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Abstract

Stroke is a debilitating neurological condition, affecting twenty-six percent of adults under
the age of 65 years. Most are unable to complete activities of daily living, return to work,
participate in social, leisure and outdoor activities. There is very little research and limited
clinical guidelines to support their care. A plethora of previous research has reported that
exercising outdoors can improve psychological health, confidence and physical function for
healthy populations and a paucity of research regarding other health conditions such as
dementia. This gives premise for natural outdoor environments to be used as settings for an

alternative form of stroke rehabilitation.

The aim of this research project is to design, develop and deliver a rehabilitation programme,
using the outdoor natural environment as an alternative setting, specific to the needs and

requirements of young stroke survivors with mild to moderate physical impairments.

As part of this research project, a three-week feasibility study was conducted, assessing
whether an outdoor-based rehabilitation programme that included activities such as walking,
canoeing and archery chosen by the stroke participants as part of a focus group, was feasible
as a form of rehabilitation for young adults who have had a stroke (n=5). Walking speed and
was measured during three minutes of walking in indoor at baseline. Quality of life was

assessed using the EuroQol EQ-5D-5L Quality of Life scale pre and post-intervention.

A larger scale case controlled study examined the effects of a ten-week outdoor-walking
rehabilitation programme and home exercise programme on walking performance and
quality of life in young adults who have had a stroke (n=12). Walking speed and metabolic
energy cost was measured during three minutes of walking in indoor and outdoor
environments at baseline and post-rehabilitation. Quality of life was assessed using Stroke

and Aphasia Quality of Life Scale.

Walking performance parameters such as walking speed, walking efficiency, key joint
kinematic and kinetic measures and quality of life were impaired as a result of stroke.
Participants walked quicker indoors (pre: 0.82m/s, post: 0.91m/s post-intervention (p=0.01)),
outdoors (pre: 0.79m/s, post: 0.89m/s (p=0.005)) and more efficiently (indoor, pre: 0.75
beats/m, post: 0.57 beats/m (p=0.56), outdoor, pre: 0.83 beats/m, post: 0.60 beats/m

Xiv



(p=0.168) post-intervention. Self-reported quality of life improved from 2.76 to 3.21
(p=0.024).

The outdoor-walking rehabilitation programme was feasible and highly beneficial to walking
performance, confidence and health-related quality of life. Therefore, outdoor-walking is an
innovative approach to improving walking performance and managing the physical and
mental challenges of stroke in young adults and in doing so motivate the young stroke

population to better engage in their rehabilitation and maintain independence.

XV



Chapter One

1. Introduction
Stroke is a major health problem and one of the leading causes of disability. Stroke occurs

when there is a haemorrhage (a bleed to the area of the brain) or an infarct (loss of blood to
an area of the brain), which results in damage to, or death of brain tissue that can affect the
way it functions (Kramer et al., 2016). The most commonly affected system after experiencing
a stroke is ‘motor control’, how the nerves and muscles function to enable and coordinate

movements, including relatively ‘complex’ tasks such as walking and activities of daily living.

Although stroke primarily affects the older population, 26% of adults in the United Kingdom
are under the age of 65years (defined here as ‘young adults’) (Mallick and O’Callaghan, 2009).
Epidemiological studies (Feigin et al., 2016) consistently report an increasing incidence and
proportion of young adults who have had a stroke within the total stroke population (Ekker
et al., 2018). The increasing incidence of young adults experiencing a stroke are often
commonly associated with traditional vascular risk factors seen in an unhealthy lifestyle such
as, diabetes mellitus, obesity, smoking, alcohol consumption and other complex conditions
(e.g. CADASIL) (Ekker et al., 2018; Jarvis et al., 2019). These risk factors combined account for

nearly 80% of all strokes in young adults.

Stroke affects all aspects of daily living and many young adults who have had a stroke are
unable to return to work, education or participate in social activities, outdoor physical activity
(e.g. dog-walking) and activities of daily living (e.g. going to the shops) (Winstein et al., 2016).
These can lead to lack of independence, social isolation, decreased life satisfaction (defined
here as quality of life) (King, 1996) and increased risk of depression and anxiety (Daniel et al.,

2009). Despite these difficulties, young adults are often more motivated, have different



functional and personal aims and have a strong desire to gain or remain in employment,

compared to older adults.

One of the key defining problems that negatively affects all aspects of daily living for both
young and old stroke populations is reduced walking performance. Previous research (Jarvis
et al., 2019) reported that young adults who have had a stroke walk much slower (0.79m/s)
and less efficiently (e.g. high metabolic cost) (0.63ml/kg/m) compared to age-matched
healthy able-bodied controls (1.4m/s and 0.16ml/kg/m) respectively. The reduction in
walking speed and efficiency may be due to motor impairments resulting from stroke, such

as spasticity and hemiparesis (Platts et al., 2006).

Spasticity and hemiparesis caused by stroke can have significant negative effects (e.g. less
efficient) on metabolic cost and biomechanical function due to inactivity, limiting voluntary
movements and decreased muscle strength (Gray et al., 2012). After stroke, time spent
inactive is greater than 50% (Bernhardt et al., 2004). Damage caused by the stroke, decreased
mobility would cause a decline in muscle mass in the paretic limbs, but also non-paretic limbs
to a lesser extent. However, this data has only been captured in the older stroke population,
who may have muscle and joint degeneration due to the effects of older age regardless of
stroke. Consequently, it is not known how affected muscle function is post-stroke without

taking in to consideration older age.

Rehabilitation post-stroke has a prominent role in recovery to regain independence and
quality of life. However, no specific rehabilitation guidelines exist despite the increased
prevalence of stroke in young adults who have different functional requirements and
capabilities compared to the older stroke population, which nearly all stroke literature is

based (Jarvis et al., 2019). Rehabilitation programmes involving physical activity and exercise



have shown to positively influence multiple physical and psychosocial domains post-stroke.
Furthermore, there is strong evidence that supports a mixed methods (Billinger et al., 2014;
Winstein et al., 2016) approach to exercise and rehabilitation, involving aerobic (e.g. walking)
and strength (e.g. muscle strength) exercises post-stroke improves cardiovascular fitness

(Pang et al., 2013) and walking performance (Veerbeek et al., 2014).

All post-stroke rehabilitation is delivered indoors, in clinical settings such as leisure centre
gyms and hospitals. Research previously conducted by the research team indicate that many
young adults who have had a stroke want to exercise outdoors, therefore supporting the need
for further research. Over the past two decades, research has investigated exercising in
natural outdoor environments and green spaces is found to be associated with better physical
and mental health (Maas et al., 2008; Triguero-Mas et al., 2015), wellbeing, longevity and

decreased anxiety and depression for other health conditions (Whear et al., 2014).

Despite the positive impact natural outdoor environments has on health and wellbeing, many
areas are inaccessible without appropriate support and guidance for the less able-bodied
individual. The long-standing concept, called the ‘Social Model’ of Disability, which ‘focuses
on the environmental and social barriers which exclude people with perceived physical and
mental impairments from mainstream society’ (Barnes and Oliver, 1993; Thomas and Smith,
2008), rather than disability being caused by the presence of an impairment (Thomas and
Smith, 2008), emphasises further work needs to be done to break down these barriers.
Therefore, establishing an effective rehabilitation programme that utilises accessible natural
outdoor environments and green spaces, could be undeniably beneficial to young adults who
have had a stroke (Outermans et al., 2016), but also to generate a shift in culture within the

wider society.



Studies evidencing the positive impact of exercising in natural outdoor environments for both
able-bodied individuals (Thompson Coon et al., 2011) and individuals who have other medical
conditions, such as dementia (Whear et al., 2014) have used open-ended questionnaires and
interview based feedback. However, by using a quantitative approach, the Nature-
relatedness scale (NR-21 item) (Nisbet et al., 2009) assesses subjective connectedness with
the natural environment. This could be applied in the present novel research project to
measure what impact the natural outdoor environment has on young adults who have had a

stroke.

1.1 Rationale

Rehabilitation programmes are traditionally considered to be a hospital-based subspecialty
of medicine or allied health intervention (Louise Sofia Madsen et al., 2021), often based in
indoor clinical settings, where all stroke rehabilitation programmes take place. The majority
of research that has investigated the role of rehabilitation to improve walking performance
and quality of life in the stroke population, has predominantly involved participants over the
age of 65 years (Mallick and O’Callaghan, 2009), yet the prevalence of stroke in young adults
has increased substantially over the last two decades (Ekker et al., 2018). Therefore, the first
rationale for this thesis is that despite the increased prevalence of stroke in young adults,
there are currently no rehabilitation programmes or guidelines that are specifically developed
for the needs and priorities of the young stroke survivor, such as increasing independence,

confidence and the ability to return to work.

The second rationale for this thesis is that there are no rehabilitation programmes that take
into account the role of outdoor natural environments to improve physical health,

psychological health and quality of life, which can offer an alternative, holistic and novel



approach to stroke rehabilitation. There is a plethora of evidence that supports accessibility
to green space and natural environments being associated with a range of health benefits
including better self-rated health, lower body mass index and obesity levels and higher levels
of physical activity, improved mental health and wellbeing (White et al., 2013) such as anxiety
and depression, stress and increased life expectancy (Erickson et al., 2013) in both healthy
able-bodied individuals. With only anecdotal evidence for certain clinical and chronic
populations, such as dementia (Rappe and Topo, 2007; Tzoulas et al., 2007), traumatic brain
injury (Dorsch et al., 2016) and cerebral palsy (James et al., 2018). the disparity in the
literature needs to be explored more to understand why natural outdoor environments are

not often used for rehabilitation purposes.

Because there are no other studies similar to what is proposed in this research project, a
feasibility study was conducted by the research team (Manchester Metropolitan University
ethics study number- 11718), discussed further in Chapter Three, to explore whether an
outdoor rehabilitation programme can be deliverable. This study involved outdoor activities
such as walking, archery and canoeing, and was very well received by stroke participants who
took part in the study, strengthening the rationale for the development of a larger scale
outdoor rehabilitation programme. Participant feedback also included increased motivation
and confidence to walk in more challenging terrain and participate in more challenging

activities.

Therefore, this thesis aims to demonstrate that there is a unique opportunity to develop a
novel outdoor-walking rehabilitation programme for young adults who have had a stroke and
become a valuable and original contribution to current knowledge and research literature

that focuses on young stroke survivors and the role of natural outdoor environments. This



research project will develop a new, alternative and holistic approach to rehabilitation,
addressing physical, cognitive, and emotional aspects of recovery, promoting engagement,
motivation, and functional gains in a real-world context, contributing to the overall well-being
and quality of life for young adults who have had a stroke and has the potential to drive

change perceptions and future guidelines for stroke rehabilitation.

1.2 COVID-19

The years 2020 and 2021 have both been difficult for all globally. As a result of the COVID-19
pandemic, this research project has suffered, with the project being postponed on several
occasions due to concerns over personal safety and reducing risk of transmission taking the
utmost priority. However, due to the nationwide lockdowns throughout the year 2020, these
have further highlighted the positive impact of natural outdoor environments on both
physical and mental wellbeing and the necessity to improve the lives of young adults who
have had a stroke and begin the foundations of implementing outdoor rehabilitation

programmes into clinical guidelines.



1.3 Thesis Outline

Chapter 2 (Literature Review) establishes familiarity with and understanding of the current
research in the following areas of interest: Stroke in young adults, walking performance post-
stroke, quality of life of young stroke survivors, current rehabilitation programme initiatives

specific to stroke survivors and exercising in outdoor environments.

Chapter 3 (Feasibility of an outdoor-based rehabilitation programme) investigates whether an
outdoor-based programme is feasible as a form of rehabilitation for young adults who have
had a stroke. This small-scale pilot study assesses three different forms of outdoor activity

and the effectiveness of a home-based exercise programme, over a 3-week period.

Chapter 4 (General Methodology) contains information regarding experimental methods that
are common to each subsequent data chapter. Detailed descriptions of equipment and
procedures, data processing, data analysis and statistical analysis relating to individual studies

are presented within the corresponding chapters.

Chapter 5 (Discussion: Walking Performance) assesses the influence of a 10-week outdoor-
walking rehabilitation programme on walking performance parameters, such as walking
speed, energy cost and joint kinematics, moments and powers of young adults who have had

a stroke.

Chapter 6 (Discussion: Quality of Life) assesses the influence of a 10-week outdoor-walking
rehabilitation programme on quality of life and confidence of young adults who have had a

stroke.

Chapter 7 (Researcher Insight to the Outdoor-walking Rehabilitation Programme) provides a
reflective account of the researcher’s feedback regarding the outdoor-walking rehabilitation

programme



Chapter 8 (Clinical Implications) provides the clinical implications from this research project

and recommended future research.

Chapter 9 (Conclusions) provides a global summary of the key findings from this research

project, its limitations and overall conclusion.



Chapter Two

2. Literature Review

2.1 Literature Review Aims

This literature review aims to identify, review and synthesise the current literature

surrounding stroke in young adults and is divided into the following sub-sections:

1. The impact of exercising in natural outdoor environments

2. Epidemiology, pathophysiology and cost of stroke in young adults
3. The effect of stroke on walking performance

4. Quality of life of young adults who have had a stroke

5. The effect of stroke on confidence

6. Role of rehabilitation in post-stroke recovery

2.2 Search Strategy

The search was conducted using databases; SPORTdISCUS, MEDLINE, EMBASE and OVID. This
search was effected in June 2019 and then updated June 2022. Papers that were relevant to
the above research fields, were explored and included in this literature review. If duplicates
were found, these were sorted and deleted using the desktop software package Mendeley

(Elsevier, Netherlands) version 1.19.8.

The main search terms used in this review initially focused on exploring the free text. The
keywords were; Stroke, young adult, rehabilitation, quality of life, outdoor exercise,
confidence. To expand the literature search, outdoor walking, community walking, natural

outdoor settings, social impact of stroke, mental health and stroke, aerobic exercise,



resistance exercise, combined exercise rehabilitation were included to provide a

comprehensive search of all relevant papers for this review.
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2.3 Exercising in Natural Outdoor Environments

2.3.1 What is “Green Exercise” and what impact does it have?

Over the last twenty years, the awareness of green exercise and the positive impact on
physical and mental health for healthy (Thompson Coon et al.,, 2011) and some clinical
populations (Detweiler and Warf, 2005; Rappe and Topo, 2007; Fritz et al., 2011; Fraser et al.,
2020) has increased in popularity as a research area of interest. It is considered that any
physical activity undertaken in the presence of nature or within natural outdoor
environments is generally referred to as “green exercise” (Pretty et al., 2005). The term
“green exercise” not only explicitly refers to physical activity taking place in “green” spaces
(e.g. environments dominated by the presence of grass and green foliage colours), but this
terminology is extended to environments characterised by the presence of water (e.g. blue
spaces) (White et al., 2015) and also seasonal changes to outdoor environments, such as

autumnal foliage colours (e.g. orange spaces) (Paddle and Gilliland, 2016).

The suggestion that conducting physical activity and exercise in natural outdoor environments
offers numerous health benefits is not a new concept. First mentioned by the ancient Greek
physician, Hippocrates (c. 450 to c. 380 BCE) for example, advocated that both walking is
“man’s best medicine” and “nature itself the best physician” (Donnelly and Macintyre., 2019).
Modern literature has since investigated the first of Hippocrates’ aphorisms extensively,
reporting significantly favourable effects of exercise, such as walking, on a range of diseases
and health-related outcomes. Leading to the formation of exercise guidelines in recent years
by the World Health Organisation (WHO., 2014). The emergence of green exercise and

outdoor recreation is now acknowledged by various government departments in the United
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Kingdom as fundamental to delivering central government cross-cutting goals in health,

education and the economy (Mackintosh et al., 2018).

It is only in recent years that interest to study the health effects of exposure to green spaces
and natural outdoor environments has increased. A number of systematic reviews have
explored the effect of green exercise (Bowler et al., 2010; Thompson Coon et al., 2011;
Gladwell et al., 2013). For instance, the review by Thompson Coon et al (2011) reported
statistically beneficial effects of green exercise on a range of psychological outcomes, such as
revitalisation, positive engagement, energy, but also a reduction in tension, confusion, anger
and depression. Further evidence of the effects of green exercise included greater enjoyment
and satisfaction with outdoor activity, with positive indications that individuals had greater
intent to repeat the activity. However, this review was limited due to the small number of
included papers (n=11) and the identified studies were poor in methodological quality as a
result of being subject to bias. For instance, none of the identified studies in this systematic
review by Thompson Coon (2011) detailed randomisation for allocation of interventions and
assessors independent of the interventions were not used to reduce bias. Also, the
heterogeneity of outcome measures employed each study identified in this review, prevented

a meta-analysis.

Previous literature (Pretty et al., 2005, 2007; Barton and Pretty, 2010; Barton et al., 2012) has
established that exercising in green spaces has positive implications to improving mental
wellbeing and some markers of physiological health in healthy populations. With anecdotal
research that green exercise may play a key role in the prevention of both primary and
secondary diseases and conditions by improving physiological, psychological, biochemical and

social markers. Furthermore, Gladwell et al (2013) and Barton et al (2012) highlight that there
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is a place for green exercise in rehabilitation programmes to manage and support recovery
from mental and physical ill health. Additionally, having sedentary individuals become more
involved in green exercise initiatives has the potential to be effective in promoting
behavioural change through improvements in adherence rates to various exercise
programmes. Gladwell et al (2013) highlights that there is still a need to explore the reasons
behind observed health benefits that occur in the natural outdoor environment in both
healthy and clinical populations. Detailed further within this thesis is one of the first
intervention studies to evaluate the role of the natural outdoor environment and health

effects specifically for young adults who have had a stroke.

132.3.1.1 The Role of Green Exercise in Clinical Populations
There is a severe lack of research that investigates the role of natural outdoor settings on

physical and mental health in individuals who are less-able or with a disability, including
physical and mental impairments, with no long-term alternatives available, which use natural
outdoor environments for rehabilitation purposes. The systematic review by Madsen et al
(2021) examined studies which investigated outdoor adaptive activities in natural settings
(detailed in table 2.1), reporting that activities in the natural outdoor environment elicited
experiences of excitement, adrenaline rush and sense of adventure by the participants (Taylor
and McGruder, 1996; Goodwin et al., 2009; Dorsch et al., 2016; James et al., 2018). Most
commonly reported from each of the studies being reviewed (table 2.1) was the sense of joy
and fun when taking part in outdoor activities. As these findings can provide a strong rationale
that outdoor settings can be an environment in which a rehabilitation programme take place
for various conditions and disabilities such as cerebral palsy, multiple sclerosis, and traumatic
brain injury, the outdoor environment should elicit the same sense of enjoyment and other

positive benefits for young stroke survivors and focusing on improving both the physical and
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mental wellbeing of individuals who are less-able. On the other hand, for participants who
have more severe impairments than others or suffer from increased pain, had more negative

experiences when engaged in outdoor activities (Goodwin et al., 2009; James et al., 2018).

Table 2.1: Review of qualitative studies to understand the role of the outdoors for individuals with disabilities

Age
Sample - .
Study . (mean and Disability Intervention
size
range)
multiple sclerosis, scoliosis, .
(James et Ethnographic study
6 Not stated cerebral palsy, stroke, and . . .
al., 2018) . Five walking sessions
arthritis
spina bifida, traumatic brain o
(Dorsch et 30 . . . Qualitative study
5 injury, autism spectrum disorder,
al., 2016) 24 - 35 Focus Groups
and scleroderma
(Goodwin et 36 . . Qualitative study
4 Complete Spinal Cord Injury o .
al., 2009) 27 - 54 One outdoor hiking excursion
(Taylor and
McGruder, 3 Not stated Complete Spinal Cord Injury Qualitative study
1996)

The research studies stated in table 2.1, offer a personalised insight into the role of the
outdoors and outdoor adaptive activities for individuals with varying disabilities, via
gualitative research methods (e.g., ethnographic discussion, semi-structured interviews) and
is the most common method in investigating the role of the outdoors and outdoor physical
activity. However, the aforementioned studies (Taylor and McGruder, 1996; Goodwin et al.,
2009; Dorsch et al., 2016; James et al., 2018) first and foremost lack in reporting participant
characteristics, with two out of the four studies reporting mean and range for age of
participants. It would also be useful to know the individual disabilities and how (if not a
congenital disability) the disability was caused and potentially level of function could be

included to offer further insight to the participants and the programme.

Although all studies involved qualitative research as method and study design, all studies have

very low sample sizes. James et al (2018) for instance, highlights as a limitation that despite
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overall success with recruitment, researchers were unable to reach saturation given the
heterogeneity of participants. These studies offer many variables, and though the findings
from each of the studies are favourable to outdoor settings and outdoor adaptive activities,
these findings cannot be seen to be transferable to other programmes due to location, and
differing business and volunteer models. Dorsch et al (2016) iterates that the outdoor
adaptive programme being assessed is not a therapeutic recreation, but simply provides

inclusive outdoor recreation opportunities for youth and adults with disabilities.

2.3.1.2 Green Exercise and Mental Health
It is well established that exposure to nature leads to positive mental health outcomes and

cognitive affective and behavioural changes (Barton et al., 2012; Fraser et al., 2019, 2020),
and further having double beneficial effect on psychological health when compared with
urban or indoor environments (Pretty et al., 2005). Two theories can be used to justify the

effect of natural outdoor environments on mental health:

1. Stress Recovery Theory (Ulrich et al., 1991), provides an explanation for why natural
environments are so important for human functioning, and how natural elements can aid
stress recovery.

2. Attention Restoration Theory (Kaplan, 2001) suggests that mental fatigue and

concentration can be improved by time spent in, or looking at nature.

Direct exposure to nature is psychologically restorative, has beneficial influences on
individuals’ emotions and enhances the ability to reflect on life problems Research
(Thompson Coon et al., 2011) has validated that exposure to views of natural outdoor
environments (e.g. green spaces, nature) can improve people’s health and wellbeing through

the restorative qualities of the environment from stress and mental fatigue, which would be
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key for improving recovery and rehabilitation post-stroke. Hartig et al (2003) showed that
walks in natural landscapes have a stronger effect on the ability to concentrate than urban
walks. Similarly, in a systematic review by Whear et al (2014), benefits of spending periods of
time in a garden for dementia patients were thought to be reminiscence and sensory
stimulation. Results for this study were collected using qualitative methods, such as
testimonies of family members and care workers. While qualitative methods have a place in
this area of research, the data collected from family members and care workers could be seen
as highly subjective and do not necessarily reflect the patient group, as the perspectives of
patients who have dementia were not collected. However, contrary to other research
investigating the effects of natural outdoor environments on mental health (Pretty et al.,
2005; Thompson Coon et al., 2011), Askari et al (2017) found that the rate of reduction in
symptoms of depression and perceived stress was not greater in the green exercise condition,
when compared with the indoor exercise condition. This could be due to other studies using
more enjoyable green exercise activities like mountain running, kayaking and cycling in
natural outdoor settings. For instance, the study conducted by Mackay and Neill (2010) took
place in mountainous terrain and forests, which reported positive results in reducing
depression and perceived stress. It could be that exercising in a green space, situated in an
urban environment cannot double the rate of improvement of clinical depression due to
participants perception of the environment. Thompson Coon et al (2011) emphasised that in
order to determine the positive impact of green exercise compared to indoor exercise on

mental health and wellbeing, further studies involving clinical populations is much needed.

2.3.1.3 Green Exercise and Social Health
Social health is an important dimension of an individual's overall health, and refers to the

ability to form and maintain positive, meaningful relationships and interactions with others
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and natural outdoor environments may provide another setting in which social health and
experience can be promoted (Rogerson et al., 2016). Some studies (Peters et al., 2010; De
Vries et al., 2013) highlighted that natural outdoor environments facilitate social interactions
and experiences within communities. Coley et al (1997) reported that natural outdoor spaces,
with trees attracted larger groups of people, as well as more mixed groups of youth and
adults, compared with indoor setting and spaces devoid of nature, suggesting that natural

elements such as trees promote increased opportunities for social interactions and support.

In the context of exercise, social support and indeed social expectations can be influential to
increasing physical activity through self-efficacy. On the other hand, Hug et al (2009) found
that individuals had a greater social expectation of indoor exercise when compared to green
exercise. However, data was collected during the winter months, generating bias towards
indoor exercise. Teas et al (2007) observed that during a group walking exercise in natural
outdoor environments, participants often fell into conversation more easily, yet this did not
happen during the equivalent indoor exercise condition. Although indoor exercise is a
beneficial setting to focus on individual health benefits, the need for social opportunities is
greater and individuals are more likely to be persuaded to participate in physical activity,
(Schasberger et al., 2009). Therefore, green exercise can play a prominent role in the
promotion of future exercise behaviours by facilitating social interaction and increasing

enjoyment of participation (Hug et al., 2009; Gladwell et al., 2013).

2.3.1.4 Green Exercise and Physical Health
The natural environment not only offers a venue simply for exercise but has the potential to

increase the intention to exercise, enjoyment, and adherence and generate favourable health
outcomes. When comparing either exercising in indoor, built or urban environments during

physical activity, exercising in natural outdoor environments has substantial beneficial effects
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on blood pressure, other measures of cardiovascular and autonomic function and endocrine
and immune function (Pretty et al., 2005). For instance, several studies reported that during
self-paced walking exercise outdoors, individuals walk faster and work harder, but report
lower perceived exertion compared to indoors treadmill-based walking (Marsh et al., 2006;
Focht, 2009; Dasilva et al., 2011). Furthermore, Gladwell et al (2016) reported that lunchtime
walks through natural environments resulted in greater overall heart rate variability and
parasympathetic cardiac contribution during sleep. In a study conducted by Ceci et al (1991)
comparing the outcome of running exercise performed on a treadmill in indoor laboratory
setting and an outdoor field track, participants exercised at greater speeds, heart rate and
blood lactate concentration during outdoor exercise than during indoors exercise. In the
instance of stroke, Carvalho et al (2010), reported that patients who walk faster than 0.8m/s
are also able to walk further in the outdoor setting (assessment of short and long distance
walking performance in indoor and calm outdoor environments), though there is no definition
detailed in the study of what the outdoor environment is. However, in many of the mentioned
studies, indoor exercise is often performed on static ergometers compared to outdoor
exercise where the individual is required to move through the environment (Rogerson et al.,

2016; Noseworthy et al., 2023).

In a systematic review by Rogerson et al (Rogerson et al., 2016), the manipulation of optic
flow (defined as expanding flow on the retina caused by moving through an environment that
forms the representational basis of egomotion) (Gibson, 1994; Parry et al., 2012) could be a
potential reason as to why perceived exertion during outdoor exercise is greater than indoor
exercise. It is possible that, alongside other factors like prior experience, optic flow could have
a role in assessing fatigue and exercise exertion. However, restrictions to the optic flow due

to static, ergometer-based exercise may influence perceived exertion (Dasilva et al., 2011).

18



Natural outdoor environments may provide a stimulus by which adherence to exercise
behaviours may be influenced. Indeed, in a comparison of outcomes of outdoors walks versus
laboratory-based treadmill walks, individuals reported significantly greater intention to

engage in future exercise behaviours following outdoors walking (Focht, 2009).

Green Exercise Participation

\

Individual works at higher exercise
intensity but perceives it to be easier
(DaSilva et al., 2011; Focht, 2009)

Accessing psychologically and
physiologically restorative qualities
of nature via exercise (li, 2016;
Rogerson and Barton, 2015)

Intention for future exercise boosted
by enhanced (compared to other
exercise settings) affective outcomes
of single bout of green exercise
(Focht, 2009; Ekkekakis et al., 2011)

Exercise serves as vehicle for
beneficial access to relationship
between green spaces and social

contact (Maas et al., 2009)

Jnoineyaq Suideys JuswuoliAug

Nature exposure promotes benefits

Green exercise setting promotes
greater extent of social interaction
compared to other environmental

settings (Rogerson et al., 2016; Teas

Social interaction detrimentally et al., 2007)
distracts from or overrides
individual’s likelihood to mindfully
engage with and thereby access the l
psychologically restorative qualities
of green space (Rogerson et al., Exercise Partners can boost exercise
2016) motivation for and adherence to

exercise behaviours (Phillips et al.,
2004)

Figure 2.1: Two pathways where nature promotes benefits and environment shaping behaviour (taken from
book ‘Physical Activity in Natural Settings’, page 87)
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2.3.3 Current Outdoor Exercise Initiatives

Exercising in the outdoors has further been linked with improvements in social networking
and feelings of connectivity and companionship, an increased appreciation of nature, and
improvements in self-esteem. These benefits form the basis of the scheme ‘Walking for
Health’, supported and provided by the Ramblers Association. These walks are designed for
those who are less active by being short distance and over easy and manageable terrain.
Many other outdoor walking initiatives are supported by charity organisations such as the
Stroke Association and Headway- The Brain Injury Association. These actively run short walks
to promote social participation.

2.3.4 Barriers to Green Exercise for Stroke

However, many barriers to exercising in natural outdoor environments for young adults who
have had a stroke exist. There is a disparity to what is available for outdoor rehabilitation and
outdoor activities for those who are living with long-term conditions, and the misconceptions
about their abilities when they attempt to participate in the community (Madsen et al., 2021).
Experiencing a stroke may be a precursor to being a barrier to green exercise due to lack of
motor control, and musculoskeletal problems, potentially leading to increased risk of trips
and falls due to the confidence of both the stroke survivor and family/carers. A study based
in New Zealand (McCluskey and Middleton, 2010), reported people with stroke had continual
loss of confidence on ramps, escalators and in large indoor shopping centres despite having
several weeks of physiotherapy, resulting in the outcome that improved walking indoors may
not transfer to improve walking in outdoor and community environments. Therefore, in order
to gain confidence and skills required for community ambulation, people with stroke need
community and outdoor-based training. Logan et al (2004), suggested that escorted journeys

with a physiotherapist can improve participation and quality of life post-stroke, with other
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literature (McCluskey and Middleton, 2010; Louise S Madsen et al., 2021) stating that in order

to achieve successful results of outdoor activities, safety and trust was often seen as essential.

Professionals can play an important role of establishing safety and trust, whilst creating a
positive and joyful experience in helping to overcome barriers to outdoor activity (Taylor and
McGruder, 1996; Dorsch et al., 2016; James et al., 2018; Louise S Madsen et al., 2021).
However, anecdotal reports indicated that this evidence and escorted outdoor journeys were
rarely delivered to people with stroke. This sentiment is further seen in other studies
(McCluskey and Middleton, 2010), where some professionals considered that outdoor
rehabilitation were not ‘real’ or did not offer outdoor initiatives in their services, therefore
restricting access for individuals who may benefit from it. The social model of disability
recognises that both attitudes and the physical environment can present as barriers (Thomas
and Smith, 2008). Furthermore, although professionals can play a key role to ensure safety
and provide social support, they often express a lack of experience and shared direction on
what using outdoor and community environments for rehabilitation involves (Madsen et al.,
2021), and further struggle to build confidence in their own ability to deliver community-
based rehabilitation in outdoor settings (McCluskey and Middleton, 2010; Dorsch et al., 2016;
James et al., 2018). Reports suggest that few healthcare professionals felt obliged to focus on
indoor interventions like indoor-walking, because that is the expectation on how to improve
the impairment, conceptualising the medical model of disability (Thomas and Smith, 2008;
McCluskey and Middleton, 2010). Yet, individuals with disabilities call for professionals to be
more creative in rehabilitation approaches (James et al., 2018; Madsen et al., 2021). These
different perspectives based on individual needs and the perceptions of individuals with
disabilities and physical impairments may complicate the role of professionals and influence

their ability to overcome challenges regarding rehabilitation in outdoor settings.

21



2.3.4.1 The Practicalities and differences of Indoor Exercise and Green Exercise
Practicalities and differences between indoor and green exercise are prevalent and often

reported as barriers to motivation to participate. Indoor and green exercise are inherently
different because of the nature and scope of the environment. Indoor settings are often
portrayed as a safer environment for both exercise and rehabilitation purposes (De Bruin et
al.,, 2010), due to being controllable, structured and consistent, with no dependency on
external factors such as weather conditions, unlike exercising in outdoor environments (Hug
et al., 2009), and concerns for personal safety is often a key determinant to green exercise.
Factors such as neighbourhood crime safety, aesthetics and traffic for green spaces in more
urban areas will have a detrimental effect on participation levels. Safety concerns are further
highlighted if the area is remote, where injuries or exposure to the outdoors for a prolonged
period of time, especially in adverse weather conditions may occur, making indoor exercise
more attractive (Leslie et al., 2010; Gladwell et al., 2013; Federici, 2021) Safety concerns may
be a strong reason why rehabilitation for stroke is often considered to be a hospital-based

subspecialty of medicine or allied health intervention (Louise Sofia Madsen et al., 2021).

On the other hand, accessibility to participating in physical activity for both indoor and
outdoor settings present similar issues. Pederson et al (2022) reported that proximity to
affordable, well-maintained facilities is often reported as a motivator to take part in physical
activity in both indoor and outdoor environments (Keegan et al., 2016). However, Kelly et al
(2016) and Downward and Rasciute (2015) detailed that financial implications of participating
in organised physical activity in indoor settings is a well-documented barrier for both healthy-
bodied and less able individuals. Furthermore, both environments present obstacles to
participation, such as transport, e.g., the requirement to drive some distance to participate

and lack of transportation possibilities, were reported as significant barriers (Kelly et al.,

22



2016). In a study investigating barriers and enablers to green exercise for individuals who have
chronic pain, Selby et al (2019), 19% of participants reported green spaces, such as parks and
river paths, are not easily accessible to them on a regular basis. Studies have shown that
communities with a lower level of access to such natural environments have a greater

incidence of disease and morbidity (Royal College of Nursing Institute (RCNI), 2009).

2.3.5 Summary

Spending time and exercising in natural outdoor environments for healthy able-bodied
individuals and those with disability, offer a plethora of positive benefits for physical and
mental health. Exercising in natural outdoor environments elicited feelings of enjoyment,
adrenaline rush and excitement for those with disability. Despite the positive impact
exercising in natural outdoor environments can promote, barriers still exist that reduce
accessibility to the outdoors for those who are less able. Therefore, this thesis offers a strong
rationale for this research project to develop and offer a new approach to stroke

rehabilitation to promote recovery and improve accessibility for all.
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2.4 Stroke in Young Adults

2.4.1 Pathophysiology of Stroke

Stroke is defined as potentially one of the most damaging of all neurological conditions for all
ages and is seen to be a major cause of death and disability globally (Mukherjee and Patil,
2011; Aigner et al., 2017) and is ranked as the second leading cause of complex disability in
adults (Donkor, 2018). The World Health Organisation (WHO) definition of stroke is: “rapidly
developing clinical signs of focal (or global) disturbance of cerebral function, with symptoms
lasting 24 hours or longer or leading to death, with apparent cause other than of vascular
origin” (WHO, 1988; Truelsen et al., 2006). This definition encompasses both ischaemic stroke

and haemorrhagic stroke (Mallick and O’Callaghan, 2009).

Stroke occurs when the blood flow within an artery feeding an area of the brain is abruptly
interrupted by a clot (infarction) or rupture (haemorrhage). The most frequent cause of
infarct stroke, which accounts for 87% of strokes is a thrombotic blockade of the internal
carotid or middle cerebral artery or other arterial branches. This causes brain tissue to
become necrotic, due to lack of oxygen (Rosamond et al., 2008). A stroke can also be caused
by a haemorrhage, which is when a rupture occurs to a blood vessel and produces bleeding
into (intracerebral) the brain (Kramer et al., 2016).

2.4.2 The definition of a young adult

There are many definitions in which a young adult who has had a stroke is classified. The vast
majority of literature defines a “young adult” to be between the ages of 18 and 50 years
(Griffiths and Sturm, 2011; Maaijwee et al., 2014, 2016; Smajlovi¢, 2015; Ekker et al., 2018).
However, using this age range to define a “young adult” subsequently excludes those

individuals who are between the ages of 50 and 65 years and have the potential to return to
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work. Therefore, an age group of 18-65 years encompasses the whole working age group
category. For the purpose of this literature review and subsequent chapters, “young adults”
will be defined to be between the ages of 18 and 65 years (Daniel et al., 2009; Saka et al.,

2009; Coole et al., 2013; Jarvis et al., 2019).

It is reported that one quarter (26%) (Stroke Organisation national statistics, 2015) of adults
who experience a stroke in the United Kingdom are under the age of 65 years (Daniel et al.,
2009; Coole et al., 2013; Jarvis et al., 2019) and the UK National Clinical Guidelines for Stroke
suggest that the needs of young adults may not be met by standard stroke services (Daniel et
al.,, 2009; Rudd et al., 2017). This is because the majority of stroke services are focused
towards meeting the requirements of the older stroke population. There is a gap in the
literature regarding young stroke, in terms of their needs and requirements from
rehabilitation post-stroke.

2.4.3 Incidence of Stroke in Young Adults

In the last decade alone, there has been a global increase by 40% in the incidence of stroke in
young adults (Ekker et al., 2018). However, large variations occur between countries, ranging
from 7-8 per 100,000 people/year in Europe, to more than 100 per 100,000 people/year in
sub-Sarahan Africa. This variation between countries reporting the incidence of young adults
who have had a stroke could be due to a myriad of factors, such as differences in the definition
of stroke in young adults by age and subtype (Griffiths and Sturm, 2011; Feigin et al., 2016),
geographical differences (Béjot et al., 2014), air pollution, socioeconomic circumstances,

genetics and ethnicity.

A large number of studies have been published in the last three decades on the incidence of

stroke in young adults (Bevan et al., 1990; Marini et al., 2010; Griffiths and Sturm, 2011; Béjot
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et al., 2014; Maaijwee et al., 2014; Smajlovi¢, 2015; Ekker et al., 2018). The results of these
studies have been rather heterogeneous in terms of methodology and ethnicity.

2.4.4 The cost of Stroke in Young Adults

The prevalence of stroke in young adults poses many challenges to societal cost. Compared
to the older stroke population, stroke in the young has a disproportionately large economic
impact (Smajlovi¢, 2015). The main reasons for this are that young stroke survivors find
themselves living longer with potential complex disability at a time in their life when they
expected to be supporting themselves and family, through some form of employment (Daniel
et al., 2009). Young adults who have had a stroke find it difficult to return to work, often as a
result of physical impairments, such as increased fatigue, upper and lower limb weakness,
altered walking capabilities and changes in cognition (e.g. unable to concentrate, mental
fatigue and in severe cases have difficulty communicating). In the United Kingdom, the cost
of treatment, rehabilitation and subsequent loss in productivity from not being able to return
to work due to stroke, results in total societal costs of £8.9 billion per year (Saka et al., 2009),
and more recently found, loss of productivity from young adults not being able to return to
work is £1.04billion per year (Luengo-Fernandez et al., 2020). Separately, the treatment and
rehabilitation costs for stroke account for 5.5% of the total UK expenditure healthcare (Evers

et al., 2004).

Furthermore, across 32 European countries in 2017, it was estimated the total cost of stroke
to be €60 billion per year, of which €27 billion (45%) were incurred by healthcare systems and
representing 1.65% of these countries healthcare systems budgets. Within the European
countries included in this review by Luengo-Fernandez et al (2020), it was found that 47%

(€29 billion) of the economic cost of stroke was in non-health or social care areas, with an
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estimated €16 billion (27%) in informal care costs and €13 billion in lost productivity as a result
of early death or absence from work.

2.4.5 Epidemiology and Aetiology of Stroke in Young Adults

Underlying pathogeneses of stroke, age-related causes in the brain such as atherosclerosis,
small-vessel disease and certain high-risk cardiac conditions like atrial fibrillation ultimately
cause a small proportion of ischaemic strokes in the younger populations (Ekker et al., 2018).
Though it is rarely seen in the older populations, dissection of the carotid artery (15-20%) is
the most prevalent cause of ischaemic stroke in young adults. With over a hundred additional
rare causes that could result in an ischaemic stroke in the younger population, creates a
continual challenge for diagnosis and prevention for young patients. Interestingly, within the
plethora of causes of stroke in the young, are the significantly high number of patients that
present as having a stroke without an identifiable cause. Between 30% and 40% of ischaemic
strokes in those under 50 years of age are classified with experiencing ‘cryptogenic strokes’
and the highest prevalence seen in the youngest of patients. In neuroimaging, the vast
majority of cryptogenic strokes indicate embolic patterns, such as an embolism from
elsewhere in the body, most likely the heart. However, despite modern technology in
diagnostics, a definitive source of the embolism cannot be distinguished. If the cause of stroke
in these instances are not established, it can be problematic for the prevention of a second
ischaemic stroke. However, compared with Ischaemic stroke, haemorrhagic stroke results in
increased damage to structural conditions like vascular malformations in young stroke

survivors, than in the elderly

Large studies (Smajlovi¢, 2015; Ekker et al., 2018) highlight that haemorrhagic stroke

(subarachnoid and intracerebral) is the cause for nearly 50% of all strokes in those under 45
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years of age. The reported incidence rates in this age category range from 3—6 per 100,000
per year for subarachnoid haemorrhage and 2—7 per 100,000 per year for intracerebral
haemorrhage (Marini et al., 2001; Ekker et al., 2018). Generally, the aetiology of intracerebral
haemorrhage in young patients is similar to that in those older than 45 years, except for an
overrepresentation of arteriovenous malformation, cavernoma, drug abuse, and bleeding
disorders such as sickle cell disease and antiphospholipid antibody syndrome early in life.
Hypertension remains the most common cause of intracerebral haemorrhage in all ages

(Smajlovi¢, 2015; Ekker et al., 2018).

2.4.5.1 Vascular Risk Factors
Vascular (also termed as modifiable of traditional) risk factors are similar for both younger

and older stroke populations (Smajlovi¢, 2015), and are seen to be the cause for nearly 90%
of all strokes (Aigner et al., 2017). However, over the past decade, there has been an
unguestionable increase in the prevalence of hypertension (4-11%), hypercholesterolemia
(12-21%), diabetes mellitus (4-7%), smoking (5-16%) and obesity (4-9%) in young adults
(George et al., 2017; Ekker et al., 2018). These modifiable risk factors are continually reported
in much of the literature investigating stroke in the young (Putaala et al., 2009; Smajlovi¢,
2015; George et al., 2017). A study conducted in Finland by Putaala et al (2009), reported that
the most common vascular risk factors included high cholesterol (60%), smoking (44%), and
hypertension (39%) among 1,008 young adults. Suggesting the prevalence of modifiable risk
factors in young adults as a cause of stroke to be a global issue. A further study (Putaala et al.,
2012), aimed to examine the dissemination of vascular risk factors in 3,944 young stroke
patients from three geographic regions in Europe and found that the three most common risk
factors for stroke were smoking (49%), high cholesterol (46%), and hypertension (36%).

