA

Factor Loading *

Factor 1: Factor 2:
Correlation Early Transition Factor 3:
with Total Childhood Years Current Factor 4:

Item Score Attitude Attitude Attitudes Interactions
Question 10a 0.48** 0.83 -- -- --
Question 2 0.63** 0.80 -- -- --
Question 5 0.57** 0.73 -- -- --
Question 10b 0.64** 0.58 -- -- --
Question 10c 0.65** -- 0.89 -- --
Question 10d 0.54** -- 0.83 -- --
Question 4 0.28 * -- 0.42 -- --
Question 12 0.33** -- -- 0.89 --
Question 11 0.58** -- -- 0.80 --
Question 13 0.60** -- -- 0.59 --
Question 8 0.54** -- -- -- 0.91
Question 9 0.55** -- -- -- 0.89
Eigenvalue -- 3.67 1.84 1.51 1.30
% Variance -- 30.6 15.4 125 10.9
Cumulative % variance -- 30.6 46.1 58.6 69.4
Cronbach's o -- 0.76 0.56 0.74 0.83

** Correlation is significant at the level of 0.01

* Correlation is significant at the level of 0.05
T Items are arranged by factor and by descending order of factor loading
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Table 2. Survey Score Correlations by Age Group

YA MA OA

Intensity Type (n=21) (n=22) (n=25)
Mild

ADL -0.16 0.23 0.14

LTPA 0.37 -0.05 -0.18
Moderate

ADL -0.54* -0.55* -0.35

LTPA 0.23 0.24 -0.17
Heavy

ADL -0.19 -0.16 -0.10

LTPA -0.12 0.19 -0.39

ADL = activity of daily living; LTPA = leisure time physical activity
YA = young adult; MA= middle adult; OA = older adult
* Correlation is significant at the level of 0.05
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Table 3. Descriptive Characteristics

Total Sample YA MA OA
Variable (n=68) (n=21) (n=22) (n=25)

Age (y) 41.84+13.70 26.14+2.60 39.82+5.83 56.80+5.99
Gender (%)

Male 23.5 33.3 18.2 20.0

Female 76.5 66.7 81.8 80.0
Topography (%)

Hemiplegia 38.2 33.3 40.9 40.0

Diplegia 61.8 66.7 59.1 60.0
Race (%)

Asian 15 4.8 - --

African American 2.9 9.5 - -

Hispanic/Latino 8.9 9.5 45 12.0

Caucasian 86.8 76.2 955 88.0
Access to Primary Care Physician
(PCP) (%)

Yes 94.1 85.7 100.0 96.0

No 5.9 14.3 - 4.0
Pediatric PCP (%)

Yes 8.8 19.0 9.1 --

No 91.2 81.0 90.9 100.0
Major Surgeries (%)

Yes 89.7 85.7 955 88.0

No 10.3 14.3 4.5 12.0
Relationship Status (%)

Single 50.0 95.2 27.3 32.0

Married 38.2 4.8 68.2 40.0

Divorced 8.8 -- 45 20.0

Widowed 2.9 -- -- 8.0
Highest Level of Education (%)

High School 59 14.3 4.5 --

Trade School -- -- -- --

Some College 10.3 14.3 45 12.0

2-Year College Graduate 7.4 4.8 45 12.0

4-Year College Graduate 35.3 52.4 18.2 36.0

Graduate Level 41.2 14.3 68.2 40.0
Annual Income (%)

<$20,000 35.8 66.7 27.3 16.7

$20,000-$40,000 23.9 19 22.7 29.2

$40,000-$60,000 16.4 14.9 22.7 12.5

$60,000-$80,000 9.0 - 9.1 16.7

$80,000-$100,000 4.5 - 9.1 4.2

>$100,000 10.4 - 9.1 20.8

Bold print represents the full sample of n=68

Age is reported in mean (S.D.) and all other values reported as percentage of population
ADL = activity of daily living; LTPA = leisure time physical activity
YA = young adult; MA= middle adult; OA = older adult
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Table 4. PARA-Sci Activity Type and Intensity by Age Group

YA MA OA
Intensity Type (n=21) (n=22) (n=25)

Mild
ADL 473.20 (384.22) 529.17 (396.04) 556.45 (445.60)
LTPA 39.51 (124.80) 67.50 (193.06) 22.75 (38.54)
Moderate
ADL 178.90 (233.47)  185.17 (225.23)  134.00 (184.76)
LTPA 62.50 (137.24) 106.67 (209.85) 73.00 (114.0)
Heavy
ADL 66.17 (164.65) 22.94 (54.67) 56.20 (148.83)
LTPA 60.42 (105.65)  84.44 (105.02)  60.50 (126.26)

Values are mean (S.D.) minutes of activity over three consecutive days.
ADL = activity of daily living; LTPA = leisure time physical activity
YA = young adult; MA= middle adult; OA = older adult
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Figure 2. Box and Whisker Plot: Minutes Spent in Activity Type and Intensity for Young Adults
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Figure 3. Box and Whisker Plot: Minutes Spent in Activity Type and Intensity for Middle Adults
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Horizontal line within each box is the median time and X is the mean time.
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Outliers are represented by individual dots.
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Figure 4. Box and Whisker Plot: Minutes Spent in Activity Type and Intensity for Older Adults
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Chapter 3 The Effects of Contextual Factors on Participation in Physical Activity
3.1 Abstract

Introduction: Adults with cerebral palsy (CP) experience fluctuations in their participation in PA
like the general population, however, they experience age-related physiological changes to their
health earlier than the general population. It is well understood that this deterioration in
functional ability is associated with decreased participation in CP. What is less clear is how
contextual factors such as pain, quality of life (QOL), self-perception, and independence impact
the selection of and participation in PA.

Methods: Adults with CP who were self-ambulatory, with or without assisted devices, completed
remote versions of the following surveys related to personal factors: the West Haven-Yale
Multidisciplinary Pain Inventory (WHYMPI), the World Health Organization Quality of Life —
Brief (WHOQOL-BREF), the Self-Perception Profile for Adults (SPPA), and the Barthel Index.
Each of these factors were chosen because of their known impact on PA participation.
Participants further completed a semi-structured interview known as the Physical Activity Recall
Assessment of Individuals with Spinal Cord Injury (PARA-Sci) which recalls the type, intensity,
and frequency of activity done in a three-day period.

Results: A total of 68 adults with CP participated in the study. A Chi-Square Test of

Independence concluded that the physical and psychological domains of QOL, plus the self-
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perception of athletic ability had the most associations between type and intensity of PA chosen.
Pain interference and severity were associated with moderate ADL and moderate LTPA,
respectively, while functional independence was only associated with mild LTPA. A
multivariable regression analysis on time spent in overall LTPA determined that self-perception
of athletic ability, pain severity, and affective distress were all positive predictors while pain
associated with completing general activities was a negative predictor of time spent in overall
LTPA,; overall time in LTPA =-786.58 + (155.78 athletic ability) + (698. 22 pain severity) +
(993. 42 affective distress) + (-1912.82 general activities).

Conclusions: Physical and psychological QOL and self-perception of athletic ability had the
most associations with PA types and intensities. Time in overall LTPA is predicted positively by
self-perception of athletic ability, pain severity, and affective stress while negatively by pain
associated with the completion of general activities. Future work should look more closely at the

interplay between pain severity and affective distress and the impact on PA participation.
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3.2 Introduction

The general population of adults often experience ebbs and flows in their effort to
maintain health through physical activity (PA)(Heller et al., 2002; Lineweaver et al., 2018;
Vanhees et al., 2005) and many factors (i.e. motivation, self-perception, etc.) contribute to these
fluctuations (Chodzko-Zajko et al., 2009; Jiang et al., 2016; Stewart & King, 1991). Individuals
aging with CP may experience similar patterns but for different reasons (Benner et al., 2019;
Usuba et al., 2014). While the brain damage associated with CP is static (Palisano et al., 2000;
Thorpe, 2009; Turk, 2009), functional ability changes throughout the lifespan. Consequently,
adults with CP report that they experience age-related changes to their functional health earlier
than the general population (Mudge et al., 2016). These accelerated changes are further impacted
by factors within the ICF model (Gajdosik & Cicirello, 2002) and exploring these factors to
determine their impact on continuing participation in PA is of great interest.

Pain is a widely researched topic in CP as a majority of individuals report some level of
pain throughout their lives (Turk, 2009; Yi et al., 2019; Zaffuto-Sforza, 2005). Musculoskeletal
pain is often referenced as the primary reason for walking cessation in former self-ambulatory
adults with CP (Roebroeck et al., 2009). However, there are conflicting reports on whether pain
is age-dependent. Schwartz et al. (1999) reported that more than half of their participants with
CP experienced moderate to severe pain daily. The older the participants age was indicative of
pain intensity. Van der Slot et al. (2020) found that pain in the arms increased with age and was
likely due to overuse related to reduced walking ability and supplemental use of mobility aids.