However, in a study conducted by Aigner et al (2017), population-attributable risk of most
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traditional risk factors (e.g. hypertension, diabetes mellitus, coronary heart disease, smoking,

heavy episodic alcohol consumption, low physical activity, and high BMI) increased with age.

2.4.5.2 Genetic Risk Factors
Smajlovic (2015) reported that cervicocephalic arterial dissection is a frequent cause of stroke

in young adults, ranking first or second alongside other aetiologies of ischaemic stroke in
young populations (up to 25% of cases) (Tancredi et al., 2013; Mackey, 2014). The link
between migraines and ischaemic stroke has been known for a number of years, however is
very much controversial due to the potential differences in the ascertainment of migraine
(Ekker et al., 2018). It is most commonly seen in young females who have migraine with aura,
with exponential increase among active smokers and those who use oral
contraception(Bousser and Welch, 2005). Furthermore, though inherited coagulation
disorders do not necessarily play a major role in stroke in young adults, it can have dire
consequences with those who also have antiphospholipid antibody syndrome. In one
systematic review conducted by Brey (2005), antiphospholipid antibodies, particularly lupus
anticoagulant, were found to be an independent risk factor for ischaemic stroke in young

adults in five of six studies included.

Some rare genetic and hereditary diseases, need to be taken into consideration when
diagnosing young patients for ischaemic strokes, like Fabry disease, cerebral autosomal
dominant arteriopathy with subcortical infarcts and leukoencephalopathy (CADASIL), and

mitochondrial encephalopathy with lactic acidosis and stroke-like episodes (MELAS).

2.4.6 Covid-19: A Cause of Stroke in Young Adults

Even though the precise incidence is not yet known, stroke in the young is emerging as a
potential complication of the COVID-19 pandemic (Hess et al., 2020). A probable cause for

the link between COVID-19 and onset of stroke is the hypercoagulability associated with
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COVID-19, which is likely a “sepsis-induced coagulopathy” (Ellul et al., 2020), potentially
causing thrombotic vascular events including stroke (Fifi and Mocco, 2020). A multicentre
study that included 26 patients who were infected with COVID-19, it was reported that those
who had a stroke (either ischaemic or haemorrhagic), 27% were under the age of 50 years.
Moreover, it was found that out of fifteen patients two presented with large vessel stroke,
These patients were younger than 50 years and had no previous stroke risk factors. Consistent
with other cases, patients with COVID-19 potentially are worse with regards to clinical
outcomes than those patients with stroke who do not have COVID-19 (Fifi and Mocco, 2020).
2.4.7 Summary

This section highlighted the increased prevalence and incidence of stroke in the young and
that a stroke can be caused by lifestyle factors such as smoking, poor diet and obesity,
hypertension, but also vascular and genetic causes and the newly reported increased risk of
stroke as a result of COVID-19. Furthermore, while stroke can affect individuals of all ages,
young stroke survivors often face unique challenges related to the etiology of their stroke, life
expectancy, recovery potential, emotional impact, and long-term management. Tailored
rehabilitation programmes and support services are essential to address the specific needs of
young stroke survivors and help them achieve optimal recovery and quality of life. Stroke can
affect the individual’s ability to return to employment depending on severity, and therefore
it is why the traditional definition of “young adult” (18-50 years of age) should also include
those who are between the ages of 50 and 65 years. This then encompasses all who are and

should still be in employment.
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2.5 Walking Performance Post-Stroke

2.5.1 Walking Performance: Definition

The term ‘walking performance’ is defined and quantified by the physiological effects of
walking (metabolic energy expenditure (oxygen uptake) and metabolic cost (efficiency))
(Kramer et al., 2016) and biomechanical function (joint kinematics (how a joint moves),
kinetics (the forces that go through joints when walking) and spatiotemporal parameters

(step length, step width and walking speed) (Benedetti et al., 1998).

Walking is fundamental to physical independence such as the ability to complete activities of
daily living, return to employment and participate in social activities (Jarvis et al., 2019).
Regaining the ability to walk is one of the most commonly stated priorities of individuals who
have had a stroke (Saunders et al., 2016; Wonsetler and Bowden, 2017). Through stroke
rehabilitation, this goal can be achieved by compensating for remedial deficits, promoting
recovery of impaired movements, or a combination of these methods (Buurke et al., 2008).
However, it has been reported that improvements in clinical outcomes in indoor settings (e.g.
hospital environments and gyms) often do not elucidate changes in community walking
(Ardestani et al., 2019), giving premise for an alternative form of stroke rehabilitation to be

based in outdoor settings (e.g. natural environments and community settings).

Despite 60-70% of stroke survivors recovering the ability to walk post-discharge from hospital,
almost one third of individuals are still unable to walk unsupervised in the community (Lord
et al., 2004). The inability to walk in the community and outdoor settings are possibly a direct
result of physical impairments caused by stroke, such as impairments in motor function,
further compromising muscle strength, co-ordination and balance, spasticity and mobility,

but also insufficient acute and chronic rehabilitation in the majority of cases. Walking in
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outdoor environments can be more demanding due to the complexities that this type of
environment presents (Kim et al., 2014), such as uneven ground, different terrains and
changeable weather (e.g. wind and rain) but also the requirement to step up, down and over
obstacles. Outdoor-walking (e.g. community ambulation, walking in urban environments and
outdoor natural environments) can therefore become a more arduous task for a young stroke
survivor when they complete activities of daily living or community ambulation as a result of
previously mentioned motor impairments. Indoor-based rehabilitation programmes are not
conducive to the hazards that walking in natural outdoor environments and community
walking presents (Lord et al., 2004).

2.5.2 Common Impairments Post-Stroke

The definition of disability under the Equality Act 2010 in the United Kingdom is “if you have
a physical or mental impairment that has a ‘substantial’ and ‘long-term’ negative effect on

your ability to do normal daily activities” (taken from https://www.gov.uk/definition-of-

disability-under-equality-act-2010). Common impairments affecting motor function post-

stroke include spasticity, hemiparesis and hemiplegia. Spasticity is the involuntary continuous
contraction of muscles of the upper and lower paretic limbs, often characterised by
exaggerated tendon reflexes, increased resistance to passive movement and hypertonia
resulting from the loss of upper motor neuron inhibitory control (Lance, 1980). Hemiparesis
is defined as a weakness or inability to move on one side of the body and can cause difficulty
to perform activities of daily living such as eating, dressing and walking. Many previous studies
report that patients experience spasticity in muscles and hemiparesis of the paretic lower
limb (Serra et al., 2016) due to the damaged descending neural pathways, which can cause
abnormal movements, including an altered gait pattern and poor walking efficiency (Cruz et
al., 2009).
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2.5.3 Efficiency of walking post-stroke

One of the methods in which walking performance post-stroke is defined and quantified is by
the physiological effects of walking, such as energy demand (Kramer et al., 2016). Energy
demand is an estimate of the cost of physical activity and can be expressed as volume of
oxygen uptake in millilitres, which is standardised to bodyweight in kilograms. Oxygen uptake
when walking is commonly expressed as VO2/mL/kg/min, also often known as energy
expenditure (EE). Energy cost takes walking speed into consideration by dividing oxygen

uptake per unit of time by walking speed.

It is well reported that the energetic demands of walking are increased substantially due to
the motor impairments caused by stroke (Platts et al., 2006; Kramer et al., 2016; Jarvis et al.,
2019), with metabolic cost of walking in young adults ranging between 0.27 — 0.63, compared
to controls (0.14) (table 2.1). the differences seen between studies could be the result of a
number of factors, such as age of participants, participant sample size, the time since stroke
occurred and methods used (e.g. overground versus treadmill walking). Alongside these
factors, the increased variability in the measured parameters highlight how stroke affects

each individual differently, concluding that no two strokes are the same.
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Table 2.2: Literature review of studies investigating walking speed and metabolic cost of young stroke
populations

stud Sample Age of participants Walking speed (m/s) Metabolic cost
u
g size (mean and range) (mean and 95% Cl) (mean and 95% Cl)
27.6 0.97
6 0.27
(18-40) (0.46-1.47)
(0.07-0.45)
] 52.8 0.80
Jarvis et al 20 0.27
(41-54) (0.47-1.19)
(2019) (0.17-0.31)
59.4 0.79
15 0.35
(55-65) (0.29-1.25)
(0.09-0.58)
Platts et al
40.7 0.39 0.63
(2006) 13
(30-54) (0.13-0.71) (not reported)
Danielsson &
Sunnerhagen 10 52.1 0.27 0.58
(2000) (30-63) (not reported) (not reported)
Maeda et al 18 45.0 0.38 0.41
(2009) (32-59) (0.13-0.71) (not reported)
Awad et al 57.8 0.76
42 (not reported)
(2015) (not reported) (not reported)
Cunha-Filho et 60.0 0.51
(not reported)
al (2003) (27-77)) (0.23-0.90)
Control (Jarvis s 44.8 1.45 0.14
etal., 2019) (41-54) (1.31-1.58) (0.13-0.16)

Physical inactivity, which is common post-stroke may further contribute to cardiovascular and
metabolic deconditioning (Finestone et al., 2003), muscle weakness and associated declines
in physical function (Teasell et al., 2001). Compared with healthy controls, the energy
expenditure of walking is 1.5-2 times greater post-stroke (Platts et al., 2006). The debilitating
consequences of a high energy cost when walking has the potential to limit the individual’s

activities of daily living.

Many studies investigating the energetic demands of walking have focused on the older
stroke patient groups (Kramer et al., 2016). However, recent years have witnessed growing
academic interest in examining this field of study specific to young adults who have had a

stroke (Danielsson and Sunnerhagen, 2000; da Cunha-Filho et al., 2003; Platts et al., 2006;
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Maeda et al., 2009; Awad et al., 2015; Jarvis et al., 2019). This may be due to young stroke
survivors typically not being affected by age-related conditions compared the older stroke
population (70 years of age and older). Age-related conditions such as arthritis and
sarcopenia, can also lead to altered gait patterns and increase sedentary behaviour. The
National Clinical Guidelines for Stroke (2016) also reported that some younger adults feel that
general stroke services, which the vast majority are older adults, do not meet their needs.
Compared to the older stroke population, young stroke survivors are often more motivated
to recover due to wanting to return to work, social and leisure activities (Daniel et al., 2009;
Morris, 2011) and are therefore it can be hypothesised that young stroke survivors are more
likely to respond to rehabilitation differently. Because of these factors it is difficult to rely on
research conducted with older stroke patients, to be clinically relevant and be implemented

specifically for young stroke survivors.

The study conducted by Jarvis et al (2019) proposed for the first time a critical threshold value
for walking speed (0.93m/s). This critical threshold value of 0.93m/s has applications to be
used in clinical practice and future research as a predictor for return to work following a
stroke. Furthermore, this study was the first of its kind to use age sub-groups to help elucidate
age-specific effects when investigating the relationship between walking speed and metabolic

cost and its implications for returning to employment.

However, within this study only a small sample was achieved in the youngest age sub-group
(18-40yrs, n=6) compared to the larger sample sizes observed in the other age sub-groups
(41-54 yrs, n=20, 55-65 yrs, n=15), potentially limiting the clinical applications of this study
specifically to young adults. Furthermore, within each age sub-group (18-40 yrs, 41-54 yrs and

55-65 yrs) a wide range in walking performance between stroke patients was observed, giving
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the means (0.97m/s, 0.80m/s and 0.79m/s) limited value. The 95% confidence intervals (0.46-
1.47m/s) highlights that walking speed is highly variable due to the often varied effect a stroke

can have on an individual.

Only a small cohort of studies (Danielsson and Sunnerhagen, 2000; da Cunha-Filho et al.,
2003; Maeda et al., 2009) have included young adults into their samples, and also having small
sample sizes overall. Therefore generalisability of results is limited and is reported as a
limitation in many studies (da Cunha-Filho et al., 2003; Maeda et al., 2009) investigating
walking speed of both young and old stroke populations. Furthermore, in some studies (da
Cunha-Filho et al., 2003), data collected young adult patient groups have been grouped with

the older stroke population, so the sensitivity to age is lost.

Different methodologies used could be a confounding variable for comparing studies and
therefore why the high variability of walking speed and energy cost may be apparent in
previous literature. For instance, when the stroke event occurred, severity of stroke and when
data collection took place. The patient group in the study by Platts et al (2006), had
experienced a stroke on average 3.6 months prior to testing and were yet to be discharged
from inpatient rehabilitation care, compared to Jarvis et al (2019) where inclusion criteria
stipulated that the occurrence of stroke took place within the last three years. The patients
in the study by Jarvis et al (2019) would have had significantly more outpatient rehabilitation
care compared with other previous studies, suggesting one cause for the increased walking

speed and lower metabolic cost.

Further methodological differences between studies include measuring oxygen uptake and
walking speed during overground walking (Platts et al., 2006; Maeda et al., 2009; Jarvis et al.,

2019), treadmill walking (Danielsson and Sunnerhagen, 2000; Awad et al., 2015) or measured
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during steady-state conditions (Kramer et al., 2016). Overground self-selected walking speed
(SSWS) is the most commonly used outcome measure of walking ability in rehabilitation, likely
because it is simple, cost effective, reliable, valid, sensitive, and specific (Wonsetler and
Bowden, 2017). The use of the treadmill for assessing SSWS and metabolic cost in stroke
populations limits the application for data, as walking on the treadmill often increases
metabolic cost due to the movement of the belt, as reported by Brouwer et al (2009) and
others (Danielsson and Sunnerhagen, 2000). Most patients in the study by Danielsson and
Sunnerhagen (2000) had experience of treadmill walking, it could be that some had chosen
too low a speed. This correlated with the low heart rate and ratings of perceived exertion,
indicating that the work in this study was quite light when compared with overground

walking.

2.5.3.1 Gait Classification in Stroke
Though the prediction of functional return and recovery has been noted as difficult by some

researchers (Bowden et al., 2008) due to the heterogenous nature of the stroke population,
self-selected walking speed is a proven predictor for stroke recovery, due to the simplicity in
measurement, is a reflection on both functional and physiological changes and most
importantly is a reliable and sensitive measure throughout the recovery process (Perry et al.,
1995; Schmid et al., 2007; Bowden et al., 2008). It was Perry et al (1995) who evidenced that
using walking speed as a valid predictor for community walking, thus classifying gait post-
stroke. Perry’s work establishes four classifications ranging from ‘severe gait impairments and

able to walk indoors only’ to being similar to able-bodied individuals, as detailed in table 2.2.
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Table 2.3: Gait classifications for stroke, first proposed and established by Perry et al (1995)

Group Walking Speed Classification
1 <0.4m/s Severe gait impairments and able to walk indoors only
2 0.41-0.79m/s Moderate gait impairments and able to walk outdoors with limited

community ambulation

3 0.8-1.2m/s Mild gait impairments and able to walk outdoors without assistance

Using Perry’s proposed gait classification (table 2.3) has since become a method to
understand the rehabilitation needs of stroke survivors on an individual basis, but also to
monitor progression and has since become an outcome measure in clinical trials (Plummer et
al., 2007; Stanhope et al.,, 2014). Schmid et al (2007) reported that improving walking
performance, and therefore walking speed and the stroke survivors’ gait classification, also

has the ability to improve self-reported measures of function and quality of life.

2.5.3.2 Walking Performance in Outdoor Environments
Only one study (Kim et al., 2014) has investigated whether a ‘community walking training

programme’ can improve walking function (walking speed and distance), taking place
outdoors in community and natural environments over a period of four weeks. It was
reported that this form of rehabilitation significantly improved walking speed (pre-
intervention 0.51m/s, post-intervention 0.71m/s), assessed using the 10m walk test and
walking distance (pre-intervention 162.59m, post-intervention 227.8m), using the 6-minute
walk test. However, despite the marked improvements in walking speed and distance, this
study does highlight limitations, for instance the small number of participants recruited for
this study does not allow for these results to be generalised to all stroke patients.

Furthermore, no long-term follow-up of the programme was considered to assess potential
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behaviour change and the whether the positive improvements observed and reported in this

study continue.

2.5.4 Walking Biomechanics Post-Stroke

2.5.4.1 The Gait Cycle
Walking uses a repetitious sequence of limb motions to simultaneously move the body

forward, while also maintaining stance stability (Perry, 2010). The term “gait” represents the
manner of walking, with a single sequence by one limb termed the “gait cycle”. Each gait cycle
can be divided into two phases; the stance phase and the swing phase. In a healthy able-
bodied adult, the stance phase accounts for 60% to 62% of the gait cycle, whereas the swing
phase accounts for 38% to 40%. and is the entire period during which the foot is on the
ground, which commences with “initial contact” (also termed as heel strike). The swing phase
accounts for 40% of the gait cycle and applies to the time in which the foot is in the air for
limb advancement and commences as the foot is lifted from the floor (toe-off) (figure 2.2)

(Kharb et al., 2011).

Tibsa vertical

re
wing
T T (oody‘e ads foot)

Foot-off Oppo
(terminal contact) (Icolcl

Feet adjacent
(knee extends)

Figure 2.2: Gait cycle from initial contact to the next contact on same side (taken from:
https://ebrary.net/7410/health/phases gait cycle )

39


https://ebrary.net/7410/health/phases_gait_cycle

Spatial-temporal parameters and kinetic and kinematic parameters are commonly used to
describe gait in research. Spatial-temporal parameters concern the placement of the feet and
time aspects of the gait cycle, such as stride length, stride width, step length, step width,
single limb support time, double limb support time, stance time, and swing time
measurements (Wonsetler and Bowden, 2017). Kinematics describe the angular displacement

of joints and kinetics describe forces, joint moments and joint powers (Benedetti et al., 1998).

To measure kinematics and kinetics of walking, researchers regularly utilise embedded force
plates, the gold standard method for biomechanics, with data collected to a certain sampling
frequency (Renner et al., 2022). However, if the sampling frequency is too low, it is possible
to miss important information. For instance, the characteristics of the gait phase will not be
able to be determined accurately. Over sampling the data on the other hand, will result in a
large quantity of data being collected and therefore require further data processing and
reduction. Therefore, recommended sampling frequencies for walking are 50 to 100 Hz for
motion capture, walking and running at 100 to 200 Hz, and 1000 Hz for ground reaction force

data collection (Gudavalli et al., 2013).

2.5.4.2 Spatial and Temporal Parameters
While self-selected walking speed has been established as the prominent outcome for walking

rehabilitation clinical trials, spatiotemporal variables are frequently utilised to quantify gait
abnormalities, calculate gait asymmetries and track patient progress (Wonsetler and Bowden,
2017). Researchers consistently report reduced stride length (Nascimento et al., 2015;
Zukowski et al., 2019), step length (Allen et al.,, 2011; Awad et al., 2015), cadence and
increased stride width, step width (Chen et al., 2005a; Jarvis et al., 2019) and stance duration
in individuals who have had a stroke, compared to control participants and indicate several

potential causes for slow walking speeds.
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Stride length is often defined as ‘the distance that one part of the foot travels between the
same instant in two consecutive gait cycles’ (Baker and Hart, 2013). Within the first months
after experiencing a stroke, cross-sectional studies revealed slower gait speed was a result of
reduced stride length and cadence (Brandstater et al., 1983; Chow and Stokic, 2021).
Nascimento et al (2015) reported mean stride lengths range between 0.5-0.6m in stroke
survivors, compared to healthy able-bodied older adults (1.1 to 1.4m) (Hollman et al., 2011).
Stride length variability has further been related to fall risk (Mansfield et al., 2015) and
balance confidence (Schinkel-lvy et al., 2016) post-stroke, perhaps as a result of different
lower limb weakness distributions in stroke. It could be theorised that lower extremity distal
muscle weakness causes an inability to fully weight-bear over the forefoot and create
adequate progression during late stance, resulting in shorter strides, whilst predominantly
proximal lower extremity muscle weakness may, or may not, preserve this function (Li et al.,

2018).

In a study conducted by (Hak et al., 2015), medio-lateral and backward margins of stability
(MoS) were compared between stroke participants and healthy able-bodied controls, during
unperturbed walking and more challenging walking conditions, in which fast and accurate
adaptations of the gait pattern had to be made. For all conditions, it appeared that stroke
participants were able to regulate their medio-lateral MoS to a similar degree as the controls,
despite exhibiting larger medio-lateral excursions of the extrapolated centre of mass (XCoM).
Stroke participants had to walk with a larger step width and a relatively high stride frequency,
compared with the control group. In contrast, the backward MoS was smaller in post-stroke
individuals. This smaller backward MoS appeared to be caused by inadequate adjustments in

stride frequency and stride length.
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Furthermore, the limited increase in stride frequency and stride length in stroke participants
could be a result of reduced push-off (Balasubramanian et al., 2007; Roerdink and Beek, 2011)
and swing capacity (Campanini et al., 2013) of the paretic lower limb, due to muscle weakness
and/or spasticity. However, the study conducted by Hak et al (2015) suggests an alternative,
that an increased fear of falling (Maki, 1997) in stroke participants, or conflict between the
cognitive demands of the gait adaptability task and walking ability (Plummer-D’Amato et al.,

2008).

Jarvis et al (2019), reported that nearly all young stroke participants walked with a wider step
compared to healthy able-bodied controls. This is likely adopted as part of a compensation
strategy to aid with balance and stability, however this strategy is likely to negatively affect
walking speed due to the reduction in distance covered in the forwards direction, in
agreement with Chen et al (2005). Adopting a wider stance to promote support in the static
standing position may seem to be more stable. However, walking involves the transition from
single and double stance and will therefore lead to the body’s centre of mass experiencing

greater medio-lateral sway, potentially causing greater instability.

Several studies have found step length and step length asymmetry to correlate with paretic
lower limb plantarflexor impairment post-stroke (Hsu et al., 2003; Lin et al., 2006). Contrary
to traditional results regarding step length asymmetry, one study (Balasubramanian et al.,
2007) found that patients who walk asymmetrically with shorter steps, generated a higher
total percentage of propulsion from the paretic limb. Though a cause for this occurrence could
be due to the paretic plantarflexors being unaffected post-stroke, there is the likelihood that
these participants were unable to generate adequate energy during pre-swing of the paretic

leg, which would result in the reduction of the paretic leg swing time, hence decreasing
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paretic step length. Furthermore, in a study by Awad et al (2015), it was found that
intervention-induced improvements in step length asymmetry contributed to a reduction in
energy cost and causing more efficient walking post-stroke. This demonstrates that a more
symmetric walking produced the largest reduction in energy consumption when walking.
However, it is not clear which of the three largely different interventions (1. Self-selected
overground walking 2. Treadmill walking at the fastest maintainable speed for four minutes
or 3. Treadmill walking at the fastest maintainable speed for four minutes with the addition

of functional electrical stimulation) facilitated the changes in step length asymmetry.

2.5.4.3 Kinematic and Kinetic Parameters
Many studies (Boudarham et al., 2013; Awad et al., 2015; Jarvis et al., 2019) investigating

stroke have utilised a number of combined advanced techniques such as 2D and 3D motion
analysis and ground reaction force measurements (use of force plates), to identify gait
abnormalities and to evaluate the effectiveness of interventions (Yavuzer et al., 2008).
However, there is a paucity of research literature that have exclusively measured walking
biomechanics in young adults who have had a stroke. Only one published study by Jarvis et al
(2022), with most studies having used samples of older stroke patient groups (e.g. older than
65 years of age) who commonly have pre-existing age-related degenerative conditions not
applicable to young adults, like atherosclerosis, cardiovascular disease, arthritis and
osteoarthritis, potentially affecting how they walk. Some studies (Chen et al.,, 2005;
Boudarham et al., 2013; Awad et al., 2015) have included young adult patient groups into
their sample, but the data has been grouped with the older adults, therefore the sensitivity
to how young adults may walk differently is unknown. Therefore, due to the lack of research
specific to young adults, the studies discussed in this section only report on gait abnormalities

in older stroke patient groups.
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As stroke alters the kinematic, kinetic, and muscle activation patterns of individuals, spasticity
is a common occurrence at a certain joint and can cause crouch gait, stiff-knee gait and
reduced range of motion (RoM) of the lower limb joints (Hicks et al., 2011; Campanini et al.,
2013; Boudarham et al., 2013). Between 38-60% (Kim et al., 2016) of individuals who have
had a stroke suffer from muscle weakness and spasticity (Fleuren et al., 2009), which can vary
according to the severity of stroke. Specifically, those with spasticity are more likely to be
functionally impaired than those without, causing key abnormalities such as multi-joint factor
asymmetries of the paretic lower limb at all levels (pelvis, hip, knee and ankle) (Cruz et al.,

2009).
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Table 2.4: Review table of different studies investigating the spatial-temporal, kinematic and kinetic parameters of post-stroke walking

Study Sample size Methods Kinetic variables Kinematic variables Strengths limitations
Hayes Cruzet 18 Overground Not stated Frontal and sagittal plane hip  Multi-joint coupling was No demographic
al (2009) walking SSWS strength, sagittal plane knee associated with increased information on participants
and ankle strength pelvic movement at toe-
off
Stanhopeetal 21 Treadmill Not stated Frontal plane pelvic tilt, peak  Assessed both slow and No demographic
(2014) walking SSWS hip abduction, peak knee fast walkers information on participants
flexion, peak ankle
dorsiflexion during swing
phase in sagittal plane
Kim et al 10 (5 stroke, 5 Overground Not stated Gait phases heel strike and Divides results into slow Only five stroke patients
control) walking SSWS toe off, kinematic profiles of and fast walkers participated and
ankle, knee and hip flexion/ participant groups were
extension and pelvic obliquity not age-matched
Boudarham et 62 (42 stroke, = Overground Not stated Sagittal plane hip, knee and Included young adults who
al 20 control) walking SSWS ankle have had a stroke (mean
age: 52 yrs)
Chen et al 12 (6 stroke, 6 Treadmill SSWS  Not stated Sagittal hip, knee, ankle
control
Kerrigan et al 40 (20 stroke,  Overground Hip, knee and ankle Sagittal plane hip, knee and Demonstrated
20 control) SSWS (10m walk  joint motion, torque ankle considerable variability in

test)

and power

torque and power- varied
compensatory
mechanisms for reduced
knee flexion
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The Pelvis

Pelvic motion plays a crucial role by contributing to the forward progression of the body and
trunk vertical support post-stroke. Kim et al (2016) reported an excessive anterior tilt
throughout the entire gait cycle, compared to the control group. This could potentially be due
to spasticity in the hip flexors as a result of neurological impairment, but also due to
prolonged sitting or sedentary behaviour resulting from limited mobility and difficulty walking
post-stroke, therefore shortening the hip flexors (Jarvis et al., 2019). The gait performance of
the non-paretic limb provided support by the increase in pelvic tilt and pelvic rotation with
abnormal excursion of pelvic obliquity in the frontal plane, in order to compensate for

reduced range of motion (RoM) of the hip, knee and ankle.

However, the range in pelvic obliquity is varied. A study by Kerrigan et al (2000) suggests it
increases with excessive upwards movement during initial to mid-swing, compared to the
controls where it is observed that the pelvis on the swing side drops by 3.9 degrees, indicating
a hip-hiking pattern to achieve toe clearance due to foot-drop, which may also be related to
any impairment in tibialis anterior to lift foot from floor and weakness in gastrocnemius and
soleus to generate forward momentum. Similar results were seen in a study by Stanhope et
al (2014) as slower walkers were observed in the frontal plane to have greater pelvic tilt. This
positive exaggerated work of the pelvis is associated with raising the trunk during pre-swing
and swing of the paretic limb contributed to increased mechanical energetic cost of walking
(Chen et al., 2005a). While others (Akbas et al., 2019) suggest that pelvic obliquity as a
compensatory strategy can be used to facilitate foot clearance with greater energy efficiency,
compared to hip abduction. In contrast, Stanhope et al (2014) and others (Chen et al., 2005a)
suggest that increased or exaggerated pelvic obliquity (also known as pelvic hiking) to be
mechanically inefficient and energetically costly, due to increased upper body lateral sway as
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a result of greater shifts of the centre of mass. When compared to hip circumduction as a
compensatory mechanism, as this deviation in gait is more distal and localised. However, this
may be a compensatory strategy that only higher-functioning individuals can employ, who
may have better lower limb function. Therefore, the study by Stanhope et al (2014)
hypothesised that reducing pelvic obliquity during swing may improve walking efficiency and
facilitate faster walking speeds in stroke survivors. While both studies (Chen et al., 2005b;
Stanhope et al., 2014) contradict the findings of other regarding increased pelvic obliquity
and its potential inefficiency to gait, the methods used for both studies should be scrutinised.
The use of a treadmill, rather than overground walking has the potential to generate
differences in results between the two, as evidenced by Danielsson and Sunnerhagen (2000).
Although overground and treadmill walking are quantitatively similar in healthy able-bodied
populations, stroke survivors whose walking ability have been severely affected, may respond
differently to treadmill walking, therefore the results can not necessarily be applied to

overground gait.

The hip

At the beginning of the gait cycle (initial contact), often the hip joint on the paretic limb
prematurely enters into an extended position. During this phase of the gait cycle, peak hip
flexion during loading response in the paretic limb is significantly reduced in stroke survivors
compared to the control group (Chen et al., 2005a), with the reduction being more evident in
the subjects who exhibited shorter step length in the non-paretic limb, as a result of being
reluctant to load on the paretic lower limb during single limb support. This therefore reduces
the progression in the forward direction of travel and reducing the ‘trailing position’ of the
stance limb, which will likely reduce walking speed. similar to the study by Chen et al (2005a),
Boudarham et al (2013) reported that a reduced walking speed was associated with, reduced
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hip extension during mid and late stance that in the sagittal plane was observed followed by

reduced hip flexion at the end of the swing phase.

During the swing phase of the gait cycle, stroke patients exhibited reduced hip flexion in the
paretic lower limb, compared to controls (Chen et al., 2005b; Boudarham et al., 2013). This
results in the posterior tilt of the pelvis as a compensatory strategy to initiate hip flexion.
Another compensatory strategy that is commonly adopted by stroke patients and seen in
clinical assessments is excessive hip abduction of the paretic limb. An increase in hip
abduction widens the base of support during the stance phase of the gait cycle (Perry et al.,
2010). However, in swing phase exaggerations in hip abduction on the paretic limb can be
adopted due to lack of hip flexion in order to facilitate toe clearance (Dean et al., 2017; Akbas
et al., 2019). As mentioned previously, the lack of hip flexion could be due to spasticity in the

hip flexors (Perry et al., 1995) or sedentary behaviours.

The Knee

Sagittal motion of the knee (flexion and extension) is used for progression and maintenance
of stability in stance phase and swing phase, to facilitate limb clearance. At the knee joint,
Nadeau et al (2013) reported that a decrease in hip extension subsequently brings the knee
into hyperextension during stance phase to compensate for lack of heel rise. By hyper-
extending the knee, the body can roll forward on the paretic lower limb, compromising step
length due to lack of propulsion. The subsequent reduction in knee flexion and the
compensatory strategy of knee hyperextension during the swing phase is common in stroke
patients with spastic paretic gait as a result of upper-motor neuron injury (Kerrigan et al.,

1999). However, during toe-off in the non-paretic limb, it was found that knee flexion tended
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to be greater than normal, potentially due to the exaggerated propulsion of the limb during

pre-swing phase of the gait cycle (Chen et al., 2005a).

The Ankle

Generating the forces required to propel the body forward during walking has been defined
as an essential requirement of gait (Shumway-Cook and Woollacott, 1995), and greater
propulsive ground reaction forces (GRFs) are required to achieve faster walking speeds
(Nilsson and Thorstensson, 1989). These propulsive forces are predominantly produced by
the ankle plantarflexors (Neptune et al., 2001), which play a critical role in gait as primary
providers of both Stability of the tibia and forward propulsion during the terminal stance
phase (Neptune et al., 2001). However, plantarflexor weakness is a common impairment
post-stroke, limiting power generation at the ankle joint during propulsion, gait speed and
causing insufficient push-off due to lack of heel rise. Many studies report decreased ankle
dorsiflexion during swing phase (Olney et al., 1994; Danielsson and Sunnerhagen, 2000; Chen

et al., 2005a; Roelker et al., 2019).

2.5.4.4 The Role of Assistive Devices to improve walking Performance Post-Stroke
Assistive devices (also known as walking aids), were designed to increase gait efficiency,

reduce residual disability and lower the burden of care during early intensive rehabilitation
and gait training for stroke survivors in clinical settings (Karakkattil et al., 2020; Huizenga et
al., 2021). However, assistive devices are also often used by stroke survivors long after
rehabilitation has ended, as they offer increased safety through reducing both the fear and
risk of falling, due to increasing the support surface, improving postural stability, improving
functional independence, and improving distance and pace (Caro et al., 2018; Morris et al.,

2022).
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It should be noted that there are a range of assistive devices, such as walking sticks and
crutches to support dynamic balance and often used to unload weight from the affected side,
ankle—foot orthoses (AFOs) are designed to support and stabilise the ankle and foot. They
help to prevent foot drop, correct gait abnormalities, and improve overall walking mechanics.
Functional Electric Stimulation (FES) devices use electrical impulses to stimulate weakened
muscles and enhance their function. They can be applied to the lower limbs to improve
muscle strength, reduce spasticity, and promote a more natural walking pattern (Jutai et al.,

2007; Hwang and Song, 2023).

Studies on the use of assistive devices by hemiparetic stroke patients report that 32% to 76%
of patients use at least one device after a stroke (Laufer, 2004; Allet et al., 2009). Allet et al
(2009) examined the effects of three different walking canes (1. Nordic stick, 2. 4-point cane,
3. simple cane with ergonomic handgrip) that are widely used in clinical practice. Although
differences in spatiotemporal parameters between the three walking aids were discrete,
participants walked significantly longer distance during the 6-minute walk test using the
simple cane with the ergonomic handgrip. Furthermore, reduction in weight-bearing on the
non-paretic lower limb and step time symmetry was significantly improved with the simple
cane with the ergonomic handgrip than with the 4-point cane. On the other hand, Laufer et
al (2004) observed that the 4-point cane significantly reduced mediolateral sway during
stance, it could be assumed that stroke survivors with increased balance issues would prefer

the 4-point cane.

Findings from previous studies have evidenced that AFO improves spatiotemporal
parameters such as stride length, walking speed and cadence (Abe et al., 2009; Tyson et al.,

2013; Daryabor et al., 2022). A systematic review by Tyson et al (2013) further suggests that
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AFO can improve knee and ankle kinematics by preventing plantarflexion in early stance,
swing phase and toe-off, but also facilitating weight-bearing on the paretic lower limb by
increasing the centre of pressure forwards over the stance foot, enhancing knee movements
during stance phase, compared to walking without the AFO. However, the studies selected in
this review were predominantly cross-over trials that assess the immediate effects of AFOs in
small samples, with trials conducted over a single day. Although this is an effect way to
examine the use of AFOs on stroke biomechanics, the effects of long-term use are not

explored. Therefore the long-term impacts of AFO is not known.

The selection of an assistive device depends on the stroke survivor’s specific needs, level of
impairment, and rehabilitation goals. A comprehensive assessment by healthcare
professionals, such as physical therapists or occupational therapists, is essential to determine
the most suitable assistive device and to tailor a rehabilitation plan that addresses the stroke

survivor’s unique challenges and strengths.

2.5.4.4 Walking biomechanics on uneven ground
Community ambulation often requires to have the capabilities to adapt to the environment

when walking, which can also be termed as the ability to adjust the basic stepping pattern in
order to meet environmental demands and task goals (Hawkins et al., 2017). Walking on
terrain that one would encounter when walking in natural outdoor environments are often
unpredictable, non-linear and yielding underfoot (e.g. soft ground). Therefore, inaccessibility,
the characteristics of uneven terrain, alongside the various transitions between different
surfaces, make many tasks challenging for the stroke survivor, however these factors are
often forgotten in traditional indoor stroke rehabilitation and offers a rationale for the
development of a novel programme that is based in outdoor settings. In much of the literature

investigating walking performance on uneven terrain, healthy able-bodied individuals modify
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both spatial and temporal parameters and lower limb kinematics in order to alter walking
strategies on uneven terrain (Rogers, Cromwell, & Grady, 2008; Schulz, 2011; Thies,

Richardson, & Ashton-Miller, 2005).

2.5.5 Summary

Walking performance is one of the main physical functions negatively affected by stroke and
regaining independent walking capability is a key priority in stroke rehabilitation. This section
highlights that walking performance is multifaceted, incorporating walking speed and
metabolic cost, spatial and temporal parameters and biomechanical function of walking. Poor
walking performance can lead to lack of independence and increase inactivity, promoting
sedentary behaviour, which ultimately causes many young stroke survivors to be confined to
indoor settings. This reduces social participation and interaction with others and the inability
to partake in community and outdoor ambulation. Therefore, new approaches to stroke
rehabilitation to improve walking performance post-stroke are being developed, which uses

outdoor environments, as evidenced within this thesis.
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2.6 Quality of Life and Confidence

2.6.1 The Impact of Stroke on Young Stroke Survivors

Often the full impact of having a stroke is not recognised until young stroke survivors have
been discharged from the hospital and attempt to recommence previously known physical
and social practices and activities of daily living. Despite clinical progression in the treatment
of stroke, many young stroke survivors are continually discharged home with limited walking
ability and unidentified perceptual and cognitive disorders. These can restrict participation in
outdoor physical activity (e.g. recreational activities), activities of daily living (e.g. washing or

dressing), return to work, education or participate in social activities.

The severe change in lifestyle as a result of having a stroke, leads to loss in independence,
mood alterations such as depression and anxiety, decreased life satisfaction (defined here as
‘quality of life’ (King, 1996)) and disruption to and cessation of social interaction with others
have all been reported (Kim et al., 1999). Overall resulting in a more sedentary lifestyle
(Billinger et al., 2014). Moreover, pain and fatigue commonly associated as consequences of
having a stroke, may lead to limited activity. Despite these difficulties, young adults are often
more motivated, but also have different functional and personal aims (Rudd et al., 2017) and
have a strong desire return to employment and enjoy sport or recreational activities.

2.6.2 The Definition of Quality of Life

Quality of life has been defined in a multitude of ways, such as the need of satisfaction, health-
related subjective experiences, or psychosocial and physical wellbeing (de Haan et al., 1993).
In the context of health and illness, health-related quality of life (Qol) according to World
Health Organisation and others (Cella, 1995; Carlozzi and Tulsky, 2013) is defined as “the

extent to which ones usual or expected physical, emotional and social wellbeing are affected
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by a medical condition or it’s treatments”. Therefore, a multi-dimensional concept has since
been adopted by researchers (de Haan et al., 1993; Carod-Artal et al., 2000) that is often
defined by a broad range of life domains such as physical (e.g. mobility and performance of
activities of daily living) (Carod-Artal and Egido, 2009), psychological (e.g. depression, anxiety
and fatigue) (de Bruijn et al., 2015) and social (e.g. employment, social network and social

role) (Kim et al., 1999; Carod-Artal and Egido, 2009; Daniel et al., 2009).

2.6.2.1 Physical Domain of Quality of Life After Stroke
For many young stroke survivors, the physical attributes of health-related quality of life

include the difficulties in performing physical activities such as walking ability and activities of
daily living (Chen and Rimmer, 2011). Research studies investigating quality of life of stroke
survivors in the past twenty years, have focused on the physical elements of stroke recovery
in isolation from the psychological effects of experiencing a stroke (Kim et al., 1999). This has
since been viewed as a more narrow approach toward stroke rehabilitation and despite
increased emphasis to improve quality of life, only functional status or health status were
regularly used as the only criteria to measure quality of life (Renwick et al., 1996; Kim et al.,
1999). In a meta-analysis conducted by Chen et al (Chen and Rimmer, 2011), it was found that
exercise to improve health-related quality of life outcomes had a small positive effect post-
intervention (physical domain p=0.02), but not at follow-up after the respective studies had
ended (physical domain p=0.98). Despite the improvements made in stroke recovery in recent
years, this raises the issue of how sustainable exercise interventions and interventions that
solely place emphasis on physical function are, in order to maintain adherence in stroke
survivors. Therefore it could be hypothesised that the end of structured supervised support
may reduce access or motivation to continue with the exercise. Potentially the environment

may play an important role in maintaining motivation and creating a more sustainable
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programme, as many post-stroke interventions for rehabilitation purposes take place in
indoor clinical (McCluskey and Middleton, 2010) . The notion of ‘green exercise’, involving
physical activity in green spaces (in the presence of nature) (previously discussed in section
2.1 Exercising in Outdoor Environments) has the strong potential to generate positive health
outcomes and influence behavioural choices (Barton and Pretty, 2010). Though the majority
of literature discussing the influential factors of ‘green exercise’ has been focused on healthy
populations, the premise is there to use this alternative environment to improve physical

aspects of quality of life of stroke survivors.

2.6.2.2 Psychological Domain of Quality of Life after Stroke
The impact of psychological factors (e.g. mental health) young adults face after having a

stroke as they endeavour to navigate through managing newly acquired physical and
functional impairments is reported frequently to be undeniably challenging (Desrosiers et al.,
2006). Fatigue, depression and anxiety are reported to be prominent symptoms years after
having a stroke at a young age, adversely affecting quality of life. Post-stroke fatigue affects
activities of daily living through lack of energy, weariness and aversion to effort and is often
reported in approximately 40% of stroke patients compared to 18.4% in healthy able-bodied

controls (Christensen et al., 2008).

In a study conducted by Maaijwee et al (2016), symptoms of depression and anxiety were
found to be nearly three times higher when compared with healthy age-matched controls.
These findings could be interpreted that these symptoms are attributable to having stroke at
a young age, potentially due to the profound changes experienced and the inability to return
to how life was prior to having a stroke. Thus resulting in lower motivation and isolation from

daily and social activities.
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It should be interesting to note that in this study, having a more severe stroke or recurrent
stroke, were not necessarily affiliated with increased risk of depression and anxiety, though
comparatively some studies reported recurrent strokes to be linked with increased
depression (de Groot et al., 2000; Tiemeier et al., 2004). One explanation for the contradictory
findings may not be as a result of severity of brain damage, but more the location of the lesion
and damage caused to neural pathways (Terroni et al., 2011). However, no differences in
prevalence of depressive symptoms or anxiety were found between different lesion locations.
However, the study conducted by Maaijwee et al (2016) may have suffered from selection
bias as a result of using the Hospital Anxiety and Depression Scale (HADS) (Snaith, 2003) in
the assessment and prevalence of depressive symptoms and anxiety. Patients in this study
cohort may not have been able to complete the questionnaire due to severe aphasia or
cognitive difficulties, which could have also have been the patients with the highest

prevalence of depressive symptoms and anxiety.

Though many stroke recovery interventions and rehabilitation programmes often place
particular emphasis on physical activity in order to improve functional outcomes, such as
regaining the ability to walk, complete activities of daily living and increase independence
(Saunders et al., 2020), it is also important to develop interventions that promote positive
psychological outcomes, as part of improving overall quality of life of young stroke survivors.
Literature within both ‘health geography’ and ‘environmental psychology’ brings to light the
positive and restorative attributes of being in, or engaging with the natural environment,
which have been shown to reduce symptoms of stress and anxiety (Korpela et al., 2008;
Thompson Coon et al., 2011; Meijering et al., 2017) and therefore give premise for this to be

applied as a part of stroke rehabilitation services.
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2.6.2.3 Social Domain of Quality of Life After Stroke
Many young adults report decreased social interaction with others one-year post-stroke,

negatively affecting health-related quality of life. This can be due to reduced mobility, a lack
of confidence, unemployment or change in family relationships. In a systematic review by
Daniel et al (2009), studies reported that up to 54% of stroke patients expressed that stroke
was the cause for family problems, by deterioration of spousal relationships and change of
role from spouse to caregiver. Blake et al (2003) reported that carers of stroke patients
experience significant strain. Levels of strain were high with 39% under strain at 3 months
and 40% under strain at 6 months. Supporting the view that strain remains relatively high

over time due to patient dependence on family.

Shipley et al (2018) found that many participants described stroke to be the cause of
‘profound loss’. These ‘life losses’ were reflections on what the participants had lost due to
stroke, such as the elements of their life before stroke like leisure and social activities and
their established work and family roles. Also, for the majority of participants, the losses
manifested when they returned home, or seeing previous social circles ‘doing things that you
can’t do’ on social media or other forms of communication. In many cases this created barriers
to the environments that leisure and social activities take place in, such as outdoor and
community settings (McCluskey and Middleton, 2010). However, outdoor settings and
outdoor adaptive activities provide opportunities to overcome social and attitudinal barriers

and promote social interaction (James et al., 2018; Louise S Madsen et al., 2021).

In addition to the aforementioned losses, a number of participants reported the breakdown
of relationships and social isolation after stroke, similar to findings in other studies (Daniel et
al., 2009). However, what was most prominent in terms of loss was losing friendships as a

result of stroke and thus became a barrier when re-building social connections, such as friends
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not knowing how to broach the subject of stroke, socialising required more effort than before
having a stroke and the inability to connect through shared interests and activities like
running, therefore losing the balance required to maintain reciprocal friendships. However,
this study was performed within a region in Australia and therefore the insights detailed in
the study by Shipley et al (2018) might not necessarily be transferable for other countries.
Moreover, the use of telephone and online methods to interview participants living at greater
distances could have swayed disclosure of participants. Though it was reported that
researchers were assured with the depth of participant reflections during interviews.

2.6.3 Confidence Post-Stroke

Reduced confidence post-stroke is common regardless of level of impairment and is present
in all three domains of quality of life (e.g. physical, psychological and social). Low confidence
is associated with thinking pessimistically, which is believed to limit rehabilitation potential
after a stroke (Robinson-Smith and Pizzi, 2003). A lack of confidence has also been associated
with reduced social interactions, not getting out of the house and a loss of self-identity. The
impact of such factors are likely to lead to increased dependence and poor health-related
quality of life in the long-term, with many young stroke survivors having identified that finding
ways to improve confidence is one of the main priorities of rehabilitation post-stroke.
Whereas people who think optimistically are reported to have higher levels of self-confidence
and have increased chances of recovering pre-stroke functional capabilities (Lenzi et al., 2008;
Broomfield et al., 2011). Though confidence, self-esteem and self-efficacy are not as
frequently measured as quality of life, the outdoor environments can play a role in not only a
stroke survivors recovery, but also for other conditions such as dementia (Whear et al., 2014),

providing a place of healing as well as consolidation of self-esteem (Rappe and Topo, 2007).
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Horne et al (2017) reported the importance of capturing perceived levels of confidence
guantitatively in stroke patients, to facilitate and target appropriate rehabilitation. The
Confidence after Stroke Measure (Horne et al., 2017) (CaSM) has been developed to assess
confidence defined as a broader term than previous measures (Maujean et al., 2014). Three
subcomponents of confidence are evaluated in the CaSM; self-confidence, positive attitude
and social confidence, which are key difficulties for many individuals post-stroke. Though the
CaSM is the first measure to evaluate overall confidence post-stroke, there are limiting factors
needing to be addressed. Only ten participants were recruited and all had experienced having
a stroke over twelve months and therefore in the chronic phase of stroke recovery, before
taking part in the study. As a result of this, participants may have been happier to discuss their
post-stroke experience, unlike the stroke survivors who are three or six months post-stroke.
This population of stroke survivors may have felt differently about their experiences. Collating
experiences from stroke survivors who are at different points in their stroke recovery would

have given a spectrum of perspectives.

2.6.4 Summary

Quality of life is an important factor to consider regarding recovery post-stroke. Despite
improvements in stroke rehabilitation services, many young stroke survivors are still heavily
dependent on the support of their spouse, families and community healthcare clinicians, with
some not being able to return to work and become confined to indoor settings. Social
isolation and the loss of friendships/ relationships are commonly seen after stroke. Current
literature suggests that promoting engagement in natural outdoor settings to improve

physical and psychological wellbeing, but also increasing social interactions, could be a key
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mechanism to improve stroke recovery in young adults. Because of this, the rationale for why
a new and alternative rehabilitation programme based in outdoor environments continues to

strengthen.

60



2.7 Rehabilitation Post-Stroke

2.7.1 What is the Role of Rehabilitation and How Important is it?

Rehabilitation has a prominent role in recovery to regain independence, improve quality of
life and restoration of walking ability (Dickstein, 2008) is a key aim of many individuals post-
stroke (Saunders et al., 2016). However, no specific rehabilitation guidelines exist for young
adults who have had a stroke, despite increased prevalence of stroke in young adults who

have different functional requirements and capabilities (Rudd et al., 2017).

Most literature investigating stroke evidence-based rehabilitation programmes involve
combined aerobic and resistance exercises, which have reported significant improvements in
cardiovascular fitness, walking ability and muscle strength gains in the upper and lower limbs
(Brogardh and Lexell, 2012). Although exercise has primarily been used to improve physical
function post-stroke, new research suggests that exercise interventions may further improve
some aspects of neurological function such as memory and health-related quality of life
domains such as physical, psychological and social wellbeing after stroke and post-stroke
fatigue (Billinger et al., 2012).

2.7.2 Aerobic Exercise and Stroke

Aerobic exercise (Billinger et al., 2012) is commonly defined as a form of physical exercise of
low to high intensity for an extended period, which depends primarily on the transportation
and use of oxygen. Following a stroke, the decrease in aerobic capacity continues over the
ensuing six months, often remaining decreased thereafter (Sandberg et al., 2016). Reduced
aerobic capacity impedes participation in everyday physical and social activities (Stoller et al.,
2012), negatively impacting quality of life. Aerobic exercises have the potential to enhance

motor unit recruitment and favour the development of high oxidative muscle fibres (Teixeira-
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Salmela et al., 1999), enhancing functional mobility and enabling activities of daily living to be
performed at lower percentages of maximal aerobic capacity. Most literature support the
application of physical activity to improve aerobic capacity, walking performance and health-
related quality of life outcomes of stroke patients from seven days to six months post-stroke
(Macko et al., 2005; Brogardh and Lexell, 2012; Gordon et al., 2013; Kim et al., 2014; Sandberg
et al., 2016). However specific exercise programmes are often not mentioned, making many
studies difficult to replicate or produce results (Pang et al., 2013). It is further difficult to
compare results across different studies due to the different measures used to assess quality

of life.

In the vast majority of research literature investigating the role of aerobic exercise
interventions on walking performance and health-related quality of life, often utilise
treadmills or cycling ergometers based in indoor clinical settings like hospitals or leisure
centre gyms. with mixed findings on improvements in walking speed (Saunders et al., 2016).
Therefore, walking endurance assessed by the 6-minute walk test (6-MWT) is commonly
reported with positive results after participation in a 12-week aerobic exercise programme

(Billinger et al., 2014).

The study by Sandberg et al (2016) reported multiple improvements in aerobic capacity
measuring peak work rate ((watts), pre 113.9 + 27.6, post 130.4 + 33.7), walking speed during
the 10m walk test (10MWT) ((seconds) pre 8.2 + 3.0, post 6.0 £ 1.5) and walking distance
during the 6-minute walk test ((metres) pre 394.7 + 114.7, post 499.8 + 93.1), compared to
control group after completion of a twelve week, twice-weekly aerobic exercise sessions,
involving exercises on the cycle ergometer and walking. Despite the improvements in aerobic

capacity, walking speed and distance noted in the study by Sandberg et al (2016), these results
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cannot be generalised to the younger stroke population, due to the mean age of stroke
survivors in this study (71.31£7.0 (range, 61-84)). It furthermore cannot be generalised to the
wider stroke population as only individuals whose impairments corresponded to mild stroke
(using the National Institute of Health Stroke Scale) were recruited, thus excluding a large
proportion of stroke survivors who may have more severe impairments and could have

benefitted from such exercise intervention.

Studies (Taylor et al., 2006; Langhammer and Stanghelle, 2010) using community overground
walking have also reported improvements in walking endurance at a similar rate to treadmill
and cycling ergometer protocols (Pang et al., 2013), with no differences seen in the 6-MWT
three months post-intervention between indoor and outdoor interventions. These studies
indicate that exercise rehabilitation for stroke need to include community overground
walking to improve not only walking endurance but also functional ability, such as
management of uneven and different terrains, and ascending and descending curbs and
slopes when walking in a community setting, which cannot be done in a clinical setting
(Billinger et al., 2014). The study conducted by Kim et al (2014), chronic stroke survivors were
prescribed a supervised four-week intensive community walking rehabilitation programme to
improve walking performance (e.g. walking speed and distance), but also social participation
(measured using the Stroke Impact Scale) and was composed of various real community
environments, including walking near the hospital setting, walking outside the hospital
setting, walking outside of the hospital setting on uneven ground (e.g. unpaved road with
obstacles). Whilst improvements in walking parameters were observed, this study should be
compared against another outdoor-walking programme, to identify and assess the
effectiveness of the community walking training programme. However, due to the paucity of

studies investigating outdoor programmes, this could not be done. Therefore, the study by
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Kim et al (Eng et al., 2003) also emphasised that most stroke rehabilitation programmes
focused on improving walking performance are conducted in indoor clinical settings such as
hospitals and leisure centre gyms, stating that these indoor settings would not suffice for
providing different outdoor environmental situations that a stroke survivor would experience

when back in the community (Lord and Rochester, 2005).

2.7.3 Resistance Exercise and Stroke

Resistance exercise refers to exercises improving muscular strength and power by making
repeated muscle contractions resisted by body weight, free weights and other isokinetic
devices (Billinger et al., 2014; Winstein et al., 2016). A meta-analysis conducted by Mehta et
al (2012), demonstrated that lower-limb resistance exercise 6-month post-stroke has the
capacity to improve self-selected walking speed and total distance walked in community
settings. Despite some literature (Billinger et al., 2014) investigating the role of resistance
training in stroke recovery and walking ability, stating that lower limb muscle strength has
been found to positively correlate with walking endurance (6-MWT), no correlation was found
post-intervention between resistance exercise and walking speed. With the majority of
literature (Flansbjer et al., 2008; Saunders et al., 2016, 2020; Gambassi et al., 2017) agreeing
with this correlation, by reporting that resistance exercise has little or no effect in improving
gait performance, unlike aerobic exercise, leading to the question whether resistance exercise

alone is a key component of stroke rehabilitation.

After stroke, time spent being inactive is greater than 50%, this increase of inactivity can cause
a decline in muscle mass of the paretic limbs, having detrimental effects on health-related
quality of life and functional ability. An efficient method to increase muscle strength is to

include progressive resistance training into stroke rehabilitation programmes, involving loads
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of 70% or more of the maximum strength to be utilised (Kraemer and Ratamess, 2004;
Flansbjer et al., 2008). Previous literature has reported that resistance exercise can also
decrease cardiac demands of activities of daily living (e.g. carrying groceries or lifting
moderate weighted objects) and therefore subsequently improves health-related quality of
life (Billinger et al., 2014; Winstein et al., 2016). In a study by Flansbjer et al (2008), reported
that ten weeks of twice weekly leg extension and curl exercises resulted in multiple
improvements, including significant improvements in dynamic knee muscle strength (41-75%
increase in improvement), increase in walking distance using the 6-MWT (mean change of
22m) and quality of life, using the Stroke Impact Scale (mean change of 4.6) from baseline to
post intervention, with gains through the programme being maintained at follow-up,
pertaining that resistance training does play a role in stroke recovery in the long-term. Though
a limiting factor from this study is that it does not state a time point when follow-up testing

occurred, reducing the chances of replicating the study.

A systematic review by Gambassi et al (2017), evaluated the role structured resistance
exercise programmes play in stroke recovery. Out of the twelve studies included in the review,
it was highlighted that only five studies explicitly detailed the main variables (e.g. rest
intervals between sets and exercises) used for resistance exercise programmes. Detailing the
rest intervals between sets and exercises have been found by some researchers (Ahtiainen et
al., 2005; Comstock et al., 2013) to be an important factor for an effective resistance exercise
programme. In what would benefit stroke recovery, Robinson et al (Robinson et al., 1995)
details that rest intervals play a key role in neuromuscular adaptations, with greater rest
intervals were associated with greater strength gains. However inadequate rest intervals may
have a negative effect on expected results (Gambassi et al., 2017) by exacerbating fatigue and

muscle weakness caused by stroke.
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2.7.4 Combined Aerobic and Resistance Exercise and Stroke

There is strong evidence to suggest that combined aerobic and resistance exercise
rehabilitation programmes post-stroke address and improve multiple impairments, such as
functional ability, cardiovascular fitness and walking performance, compared to stand-alone
aerobic or resistance exercise programmes. Meta-analysis conducted in the Cochrane Review
(Saunders et al., 2016, 2020) reported mixed methods programmes significantly increase
walking speed and endurance in 6-MWT compared to aerobic or resistance exercise alone. A
scientific statement by Billinger et al (2014) also highlights the need for combined exercise
programmes specific to stroke, to also include flexibility training in order to increase range of
movement and prevent deformities, alongside neuromuscular training to enhance balance

and co-ordination.

Table 2.5: Exercise recommendations developed by Billinger et al (2014)

Mode of exercise

Goals/Objectives

Prescriptive Guidelines
Frequency/Intensity/Time

Aerobic

. Large-muscle activities (e.g.
walking, stationary cycle
ergometry, functional activities)

Resistance

. Resistance training of upper and
lower limbs, trunk using free
weights, weight-bearing activities

. Circuit training

. Functional mobility

Flexibility
. Stretching (e.g. trunk, upper and
lower limbs)

Neuromuscular

. Balance and co-ordination
activities

. Yoga

. Recreational activities using
paddles/balls to challenge hand-
eye co-ordination

Increase walking speed and
efficiency

Improve exercise tolerance
Increase independence and
activities of daily living

Reduce motor impairment and
improve cognition

Improve vascular health

Increase muscle strength and
endurance

Increase ability to perform leisure
time activities and activities of
daily living

Reduce cardiac demands
Increase range of movement
Prevent contractures

Decrease risk of injury

Improve balance, skill acquisition,
quality of life and mobility
Decrease fear of falling

Improve level of safety during
activities of daily living

55-80% of maximum heart rate
3-5 days per week
20-60 minutes per session

1-3 sets of 10-15 repetitions of 8-
10 exercises involving major
muscle groups

2-3 days per week

Resistance to increase over time as
tolerance permits

Static stretches (hold for 10-30
seconds)

2-3 days per week (before or after
aerobic or resistance training)

Use as a complement to aerobic,
resistance and stretching activities
2-3 days per week
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Many studies (Pang et al., 2005; Eng, 2010) have used various mixed methods exercise
programmes with success, one being the ‘Fitness and Mobility Exercise Programme’ (FAME),
involving combined aerobic and resistance exercises, in community settings for older adults
with stroke, finding it beneficial for improving walking endurance as assessed through the 6-
MWT (distance). The 6-MWT improved significantly from baseline (328.1m) to post-
intervention (392.7m), meaning a marked improvement of 64.6m, suggesting that after
completion of the programme, participants were able to walk further, thus improving walking
endurance and could have positive implications for completing activities of daily living
(Billinger et al., 2014). However, the results from these studies are generalisable to a select

group of community dwelling individuals with chronic stroke only.

A randomised clinical trial conducted by Duncan et al (2003) designed an exercise programme
to improve strength, balance, and endurance, similar to the guidelines set out more recently
by Billinger et al (2014) and detailed in table 2.4. This study observed gains in balance,
endurance and mobility, with overall benefits seen in participants who were beyond the thirty
day post-stroke recovery period. However, as this study solely recruited those who were in
the sub-acute phase of stroke and therefore may not be generalisable to the wider stroke
population. The researchers themselves expressed that this study was resource intensive,
with each subject receiving 54 hours of 1-to-1 rehabilitation over the duration of three
months. It could be stated that similar gains found in balance, endurance and mobility, can
be achieved in group sessions where the programme is less time and resource intensive, but
also has the potential to offer the positive effects of group support and group motivation.
Furthermore, though this study was intended as a comprehensive, progressive intervention,
it cannot be determined what component of the programme contributed to the success of

the study.
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2.7.5 Limitations of Established Stroke Rehabilitation Programmes

Nearly all research investigating the effects of aerobic, resistance and combined exercise
programmes for stroke have been found on the older stroke population that may have pre-
existing age-related degenerative conditions, like atherosclerosis, cardiovascular disease,
arthritis and osteoarthritis (Saunders et al., 2016). Furthermore, older adults are at risk of
age-related sarcopenia, due to being more inactive than that of the average young adult.
Many exercise programmes may not be beneficial to the young stroke survivor, due to
dosage, intensity and frequency of the prescribed exercise being tailored to older stroke
patients. Young stroke survivors may be able to cope better with increased intensity,

frequency and difficulty of exercises, depending on stroke severity (Rudd et al., 2017).

Furthermore, young adults need to have a rehabilitation programme that focuses on and
supports their needs and requirements, such as return to employment, enjoy social/ leisure
activities and participate in activities that take place in outdoor environments. Aerobic
exercise that specifically takes place in natural outdoor settings are found to increase social
participation and adherence to exercise compared to indoor settings (Focht, 2009; Fraser et
al., 2019). As there are no established comprehensive exercise rehabilitation programmes for
the younger stroke population, the potential to develop a rehabilitation programme that
takes into account the young stroke survivor’s requirements and uses a more stimulating

environment such as outdoor settings is needed.

2.7.6 Summary

Combined aerobic and resistance exercise programmes for stroke rehabilitation have been
proven to improve cardiovascular fitness, certain walking performance parameters and
quality of life. However, as highlighted in this section, the majority of research has been

conducted with the older stroke population as participants, who may have age-related
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degenerative conditions, which are not applicable to the typical young stroke survivor.
Developing a combined aerobic and resistance exercise programme that emphasises the
priorities of the young stroke survivor is much needed. There is a true opportunity to use
natural outdoor environments an alternative setting for stroke rehabilitation programme and

elicit potential increased improvements in walking performance and quality of life.
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2.8 Thesis Aims and Objectives

The overarching aim of this research project is to design, develop and deliver a rehabilitation
programme, using the outdoor natural environment as an alternative setting, specific to the
needs and requirements of young stroke survivors with mild to moderate physical
impairments. Furthermore this research project is to investigate whether an outdoor-walking
rehabilitation programme can improve walking performance (walking biomechanics, speed
and efficiency) and quality of life of young adults who have had a stroke. The results from this
project will be used as benchmark data to provide evidence to support the role of outdoor
rehabilitation in natural outdoor environments and green spaces (Tzoulas et al., 2007) for

promoting health and wellbeing of young adults who have had a stroke.
The research project objectives are:

1. To investigate whether a ten week outdoor-walking rehabilitation programme can
increase walking speed and decrease energy demands of young adults who have had
a stroke

2. To investigate whether a ten week outdoor-walking rehabilitation programme can
improve walking biomechanics (kinetics and kinematics) of young adults who have had
a stroke

3. To investigate whether a ten week outdoor-walking rehabilitation programme can

improve quality of life of young adults who have had a stroke
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The research hypotheses are:

1. The outdoor-walking rehabilitation programme will increase walking speed and

improve walking performance (reduce energy cost and improve biomechanical

function when walking)

2. The outdoor-walking rehabilitation programme will improve quality of life and

confidence for young adults who have had a stroke
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Chapter Three

3. Study One: Assessing the Feasibility of an Qutdoor-Based
Rehabilitation Programme For Young Stroke Survivors

This chapter has been submitted as a two part research paper to the journal, Disability and
Rehabilitation, for publication. Furthermore, the findings from this feasibility study has been
accepted in the form of an abstract to the European Stroke Organisation Conference (May

2022) and has been presented at the Stroke Hub Wales Symposium in March 2022.

3.1 Rationale for the Feasibility Study
Study 1: Due to the paucity of research studies investigating the role of outdoor activities for

health and wellbeing in clinical populations, it was decided that a feasibility study was a
necessary part of this research project. Conducting a feasibility study allowed us as
researchers, to understand and assess what activities were appropriate for young stroke
survivors (with mild to moderate physical impairments) to engage in, as part of the
development of an outdoor-based rehabilitation programme, specific to young stroke

survivors.

3.2 Background

In the United Kingdom, twenty-six percent of adults who experience a stroke are younger
than sixty-five years of age and therefore defined as a young adult (Mallick and O’Callaghan,
2009; Ekker et al., 2018). Most are unable to complete activities of daily living, return to work,
education, participate in social activities (Daniel et al., 2009), or take part in outdoor physical
activity (Winstein et al., 2016; Leung et al., 2017). This can result in a loss of independence,
social isolation, depression and poor quality of life (de Bruijn et al., 2015). Despite the

increased prevalence of young adults experiencing a stroke due to unhealthy lifestyle choices
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(e.g. eating unhealthily, smoking, alcohol consumption) (Putaala et al., 2009; George et al.,
2017; Ekker et al., 2018), obesity and sedentary behaviour and the cause for nearly 90% of all
strokes (Aigner et al., 2017), there is very little research and only limited clinical guidelines to

support their care (Aigner et al., 2017).

Rehabilitation has a prominent role in recovery to regain independence, improve quality of
life and walking performance (Dickstein, 2008), which are often key aims of many individuals
who have experienced a stroke (Saunders et al., 2016). Recent research (Billinger et al., 2014;
Winstein et al., 2016) supports the use of combined exercise (aerobic and resistance) for
rehabilitation programmes to improve functional capabilities and quality of life. However, all
rehabilitation programmes currently in use have been developed for older stroke populations
(Eng, 2010; Billinger et al., 2014; Rudd et al., 2017), who may also have pre-existing age-
related degenerative conditions (Jaul and Barron, 2017), with no established comprehensive
exercise rehabilitation programmes for the younger stroke population. The cause of the
stroke in the young often differs (e.g. rare genetic conditions, arteriovenous malformation)
to the older population which can impact on the design and delivery of the rehabilitation

programme.

Exercise rehabilitation conducted in natural outdoor environments, termed “green exercise”,
has been associated with better physical and mental health compared to indoor exercise, in
terms of wellbeing, longevity with decreased anxiety and depression for both healthy
individuals (Thompson Coon et al., 2011) and individuals with dementia(Tzoulas et al., 2007;
Whear et al., 2014) and diabetes (Fritz et al., 2011). Kim et al (2014) investigated the effect of
an outdoor community walking training programme for young stroke survivors that used

different outdoor environments over a period of four weeks and they reported significant
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improvements in walking speed assessed using the 10m walk test (pre-intervention 0.51m/s,
post-intervention 0.71m/s), and walking distance using the 6-minute walk test (pre-
intervention 162.59m, post-intervention 227.8m). In the same study, social participation
scores using the Stroke Impact Scale significantly increased, indicating the participants

benefited from the group based activity.

Thompson-Coon et al (2011) and others (Hartig et al., 1991; Hug et al., 2009) found that
physical exposure to views of nature can improve health and wellbeing by providing
relaxation from stress and mental fatigue in healthy populations, compared to windowless
indoor environments. As most rehabilitation provided post-stroke is delivered in indoor
clinical settings such as leisure centre gyms and hospitals (McCluskey and Middleton, 2010),
utilising an outdoor-based rehabilitation programme may facilitate better physical and

psychological health due to additional factors associated with the outdoor environment.

There are no intervention studies evaluating the role of a structured outdoor-based
rehabilitation programme to date for young stroke survivors and no studies exist that take
into account of other outdoor activities, such as canoeing and archery, as previous studies
investigating outdoor and community rehabilitation programmes include only walking as its
main activity (Kim et al., 2014) and therefore the feasibility of delivering a rehabilitation
programme utilising the outdoor environment and different outdoor activities needs to be

determined.

3.2.1 Aims

The aims of this study were to determine, 1. The delivery and adherence of an outdoor-based
rehabilitation programme for young stroke survivors and 2. The participant capability of an

outdoor-based rehabilitation programme for young stroke survivors.
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3.3 Materials and Methods

3.3.1 Recruitment

This study was approved by the Manchester Metropolitan University Research Ethics
Committee (EthOS- 11718). Informed verbal and written consent to take part in this study

was obtained from each participant.

Four young adults aged between 33 and 52 years, who have had an infarct or haemorrhage
stroke in the last three years and are able to walk continuously for five minutes, were
recruited via word of mouth and letters sent via post from a sample of young stroke survivors
already known to the research team through previous involvement in outreach activities,
public engagement events and community groups from Swansea Bay University Health Board,

Wales, UK.

3.3.2 Focus Group: Understanding what the Young Stroke Survivor want in an
outdoor-based rehabilitation programme

Prior to commencing the feasibility study, a focus group with three of the participants were
invited as part of patient and public involvement in engagement (PPIE), to discuss and aid
with the development of an outdoor-based rehabilitation programme. The following

guestions were asked as part of a semi-structured group interview format:

1. What activities would you like to take part in, as part of a rehabilitation programme
specific to young stroke survivors?

2. What do you feel is important to focus and investigate for an outdoor-based
rehabilitation programme?

3. Do you enjoy taking part in outdoor activities? If so, why?

4. If there was opportunity, would you want to have your family involved in the

programme?
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3.3.2 Intervention

This study involved an outdoor-based rehabilitation programme, for a duration of three
weeks period in the Brecon Beacons National Park, Wales, UK. It included outdoor activities
such as walking, archery, canoeing. Each session was conducted by a qualified and

experienced outdoor activity instructor (KL), once-per-week for a duration of two hours.

Table 3.1: Planning of outdoor-based rehabilitation programme using the Consensus for Exercise Reporting
Template (CERT) as a guide

1. Type of exercise equipment

Materials Minimal (no specialist gym equipment required)

- Walking clothing and equipment recommended

2. Qualifications, teaching/supervising expertise and/or training of the exercise instructor
- Outdoor activity instructor with over thirty years of experience in outdoor instruction. Holds all
Provider appropriate qualifications for leading outdoor-activities. Has in-depth local knowledge of the area
where the outdoor-walking rehabilitation programme is planned to take place
- Rebecca Clarke (researcher of study) - outdoor activity instructor with four years of experience in

outdoor instruction. Holds all appropriate qualifications for leading outdoor-activities

3. Whether exercises are performed individually or in a group
- 3-week outdoor-based rehabilitation programme: group
4.  Whether exercises are supervised or unsupervised
- 3-week outdoor-based rehabilitation programme: supervised
5. Measurement and reporting of adherence to exercise
- Exercise Diary
6. Details of motivation strategies
- Researcher to call participant once-per-week
7. Decision rules for progressing the intensity of the exercise programme
- This will be dependent on walking speed
Delivery 8.  Each exercise is described so that it can be replicated (e.g. illustrations, photographs)
- 3-week outdoor-based rehabilitation programme sessions are described in the exercise diary using
word descriptions and illustrations
9.  Content of any home programme component

10. Non-exercise components

- No non-exercise components are included in this study

11. How adverse events that occur during exercise are documented and managed

- In the unlikely situation of any adverse events, participants will be treated accordingly and reported
appropriately. We will adhere to institutional procedures for recording and reporting adverse events
and their follow-up

Locati 12. Setting in which the exercises are performed
ocation
- Outdoor-based rehabilitation programme: Talybont-on-Usk, Brecon Beacons National Park, Wales

13. Detailed description of the exercises (e.g. sets, repetitions, duration, intensity)
Dosage - Detailed description of the 3-week outdoor-based rehabilitation programme are included in the
exercise diary

14. Whether exercises are generic (“one size fits all”) or tailored to the individual
o - Exercises will be tailored to the individual
Tailoring . . . .
15. Decision rule that determines the starting level for exercise

- Walking speed will determine the starting level of exercise
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3.3.3 Data Collection

3.2.3.1 Participant Demographics
Demographic data included age, time since stroke, type of stroke and walking speed.

3.3.3.2 Delivery and adherence to the outdoor-based rehabilitation programme
End of week and end of study questionnaires. Delivery and adherence to the outdoor-based

rehabilitation programme was measured through the use of structured questionnaires
adapted from the Consensus for Exercise Reporting Template (CERT) (Slade et al., 2016). End
of week and end of study questionnaires were contained within the participant exercise diary,
provided at the start of the study and were completed at the end of each week and at the
end of the study. Both end of week and end of study questionnaires used a Likert scale
response format with a range from 1-5 (1-completely disagree, 5-completely agree) for
assessing level of enjoyment, delivery, tailoring and support for the outdoor-based
rehabilitation programme, the end of study questionnaire additionally assessed re-
participation to the outdoor-based rehabilitation programme. A Likert scale response format
has been found to be a valid, reliable and responsive measure of attitudes, beliefs and opinion
(DeVellis, 2016) in health related research. Participants could also provide feedback in a
separate comments section. Exercise diaries were returned to the researcher (RC) at the end

of the study.
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Table 3.2: End of week and end of study questionnaires provided to participants in the exercise diary, using the
CERT and likert scale response format

CERT Domains

End of Week Questionnaire

Did you enjoy this week’s outdoor activity session?

Enjoyment
1o 12345
Was the outdoor activity instructor helpful and supportive during this
Support session?
1 2 3 45
. Did you like how this week’s outdoor activity session was delivered?
Delivery
12 3 45
L Was this week’s outdoor activity tailored to you?
Tailoring

1 2 3 45

CERT Domains

End of Study Questionnaire

Did you enjoy the outdoor activity sessions provided?

Enjoyment
1oy 12 3 45
. Did you like how the outdoor activity sessions were delivered?
Delivery
12 3 45
Was the outdoor activity instructor helpful and supportive during all
Support sessions?
1 2 3 45
o Were the outdoor-based instructor-led sessions tailored to you?
Tailoring

1 2 3 45

Re-participation

Would you take part in a rehabilitation programme that uses outdoor
activity again?
12 3 45

Quality of life. As part of the small-scale pilot, participants were asked to complete the

EuroQol EQ-5D-5L Quality of Life scale pre and post-intervention to identify any changes in

self-reported quality of life. The EQ-5D-5L is split into two components, the first, classed as

the descriptive system, comprising five domains (mobility, self-care, usual activities,

pain/discomfort, anxiety/depression). The second, classed as the EQ-VAS (visual analogue

scale), recorded the participant’s self-rated health from 0-100 (0- worst health you can be,

100- best health you can be).
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3.3.3.3 Assessment of participant capability to take part in the outdoor-based
rehabilitation programme
Measurement of walking speed. Walking speed was captured pre-intervention in a

community centre in the Brecon Beacons National Park, Wales, UK, to provide an indication
of whether self-selected walking speed can be used to guide suitability and capability of taking
part in outdoor activity and the outdoor environment. Previous research by this research
team([24] has identified that walking speed can predict walking performance (efficiency) and
ability to return to employment suggesting it could be used to guide capability of participation
in an outdoor-based rehabilitation programme. At the start of the outdoor-based
rehabilitation programme, participants were asked to walk at their self-selected walking
speed for three minutes up and down a 15m long indoor walkway following guidelines used
in a previous study conducted by Jarvis et al[24]. Brower timing gates (Brower TCi System,
Brower Timing Systems, Draper, USA) were situated 2.5m from either end of the walkway to

measure walking speed.

Instructor and researcher reflections. At the end of each outdoor-based programme session,
the instructor and researcher completed qualitative reflections using a questionnaire

developed from four CERT domains; enjoyment, support, delivery and tailoring.

Table 3.3: End of week open-ended questionnaire for instructor and researcher using CERT domains

CERT Domains Instructor and Researcher Questionnaire

Enjoyment Do you think the participants enjoyed that week’s activity?

Delivery Was this week’s activity able to be delivered safely and as planned?
Support Were you able to give support to all participants during the activity?

Tailori Were you able to give each participant different objectives to improve
ailorin
& during the activity?

79



3.4 Results

3.4.1 Participant Demographics
The mean age of participants was 46 years (8.83). Mean time since stroke was 24.5 months

(9.74). All data is presented mean (standard deviation).

Table 3.4: Mean + standard deviation for participant demographics, EQ-5D-5L Quality of Life scale for domains
mobility, self-care, usual activities, pain/ discomfort and anxiety and EQ VAS for young adults who have had a
stroke

Participant Demographics (n=4)

Mean + SD
Age (years) 46 + 8.83
Time since stroke 4.5 +9.74
(months)
Type of Infarct 3
stroke  Haemorrhage 1
Male 4
Gender Female 0
Walking speed (m/s) 1.1+041
EQ-5D-5L Quality of Life Questionnaire
Descriptive system Pre-intervention Post-intervention
Mobility 21141 2+15
Self-care 2+£0.57 1+0.57
Usual activities 2+0.81 2+0.5
Pain/ discomfort 3+1.70 2+1.29
Anxiety 1+05 1+£05
EQ-VAS 70+ 14.14 87.5+9.57

3.4.2 Assessment of delivery and adherence to the outdoor-based rehabilitation
programme

3.4.2.1 End of week questionnaires
Results from “End of Week” questionnaires suggest that the outdoor-based rehabilitation

programme was very well received by participants. Consistent feedback (on a scale of 0 =
completely disagree and 5 = completely agree) by participants in each of the CERT domains,

which included enjoyment (week 1; 50, week 2; 510, week 3; 510), support (week 1; 5+0,
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week 2; 520, week 3; 510), delivery (week 1; 5+0, week 2; 5+0, week 3; 5+0) and tailoring
(week 1; 50, week 2; 510, week 3; 5+0).

3.4.2.2 End of study questionnaires

As similar to the end of week questionnaire, for each CERT domain the feedback was 5+0 from
all participants. Key themes from participant’s feedback for the outdoor-based rehabilitation
programme were “enjoyment” as reported by all participants (n=4/4), with one participant
preferring the outdoor-based rehabilitation programme to exercising indoors and
“motivation” (n=4/4). Sub-themes for the key theme of “motivation” included “increased
confidence to exercise outdoors”, as participants were more willing to push themselves more
due to the outdoor-based element of the rehabilitation programme and “socialise with other
young stroke survivors”. Participant feedback for the additional domain “Re-participation”
(i.e. whether participants would like to take part in an outdoor-based programme again),
reported that all participants are keen to participate in an outdoor-based programme again

in the future (mean score of 5+0).

Table 3.5: Mean + standard deviation for end of week and end of study questionnaires for outdoor-based
programme

Outdoor-based Rehabilitation Programme

End of Week End of Study
Mean * SD Mean * SD
CERT Week 1 Week 2 Week 3
Domains
Enjoyment 540 540 540 540
(How well)
Support 5+0 5+0 5+0 5+0
Delivery 50 50 5+0 5+0
Tailoring 50 5+0 50 50
Re-
€ 540

participation

81



Table 3.6: Key themes from participant feedback for the end of study questionnaire

Intervention Key Theme Sub-Theme Example
“I really enjoyed all of the activities”

. . “The outdoor activities were really enjoyable”
Enjoyment Enjoyment " . . .
Exercising outdoors is much more enjoyable than

being inside”

“made me want to push myself more”
Outdoor- Increased “I feel more confident walking in the outdoors and
based confidence to on different trails”
exercise outdoors  “I never thought | would be confident enough to try

Motivation . o .
different activities, even canoeing”
Socialise with “Being on a rehabilitation programme, as a group
other stroke with similar problems even though no two strokes
survivors are the same has helped me so much”

3.4.2.3 EuroQol EQ-5D-5L Quality of Life
Results from the EQ-5D-5L quality of life at baseline to post-intervention, indicated self-

reported quality of life improved in self-care pre-intervention from 2 (0.57) to 1 (0.57) post-
intervention and pain/discomfort pre-intervention from 3 (1.70) to 2 (1.29) post-intervention.
No changes were observed in other quality of life domains of the EQ-5D-5L; mobility, pre 2
(1.41), post 2 (1.50), usual activities, pre 2 (0.81), post 2 (0.5) and anxiety, pre 1 (0.5), post 1
(0.5). Overall, the mean EQ VAS for all participants suggest a significant improvement from 70
(14.14) pre-intervention to 87.5 (9.57) post-intervention suggesting participants rated their

health-related quality of life to be the ‘best that it can be’.

3.4.3 Assessment of participant capability to take part in the outdoor-based
rehabilitation programme

3.4.3.1 Walking speed
Mean walking speed for all participants was 1.1m/s (0.41), but there was a considerable range

in walking speed across all participants which was from 0.6m/s to 1.5m/s. On reflection by
instructor and researcher, walking less than 0.6m/s could incur difficulties in the outdoor-
walking programme due to the different hazards commonly presented in natural outdoor

environments (e.g. uneven ground, varying terrain).
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3.4.3.2 Instructor and researcher reflections
At the end of each outdoor-based rehabilitation programme sessions, both instructor (KL) and

researcher (RC) reflected on the activity provided through the use of end of week open-ended
guestionnaires, developed from CERT. One key theme that emerged was “support”, both
instructor and researcher reported that archery and canoeing activities required one-to-one
support to participate due to the physical limitations of some participants (e.g. reduced
function of one arm) compared to walking activities. For the key theme of “delivery”, the
walking activities were easy to deliver and manageable, in comparison to the archery and
canoeing activities, as these activities were time-consuming to prepare for. Archery and
canoeing also posed difficulties for participants who had upper limb impairments, requiring
more one to one support from the instructor, and therefore more difficult to deliver to a
larger cohort. For the key theme of “tailoring”, the walking activities were tailored to the
individuals in distance and route choice, however due to the range in walking speed between

individuals the group would often become divided.
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Table 3.7: Instructor and researcher reflections of the outdoor-based rehabilitation programme, using the
CERT and including additional comments

CERT Example quotes
Domains \yeek 1 Week 2 Week 3
“All participants expressed “Participants and their
Enjoyment enjoyment for both the “Canoeing was very well families enjoyed the walk
(How well) walking and archery received by all participants”  around Tor-Y-Foel and the
session” reservoir”
“All participants were well
supported when climbing
into the canoes. However
this was time consuming as “We were able to
“We were able to offer one-  two participants had more communicate well with all
to-one support during severe impairments, causing  participants and their
Support . . L e
(Provider) walking as we were able to issues climbing into the families and offer support on
move quickly between canoes” step ground sections, when
participants” “The two participants that participants were unsure of
had more severe their footing”
impairments were in the
same canoes as the
instructor and researcher”
“Walking was easy to
deliver, the route was
checked before the start of “Once participants were on
the session” the water with us, it was an “Walking was really easy to
Deliver “Participants were all able easy and manageable deliver and will also be an
v to take part” activity” easy activity to do with a
“Only two participants at “Setting up for this activity larger group of participants”
any one time could take was time consuming”
part. Other participants had
no activity to do”
“During the walking activity, . .
g g Y aope participant began to “Able to give each
the route was able to be . . . .. . .
get pins and needles in their  participant different skills to
shortened for anyone .
- - oz . legs, therefore we were able  work on, like how to use
Tailoring finding difficulty with the . . . .
. to help him climb on to trail ~ walking poles and how to
distance. However the group
. next to the canal and walk walk safely on steep
split between fast and slow . ” o
, with one of the researchers ground
walkers
“For the larger-scale study, “Although participants .
. 9 . . Y . gnp . p . “An outdoor-walking
participants will be divided enjoyed the activity, if we e
. - . rehabilitation programme
into two groups: fast had more participants it .
. will be a better programme
. walking group and slow would not be a manageable . ;
Additional walking aroun” activity for stroke to deliver. We can increase
comments g group 4 the difficulty of the walk

“Archery will not be feasible

for larger group as only two

participants can take part at
any one time”

participants, due to too
many people on the water
and different levels of
physical impairments”

each week through distance,
terrain or gradient and not
need as much equipment”
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3.5 Discussion
In this feasibility and small-scale pilot study, which aimed to assess the delivery, adherence

and participant capability and effect of quality of life to an outdoor-based rehabilitation
programme for young stroke survivors. All participants responded very positively to the
programme, enjoying and adhering to it. Overall, the programme was deliverable, but the

walking-based activities were much more manageable than canoeing or archery activities.

The mean walking speed of participants collected pre-intervention was 1.1m/s, with large
variability in walking speeds between participants. The slowest walking speed reported was
0.6m/s. The instructor (KL) and researcher (RC) deemed that 0.6m/s would be the minimum
walking speed required for participants to be able to cope with the demands of the natural
outdoor environment based upon a subjective assessment of the capabilities of the

participants on different terrain and gradients.

Instructor and researcher reflections for the outdoor-based rehabilitation programme
suggest that archery and canoeing would not be feasible to run as part of an outdoor-based
rehabilitation programme for a larger cohort of young stroke survivors. Both activities require
additional resources (e.g. equipment and outdoor activity instructors) and the need for one
to one supervision, which is potentially time-consuming and could cause participants to lose
interest in the activity. Therefore, an outdoor-walking rehabilitation programme could be
developed and be delivered in a safe manner, without the need for excessive, specialist

equipment and facilitate social interaction between participants.

Despite the study taking place over three-weeks with a limited number of participants,
improvements in self-reported health-related quality of life using the EuroQol EQ-5D-5L scale,

are potentially important findings for young stroke survivors and one that is likely to only be
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enhanced with a long-term study. Post-intervention, significant improvements in two quality
of life domains (self-care and pain/discomfort) were reported, with the EQ VAS conveying
significant improvement from 70 pre-intervention to 87.5 post-intervention, with no changes
observed from pre-intervention to post-intervention in other quality of life domains; mobility,
usual activities and anxiety. These results may be due to participants being higher functioning
compared to other studies, with Duncan et al (2003) reporting significant improvements in
both emotional and physical role functioning components of the SF-36. Similarly, Kim et al
(2014) reported increased social participation post intervention using the Stroke Impact Scale
(SIS), suggesting that use of mixed methods and community rehabilitation programmes can

improve quality of life outcomes.