Jahnsen et al. (2004) compared musculoskeletal pain in adults with CP to that of the general
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population and found that pain was associated with age for the control group, but not adults with
CP. Similarly, Riquelme et al. (2011) reported that pain intensity was differentially modulated by
age in both participants with CP and the control group. Age-related differences in current pain,
however, only appeared for the control group.

Despite differing opinions about the age effect on pain, there is consensus that individuals
with CP experience more pain in their lower limbs (Riquelme et al., 2011), women experience
more pain than men (Jahnsen et al., 2004), and pain begins in childhood (van der Slot et al.,
2020), but with minimal interference on their activity levels and social functioning (Engel et al.,
2003). It is suspected that this phenomenon is due to already low functional levels typical of
individuals with CP (Schwartz et al., 1999). Riquelme et al. (2011) further suggest that
individuals with CP are involved in repeated painful experiences during times of neurological
development (i.e., physical therapy, stretching, bracing, etc.), which could lead to relative
changes in pain threshold and tolerance throughout the course of a person’s life. Additionally,
the early onset of pain may allow an individual to modify, or eliminate, activities in a way that
helps manage their pain (van der Slot et al., 2020).

Pain is a contributing factor to the decrease in quality of life (QOL) for individuals with
CP (Lundh et al., 2018). Moreover, QOL is considered the most important adaptation outcome to
assess in CP (Alves-Nogueira et al., 2020). The World Health Organization reports QOL as an
individual’s perception of their position in life in the context of culture and value systems in
which they live and in relation to their goals, expectations, standards and concerns (Jiang et al.,

2016; Skevington et al., 2004; “The World Health Organization Quality of Life Assessment
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(WHOQOL),” 1995) and includes physical, psychological, social and environmental dimensions
(Alves-Nogueira et al., 2020). QOL appears to be predicted by level of impairment, age,
independence, education, income, and employment (Alves-Nogueira et al., 2020).

QOL for adults with CP can be influenced by impaired or declining functional capacity
(Lundh et al., 2018) which is common among this population. Usuba et al. (2014) determined
that over an 8-year period, 27% of the participants in their study reported deterioration in
GMFCS level which was consistent with work done by Sandstrom et al. (30%) and McCormick
et al. (23%). Jahnsen et al. (2004) also described walking deterioration occurring between the
ages of 25 and 35 years. A review by Alves-Nogueira et al. (2020) found that high QOL is
associated with increased levels of physical activity, but low levels of QOL were associated with
higher levels of impairment, increased pain intensity and sites. Despite these findings, Gannotti
et al. (2021) concluded that 80% of their participants reported good to excellent QOL. While
there appears to be inconsistent evidence surrounding decreased QOL due to disability (Jiang et
al., 2016), assessing QOL is an important consideration of participant’s own perception of their
well-being (Alves-Nogueira et al., 2020).

An individual’s QOL, physical functioning, and PA participation are all influenced by
self-perception (Causgrove Dunn, 2017). Self-perception, or a person’s sense of worth, value,
and adequacy (Gannotti et al., 2011), is assumed to be low for individuals with CP, especially in
those with increased severity (Gannotti et al., 2011; Ziebell et al., 2009). For individuals without
CP, self-perception trajectory evolves throughout the course of their lives as a result of the

experiences they encounter (Cheong et al., 2018). This should theoretically be true for
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individuals with CP as well, however, research related to self-perception in adults with CP is
limited. There are mixed findings on whether reported levels of self-perception in CP are like
that of individuals without CP. Ziebell et al. (2009) found that children with CP had lower
perceived self-competence compared to their school-aged peers without CP. These participants
did attend a mainstream school in which their benchmark of “normal” were their peers without
CP. It is speculated that if the participants attended a school designed for children with
disabilities that there may be an increase in self-perception. Conversely, Shields et al. (2007)
determined that individuals with CP do not have lower self-perception of global self-worth even
though they may feel less competent in certain aspects of life like athletic ability or
communication.

Moreover, the perception of individuals with CP by their parents or caregivers is
generally lower than the individuals perception of themselves (Dunn et al., 2007). Adults with
CP likely conceptualize self-perception differently as a result of a lifetime of atypical
experiences across different environments (Cheong et al., 2018; Ziebell et al., 2009). Bonnefoy-
Mazure et al. (2020) determined that self-perception of gait quality was influenced by CP
severity (i.e., GMFCS) not CP type (i.e., dyskinetic vs. spastic). Walking speed and distance
positively influenced self-perception of gait, with the former having a direct impact on functional
independence. Finally, decreased gait quality (i.e., hip adduction/abduction, knew
flexion/extension, etc.) was associated with lower self-perception. From a sample of 102 adults
with CP Gannotti et al. (2011) found that a majority had average or above average self-

perception and that there was no relationship between self-perception and severity of CP.
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Additionally, of the less that 15% of the sample that had low self-perception there was no
relationship with gender, severity, or levels of PA.

There is a strong relationship between QOL and functional independence (Chulliyil et al.,
2014). Functional independence is the level of functioning that allows an individual to be self-
reliant and independent in ADLs and self-selected recreational activities (Postuszny et al., 2017).
A decrease in QOL can be seen with loss of mobility and leads to low levels of participation in
social relationships and low percentages of independent living (Lennon et al., 2018). A review
by Postuszny et al. (2017) defined the factors that determine functional independence as internal
(direct result of CP) and external (impact of environment). The type and severity of CP have the
greatest internal impact on functional independence. Work by Fortuna et al. (2018) demonstrated
the impact of age and health condition on functional independence in 229 adults with CP. They
determined that functional independence decreases with an increase in age. They further
explained that functional independence may be dependent of health condition but note an
association between decreased independence and seizure disorders, urinary incontinence, and
intellectual disability.

External factors of functional independence (i.e., environmental factors like access,
transportation, support staff, etc.) are modifiable. In fact, independence is not just adapting an
individual to their environment, but modifying the environment to meet the person’s capabilities
(Postuszny et al., 2017). A five year follow-up study on 31 community dwelling adults with
developmental disabilities conducted found an increase in individuals living independently with

a partner and a decrease of individuals living with their parents (Andrén & Grimby, 2004). They
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further noted that indoor mobility among the sample over five years did not change and there
was a 10% increase in employment among the sample. In general, it was found that
modifications or adaptations to the individual’s environment likely influenced these areas of
independence, which emphasizes the importance of continued monitoring and assessment of
functional independence (Fortuna et al., 2018). Ultimately, the more independent the individual
feels, the more likely they are to participate socially (i.e., PA) which has a considerable influence
on life-satisfaction (Postuszny et al., 2017; van der Dussen et al., 2001)

It is evident that the four factors discussed (pain, QOL, self-perception, and functional
independence) interact and influence the lives of adults with CP to some extent. Therefore, the
purpose of this is study is to explore the impact of these individual factors on the continued
participation in PA throughout the life course of adults with CP. Each factor has multiple
domains, and this study will assist in delineating the dimensions that influence PA participation
the most. By truly understanding the factors that drive adult PA behavior, researchers and
clinicians can monitor and intervene in areas that are the most valuable to the individual and their

life goals. Theoretically, this will lead to positive changes within the other factors as well.

3.3 Methods

This study examined the influence of pain, QOL, self-perception, and independence on
PA behaviors of adults with CP. Data were collected using validated and reliable surveys related
to the factors of interest (Benner et al., 2017; Burckhardt & Anderson, 2003; Jiang et al., 2016;

Stewart & King, 1991). Those replies and the responses to a 3-day recall of current levels of PA
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were used to look at significant relationships. All study components were completed by the
participants remotely due to the restrictions brought on by the COVID-19 pandemic. This study
was approved by the Institutional Review Board at University of Michigan, Ann Arbor.

Electronic informed consent was obtained from all study participants.

3.3.1 Study Population

The same sample (n= 68) from the second chapter was used for this study as well.
Between February and July of 2021, adults with CP were recruited by flyers placed in the
Physical Medicine and Rehabilitation (PM&R) clinics at the University of Michigan, Ann Arbor.
Further recruitment included electronic flyers posted to several CP support group social media
platforms, including Facebook, Instagram, Twitter, etc. Inclusion criteria included: 1.) 18 years
of age or older; 2.) clinical diagnosis of CP; 3.) GMFCS level I-I11 (characterized by the ability
to self-ambulate with or without assistive devices such as a posterior walker); 4.) Access to a
laptop or other screening device, and internet access. Finally, the ability to complete the oral
Trail B test in less than 273 seconds, as described in the testing criteria, was a test of cognitive
function and involves counting alphanumerically from A1-L12 (Reitan, 1958). Those unable to
complete the oral Trail B in the allotted time were excluded from the study. Additional
sociodemographic information was obtained including race, level of education, annual income,

and status of a primary care provider.