A number of limitations emerged during the current study. Firstly, the study had a small
sample size (n=4), which may limit the broader delivery of the programme if the sample was
much greater. Within the small sample there was a wide range in participant ability,
highlighted by the difference in self-selected walking speed. However, this enabled
assessment of capability across these different ability levels. Also, there was agreement
between participants on all aspects of the CERT domains of enjoyment, support, delivery and
tailoring. A further limitation is that this study only had a duration of three weeks, and
therefore we can only predict whether participants will adhere to this type of programme
delivered over ten weeks or more. In order to facilitate muscular strength and aerobic
adaptations, programmes need to run over the course of a minimum of eight weeks (Saunders
et al., 2020) so further research will look to explore these adaptations with a longer duration

study.
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3.6 Conclusions
In summary, an outdoor-based rehabilitation programme with outdoor-walking as the sole

form of activity, which we predict is feasible to develop into a larger scale intervention for
young stroke survivors. This feasibility and small-scale pilot study highlights that exercising in
natural outdoor environments for young stroke survivors can increase motivation,
confidence, improve health-related quality of life and has the potential to be used in

rehabilitation for stroke survivors.
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Chapter Four

4. General Methodology

The experimental design for this thesis follows guidelines from the Medical Research Council

(MRC) Complex Interventions Framework (Skivington et al., 2021).

Study two: Originally planned as a randomised clinical trial (ClinicalTrials.gov ID-
NCT04314388) but now a mixed-methods case controlled study, investigating the effects of
an outdoor-walking rehabilitation programme on walking performance (walking speed,
metabolic cost and biomechanical function) and quality of life outcomes, in young adults who

have had a stroke.

4.1 Ethical Approval
This study was approved by the NHS Ethics Committee (Greater Manchester South

Committee), Health Research Authority (United Kingdom) (IRAS study number 271699) and

Manchester Metropolitan University Research Ethics Committee.

4.2 Study Design
Before the COVID-19 pandemic, this study was planned to be phase 1 randomised controlled

clinical trial. However, the COVID-19 pandemic hampered the original design of the study, for
a plethora of reasons. The uncertainty of the pandemic and ensuing nationwide lockdowns,
led to alterations of when we were able to conduct research activities (e.g. participant
recruitment, commencement of data collection and the rehabilitation programme). We also
had to be aware of the differing COVID-19 guidelines set by the government and NHS of each
respective nation (e.g. Wales and England). We also witnessed low participant recruitment
rates from each participating NHS health boards (those acting as participant identification

centres (PIC) for this study), through prioritisation of the pandemic and the redeployment of
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principal investigators at each PIC to other areas in the NHS. This did not allow for full efforts
to be made in increasing participant recruitment. But also there was a reluctance by potential
eligible participants to take part in the study due to increased risk of COVID-19 transmission.
This was reported by site principal investigators (e.g. physiotherapists at NHS health boards
acting as participant identification centres) that many young stroke survivors did not wish to
leave their homes as a result. The COVID-19 pandemic also caused alterations with the
proposed equipment used in this study, which would have potentially further increased risk
of COVID-19 to participants and the research team (detailed in section 4.3.2.2.1 of this

chapter).

Therefore, the study design of this research project is now a case controlled study to assess
the effectiveness of an outdoor-walking rehabilitation programme. This chapter will present
in detail two methodologies; 1. The case-controlled study that was physically conducted for
this research project and 2. The previously planned randomised control clinical trial and the

changes that were put in place.

89



4.3 The Case-Controlled Study

Table 4.1: Overview of methods used to investigate the influence of an outdoor-walking rehabilitation
programme.

Recruitment

- Multi-centre case-controlled study involving three health board sites in Wales
- Twelve participants

Assessment of
walking speed &
energy cost

Pg. 95

Walking Speed (see figure 4.3)

- Participant to sit quietly for 5-minutes to measure resting heart rate.

- Participant to walk at their self-selected walking speed for 3-minutes up and down a
15m walkway.

- This was conducted both indoors and outdoors.

Energy Cost
- Physiological Cost Index (Section 4.3.2.2.1) was used to calculate energy cost of

walking during indoor and outdoor protocols.

These assessments were conducted at baseline and post rehabilitation for comparison.

Biomechanical
Function

Pg. 99

- Camera system: Qualisys Motion Capture with eight optoelectronic cameras around
the capture volume to assess the foot, trunk, lower and upper limbs. Capturing at
120 Hz.

- Force Plates: Four Kistler force plates were located 2x2 in a square formation, at the
centre of the capture volume (15m portable walkway). All force data collected were
then sampled at 1000 Hz (see figure 4.4 for schematic of remote laboratory set-up)

- Participants completed seven walking trials to ensure full collection of data.

Walking trials were conducted at baseline and post rehabilitation for comparison.

Assessment of
Quality of Life

Pg. 106

Quality of Life was assessed using six questionnaires, which were completed at baseline

and post rehabilitation for comparison.

- Stroke and Aphasia Quality of Life -
Scale

- Confidence after Stroke Measure -

- Nature-Relatedness Scale -

Three Aims and Three Difficulties
Questionnaire

Intervention Questionnaires
Three-month Follow-up Questionnaire

Interventions

Pg. 111

Outdoor-walking Rehabilitation Programme
- Consisted of four 2.5 day residentials, which were delivered over a period of 10
weeks, based in Brecon Beacons National Park (see table 4.4)

Home Exercise Programme

- This was included to ensure participants had a mixed methods training programme
to follow.

- consisted of two unsupervised training sessions per week for 10-weeks

- involved resistance, balance and stretching exercises

Statistical
Analysis

Pg. 124

Quantitative Data

- All statistical analysis for quantitative variables was conducted using SPSS Version
27.

If data was parametric: Dependent

samples T-test, with Bonferroni correction

If the data was non-parametric: Wilcoxon
signed rank test

Qualitative Data
- Survey Research using mixed methods
- Thematic analysis
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4.3.1 Recruitment

This was a multi-centre study, involving three health board sites in Wales, United Kingdom:
Aneurin Bevan University Health Board, Swansea Bay University Health Board and Cwm Taf
Morgannwg University Health Board. The health board sites mentioned were used as PICs for
participant identification and recruitment. These health board sites were also specifically
chosen due to having established working relationships through previous studies and their
geography in relation to the Brecon Beacons National Park, the location setting for the

outdoor-walking rehabilitation programme.

4.3.1.1 Participant Randomisation
Fear of transmission of COVID-19 in a vulnerable patient group such as stroke, increased

reluctance to take part in research activities and reduced support from PICs and principal
investigators resulted in low participant recruitment rates for this study. Therefore, we were
unable to conduct block randomisation as the sample size would have been too small in each
patient group (group 1: intervention, group 2: control) to result in significant analysis.
Ultimately, all participants were selected to have the intervention and the study design
changed from a randomised clinical trial (detailed in section 4.4 of this chapter), to a case-

controlled study (figure 4.1).
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ABUHB SWUHB CTUHB

n=4 n=6 n=2

Intervention: Outdoor-walking and
home exercise programme

Figure 4.1: Actual study design as a case controlled study post COVID-19, with participating health boards
Aneurin Bevan University Health Board (ABUHB), Swansea Bay University Health Board (SWUHB) and Cwm Taf
Morgannwg Health Board (CTUHB)

4.3.1.2 Participants
Twelve individuals who have had a stroke were recruited to take part in this study (participant

characteristics in Chapter Five). Despite conducting a feasibility study (detailed in chapter
three of this thesis) to assess whether a rehabilitation programme (based in outdoor natural
environments) is a suitable and safe form of rehabilitation for young stroke survivors (with
mild to moderate impairments), recruitment via health boards used as participant
identification centres (PICs) for participant identification and recruitment was unsuccessful.
This was firstly due to aforementioned reasons relating to COVID-19 (detailed in section 4.2
Study Design, of this chapter), but also as a result of further reasons, such as supposed lack
of potential participants who fitted the inclusion and exclusion criteria within the health

boards and the perceived increased risk of walking in outdoor environments by young stroke
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survivors, as reported by physiotherapists and Principal Investigators resulting in the small

sample size for this case controlled study.

Table 4.2: Inclusion and exclusion criteria for the outdoor-walking rehabilitation programme

Inclusion Criteria
- Young adults who have had a stroke and capable of giving informed consent”
- Aged 18-65years
- Male or Female

- Stroke within the last 3years

- Cause of stroke from cerebral infarct or haemorrhage that is clinically evident or from a
Computerised Tomography Scan (CT Scan) or Magnetic Resonance Imaging (MRI) Scan

- Able to walk continuously for 5minutes and have a walking speed between 0.3 and 0.9m/s.

- Participants are permitted to use a walking cane or assistive devices (not wheelchair). Some
participants may have been prescribed orthoses, ankle-foot orthoses, or Functional
Electrical Stimulation (FES), participants will be tested wearing these devices if applicable

#1f a participant has cognitive impairment we will rely on the expertise of the clinical team as to
whether they have an adequate cognitive function to provide informed consent.

Exclusion Criteria
- A patient diagnosed with a respiratory disease, musculoskeletal disease or injury or an auto-

immune disease will be excluded from this study if this comorbidity is the predominant
health concern or the major factor that limits their ability to walk.

- A patientis currently participating in another rehabilitation programme or study

- Amputation of more than one digit

- Unable to speak or comprehend English*

- Unable to or unwilling to comprehend informed consent

*Welsh translated versions of the participant information sheet, consent form and contact form
will be provided to all participants. However, the participant must be able to understand spoken
English as the data collection protocols will be explained in English by the researcher.

To be included in this study, all participants were required to report that they are able to walk
continuously for a minimum of five minutes. Walking speed criteria of 0.3 and 0.9m/s was
ascertained by physiotherapists during face to face participant identification (if possible due
to COVID-19 NHS guidelines) using the 10-metre walk test (1OMWT) or telephone

consultations.
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The inclusion and exclusion criteria for this case controlled study were largely based on the
recent work of the research team, investigating walking performance in young stroke
survivors (Jarvis et al., 2019). Through this study, it was determined that individuals able to
walk faster than 0.93m/s were significantly more likely to return to work post-stroke than
those who walked slower than 0.93m/s (Jarvis et al., 2019). With returning to employment
being a priority to many young stroke survivors, it was important to have walking speed of
0.93m/s as the upper threshold for the inclusion criteria. The lower threshold for walking
speed of 0.6m/s, was established via the feasibility study, previously conducted as part of this
research project. Through this study, the slowest walking speed reported was 0.6m/s. both
the outdoor instructor and research team deemed that 0.6m/s would be the minimum
walking speed required for participants with mild to moderate physical impairments, and
would be able to safely cope with the demands of the natural outdoor environment, based
upon a subjective assessment of the capabilities of the participants on different terrain and

gradients.

However, during recruitment phase of this study, the decision was made to increase the range
of walking speed from 0.6-0.93m/s, to 0.3-1.0m/s, in response to improve participant
recruitment. Although this change could be seen as a limiting factor for this study, as potential
participants who learnt about the study but walked slower than 0.6m/s or faster than 0.93m/s
were interested in taking part. In a study by Platts et al (2006), it was noted that in many
rehabilitation programmes individuals who walk slower, are more likely to be excluded from
studies than those who walk at a faster pace. This may be due to many potential participants
not fitting the inclusion and exclusion criteria stipulated for research studies. However, it is
important for studies to include young stroke survivors who simply walk at a slower pace, to

gain a true sample of the young stroke population, this would therefore reduce bias and allow
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for clinical initiatives and rehabilitation programmes to be developed that can give the same

opportunities for recovery to all.

4.3.2 Procedures

4.3.2.1 Participant preparation for data collection
For all data collection procedures (walking speed, metabolic cost and biomechanical

function), participants were instructed to wear minimal non-reflective and non-restrictive
clothing and footwear. This included shorts (e.g. running shorts or cycling shorts) and the
option of wearing a tight fitting sleeveless top for both male and female participants.
Regarding participants footwear to be worn for data collection procedures, instructions
stipulated that footwear should be comfortable to walk in and reflect the typical footwear
the participant wears on a regular basis to complete activities of daily living (e.g. walking to
the shops). Participants footwear were deemed suitable by the investigator if they were non-
slip, suitable to be worn outside and have a flat sole (e.g. without a substantial heel rise). As
per the inclusion criteria for this study, participants were permitted to complete all data
collection procedures with or without personal assistive devices (e.g. walking cane or ankle
foot orthoses), again this is to reflect what the participant uses on a regular basis to complete

activities of daily living.

4.3.2.2 Assessment of walking speed and energy cost

4.3.2.2.1 Justification to use the Physiological Cost Index as a proxy measure for energy cost
of walking

The methodology to measure metabolic cost of walking of young adults who have had a
stroke was to utilise the Cortex Metamax 3B (portable breath by breath analysis). However,
as a result of the pandemic affecting the years 2020 and 2021, utilising this piece of

equipment could have the potential to be detrimental to the health of both the researcher
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and potential participants through the potential increased transmission of Covid-19. The
method of using the Cortex Metamax 3B includes using face masks and the collection and
analysis of participants’ expelled breath. The face mask and turbine (connects to the face
mask and analysis unit) can be cleaned and sterilised after each and every use, however there
is the potential that these pieces of equipment may not be cleaned properly and therefore
leave remnants of participants bodily fluids (saliva from expelled breath and sweat).
Participants may also not be aware that they are carrying the virus, therefore risking future
participants and the researcher. Furthermore, risk of infection and transmission can be
increased when handling the used face masks, turbine and unit needed to be carefully

considered.

The physiological cost index (PCl) was developed by MacGregor (1981), to consider heart rate
as an indicator of energy expenditure, and therefore can be used as an indirect method to
measure oxygen consumption. The PCl is a simple and inexpensive tool that can be used
clinically to estimate energy expenditure during overground walking. For much of the
literature (Danielsson et al., 2007; Fredrickson et al., 2007; Delussu et al., 2014), the PCI has
been used as an outcome for rehabilitation for many conditions (e.g. lower limb amputees,
stroke, elderly subjects), with good test-retest reproducibility, good validity and reliability
(interrater) in these conditions. Fredrickson et al (2007) concluded that the PCl can be used
as a proxy index for oxygen cost of walking as it was found to correlate with oxygen cost and
to distinguish between healthy able-bodied individuals and individuals with stroke. However,
previous studies (refs may dispute this and may argue that the PCl is better used as a clinical

tool for individuals with conditions and a slower walking speed.
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As stated by Fredickson et al (2007) and others (Danielsson et al., 2007; Delussu et al., 2014),
the PCI calculation by MacGregor (1981) can easily be used by clinical teams to document
participant progress during their rehabilitation. The PCl does not require specialist training or
a dedicated technician to standardise the unit, conduct testing and analyse the data. It was
reported that some participants in the aforementioned study, the portable gas analysis unit
was found to be uncomfortable and cumbersome, with further dissatisfaction expressed with
the face mask and the weight of the equipment that is necessary to measure oxygen

consumption.

Walking heart rate (beats/min) — Resting heart rate (beats/min)
Walking speed (m/min)

PCl (beats/m) =

Figure 4.2: Physiological Cost Index (PCl) calculation for energy cost of walking (MacGregor, 1981)

4.3.2.3 Protocol
To capture walking speed and energy cost of walking, all participants were fitted with a Polar

Heart Rate monitor (Polar Beat heart rate monitor (Polar, Electro Oy, Kempele, Finland) and
were instructed to sit quietly for five minutes to measure resting heart rate. Participants were
then instructed to walk at their self-selected walking speed (SSWS) for three minutes up and
down a 15m walkway, similar to our previous research (Jarvis et al., 2019). Participants heart
rate during exertion was recorded every thirty seconds by the researcher as proposed by
Danielsson et al (2007). Timing gates were positioned at 2.5m from either end of the walkway,
giving a measured distance of 10m. Within the 2.5m areas at either end of the walkway
situated a chair, which was used for the participant to walk around and give support if needed
(Figure 4.3). Chairs were used as they were a larger object for the participants to see and

focus on to walk towards compared to using cones. Utilising a larger object also eliminated
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the need for participants to stop at each end of the course and turn at 180 degrees, this

encouraged them to therefore walk at a more consistent walking speed (Platts et al., 2006).

After participants were given adequate rest, the protocol was repeated and took place
outdoors on a flat, tarmac path to measure walking speed. This protocol was repeated to be
completed outdoors, as most walking tests (e.g. 6minute walk test or 10m walk test) tend to
take place in laboratory and hospital settings, which do not reflect the different environments
(e.g. in the community) that post-stroke individuals are in on a daily basis. Therefore,
conducting a walking protocol both indoors and outdoors provided better representation of
activities of daily living (e.g. outdoor errands, walking to and from shops). Participants may
also adopt different compensatory walking strategies when walking outdoors compared to

indoors during testing procedures.
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Figure 4.3: Schematic of equipment set-up of walking speed and energy cost protocols- indoors and outdoors

4.3.3 Biomechanical Function

4.3.3.1 Equipment
A Qualisys motion capture system (Miqus, Qualysis motion capture system, Qualysis, Sweden)

was used to collect motion analysis of the foot, trunk, lower and upper limbs. The system
consisted of eight optoelectronic Qualisys cameras (Miqus Series), with four ground
embedded Kistler force plates in a portable 15m walkway, a Lenovo ThinkPad Laptop with

Qualisys Track Manager (QTM version 2.0) was used to capture and process data.
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Similar to the methods of setting up equipment, used previously by the research team (Jarvis
et al., 2019), eight optoelectronic cameras were positioned on portable tri-pods around the
edge of the capture volume (e.g. portable 15m walkway), set at a height of 1.8m from the
ground. The Qualisys cameras were connected by an ethernet cable to a Lenovo ThinkPad
Laptop that used Qualisys Track Manager software to attain kinematic data at a sampling
frequency of 120 Hz similar to previous studies (Jarvis et al., 2019). Four Kistler force plates
were located 2x2 in a square formation, at the centre of the capture volume. Each force plate
measured 30cm by 50cm and was mounted flush into the 15m portable walkway. Each force
plate was connected by a 25-pin connector cable to an amplifier. This amplifier was then
connected to a Qualisys Miqus Sync unit by the output cable (Figure 4.4). All force data
collected were then sampled at 1000 Hz through the analogue-digital converter, which was
connected to a Lenovo ThinkPad Laptop that used Qualisys Track Manager software to obtain

kinetic data.

The Qualisys Miqus Motion capture system was used for this study in comparison to the
industry “gold standard” Vicon Motion capture system for a number of reasons. Firstly, as this
is a multicentre study with data collection taking place remotely at Gilwern Outdoor
Education Centre (Ty Mawr Road, Gilwern, Abergavenny), it was therefore necessary to have
a motion capture system that was easily transportable, and easy to set-up for data collection,
in comparison to the Vicon motion capture system. Furthermore, the Qualisys system can be
utilitised in multiple settings, as the cameras automatically adjust to bright or low light
settings, but also due to the easy compatibility with other equipment such as Kistler force

platforms.
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Figure 4.4: Schematic of remote laboratory set-up for motion capture of walking biomechanics
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4.3.3.2 System Calibration
Prior to collecting data from participants, the Qualisys motion capture system was

calibrated and a residual of less than 1mm for each camera was accepted. An L frame with
four retroreflective markers and 600mm calibration wand with two retroreflective
markers were used according to the manufacturer’s guidelines (Miqus, Qualysis motion
capture system, Qualysis, Sweden). As data collection was conducted remotely at Gilwern
Outdoor Education Centre, set up and positioning of the camera system in relation to the
force platforms took place. This involved placing the L frame in the bottom left-hand
corner of force platform 1 and to ensure all cameras were able to see all four
retroreflective markers on the L frame. Once all camera positions were correct, a dynamic
calibration was undertaken, which involved the investigator to wave the calibration wand
within the capture volume in a variety of positions and orientations for a recorded time
of 30 seconds. Following this, calibration of force platforms commenced to define the
laboratory origin. The lab coordinate system was defined as Y-axis: anterior-posterior, X-
axis: medial-lateral and Z-axis: superior-inferior. Force platform signals were zeroed using

the ‘automatic zero function’ in Qualysis Track Manager.

4.3.3.3 Marker Placement
Qualisys cameras are optoelectronic, emitting invisible infrared light (102 NIR light

emitting diodes LEDs at 850nm), which is reflected back by retroreflective markers on the
participants body to track motions. Seventy-one markers in total were used and
positioned on specific landmarks on the participant’s body following the ‘Calibrated

Anatomical Systems Technique’ (CAST) developed by Cappozzo et al (1996, 1997).

Upper body markers were placed first, and when participants were seated to avoid fatigue

in participants with limited mobility. Four markers were secured onto a fabric headband
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and positioned over the left and right temple at the front of the head and on the left and
right side of the back of the head. Lower body markers were placed as participants were
standing, and were encouraged to use support, such as holding onto a walking aid, edge
of a table or member of the research team, where required. Due to stroke participants
reporting low walking confidence and reduction in stability when walking barefoot, gait
analysis was completed shod. Participants were instructed to wear shoes that were

comfortable, suitable to be worn outdoors and what they would typically wear on a daily

basis to complete activities of daily living.

Figure 4.5: Example of marker placement from anterior (left), posterior (centre) and side (right) view
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Table 4.3: Checklist used for marker placement during data collection

Marker Placement: Lower Body

Marker Placement: Upper Body

Marker Location Marker Location
ASIS ASIS right and left side each Clavicle Mid-point between the right and left clavicle
PSIS PSIS right and left side each Xiphoid End point of sternum, onto the xiphoid process
. Midpoint of the anterior aspect of the thigh
Thigh (1, 2, . . . ) ) .
3) overlaying rectus femoris. Placed in a triangle | T2 Project 2 spinal processes down from C7
formation
Thigh 4 Midpoint of .the y?osterlor aspect of the. thigh Right Back Anywhere on the scapula (right side only- this acts as a
between semitendinosus and biceps femoris reference marker)
Lateral Lateral condyle of femur 10 From iliac crest, go across to spine and count 6 spinal
Knee processes upwards
Medial . . . . .
Knee Medial condyle of femur Acronium Distal end point of acronium
Tibia (1, 2, Lower third of the lateral aspect of the shank ina | Upper Arm Mid-point of the upper arm in a trianale formation
3,4) individual marker cluster (square formation) (1,2,3) P pp 3
L. I L |
atera Lateral head of ankle atera End point of ulna nearest elbow- flex elbow to locate
Malleolus Elbow
Medial Medial head of ankle Medial Placed onto radial head. Flex elbow joint to locate centre
Malleolus Elbow of radial head (right and left side each)
Posterior Mid-point of the most posterior aspect of the | Lower Arm . . . . .
Calcaneus calcaneus or the heel of the shoe (1,2,3) Mid-point of the lower arm in a triangle formation
Lateral Mid-point of the lateral aspect of the calcaneus or | Lateral Distal end point of ulna. Flex wrist to locate
Calcaneus  the heel of the shoe. Wrist P )
Metatarsal Head of metatarsal 1 Medial Styloid process of radius on the medial side. Ensure
1 Wrist lateral and medial wrist are in line with each other
Metatarsal 2" Finger/ . "
Head of metatarsal 2 Midpoint of 2" metacarpal
2 metacarpal
M |
5 etatarsa Head of metatarsal 5 Head (1,2) 1and 2 placed above canthus of eye on right and left side.
3 and 4 placed onto occipital section of the cranial near
Head (3, 4) where it joins with the temporal section. These are

placed on right and left side at the same height as head 1
and 2

4.3.3.4 Protocol
An initial a static calibration was conducted and saved. Participants were instructed to

stand facing forward with their arms raised slightly away from their body, if possible, with

each foot on force platform 1 and 2 within the capture volume. Once static marker data

were collected and used together with anatomical measurements were used to define

each body segment and establish the location of each joint centre, relative to the

coordinate system. If participants were able and not fatigued, they were asked to

complete a minimum of three practice trials, enabling them to become familiar with their

surroundings and to establish a starting position that allowed a clean foot strike on the

force platform with their dominant leg. Following familiarisation, participants then

completed seven successful walking trials. It is important to note that participants were
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instructed to walk at their self-selected walking speed (e.g. typical walking speed used to
complete activities of daily living). Participants walked along a 5m level, purpose-built
walkway, however the starting position for teach participant was modified to ensure a
clean foot strike on the force platform. To offset fatigue, participants were allowed and
offered as much time to rest as necessary between walking trials, in particular those who
presented with more severe physical impairments that affected walking performance.

Motion analysis data was collected at 120Hz and ground reaction forces at 1200Hz.

4.3.3.5 Data Processing
Digitisation of the data in Qualisys Track Manager and Visual3D (C-Motion)

Digitisation of data were completed using Qualisys Motion Capture software called
Qualisys Track Manager (Qualisys, Sweden). For both static and dynamic trials, markers
and their trajectories were labelled using a loaded label marker list (71 trajectories). On
dynamic trials, gait events (heel strike/ initial contact and toe-off) were determined via
frame by frame visual inspection. The AiM Model (Qualisys, Sweden) was then applied to
each walking trial to calculate marker trajectories, spatial and temporal parameters and
joint kinematics and kinetics. Walking trials were then exported as C3D files for modelling

and analysis with Visual 3D (C-motion, Rochelle, USA).

Within Visual 3D, a model specific to the height and body mass of each participant was
generated and inertial parameters were calculated for the pelvis, hip, knee and ankle,
using inverse kinematics. This allowed specific constraints to be applied at the joints of
the virtual model, so to limit rotation and/ or translation. The pelvis permitted six degrees
of freedom, but only sagittal, coronal, and transverse plane rotation was permitted at all
other joints (Jarvis et al., 2022). Gait events such as initial contact and toe off were defined

from contact with the force plates. Visual 3D was further used to calculate and extract
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specific range of motion, moment and power parameters previously used by Jarvis et al
(2020) for clinical gait analysis and specific to stroke. Once specific gait events were
determined, data was normalised to 101 data points (translating to 0 to 100% of the gait
cycles) kinematic parameters (pelvis, hip, knee and ankle joints) were exported in the
sagittal, coronal and transverse planes. Both kinematic and kinetic parameters (hip, knee
and ankle joints and joint powers) were exported from Visual3D as ASCII files. Data from
each participant was subsequently presented in one Microsoft EXCEL spreadsheet to

determine mean and standard deviation for each % of the gait cycle.

Alongside kinematic and kinetic parameters, spatial and temporal parameters such as,
stride width (m), stride length (m), step length (m), stance time (% gait cycle), swing time
(% gait cycle) and initial double support (% gait cycle) of the paretic and non-paretic lower
limbs were exported from Visual 3D for each participant, similar to parameters used by

Jarvis et al (2019).

Data extraction using MATLAB

Following data extraction from Visual3D and transfer of all data into one Microsoft EXCEL
spreadsheet, all data (kinematic, kinetic and powers for the pelvis, hip, knee and ankle)
were imported into MATLAB version R2020b (MathWorks Inc, USA) in order to generate
highly detailed gait graphs of joint kinematics (pelvis, hip, knee and ankle) and joint
moments (hip, knee and ankle) in the sagittal, coronal and transverse plane, and joint
absolute powers of the hip, knee and ankle. Each graph presents the paretic and non-
paretic lower limb 0% to 100% of the gait cycle and compared pre and post intervention.
These graphs are presented in Chapter Five as part of the results and discussion of this

thesis.
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4.3.4 Assessment of Quality of Life

For this research project, survey research was adopted as the preferred approach to
assess quality of life in young stroke survivors. Survey research is defined as “the collection
and analysis of information from a sample of individuals through their responses to
guestions” (Ponto, 2015; Schutt, 2019). Survey research is ideal to be used for this project,
as it encompasses three research strategies: quantitative (e.g., using questionnaires with
numerically rated items), qualitative (e.g., using open-ended questions), or both
strategies (e.g., mixed methods). Surveys are frequently used in social and psychological

research to describe and explore human behaviour (Singleton et al., 1988).

For the purpose of this project and clarity of survey research strategies used, all data
assessing quality of life was collected using questionnaires, administered individually by
paper copy and in an electronic format, by the researcher. Table 4.4 offers an overview of

each questionnaire.

Table 4.4: Overview of questionnaires for Survey Research

Measure Type

Stroke Aphasia Quality of Life Scale Self-Report Scale (Quantitative)

Confidence after Stroke Measure Self-Report Scale (Quantitative)

Nature-relatedness Scale Self-Report Scale (Quantitative)

Three Aims and Three Difficulties Qualitative questionnaire with open-ended questions
Pre/ post intervention Questionnaires Qualitative questionnaire with open-ended questions
Three-month Follow-up Assessment Qualitative questionnaire with open-ended questions

Participants were given a total five questionnaires to complete before participation of the
outdoor-walking rehabilitation programme and five questionnaires post completion of
the outdoor-walking rehabilitation programme, to report whether changes occurred in

quality of life (using the Stroke and Aphasia Quality of Life scale (Hilari et al., 2003)),
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confidence (using the Confidence after Stroke measure (Horne et al., 2017)) and nature-
relatedness (using the Nature-relatedness scale (Nisbet et al., 2009)) as a result of taking
part in the outdoor-walking rehabilitation programme. At three months, a follow-up
assessment was sent out to all participants to report whether participants had continued
to exercise in natural outdoor environments and whether they felt the outdoor-walking

rehabilitation programme had improved their quality of life.

4.3.4.1 Stroke and Aphasia Quality of Life Scale
The Stroke and Aphasia Quality of Life Scale (SAQOL) (Hilari et al., 2003) was chosen to be

used in this study, as it has been used previously by the research team (Jarvis et al., 2019).
This questionnaire also represents a measure of quality of life in the stroke population
and clearly depicts in what areas quality of life is most affected post-stroke, through four
domains: physical (17 items), psychosocial (11 items), communication (7 items) and
energy (4 items). The SAQOL has been proven to have good Internal consistency (o= 0.74
to 0.94) and test-retest reliability (r=0.89 to 0.98) (Hilari et al., 2003). The timeframe for
all questions is the past week. Scores for each question are marked on the scoring sheet.
The overall Stroke and Aphasia Quality Of Life-39 score is a mean score and is calculated
by adding up all the items and dividing by the number of items. Domain scores are
calculated in the same way. Overall mean and domain scores can vary from 1 to 5 and are
rounded to two decimal points (e.g., 3.46). Higher scores are indicative of better quality

of life.

4.3.4.2 Confidence after Stroke Measure
The Confidence after Stroke Measure (CaSM) (Horne et al., 2017) was chosen to be used

in this research study to evaluate confidence and is developed to assess confidence after

stroke as there are currently no other specific measures available (Horne et al., 2019).
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Confidence, seen as a component of emotional impact, is important to many stroke
survivors to regain during their recovery and is necessary to measure in assessing a
rehabilitation programme, which takes place in an environment where stroke survivors
seem to lack the most confidence (McCluskey and Middleton, 2010). The CaSM has been
proven to have good internal consistency (a=0.94), test re-test Reliability (r=0.85)
(Horne et al., 2017, 2019). This measure consisted of 27 questions that cover three
domains: self-confidence (9 items), positive attitude (8 items) and social confidence (10
items). The timeframe for all questions is the past week. Scores for each question are
marked on the scoring sheet. Each scale in the Confidence after Stroke Measure have
separate scorings, adding the total of each domain to equal a total score. The total score
will range from 0-81, with 0 indicating low confidence and 81 indicating the highest level
of confidence. A change of four points on the total scale has been assessed as being

clinically meaningful.

4.3.4.3 Nature-relatedness Scale
The Nature-Relatedness Scale (NR) (Nisbet et al., 2009) assesses the affective, cognitive

and experiential aspects of the individual’s connection with the natural outdoor
environment, however is not stroke specific. This questionnaire was used in this study in
order to assess the role that the outdoor natural environment plays as part of the
outdoor-walking rehabilitation programme and understanding the emotional or personal
aspect of how individuals’ feel about actually being in nature (Nisbet et al., 2009; Zelenski
and Nisbet, 2012). This questionnaire has good internal consistency (a=0.87) and test re-
test reliability (r = 0.85). This scale consists of 21 questions that covers three dimensions:
Self (8 items), Perspective (7 items) and Experience (6 items). Overall Nature-Relatedness

score is calculated by averaging all 21 items after reverse scoring appropriate items.
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Scores on the three dimensions are calculated by averaging appropriate items after
reverse scoring each dimension. The timeframe for all questions is the past week. Scores

for each question are marked on the scoring sheet.

4.3.4.4 Three Aims and Three Difficulties
Participants were asked to provide three key difficulties of day to day living and three aims

they have at the moment as first proposed and used by Jarvis et al (2019). This provided
a personalised insight into how to best adapt rehabilitation guidelines for young adults
who have had a stroke. These were completed prior to participating in the outdoor-
walking rehabilitation programme and repeated post-completion of the outdoor-walking

rehabilitation programme.

4.3.4.5 Pre-intervention and Post-Intervention Questionnaires
Participants were asked four questions to understand what outdoor physical activities

they take part in and how they feel towards outdoor physical activity. These questions
were developed from previous patient and public involvement and engagement (PPIE)
work and the feasibility study (detailed in Chapter Three of this thesis) that took place
prior. As part of this research project, understanding whether the participants take part
in outdoor physical activity allowed the research team to ensure the outdoor-walking
rehabilitation programme was suitable for the young stroke survivor. Alongside the CaSM
as a measure of confidence, it was important to gain a personal perspective from the
young stroke survivor in what way and why they make lack confidence to walk outdoors,
as this was previously mentioned during the feasibility study as a priority to improve.
Regarding question three of this questionnaire, it was necessary to see how this outdoor-
walking rehabilitation programme can have the potential to improve activities of daily

living, further giving the rehabilitation programme premise to be included in stroke
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recovery initiatives. Lastly, question four is understanding what barriers are experienced
by the young stroke survivor, when walking outdoors. These were completed prior to
participating in the outdoor-walking rehabilitation programme and repeated post-
completion of the outdoor-walking rehabilitation programme to report if any changes in
behaviour and attitudes towards outdoor physical activity. Participants were asked to

explain their answers.

Questions asked on the pre and post rehabilitation questionnaire:

1. Do you participate in outdoor physical activity?

2. How confident do you feel to walk outdoors

3. How do activities of daily living (e.g. walking to the shops, completing daily
errands) affect you?

4. Do you experience any difficulties walking outdoors?

4.3.4.6 Three-month Follow-up assessment
Participants were contacted by the researcher at 3-months post rehabilitation to report

whether they have continued to walk in natural outdoor spaces and if there has been any
long-lasting effects on quality of life and confidence as a result of taking part in the
outdoor-walking rehabilitation programme. Gaining the personal perspectives and
opinions of the participants who took part in the outdoor-walking rehabilitation
programme, is necessary to understand where the programme can be improved and what
aspects of the programme was seen as important (e.g. group-based design) and how this
form of rehabilitation can be implemented in the future. For example, the benefits of
group-based design programme was observed during the feasibility study, when assessing

delivery and adherence to an outdoor-based rehabilitation programme. Furthermore, as
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confidence is one of the main themes of this research study, understanding whether this
programme had a long-term effect on the individual and promoting behaviour change
gives further evidence to suggest this alternative form of rehabilitation has a place in

stroke recovery.

Questions asked for the 3-month follow-up assessment:

1. Would you be able to write down what you thought was good about your time in
the research study and how you feel you have progressed?

2. Discuss how it has allowed you to improve your confidence

3. Whether you enjoyed the group-based side of the outdoor-walking rehabilitation
programme

4. If you want to see more outdoor rehabilitation opportunities in the future

4.3.5 Interventions

4.3.5.1 Outdoor-walking Rehabilitation Programme
The outdoor-walking rehabilitation programme consisted of four 2.5 day residentials,

which were delivered over a period of 10 weeks. These residentials took place at Gilwern
Outdoor Education Centre, in the Brecon Beacons National Park, Wales, UK. A residential
programme that focused on improving young stroke survivors walking ability and
confidence to walk in the natural outdoor environment was chosen in order to offer a
more intense rehabilitation and immersive walking programme, to allow participants to
spend more time in the natural outdoor environment and build connections with other
young stoke survivors. Alongside the outdoor-walking rehabilitation residential
programme, participants were also given a home exercise and light stretches programme
to follow and to self-report daily on any physical activity when they were not on the

residential.
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To develop the outdoor-walking rehabilitation programme, the Consensus for Exercise

Reporting Template (CERT) was utilised (table 4.5).

Table 4.5: Development of the outdoor-walking rehabilitation programme using the CERT

1.

Materials

Type of exercise equipment
Minimal (no specialist gym equipment required)
Walking clothing and equipment recommended

Provider

Qualifications, teaching/supervising expertise and/or training of the exercise instructor
Gilwern Outdoor Education Centre with trained and experienced outdoor activity
instructors in outdoor instruction. Hold all appropriate qualifications for leading outdoor-
activities. Have in-depth local knowledge of the area where the outdoor-walking
rehabilitation programme is planned to take place

Rebecca Clarke (researcher of study) - outdoor activity instructor with four years of
experience in outdoor instruction. Holds all appropriate qualifications for leading outdoor-
activities

Delivery 8.

10.

11.

Whether exercises are performed individually or in a group

10-week outdoor-walking rehabilitation programme: group

Whether exercises are supervised or unsupervised

10-week outdoor-walking rehabilitation programme: supervised

Measurement and reporting of adherence to exercise

Exercise Diary

Details of motivation strategies

Researcher to call participant once-per-week

Decision rules for progressing the intensity of the exercise programme

This will be dependent on walking speed

Each exercise is described so that it can be replicated (e.g. illustrations, photographs)
10-week outdoor-walking rehabilitation programme sessions are described in the exercise
diary using word descriptions and illustrations

Content of any home programme component

Non-exercise components

No non-exercise components are included in this study

How adverse events that occur during exercise are documented and managed

In the unlikely situation of any adverse events, participants will be treated accordingly and
reported appropriately. We will adhere to institutional procedures for recording and
reporting adverse events and their follow-up

12.

Location

Setting in which the exercises are performed
Outdoor-walking rehabilitation programme: Gilwern Outdoor Education Centre, Brecon
Beacons National Park, Wales

13.

Dosage -

Detailed description of the exercises (e.g. sets, repetitions, duration, intensity)
Detailed description of the 10-week outdoor-walking rehabilitation programme are
included in the exercise diary

14.

Tailoring

15.

Whether exercises are generic (“one size fits all”) or tailored to the individual
Exercises will be tailored to the individual

Decision rule that determines the starting level for exercise

Walking speed will determine the starting level of exercise
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Table 4.6: Information of what each residential includes and how the residentials increase in difficulty

Residential One

an introductory residential, which will ease the participants into the walking
activities due to take place in the following residentials. This residential will
include short and easy walking routes 3-5km in length, with no steep gradients
or difficult terrain. Other activities when walking will be introduced and include
navigation skills training (during the first week, this is to stay relatively simple
dependent on the capabilities of the participants). Introducing other activities
when walking or when taking a rest will enable participants to regain their energy
and to focus their concentration on other tasks.

Residential Two

will build and develop on the walking and navigation skills that were introduced
in residential 1. During residential 2, we will keep the walks at the same length
(3-5km). However, to increase the difficulty of the walk through steeper
gradients (introduction of steep groundwork. Both ascent and descent) and
harder terrain (e.g. looser ground, more hazards like tree roots). Navigation will
also increase slightly in difficulty, include the teaching of pacings and compass
and bearing work.

Residential Three

will aim to increase the difficulty of the walks by the length/ duration of walking
activities (4-6km walks) and continuing the increased difficulty of gradient and
terrain by consolidating the skills learnt during residential 2.

Residential Four

This is the last residential of the outdoor walking rehabilitation programme.
Walks will be 4-6km in length and include more difficult terrain that was
introduced in residentials 2 and 3. Navigation and map reading skills will have
also increased in difficulty (e.g. compass bearings, pacings) all skills will be
brought together for this residential.

An exercise diary (Appendix 9) was provided to participants, which included information

on the walking routes planned for each outdoor residential. Information on the routes

included an image of the route using Ordnance Survey mapping computer software (OS

Maps Online, Ordnance Survey, Southampton, UK) distance measured in metres (m) and

kilometres (km), terrain (e.g gravel, tarmac, grass), environment (e.g woodland, lowland,

moorland), gradient (e.g uphill to downhill ratio, how steep/ flat) and perceived level of

difficulty.
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4.3.5.2 Home Exercise Programme
Alongside the outdoor-walking rehabilitation programme, which involved aerobic

exercise, a home exercise and light stretches programme was included to ensure
participants had a mixed methods training programme to follow. The home exercise
programme consisted of two unsupervised training sessions that involved resistance,
balance and stretching exercises, taking place in the participants home each week, for a
duration of 10 weeks (table 4.5). According to stroke exercise recommendations (Billinger
et al., 2014; Saunders et al., 2016; Winstein et al., 2016), a frequency of two resistance
training sessions per week focusing on the upper and lower limbs, can reduce cardiac
demands during lifting or carrying (e.g. grocery shopping), increase the ability to perform
in leisure activities and activities of daily living and induce some muscular adaptations in
novices, while also requiring little time commitment, therefore promoting adherence to
the programme. Furthermore, implementing a resistance training programme can
facilitate increased limb strength, thus improve limb function compared to conventional

therapies that emphasise spasticity reduction (Butefisch et al., 1995).

Participants received a progressive training plan specific to improving common motor
impairments caused by stroke (e.g. increase knee flexion during loading response phase
of the gait cycle) and included four consistent resistance exercises across all participants.
Each resistance exercise had options for progression (e.g. to increase difficulty)
dependent on the capabilities of the participant. Each training session was complemented
by eight active stretching exercises to be used as warm-up for the subsequent resistance
exercises. These included four active stretches for the upper body and four active

stretches for the lower body adapted to be used safely by less-able individuals.
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Descriptions and examples of exercises for the upper body and lower body are presented

in tables 4.8 and 4.9.

Table 4.7: Structure of the outdoor-walking rehabilitation programme and home exercise programme

Week Monday Tuesday Wednesday Thursday Friday

[

Week 1: Intervention (Introduction)

Home-based exercise programme

Home-based exercise programme

‘ Week 2: Intervention (Milestone week)

Home-based exercise programme

Home-based exercise programme

‘ Week 3: Intervention (Group discussion)

Home-based exercise programme

O N OB | WIN

Home-based exercise programme

[
o

Week 4: Intervention (Milestone week)

4.6.1.2.1 Exercise Selection

All resistance exercises selected as part of the home exercise programme involved a set
amount of repetitions consisting of eccentric and concentric muscle movements, with
single-joint exercises for most of the home exercise programme. This was to isolate
specific muscle groups easily and for the participants to learn techniques safely and easily.
Compared with single joint exercises, multi-joint exercises are more demanding on
coordination for those affected by stroke and other conditions. As a result, two multi joint
exercises were included in the programme; bodyweight squat and sit to stand. The
bodyweight squat and sit to stand were chosen specifically as there exercises involve
simple techniques, which was a necessary requirement for a cohort of novices with
potential muscle contracture and weakness and are used routinely in rehabilitation

programmes.
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All at home exercise sessions started with a short 5-minute warm-up that included eight
stretches (four upper body, four lower body). Following the warm-up, participants then
completed four resistance/ bodyweight exercises. The muscle groups that are to be
targeted within the resistance exercises selected for the home exercise programme
include four muscle groups of the upper body, such as; biceps triceps, rhomboids and
deltoids, along with the abdominals and/or lower back muscles. The eight muscle groups
of the lower body targeted include the following; hip flexors, hip extensors, hip adductors,
hip abductors, hip internal rotators, hip external rotators, dorsi-flexors and plantar-

flexors.

As part of the home exercise programme and to accommodate different levels of
capability of each participant, variations of each exercise to work the same muscle group
were developed to enable exercises to be completed in alternative positions (e.g. seated
and/ or standing). Descriptions and examples of exercises for the upper body and lower
body are presented in tables 4.10, 4.11, 4.12 and 4.13, descriptions and examples of

balance exercises are presented in table 4.14.
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Table 4.8: Upper body stretches as part of the light stretches programme, with description and image
demonstration on how to perform stretch correctly

Exercise How to perform exercise correctly
Inner arm and wrist Standing or sitting tall. Extend your arm in
stretch front with palm down. Bend wrist, pointing

hand toward the floor. With your other hand,
gently bend your wrist until you feel a mild to
moderate stretch in your forearm.

Shoulder cross-body standing or sitting tall. Hold one arm above
stretch your elbow with your opposite hand, and pull
it across your body toward your chest until
you feel a stretch in your shoulder. Make
sure to keep your elbow below shoulder
height.

Chest stretch Sitting tall. Place hands behind yourself,
holding on to the chair. Gently squeeze
shoulders together and hold as tolerated.
Stretch felt in chest.

Seated torso twist Sitting tall, with both feet flat on ground,
stretch begin to rotate upper body left or right,
holding the stretch for a comfortable period.
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Table 4.9: Lower body stretches as part of the light stretches programme, with description and image
demonstration on how to perform stretch correctly

Exercise How to perform exercise correctly

Ankle rotation sitting tall or standing with heel on floor,
rotate foot clockwise and anti-clockwise,
feeling a stretch in the ankle and calf muscle.

Seated hamstring Sitting tall on floor or edge of chair. Sit with
stretch one leg extended with other leg at 90degree
bend at knee (so that the foot is flat on the
floor) and reach toward your ankle of the
straight leg without feeling uncomfortable.
Repeat on other leg

Seated quadriceps Sitting tall on chair, sit facing the side and
stretch you are able to hold the back of the chair for
support. If possible, holding your foot in your
hand, slowly bring the foot furthest away
from the back of the chair upwards towards
your bottom and hold stretch

Seated long adductor  Sit with both legs straight in front of you,
stretch with your back straight. Slowly work your
legs apart without feeling uncomfortable.
Hold this position as you slowly bend forward
at your hips until you feel more resistance,
keeping back straight.
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Table 4.10: Push-up and lateral raise exercises with progressions in difficulty and justifications

Exercise

Progressions

1

2

3

a Justification

Push-up
(progress to a
kneeling prone
press-up)

Sitting position, both
hands flat on wall/
counter- bring chest to
hands, push to extend
and straighten arms

Standing, both hands on
wall, bring chest to
hands, push to extend
and straighten arms

Kneeling incline position,
using edge of sofa to
push away from
(cushioning for knees)

Kneeling prone press-up  Activates deltoids, pectorals,
triceps, core, simultaneous use of
both arms and sides of upper body

Lateral-raise

Sitting position, single
straight arm raise to side

Sitting position, both
arms raise at same time

Sitting position, single
straight arm raise to side
using resistance bands

Standing position, single  Activates deltoids, trapezius, core,
or both arms raise to the  simultaneous use of both arms and
side sides of upper body
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Table 4.11: Tricep kickback and bicep curl exercises with progressions in difficulty and justifications

E . Progressions Justificati
xercises ustitication
1 2 3 4
Sitting position, single Sitting position, both Sitting position, single Standing position, single  Activates triceps, simultaneous use
arm at 90degree bend, arms at 90degree bend, arm at 90degree bend, or both arms with use of  of both arms and sides of upper
push back to extend arm  push back and extend pull with resistance resistance bands body
both arms bands
Tricep kickback
Sitting position, single Sitting position, both Sitting position, single Standing position, single  Activates biceps, simultaneous use
arm at 90degree bend, arms at 90degree bend, arm at 90degree bend, or both arms with use of  of both arms and sides of upper
curl forearm towards curl both forearms pull with resistance resistance bands body
shoulder (weight ofarm  towards shoulder bands
only)
Bicep curl

121



Table 4.12: Sit to stand and calf raise exercises with progressions in difficulty and justifications

E . Progressions Justificati
Xercise 1 2 3 a ustitication

Sit to stand Chair to standing- use Chair to standing- use Chair to standing- no Bodyweight squat- use Will help to improve initiation of

(progress to both arms to push up one arm to push up use of upper body counter or back of chair  movement in the direction of

bodyweight from chair from chair to hold for support travel- this exercise will strengthen

squat) . = R r ‘ — quadriceps, gluteal and calf
muscles and stretch plantarflexor
muscles

Calf-raise (raise Sitting position- bring Standing position- use Standing position Standing position- use Will help Improve the initiation of

heels of feet off both heels off floor counter for balance stairs for greater range movement in the direction of

floor) of movement, have travel to increase walking speed-

heels hang over edge

this exercise will help to
strengthen triceps surae and
soleus

122



Table 4.13: Frontal single leg raise and lateral single leg raise exercises with progressions in difficulty and justifications

Exercise

Progressions

1

2

3

4

Justification

Frontal single leg-
raise (progress to
standing)

Sitting position- bring
one foot off the floor
and straighten leg

Sitting position- use of
resistance bands for
single leg raise

Standing position- use
counter for balance, flex
at knee (heel towards
glutes), extend knee,
bring foot back down to
floor

Standing, hands on hips,
flex knee

Increase loading onto the paretic
limb- Strengthen hip abductors
and core musculature

Lateral single leg-
raise (keep leg
straight, raise leg
to the side)

Standing position, use
counter or wall for
balance and support

Standing position, use
counter or wall for
balance, use resistance
band

Standing, hands on hips,
bring leg to side

Use of resistance bands
for protocol

Increase loading onto the paretic
limb- Strengthen hip abductors
and core musculature
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Table 4.14: Balance exercises with progressions in difficulty and justifications

Progressions

Exercise Justification

1 2 3 4
Heel to toe Standing stationary, with  Standing position, use Standing position, Strengthen gluteals and
walk both hands on wall for counter or wall for without support, walk hamstrings and stretch hip flexors
support, cross foot over  support, walk heel to toe heel to toe and plantarflexor muscles
to the other, repeat with
other foot
Simple side Standing stationary, with  Standing position, both Standing position, Increase step length and improve
walk both hands on wall for hands on wall or without support, side the initiation of movement in the
support, cross foot over  counter, side step step direction of travel to increase
to the other, repeat with walking speed
other foot
Single leg Standing stationary, with  Standing stationary, with  Standing stationary, Standing stationary, use  Increase loading onto the paretic
stand both hands on wall or one hand on wall for raise one leg (bend at stairs, have heels hang limb
counter for support, support, raise one leg knee) over edge, raise one leg Strengthen hip abductors and core
raise one leg (bend at (bend at knee) (bend at knee) musculature
knee)
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4.3.6 Statistical Analysis

Statistical analysis was conducted using SPSS Version 27. All statistical analysis for
guantitative variables (spatial and temporal parameters, joint kinematics, joint kinetics
and standardised quantitative questionnaires). Mean, standard deviation, range (min-
max) and 95% Confidence intervals were calculated, with the critical level of significance

set at p £0.05. Both range and 95% confidence intervals were reported.

All data were checked for normality using the Shapiro Wilk test and measures of skewness
and kurtosis prior to analysis. Once data had been checked for normality, to compare
between pre and post intervention and assuming the data was parametric, a dependent
samples T-test was used, with Bonferroni correction. If the data was non-parametric,
Wilcoxon signed rank test would be used. Dependent samples T-test was chosen to
statistically analyse data in this study, as only two time points (pre-intervention and post-

intervention) were collected.

4.3.6.1 Spatial and Temporal parameters
Key spatial and temporal parameters were extracted for analysis as identified previously

in research (Chen et al., 2005b; Awad et al., 2015) and the research team (Jarvis et al.,
2019), these parameters include; stride width measured in metres (m) measuring the
distance between right and left leg, stride length measured in metres (m) measuring the
distance between initial contact of right leg to initial contact of that same leg, step length
measured in metres (m) and measuring the distance between initial contact of right leg
to initial contact of left leg, Stance time is measured in percentage of the gait cycle (%)
during which the left or right foot is in contact with the ground, swing time is measured

in percentage of the gait cycle (%) during which the left or right foot is not in contact with
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the ground, initial double limb support is measured in percentage of the gait cycle (%)

during which both feet are in contact with the ground.

These parameters were extracted from analysis of biomechanical function, indoors, pre
and post-intervention. With the assumption that the data will meet the criteria for
parametric testing, we expect to use a dependent samples T-test. For non-parametric

data, a Wilcoxon signed-rank test will be used instead.

4.3.6.2 Walking Speed and Energy Cost
Walking speed and energy cost (PCl) from both indoor and outdoor walking protocols and

pre and post-intervention will be extracted and tested for normality using a Shapiro-Wilk
test. Walking speed will be measured in metres per second (m/s) and energy cost data
will be measured in beats per metre (beats/m). With the assumption that the data will
meet the criteria for parametric testing, we expect to use a dependent samples T-test. For
non-parametric data, a Wilcoxon signed-rank test will be used instead. Furthermore,
Walking speed and energy cost will be presented together in a correlation graph for pre
and post intervention, for the indoor and outdoor walking protocols. Prior to plotting the
results for walking speed and energy cost of each participant, a Pearson’s r correlation (or
for non-parametric data a Spearman correlation) coefficient will be calculated to measure

the relationship between these two variables.

4.3.6.3 Joint Kinematics, Kinetics and Power
Key joint range of motion rotational forces and power parameters identified by Benedetti

et al (1998), Winter et al (2009), in total twenty joint kinematic and eighteen joint kinetic
parameters of the paretic and non-paretic lower limb were extracted for further analysis.
For kinematic parameters, these were peak anterior and peak posterior tilt and range of

sagittal plane motion of the pelvis (pelvic tilt), peak upward movement and peak down
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movement and range of frontal plane motion of the pelvis (pelvic obliquity), peak interior
and peak exterior and range of transverse plane motion of the pelvis (pelvic rotation),
peak hip flexion during loading response and peak hip extension during mid-stance and
range of sagittal plane motion of the hip, peak adduction and abduction and range of
frontal plane motion at the hip, peak knee flexion during loading response, peak knee
extension during stance and peak knee flexion during swing phase, peak ankle dorsiflexion
at initial contact and peak plantarflexion during late stance phase. For kinetic parameters,
these were peak hip extension during weight acceptance and peak hip flexion during
midstance, peak power generation during propulsion (H3) and midstance (H2) at the hip
joint, peak knee extension during weight acceptance, peak knee flexion, peak power
generation at the knee joint, peak ankle plantarflexion, peak ankle dorsiflexion and peak

power generation during A2 at the ankle joint.

With the assumption that the data will meet the criteria for parametric testing, we expect
to use a dependent samples T-test. For non-parametric data, a Wilcoxon signed-rank test
will be used instead. Furthermore, gait graphs will be produced for all joint kinematic and
kinetic parameters of interest for both the paretic and non-paretic lower limb, which will
include the mean and standard deviation, pre and post intervention. These will be
normalised to 100 data points and can be attributed 0-100% of the gait cycle. Comparisons
will be made between pre-intervention and post-intervention.

4.3.7 Qualitative Data Analysis

Data collected from the ‘Three aims and three difficulties’ (Jarvis et al., 2019), pre and
post post-rehabilitation open-ended questionnaires and 3-month follow-up assessments

(detailed in section 4.3.4 of this chapter) will be analysed via Thematic Analysis, taking an
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inductive approach to coding (e.g. themes that are identified are strongly linked to the
data)(Boyatzis, 1998). This is an analytical technique to identify themes, which focuses on
examining themes or patterns of meaning within the qualitative data and is often used in
mixed-method designs. Braun and Clarke’s (2006) six-phase method for thematic analysis
was used, these included familiarising yourself with the data, generating initial codes,
searching for themes, reviewing themes, defining and naming themes and producing the

report.
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4.4 The Original Proposed Study: Randomised Clinical Trial

This section details the randomised clinical trial, which was originally planned and
submitted for HRA and NHS ethical approval before the COVID-19 pandemic, as part of
the research project investigating the effects of an outdoor-walking rehabilitation

programme on walking performance and quality of life of young stroke survivors.

4.4.1 Recruitment

This was to be a multi-centre study, involving three health board sites in Wales, United
Kingdom: Aneurin Bevan University Health Board, Swansea Bay University Health Board
and Cwm Taf Morgannwg University Health Board. The health board sites mentioned
were used as participant identification centres (PICs) for participant identification and
recruitment. These health board sites were also specifically chosen due to having
established working relationships through previous studies and their geography in
relation to the Brecon Beacons National Park, the location setting for the outdoor-walking

rehabilitation programme.

4.4.1.1 Sample Size and Participant Randomisation
To estimate the required sample size, a power analysis (Kadam and Bhalerao, 2010) was

performed using values for one of the key variables of interest, which was determined to
be walking speed, in reference to recently published work (Jarvis et al., 2019) with the
assumption of using two-sided effect of 1.96 and population standard deviations of 0.3
(Duncan et al., 2003). Forty participants were to be required to take part in this study.
However, this study will aim to recruit forty-six participants (twenty-three participants for
intervention and twenty-three participants for control group) in total, to account for 14%

dropout rate and any instances of participants unable to complete the 12-week outdoor-
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walking rehabilitation programme as per reported in similar studies (Saunders et al.,

2020).

It can be hypothesised that this study would have recruited to target, if it were not for the

challenges posed by the COVID-19 pandemic such as:

- The uncertainty of the pandemic and ensuing nationwide lockdowns

- Differing COVID-19 guidelines set by the government and NHS of each respective
nation (e.g. Wales and England)

- Prioritisation of the pandemic and the redeployment of principal investigators at each
PIC to other areas in the NHS

- Reluctance by potential eligible participants to take part in the study due to increased

risk of COVID-19 transmission

After participants were screened for eligibility and recruited by the PICs, and as part of
the randomised controlled trial design blocked randomisation was to be used to assign
participants to either the 12-week outdoor-walking and home exercise rehabilitation
programme (intervention) or the 12-week home exercise programme (control). Allocation
sequence was to be randomised using a computer generated online algorithm, which
implemented stratified (by site) randomisation. As the interventions were to be inherently

different, both participants and the research team were not blinded to the allocation.

Blocked randomisation was to be utilised as the main method of randomisation, as it is
designed to randomise participants into groups that result in equal sample sizes (Suresh,
2011) and are more often uniformly distributed by key outcome-related characteristics

(Efird, 2011) into comparable intervention groups, which are alike in all aspects except for
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the intervention each group receives, thus reducing bias and increasing efficacy of the

intervention. See figure 3 for study design and randomisation of participants from PICs.

ABUHB SWUHB CTUHB
\n:m/ \n:m/ "=14
n=46

Intervention: Outdoor-walking

. Control: Home exercise
and home exercise programme

programme

Group 1 (0.6-0.8m/s) n=11

Group 2 (0.8-0.9m/s) n= 12 n=23

Figure 4.6: Proposed study design for the randomised clinical trial

4.4.1.2 Participants
Forty-six individuals who have had a stroke were to be recruited to take part in this study.

4.4.2 Procedures

4.4.2.1 Assessment of walking speed and metabolic cost
To capture walking speed and metabolic cost of walking, all participants were to be fitted

with a small mask, covering the nose and mouth. This would then be connected to a
portable gas analyser (Cortex Metalyser) which measures oxygen consumption.
Participants were also to be fitted with a Polar Heart Rate monitor (Polar Beat heart rate
monitor (Polar, Electro Oy, Kempele, Finland) to measure heart rate and they will be asked
to grade their rating of perceived exertion (Borg, 1982). Participants were asked to stand

quietly for three minutes to capture resting heart rate and oxygen consumption during
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quiet standing. Capturing oxygen consumption during quiet standing would provide an
indication of the oxygen required for basal metabolism and support a resting posture
(Schwartz et al., 2006). Participants were then instructed to walk at their self-selected
walking speed (SSWS) for three minutes up and down a 15m walkway, similar to our
previous research (Jarvis et al., 2019). Timing gates were positioned at 2.5m from either
end of the walkway, giving a measured distance of 10m. Within the 2.5m areas at either
end of the walkway situated a chair, which was used for the participant to walk around
and give support if needed. Chairs were used as they were a larger object for the
participants to see and focus on to walk towards compared to using cones. Utilising a
larger object also eliminated the need for participants to stop at each end of the course
and turn at 180degrees, this encouraged them to therefore walk at a more consistent

walking speed (Platts et al., 2006).

After participants were given adequate rest, the protocol was repeated and took place
outdoors on a flat, tarmac path to measure walking speed. This protocol was repeated to
be completed outdoors, as most walking tests (e.g. 6minute walk test or 10m walk test)
tend to take place in laboratory and hospital settings, which do not reflect the different
environments (e.g. in the community) that post-stroke individuals are in on a daily basis.
Therefore, conducting a walking protocol both indoors and outdoors provided better
representation of activities of daily living (e.g. outdoor errands, walking to and from
shops). Participants may also adopt different compensatory walking strategies when

walking outdoors compared to indoors during testing procedures.
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4.4.2.2 Biomechanical Function
Procedures used for collecting data at baseline and post-intervention on all biomechanical

function parameters (joint kinematics, moments, powers and spatial-temporal

parameters) were not altered and can be found in section 4.3.3 of this methods chapter.

4.4.2.3 Assessment of Quality of Life
Procedures used for collecting data from standardised questionnaires at baseline and

post-intervention for quality of life (using the Stroke and Aphasia Quality of Life scale),
confidence (using the Confidence after Stroke Measure) and nature-relatedness (using
the Nature-relatedness Scale) and open-ended questionnaires (Three Aims and Three
Difficulties and pre and post rehabilitation questionnaires) were not altered and can be

found in 4.3.4 of this methods chapter.

4.4.3 Interventions

4.4.3.1 Outdoor-walking Rehabilitation programme
Originally, the outdoor-walking rehabilitation programme would have been delivered

over a period of 3-months (or 12-weeks), taking place in Talybont-on-Usk, in the Brecon
Beacons National Park, Wales, UK. The programme was designed to include 2-hour, once
weekly outdoor-walking instructor-led sessions. An outdoor-walking programme that
took place once-weekly, which focused on improving young stroke survivors walking
ability and confidence to walk in the natural outdoor environment was originally chosen
in order to offer a more regular walking programme, in line with previous community
rehabilitation programmes specific to stroke (Eng et al., 2003; Kim et al., 2014). This design
would allow participants weekly exposure to uneven terrain, environment, changing

gradients and potential changing weather conditions.
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Breakdown of the originally proposed programme design can be seen in table 4.15, using

the Consensus for Exercise Reporting Template.
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Table 4.15: Development of the originally proposed outdoor-walking rehabilitation programme using the

CERT

Materials

Type of exercise equipment
Minimal (no specialist gym equipment required)
Walking clothing and equipment recommended

Provider

Qualifications, teaching/supervising expertise and/or training of the exercise instructor
Outdoor activity instructor with over thirty years of experience in outdoor instruction.
Holds all appropriate qualifications for leading outdoor-walking. Has in-depth local
knowledge of the area where the outdoor-walking rehabilitation programme is planned
to take place

Rebecca Clarke (researcher of study) - outdoor activity instructor with four years of
experience in outdoor instruction. Has appropriate experience for leading outdoor-
walking

Delivery

10.

11.

Whether exercises are performed individually or in a group

3-month outdoor-walking rehabilitation programme: group

Home exercise and light stretches programme: individually

Whether exercises are supervised or unsupervised

3-month outdoor-walking rehabilitation programme: supervised

Home exercise and light stretches programme: unsupervised

Measurement and reporting of adherence to exercise

SIYA Exercise Diary

Details of motivation strategies

Researcher to call participant once-per-week

Decision rules for progressing the intensity of the exercise programme

This will be dependent on walking speed

Each exercise is described so that it can be replicated (e.qg. illustrations, photographs)
3-month outdoor-walking rehabilitation programme sessions are described in the
exercise diary using word descriptions and illustrations

Content of any home programme component

Home exercise and light stretches programme is detailed in the exercise diary
Non-exercise components

No non-exercise components are included in this study

How adverse events that occur during exercise are documented and managed

In the unlikely situation of any adverse events, participants will be treated accordingly
and reported appropriately. We will adhere to institutional procedures for recording and
reporting adverse events and their follow-up

12.

Location

Setting in which the exercises are performed

Outdoor-walking rehabilitation programme: Talybont-on-Usk, Brecon Beacons National
Park, Wales

Home exercise programme: in the participant’s home

13.

Dosage

Detailed description of the exercises (e.g. sets, repetitions, duration, intensity)
Detailed description of exercises are included in the exercise diary and 3-month outdoor-
walking rehabilitation programme

14.

Tailoring

Whether exercises are generic (“one size fits all”) or tailored to the individual
Exercises will be tailored to the individual

15. Decision rule that determines the starting level for exercise

Walking speed will determine the starting level of exercise
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4.4.3.2 Home Exercise Programme
Alongside the outdoor-walking rehabilitation residential programme, participants were to

be given a twice-weekly home exercise and light stretches programme, that focus on the
major muscle groups of the upper and lower body (table 4.9), following stroke
rehabilitation guidelines (Billinger et al., 2014; Winstein et al., 2016). The exercises have
been utilised in a number of previous studies and designed with less able individuals in
mind. For further information on this, refer to section 4.3.5.2 as this did not alter from the

study.

4.4.3.3 The Control Group
As part of the originally proposed randomised controlled trial, a control group would be

included into the design of this study. During the twelve week outdoor-walking
rehabilitation programme, the control group intervention were to be given the same
home exercise programme as the intervention group. Therefore, the control group will be
asked to keep to their normal activities of daily living and given eight exercises for the
upper and lower body two times per week at home, similar to previous studies (lvey et
al., 2010). For further information on this, refer to section 4.3.5.2 as this did not alter from
the study. Participants in the control group will each be provided a booklet for the given
exercises (in appendices). Each exercise will be detailed in the booklet, in the form of
photographs, and information on how best to perform the stretch and how long the
stretch should be performed for. Once the 12-week outdoor-walking rehabilitation
programme had finished, and post-rehabilitation data collection concluded, the control
group were to be given the opportunity to participate in one 2.5 day outdoor-walking

residential.
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Each participant in the control group would have been contacted by the researcher (Miss
Rebecca Clarke) by telephone once-a-week, to ensure the control group have the same
amount of contact time as the intervention group for attention effects (Abbott et al.,
2019). Furthermore, during this telephone call, the researcher would check for adherence
to the light stretches programme by asking the participant a series of questions such as,
have they had any changes to medication, were they able to complete that week’s
planned stretches, did they have any difficulties performing the planned stretches and
whether they enjoyed performing the stretches.

4.4.4 Statistical Analysis

Statistical analysis was conducted using SPSS Version 27. Mean and standard deviation
and 95% Confidence intervals were extracted and reported. The critical level of

significance was set at p < 0.05.

Data were compared between the time points (pre and post intervention). All data were
checked for normality using the Shapiro Wilk test and measures of skewness and kurtosis
prior to analysis. Data that satisfied the assumptions were assessed using a dependent

samples t-test.

4.4.4.1 Walking Speed, Energy Expenditure and Metabolic cost of Walking
Walking speed, Energy expenditure and metabolic cost data collected during indoor and

outdoor over-ground walking protocols, from intervention group and control group will
be tested for normality using a Shapiro-Wilk test. Walking speed will be measured in
metres per second (m/s) to assess how fast or slow a young stroke survivors walks. Energy
expenditure is a measure of energy consumption (per unit time), which is normalised to
the participant’s body mass and is reported in millilitres per kilogram per minute

(mL/kg/min). Metabolic cost, when in conjunction with walking speed, measures
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efficiency of walking (per unit distance). The calculation for metabolic cost is energy
expenditure divided by walking speed and is reported in millilitres per kilogram per metre.
With the assumption that the data will meet the criteria for parametric testing, it is
expected that a dependent samples T-test would be used to compare the intervention
group at pre and post completion of the rehabilitation programme, in order to observe a
change in the aforementioned parameters. A dependent samples T-test would similarly
be used for the control group. To compare between the intervention and control groups
at pre and post intervention, an independent samples T-test would be utilised to
determine whether there is a statistically significant difference in parameters. For non-
parametric data, Mann-Whitney test will be used if required. For further analysis, an
ANCOVA (analysis of covariance), which is a blend of analysis of variance and linear

regression, can be used.

4.4.4.2 Biomechanical Function
Biomechanical function data collected from intervention group and control group will be

checked for normality using a Shapiro-Wilk test. Spatial and temporal parameters and key
joint kinematic, moment and power parameters of the paretic and non-paretic lower
limbs of young adults who have had a stroke will be compared to the control during
walking, similar to previous work by the research team (Almurdhi et al., 2016; Jarvis et al.,
2019) in different clinical populations. With the assumption that the data will meet the
criteria for parametric testing, it is expected that a dependent samples T-test would be
used to compare the intervention group at pre and post completion of the rehabilitation
programme, in order to observe a change in the aforementioned parameters. A
dependent samples T-test would similarly be used for the control group. To compare

between the intervention and control groups at pre and post intervention, an
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independent samples T-test would be utilised to determine whether there is a statistically
significant difference in parameters. For non-parametric data, Mann-Whitney test will be
used if required. For further analysis, an ANCOVA (analysis of covariance), which is a blend
of analysis of variance and linear regression, can be used.

4.4.5 Qualitative Data Analysis

Procedures used for analysing qualitative data pre and post-intervention on pre and post
intervention questionnaires and three-month follow-up assessment were not altered and

can be found in section 4.3.7 of this methods chapter.

4.5 Summary

This chapter describes in detail, the methods used for the research project investigating
the effects of an outdoor-walking rehabilitation programme on walking performance and
quality of life. This chapter further highlights the difficulties experienced when developing
a research study during a time of uncertainty, which COVID-19 caused. For this project, a
randomised clinical trial, involving an intervention group and a control group, was
originally planned that had previously been successful in attaining HRA NHS ethical

approval
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Chapter Five

5. The influence of an outdoor-walking rehabilitation programme on
gait kinematics and kinetics of young adults who have had a stroke

5.2 Results

5.2.1 Participant Characteristics

Mean age of participants at the time of study was 59.1 (44 — 65) years. Mean body mass of
participants at the time of study was 87.91kg (62.6 - 117) . Mean height of participants was
173cm. Eleven out of twelve participants were male (male=11, female=1). Eleven out of the
twelve participants had experienced an infarct stroke, with one participant who experienced
a haemorrhagic stroke. Nine out of the twelve participants had left side hemiparesis, and
three participants with right side hemiparesis. Mean time since having a stroke was 27.75 (4
- 66) months. Five out of the twelve participants used ankle foot orthoses to aid with walking.
Two participants out of the five participants that required assistive devices, used a walking
cane to further aid with walking. Three participants from the cohort smoked pre-stroke, with

two participants continuing to smoke post-stroke.
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Table 5.1: Individual participant characteristics, type of stroke, time since stroke, side affected, use of walking aids and smoking habits prior to and post-
stroke are reported. Mean + standard deviation and range for age, body mass, height and time since stroke are also reported

Body mass Height Type of Time since
Sex  Age (years) v g yp Paretic side stroke walking aids Smoking
(kg) (cm) stroke
(months)
Pre Post
P1 M 60 84.2 168 Infarct Left 43 No No No
P2 M 60 103 181 Infarct Right 60 No Yes No
P3 M 54 65.3 164 Infarct Left 66 No No No
P4 M 60 62.6 163 Infarct Left 25 Yes- Ankle Foot Orthoses and Yes  Yes
walking cane
P5 M 60 79 183 Infarct Left 13 Yes- Ankle Foot Orthoses No No
P6 M 63 117 176 Infarct Left 14 Yes- Ankle Foot Orthoses No No
P7 M 44 92 183 Infarct Right 5 No No No
P8 M 64 91.4 168 Infarct Left 30 No No No
P9 M 62 94.4 175 Infarct Left 22 No No No
P10 F 55 116 172 Infarct Left 38 Yes- Ankle FO.Ot Orthoses and Yes Yes
walking cane
P11 M 65 63.4 164 Haemorrhage Right 6 Yes- Ankle Foot Orthoses No No
P12 M 63 86.7 179 Infarct Left 4 No No No
59.17 +5.81 87.91 +18.54 173+7.54 27.75+21.55
(44 — 65) (62.6-117) (163 -183) (4 - 66)
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5.2.2 Walking Speed, Energy Cost and Spatial Temporal Parameters

Due to the large variability of participant capabilities as a result of experiencing a stroke, it
was decided to firstly present data as a full sample. Following this, data for walking speed,
energy cost and spatial temporal parameters will be presented by excluding the two slower
walkers for walking speed, walking distance and energy cost. This is because ten out of twelve
participants walking speeds during the indoor walking protocol ranged between 0.47-1.45m/s
pre intervention and 0.52-1.42m/s post intervention. On the other hand, the two slowest
walkers in the sample during indoor walking protocol walked between 0.07-0.15m/s pre
intervention and 0.17-0.18m/s post intervention causing them to be outliers in this sample.
The walking speeds recorded by the two slowest walkers in this sample for both indoor and
outdoor walking protocols lie an abnormal distance away from the main set of data from

other participants in the sample, creating difficulty to draw general conclusions.

5.2.2.1 Full Sample (Unadjusted)
The following variables were non-parametric: energy cost (PCl), walking speed, walking

distance, in these cases, Wilcoxon Signed Rank tests were conducted. For correlation analysis,
to determine the relationship between walking speed and energy cost, a Spearman’s

Correlation was used due to data being non-parametric.

Walking speed during indoor walking protocols increased from 0.82m/s (0.52-1.12) pre-
intervention to 0.91m/s (p=0.01) post-intervention and walking speed during outdoor walking
protocol increased from 0.79m/s to 0.89m/s (p=0.005). Walking distance over a time frame
of three-minutes for indoor walking protocol increased from 97.5m (63.43 — 131.57) pre-
intervention, to 111.66m (77.95 — 145.37) post-intervention (p=0.058) and walking distance
over a time frame of three-minutes during the outdoor walking protocol increased from 98m

(64.62 — 132.04) pre-intervention, to 114.16m (77.27 — 151.06) (p=0.058). Energy cost during
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indoor walking protocol decreased from 0.75 beats/m (0.15 — 1.33) pre-intervention, to 0.57
beats/m (0.22 — 0.91) post-intervention (p=0.56) and energy cost during outdoor walking
protocol decreased from 0.83 beats/m (0.24 — 1.41) pre-intervention, to 0.60 beats/m (0.23

—0.98) (p=0.168) post intervention.

A strong negative relationship was found between energy cost and walking speed, pre (p = -
0.84) and post intervention (p = -0.83) for the indoor walking protocol, and for the outdoor
walking protocol pre (p = -0.8) and post-intervention (p = -0.82) (Figures 5.1 and 5.2). In
comparison, A strong positive relationship was found between walking speed and walking
distance, pre (p = 0.96) and post intervention (p = 0.99) for indoor walking protocol and pre

and post-intervention for the outdoor walking protocol.

Table 5.2: Mean + standard deviation, range and 95% Cl for energy cost, walking speed and walking distance for
indoor and outdoor 3-minute walking test (3-MWT) protocols pre and post intervention. *represents a
significant difference between pre and post interventions.

Indoor Outdoor
PRE POST PRE POST
+ + + +
Mean = SD 95% CI Mean + SD 95% CI P Mean + SD 95% CI Mean + SD 95% CI P
(Range) (Range) (Range) (Range)
Walking  0.82+0.47 0.91+0.45 0.79 £ 0.45 0.89 +0.46
Speed (0.07 - 0.52-1.12 (0.17 - 0.61-1.19 0.01* ('O 1 : 1'4) 0.24-1.07 (0.14 - 0.59-1.18 0.005*
(m/s) 1.45) 1.42) o 1.49)
Energy 0.57 £0.53 0.83 +£0.92
+ +
Cost 0.75+0.93 0.15-1.33 (0.17 - 0.22-0.91 0.56 (0.15- 0.24-141 0.60 +0.58 0.23-0.98 0.168
(0.12-3.2) (0.15 -2.12)
(beats/m) 1.81) 3.26)
Walkin + + +
. 8 975% 63.43 - 111.66 + 77.95 - 98 + 53.05 64.62 — 114.16 + 77.27 -
Distance 53.61 131.57 53.05 145.37 0.058 (20-170) 132.04 58.06 151.06 0.014*
(m) (20-180) : (20-180) : ' (20-190) :

Table 5.3: Correlation analysis using Spearman’s Rank (p) between energy cost and walking speed and walking
speed and walking distance.

Indoor Outdoor
PRE POST PRE POST
Energy cost and _ _ _ _
walking speed o =-0.84 (0.001) o =-0.83 (0.001) p =-0.8 (0.002) p =-0.82 (0.001)
Walking speed and o =0.98 (0.001) o =0.99 (0.001) p =0.96 (0.001) p =0.99 (0.001)

walking distance
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Figure 5.1: Scatter graph showing correlation between walking speed and energy cost, pre and post intervention
for indoor walking protocols. Blue circular data plots with blue dashed linear trendline represents pre-
intervention, orange triangular plots with orange dashed trendline represents post-intervention. R? values for
linear trendlines are reported.
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Figure 5.2: Scatter graph showing correlation between walking speed and energy cost, pre and post intervention
for outdoor walking protocols. Blue circular plots with blue dashed linear trendline represents pre-intervention,
orange triangular plots with orange dashed trendline represents post-intervention. R?>values for linear trendlines
are reported.
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5.2.2.2 Partial Sample (adjusted)
Subtracting the two slowest walkers in the sample, walking speed during indoor walking

protocols increased from 0.96m/s pre-intervention to 1.05m/s (p=0.019) post-intervention
and walking speed during outdoor walking protocol increased from 0.92m/s to 1.03m/s
(p=0.009). Walking distance for indoor walking protocol increased from 113m (81.72 —
144.28) pre-intervention, to 129m (101.92 — 156.07) post-intervention (p=0.065) and walking
distance during the outdoor walking protocol increased from 114m (83.61 — 144.4) pre-
intervention, to 133m (103.01 — 162.98) (p=0.014). Energy cost during indoor walking
protocol decreased from 0.39 beats/m (0.15 — 0.63) pre-intervention, to 0.34 beats/m (0.24
— 0.45) post-intervention (p=0.76) and energy cost during outdoor walking protocol
decreased from 0.46 beats/m (0.25 — 0.68) pre-intervention, to 0.37 beats/m (0.25 — 0.48)

(p=0.183) post intervention.

Table 5.4: Mean * standard deviation, range and 95% ClI for energy cost, walking speed and walking distance for
indoor and outdoor 3-minute walking test (3-MWT) protocols pre and post intervention excluding the two
slowest walkers. *represents a significant difference between pre and post interventions.

Indoor Outdoor
PRE POST PRE POST
Mean + Mean * p Mean * Mean * p
SD 95% CI SD 95% CI SD 95% CI SD 95% CI
(Range) (Range) (Range) (Range)
0.96 + 1.05+ 092+ 1.03+
Walking 0.37 0.32 0.81 - % 0.34 0.67 - 0.34 0.79 - %
speed (m/s)  (0.47- O77EB (s 1.28 0.019 (0.41- 117 (0.44 - 1.28 0.009
1.45) 1.42) 1.40) 1.49)
0.39+ 0.34 + 0.46 + 0.37
Energy Cost 0.33 0.15 - 0.15 0.24 - 0.76 0.29 0.25- 0.15 0.25 - 0.183
(beats/m) (0.12 - 0.63 (0.17 - 0.45 ’ (0.15- 0.68 (0.15- 0.48 ’
1.1) 0.63) 1.03) 0.61)
Walking 1130 129.0+ 1140+ 133.0
Distance 43.72 iiz 22; 37.84 1;)516.5957— 0.065 42.47 Sfﬁ; 41.91 156320;8_ 0.014*
(60 - 180) : (60 - 180) : (50-170) : (60 - 190) :

(m)
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5.2.3 Spatial and Temporal Parameters

The following variables were non-parametric: paretic swing time percentage, non-paretic
swing time percentage, paretic stance time percentage, non-paretic stance time percentage,
paretic initial double support percentage and non-paretic initial double support percentage.

In these cases, Wilcoxon Signed Rank tests were conducted. Data were sampled at 120Hz.

Stride length during assessment of biomechanical function of walking increased from 0.86m
(0.59 — 1.13) pre-intervention to 0.97m (0.71 — 1.24)) (p=0.005) post-intervention, increasing
by 11%. Step length of the paretic lower limb increased from 0.43m (0.31 — 0.56) pre-
intervention, to 0.50m (0.38 — 0.62)) (p=0.006) post-intervention. Step length of the non-
paretic lower limb increased from 0.42m (0.29 — 0.56) pre-intervention, to 0.48m (0.34 —
0.61)) (p=0.005) post-intervention. Stride width was similar before and after the outdoor-
walking rehabilitation programme (pre-intervention 0.19m (0.15 — 0.22), post-intervention
0.18m (0.15 — 0.22)) (p=0.880). Symmetry ratio decreased (therefore symmetry between
limbs increased) from 2.18 (0.49 — 3.87) pre-intervention to 1.86 (1.08 — 2.64) (p=.497) post-

intervention.

Stance time increased from 58.19% (47.13 — 69.25) to 61.69% (56.94 — 66.43) (p=0.721) post-
intervention for the paretic lower-limb. In the non-paretic lower limb, stance time increased
from 66.55% (58.35 — 74.75) to 70.52% (55.92 — 71.56) (p=0.583) post-intervention. Swing
time for the paretic lower limb increased from 35.53% (30.62 — 40.44) (p=0.203), to 37.92%
(33.27 — 42.58) (p=0.814) post-intervention. Initial double support for the paretic lower limb
increased from 16.27% (10.36 —22.17) to 37.92% (33.27 — 42.58) (p=0.388) post-intervention.
Initial double support for the non-paretic lower limb decreased from 19.4% (11.66 — 27.14)

t017.93% (11.68 — 24.18) (p=0.347) post-intervention.
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Table 5.5: Mean = standard deviation, range and 95% ClI of spatial and temporal parameters of self-selecting
walking pre and post interventions. *represents a significant difference between pre and post interventions.

PRE POST
P
Mean = SD 95% Cl Mean % SD 95% Cl
(Range) (Range)
Stride width 0.190.05 0.18 £ 0.05
ml (0.09-.0.29) 0.15-0.22 0503 0.15-0.22 0.880
Stride 0.86 % 0.42 0.97 £0.41 .
length (m) (0.22 - 1.62) 0.59-113 0.22-1.62 0.71-1.24 0.005
Symmetry 2.18 £2.66 1.86£1.22
Ratio (0.38 — 4.24) 0.49-3.87 0.99-2.82 1.08-2.64 0.497
Paretic Non-paretic
PRE POST P PRE POST P
0.43 0.5¢ 042t 0.48
Steplength  0.19 0.31- 0.18 038-  0.006* 0.24 0.29- 0.21 034- o
(m) (0.16 - 0.56 (0.16 - 0.62 (0.08 - 0.56 (0.08 - 0.61 :
0.81) 0.81) 0.79) 0.79)
stance time 5819% 61.69 + 66.55 + 70.52 +
% gait 17.40  47.13- 7.46 5694~ . 1290  58.35- 1126 5592- ..
c°f|e) (13.74- 6925  (52.82—  66.43 : (37.24- 7475  (55.83- 7156 :
¥ 82.26) 82.26) 89.62) 91.9)
swingtime 35531 37.92 ¢ 28.86 + 29.13 ¢
((ygait 7.72 30.62 - 7.33 3327- 0. 1324 2044- 1118 2202- ..
c°§e) (1853—  40.44  (1853—  42.58 : (1.54 - 37.27 (8.14-  36.24 :
¥ 44.72) 46.03) 44.76) 41.08)
J::;;L 16.27 ¢ 37.92 ¢ 194+ 17.93 ¢
oot 9.27 10.36 - 7.33 3327- e 1218 11.66- 9.83 1168~ ..o
(‘Vppait (6.85— 2217  (892—  42.58 : (8.06—  27.14  (6.83—  24.18 :
"8 42.92) 42.93) 52.52) 42.86)
cycle)

5.2.4 Joint Kinematics

Key joint kinematic parameters of the pelvis, hip, knee and ankle were determined as part of
the literature review (table 2.4) and further description of statistical analysis can be found in
Chapter 4: General Methodology (page 125). For the purpose of this section, results have
been presented in graph form and results table presenting peak and range of motion (RoM)
measurements of each joint. All kinematic data were sampled at 120Hz, all force data were

sampled at 1000Hz.