3.3.2 West Haven- Yale Multidimensional Pain Inventory (WHYMPI)
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This self-report questionnaire was designed to measure severity and interference of pain
with specific interest on pain response and impact on ADLs. (Burckhardt & Jones, 2003). The
version used is comprised of 52 items across three sections and each item is rated on a 0-6 Likert
scale. The WHYMPI has 12 dimensions, or subscales: interference, support, pain severity, life
control, affective distress, household chores, outdoor work, activities away from home, social
activities, and general activities. Subscale scores are computed from the sum of individual
subscale items divided by the number of items in the subscale to provide a mean. The internal
reliability coefficients of all WHY MPI scales range from .70 to .90; the test-retest reliabilities of
these scales over a 2-week interval range from .62 to .91 (Kerns et al., 1986). The WHYMPI has
been used with older adults (Burckhardt & Anderson, 2003) and other disabilities with physical

limitations (Raichle et al., 2007).

3.3.3 World Health Organization Quality of Life — Brief (WHOQOL-BREF)

This survey was developed as a short version of the WHOQOL-100 to use when time is
restricted, or to minimize participant burden and asks individuals how they feel about their
quality of life, health, and other areas of life (“The World Health Organization Quality of Life
Assessment (WHOQOL),” 1995). WHOQOL-BREF utilizes a four-domain structure as opposed
to the original six-domain structure of the WHOQOL. The four domains of QOL withing the
WHOQOL-BREF are physical, psychological, social, and environmental. WHOLQOL-BREF
uses 5-point Likert scales that reflect intensity, capacity, frequency, and evaluation, such as “how

much”, “how often”, “how satisfied”, participants felt in the last two weeks. Scores were
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computed by summing the scale scores of each domain and dividing by the number of items in
the domain. Internal reliability for the WHOQOL-BREF is acceptable for domains 1-

physical(a=0.82), 2-psychological («=0.81), and 4-enivronmental («=0.80), and marginal for
domain 3-social (a=0.68)(Skevington et al., 2004). The WHOQOL-BREF has been used as an

assessment measure in CP (Colver, 2012).

3.3.4 The Self-Perception Profile for Adults (SPPA)

This questionnaire is a multidimensional reflection of one’s self-esteem, self-image, and
perceived competence. It was created in response to the idea that an individual is not uniform in
their feelings of adequacy in any given domain of their life (Messer & Harter, 2012). The SPPA
examines the individual’s profile of perceived competencies across different domains. There are
twelve domains within the SPPA and include sociability, job competence, nurturance, athletic
abilities, physical appearance, adequate provider, morality, household management, intimate
relationships, intelligence, sense of humor, and global self-worth. The questions are formatted as
forced choice on a 4-point scale in which two statements are made and respondents are asked to
select which type of adult they are most like as “sort of true for me” or “really true for me”. The
wording of items is counterbalanced and the score of each item ranges from 1-4, where a score of
1 indicates low perceived competence/adequacy and a score of 4 reflects high perceived
competence/adequacy. The SPPA’s sensitivity to change and to individual differences across a

diverse dimensions allows for its application in both therapeutic and research settings (Messer &
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Harter, 2012). Internal reliability for the twelve domains of the SPPA are acceptable with

Cronbach alpha ranges of 0.65-0.90.

3.3.5 Barthel Index

This self-report survey is a measure of functional independence in those with
neuromuscular and musculoskeletal conditions (Sainsbury et al., 2005). The main aim is to
establish a degree of independence from any help, physical or verbal, however minor and for
whatever reason (Benner et al., 2017). This ordinal scale is comprised of ten ADLSs that are
scored in steps of five for a maximum score of 100. This measure was chosen because it was
found to be reliable when administered face-to-face or remotely (ICC 0.89) and on testing by
different observers (ICC 0.95-0.97)(Sainsbury et al., 2005). The Barthel Index has been used to

assess independence in adults with CP (Benner et al., 2017).

3.3.6 PARA-Sci

The Physical Activity Recall Assessment for People with Spinal Cord Injury (PARA-Sci)
is a 3-day recall of activity, including both activities of daily living (ADL) and leisure time
physical activity (LTPA)(Martin Ginis & Latimer-Cheung, 2005). Participants are surveyed
regarding activities performed in the last three days. It aims to measure the type (ADL vs.
LTPA), frequency, duration (time in minutes), and intensity (mild vs. moderate vs. heavy) of
physical activity. The PARA-Sci is sensitive enough to measure very low intensity activities
expected of people who have disabilities with physical limitations. This semi-structured

interview has been designed to be conducted over the phone or using other methods of face-to-
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face communication such as Zoom, Facetime, or Skype. This instrument has been validated for
use in CP and other disabilities with physical limitations (Claridge et al., 2015; Martin Ginis et

al., 2017).

3.3.7 Survey Administration

Surveys were delivered to participants via a password protected Qualtrics link once
Informed Consent was received. Surveys were read and completed by each participant in the
order of QOL, self-perception, pain, and independence. Participants were allotted as much time
as needed to complete the surveys; however, the surveys were completed in an average of 20

minutes.

3.3.8 Statistical Analysis

To determine the relationship between factors and the selection of PA, individual
Pearson’s Chi-Square Test of Independence were conducted between each factor domain, and
the type and intensity of activity chosen for a total of 29 tests. These analyses determine whether
variables within a contingency table are associated. Chi-square is a significance statistic and does
not necessarily imply clinical importance. Therefore, the use of statistical strength test is
essential and Cramer’s V test is the most common (McHugh, 2013). Minutes of time spent in
each type and intensity of PA (i.e., mild ADL, mild LTPA, moderate ADL, etc.) were the
dependent variables in this analysis while the scores of the factor domains were the independent

variables.
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A forward regression approach was employed to construct a multivariable model that
would determine if a particular factor had the greatest influence on self-selected types of PA. The
PA intensities collected from the PARA-Sci were collapsed across PA type for an overall amount
of time (in minutes) spent in ADL and LTPA (dependent variables). Estimates of effect size were
reported as the standardized coefficients () for the independent variables. A strong effect of the
independent variable on the outcome of interest corresponds with a larger beta coefficient with 3
> 0.50 representing a large effect (Kelley & Preacher, 2012). Interaction variables were created
between participant’s age and each factor domain to determine if there is an age effect on the
factor that influences PA behavior the greatest. All statistical analyses were completed with

IBM-SPSS version 28 and a two tailed significance level of (p<0.05).

3.4 Results

Table 5 illustrates the significant relationships from the Chi-Square tests and the
accompanying Cramer’s V. There were strong associations throughout the significant results
demonstrated by all Cramer’s V values of 0.52 or higher. No significant relationships existed
between time spent in mild activities of daily living and factor domains. This finding is
interesting because more time was reported in mild ADLs than any other type or intensity of PA
(Figures 2-4 from Chapter 2). Pain interference was only associated with time spent in moderate
ADLs. Time spent in heavy ADLs had the most significant associations with factors which were

predominately from the domains of self-perception and pain.
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In terms of time spent in leisure-time PA, psychological QOL and self-perception of
athletic ability had the most associations with time spent in leisure activities regardless of
intensity. The physical QOL domain and functional independence were associated with mild
intensities of leisure activity, but no other intensities. Heavy intensities of leisure activity had
more association with domains of self-perception than any other factor. Severity of pain only had
one association and it was with time spent in moderate leisure activities. In general, self-
perception and pain domains were associated with activities of high perceived exertion, both
required daily tasks and self-selected activities of enjoyment. No associations were seen for the
environment domain of QOL, self-perception of sociability, job competence, morality,
intelligence and sense of humor, or pain in terms of support, life control, affective distress,
household chores, or social activities.

--- Table 5 ---

For the multivariable regression analyses all the personal factor domains were entered
into the model first, followed by the interaction variables. Table 6 depicts the final forward
regression models for time spent in overall activities of daily living and leisure-time physical
activity, respectively. When looking at time spent in overall ADLSs, the first entry only explained
44.4% of the variance in the model (F2740= 1.19, p=.31). Despite the second entry increasing the
variance explained to 75.2% (Fs2,15= .88, p=.75) neither of the models were significant. This
finding demonstrates that the factors chosen for this model do not accurately predict time spent

in activities of daily living, nor is age an effect.
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Conversely, the factor domains accounted for 63.5% of the variance in time spent in
overall LTPA (F27.40= 2.58, p=.003) with significant predictors including self-perception of
athletic ability (B= .41, p=.004), severity of pain (B= 2.92, p=.01), affective distress (= 2.66,
p=.02), and pain associated with general activities (B=-4.73, p=.04). Again, the entry of the
interaction variables increased the variance explained by the model, but this was not significant
(Fs2,15= 2.39, p=.24). This finding depicts the four factor domains that predict time spent in
leisure time PA and these factors are not affected by age.