The following variables were non-parametric: kinematic and kinetic parameters of paretic

limb (hip extension, hip internal rotation, knee abduction, knee external rotation, ankle
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dorsiflexion, ankle inversion, ankle eversion, ankle abduction and adduction, knee joint
power, ankle joint power) and kinematic and kinetic parameters of the non-paretic limb (hip
flexion, hip abduction, hip adduction, hip internal rotation, hip external rotation, knee flexion,
knee abduction, knee internal rotation, ankle dorsiflexion, ankle inversion, ankle adduction,

knee joint power). In these cases, Wilcoxon Signed Rank tests were conducted.
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PRE: Paretic vs Non-Paretic

POST: Paretic v Non-Paretic

A: Pelvic Tilt® B: Hip Flexion®
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C: Knee Flexion®
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D: Ankle Dorsiflexion®
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Figure 5.3: Pelvis, hip, knee and ankle joint angle of the paretic and non-paretic lower limb pre-intervention (top row) 0% to 100% the gait cycle in the sagittal plane. Pelvis,
hip, knee and ankle angle of the paretic and non-paretic lower limb post-intervention (bottom row) 0% to 100% the gait cycle in the sagittal plane. Pink line and pink band
represents paretic lower limb mean + 1 standard deviation, green dashed line and green band represents post-intervention mean * 1 standard deviation. On x-axis, 0%

represents initial contact and 100% the following ipsilateral contact.
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A: Pelvic Up+/Down-°

B: Hip Add+/Abd-*

C: Knee Add+/Abd-*

D: Ankle Inv+/Ever-®
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Figure 5.4: Pelvis, hip, knee and ankle angle of the paretic and non-paretic lower limb pre-intervention (top row) 0% to 100% the gait cycle in the coronal plane. Pelvis, hip,
knee and ankle angle of the paretic and non-paretic lower limb post-intervention (bottom row) 0% to 100% the gait cycle in the coronal plane. Pink line and pink band
represents paretic lower limb mean + 1 standard deviation, green dashed line and green band represents post-intervention mean * 1 standard deviation. On x-axis, 0%
represents initial contact and 100% the following ipsilateral contact.
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A: Pelvic In+/Ext-® B: Hip In+/Ext-* C: Knee In+/Ext-® D: Ankle In+/Ext-*
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Figure 5.5: Pelvis, hip, knee and ankle angle of the paretic and non-paretic lower limb pre-intervention (top row) 0% to 100% the gait cycle in the transverse plane. Pelvis,
hip, knee and ankle angle of the paretic and non-paretic lower limb post-intervention (bottom row) 0% to 100% the gait cycle in the transverse plane. Pink line and pink band
represents paretic lower limb mean + 1 standard deviation, green dashed line and green band represents post-intervention mean * 1 standard deviation. On x-axis, 0%
represents initial contact and 100% the following ipsilateral contact.
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Table 5.6: Mean * standard deviation, range and 95% Cl for kinematic parameters of the pelvis during the gait cycle. *represents a

post interventions.

significant difference between pre and

Paretic (PRE) Paretic (POST) Non-paretic (PRE) Non-paretic (POST)
Joint Parameter P P
+ + + +
Mean +SD 95% CI Mean +SD 95% CI Mean + SD 95% I Mean + SD 95%
(Range) (Range) (Range) (Range)
o 23.43+7.37 _ 15.07 £8.76 _ « 23.36+7.67 _ 15.63+9.0 _ %
Max Ant® (+ve) (11.11-32.14) 18.75-28.11 (1.90-32.09) 9.50-20.64 0.001 (11.62 - 32.11) 18.21-28.52 (1.96 - 33.12) 9.58 -21.68 0.002
... Max Post® (- 17.79 + 6.66 9.55 +8.06 * 17.43 +6.97 10.01 + 8.54 %
Pelvic tilt ve) (6.02 — 26.54) 13.56 - 22.02 (-0.54-26.21) 4.42 -14.68 0.001 (6.02 — 27.89) 12.75-22.12 (-3.29-25.33) 4.27 -15.75 0.002
. 5.63+2.89 5.52+2.45 5.92+3.12 5.61+2.22
ROM (1.87 - 11.10) 3.79-7.47 (1.97 —9.74) 3.96-7.07 0.865 (2.49-10.91) 3.82-8.02 (1.84— 8.96) 4,12-7.11 0.677
o 3.71+3.12 5.33+2.58 2.63+4.52 2.29+4.15
Max Up® (+ve) (-0.4—9.67) 1.73-5.70 (2.58 - 10.85) 3.69-6.97 0.249 (-4.97 —11.35) -0.4-5.67 (-4.15 - 10.85) -0.49-5.09 0.841
Pelvic Max Down?® (- -2.95+3.90 -1.20+2.78 -3.42+271 -3.94+2.53
Obliquity ve) (-11.41 - 4.09) -5.43--0.47 (-4.90— 4.15) -2.97-0.56 0.183 (812-041) -5.24 —-1.59 (6.82-161) -5.64--2.24 0.604
o 6.67 £2.16 6.54 +2.64 6.06 £2.8 6.24 +2.69
ROM (3.81-11.01) 5.29 - 8.04 (1.91 - 11.31) 4.86-8.22 0.867 (2.80 - 10.94) 4.17-7.94 (2.21-11.31) 4.43-8.05 0.846
o 4,18 +7.30 0.89£6.93 8.52+6.43 7.84+7.22
Max Int® (+ve) (-6.66 — 18.51) -0.46 —8.82 (-8.84-13.51) -3.51-5.30 0.086 (-2.15-17.92) 4.2-12.84 (-5.94 — 18.30) 2.99-12.69 0.119
Pelvic o -5.86 £ 5.56 -9.27£6.74 % -1.8+5.72 -1.8+8.33
Rotation Max Ext® (-ve) (-12.89 — 4.50) -9.39--2.32 (-18.30 - 0.63) -13.56 —-4.99 0.045 (-10.83 - 5.64) -5.65-2.05 (-17.29 - 8.84) -7.40-3.78 0.894
o 10.04 £5.10 10.17 £ 5.09 10.32 +5.07 9.65+4.76
ROM (3.77 - 18.47) 6.80-13.29 (4.44 - 18.86) 6.93-13.41 0.897 (4.13 - 19.39) 6.91-13.73 (4.44-11.31) 6.45-12.84 0.641
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Table 5.7: Mean * standard deviation, range and 95% Cl for kinematic parameters of the hip, knee and ankle during the gait cycle. *represents a significant difference between
pre and post interventions.

Paretic (PRE) Paretic (POST) Non-paretic (PRE) Non-paretic (POST)
Joint Parameter P P
+ + + +
Mean + SD 95% Cl Mean + SD 95% CI Mean +SD 95% Cl Mean * SD 95% Cl
(Range) (Range) (Range) (Range)
Max Flex® (+ve) 41.20+7.82 37.71+£7.95 46.76 £ 8.93 39.72+9.7
During loading (27.54 - 36.23-46.17 (25.71 - 32.66-42.76 0.032* (36.00 — 40.75-52.76 (25.34 - 33.20-46.25 0.014*
response 52.24) 52.15) 65.26) 55.88)
4.36+11.84 3.57+13.42
Hip . 13.26£9.41 ~ - ~ . 12.05 +10.91 B PYSel ean .
Flex/Ext Max Ext® (-ve) (-6.02 — 25.99) 7.27-19.24 (-11.46 3.15-11.89 0.001 (-8.93 - 26.05) 4.72-19.38 (-16.23 5.44 —12.59 0.007
28.06) 28.06)
27.94+11.35 33.34+£10.66 34.70 £ 9.68 36.15+12.02
ROM°® (10.66 — 20.73-35.16 (15.72 - 26.56-40.12 0.001* (13.90 - 28.20-41.21 (15.72 - 28.07 -44.22 0.560
44.63) 49.25) 45.95) 49.25)
. 6.02+6.41 5.38+4.31 3.73+5.58 4.14+5.16
Max Add® (+ve) (:4.32 - 19.88) 1.95-10.10 (2.41-9.66) 2.64-8.12 0.764 (46.94 - 11.66) -0.02-7.48 (2.38-15.11) 0.47-7.82 0.887
-5.41 +£6.98
Hip . -6.75+5.5 -7.91+£5.89 -8.53+4.78
Add/Abd Max Abd® (-ve) (—iZS.gg) -9.85--0.97 (-15.78 — 1.14) -10.25--3.25 0.531 (-16.34 - 1.35) -11.86—--3.94 (-15.11 - 2.32) -11.75--5.32 0.825
o 11.44 +£3.87 12.14 +5.54 11.64 £3.42 12.68 £ 4.69
ROM (5.39 - 18.47) 8.98 -13.90 (5.62 - 22.61) 8.62 —15.66 0.449 (5.39 - 18.72) 9.34-13.94 (6.68—19.71) 9.53-15.84 0.318
Max Flex® (+ve)
. , 16.36 £ 8.52 19.81 +9.07 % 21.12+7.38 23.11+6.11
During loading (11,32 - 26.19) 10.94-21.77 (4.32—31.76) 14.04 - 25.57 0.035 (6.78 - 32.94) 16.16 — 26.08 (4.99 - 26.78) 19.0-27.22 0.237
response
Knee Max Ext® (-ve) 9.65+6.91 10.75+4.86 13.98 £ 8.51 13.25+9.27
Flex/Ext During stance (-0.29 - 23.57) >-26-14.04 (4.92 -19.86) 7.66-13.84 0.396 (2.32-28.07) 8.25-19.7 (1.30-29.22) 7:02-19.48 0.685
55.43 +16.88
Max Flex® (+ve) 44.47 £ 25.45 48.04 £21.93 52.86 +£20.84
During swing (5.14 - 67.62) 28.29-60.64 (6.08 — 68.25) 34.11-61.98 0.080 (igz;) 44.08 - 66.77 (9.62-71.22) 38.85-66.86 0.383
- + - +
Dorsiflexion® 1613:983 oo oo 2((_"24731‘9‘f'f‘8 -23.28-- 0111 -22.08£7.15 -26.89 - 2(%37028‘65_'?7 -25.64—- 0.836
Ankle At Initial Contact (-30.28 —9.99) 12.01) 17.59 (-8.34-11.48) 17.28 11.38) 17.79
Dorsi/Plan ) 0.89+8.85 4.04+7.86
° - + +
Plantarflexion 7BET2L 181264 (-14.90 - -4.72-652 0.007* 2.31£7.05 -2.42-7.05 (-14.90 - 1.2-9.32 0.437
During stance (-18.18 - 3.20) 14.26) (1.90-32.09) 10.40)
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Key: Sagittal plane joint range of motion for paretic and non-paretic lower limbs of young adults
who have had a stroke during the gait cycle. Positive angle indicates anterior tilt (pelvic tilt),
flexion (hip and knee joints) and dorsiflexion (ankle joint). Negative angle indicates posterior tilt
(pelvis), extension (hip and knee joint) and plantarflexion (ankle joint). Frontal plane of motion for
paretic and non-paretic lower limbs during the gait cycle. Positive angle indicates upwards motion
(pelvic obliquity) and adduction (hip joint). Negative angle indicates down movement (pelvic
obliquity) and abduction (hip joint). Transverse plane of motion for paretic and non-paretic lower
limbs during the gait cycle. Positive angle indicates internal rotation (pelvis). Negative angle
indicates external rotation (pelvis).

Overall, joint range of motion were similar when comparing pre and post-intervention for both
the paretic and non-paretic lower limbs, with the exception of pelvic tilt, hip extension and knee

flexion for both the paretic and non-paretic lower limbs.

5.2.4.1 The Pelvis
The pelvis was more posteriorly tilted post-intervention in both the paretic (pre-intervention,

17.79° (13.56 — 22.02) post-intervention, 9.55° (4.42 — 14.68)) (p=0.001) and non-paretic (pre-
intervention, 17.43° (12.75 — 22.12) post-intervention, 10.01° (4.27 — 15.75)) (p=0.002) lower
limbs throughout the entire gait cycle, with peak posterior tilt of the paretic limb occurring during
loading response in stance phase of the gait cycle, compared to pre-intervention, seen in figure
5.3 (A: Pelvic tilt). A reduction in anterior tilt was also observed post-intervention for both the
paretic (pre-intervention, 23.43° (18.75 — 28.11)post-intervention, 15.07° (9.50 — 20.64))
(p=0.001) and non-paretic (pre-intervention, 23.36° (18.21 — 28.52) post-intervention, 15.63°
(9.58 — 21.68)) (p=0.002) lower limbs throughout the entire gait cycle, with peak anterior tilt of
the paretic limb occurring in the pre-swing phase of the gait cycle. However, pelvis range of

motion in sagittal, coronal and transverse planes were similar between interventions for the
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paretic and non-paretic lower limbs. All other recorded parameters of the pelvis were found to

not be significant.

5.2.4.2 The Hip
Reduction in hip flexion during loading response were observed for both the paretic (pre-

intervention, 41.20° (36.23 —46.17) post-intervention, 37.71° (32.66 —42.76)) (p=0.032) and non-
paretic lower limb (pre-intervention, 46.76° (40.75 — 52.76) post-intervention, 39.72° (33.20 —
46.25)) (p=0.014). Reduction in hip extension during pre-swing of stance phase was observed
post-intervention in the paretic (pre-intervention, 13.26° (7.27 — 19.24) post-intervention, 4.36°
(-3.15 — 11.89)) (p=0.001) and non-paretic (pre-intervention, 12.05° (4.72 — 19.38)) post-
intervention, 3.57° (-5.44 — 12.59)) (p=0.007) lower limbs. Increase in hip range of motion in
sagittal plane was seen for the paretic (pre-intervention, 27.94° (20.73 — 35.16) post-
intervention, 33.34° (26.56 —40.12)) (p=0.001) lower limb only. All other recorded parameters of

the hip were found to not be significant.

5.2.4.3 The Knee
Peak knee flexion during loading response increased post- intervention for the paretic (pre-

intervention, 16.36° (10.94 — 21.77) post-intervention, 19.81° (14.04 — 25.57)) (p=0.035) lower
limb only. Peak knee flexion during mid-swing phase of gait cycle increased post-intervention for
the paretic (pre-intervention, 44.47° (28.29 — 60.64) post-intervention, 48.04° (34.11 — 61.98))
(p=0.08) lower limb only. Peak knee extension was found to not be significant for either the

paretic (p=0.396) and non-paretic (p=0.685) lower limb.

5.2.4.4 The Ankle
Ankle dorsiflexion at initial contact for paretic (p=0.111) and non-paretic (p=0.836) lower limbs

were found to not be significant. Peak ankle plantarflexion during stance, at toe-off increased
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post-intervention for the paretic (PRE, -7.23° (-11.81 —-2.64) POST, 0.89° (-4.72 — 6.52)) (p=0.007)

lower limb only.
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5.2.5 Joint kinetics and Power

Hip Ext+/Flex- Mo N.m/Kg Knee Ext+/Flex- Mo N.m/Kg Ankle PF+/DF- Mo N.m/Kg

PRE: Paretic v Non-Paretic

POST: Paretic v Non-Paretic

-1 =l X
0 100 0 100 0 100
% of the gait cycle % of the gait cycle % of the gait cycle

Figure 5.6: hip, knee and ankle moments of the paretic and non-paretic lower limb pre-intervention (top row) 0% to 100% the gait cycle in the sagittal plane.
Pelvis, hip, knee and ankle angle of the paretic and non-paretic lower limb post-intervention (bottom row) 0% to 100% the gait cycle in the sagittal plane. Pink
line and pink band represents paretic lower limb mean £ 1 standard deviation, green dashed line and green band represents post-intervention mean * 1 standard
deviation. On x-axis, 0% represents initial contact and 100% the following ipsilateral contact.
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PRE: Paretic v Non-Paretic

POST: Paretic v Non-Paretic

Hip Add+/Abd- Mo N.m/Kg

Knee Add+/Abd- Mo N.m/Kg
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Figure 5.7: hip, knee and ankle moments of the paretic and non-paretic lower limb pre-intervention (top row) 0% to 100% the gait cycle in the coronal plane.
Pelvis, hip, knee and ankle angle of the paretic and non-paretic lower limb post-intervention (bottom row) 0% to 100% the gait cycle in the coronal plane. Pink
line and pink band represents paretic lower limb mean + 1 standard deviation, green dashed line and green band represents post-intervention mean + 1 standard
deviation. On x-axis, 0% represents initial contact and 100% the following ipsilateral contact.
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Hip Int+/Ext- Mo N.m/Kg Knee Int+/Ext- Mo N.m/Kg Ankle Add+/Abd- Mo N.m/Kg
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Figure 5.8: hip, knee and ankle moments of the paretic and non-paretic lower limb pre-intervention (top row) 0% to 100% the gait cycle in the transverse plane.
Pelvis, hip, knee and ankle angle of the paretic and non-paretic lower limb post-intervention (bottom row) 0% to 100% the gait cycle in the transverse plane. Pink
line and pink band represents paretic lower limb mean £ 1 standard deviation, green dashed line and green band represents post-intervention mean * 1 standard
deviation. On x-axis, 0% represents initial contact and 100% the following ipsilateral contact.
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Hip Gen+/Abs- Pow W/Kg Knee Gen+/Abs- Pow W/Kg Ankle Gen+/Abs- Pow W/Kg

PRE: Paretic v Non-Paretic

POST: Paretic v Non-Paretic

“o 100 0 100 0 100
% of the gait cycle % of the gait cycle % of the gait cycle

Figure 5.9: hip, knee and ankle joint powers of the paretic and non-paretic lower limb pre-intervention (top row) 0% to 100% the gait cycle. Pelvis, hip, knee and
ankle joint powers of the paretic and non-paretic lower limb post-intervention (top row) 0% to 100% the gait cycle. Pink line and pink band represents paretic
lower limb mean * 1 standard deviation, green dashed line and green band represents post-intervention mean + 1 standard deviation. On x-axis, 0% represents
initial contact and 100% the following ipsilateral contact.
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Table 5.8: Mean + standard deviation, range and 95% Cl for kinetic parameters of the hip joint moments during the gait cycle. *represents a significant difference
between pre and post interventions.

Paretic (PRE) Paretic (POST) Non-paretic (PRE) Non-paretic (POST)
i + + + +
Joint Parameter Mean + SD 95% i Mean +SD 95% Cl P Mean = SD 95% Cl Mean = SD 959% cl P
(Range) (Range) (Range) (Range)
Max Ext (+ve)
. . 0.27 £0.18 0.32+0.17 0.56+0.21 0.57+0.3
) Moment during weight (0.28-0.71) 0.15-0.39 (0.15-0.64) 0.22-0.44 0.114 (0.14 - 0.86) 0.36-0.63 (0.08—1.15) 0.38-0.76 0.432
Hip acceptance
Flex/Ext
Max Flex (-ve) -0.32+0.11 -0.46+£0.19 « -0.33+0.17 -0.46£0.2
Moment during midstance ~ (-0.54 - -0.19) 0.39--0.25 (-0.76 - -0.18) 0.58--0.34 0.010 (-0.71--0.06) 0.44--0.23 (-0.96 - -0.21) 0.59--032 0.074
0.45%0.21 0.42+0.26 0.675 0.54+0.23 0.66 £ 0.32
Hip Max Add (+ve) (0.10-0.79) 0.32-0.59 (0.11-0.85) 0.25-0.58 (0.17-0.81) 0.39-0.69 (0.27-1.51) 0.46-0.87 0.508
Add/Abd -0.06 +0.08 -0.16 +£0.08 . -0.19+0.13 -0.26 £0.19
Max Abd (-ve) (019_044) 010007 T e 021011 0.004 (045--008) 02701l 070 g 038-014 0.386
H3 (+ve) 0.54 £ 0.46 0.59+0.28 0.66 +0.29 0.71+0.37
H i During propulsion (0.12-1.77) 0.24-083 (0.19-1.02) 0.4-0.77 0.640 (0.32-1.26) 0.47-0.84 (0.35-1.58) 0.48-0.95 0.495
Hip Joint
power H2 (-ve) -0.24+0.14 -0.46 £0.25 " -0.35+0.2 -0.59 +0.42
During midstance (054--011) 0327013 (589 g1y 062-03 0.002 (088--011) 048022 (93 gy 086-032 0056
Max Ext (+ve)
. , 0.23+0.15 0.35+0.28 « 0.38 £0.25 0.48+0.2 0.211
Knee Moment during weight (0.03 — 0.48) 0.12-0.33 (0.03 - 0.95) 0.17-0.53 0.036 (0.07 - 0.86) 0.22-0.54 (0.13-0.85) 0.36-0.62
Flex/Ext acceptance
-0.16 £ 0.07 -0.19+0.1 -0.23+0.11 -0.31+0.13 «
Max Flex (-ve) (-0.3 - -0.05) -0.2--0.11 (-0.4 - -0.06) -0.26--0.13 0.242 (-0.56 - -0.11) -0.3--0.16 (-0.56 - -0.13) -0.39--0.22 0.028
0.21+0.16 0.39+0.35 « 0.5+0.53 0.73+0.58
) (+ve) (0.05-0.51) 0.11-0.31 (0.05—1.07) 0.17-0.62 0.028 (0.18—1.94) 0.16 -0.84 (0.16 —1.94) 037-11 0.074
Knee Joint
power
-0.46 £0.36 -0.66 £ 0.46 « -0.81+0.48 -0.94£0.43
(-ve) (-1.17 - -0.06) -0.69--0.24 (-1.58 - -0.09) -0.96--0.37 0.033 (-1.17 - -0.06) -1.12--0.51 (-1.76 - -0.4) -1.22--0.66 0.293
0.58+0.43 0.68 +0.47 0.89+0.44 0.85+0.39
Ankle Max PF (+ve) (0.02—-1.18) 0.3-0.85 (0.02-1.38) 0.38-0.98 0.120 (0.07-1.7) 0.6-1.17 (0.19—1.4) 0.59-11 0.613
Dorsi/Plan
-0.14+0.2 -0.09 £ 0.08 -0.16 £0.21 -0.14 £0.07
Max DF (-ve) (072-.002) 026001 5T gy 014--004 0.878 (078--002) 029003 oy 018-01 0.386
A2 pof;;/rel’uring 0.57£061 15 g 088100 50 15 0.074 1412076 95 19y 1722066 13-2.14 0.135
Ankle Joint propulsion (0.03-1.9) (0.01-2.65) (0.36-3.11) (0.36 —2.51)
power
-0.46 +£0.35 -0.43+0.28 -0.52+0.27 -0.6 +0.39
(-ve) (118..002) 069024 il 061025 0.508 (0o1..007) 069035 i oy 085035 0.173
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Key: Sagittal plane joint moments for paretic and non-paretic lower limbs of young adults who
have had a stroke during the gait cycle. Positive moment indicates extension (hip and knee
joints) and plantarflexion (ankle joint). Negative angle indicates flexion (hip and knee joint)
and dorsiflexion (ankle joint). Coronal plane joint moments for paretic and non-paretic lower
limbs during the gait cycle. Positive angle indicates adduction (hip and knee joints) and
eversion (ankle joint). Negative angle indicates abduction (hip and knee joints) and inversion
(ankle joint). Transverse plane joint moments for paretic and non-paretic lower limbs during
the gait cycle. Positive angle indicates internal rotation (hip and knee joints) and adduction
(ankle joint). Negative angle indicates external rotation (hip and knee joints) and abduction
(ankle joint).

5.2.5.1 The Hip
Peak hip flexor moment of the paretic lower limb increased from pre to post-intervention

(PRE, -0.32 (-0.39 - -0.25) POST, -0.46 (-0.58 - -0.34)) (p=0.010) in midstance, suggesting
increase in stability when bearing weight onto the paretic lower limb. Peak hip flexor moment
of the non-paretic lower limb increased from -0.33 (-0.44 - -0.23) pre-intervention, to -0.46 (-
0.59 - -0.32) (p= 0.074) post-intervention, during midstance. Marginal increase in peak hip
extensor moment of the paretic lower limb was observed post-intervention during weight
acceptance (PRE, 0.27 (0.15 - 0.39) POST, 0.32 (0.22 - 0.17)) (p= 0.114). peak hip extensor
moment of the non-paretic lower limb (PRE, 0.5 (0.36 - 0.63) POST, 0.57 (0.38 - 0.76)) (p=
0.432) was not found to be significant. Peak abductor moment of the paretic lower limb
increased post intervention (PRE, -0.06 (-0.11 - -0.08) POST, -0.16 (-0.21 - -0.11)) (p= 0.004).
Peak hip power generation (H2) of the paretic lower limb increased post-intervention during
midstance (PRE, -0.24 (-0.32 - -0.15) POST, -0.46 (-0.62 - -0.3)) (p= 0.002). Peak hip power

generation (H2) of the non-paretic lower limb was not found to be significant (p= 0.056).
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5.2.5.2 The Knee
Peak knee extensor moment of the paretic lower limb increased from pre to post-intervention

(PRE, 0.23 (0.12 — 0.33) POST, 0.35 (0.17 — 0.53)) (p=0.036) during weight acceptance of the
stance phase. Peak knee extensor moment of the non-paretic limb was found to not be
significant (p=0.211). Peak knee flexor moment of the non-paretic lower limb increased post-
intervention (PRE, -0.23 (-0.11 —-0.16) POST, -0.31 (-0.39 —-0.22)) (p=0.028). Peak knee flexor
moment of the paretic lower limb was found to not be significant (p=0.242). Peak knee joint
power (+ve) of the paretic lower limb increased post-intervention (PRE, 0.21 (0.11 — 0.31)
POST, 0.39 (0.17 —0.62)) (p=0.028). Peak knee joint power (+ve) of the non-paretic lower limb
was found to not be significant (p=0.074). Peak knee joint power (-ve) of the paretic lower
limb increased post-intervention (PRE, -0.46 (-0.69 — -0.24) POST, -0.66 (-0.96 — -0.37))
(p=0.033). Peak knee joint power (-ve) of the non-paretic lower limb was found to not be

significant (p=0.293).

5.2.5.3 The Ankle
Peak ankle joint power generation (A2) increased post-intervention (PRE, 0.57 (0.18 — 0.96)

POST, 0.88 (0.24 — 1.52)) (p=0.074) during propulsion (at toe-off). Peak ankle joint power
generation (-ve) was found to not be significant for either the paretic (p=0.508) and non-
paretic lower limb (p=0.173). Peak ankle plantarflexor moment was found to not be significant
for both the paretic (p=0.120) and non-paretic lower limb (p=0.613). Peak ankle dorsiflexor
moment was found to not be significant for either the paretic (p=0.878) and non-paretic lower

limb (p=0.386).
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5.3 Discussion
This case-controlled study aimed to assess whether an outdoor-walking rehabilitation

programme can improve walking performance parameters, such as walking speed, energy
cost, walking distance, spatial-temporal parameters and lower limb joint kinematics, kinetics
and powers of young adults who have had a stroke. This study is both novel in its approaches
and the first study of its kind to have been conducted, by examining the role of an outdoor-
walking rehabilitation programme through the reporting of walking performance parameters
such as energy cost, spatial-temporal parameters and joint kinematics and kinetics data

before and after participation in the rehabilitation intervention.

Walking in outdoor environments can be more demanding due to the complexities that this
type of environment presents (Kim et al., 2014), such as uneven ground, different terrains
and changeable weather (e.g. wind and rain) but also the requirement to step up, down and
over obstacles. Outdoor-walking (e.g. community ambulation, walking in urban environments
and outdoor natural environments) can therefore become a more arduous task for a young
stroke survivor when they complete activities of daily living or community ambulation.
Indoor-based rehabilitation programmes are not conducive to the hazards that walking in

natural outdoor environments and community walking presents.

The key findings seen in this study included increased walking speed and walking distance,
reduction in energy cost of walking (and therefore improved walking efficiency). Key spatial-
temporal parameters such as stride length increased and step length of the paretic and non-
paretic lower-limbs increased. Key joint kinematics and kinetics of the pelvis, hip knee and

ankle showed improvements and will be explained further in this chapter.
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5.3.1 Walking Speed and Spatial Temporal Parameters

As a result of this case-controlled study, significant increases in self-selected walking speed
for both environments (indoor and outdoor) were reported, increasing by nearly 10% after
participants received and completed the outdoor-walking rehabilitation programme. By
delivering a supported walk in natural outdoor environments, participants’ walking
performance (e.g. walking speed, energy cost and walking distance) improved when walking

over uneven terrain and different gradients.

Walking is fundamental to physical independence post-stroke (Jarvis et al., 2019) and in
accordance with the majority of previous research, self-selected walking speed for indoor
environments for this participant group was similar with previous studies (Platts et al., 2006;
Kramer et al., 2016; Jarvis et al., 2019; Saunders et al., 2020). In this study, self-selected
walking speed of 0.91m/s for the indoor-walking protocol and 0.89m/s for the outdoor-
walking protocol, compared to 1.37m/s in healthy able-bodied control groups reported in
other studies specific to stroke (Jarvis et al., 2019), highlight that walking speed within this
young stroke cohort has been affected by stroke. However, the range in walking speed within
the participant group needs to be addressed. Ten out of the twelve participants for example,
walked at speeds between 0.47-1.45m/s pre intervention and 0.52-1.42m/s post intervention
for the indoor walking protocol, highlighting the large variability in walking speed commonly
seen in many stroke gait studies. As per the gait classification first proposed by Perry et al
(1995) Three participants in this sample were walking at speeds similar to able-bodied
individuals, raising the question as to whether the rehabilitation programme was necessary
for them, or that it was useful in other aspects regarding mental health and social interaction
(which is discussed in Chapter Six of this thesis). The walking speeds observed in this study
creates a stark contrast to the two slowest walkers in the group, who during the indoor
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walking protocol walked between 0.07-0.15m/s pre intervention and 0.17-0.18m/s post
intervention and are classified as having severe gait impairments as a result of stroke and
causing them to be outliers in this sample. However, this rehabilitation programme for the

two slowest walkers was overall successful in improving walking speed post-intervention.

Furthermore, though the role of assistive devices were not investigated as part of this study,
it should be noted that three of the twelve participants who walked between 0.47-1.45m/s
pre intervention and 0.52-1.42m/s post intervention, and two of the twelve participants who
walked between 0.07-0.15m/s pre intervention and 0.17-0.18m/s post intervention wore
AFOs and/ or used walking canes for increased support when walking during participation in
the study. This was to replicate conditions of daily living and to ensure comfort and safety of

the participant.

When comparing the indoor and outdoor environments used for this study, self-selected
walking speed did not differ excessively between the two, with only a 2% difference between
the indoor and outdoor walking protocols post-intervention. It can be predicted that the
overall slower walking speed for the outdoor-walking protocol could be due to a number of
psychological factors such as confidence and perceived risk of falling, which could be
perceived as a barrier for the individual to participate in outdoor-walking. The faster walking
speeds reported for the indoor walking protocol may be due to the perceived increased safety
of the indoor environment (e.g. flat and even surfaces, increased availability for support)
when compared to uneven terrain and non-linear nature of the outdoor environment. A
slower self-selected walking speed overall is normally due to a combination of spatial-
temporal abnormalities commonly seen post-stroke, such as reduced stride length, step

length (Allen et al., 2011; Awad et al., 2015) and increased stride width (Chen et al., 2005;
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Jarvis et al., 2019). Despite no significant reduction seen in stride width post-intervention, the
reported stride width was similar to findings in previous gait studies in stroke (Chen et al.,
2005; Chow and Stokic, 2019; Jarvis et al., 2019). Comparing with previous aforementioned
gait studies, almost all participants in this study walked with a wider stride and could be a
result of a number of reasons. One reason may be a functional compensatory mechanism
adopted by the individual in order to improve lateral stability through increasing the base of
support. It may also be an adaptation that occurs in response to altered kinematics discussed
later in this discussion. However, as walking involves transitions from single to double stance,
it causes increased medio-lateral sway at the trunk towards the non-paretic limb (qualitative
observation by the researcher) and a wider stride may be needed to ensure that the centre
of mass remains within the base of support. One explanation why walking speed increased
post-intervention may be due to the increase of 21% in initial double limb support of the
paretic limb, allowing the individual to stabilise their position on the paretic limb before
commencing swing phase of the contralateral limb. Adopting a wider stride has been reported
to be the cause of a reduction in step length and overall stride length but also increasing

energy cost of walking (Chen et al., 2005a; Chow and Stokic, 2019; Jarvis et al., 2019).

Changes were seen in stride length that could be associated with the changes seen in step
length for both the paretic and non-paretic lower limb post completion of the outdoor-
walking programme and could be as a result of needing to adapt to the requirements of the
outdoor environments, such as needing to step over obstacles (e.g. rocks, roots, transition
between different terrains). Step length of the paretic lower limb was greater than step length
seen in the contralateral limb. An important component of causing step length is forward
propulsion, which is generated through the anterior-posterior ground reaction force of the

stance leg, this facilitates forward progression of the trunk while the contralateral leg is in the
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swing phase (Balasubramanian et al., 2010; Allen et al., 2011; Roerdink and Beek, 2011). With
insufficient propulsion during paretic leg stance, this can cause shorter non-paretic step
length. This is evident in the marginal differences seen in this study, before and after
completion of the outdoor-walking programme. The improvements observed resulting in
greater step and stride length can be due to increased A2 ankle joint power (Winter, 2009)

generation discussed further in this discussion.

Interestingly, participants in this study walked a marginally greater distance during the
outdoor walking protocols (PRE= 98m, POST=114.16m) compared to indoors (PRE= 97.5m,
POST=111.66m). A plausible explanation for this result in walking distance could be due to
the large range in reported walking distances of the cohort and gives reason why 95%
confidence intervals are reported for this study. However, because walking distance during a
3-minute walking protocol in an outdoor environment has not been recorded in other
relevant studies, direct comparisons for outdoor walking distance were not possible. The
exception to when outdoor-walking distance was reported was during a study by Kim et al
(2014), however it is not comparable due to different protocols being used.

5.3.2 Energy cost of young adults who have had a stroke

Efficiency of walking is a common parameter to assess the effects of stroke on physical and
functional ability (Platts et al., 2006; Kramer et al., 2016; Jarvis et al., 2019). In this study, the
physiological cost index by Macgregor (1981) was utilised to measure energy cost of walking
during both the indoor and outdoor 3-minute walking protocols. Despite no statistically
significant (p>0.05) changes were observed between interventions for energy cost for either
indoor or outdoor walking protocols, it should be of interest to note that a reduction in the

mean variable for both indoor and outdoor walking protocols was seen post completion of
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the outdoor-walking rehabilitation programme, with similar findings been reported by Olney
et al (2006) after completion of a 10-week exercise programme (unsupervised protocol).
However, the PCl is not as robust in measuring energy cost compared to reporting metabolic
cost via direct measurements of breath by breath analysis. Reasoning behind the increased
efficiency of walking after completion of the outdoor-walking rehabilitation programme could
be due to participants using more energy during the outdoor-walking rehabilitation
programme sessions, despite perceiving the activity to be easier due to the natural
environment that the programme takes place in, compared to exercising in indoor settings
(Focht, 2009). If an individual believes and experiences that exercising outdoors feels easier,
then this may be a useful mechanism in promoting future green exercise initiatives and

rehabilitation for young stroke survivors.

Another reason may be due to improved spatial-temporal parameters such as increased stride
and step length and other alterations in walking biomechanics. Strong correlations between
walking speed and energy cost for both indoor and outdoor walking protocols were seen and
potentially as a result of the programme focusing predominantly on aerobic training. A
number of kinematic deviations reported in this study, isolated or combined, could contribute
to the increased energy cost of gait in young stroke survivors, due to excessive movements
that characterise gait post-stroke. However, improvements in gait via aerobic training seen in
this study and the confidence to walk over uneven terrain (discussed in Chapter Six of this
thesis) could be why energy cost reduced. It could be theorised that with a rehabilitation
programme being conducted over a longer duration (e.g. six months, compared with the ten
weeks the current study details), and increasing days of delivery, further significant increases
in energy cost, walking speed and spatial- temporal parameters could be observed in young

stroke survivors.
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5.3.3 Joint kinematics and kinetics

Kinematic and kinetic gait deviations at the pelvis, hip, knee and ankle joint have previously
been reported in older and mixed adult stroke populations in the sagittal and coronal plane
but there is little research regarding gait patterns specifically reporting how young adult
stroke survivors walk, aged between 18-65 years. The current study found some kinematic
and kinetic gait deviations that were similar to previous literature specific to young stroke
populations (Chen et al., 2005a; Stanhope et al., 2014; Jarvis et al., 2022). It is noted that
although direct associations between these kinematic and kinetic deviations were not
conducted as part of this study, some potential reasons behind such gait deviations are

proposed and discussed below.

Numerous changes in the pelvis, hip, knee and ankle kinematics and hip and knee kinetics
were found post completion of the outdoor-walking rehabilitation programme. For
kinematics, the most significant of changes were seen in the paretic lower limb, in the sagittal
plane. These included the pelvis, the hip joint in stance (loading response and terminal
stance/pre-swing), knee joint during stance phase and the ankle during stance. In joint
kinetics, the most notable changes were seen in hip flexor moment during midstance, peak
hip abductor moment, peak hip joint power, peak knee flexor moment (during weight
acceptance) and knee joint power of the paretic lower limb. Some of the parameters reported
for this study that did not differ were found to have a low retrospective statistical power
(between 0.05 and 0.89). therefore, it is viable that a greater sample size would reveal

additional differences alongside the ones found in this study.

At the pelvis, reduction in both anterior and posterior tilt post-intervention was observed

throughout the gait cycle, suggesting a more neutral position after completion of the outdoor-
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walking programme. Pre-intervention, the position of the pelvis on the paretic side was
posteriorly tilted to facilitate heel strike/ initial contact, before transitioning into anterior tilt
for a short amount of time during weight acceptance. This could possibly be due to the
reluctance to load weight on to the paretic limb in stance, the pelvis shifts into posterior tilt
to facilitate swing phase of the paretic limb in order to augment advancement of the thigh if
the hip flexors are weak. As a result of the reluctance to transfer body weight on to the paretic
limb, the hip joint is unable to continue to flex after initial contact and therefore is placed into
a premature extended position reducing forward propulsion, with peak hip extension
happening earlier in the gait cycle compared to the non-paretic limb. This compensatory
mechanism therefore restricts knee flexion during weight acceptance in the stance phase.
Though the pelvis is still presented in a more increased anterior tilt post-intervention, a more
posterior tilt of the paretic limb can be seen in the swing phase, generating similar movement
to the contralateral limb with peak hip extension post-intervention was occurring later on in

the gait cycle and at a similar time to the non-paretic limb.

Though no significant changes in pelvic obliquity were reported after completion of the
outdoor-walking programme, peak upwards movement of the pelvis increased slightly, a
pelvic hike adopted to commonly adopted to assist with foot clearance of the swing limb
when either the hip or knee flexion is inadequate (Perry et al., 1995). This may be a possible
cause due to the reported decrease of 3.49° in peak hip flexion during loading response in the
paretic lower limb and peak hip extension being greater by 8.9° during midstance, indicating
that the hip is less flexed at this phase of the gait cycle than before the start of the outdoor-
walking programme. In the transverse plane, excessive external rotation of the pelvis was
seen in the paretic lower limb, alongside reduction of internal rotation after completion of

the outdoor-walking programme. Though this improves trailing limb posture of the paretic
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limb and could be a cause of the increased step length and stride length post-intervention,
and walking outdoors facilitating this change due to the constant need to adapt and alter gait
patterns through different terrains and gradients the outdoor environment presents.
However, this could also be a compensatory mechanism adopted to due to hip flexion

contracture and calf muscle weakness during terminal stance.

Peak hip flexion during loading response reduced and peak hip extension at toe-off increased
after completion of the outdoor-walking rehabilitation programme compared to prior
participating in the programme. Though it is not clear what would cause reduction in hip
flexion, the increase in hip extension of the paretic limb at toe-off (less flexed), suggests
potential improvement in the mechanics of forward propulsion such as increased ankle power
generation at toe-off, but also an increase in hip extension can be associated to increased
self-selected walking speed as proposed by Boudarham et al (2013) and others (Olney et al.,

1994; Jonkers et al., 2009).

At the knee joint, numerous gait abnormalities were evident in the paretic lower limb pre-
intervention. Reduced knee flexion during loading response and greater knee extension
during stance and reduced knee flexion during late-swing was found compared to the non-
paretic lower limb and post-completion of the outdoor-walking programme. However, as
proposed by Chen et al (2005) Knee flexion during loading response in the non-paretic limb
tended to be greater than normal due to the exaggerated propulsion of the limb during pre-
swing, and therefore unable to compare the paretic against the non-paretic lower limb. The
reduced knee flexion during loading response by the paretic lower limb reduces the normal
shock-absorbing mechanism and increased demand is placed on to the quadriceps to facilitate

this (Perry et al,. 1992). Compared to post-intervention, as a result of reduced knee flexion,
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the knee of the paretic limb is placed into early extension, again due to weakness in the
guadriceps as the muscle cannot sustain a flexed knee. After completion of the outdoor-
walking programme, the paretic limb followed a similar position to the contralateral limb,
potentially resulting in the increased stride length and step length of both the paretic and

non-paretic lower limb, reported in this study.

In agreement with previous studies specific to stroke (Nadeau et al., 2013; Forghany et al.,
2014; Roche et al., 2015) this study found in the sagittal plane that the ankle of the paretic
lower limb was more plantarflexed pre-intervention throughout the duration of the gait cycle,
compared to the contralateral limb. Dorsiflexion was also seen to be limited during the swing
phase (a gait abnormality known as drop foot) for the paretic lower limb, whereas the ankle
on the non-affected side stays in a varied state of dorsiflexion during swing phase. Keeping
the ankle of the non-paretic lower limb in a dorsiflexed position during swing may be an
adopted compensatory strategy to be able to be ready to place the foot onto the ground
early, in order to transfer weight off the paretic limb, and may also be a reason why step
length of the non-paretic limb is shorter compared to the paretic limb. However, after
completion of the outdoor-walking rehabilitation programme, definitive changes in specific
phases of the gait cycle for both the paretic and non-paretic lower limbs can be seen, with
increased ankle plantarflexion at initial contact, increased dorsiflexion during midstance and
increased ankle plantarflexion at toe-off. The improvements seen post-rehabilitation may be
as a result of improved hip flexion and extension and hip and ankle power generation of the
paretic lower limb (Jonkers et al., 2009), but also due to the nature of the outdoor-walking
rehabilitation programme, as participants were required to make a conscious effort to
facilitate toe clearance on uneven terrain (e.g. over roots, rocks, loose ground). The largest

power generation when walking is at the ankle. In this study, power generation at both the
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hip and ankle at toe-off improved substantially, corresponding with the increase in peak hip
extension and ankle plantarflexion at toe-off, improving forward propulsion post-
intervention, which may have attributed to the increased walking speed in both indoor and
outdoor walking protocols and increased step and stride length due to increased hip and ankle
power generation.

5.3.4 Changes in the non-paretic lower limb

This study further observed changes in spatial temporal and kinematic parameters of the non-
paretic lower limb, as discussed in this chapter, could be due to the rehabilitation programme
focusing training both the paretic and non-paretic lower limb, defined as bilateral training.
This was achieved by incorporating aerobic (outdoor-walking) and resistance exercise (home
exercise programme involving bilateral and unilateral exercises) into the rehabilitation

programme.

In this study, stride length was reported as one of the improvements, potentially as a result
of bilateral training, a similar finding in previous research (Jeon and Hwang, 2018; Harjpal et
al., 2022). Increased step length in the non-paretic lower limb post-intervention was also
reported, suggesting that participants in this study were willing to bear more weight on the
paretic lower limb to encourage a more symmetrical gait pattern. It can be theorised that
lower limb muscle strength had improved, however muscle strength and muscle activation
were not assessed in this study and have therefore been identified as recommendations for
future research. Strength impairment in the non-paretic lower limb was reported by
Bohannon et al (1995) when stroke survivors had muscle strength impairment, which was

more proximally than distally for both upper and lower limbs. These correlations provide
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support for the inclusion of bilateral training activities in the management of post-stroke

survivors.

Harjpal et al (2022) suggests that emphasis should be placed on training both lower limbs
through bilateral training to enhance the recovery process, as many physiotherapists or
healthcare professionals often place focus on rehabilitating the paretic lower limb, resulting
in the non-paretic lower limb becoming unused and causing deconditioning effects, such as

disuse atrophy (Jeon and Hwang, 2018).

5.4 Limitations: Walking performance
Although this study shows promising results that supports the use of an outdoor-walking

rehabilitation programme to improve walking performance (e.g. walking speed, walking
distance, walking efficiency and joint kinematics and kinetics) for young stroke survivors,

inevitably, there are some key limitations that should be considered and addressed.

Firstly, one of the key limitations that should be addressed is the absence of a control group
to make comparisons. This study was originally planned to be a randomised controlled clinical
trial, whereby the intervention group would be given the outdoor-walking rehabilitation
programme and home exercises in the form of eight targeted light stretches and eight
targeted resistance exercises, and the control group given eight targeted light stretches and
eight targeted resistance exercises only and continue with routine care. However, as
previously detailed in Chapter Four: General Methodology (section 4.2: Study Design) as a
result of the COVID-19 pandemic, recruitment for the study was made more difficult.
Therefore, ending recruitment with a small sample size (n=12) and one intervention group,

thus the study evolved into a case controlled study.
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Secondly, due to increased risk COVID-19 posed to vulnerable groups, the Physiological cost
index was used instead of the ‘gold standard’ breath by breath analysis that measures
metabolic cost. However, this potentially makes the study easier to replicate due to not
needing to use further expensive equipment to measure energy cost- this is all dependent on
what is being measure (e.g. metabolic cost, energy expenditure, oxygen consumption). PCl is
a simple clinical tool that physiotherapists can use to ascertain a stroke patients energy cost

in relation to their walking speed and heart rate.

A third limitation to this study is the feasibility of translating the outdoor-walking
rehabilitation programme within different organisational settings in the future. This study was
successfully conducted as part of a funded academic research project, however, in order for
a programme of this calibre to be implemented within healthcare organisations such as the
NHS, changes to the programme design such as a non-residential programme, would be
required for time and cost saving purposes. Moreover, changes such as a non-residential
programme may have implications for reducing frequency and intensity of the walking
activities, but also potential reduction seen in group support and socialisation between
participants. Future studies and programmes need to ensure they have similar impact as the
outcomes reported from the residential outdoor-walking rehabilitation programme

examined within this thesis.

A final limitation of this research project highlights that no follow-up to re-assess walking
speed was conducted. This has implications for the potential training effects that occurred
during participation of the outdoor-walking rehabilitation programme and unfortunately
there is no way to know whether these training effects remained or reduced over time. As

part of this study, incorporating a form of long-term follow-up of the participants’” walking
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performance would have been useful, especially because seven out of the twelve participants
that completed the outdoor-walking rehabilitation programme reportedly continue to take
part in outdoor-walking at least once a week. However, a long-term follow-up was not feasible
due to the time frame of this research project, it would be valuable if future work could seek

to explore this.

5.5 Conclusions
To conclude, this is the first study with demonstrable results, of the positive effects of a 10-

week outdoor-walking rehabilitation programme of young adults who have had a stroke.
Improvements from this study included walking speed, energy cost and a number of
kinematic and kinetic parameters such as reduced peak anterior and posterior pelvic tilt of
both the paretic and non-paretic lower limb, increased peak external pelvic rotation of the
paretic lower limb, reduced peak hip flexion (during loading response) and peak hip extension
of both the paretic and non-paretic lower limb, with increase in hip range of motion in the
sagittal plane, increase in peak knee flexion (during loading response) in the paretic lower
limb and significant increase in peak plantarflexion of the ankle during the stance phase of

the gait cycle and peak A2 ankle power generation of the ankle.
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Chapter Six

6. The influence of an outdoor-walking rehabilitation programme on
quality of life of young adults who have had a stroke

6.1 Results

6.1.1 Participant Characteristics

Participant characteristics have already been described in Chapter Five of this thesis.

6.1.2 Stroke Aphasia Quality of Life Scale
Total SAQOL score were greater post-intervention (POST, 3.21 (2.76 — 3.66)) than pre-

intervention (PRE, 2.76 (2.22 — 3.31)) (p=0.024). The physical domain of the SAQOL score
increased from 2.53 (1.79 — 3.26) to 3.05 (2.31 — 3.80) (p=0.042) post-intervention. The
communication domain of the SAQOL score increased from 3.78 (3.27 — 4.29) to 4.14 (3.66 —
4.62) (p=0.027) post-intervention. The energy domain of the SAQOL score increased from 2.06
(1.53 — 2.58) to 2.66 (2.14 — 3.18) (p=0.007) post-intervention. The psychosocial domain of

the SAQOL was found to not be significant.
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Table 6.1: Mean % standard deviation, range and 95% CI for total SAQOL score and physical, psychosocial,
communication and energy domain scores pre and post intervention for young adults who have had a stroke.
*represents a significant difference between pre and post interventions.

PRE POST
Domain + + P
Mean = SD 95% ClI Mean = SD 95% Cl
(Range) (Range)
. 2.53+1.15 3.05+1.17 "
Physical (1.0-4.8) 1.79-3.26 (1.44—4.81) 2.31-3.80 0.042
. 2.70+£0.87 3.07 £ 0.67
Psychosocial (1.58 - 4.0) 2.15-3.26 (1.92-4.17) 2.64-3.49 0.051
.. 3.78 £0.79 4.14 £0.75 *
Communication (1.86 — 4.86) 3.27-4.29 (2.43 - 5.0) 3.66 -4.62 0.027
2.06 £0.82 2.66 +0.81 *
Energy (1.0-3.5) 1.53-2.58 (1.5—4.25) 2.14-3.18 0.007
2.76 £ 0.85 3.21+0.70 "
Total SAQOL score (1.49 — 4.44) 2.22-3.31 (2.31—4.49) 2.76 —3.66 0.024

W PRE # POST

SAQOL Score

AN
N

Total Score Physical Psychosocial Communication Energy

Figure 6.1: Total score and physical, psychosocial, communication and energy domain scores pre and post
intervention for young adults who have had a stroke. Bars represent the mean, error bars represent standard
deviation.
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6.1.3 Confidence after Stroke Measure

Total CaSM score was greater post-intervention (pre-intervention, 48.25 (39.4 — 57.09) post-
intervention, 51 (44.03 — 57.96) (p=0.024). The self-confidence domain of the CaSM score
increased from 9.75 (5.11 — 14.39) to 11.06 (7.31 — 15.01) (p=0.140) post-intervention. The
social confidence domain of the CaSM score increased from 3.78 (17.4 — 24.76) to 22 (18.82
— 25.17) (p=0.204) post-intervention. The positive attitude domain of the CaSM score

increased from 17.42 (15.02 — 19.82) to 17.83 (16.16 — 19.49) (p=0.747) post-intervention.

Table 6.2: Mean + standard deviation, range and 95% Cl for total CaSM score and self-confidence, positive
attitude and social confidence domain scores pre and post intervention for young adults who have had a

stroke.
PRE
Domain + + P
Mean = SD 95% Cl Mean = SD 95% ClI
(Range) (Range)
. 9.75+7.3 11.16 +6.05
Self-Confidence (90 — 27) 5.11-14.39 (4-24) 7.31-15.01 0.140
Positive 17.42 £3.77 17.83+£2.62
Attitude (10 - 24) 15.02 -19.82 (13-21) 16.16 —19.49 0.747
Social 21.08 £5.79 22 +4.99
Confidence (11— 29) 17.4-24.76 (11— 28) 18.82 - 25.17 0.204
Total
X 48.25+13.92 51+10.96
cor;fclg:a:ce (25-72) 39.4-57.09 (33 -70) 44.03 -57.96 0.155
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Figure 6.2: Total score and self-confidence, positive attitude and social confidence domain scores pre and post
intervention for young adults who have had a stroke. Bars represent the mean, error bars represent standard
deviation.

6.2.4 Nature-Relatedness Scale (NR)

Total Nature-Relatedness (NR) score was greater post-intervention (pre-intervention, 3.90
(3.52 — 4.27) post-intervention, 3.99 (3.66 — 4.32) (p=0.380). The Experience domain of the
NR score increased from 4.03 (3.57 — 4.49) to 4.09 (3.59 — 4.59) (p=0.102) post-intervention.
The Perspective domain of the NR score increased from 4.03 (3.57 —4.49) to 4.09 (3.59 — 4.59)
(p=0.452) post-intervention. The Self domain of the NR score increased from 3.98 (3.5 — 4.45)

to 4.00 (3.53 — 4.46) (p=0.881) post-intervention.
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Table 6.3: Mean % standard deviation, 95% Cl and range for total NR score and NR-self, NR-perspective and NR-
experience domain scores pre and post intervention for young adults who have had a stroke.

PRE POST
Domain + + P
Mean % SD 95% Cl Mean = SD 95% Cl
(Range) (Range)

3.98+0.74 4.00 +0.72
NR-Self (2.75 - 4.88) 3.5-4.45 (2.75 - 5.0) 3.53-4.46 0.881

NR- 4.03+0.72 4.09 +0.79
Perspective (2.29-5.0) 3.57-4.49 (3.0-5.0) 3.59-4.59 0.452

NR- 3.69+0.4 3.86+0.38
Experience (3.17 - 4.33) 3.43-3.94 (3.17-4.5) 3.61-4.10 0.102

Total NR 3.90 +0.59 3.99+0.52
<core (2.61- 4.57) 3.52-4.27 (3.33- 4.71) 3.66—4.32 0.380

6.00

W PRE # POST
5.00
4.00

3.00

NR Score

2.00

1.00

RN

I

0.00
Total Score Self Perspective Experience

Figure 6.3: Total score and self, perspective and experience domain scores pre and post intervention for young
adults who have had a stroke. Bars represent the mean, error bars represent standard deviation.
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6.2.5 Correlation between Quality of Life, Confidence and Nature-relatedness

Pre-intervention, the correlation between QoL and confidence resulted in a small positive
relationship. Post-intervention, correlation analysis reported that the positive relationship
between QoL and confidence was greater. Poor relationship between QoL and Nature-
relatedness was observed pre-intervention. Post-intervention, correlation between QoL and

nature-relatedness resulted in a negative relationship being observed.

Table 6.4: Correlation analysis using Pearson’s Rank Correlation, between QoL and confidence and QoL and
nature-relatedness pre and post intervention

PRE POST
Qol and Confidence R=0.372(0.233) R=0.512 (0.089)
QoL and Nature-
R=0. 774 R =-0.567 (0.
Relatedness 0.093 (0 ) 0.567 (0.055)
@® PRE POST
80.00
70.00 ° y
R%=0.2625
60.00 o _ 4 8 ..
O e R?=0.1388
50.00 o 000 .o
E 40.00 Y R °
. °r [ ]
8 o
30.00
[ ]

20.00
10.00

0.00

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00
QoL

Figure 6.4: Scatter graph showing correlation between QoL total score and CaSM total score, pre and post
intervention. Blue circular data plots with blue dashed linear trendline represents pre-intervention, orange
triangular plots with orange dashed trendline represents post-intervention. R?values for linear trendlines are
reported.
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Figure 6.5: Scatter graph showing correlation between QoL total score and CaSM total score, pre and post
intervention. Blue circular data plots with blue dashed linear trendline represents pre-intervention, orange
triangular plots with orange dashed trendline represents post-intervention. R?values for linear trendlines are
reported.
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6.2.6 Three Aims and Difficulties

Table 6.5: Key aims pre and post-intervention of young adult stroke survivors. Key themes and sub-themes
within those are reported with an example quote from a young stroke survivor

Intervention

Key Theme

Sub-themes

Example quote

Walk (n=6, 50%)

Walk further
Outdoor-walking

“I would like to be able to walk further”
“To be able to walk outdoors to meet family and
friends

Physical Ability (n=5,

42%)

Improve function

“To increase physical strength”
“To be able to walk up the stairs”

ADL (n=4, 33%)

Back to normality

“To feel more confident doing everyday tasks”
“Get back to doing odd jobs around the house,

PRE Aims painting...”
Driving (n=4, 33%) Driving “Drive a manual car”
“Hope to be able to drive again”
Confidence (n=5, Confidence when “To feel more confident when walking alone
42%) walking outdoors”
“To improve my walking confidence
Fatigue (n=2, 17%) “I would like to not feel as drained as | do now, even
after a small amount of activity”
Mental Health (n=2, Positive attitude “To be the best | can”
17%) “to get to a happy place”
“To improve all the time”
Walk (n=8, 67%) Walking distance “To walk 15 miles outdoors”
Walking speed “Walking further distances”
POST Aims Outdoor-walking “To walk faster!”

“To climb local hills and mountains”
To go on more regular walks around our beautiful

country”
Independence (n=3, Walking independence “Walking more independently and confidently”
25%) “To walk without a stick”

Prior to taking part in the outdoor-walking rehabilitation programme, “walk” was a key aim
of n=6 (50%) of young adults who have had a stroke. This was analysed into two sub-themes
of wanting to “walk further” and “outdoor-walking”. 42% (n=5) of young stroke survivors
expressed that a key aim was to improve “physical ability”, with a sub-theme of “improve
function” by increasing physical strength or to be able to walk up the stairs. The key aim “ADL”
(activities of daily living) was expressed by 33% (n=4) of participants, by being able to return
to doing odd jobs around the house. 42% (n=5) of participants wanted to improve confidence,
specifically confidence when walking. 17% (n=2) of participants expressed that their aim was

to not feel as fatigued on a regular basis.
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Post outdoor-walking rehabilitation programme, 67% (n=8) wanted to improve their walking
ability, by being able to either increase their walking speed, walking distance and taking part
in more walks in the outdoor environment. A key aim of mental health, with a sub-theme of
“positive attitude” was expressed 17% (n=2) of participants. 25% (n=3) of participants said

they wanted to improve walking independence.

Table 6.6: Key Difficulties pre and post-intervention of young adult stroke survivors. Key themes and sub-themes
within those are reported with an example quote from a young stroke survivor

Intervention Key Theme Sub-themes Example quote
Fatigue (n=4, 33%) Physical fatigue “Standing for a long time”
“Having the energy to do more- only good in the
morning”
Limb weakness (n=3, “Not enough strength on left side to be able to walk
25%) unaided”
PRE ADL (n=4, 33%) Confidence 'ILaFlf . of confidence undertaking day to day
e activities”
Difficulties - - - -
Walk (n=6, 50%) Outdoor environment  “Walking over uneven ground and in windy
Walking and conditions”
tiredness “Cannot go far without feeling extremely tired”
Cognition (n=3, 25%) Concentration “To have more patience at times”
Memory “Having to consciously concentrate on skills that
prior to my stroke were automatic”
Support (n=2, 17%) “Unable to support my family”

“Being a burden”
“Relying on others for help”

POST - - -
e 1 Mental health (n=3, 25%)  Frustration “Getting frustrated when things don’t go well”
Difficulties
Walk (n=4, 33%) Outdoor environment ~ “Walking on uneven ground”
Fatigue “The severity of slopes and the terrain”

Prior to taking part in the outdoor-walking rehabilitation programme, a key difficulty
mentioned by 33% (n=4) of participants was “fatigue”, as a difficulty post-stroke, and affecting
energy levels with one participant stating they are ‘only good in the mornings’. 25% (n=3) of
participants reported “limb weakness” as a difficulty post-stroke. 33% (n=4) of participants
reported “ADL” to be a difficulty, specifically having the confidence to undertake day to day
activities post-stroke. 50% (n=6) participants reported walking to be a key difficulty, with sub-
themes including the “outdoor environment” and “walking and tiredness”. 25% (n=3) of

participants reported a key difficulty of “cognition” such as concentration and memory.
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Post outdoor-walking rehabilitation programme, 17% (n=2) of participants reported a key
difficulty of “support”, specifically by not being able to support themselves and feeling a like
a burden on family members. 25% (n=3) of participants reported a key difficulty of “mental
health” and more specifically frustration due to post-stroke difficulties. 33% (n=4) of
participants reported “walk” to be a key difficulty.

6.2.7 Pre and Post-Rehabilitation Questionnaires

All participants (12/12) responded to both the pre and post-rehabilitation questionnaires,

which asked the four same questions:

1. Do you participate in physical activity?
2. How confident do you feel to walk outdoors?
3. How do activities of daily living affect you?

4. Do you experience any difficulties when outdoor walking?

Responses from pre-rehabilitation and post-rehabilitation are compared for each question in

this section.

6.2.7.1 Question 1: Do you participate in outdoor physical activity?
Prior to taking part in the outdoor-walking rehabilitation programme, two out of twelve

participants reported that they did not take part in any outdoor physical activity. One of which
reported that it was due to “left side weakness has affected my ability”. Six out of twelve
participants reported that they regularly took part in a form of walking activity, either in
natural outdoor environments (4/12) or walking the dog specifically (2/12). Three out of
twelve participants also reported that they take part in group-based activity, with one
participant stating “/ am part of a stroke group set up by Llandough Hospital, for walks around

Cosmeston Lake, we meet once a week” for the social participation. Post-rehabilitation, all
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participants reported to completing some form of outdoor physical activity, with eight out of
twelve participants reporting that they walk regularly (e.g. Once per week). Two out of twelve
participants also reported that they now take part in the gardening as a form of ADL and

outdoor physical activity.

6.2.7.2 Question 2: How confident do you feel to walk outdoors?
Pre-rehabilitation, eleven out of twelve participants reported that they were ‘fairly’ confident

to walk outdoors, though there were several factors that determined their level of
confidence. Quality of the terrain underfoot (e.g. the path surface) and having enough time
to complete a walk were the main determinants. Balance when walking outdoors was
reported by two out of twelve participants, seemed to reduce confidence. Another two out
of twelve participants reported that they confident in familiar areas “... but not in strange and
new place”. As a result of taking part in the outdoor-walking rehabilitation programme, all
participants reported that they felt much more confident to walk outdoors, with one

participant stating “.. this course has helped to build up confidence”.

6.2.7.3 Question 3: How do activities of daily living affect you?
Pre-rehabilitation, three out of twelve participants reported that they are dependent on

others, with one participant stating “/ rely totally on support for everyday life, which is my wife
and son who live with me”. Two out of twelve participants reported that fatigue affects
activities of daily living. However, post-rehabilitation, four out of twelve participants (an
increase of two from pre-rehabilitation results) state that fatigue is still having an effect on
activities of daily living. Three out of twelve participants report clearly that they now have

independence to complete activities of daily living.
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6.2.7.4 Question 4: Do you experience any difficulties when walking outdoors?
Pre-rehabilitation, three out of twelve participants reported that balance was the main cause

of difficulty for walking in outdoor spaces, as a result of having a stroke. Three out of twelve
participants also reported fatigue to be another difficulty for when walking outdoors. Post-
rehabilitation, responses changed from internal difficulties (e.g. balance and fatigue) to more
external difficulties that are a part of the surrounding environment. Three out of twelve
participants reported outdoor accessibility to be a difficulty when participating in outdoor-
walking, such as “Stiles make life difficult” and another participant stating “/ find it makes you
select where you go because of accessibility”. Two out of twelve participants reported that a
lack of social participation and inclusion to be a difficulty for outdoor-walking, with wanting

“company to go on long walks” and “I just don’t walk as fast as the others”.

6.2.9 Three-Month Follow-up: Participant Testimonies

Participants were asked three-months post completion of the outdoor-walking rehabilitation
programme to express their thoughts and perspectives regarding their time taking part in the
outdoor-walking rehabilitation programme. Such as, how it has allowed them to improve
their confidence and how the group-based design of the programme helped with their
rehabilitation. A total of seven participants out of the twelve, who took part in the outdoor-
walking rehabilitation programme returned responses to the researcher. From these
responses, two overarching key themes were identified; 1. Camaraderie in the outdoors, 2.
Building of self-confidence and determination. These themes will be discussed as separate

sections in this chapter.

6.2.9.1 Camaraderie in the Outdoors
The largest key theme highlighted from the participant testimonies was “Camaraderie” that

was built between the participant cohort. Camaraderie was voiced by all participants to be an
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important part of the success of the outdoor-walking rehabilitation programme. The first sub-
theme identified was “social interaction with others”. Participants (5/7) expressed that being
able to converse freely and openly with other stroke survivors, both on walks and during more

social/ relaxing periods of the residential programme.

The second sub-theme identified was “the willingness to share experiences”. Participants
(4/7) highlighted that being able to gain an understanding of the varied impacts of strokes
and how others had adapted their daily lives post-stroke was highly beneficial part of the

outdoor-walking rehabilitation programme.

“I really enjoyed the experience of getting to know other people with the same condition as

myself, getting help and tips to build up my confidence, and making friends forever.”

The third sub-theme related to the key theme of “camaraderie” is “lasting group support”.
Participants (4/7) expressed that they felt like ‘part of a team’ and that they have been able
to ‘make friends forever’ through the outdoor-walking rehabilitation programme. Two
participants (%) highlighted that a WhatsApp group, set up by the researcher and participants,
enabled all participants to be in contact with each other, offering the ability to help each other

over other technologies.

6.2.9.2 Building of Self Confidence and Determination
In the testimonies received by the researcher, confidence was highlighted to be a main theme

throughout. The first sub-theme identified was “the restoration of confidence”. Participants
(3/7) highlighted that the role the outdoor-walking rehabilitation programme played in their
stroke recovery increased their confidence through the improvement in walking

performance.
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“Being so close to the Brecon Beacons national park and Wye valley it provided an abundance
of varied walks and terrains/ gradients to re familiarise-stroke survivors with varying
conditions for walking and re-testing balance abilities and quickly re-establishing walking

confidence.”

Participants (4/7) also felt that as their walking performance improved, they have been able
to reduce the reliance on walking aids (e.g. walking cane), increase walking distance (of their
own volition) and having a sense of achievement in any activity they since took part in post-

completion of the study, no matter how small.

The second sub-theme identified was “confident to be independent”, this was seen in all
testimonies from participants (7/7). Participants expressed that the outdoor-walking
rehabilitation programme helped to improve fitness levels, allowing them to feel more able
to be out and independent. One participant highlighted that the programme “gave me
tremendous amount of confidence, as for the 8 months previous | was at home with my wife
for 24/7 and this course gave me the opportunity to be able to be independent for those 3
days, which really built up my confidence”. Another participant expressed that they are now
“now able to confidently leave the house alone and go walking on various terrain types

without any fear of falling over”.

The third sub-theme identified was “change in attitude and determination” as participants
(3/7) expressed that taking part in the outdoor-walking rehabilitation programme gave them

“the push | needed” to regain a life they had previously before having the stroke.

6.3 Discussion
This case-controlled study aimed to assess whether quality of life and confidence of young

adults who have had a stroke can be improved through participation of an outdoor-walking
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rehabilitation programme. Although previous literature has assessed whether taking part in
physical activity in outdoor environments can help to improve mental health and wellbeing,
this study is the first of its kind to demonstrate a novel approach to stroke rehabilitation. This
study placed emphasis on understanding the needs of young stroke survivors and the role of
natural outdoor environments can have to improve their recovery. All traditional stroke
rehabilitation takes place exclusively indoors and is not specific to the needs and priorities of

an increasing younger stroke population (Rudd et al., 2017).

The key findings from this study included improved self-reported quality of life, with
additional improvements seen in the quality of life domains (physical, communication and
energy) and increase in self-reported confidence and nature-relatedness. Key findings from
‘Three Aims and Three Difficulties’ included less of an emphasis on confidence post-
intervention and more on increasing walking distance as an aim. Key findings from the post-
rehabilitation questionnaire and the 3-month follow-up (participant testimonies) reported
that the rehabilitation programme helped substantially with confidence, independence and
social networking (e.g. group support and camaraderie). These will be explained further in
this chapter.

6.3.1 Quality of life

It is well established from previous literature (Chen and Rimmer, 2011; Pang et al., 2013;
Saunders et al., 2020; Ali et al., 2021) that self-reported health-related QoL increases after
participation of mixed methods design exercise programmes for the older stroke population,
with little research specific to young stroke survivors (de Bruijn et al., 2015; Saunders et al.,
2020). However, this is the first time that an outdoor-walking rehabilitation programme has

been used as a form of stroke rehabilitation that is specific for young adults. As to be
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expected, total QOL score and domain scores were low pre-intervention and relatively similar
findings were seen in other studies (Naess and Nyland, 2013; van Mierlo et al., 2014) who
report that quality of life is worse post-stroke compared to prior to having a stroke. This is as
a result of physical and psychological barriers that are not realised until stroke survivors
return home and resume their social routines and activities of daily living (Daniel et al., 2009).
However, after completion of the outdoor-walking rehabilitation programme, mean scores
for the total QoL score and the domains presented in the SAQOL (physical, psychosocial,
communication and energy) significantly improved. It can be predicted that participating in
the outdoor-walking rehabilitation programme elucidated changes in QoL because of
increased enjoyment and positive engagement of taking part in exercise in natural outdoor
environments. This study was also group-based, participants were able to form social
connections with like-minded individuals. The physical and energy domains of the QoL scale
were found to be the lowest scoring domains, which is also evident in previous studies (Ahlsio
et al., 1984; Niemi et al., 1988), for both pre and post completion of the outdoor-walking
rehabilitation programme, displaying that the young stroke survivors who took part in this
study to be moderately impaired in physical function and ability. However, the scores for
these domains did marginally improve post intervention, potentially due to the participants

taking part in an activity they once thought they were unable to access and enjoy post-stroke.

Pre and post completion of the rehabilitation programme, physical impairments due to stroke
as a cause of reduced Qol, was evident in the qualitative questionnaire assessing “Aims and
Difficulties” of young stroke survivors. Activities that required physical function such as
walking, activities of daily living and driving, were reported as both aims and difficulties. Pre-
rehabilitation, improving physical function and walking were key aims reported by 50% of

participants, wanting to be able to walk further and being able to participate in social activities
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with family and friends when walking outdoors. Post-stroke, walking ability (including walking
speed and distance) is often affected most and reduced walking ability is subsequently
detrimental to all aspects of a young stroke survivor’s day to day activities, such as returning
to employment, social activities and independence, as previously reported in other studies
(Daniel et al., 2009; Jarvis et al., 2019). This is further highlighted in other aims reported by
the participants in this study as 33% of participants reported wanting to get back to normality
and to feel more confident doing everyday tasks. Daniel et al (2009) suggested this may be

because young stroke survivors do no want to feel like a burden to their family.

Post-rehabilitation, it was interesting to see that walking was a key aim, reported by 67% of
participants, an increase of 17% from pre-rehabilitation. Wanting to be able to walk further
distances, to walk faster and to walk in the local outdoor environments were common
statements from participants. Post- rehabilitation, the increased emphasis of wanting to
improve walking performance (e.g. walking speed and distance) may be a result of taking part
in the outdoor-walking rehabilitation programme. Walking was the main form of physical
activity and may have encouraged behaviour change or attitudes to walking outdoors may
have become more positive, with studies suggesting that green exercise can increase
intention for future participation (Focht, 2009; Thompson Coon et al.,, 2011). Despite the
study taking place for a duration of ten weeks, it can be argued that this may not have been
enough time for change in behaviour to develop and this cannot be assessed due to lack of a

follow-up period.

Stroke is the main cause of many difficulties that young stroke survivors face on a daily basis.
The Aims and Difficulties questionnaire provided insight into these difficulties. Pre-

rehabilitation, the key difficulty was walking, with 50% of the cohort expressing that
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specifically walking outdoors, such as on uneven ground and in windy conditions can be a
barrier to taking part in outdoor-walking as a physical activity. Over the duration of the 10-
week rehabilitation programme, participants were continually exposed to these difficulties
(uneven terrain, changeable weather conditions) the natural outdoor environment
presented, with additional support. Though the number of participants reporting walking as
a difficulty reduced post completion of the rehabilitation programme, the natural outdoor
environment and the hazards (terrain, gradients and uneven ground) this environment
presents were still reported as difficulties and are potential barriers to young stroke survivors
doing physical activity (such as walking) unsupported.

6.3.2 Confidence

Confidence has been regarded as one of the top research priorities relating to life after stroke
(Pollock et al., 2014; Horne et al., 2017). Measuring perceived confidence held by an individual
in a given activity could provide an important insight to understanding both successes and
lack of progress in rehabilitation (Jones et al., 2008). The confidence after Stroke Measure
(CaSM) by Horne et al (2017) was chosen to be used in the present study as it is the first
known comprehensive measure of confidence to be developed for use specifically after a
stroke. Though results from this measure were not significant in the present study, confidence
was a key factor in walking performance during the outdoor-walking rehabilitation
programme. There were marginal increases in mean scores for total confidence and the sub-
domains of the CaSM, suggesting confidence did improve overall as a result of taking part in
the outdoor-walking rehabilitation programme. However, the domain “self-confidence” saw
the most difference between pre to post rehabilitation scores and potentially the most
important of the domains as improving self-confidence leads to increased QoL by being able
to carry out activities of daily living, and an improvement in self-belief (Horne et al., 2017).
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Confidence was also expressed as a key aim pre-rehabilitation by 42% of participants,
indicating that participants felt confidence is an important factor to improve. Confidence was
found to be interlinked with walking performance when participants were asked about their
aims and difficulties, as many expressed that they wanted to “improve walking confidence”
and “feel more confident when walking alone outdoors”. The outdoor-walking rehabilitation
programme was able to aid in improving confidence when walking through the exposure of
being in the natural environment and challenging terrain. Conducting a rehabilitation
programme in this environment also affords the space and freedom for a large group-based
activity, which facilitated socialisation and inter-group motivation, compared to the confines
of indoor settings. After completion of the outdoor-walking rehabilitation programme,
confidence was reported as less of priority aim by the majority of participants. It can be
interpreted that participation in the outdoor-walking rehabilitation programme increased
confidence through being exposed to natural environments and walking in a more challenging
environment.

6.3.3 Nature-Relatedness

There is limited empirical data on the connection between nature-relatedness and mental
and physical health and wellbeing (Dean et al., 2018). The Nature-relatedness scale by Nisbet
et al (2009) is one of few measures that assesses the individual’s subjective connectedness
with nature. In the present study, however results were not statistically significant with
regards to total nature-relatedness score, or in the three domains (perspective, experience
and self) though it should be mentioned that all scores did increase and therefore can be
assumed participation in the outdoor-walking rehabilitation programme improved aspects
seen in the nature-relatedness scale. The most notable change from pre to post completion
of the rehabilitation programme was seen in the domain ‘experience’, which assessed a
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person’s attraction to and physical familiarity with nature (Tam, 2013; Dean et al., 2018).
Taking part in the outdoor-walking rehabilitation programme, participants felt more attracted
to and enjoyed the experience of being in the natural outdoor environment, which included
increased sensory stimulation from the flora and fauna and the mountainside of the Brecon
Beacons and also encouraged participants to take part in outdoor activities, such as
gardening, closer to home. Although, it could be argued that prior to taking part in the
outdoor-walking rehabilitation programme, participants already enjoyed being emersed in
nature and can be reflected in the high pre-intervention results, as mean scores for Nature-
relatedness and the subsequent domains can only vary between 1 and 5. By this finding, this
study may have recruited young stroke survivors who already enjoy participating in the

natural outdoor environments.

Prior to participating in the outdoor-walking rehabilitation programme, though there was no
statistically significant relationship/ association between total QoL and nature-relatedness
scores, a marginal positive linear relationship can be seen in figure 6.5. However, what is most
striking is the unforeseen negative linear relationship between QoL and nature-relatedness
post completion of the outdoor-walking rehabilitation programme and it is unclear why the
negative relationship in total QoL and Nature-relatedness would be seen and is contradictory
to findings seen in a study by Dean et al (2018). Zelenski and Nisbet (2012) found that nature-
relatedness was more likely to correlate with indicators of positive wellbeing than indicators
of negative mental health. Studies (Dean et al., 2018) that have assessed nature-relatedness
and mental and/or physical wellbeing have used scales/ measures, such as the Depression
Anxiety Stress Scale (DASS-21) (Lovibond, 1996). These focus on one aspect compared to a
quality of life scale, which takes into account several different factors. Furthermore, of the

studies (Nisbet et al., 2009; Dean et al., 2018) that have assessed nature-relatedness over the
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past fifteen years, the sample have been from a healthy population with no life-altering

physical conditions like stroke.

Although the importance and the role the natural outdoor environment can play in improving
physical and mental wellbeing of healthy populations is increasing and would therefore give
premise to help individuals with life-changing conditions, as seen in this study, there is still a
fundamental lack of research exploring the role of the outdoors in life-long conditions such

as stroke.

6.4 Limitations: Quality of Life
Although this study shows promising results that could support the use of an outdoor-walking

rehabilitation programme to improve self-reported quality of life for young stroke survivors,

inevitably, there is some key limitations that should be considered and addressed.

Firstly, although the Stroke and Aphasia quality of life scale included psychosocial domains,
no standardised assessment of mental wellbeing was included in the present study and was
therefore overlooked. For instance, depression and anxiety are common psychological
conditions of mental ill health in young stroke survivors and exploring the relationship
between mental health and nature-relatedness would have increased the importance of the
study further. Also, the nature-relatedness scale was developed to assess the ‘affective,
cognitive and physical relationship individuals have with the natural world’ (Nisbet et al.,
2009). However, this is not necessarily developed with individuals with physical and cognitive
conditions (e.g. stroke) in mind. This questionnaire was also one of the only standardised
guestionnaires that assessed the individual’s perceptions of the outdoors, giving potential

grounds to develop a questionnaire for less able-bodied individuals in mind.
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A final limitation of this research project highlights that no long-term follow-up to re-assess
quality of life was conducted. This has implications for the potential effects on self-reported
quality of life and confidence, which occurred during participation of the outdoor-walking
rehabilitation and unfortunately there is no way to know whether these effects remained or
reduced over time, but also whether participants had the same or different three aims and
three difficulties. Although participant testimonies were collected three months post
completion of the outdoor-walking rehabilitation programme, incorporating a form of long-
term follow-up using the standardised questionnaires (e.g. SAQOL, CaSM and NR) would have
been insightful, especially because seven out of twelve participants that completed the
outdoor-walking rehabilitation programme reportedly continue to take part in outdoor-
walking at least once a week. However, a long-term follow-up was not feasible due to the
time frame of this research project, it would be valuable if future work could seek to explore

this.

6.5 Conclusions
To conclude, this is the first study with demonstrable results, of the positive effects of a 10-

week outdoor-walking rehabilitation programme on quality of life and confidence of young
adults who have had a stroke. These findings highlight that outdoor-walking in natural
outdoor environments is a viable option as a form of rehabilitation for young stroke survivors,

especially where QoL and confidence are low.
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Chapter Seven

7. Researcher Insight to the Outdoor-walking Rehabilitation
Programme

This research project, which investigated the effects of an outdoor-walking rehabilitation
programme on walking performance and quality of life of young stroke survivors, brought
about many interesting observations from the researcher. This chapter will therefore discuss
the researcher’s perspective of the outdoor-walking rehabilitation programme, in terms of
the process of designing and delivering the project and the challenges faced and changes
made as a result of COVID-19. This chapter will also discuss whether the outdoor-walking
rehabilitation programme was successful, in the opinion of the researcher and whether it has

a place in informing future clinical guidelines.

7.1 Design of the Outdoor-walking Rehabilitation Programme
As detailed in Chapter Four: General Methodology of this thesis, the outdoor-walking

rehabilitation programme was originally designed to be a randomised clinical trial, consisting
of two patient groups; an intervention group and a control group, rather than a case study
design. In implementing the randomised clinical trial design, this would have made the study
overall more robust and more impervious to critique due to the increased power of the data.
The study design of a randomised clinical trial also would have generated better conclusions,
such as being able to suggest further that participating in an outdoor-walking rehabilitation
programme does improve multiple outcomes (e.g. improvement in walking speed, energy
cost, biomechanical function, quality of life and confidence) when compared against control
group data. These conclusions are what the current research is fundamentally lacking. My

current work on using the natural outdoor environments and this research project (and the
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results) detailed in this thesis, does highlight that there is a need for alternative rehabilitation

for clinical conditions such as stroke.

/.1.1 COVID-19

It is understandable that many research studies planned to take place in the years 2020 and
2021 were heavily affected by the COVID-19 pandemic. With regards to the outdoor-walking
rehabilitation programme and this research project specifically, the coronavirus pandemic
brought about multiple issues and disruptions concerning study design, inability to use certain

pieces of equipment, participant recruitment and logistics.

This study was first and foremost severely affected by time constraints, caused by the COVID-
19 pandemic. This study was due to originally take place in the Summer of 2020 as a three-
month randomised clinical trial. However, delays and suspension of research activities by HRA
NHS Ethics, multiple national lockdowns (which then ended March 2021) and differing
guidelines between England and Wales meant that the study needed to be put on hold and

pushed further into late Summer of 2021.

Recruitment for this study was unfortunately poor and directly affected the design of this
study. Only twelve participants were recruited for this study and is reported in this thesis as
a major limitation. This study originally planned to recruit 47 young stroke survivors from
three health board sites in Wales, which would have allowed for two large patient groups;
intervention and control. There were two main issues resulting in low recruitment rate; 1.
Health boards and 2. Patient’s reluctance to participate due to COVID-19. Firstly, recruitment
relied on the participating health board sites to identify young stroke survivors who fitted the
inclusion and exclusion criteria of this study. However, due to site PI’s being redeployed to

other departments within their respective health boards during the COVID-19 pandemic, site
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PI’s were not having regular contact stroke patients in their care. Secondly, many stroke
patients who did manage to have contact with site PI’s, were extremely reluctant to

participate in research due to fear and risk of catching the coronavirus.

7.2 Delivery of the Outdoor-Walking Rehabilitation Programme
For this section in order to assess the overall delivery of the outdoor-walking rehabilitation

programme, | utilise three elements of the Consensus for Exercising Template (CERT). They
are the following; support, delivery and tailoring.

7.2.1 How well was the programme supported?

The choice to use Gilwern Outdoor Education Centre (Gilwern OEC) in Abergavenny, to
support the outdoor-walking rehabilitation programme for young stroke survivors worked
particularly well for various reasons. Every walking activity throughout the outdoor-walking
rehabilitation programme was supported by two outdoor activity instructors, who each had
a wealth of knowledge of the Brecon Beacons National Park and experience of working with
individuals with debilitating physical conditions. Before each activity, and as a way of
reassuring the participants regarding the safety of the walking activity, the instructors would
brief the participant group with the plan of the day. The brief would include visual aids of
where the participants were going to walk using Ordnance Survey mapping software. This
allowed participants to view the route in real time, understand the distance that would be
walked and the potential gradients (e.g. uphill ascents and downbhill descents). This software
also displayed a satellite image of the route, showing the condition of the proposed path and
allowing the participants to ask questions, dispelling any worry the participants may have had
about the environment and helping the participants to enjoy the planned walking activity of
that day. Alongside a detailed brief of the walking activity, reporting of the weather was done

prior to starting the walking activity, to ensure all participants had the correct equipment for
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that walk. This showed great support and safety considerations from the staff at Gilwern OEC,

ensuring each participant was aware of what each walk entailed.

During the walking activity, even though all participants supported each other, the outdoor
activity instructors (and researcher) carried additional outdoor equipment should participants
need another jacket or layer of clothing, water or food. Furthermore, instructors were very
involved in helping participants how to use trekking poles to their advantage and offering
physical support and more difficult sections of the route. From observations by the
researcher, instructors built strong rapports with the participants, making the participants
feel at ease in the natural outdoor environments and creating a supportive space while also

encouraging independence.

Furthermore, the accommodation at Gilwern OEC enabled for all participants to have their
own bedroom and separate ensuite shower facilities on the ground floor. Participants were
therefore not required to climb stairs and all facilities were easily accessible. This enabled
individuals with more severe physical impairments to still be independent and take part in
the study. Secondly, transport at Gilwern OEC proved to work well, each minibus used for the
outdoor-walking rehabilitation programme were supplied with steps to make it easier for
participants to get on and off the minibus with plenty of grab handles and space to make

climbing on to the minibus easier.

7.2.2 How well was the programme delivered?

As found in the feasibility study, detailed in Chapter Three of this thesis, outdoor-walking was
easy to manage and deliver to a group of twelve young stroke survivors. This was in part due

to the decision to have outdoor-walking as the sole form of physical activity for the outdoor-
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walking rehabilitation programme. This allowed participants to have continuity throughout

each residential and to focus on improving walking performance.

Prior to each walking session with young stroke survivors, proposed walking routes for each
residential were checked for suitability to reduce safety concerns. Assessing suitability
involved checking the terrain, gradient and distance of the route, but also investigating
whether there will be any obstacles and hazards that would cause increased difficulty for the
participants. Outdoor activity instructors would then have updated information on the route,
which would be passed onto participants during the morning brief. This method of delivery
worked very well as participants were able to be made aware of potential difficulties they
may experience during the activity that day.

7.2.3 Was the programme able to be tailored to each individual participant?

As physical impairments post-stroke vary in severity, it was important to have a flexible and
adaptable programme, for all participants to be able to take part in and enjoy, but also find
challenging. Therefore having outdoor-walking as the only activity to be included into the
rehabilitation programme allowed for this. Each walking activity over the four residentials

gradually increased in difficulty, either in distance, gradient or terrain.

Due to the large range in physical impairments and stroke severity presented in the current
participant cohort, the decision was made to divide the intervention group into two. This
allowed for those with minor to moderate physical impairments to take part in a more
challenging walking route. The participants who had more increased physical impairments
and walked much more slowly compared to rest of the participant group, took part in a

walking programme that allowed them to have plenty of rest and cover shorter distances. It
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was in this group that being in the natural outdoor setting was more important as they were

appreciative of the relaxing qualities of the landscape, flora and fauna.

7.3 Success of the Outdoor-Walking Rehabilitation Programme
Despite the research project being fraught with multiple obstacles, mainly due to the COVID-

19 pandemic, | believe that the outdoor-walking rehabilitation programme was mostly a
success. This is down to the participants who took part in the study and the help and support

given from Gilwern Outdoor Education Centre, in Abergavenny.

The reasons why this study is seen to be successful is because first and foremost, the
adherence rate of 100% for pre and post intervention data collection and for the outdoor-
walking rehabilitation residentials. This allowed for full data sets to be collected, analysed and
reported in this thesis. Though this cannot be applied to the ‘three-month follow-up’
guestionnaire (also known in this thesis as participant testimonies), where only seven out of

twelve (58%) participants returned responses.

In the opinion of the researcher, evidenced via observation during the study residentials by
the researcher and in the qualitative data (participant responses), all participants took great
enjoyment in taking part in the outdoor-walking rehabilitation programme as a result of a
number of reasons. | witnessed a group of individuals who all had one thing in common:
Stroke. The participants were from different walks of life, different ages, and stroke had
affected them all differently. From the first residential, | could see a group of strangers
conversing freely with each other and sharing their experiences of life after stroke. For five of
the participants, this was invaluable due to having their strokes during the national lockdowns
due to the COVID-19 pandemic. They expressed that they had not spoken with any other

stroke survivor before and being unable to share their experiences with others who
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understood what they were going through. They therefore felt isolated due to the coronavirus
and that they did not have any support from others until they attended and took part in the
outdoor-walking rehabilitation programme. The sharing of personal experiences and through
this, the building of group support and camaraderie contributed largely to the success of the

outdoor-walking rehabilitation programme.