~-- Table 6 -

3.5 Discussion

The purpose of this study was to look at different factors and determine the impact on
two types of PA, activities required for independence and activities chosen for enjoyment. It was
determined that the factors associated with all intensities of leisure PA were psychological QOL
and self-perception of athletic ability. It is not unexpected that self-perception of athletic ability
has strong associations with all intensities of LTPA. However, the finding that psychological
QOL contributes to LTPA demonstrates the importance of psychological health. These findings
combined suggest that psychological well-being plays a large role in self-selected LTPA (Ferkel
etal., 2017).

Independence and physical QOL were strongly associated with mild LTPA.
Independence is highly correlated with QOL (Chulliyil et al., 2014), and in this sample QOL has

strong associations with higher intensity activity selection. Despite the association between
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physical functioning and independence, perception of independence versus actual functional
ability may influence QOL to a greater degree (Causgrove Dunn, 2017; Cheong et al., 2018).
There were few relationships between moderate activity levels and pain severity and pain
interference. While it was hypothesized that pain would be strongly associated with self-selected
PA, these findings are in line with reports that pain in CP, while extremely common, does not
interfere with the selection of activities (Jahnsen et al., 2004; van der Slot et al., 2020).
Independence and physical QOL were strongly associated with mild LTPA.

Physical QOL was strongly associated with moderate and high intensities of ADL. This
suggests that the ability to exert oneself at such high intensities of ADL relies heavily on
physical QOL. This is interesting because unlike all intensities of LTPA, it appears that the
execution of ADL is perceived to be more physically demanding than LTPA. This finding
suggest that adults with CP are perceiving their physical abilities to be higher than they are
which would support other research on self-perception and CP (Dunn et al., 2007).

Time spent in heavy ADLs had the most associations with factor domains and many of
the domains have to do with the perception of interactions with other people. This phenomenon
may be in large part due the high intensities of activities required to maintain a household. The
findings further consider the level of intensity that is required to complete activities outside of
typical day-to-day ADLs. These domains may be outside of the individual’s typical repertoire
and may require higher intensities of participation (van der Slot et al., 2020).

While the Chi-Square Test looked at the possible associations among personal factor

domains and PA type and intensity, a forward multivariable regression determined which factor
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domains influenced the selection of PA the greatest. The first set of models entered into the
regression were concerned with time spent in overall ADL. Neither the factor domains nor the
interaction variables were significant in the model, despite high percentages of variance
explained. This is likely because ADLs are socially mandatory whereas leisurely PA is a
personal choice. Furthermore, the factor domains chosen may not impact the completion of
ADLs because individuals with CP have spent their lives compensating these movements or
eliminating them completely from their movement repertoire (Jahnsen., 2004). Conversely, the
second set of models computed with regards to time spend in overall LTPA had a significant
relationship with factor domains. Significant and independent predictors of time spent in overall
LTPA were perception of athletic ability, pain severity, affective distress associated with pain,
and pain associated with completing general activities.

Self-perception of athletic ability was strongly associated with all intensities of LTPA,
therefore, its role as a significant predictor in the regression model is not surprising. However, it
had the smallest effect in terms of the standardized coefficient (= .41) which suggests that it is
not the most impactful predictor. This could be due to the difference in conceptualization of
ability by individuals with CP compared to the general population (Cheong et al., 2018). Pain
severity was only associated with time spent in moderate LTPA in the Chi-Square Test but is the
strongest positive predictor (= 2.92) of time spent in overall LTPA. It is well established that
PA is the most accessible and cost-effective approach to pain management in CP (Schwartz et
al., 1999; Zaffuto-Sforza, 2005). This finding is likely a result of adults with CP managing their

pain with movement especially when considering the intensity, they are working within. Mild
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LTPA may not increase energy expenditure beyond typical mobility while heavy intensity LTPA
may exacerbate the pain in the perpetual activity loop discussed earlier (Turk, 2009).

Affective distress, as it relates to pain, is the second strongest positive predictor of time
spent in overall LTPA (B= 2.66). It has been reported that mood affective disorder (MAD) is the
most common mental health disorder among adults with CP (Whitney et al., 2019) and that
MAD is increased by the presence of pain (Whitney, Bell, et al., 2020). Combined with the
findings of this regression, it is suggested that pain severity and affective distress are the two
leading positive predictors of time spent in overall LTPA. The last predictor of time spent in
overall LTPA was pain associated with completing general activities and it was negative (p= -
4.73). This domain is different from the pain interference domain. It is fair to assume that if an
individual is in pain when completing general daily activities then they would participate less in
planned PA, regardless of the positive outcomes that can come from increased PA participation.

The final predictive model is as follows, overall time in LTPA =-786.58 + (155.78
athletic ability) + (698. 22 pain severity) + (993. 42 affective distress) + (-1912.82 general
activities). Where a one unit increase in the independent variable is associated with the given
change of time (in minutes) spent in LTPA. For example, a one unit increase in self-perception
of athletic ability results in a 155.78-minute increase in time spent in LTPA. This would be over
three days as per the methodology of the PARA-Sci. Despite the large negative effect of pain
associated with completing general activities, the combination of the other three positive factors
can outweigh the negative factor. This highlights the importance of properly managing pain, and

indirectly affective distress, while increasing positive self-perception as well. The fact that this
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regression model was no longer significant with the addition of the interaction variables suggests
that the predictors of time spent in overall LTPA are not affected by age. More importantly, the
predictive value of these factor domains remains constant throughout the life course of this

population of adults with CP.

3.5.1 Practical Implications and Future Research

Findings from this study have significant implications for habilitation and future research.
Firstly, there is a strong association psychological QOL and self-perception of athletic ability
with all intensities of leisure PA. There is a psychological component to PA participation that
plays a larger role in intensity of activity chosen than physical ability or pain. Practitioners
should aim to increase their assessment and monitoring of psychological outcomes, such as self-
perception, to ensure that adults with CP have positive associations with their body’s structures
and functions. Even if the perceived abilities are higher than the objective abilities, psychological
health and perception are still strong associates of activity participation.

Next, the multivariable regression provided a predictive model of time spent in overall
LTPA. The model stresses the importance of monitoring and managing pain as a method of
increasing time spent in LTPA. The inclusion of self-perception of athletic ability in the model
supports the prospect of PA as a mode to decrease pain and affective distress. Practitioners
should offer PA suggestions that maintain a moderate level of intensity to help alleviate any pain
that accompanies the completion of general activities. Future work in this area should use

another method to capture the current level of PA participation other than a semi-structured
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interview. Activity trackers, or other objective measures of PA, would allow for a more precise
association with personal factors and may alter which personal factors are predictive of
participation. Future work should also look more closely at the interaction between pain and
affective distress, how that phenomenon possibly changes throughout the life course, and what

affects the association has on participation.

3.5.2 Study Limitations

As with all research, there are limitations to this study. The most notable limitations are
the surveys used to capture the domains of factors. It is difficult to find consensus on which
surveys are better equipped to detect changes in particular outcome measures, making it difficult
to compare and generalize the results of this study to others like it. Another limitation of this
study comes within the Barthel Index. While this survey is commonly used to determine level of
independence, unlike the other surveys, the Barthel Index is not comprised of domains.
Components of independence (i.e., ability to transfer oneself) may be associated with different
types and intensities of PA, but because the concept of independence was not subcategorized

those associations may not have been revealed.

3.5.3 Conclusions

This study examined the possible relationships between personal factors and participation
in type and intensity of PA. Additionally, this study explored the predictive nature of these
personal factors. Physical and psychological quality of life and self-perception of athletic ability

had the most associations with PA types and intensities. Time in overall leisure-time PA is
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predicted positively by self-perception of athletic ability, pain severity, and affective stress while
negatively by pain associated with the completion of general activities. Future work should look
more closely at the interplay between pain severity and affective distress and the impact on PA

participation.
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3.6 Tables

Table 5. Chi-Square Tests of Independence

Factor Mild Mild Moderate Moderate Heavy Heavy
Domain ADL LTPA ADL LTPA ADL LTPA
Quality of Life
Physical p=.03, p=.03, p=.03,
V= .58 V=.83 V= .58
Psychological p=.003, p=.03, p= .05,
V= .54 V=59 V= .53
Social p= .04,
V= .84
Self-Perception
Athletic Ability p<.001, p= .04, p<.001,
V= .58 V= .63 V=.60
Nurturance p=.002, p=.003,
V= .86 V= .62
Household p= .04, p<.001,
Management V= .84 V=.63
Physical p= .03, p=.02,
Appearance V=.59 V=.59
Intimate p=.04, p=.003,
Relationships V=.59 V= .56
Adequate p= .03,
Provider V=53
Global Self p= .04,
Worth V=.83
Pain
Interference p=.02,
V=. 83
Severity p=.01,
V=76
Outdoor p=.01,
Activities V=.79
Activities Away p=.02, p=.01, p< .001,
from Home V=.75 V=.75 V= .81
General p=.02, p<.001,
Activities V= .88 V=.94
Independence
Barthel Index p=.002,
V=52

Significant (p< 0.05) associations between time spent in type/intensity of physical activity and individuals factor

domains.

ADL = activity of daily living; LTPA = leisure time physical activity
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Table 6. Multivariable Regression Model for Time Spent in Leisure-Time Physical Activity

Standardized

coefficients
Variable (9] Sig. (p)
Self-perception of
athletic ability 0.41 .004
Pain severity 2.92 .01
Affective distress 2.66 .02
Pain associated with
completing general
activities -4.73 .04

Model Statistic: Fsz15= 2.39, p=.24; R?>= .64
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Chapter 4 The Feasibility of Using Assessments of Physical Function via Teledelivery

4.1 Abstract

Introduction: In pediatric-onset conditions such as cerebral palsy (CP), physical function may
continue to decline with age. For many individuals, however, these changes may not be
addressed by health care providers once patients transition to adulthood. This has been further
exacerbated by COVID-19 which has limited or suspended non-essential, in person clinical
visits. As a result, remote delivery of health care has taken on greater importance. The purpose of
this study was to determine the feasibility of assessing physical function in adults with cerebral
palsy using a telehealth model of delivery.

Methods: Twenty adults with CP (mean age = 44.1 + 10.8 years) completed all components of
the SPPB, including timed measures of balance (side by side, semi-tandem, tandem), gait speed,
and repeated chair stand. Additional tests included the Timed Up and Go, the Romberg Test, four
reaching and manipulation components of the Streamlined Wolf Motor Function Test (WMFT)
and the bimanual upper extremity assessment ABILHAND.

Results: Feasibility was assessed based on the number of participants who were able to complete
all assessments, do so safely without any adverse events such as loss of balance, and complete
the assessments so that their scores fell within the standardized norms. Average testing time was
32 £6.9 min. Most adults completed all assessments. Seventeen adults were able to complete the
assessments without any adverse events (momentary loss of balance). Ten adults had SPPB

scores that fell within the normative SPPB range. Lower SPPB scores were indicative of a slower
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working pace or use of an assistive device (e.g., posterior walker). All 20 participants fell within
the normative values for the 9 WMFT items.

Conclusions: This feasibility study shows that remote assessment of physical function can be
performed accurately and efficiently in adults with CP. Balance assessments that challenge the

base of support and utilize lower limb muscle strength are meaningful predictors of physical

function.
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4.2 Introduction

Because CP is a pediatric onset disability, research on functional outcomes is often
limited to childhood and adolescence (Benner et al., 2019). Unfortunately, it has been suggested
that the transition to adulthood is the end of progressive gains in functional ability for individuals
with CP and emphasis should be placed on maintaining the functionality that has already been
established (Rosenbaum & Gorter, 2012). However, individuals with CP have life expectancies
similar to those without CP (Turk & Fortuna, 2019). Thus, there is a growing number of adults
with CP who would benefit from a better understanding of what to expect about aging with a
pediatric onset disability.

CP is often described as non-progressive. While it is true that the trauma sustained to the
brain that resulted in CP does not progress (Mezaal et al., 2009; Turk & Fortuna, 2019), adults
with CP would likely argue that the functional aspects of their disability have indeed progressed
as they have aged. In fact, it is likely that adults with CP are experiencing a more rapid
progression in their aging compared to those born neurotypically (Benner et al., 2017; Liptak,
2008; Mudge et al., 2016; Turk, 2009; Usuba et al., 2014; Yi et al., 2019). Adults with CP can
expect to encounter common secondary health conditions, such as pain and fatigue (Haak et al.,
2009; Turk & Fortuna, 2019). However, adults with CP are also at an increased risk of additional
comorbid conditions such as diabetes, hypertension, and stroke (Cremer et al., 2017; Peterson et
al., 2015). While these conditions are often seen in the general population, adults with CP may
be more prone to health due to a natural predisposition or the presence of underlying risk factors

(Turk, 2009; Turk & Fortuna, 2019). There is an even greater prevalence of multimorbidity
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among the obese and higher GMFCS levels of this population (Cremer et al., 2017). Beyond
these secondary and multimorbid conditions, adults with CP also experience deterioration in
their physical functioning as well (Benner et al., 2017, 2019; Hurvitz et al., 2021; Peterson et al.,
2015). With aging, there is a decrease in muscle flexibility, strength, and endurance. This leads
to a limitation in weight bearing activities which can impact the efficiency and overall ability to
maintain upright mobility(Frisch & Msall, 2013; Nieuwenhuijsen et al., 2009).

Locomotor activities among adults with CP cause physical strain and it has been shown
that those who experience high levels of strain when walking will walk less in their daily life
(Slaman et al., 2013). A review by Morgan & McGinley (2014) demonstrated that over twenty-
five percent of individuals with CP experience walking declines in early adulthood which worsen
with increasing age. In a similar longitudinal study by Opheim et al. (2009) on walking cessation
in CP revealed that 79% of those with bilateral CP and 37% with unilateral CP reported
deteriorated walking that was associated with greater pain intensity and frequency, physical
fatigue, and reduced balance.

Loss of balance and the subsequent risk of falling is a growing concern for adults with
CP. Balance dysfunction has been reported as the leading cause of self-reported decline in
mobility throughout adulthood for those with CP (Morgan & McGinley, 2013). Morgan &
McGinley (2013) found that 40% of adults with CP fell monthly, while 75% fell at least every
two months. Morgan et al. (2016) found that nearly all participants reported a fall in the previous
year, and more than half reported near falls. Falls often occurred indoors, at the participants’

home, and while performing nonhazardous activities. It is clear to see the cascading effects the
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aging CP body can have on health, physical function, and mobility. Ultimately, the fear of falling
can contribute to a reduction in mobility for adults with CP (Morgan & McGinley, 2013).

Adults with CP have preventative health opportunities that differ from the general public.
Turk & Fortuna (2019) suggest several preventative and treatment strategies for common health
conditions seen in adults with CP. For musculoskeletal concerns such as contractures and foot or
ankle pain, physical therapy and orthoses or wheelchair adjustments are suggested as treatment
strategies. Bone health in CP is prevented through routine exercise and bone density evaluation.
Common complaints of pain and fatigue can be prevented through routine exercise and
progressive pain management programs.

Methods for managing the most influential health concerns associated with CP and aging
have progressed, and yet, adults with CP are underserved in health care. The ability for adults
with CP to access appropriate healthcare is a unique challenge. (Haak et al., 2009; Hurvitz et al.,
2021; Turk, 2009). First and foremost, for the number of individuals with CP in the United
States, there is an underwhelming number of professionals who work with the adult end of this
population. Pediatricians work with children and often their best practices do not transfer to adult
care. Adult providers are not as knowledgeable about CP due to its pediatric nature and best
practices for this age group are just beginning to emerge (Hurvitz et al., 2021; Mudge et al.,
2016; Young et al., 2005). Further, a childhood filled with hospital visits and habilitation may
lead to negative attitudes towards the health care system and may impede health and wellness
maintenance (Liptak, 2008). Other barriers to regular health care maintenance may include

inaccessible health care facilities due to distance (Hurvitz et al., 2021), cost to travel or
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accessibility of ride share companies (Young et al., 2005), need and accessibility of support staff
(Mudge et al., 2016), lack of resources to help manage life independently (Freeman et al., 2018;
Frisch & Msall, 2013), or social attitudes and assumptions towards a visible disability (Mudge et
al., 2016). By incorporating technology in the form of telehealth, it is possible to increase the
scope and reach of healthcare for those aging with CP.

The ease and usefulness of health care delivered via telehealth has become increasingly
apparent in the wake of COVID-19 restrictions. A review by Mauldin et al. (2021) examining
evidence-based approaches to conducting nutrition assessments remotely found that telehealth
consultations are effective for those seeking nutritional intervention. Moreover, patients
preferred the telehealth modality over the face-to-face assessment process. There has even been a
push for telehealth physical therapy delivery. Delivery of physical therapy via telehealth is
expanding. Miller et al. (2021) evaluated the feasibility of implementing physical therapy
remotely based on reach, effectiveness, adoption, implementation, and maintenance of the
program. It was determined that the implementation of telehealth physical therapy was both
feasible and acceptable.

With the acceptance of telehealth gaining traction, it is reasonable to assume that the
physical function of adults with CP could be assessed and monitored through a telehealth model.
Physical function is described as an individual’s ability to perform everyday physical activities
that build the foundation for more discretionary activities of daily living and leisure, such as self-
care, meal prepping, or hiking (Stewart & King, 1991). Therefore, the goal of this study was to

determine the feasibility of assessing physical function via a remote platform. To accomplish this
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goal, a sample of adults with CP completed a series of assessments to measure domains of
function. This study aimed to provide support for telehealth as a mechanism to increase the

breadth of health and wellness maintenance for adults with CP.

4.3 Methods

4.3.1 Study Population

All methods and procedures were approved by the Health Sciences Institutional Review
Board of The University of Michigan and all participants signed electronic informed consent prior
to the start of the study. Due to the pilot nature of this study, 20 participants (mean age = 44.1 +
10.8; female = 75%) from the previous studies were randomly recruited into this final study.
Participants were 18 years of age and older, had a medical diagnosis of cerebral palsy, fall within
categories I-111 of the GMFCS (diplegia = 85%) indicating the ability to ambulate independently
or with the use of an assistive device (i.e. walker or forearm crutches) (Palisano et al., 2008;
Palisano et al., 2000; Rosenbaum et al., 2003), and were able to stand with minimal assistance for
15 minutes. If a participant used assisted devices for mobility in their daily life (i.e., posterior
walker or forearm crutches), they were encouraged to do so in the assessments as well. The average
time to complete all but the ABILHAND assessment was 32 + 6.9 minutes. The ABILHAND
survey was delivered electronically when participants signed the Informed Consent and completed

before the schedule telehealth assessment.

4.3.2 Assessments of Physical Function
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Participants were given written instructions, complete with pictures, as to how to set up
their “at-home testing area” so that the assessments could be properly observed by the investigator
as seen in Figure 6. Due to the remote nature of these assessments, safety measures were put into
place to assure safety of the participants. Participants were asked to remove all possible hazards
from the testing area and were told that balance tests could be completed next to a wall or chair to
maintain balance if needed. Participants were asked before every task if they felt comfortable
performing the task. If safety was a concern, the assessment was not performed. Five domains of
physical function were of interest: mobility, functional leg strength, balance, sensory integration,
and gait speed. Additionally, observed and participant reported outocme measures of upper
extremity mobility were assessed.

--- Figure 5 ---
Short Physical Performance Battery

The Short Physical Performance Battery (SPPB) is a measure of functional status and
physical performance that was first described in 1994 (Treacy & Hassett, 2018). The SPPB is a
good predictor of fall risk, frailty, and cessation of walking (Ortega-Pérez de Villar et al., 2018;
Pavasini et al., 2016; Vasunilashorn et al., 2009). This battery was used as a sounding board for
the compilation of assessments due to its ability to detect decreases in functional strength and
mobility. The SPPB is based on three timed tasks: 1. balance tests, 2. the repeated chair stand test
and 3. gait speed test (See below). The timed results of each task fall within ranges of predefined
cut points for obtaining a score. These total scores can range from 0 (worst performance) to 12

(best performance).
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1. Balance Tests

Participants were asked to stand with their feet in three different positions: side-by-side,
semi-tandem, and tandem. The participant attempted to hold the stance for 10 seconds, in
which time they are allowed to bend their knees, use their arms, or move their body to
maintain balance. Their time was recorded and matched against a 2 or 3-point scale (Treacy

& Hassett, 2018).

2. Chair Stand:

Participants were asked to stand in front of the armchair as if they were about to sit. They
fold their arms across their chest and sit keeping their feet flat on the floor and then proceed
to stand back up. If the participant was able complete the Chair Stand, they moved onto the
Repeated Chair Stand in which the move is performed again five times in a row without
stopping. The time was recorded in seconds and matched against a 5-point grading scale.
If either the Chair Stand or Repeated Chair Stand were unsuccessful, the participant

received a zero (Treacy & Hassett, 2018).

3. Gait Speed
The participant was instructed to walk a 3-meter line at their typical walking speed. At the
end of the route the participant was instructed to turn-around and reset themselves. When

instructed again, they returned to their beginning point. Walking once again at their typical
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speed. The test was terminated when the participant completed two 3-meter walks. The
time was recorded in seconds and the average of two times was taken then compared

against a 4-point scale (Treacy & Hassett, 2018).

Timed Up and Go (TUG)

This mobility assessment is often used in older populations and is a good predictor of fall
risk (CDC, 2017). The test is completed on a 3-meter line with a standard armchair at one end.
The participant began by sitting in the chair facing the assessment area. On “Go” the participant
stood up from the chair and walked the line at normal pace. Once they reached the 3-meter mark
they turned around and walked back to the chair. The test was terminated when the participant sat
back down in the char. The time it took to complete the task was recorded in seconds and anything

less than 11 seconds was considered good.

Romberg Test

This assessment of sensory integration looks primarily for dysfunction within the
cerebellum and vestibular systems. A common diagnostic tool among clinicians, the test requires
participants to stand with their feet together, arms by their side, and eyes closed. It is scored simply
as negative or positive results, with negative indicating minimal sway and a termination after 20
seconds. Positive results would indicate failure to keep eyes close, loss of balance requiring the

displacement of the feet or the participant falls completely (Busti, 2015).
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Streamlined Wolf Motor Function Test (SWMFT)

This upper extremity motor assessment was utilized for its streamlined reaching and
manipulation components. Participants were asked to lift a can, lift a pencil, turn a key, and fold
a towel. These tasks were scored on a scale of 0 to 5 based on ability to perform and fluidity of
movements (Wolf et al., 2001; Wu et al., 2011). Depending on whether participants had
hemiplegia or diplegia, they were asked to perform the SWMFT with either their more affected
side (hemi) or their non-dominant side (di) to introduce a level of standardization into the
assessment. This assessment was completed remotely using objects the participants had in their
home, some of the manipulative objects were different (i.e., soda pop can vs. soup can, or a
pencil vs. a pen) but maintained the weight and grip necessary to capture the movement quality

of interest.

ABILHAND

This semi-structured response questionnaire measures manual ability according to an
individual’s perceived difficulty performing daily bimanual tasks. For this study, ABILHAND was
used as a patient reported outcome (PRO) measure and it is scored from 0-2 based on ability to
execute the given tasks. The ABILHAND has been modified for several conditions including

neuromuscular conditions like CP (Vandervelde et al., 2010).

4.3.3 Determining Feasibility
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Feasibility was assessed based on the proportion of participants who were able to
complete all of the assessments (i.e. upper and lower extremity, objective vs. subjective UE
assessments), do so safely without any adverse events such as falling, and complete the
assessments so that their scores fall within the reference data for that particular assessment

(Douma et al., 2018; Lauzé et al., 2017; Marini et al., 2019; Preston et al., 2017).

4.3.4 Statistical Analysis

Of interest was determining if there was an age effect on upper or lower extremity
function. Therefore, Pearson’s correlations based on assessment score and age were conducted.
Additional interest was in determining if there was a relationship between the two upper
extremity measures. More specifically if participant reported perception of function differed
significantly from the researcher’s observational assessment. All statistics were performed on

SPSS v28; significance was set at p< .05.

4.4 Results

4.4.1 Feasibility

Sixteen out of the 20 participants were able to complete all the assessments. For the
remaining four participants only one was unable to physically complete the lower extremity
assessments, but the other three did not have adequate space to perform the TUG or gait speed

assessments safely. A small number of participants (n=3) had momentary losses in balance when
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completing the semi-tandem and tandem stances and required holding onto an object to regain
balance.

When looking at the scores for the SPPB (M= 5.4 + 2.8) all but one participant failed to
reach the cut-off score of 10 (Halaweh et al., 2016). This indicates that these participants are at a
high risk for mobility limitations. The TUG test resulted in 85% of participants taking longer
than 11 seconds to complete the assessment. This categorizes those adults as high risk for falling.
Conversely, 90% of participants were able to complete the Romberg test which means that they
have good overall vestibular and proprioceptive sense.

The upper extremity scores showed that 100% of participants were able to complete the
four tasks of the SWMFT (M= 16.1 £ 3.5). The ABILHAND does not have cut-off scores, but
higher overall scores are associated with greater perceived performance. With that, 75% of the

participants scored higher than 30 out of 36 (M= 33.3 + 3.2) on the ABILHAND.

4.4.2 Outcomes

The total score of the SPPB was correlated with the Romberg test (r= .47, p=.04). There
was no correlation between SPPB scores and the time it took to complete the TUG (r= .23, p=
.33). The scores from the SWMFT and the ABILHAND were highly correlated (r= .76, p< .001).

No significant correlations existed between age and any of the assessments.

4.5 Discussion

The telehealth model of service delivery has grown significantly over the last ten years

(Zischke et al., 2021), and more so in light of Covid-19 (Ben-Pazi et al., 2020). Within pediatric
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CP, telehealth has been shown to be an effective method for monitoring and assessing infants at
high risk (Maitre et al., 2021; Schlichting et al., 2022), providing upper extremity interventions
for infants (Pietruszewski et al., 2020), conducting swallowing evaluations (Kantarcigil et al.,
2016), maintaining continuous care through medication management (Ben-Pazi et al., 2020) and
physical therapy (Zischke et al., 2021), and delivering at home exercise programs (Ben-Pazi et
al., 2020). Adults with CP experience several challenges regarding ongoing healthcare access
(Hurvitz et al., 2021), and yet, adults with CP experience progressive deterioration in function
throughout the course of their lives and would benefit from ongoing maintenance and monitoring
(Benner et al., 2017).

This study, to our knowledge, was the first to determine the feasibility of assessing
physical function in adults with CP using a telehealth model. The overall feasibility was
established as all but one participant was able to complete all the assessments. Other researchers
who have conducted telehealth interventions have noted that it takes longer for participants to
set-up and perform interventions at home than is usually required in the clinic setting
(Richardson et al., 2017). However, in this study the average time to complete the assessments
was 32 minutes (S.D. 6.9 minutes) and participants were asked to set-up their assessment space
prior to the Zoom call. The time it took participants to set-up was not assessed in this study,
however, it is assumed that the possible time commitment associated with telehealth still
outweighs the limitations associated with face-to-face care (i.e., travel time, cost of travel, loss of
income due to time off work, risk of exposure to disease, etc.). Overall, the reliability between

face-to-face assessments and telehealth assessments has been determined (Ben-Pazi et al., 2020;
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Cabrera-Martos et al., 2019) and overall satisfaction with telehealth is high (Chaudhry et al.,
2021).

Balance is the most self-reported predictor of decline in functional mobility (Morgan &
McGinley, 2013) and contributes to all the assessments used in this study. Yet, momentary loss
of balance was only seen in three participants during the semi-tandem and tandem stance in the
SPPB. Additionally, only one participant completed the TUG within the given timeframe while
most of the sample successfully completed the Romberg test. These preliminary findings suggest
that adults with CP have difficulty integrating and compensating a narrow base of support, likely
due to decreased muscular strength in the lower limbs (Ross et al., 2016). The static standing
aspects of the SPPB and the TUG challenge balance by altering the base of support while the
Romberg removes visual feedback. In the assessment of impaired balance control, it appears that
assessments which stress the base of support and muscle activation of the lower limbs may be

more meaningful predictors of function than static balance.

4.5.1 Practical Implications

The purpose of this study was to determine if it was feasible to assess motor function
remotely via a teleconference platform like Zoom. As discussed in the opening of this study, the
move to telehealth care delivery was on a rise before the global pandemic and has only increased
further in response. By testing the feasibility of such assessments, we can add to the growing
body of support that telehealth care delivery is a reasonable and timely way to support or

substitute face-to-face care. Furthermore, medical practitioners and researchers are consistently
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motivated to reach more individuals aging with CP who may require specialized care and who
may not be able to seek the care that they need. Telehealth care delivery essentially removes the
barriers of distance, time, and cost of traveling to see a healthcare provider. This approach allows
professionals to continuously monitor individuals from afar while remaining present in the day-

to-day maintenance of aging with CP.

4.5.2 Study Limitations and a Call for Future Research

The first limitation of this study is the sample size. While this study was preliminary and
exploratory, the small sample size makes it difficult to come to conclusions regarding the results
of statistical analyses. Furthermore, the study participants were all categorized as GMFCS I-I11.
The group of assessments chosen for this study may not be feasible for those with more severe
CP who may have additional intellectual disability or difficulty with communication or executive
function. While this study was strictly a feasibility study, there was no assessment on participant
satisfaction with the delivery of telehealth assessments. Future work in this area should integrate
satisfaction assessments into the assessment protocol.

Future studies using telehealth to monitor and assess physical function in CP should
compare results of assessments done in a face-to-face clinic setting to the remote assessments to
assure reliability. This course of action was not taken in this study because of the restrictions
implemented to mitigate the spread of Covid-19. Further considerations for future work are
related to the standardization of assessment set-up. There is inherent variability among

participants when establishing their assessment area and this makes it difficult to compare across
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measures. Care must be taken to control for as much variation in the environment as possible to

maintain reliable data across assessments.

4.5.3 Conclusion

This feasibility study shows that remote assessment of physical function can be
performed accurately and efficiently in adults with CP. Balance assessments that challenge the
base of support and utilize lower limb muscle strength are meaningful predictors of physical
function. Future work in this area should test the reliability among face-to-face and telehealth
assessment results, quantify participant satisfaction with telehealth delivery, and standardize

assessment space set-up to decrease variability among participants.

4.6 Figure

Figure 5. Visual Instructions for Participants to Set-up Assessment Space

Laptop/Tablet

— View Path =9 feet or within
screen view

Chair \ . ) End
Assessment Path 10 feet
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Chapter 5 Discussion

Aging with cerebral palsy (CP) has become an area of great interest over the years due to
the growing number of adults with CP. The overall prevalence of CP is reported as 2-3 out of
1000 live births (Oskoui et al., 2013), which has remained stable for years due to increased
survival of at-risk infants born prematurely (Turk & Fortuna, 2019). Between 1983 and 2010 the
mortality rates of children with CP decreased 2.5% per year (Brooks et al., 2014) and it is
estimated that the worldwide prevalence of CP is 17 million people (Graham et al., 2016). The
prevalence of CP among non-Hispanic black infants is higher than non-Hispanic white infants
(Van Naarden Braun et al., 2016) which suggests that there is an inequity of health care access
for minorities (Wheeler & Bryant, 2017). The issue with access is further underscored by
emerging research related to the broad impact of CP across the lifespan (Hurvitz et al., 2021,
Peterson et al., 2015). Secondary health conditions (i.e., pain and fatigue,) and multimorbidity
are not uncommon concerns (Cremer et al., 2017), while age related changes in bone and muscle
health further impact adults with CP (Whitney et al., 2018). Together, these issues can lead to
reduced participation in daily, leisure, or social activities.

Physical activity (PA) for years has been shown to positively affect health and mitigate
the onset of secondary conditions in the public, including those with disabilities (Piercy et al.,
2018). The phrase “exercise is medicine” illustrates the important impact PA can have on
cardiovascular disease, metabolic disease, musculoskeletal disorders, psychiatric disease, cancer,
and others common diseases (Carroll et al., 2021). In the second study of this dissertation, it was

determined that participation in PA among adults with CP can be impacted by several factors.
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Specifically, these factors included physical and psychological quality of life, self- perception of
athletic ability, and pain when completing general activities. In contrast, study 1 showed that
despite low participation in PA among adults with CP, they still had positive attitudes and
perceptions towards lifelong PA opportunities. Study 1 further revealed, however, that as the age
of participants increased, self-assessment of movement quality decreased. The combined results
of studies 1 and 2 demonstrate the importance of perception and how an individual’s evaluation
of their own ability can act as a barrier to ongoing participation in PA.

There is much emphasis placed on early efforts to enhance childhood mobility for those
with CP, with a goal of increasing movement quality and overall independence (Rosenbaum &
Gorter, 2012). This is understandable as this is a time when the capacity to enhance neural
connections in the brain are high, facilitating the development of meaningful motor patterns
(Kwong et al., 2018). However, this typically leads to extensive time spent in in habilitation,
which, in turn, can often be accompanied by painful experiences such as stretching, bracing, or
functional electrical stimulation (Houx et al., 2021). School-based PA such as physical education
classes or organized sports can present their own barriers among children with CP. While both
are further opportunities for children with CP to be physically active and socialize with their
neurotypical classmates, these environments also have the potential to negatively promote
differences among peers, such as focusing on an individual’s need for assistance. Unfortunately,
bullying and feelings of isolation can come from such interactions (Haegele & Sutherland,

2015).
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Adverse childhood events, such as painful therapeutic experiences or bullying, have been
linked to long-term poor health outcomes such as obesity (Schiff et al., 2021), cardiometabolic
diseases and cancer (Deighton et al., 2018). The Assessment of Attitudes towards Lifelong
Physical Activity survey was created as part of this dissertation to meet a gap in the
understanding of how lifelong opportunities in PA may affect adult behaviors, especially among
those with disabilities. Prior to this survey, qualitative work examined experiences in childhood
PA among children with disabilities (Leo et al., 2018; Nyquist et al., 2019), and adult disability
work focused on healthcare concerns (Mudge et al., 2016), barriers to PA (Buffart et al., 2009),
or adult attitudes towards current PA opportunities (Jahnsen et al., 2003). With an understanding
of the possible bidirectional relationship between adverse childhood events related to PA with
CP and long-term health outcomes, the survey developed here sought to determine how attitudes
and perceptions of lifelong PA opportunities affected PA trajectory into adulthood. The findings
indicate that adults with CP have positive attitudes regarding their childhood experiences with
PA and, importantly these attitudes do not differ based on age. Combined these results suggest
that attitudes alone are not a barrier to participation in PA. Thus, the opportunities for adults to
be physically active need to be extended beyond childhood and school-aged years to encompass
more of the life course.

Opportunities for adults with CP to remain physically active, while increasing in number,
are relatively limited compared to opportunities provided to children with CP. Physical activity
recommendations for adults with CP have been established (Piercy et al., 2018; Verschuren et

al., 2016) and communities are increasing the amount of adapted recreational opportunities
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offered to adults, yet, PA prospects for adults with CP are still disproportionate to that of
children with CP (Lai et al., 2021). Newly adapted activities such as rock climbing and sled
hockey are becoming increasingly popular, but often these activities require special equipment
that can be expensive to acquire. Furthermore, participation in the Paralympic or Special
Olympic games is seen among adults with CP, but these events require elite training or specific
classifications to participate (McNamee et al., 2021). The built environment also plays a large
role in PA disparity between children and adults with CP with access as ultimately one of the
biggest barriers (Rimmer et al., 2004). Access is not limited to the ability to enter a building; it
includes how information is disseminated, knowledge of disability and activity modification,
equipment designed specifically for mobility limitations, and solidarity among community
members (Aviram et al., 2021; Sienko, 2019; Wright et al., 2019). This list is not exhaustive, and
yet, it illustrates the need to increase access through novel approaches.

Great lengths have been taken to assure access to treatment for children with CP. For
example, to increase intensity of traditional physical therapy, practitioners have considered
utilizing web-based home training that implements video game style play. This relatively new
approach has been shown to improve functional mobility and increase participation in daily
activities (Lorentzen et al., 2015; Mitchell et al., 2016). Access to additional alternative
treatments such as hippotherapy and aqua therapy have been shown to positively affect gross
motor function (i.e., how the body moves) and functional performance (i.e., the ability to
complete tasks) (Park et al., 2014) in children with CP. These PA contexts are employed to

support traditional methods that build foundational movement patterns to increase healthy
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lifestyle choices into adulthood. However, the research on alternative and complimentary
treatments for adults with CP is limited even though many adults with CP have expressed their
willingness to pay out of pocket for these treatments (Oppenheim, 2009). Therefore, a logical
next step would be adapting research-based pediatric programs designed to promote motor
function performance for the population of adults aging with CP to increase lifelong PA
opportunities and maintain overall function. Adults with CP would further benefit from a method
of monitoring that could combat some of the barriers to sustained care.

Study 3 of this dissertation tested the feasibility of assessing motor function using a
telehealth platform. The use of telehealth delivery is a potential direction to increase access for
adults with CP. The use of web-based training has been established in pediatrics, more so as a
result of Covid-19 (Lai et al., 2021; Sutter et al., 2021), and is suitable for adult populations as
well (Brown et al., 2010). Beyond increasing access, a telehealth platform of service delivery
essentially eliminates many of the environmental barriers of traditional care including the time
and cost associated with transportation (Tenforde et al., 2017). Furthermore, telehealth has the
potential to reduce burden for both the individuals with CP and the providers by removing the
need for in-person supervision (Howard & Kaufman, 2018). More importantly, telehealth access
to care allows for increased communication between the participant and several specialists at
once. This not only encourages the participant to engage fully in their own care (O’Donovan et
al., 2020), but also leads to an integrated and comprehensive healthcare model (Fleischman et al.,

2016).
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It is feasible to assess physical function remotely as 95% of participants were able to
complete all the assessments. Therefore, telehealth has further potential to increase accessibility
to continuous care as changes in physical function can be monitored from afar across the lifespan
(Graham et al., 2019). For this study, five domains of physical function were assessed: mobility,
functional leg strength, static balance, sensory integration, and gait speed. However, it is
important to choose appropriate assessments to capture outcomes. For example, in this study
15% of the participants experienced a momentary loss of balance. While no one fell, care must
be taken when determining what and how specific aspects of physical function are assessed
remotely, particularly as it relates to varying presentations of CP.

By determining the feasibility of using such remote assessments, interventions targeted
towards increasing physical function among adults with CP can be continuously monitored for
effectiveness. The assessments selected for this study provided useful information regarding
participants’ functional abilities, but care should be taken when designing remote assessments
for those who have more limited mobility or communication. For example, individuals with
gross motor classification requiring greater dependence on assistance, may have additional
limitations in intellectual capacity or executive functioning, and therefore may require assistance
from a caregiver to provide accurate accounts of ability. The reliability between face-to-face and
telehealth delivery of assessment (Harper et al., 2021), intervention (Rimmer et al., 2013),
physical therapy (Zischke et al., 2021), and leisure-time physical activity (Lai et al., 2021) have

been demonstrated. Based on these findings and the results from this dissertation, it is clear to
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see that telehealth is a reasonable approach to increase access and monitor changes in physical
function for adults with CP.

In summary, this dissertation has demonstrated that adults with CP have positive attitudes
and perceptions towards lifetime opportunities to be physically active regardless of age. While
attitudes and perceptions are positive, adults with CP are still less active than the general
population and this was exacerbated by the restrictions of Covid-19. Domains within the factors
of quality of life, self-perception, and pain had significant associations with type and intensity of
activities chosen. This illustrates the importance of increasing PA opportunities and participation
among adults with CP to maintain functional mobility throughout the lifespan. Access to such
opportunities is limited for adults with CP. A telehealth approach to participation combined with
the potential for continuous monitoring, provides infinite possibilities for this unique group.
Ultimately, the telehealth model of service delivery can reduce PA disparity among children and
adults with CP while providing a method of longitudinal monitoring among individuals aging

with a pediatric onset disability.
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Appendices

Appendix A: Assessment of Attitudes towards Lifelong Physical Activity (AATLPA)

This questionnaire was designed to get a better understanding of your lifelong experiences with
physical activity and your attitude towards your participation engagement. For this questionnaire,
physical activity is defined as “any bodily movement produced by skeletal muscles that require
energy expenditure” and attitude is defined as “the degree to which a person has a favorable or
unfavorable evaluation of their behavior.

1. Canyou tell me about the first time you remember having an opportunity to be physically
active?
a. How old were you?
b. What was the context/environment (park playground, home, therapy etc.)?
c. Who were you with (i.e. parents, siblings, caretakers, etc.)?

2. What were your feelings towards physical activity during childhood??

1 2 3 4 5 6 7
Did not enjoy It was fine Enjoyable
Too hard It was necessary Regular participation
3. At what age did you participate in any form of physical activity with peers? years
a. Who did you participate with? Please check the answer that matches your experience.
Peers with disabilities Peers without disabilities Mix of both

4. |If applicable, what was your attitude towards participating in physical activity with other peers
with disabilities (i.e. Cerebral palsy, Autism, Down syndrome, etc)? N/A

1 2 3 4 5 6 7
Did not enjoy/ No preference Enjoyable/
Prevented progression Learned from each other

5. If applicable, what was your attitude towards participating in physical activity with peers of
typical development? N/A

1 2 3 4 5 6 7
Did not enjoy No preference Enjoyable
Felt left behind Friendships formed
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Little/no instruction Pushed me to try more/harder

6. Did you encounter any individual(s) in your childhood who were specifically trained to work in
physical activity with individuals with disabilities? YES NO
a. Please check all that apply:

PT/OT Other therapist Teacher Coach
Parent Personal Trainer Direct Support Professional
Aide Sibling Peer Social Worker

7. Based on your last response, which interaction do you think influenced (either positively or
negatively) your desire to be physically active the most?

8. What was your attitude towards working with this individual?

1 2 3 4 5 6 7

Did not enjoy Neutral Positive interaction
Got little from interaction Pros and Cons Mutual respect/understanding
Negative interaction Enjoyed time together

9. How much do you think the interaction with that individual influenced your desire to be
physically active in your childhood?

1 2 3 4 5 6 7
Negative impact Some impact Positive
impact/ability

No desire Neither positive nor negative to be physically
active

10. Did you enjoy physical activity during the following stages of development?

a. Early childhood (2-9 yoa)

1 2 3 4 5 6 7
Not at all Some days more than others Yes, enjoyed
it!

b. Middle childhood (10-13 yoa)
1 2 3 4 5 6 7
Not at all Some days more than others Yes, enjoyed
it!
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c. Adolescence (14-17 yoa)

1 2 3 4 5 6 7
Not at all Some days more than others Yes, enjoyed
it!

d. Young adulthood (18-23 yoa)

1 2 3 4 5 6 7
Not at all Some days more than others Yes, enjoyed
it!

11. What is your current attitude towards physical activity?

1 2 3 4 5 6 7
Hate it Do it because | must Love it!
Painful Necessity Part of my everyday

Time consuming

12. How would you rate yourself as an everyday mover? (i.e. work, leisure, transportation, etc.)

1 2 3 4 5 6 7

Painful to move Good days & bad days Fluid movements
Fall often Move as often as body allows Moves often
Sedentary lifestyle Slower but purposeful Active lifestyle

13. Do you believe your past experiences and attitudes with physical activity have influenced your
current level of physical activity?

1 2 3 4 5 6 7
Yes, negatively Never considered it Yes, positively
No influence
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