During each residential, | observed the group support and camaraderie developing more
within the participant group as an integral part of this outdoor-walking rehabilitation
programme. All participants gave physical support to one another and words of motivation
and encouragement to continue on during each walking activity. During each residential as
part of the outdoor-walking rehabilitation programme, | built lasting rapports with all
participants, asking them their experiences of life after stroke, offering advice on how they
can improve their walking ability and listening to their life stories. This in person group
support then transpired into an online support group using WhatsApp, allowing all
participants to communicate with each outside of the outdoor-walking rehabilitation

programme.

Ultimately, | view this study being a success for the aforementioned reasons, |
underestimated as a researcher, how effective group support and camaraderie would be in
improving both walking performance, quality of life and confidence of young stroke survivors.
Future studies investigating the benefits of rehabilitation programmes in natural outdoor
settings should take into account the pastoral role of group support and every effort should
be made to strengthen the case that programmes such as the one detailed in this thesis have
the potential to inform future clinical guidelines for the stroke condition in the chronic phase

with varying degrees of stroke severity and physical motor impairments.
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Chapter Eight

8. Clinical Implications
The findings reported from this thesis demonstrates that a natural outdoor environment can

be used as an alternative setting for stroke rehabilitation and that rehabilitation does not
need to be confined to indoor clinical settings in order to promote recovery of walking ability
and improve quality of life of young adults who have had a stroke. The findings reported in
this thesis also significantly contributes further towards the understanding of kinematic and

kinetic gait deviations, quality of life and confidence of young adults who have had a stroke.

The clinical implications of the walking performance parameters, which are captured and
reported in this thesis include faster walking speeds, reduction in energy cost of walking,
improvement in stride length and step length and improved kinematics and kinetics. For
instance, as a result of participating in the outdoor-walking rehabilitation programme
participants were able to extend the hip of the paretic limb more during late stance and
increase in peak ankle power at toe-off to facilitate forward propulsion and initiate swing
phase of the gait cycle. This we can hypothesise is a potential mechanism for why participants

in this study were able to walk faster.

Although only minor changes were seen in the standardised questionnaires such as the
SAQOL, CaSM and NR. Qualitative data analysis of participants’ written responses from the
Aims and Difficulties questionnaire, Pre and Post-Rehabilitation questionnaires and the 3-
month follow-up questionnaire, clearly demonstrated that an outdoor-walking rehabilitation
programme has multiple applications in improving quality of life via increasing confidence,

mental and physical wellbeing and independence.
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It should be noted however, that these findings should not lead to any immediate changes in
current practice of stroke recovery and rehabilitation, without further confirmation from
future research studies that involve larger data samples and addressing the limitations of this
study first and foremost, which were discussed in Chapters 5 and 6. Therefore, in this chapter,
| discuss the novel contribution to work that this research project brings forward and the

following future recommendations; Research, Clinical and Societal.

8.1 Recommendations

8.1.1 Clinical Recommendations

The findings within this thesis demonstrate highly beneficial effects of a 10-week outdoor-
walking rehabilitation programme for young adults who have had a stroke who have mild-
moderate physical impairments. The natural outdoor environment is a highly effective setting
to improve one of main priorities in stroke rehabilitation, by improving walking ability,
through increasing walking speed and efficiency and reduction in various kinematic and
kinetic deviations (Jarvis et al., 2019). This is due to participants being exposed to a highly
changeable environment such as uneven ground, different terrains and weather conditions,

which is a stark contrast to indoor clinical settings.

The assessment of quality of life and confidence in young adults who have had a stroke
highlight that more is needed to improve physical ability and confidence. Many rehabilitation
programmes already assess quality of life, however improving rehabilitation programmes that
also focus on increasing confidence in walking ability and independence of young stroke
survivors should form a key aspect of future interventions specific to young stroke using
natural outdoor settings. Another potential way to facilitate increase in confidence is the

development of group-based supported rehabilitation interventions for social participation
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(Gladwell et al., 2013), increase motivation (Fraser et al., 2019)and are more likely to increase

intention for future participation (Thompson Coon et al., 2011).

Due to the nature and large variability of how stroke affects each individual, it is
understandable that health care professionals can be apprehensive in promoting outdoor
forms of exercise (McCluskey and Middleton, 2010). However, for young stroke survivors who
have mild to moderate impairments, this study has presented that with the correct support,
outdoor-walking is safe to be promoted. Therefore, this thesis calls for changes in policy for
stroke rehabilitation to include activities that focus on improving walking performance and
increasing social interaction with others, in outdoor settings and to assess functional
independence and confidence as a result of outdoor-based rehabilitation. Future policies
should also consider offering training or education opportunities for health care
professionals, regarding new and alternative rehabilitation approaches taking place in
outdoor settings. Health care professionals should also refer to the NHS ‘Green Social
Prescribing’” (NHS, 2021) guidelines when developing commissioning guidance for
rehabilitation programmes, for stroke and other clinical populations.

8.1.2 Societal Recommendations

The findings from this thesis have important implications for the young stroke survivor. As
detailed in Chapter Two: Literature Review of this thesis, it is well known in the literature that
dependence on others and increase in social isolation and psychological problems such as
depression, anxiety and ill mental health are prominent issues after stroke. Evidenced in the
responses of the participants who took part in this study (detailed in Chapter 6 of this thesis),
there is a role that this alternative form of rehabilitation, specifically taking place in outdoor

environments, can play in society.
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Although this study did not collect data on socio-economic cost of stroke or societal
challenges faced by the young stroke survivor, having a rehabilitation programme that
focuses on utilising challenging, real-world environments, has enabled those who participated
in this study, to be and feel more functionally independent, by being more able to complete
activities of daily living with less support from others (e.g. family members) and increase social
support. It should be highlighted also, that the activities the participants took part within this
programme can be classed as normal activities, which anyone can participate in on a daily
basis. A common priority of many stroke survivors is to return to ‘normal’ and one reason for
the improved walking performance is the translatable nature of the outdoor-walking
programme, which can also be continued at home. One participant stated the following in

their 3-month post-rehabilitation testimony:

“The course gave me tremendous amount of confidence, as for the 8 months previous | was
at home with my wife for 24/7 and this course gave me the opportunity to be able to be

independent for those 3 days, which really built up my confidence.”

Recommendations should be made for rehabilitation programmes and healthcare community
initiatives to encourage walking in natural outdoor environments for stroke and other similar
conditions, to promote the benefits of group-based activity, improve physical function and
quality of life. Though such initiatives via charity organisations (e.g. selected Stroke
Association groups, Headway, The Ramblers Association) do already exist, they are not well
publicised, not accessible to many individuals and are not included into health policy. Green
Social Prescribing guidance (NHS, 2021) can help to further inform healthcare community

initiatives. Moreover, consultation with young stroke survivors and individuals who present
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with similar physical impairments, should be required as their voice is an important step to

empower their rights as active agents of policy change (Madsen et al., 2021).

From the 3-month post-rehabilitation testimony data, there is a call for more research and
more creative rehabilitations to be developed, like the one detailed in this thesis to help

others who find themselves in similar situations after stroke:

Participant 8: “My recommendation would be that all Stroke associations and health boards

give maximum support to this and other such project in the future.”

Participant 11: “Being out in the fresh air and walking at whatever pace suits you ,either by
yourself or even better in company is a great tonic for everyone and any encouragement to
people to enable them to do this this should be fully supported in any way it can.”

8.1.3 Research Recommendations and Future Directions for Research

The outcomes of this research project have prompted several research recommendations and
future research directions that would further add to the understanding of physical challenges
and impact of stroke on quality of life in young adults, and to the role of exercising in natural

outdoor environments for young stroke survivors.

A clear outcome from this research project is a greater knowledge of both the physical
benefits and positive impact on quality of life and confidence of exercising in natural outdoor
environments for young adults who have had a stroke. This thesis provides the first convincing
evidence that outdoor-walking improves certain walking performance parameters such as

walking speed, distance, efficiency and biomechanical function in this cohort.

Future studies should aim to increase the validity of this research, firstly by comparing an

intervention group against a control group. As the study detailed in this thesis was heavily
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affected by the COVID-19 pandemic of 2020 and 2021, the disruption resulted in the study
evolving into a case study instead of a randomised clinical trial. It should be proposed to
replicate the methods used in the present study and to conduct a randomised clinical trial,
with intervention and control groups to compare against. Table 8.1 utilises the Consensus for

exercise reporting template (CERT ref) to aid with the development of the study design.

Future studies should also aim to establish the influence of the outdoor-walking rehabilitation
programme frequency, intensity, but also feasibility of delivery during different stages of post-
stroke rehabilitation. It would be better to determine the optimal frequency and intensity of
outdoor-walking in young adults who have had a stroke as understandably this may differ
greatly between the severity of physical motor impairments caused by stroke. Although this
thesis provides evidence of a positive effect of outdoor-walking in young stroke, and provides
an established walking speed threshold for individuals with mild-moderately affected physical
impairments, an important question remains; how much is too much? In order to enable
health professionals to give detailed advice regarding the frequency and intensity of an
outdoor-walking rehabilitation programme for young stroke, future research should seek to

establish more thresholds between which all can benefit from partaking in outdoor-walking.

Another potential research direction that emanated from the outcomes of this thesis is the
improvements identified in certain walking performance parameters. Specifically the
improvements seen in gait kinematics and kinetics after participation of the outdoor-walking
rehabilitation programme. It is known that muscle strength has a role to play in gait post-
stroke, and is highlighted in Chapter Five of this thesis as a potential reason for improved gait,
however muscle strength and muscle activation were not assessed within this thesis.

Therefore, it would be advantageous for future studies to examine these potential
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associations between walking performance in outdoor settings and changes in muscle
strength and muscle activation, as this would provide greater direction for the design of future

outdoor-walking rehabilitation programmes for young adults who have had a stroke.

An important finding within this thesis was the improvements seen in quality of life and
confidence as a result of participating in the outdoor-walking rehabilitation programme.
Although this thesis utilised qualitative methods in the form of structured questionnaires,
further investigation into the impact of stroke on quality of life and mental wellbeing using
semi-structured interviews/ conversations may offer more in-depth and true accounts from

participants regarding the effects of outdoor-walking in natural environments.

Finally, the positive impact of an outdoor-walking rehabilitation programme specific for
young adults who have had a stroke, demonstrated by this thesis, promotes outdoor-walking
as an evolving area of research for stroke. The findings generate a plethora of research
guestions, such as how to increase accessibility to the outdoors and understanding the
barriers that cause reluctance to use natural outdoor environments for settings of stroke

rehabilitation.
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Chapter 9

9. Conclusion

9.1 Summary of findings
The aim of the research presented in this thesis and my original contribution to knowledge

was to examine the impact of an outdoor-walking rehabilitation programme on walking
performance and quality of life of young adults who have had a stroke, presenting an
alternative and novel approach to traditional stroke rehabilitation. This thesis further
contributes to current evidence that improves life of young adults after stroke, an area of

research that is still severely lacking.

In order to accomplish this, it was necessary to firstly determine the delivery and adherence
of an outdoor-based rehabilitation programme for young stroke survivors, and secondly to
assess participant capability of an outdoor-based rehabilitation programme. The key findings
from the small-scale pilot and feasibility study, detailed in Chapter Three, determined that
using outdoor-walking in natural environments as the sole form of physical activity was
feasible, deliverable to a larger cohort and improved self-reported quality of life of young
stroke survivors with mild to moderate physical impairments. From this study, a walking
speed lower threshold was also implemented as part of the inclusion and exclusion criteria
for the main study. It was established young stroke survivors who walked at a speed of 0.6m/s
or faster were able to cope with the demands and hazards commonly associated with

outdoor-walking in natural outdoor settings.

Chapter Five of this thesis aimed to examine the effect of a 10-week outdoor-walking
rehabilitation programme on walking performance, such as walking speed, energy cost and

joint kinematics and kinetics in young adults who have had a stroke. This study is the first to
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assess the effects of an outdoor-walking rehabilitation programme on walking performance
in the young stroke population and importantly the findings reveal that outdoor-walking is

highly beneficial for improving walking performance in these individuals.

Improved walking performance parameters included increased walking speed and distance
for both indoor and outdoor environments, step length of both the paretic and non-paretic
lower limbs, and overall stride length. Kinematic and kinetic improvements saw increased hip
and knee flexion at initial contact and during loading response, increased knee flexion during
swing phase, increased dorsiflexion at initial contact and during swing phase. The outdoor-
walking rehabilitation programme also improved several gait kinetic deviations and enhanced
propulsive forces in young stroke, shown by increase in maximum hip flexor moment during

stance and increase in peak plantarflexor power generation during late stance.

The kinematic and kinetic adaptations discussed above contribute towards the increased
indoor and outdoor walking speeds and likely contribute towards increased confidence and
independence for outdoor and community ambulation, while also potentially reducing fall

risk in young stroke.

Chapter Six of this thesis aimed to assess whether an outdoor-walking rehabilitation
programme can improve self-reported quality of life and confidence of young adults who have
had a stroke. This study is novel in the investigation of the effect of an outdoor-walking
rehabilitation programme on quality of life and confidence of young adults who have had a
stroke and examination of aims that young stroke survivors hope to achieve and the
difficulties they have currently. Positive effects of the outdoor-walking rehabilitation
programme on quality of life and confidence were found in a population of young adults who

have had a stroke. Overall quality of life was improved, but also perceived physical health and
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energy, psychosocial (such as depression) and confidence were improved after completion of

the outdoor-walking rehabilitation programme.

9.1.1 Global Summary

Walking performance, quality of life and confidence were described in young adults who have
had a stroke. Importantly, the use of natural outdoor environments as an alternative setting
for stroke rehabilitation for young adults was found to be highly feasible and beneficial
towards managing and improving many of these impairments of young stroke survivors. Not
only did participating in this rehabilitation programme positively increase and improve many
walking performance parameters, quality of life and confidence, additional benefits were

seen in social participation and attitudes of young adults who have had a stroke.

The key message from these findings is that an outdoor-walking rehabilitation programme is
an incredibly innovative way of improving walking performance, quality of life and confidence
of young adults who have had a stroke with mild to moderate physical impairments and that
stroke rehabilitation should not need to be confined to indoor clinical settings. Furthermore,
supplementary to the quantitative findings of this study, the anecdotal outcomes from this
study truly encapsulate the positive impact that the outdoor-walking rehabilitation

programme had on this group of individuals.

In addition, this thesis forms part of a movement to alter perceptions that stroke
rehabilitation does not need to be based in indoor clinical settings, where it is traditionally
placed. Future health policies need to reflect the important role that outdoor environments
can play, to promote and improve recovery. Although the NHS has recently commissioned
‘Green Social Prescription’ and is live in a handful of Integrated Care Systems across the

United Kingdom, policies (e.g. National Institute for Health and Care Excellence, Stroke
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Organisation, NHS) specific to rehabilitation for stroke and other clinical populations need to

be updated to reflect this movement.

Below are excerpts from some of the participants 3-month follow-up testimonies (all

testimonies in Appendix 11):

Participant 4: . Being able to participate on the research project therefore provided me with
an alternative course of rehab both with the experience and guidance of outdoor walking and
the programme of home based exercises... Overall being able to participate on the outdoor
research project provided me with a very unique opportunity to receive monitored and
assessed rehabilitation outside the usual health care setting of a hospital or clinic and has
significantly assisted in improving & sustaining my overall wellbeing, including my mental
wellbeing which had faltered in my post stroke rehabilitation period and prior to being a

participant on the project

Participant 1: This type of study, outdoors in beautiful country side, promotes awareness, of
not just ourselves, but others and nature. It wakes up part of the brain, to say, " hey, all is not

lost, this is a major setback in your life, but LOOK around you, you are definitely not alone"

Participant 3: The days were challenging but | enjoyed rising to the challenges and really did
feel good when we reflected back each day on what we had achieved. It was also good to be
helping other people as | am more able bodied than some of the group. My walking speed has
most definitely improved and | have also found that my stamina is also better making me able

to walk further and longer. | have also enjoyed making many new friends.
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9.2 Global Conclusion
It is overwhelmingly evident that young adults who have had a stroke display physical and

motor impairments that affect walking performance and in turn, their quality of life and
confidence and affecting their day to day living. The findings from this thesis establishes the
true effectiveness of an outdoor-walking rehabilitation programme based in natural outdoor
settings, to both improve and manage the debilitating physical impairments and quality of
life, but also promote confidence and independence of young adults with stroke. The
outdoor-walking rehabilitation programme is shown to be very beneficial and is an innovative
treatment option, by allowing young adults with stroke to actively partake in improving their
physical and mental health and help to inform future stroke rehabilitation policies. It is
imperative that the view, that stroke rehabilitation should take place exclusively indoors, is
changed. The findings of this thesis go some way towards helping to inform and catalyse that

change.
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NHS and University Ethical Approvals
Appendix 1: Health Research Authority

Ymchwil lechyd m
a Gofal Cymru

Health and Care Health Research
Research Wales Authority

Dr Hannah Jarvis

Department of Life Sciences, Faculty of Science & Email: approvais@hm.nhs.uk
Engineering HCRW.approvals@wales.nhs.uk

John Dalton Building, Oxford Road
Manchester
M1 5GD

08 September 2020

Dear Dr Jarvis

HRA and Health and Care
Research Wales (HCRW)

Approval Letter

Study title: Stroke in young adults: The influence of an outdoor-
walking rehabilitation programme on walking
performance and quality of life

IRAS project ID: 271699

Protocol number: N/A

REC reference: 20/NW/0237

Sponsor Manchester Metropolitan University

| am pleased to confirm that HRA and Health and Care Research Wales (HCRW) Approval
has been given for the above referenced study, on the basis described in the application form,
protocol, supporting documentation and any clarifications received. You should not expect to
receive anything further relating to this application.

Please now work with participating NHS organisations to confirm capacity and capability, in
line with the instructions provided in the “Information to support study set up” section towards
the end of this letter.

How should | work with participating NHS/HSC organisations in Northern Ireland and
Scotland?

HRA and HCRW Approval does not apply to NHS/HSC organisations within Northem Ireland
and Scotland.

If you indicated in your IRAS form that you do have participating organisations in either of
these devolved administrations, the final document set and the study wide governance report
(including this letter) have been sent to the coordinating centre of each participating nation.
The relevant national coordinating function/s will contact you as appropriate.
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Please see IRAS Help for information on working with NHS/HSC organisations in Northern
Ireland and Scotland.

How should | work with participating non-NHS organisations?
HRA and HCRW Approval does not apply to non-NHS organisations. You should work with
your non-NHS organisations to obtain local agreement in accordance with their procedures.

What are my notification responsibilities during the study?

The standard conditions document “After Ethical Review — guidance for sponsors and
investigators”, issued with your REC favourable opinion, gives detailed guidance on reporting
expectations for studies, including:

* Registration of research

* Notifying amendments

« Notifying the end of the study
The HRA website also provides guidance on these topics, and is updated in the light of
changes in reporting expectations or procedures.

Who should | contact for further information?
Please do not hesitate to contact me for assistance with this application. My contact details
are below.

Your IRAS project ID is 271699. Please quote this on all correspondence.

Yours sincerely,
Matt Rogerson

Approvals Specialist

Email:approvals@hra.nhs.uk

Copy to: ~ Miss Alison Lioyd
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Conditions of certification

The Research Ethics and Governance Team would like to highlight the following conditions

Adherence to Manchester Metropolitan University’s Policies and procedures

This certification is conditional on adherence to Manchester Metropolitan University’s Policies, Procedures, guidance and
Standard Operating procedures. These can be found on the Manchester Metropolitan University Research Ethics and
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Amendments
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with Manchester Metropolitan University guidelines. Please contact the Research Ethics and Governance team for advice
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We wish you every success with your project.

Research Ethics and Governance Team
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Questionnaires
Appendix 3: Stroke and Aphasia Quality of Life Scale
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Stroke Aphasia Quality of Life Scale (SAQOL 49-Item)
Study ID:

Scoring: each item shall be scored with the following key

Total help — Could not do it at all — Strongly agree

A lot of help - A lot of trouble - Moderately agree

Some help - Some trouble - Neither agree nor disagree

A little help - A little trouble - Moderately disagree

No help needed - No trouble at all - Strongly disagree
Energy

au b W N R

1. |fee tired most of the time.

2. | have to stop and rest during the day.

3. lam too tired to do what | wanted to do.

Family Roles

1. Ididn't join in activities just for fun with my family.

2. |feellam a burden to my family.

3. My physical condition interfered with my personal life.

Language

1. Do you have trouble speaking? For example, get stuck, stutter, stammer, or
slur your words?

2. Do you have trouble speaking clearly enough to use the telephone?

3. Do other people have trouble in understanding what you said?

4. Do you have trouble finding the word you wanted to say?

5. Do you have to repeat yourself so others could understand you?

Mobility

1. Do you have trouble walking?

2. Do you lose your balance when bending over to or reaching for something?

3. Do you have trouble climbing stairs?

4. Do you have to stop and rest more than you would like when walking or
using a wheelchair?

SAQOL 49-item date of issue: 17/06/2021
SAQOL 49-item version number: V1.1
IRAS Project ID: 271699
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5.

Do you have trouble with standing?

6.

Do you have trouble getting out of a chair?

Mood

| feel discouraged about my future.

| am not interested in other people or activities.

| feel withdrawn from other people.

1
2
3.
4

I have little confidence in myself.

5.

| am not interested in food.

Personality

Rebecca Clarke (12089492@stu.mmu.ac.uk) is sign

edin

1.

| am irritable.

2.

| am impatient with others.

3.

My personality has changed.

Self Care

1.

Do you need help preparing food?

Do you need help eating? For example, cutting food or preparing food?

Do you need help getting dressed? For example, putting on socks or shoes,
buttoning buttons, or zipping?

4.

Do you need help taking a bath or a shower?

Do you need help to use the toilet?

Social Roles

1

| don’t go out as often as | would like.

2.

| do my hobbies and recreation for shorter periods than | would like.

3.

I don’t see as many of my friends as | would like.

4.

| have sex less often than | would like.

My physical condition interfered with my social life.

Thinking

1

It is hard for me to concentrate.

2.

| have trouble remembering things.

3.

| have to write things down to remember them.

SAQOL 49-item date of issue: 17/06/2021
SAQOL 49-item version number: V1.1
IRAS Project ID: 271699
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Upper Extremity Function

1. Do you have trouble writing or typing?
2. Do you have trouble putting on socks?
3. Do you have trouble buttoning buttons?
4. Do you have trouble zipping a zipper?
5. Do you have trouble opening a jar?
Vision
1. Do you have trouble seeing the television well enough to enjoy a show?
2. Do you have trouble reaching things because of poor eyesight?
3. Do you have trouble seeing things off to one side?

Work/Productivity

1.

Do you have trouble doing daily work around the house?

2.

Do you have trouble finishing jobs that you started?

Do you have trouble doing the work you used to do?

Find it hard to make decisions

Have language problems that affect family life

Have language problems that affect social life

TOTAL SCORE

SAQOL 49-item date of issue: 17/06/2021
SAQOL 49-item version number: V1.1
IRAS Project ID: 271699
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Appendix 4: Confidence after Stroke Measure

Confidence after Stroke Measure (CaSM 27-item)

Study ID:

Please rate your level
of AGREEMENT with a ‘h , *’
tick v’

0 1 2 3

| feel robbed of my identity =~ “** D D D D

| feel alone Sl D D D D

1 am able to do things as b (M| O O O

well as most people

It bothers me that | can’t Ly D D D D

do things like | used to

| avoid important everyday ~ “*° D D D D

tasks
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Please rate your
level of AGREEMENT ‘h

with a tick v

I believe | have inner e O O O O

strength

My attitude helps meto be "3 D D O D

confident

1 am able to push myself weas O O O O

| feel comfortable looking 27 D D D D

in a mirror
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Please rate your level
of AGREEMENT with a
tick v/

SYF

| feel other people judge 031 D D D D

how I look

| feel terrified meeting €33 D D D D

people | don’t know

| feel scared to go out o D D D D

| feel people speak down to = D D D D

me

| am confident enough to e D D D D

leave the house
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Appendix 5: Nature-relatedness Scale

opolitan

Nature-Relatedness Scale (21-Item)

Study ID:

Instructions: For each of the following, please rate the extent to which you agree with each
statement, using the scale from 1 to 5 as shown below. Please respond as you really feel,
rather than how you think “most people” feel.

1 2 3 4 5
Disagree Disagree a little | Neither agree Agree a little | Agree strongly
strongly or disagree

| enjoy being outdoors, even in
unpleasant weather.

12. | am not separate from nature, but
a part of nature.

Some species are just meant to die
out or become extinct.

13. The thought of being deep in the
woods.

Humans have the right to use
natural resources any way we want.

14. My feelings about nature do not
affect how | live my life.

My ideal vacation spot would be a
remote, wilderness area.

15. Animals, birds and plants should
have fewer rights than humans.

| always think about how my
actions affect the environment.

16. Even in the middle of the city, |
notice nature around me.

| enjoy digging in the earth and
getting dirt on my hands.

17. My relationship with nature is an
important part of who I am.

My connection to nature and the
environment is a part of my
spirituality.

18. Conservation is unnecessary
because nature is strong enough to
recover from any human impact.

I am very aware of environmental
issues.

19. The state of non-human species is
an indicator of the future for humans.

| take notice of wildlife wherever |
am.

20. | think a lot about the suffering of
animals.

. 1 do not often go out in nature.

[N

. Nothing | do will change problems
in other places on the planet

NR 21-item date of issue: 17/06/2021
NR 21-item version number. V1.1
IRAS Project ID: 271699

21. | feel very connected to all living
things and the earth
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Appendix 6: Three Aims and Three Difficulties
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[Three Aims and Three Difficulties

Study ID:

Title of Project: Stroke in young adults: the influence of an outdoor-walking rehabilitation programme
on walking performance and quality of life

The purpose of this questionnaire is to ensure that our research is personalised to those who have had
a stroke. Therefore, we would like you to, in your own words, write three aims that you hope to achieve
and three things that you find difficult (e.g walking or doing the shopping) since you have had a stroke
Aims

1

Difficulties
1.

SIYA three aims and difficulties date of issue: 17/06/2021
SIYA three aims and difficulties version number: V1.1
IRAS Project ID: 271699
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Appendix 7: Pre-Rehabilitation Questionnaire

Manchester

SR
&‘:L,é Metropolitan

Pre-Rehabilitation Questionnaire

Study ID:

Title of Project: Stroke in young adults: the influence of an outdoor-walking rehabilitation programme
on walking performance and quality of life

We have sent this questionnaire to you in order to find out whether you participate in outdoor physical
activity and how you feel towards outdoor physical activity.

1. Do you patrticipate in outdoor physical activity? Please explain your answer.

2. How confident do you feel to walk outdoors? Please explain your answer.

3. How do activities of daily living (e.g walking to the shops, completing daily errands) affect
you? Please explain your answer.

4. Do you experience any difficulties walking outdoors? Please explain your answer.

SIYA Pre-rehabilitation date of issue: 17/06/2021
SIYA Pre-rehabilitation version number: V1.1
IRAS Project ID: 271699
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Appendix 8: Post-Rehabilitation Questionnaire
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Post-Rehabilitation Questionnaire

Study ID:

Title of Project: Stroke in young adults: the influence of an outdoor-walking rehabilitation programme
on walking performance and quality of life

We have sent this questionnaire to you in order to find out whether the outdoor-walking rehabilitation
programme has influenced your day-to-day activities, if you engage in outdoor activity, and if so, what
it includes.

1. Do you participate in outdoor physical activity? Please explain your answer.

2. How confident do you feel to walk outdoors? Please explain your answer.

3. How do activities of daily living (e.g walking to the shops, completing daily errands) affect
you? Please explain your answer.

4. Do you experience any barriers that stop you from taking part in outdoor-walking?
Please explain your answer.

SIYA Post rehabilitation date of issue: 17/06/2021
SIYA Post rehabilitation version number: V1.1
IRAS Project ID: 271699
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Intervention and control group diaries
Appendix 9: Intervention diary for the case-controlled study
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A clinical trial

Intervention Group

Personal Identification Number: ... s

‘Stroke in ¥oung Aduits: Dutdoor Renatilitation
Intaryantion ¥1 2 15/10/2020
IRAS Project ID: 272655
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Introduction

This research study is investigating the effects of an outdoor-walking rehabilitation
programme on walking performance and quality of life of young adults {18-65years) who
have had a stroke. This research project, funded by the Brecon Beacons Mational Park
Authority (BENPA), also aims to improve and promete participation in the outdoors and
use the outdoors as a form of long-term rehabilitation for young adults who have had a
stroke after routine MHS care. Most of the research and guidelines are currently based on
older adults.

Address for Gllwern Outdoor Education Centre:

Ty Mawr Road, Gilwern, Abergavenny, NP7 0EB

If you need to contact the research team for any reason, contact details are below:
Rebecca Clarke (researcher)

Telephone: 07852739609

Email: Rebecca.clarkeB@stummu.acuk

Hannah larvis (Chief investigator)
Email: HannahJarvis@mmu.ac.uk

‘Siroke in Youns Adufts: Dutdoor Refetiltation
Intervention V2 19/10/2020
IRAS Project ID: 271555



The rehabilitation programme

The outdoor-walking rehabilitation programme
Equipment

For each outdcor-walking residentials at Gilwern Outdeoor Education Centre, a perscnal
equipment list is provided for you in this exercise diary. The majority of equipment will be
provided for you by the outdoor centre and research team such as, rucksacks, maps,
compasses and trekking poles. However, if you do have your own equipment and wish to
use it, that is fine. It is recommended that you wear sturdy footwear (e.g sensible trainers,
walking shoes or boots) for this part of the study.

At home exercise and light stretches programme

As these exercises and light stretches will be completed at home, it is yourself who will
need to assess the use of space to perform the stretches comrectly and exercises prescribed
are routine exercises that have been utilised in @ number of previgus studies. Furthermore,
you must be aware to stay within your capabiliies and comfortable when safely
performing the stretches prescribed.

Week Mlonday Tuesday Wednesday Thursday Fricay
one Week 1- Intervention delivery of outdoor walking programme at
(Gitwern OEC
Two Horme-based exercise programme [intervention snd control groups)
Thres Home-based exercize programme |intersention and control groups)
Four Weck 2- Intervention delvery of outdoor walking programme ot
Gihwern OEC
Five Home-based exercise programme (intervention and contrel groups)
Six Horne-based axercize programme (intervention and control groups)
Seven Week 3: Interventicn delrvery of outdoor walking programme at
Gihwern OEC
Eight Horne-based axarcize programme [intervention and control grouns)
Nime Home-based exercise programme |intersention and control groups)
T Werk &: Intervention defivery of outdoor walking programme in
an
BENPA run by Gilwem 0EC

Stroke in Young Adults: Dutdoor Rehabilitation
Intermntion V4.2 15/40/2000

IRAS Praject ID: 271658
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Kit List for Outdoor-Walking Residentials

= Footwear: these can be sturdy trainers, walking shoes or boots

= Waterproofs: A waterproof/ water resistant jacket and waterproof
over trousers (these can be borrowed from Gilwern OEC)

= Walking trousers and/ or shorts

Walking
. = Walking socks (or use the socks you normally use)
Clothing o ) .
« Tops: these can be fast wicking shirts or normal T-shirts
« Midlayers: Please pack a fleece or jumper to throw on when we have a
break during the walk
= Rucksack: These can be supplied by either the research team (Rebecca
Clarke) or Gilwern OEC.
= Walking poles: These can be supplied by either the research team or
Walking Gilwern OEC
Equipment |- Personal first aid kit: please bring a personal first aid kit (any medica-
tion, plasters). The researcher (Rebecca Clarke) and Gilwem instructors
will be carrying large group first aid kits
= Sun hat/ woolly hat/ scarf/ gloves: these are weather dependent
= Clothing that is comfortable and that you can change into after the
walking activities
« Footwear that is comfortable to wear around the centre (e.g slippers,
Personal trainers, sandals)
Clothing |- Mightwear/ Pajamas
= Smalls (underwear and socks)
= Please bring with you any necessary medication and/ or equipment
(e.g. foot orthoses, walking aids) that you require on a daily basis
= Please bring a pillow for your own personal comfort
- it!
Other Wash kit!

= Camera and/ or other electronics (e.g. iPad, laptop)

Strokz in Young Adults: Qutdoor Rehakilitetion
Intervention Vi 2 15/10/2020

IRAS PIUFCt 1D 271655




Week 1 will be an introduction into the walking activities due to take
place in the following residentials. This residential will include short
and easy walking routes e.g. 2-3km in length, with no steep gradi-
WEEK 1 ents or difficult terrain. Other activities when walking will be intro-

duced and include navigation skills training, which will enable regain
to regain your energy and to focus your concentration.

This week will build on the walking and navigation skills that were
introduced in week 1. During residential 2, we will keep the walks at
the same length [e_g. 2-3km), however we will increase the difficulty
WEEK 2 of the walk through steeper and harder terrain (e.g. looser ground,
more hazards like tree roots). Navigation will also increase slightly in
difficulty, include the teaching of pacings and compass and bearing

work

In week 3, we will aim to increase the difficulty of the walks by the
length/ duration of walking activities (e.g. 3-%km walks) and continu-
ing the increased difficulty of gradient and terrain by consolidating

WEEK 3 the skills learnt during week 2

This is the last residential of the outdoor walking rehabilitation pro-
gramme. Walks will be 3-4km (or longer) and include more difficult
terrain that was introduced in residentials 2 and 3. Navigation and
map reading skills will have also increased in difficulty (e.g. compass
bearings, pacings) all skills will be brought together during this resi-
dential.

WEEK 4

‘Stroke in Young Adults: Outdoor Refabilitstion
Intervenition VL2 15/10/2020

IRAS Project ID: 271655
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ol
‘Outdoor
rsuits Centre.

Route name: The
Blorenge

Distance: 3.4-5km
Height: 50m

Route name: The
Orchard Trail

Distance: 3km
Height: N/A

€y

Route Name: Tor-y-Foel

Distance: 3.6km
Height: 151m

Route name: Henry
Vaughan Trail

Distance: 3.5-5km
Height: N/&

minvwgmww-ﬁ:hﬁm
'10/2020

Intervention V1.2 15/'
|wmjaalmz7us9




Route name: Blaen-y-Glyn

Distance: 2.4km
Height: N/A

Route name: Gilwern
wharf and Clydach

Distance: 3.6km
Height: N/A

R

Route Name: Allt yr Esgair

Distance: Skm

Height: 200m

Route name: Sugarioaf

Distance: 6km
Height: 350m

Stroke in Young Aduts: Outdoor Renebilitation

Intervention V4.2 15/10/2020
uusrmjammrnas
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Home exercises and stretches

The home exercises and stretches that you will be asked to complete are for the upper and
lower body. These need to be done two times per week for twelve weeks, with no other
changes to your activities of daily living and routine care.

Stretches will be used as a warm-up before completing the home exercises. Each stretch
needs to be held for 8-20 seconds and completed once on each side. Support and guidance
on how to safely perform each of the eight stretches are detailed on pages 16 and 17
(towards the back of this booklet).

All home exercises and stretches have been adapted so that you can complete each stretch
with ease, either using a chair or sitting on the floor and they do not require any specialist
equipment.

A member of the research team will be in contact with you once-per-week to ask how you
are finding the light stretches programme and whether you are able to perform each
stretch.

Reporting Physical Activity

Throughout this exercise diary, there are pages available for you to report what outdoor
physical and recreational activities with family/ companions or by yourself each week, such
as outdoor-walking, swimming, or cycling. Through this study we hope 1o encourage you 1o
take part in more outdoor physical activities and to menitor the amount of physical activity
you do.

Safety

As the home exercises and stretches will be completed at home, it is yourself who will
need to assess the use of space to perform the stretches correctly and stretches prescribed
are routine stretches that have been utilised in a number of previous studies. Furthermore,
you must be aware to stay within your capabilities and comfortable when safely
performing the stretches prescribed.

Strokein 'l‘ulsmmmﬂilﬁﬁl
Inbervention V.2 15/10/2020

IRAS Praject ID: 274658



Report of Physical Activity— Week 1 Home Exercise Week 1

In the table below, please write down any physical activities you have taken part in and Session 1: Upper bOdy exercises

how long you participated in these activities during your first week of the outdoor-walking Progression level for exercises: 1 2 3 4

programme. Please complete the stretches before completing any exercise

Please see pages 29-35 for stretches and exercise guidelings

weekday Activity Duration
Exercise Sets Repetitions Completed?
Monday Push-up
Side arm raise
Tuesday Tricep kickback
Bicep curl
Wednesday
Session 2: Lower body exercises
Thursday Progression level for exercises: 1 2 3 4
Please complete the stretches before completing any exercise
Please see pages 28-35 for stretches and exercise guidelines
Friday
Exercise Sets Repetitions Completed?
Sit to stand
Saturday
Calf raise
Front single leg stand
Sunday
side single leg stand
Stroke in Young Adults: Outdoor Rehabilitation Stroke in vioung Adurs: Gutdoar Renebiliation
Intzrvention vi.2 13/10/2020 Interention V2 13/40/2020
IRAS Froject ID: 271655 IRAS Project I0: 271535
3 10
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Report of Physical Activity— Week 2 Home Exercise Week 2

In the table below, please write down any physical activities you have taken partin and Session 3: Balance exercises

how long you participated in these activities during your second week of the outdeor- Progj'essjon fevej'_for exercises: 1 2 3 4

Tki . i .
walking programme Please complete the stretches before completing any exercise

Please see pages 29-35 for stretches ond exercise guidelines

Weekday Activity Duration
Exercise Sets Repetitions Completed?
Monday
Heel to toe
Simple side walk
Tuesday
Single leg stand
Wednesday
Session 4: Upper body exercises
Progression level for exercises: 1 2 3 4
Thursday
Please complete the stretches before completing any exercise
Please see pages 29-35 for stretches and exercise guidelines
Friday Exercise Sets Repetitions Completed?
Push-up
Saturday
Side arm raise
Tricep kickback
Sunday X
Bicep curl

stroke in Young Adufts: Outdoor Rehabilitation

Stroke in Young Adults: Dutdoor Rehabilitmtion !
Intzrveriion VA2 19/10/ 2000

Interetion VA2 15/10/2000
IRAS Project ID: 271555

IRAS iject ID: 271855
11 12
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Report of Physical Activity— Week 3 Home Exercise Week 3

In the table below, please write down any physical activities you have taken part in and Session 5: Lower bOdy exercises

how long you participated in these activities during your third week of the cutdoor-walking Progressjon !eueﬂ'_{m' exercises: 1 2 3 4

programme. Please complete the stretches before completing any exercise

Plegse see poges 29-35 for stretches and exercise guideiines

Wweekday Activity Duration - —
Exercise Sets Repetitions Completed?

Monday Sit to stand

«calf raise

Front single leg stand
Tuesday

Side single l=g stand
Wednesday

Session 6: Balance exercises
Thursday Progression level for exercises: 1 2 3 4

Please complete the stretches before completing any exercise
Please see poges 29-35 for stretches and exercise guidelines
Friday
Exercise Sets Repetitions Completed?

saturday Heel to toe

Simple side walk
sunday single leg stand
Stroke in Youns Adusts: Outdoor Rehabilitation Stroke in Young Adults: Dubdoor Rehabilitotion
Inbereention Vi 2 15/10/2020 Int=nention V4.2 15/10,2020
IRAS Froj:n:t ID: 271855 IRAS ijbctll:: 271655

13 1
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Report of Physical Activity— Week 4 Home Exercise Week 4

In the table below, please write down any physical activities you have taken part in and Session 7: Upper '[)Ody EXEICISES

how long you participated in these activities during your fourth week of the outdoor- progp'essjon feve]_fm' exercises: 1 2 3 4

Tki .
Waling programme Please complete the stretches before completing any exercise

Plegse see poges 29-35 for stretches and exercise guidelines

weekday Activity Duratian Exercise Sets Repetitions Completed?
Monday Push-up
Side arm raise
Tuesday Tricep kickback
Bicep curl
Wednesday
Session 8: Lower body exercises
Thursday Progression level for exercises: 1 2 3 4
Please complete the stretches before completing any exercise
Plegse see poges 29-35 for stretches and exercise guidelines
Friday N ..
Exercise Sets Repetitions Completed?
Sit to stand
Saturday
Calf raise
Front single leg stand
Sunday Side single leg stand
Stroke in Young Aduits: Outdoor Rehabilitation Stroke in Youns Aduits: Outdoor Retbilitation
Intervention V2.2 13/10/2020 Intervention VE2 13/10/2020
IRAS Project I0: 72655 IRAS Project ID: 721655
15 16

262



Report of Physical Activity— Week 5 Home Exercise Week 5

In the table below, please write down any physical activities you have taken part in and Session 9: Balance exercises

how long you participated in these activities during your fifth week of the outdoor-walking Progression level for exercises: 1 2 3 4

programme Please complete the stretches before completing any exercise

Please see poges 29-35 for stretches and exercise guidelines

weekday Activity Duration
Exercise Sets Repetitions Completed?
Monday
Heel to toe
Simple side walk
Tuesday Single leg stand
Wednesday
Session 10: Upper body exercises
Thursday Progression level for exercises: 1 2 3 4
Please complete the stretches before completing any exercise
Plegse see pages 29-35 for stretches and exercise guidelines
Friday
Exercise Sets Repetitions Completed?
Push-up
Saturday
Side arm raise
Tricep kickback
sunday Bicep curl
Stroke in ¥ioung Adufts: Cutdoor Retbilitation Stroke in Young Adufts: Gutdoor Retebilitation
Intarention Wi2 15/20/2020 Intampention Vi 2 15/10/2020
IRAS Project ID: 271655 IRAS Project ID: 71655
17 1E
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Report of Physical Activity— Week 6 Home Exercise Week 6

) i o ) Session 11: Lower body exercises
In the table below, please write down any physical activities you have taken part in and Y

how long you participated in these activities during your sixth week of the outdoor-walking Progression level for exercises: 1 2 3 4

programme. Please complete the stretches before completing any exercise

Plegse see pages 28-35 for stretches and exercise guidelines

Weekday Activity Duration Exercise Sets Repetitions Completed?
it to stand
Monday
Calf raise
Front single leg stand
Tuasday
Side single leg stand
wednesday
Session 12: Balance exercises
Thursday Progression level for exercises: 1 2 3 4
Please complete the stretches before completing any exercise
Please see pages 29-35 for stretches and exercise guidelines
Friday
Exercise Sets Repetitions Completed?
saturday Heel to toe
Simple side walk
Sunday Single leg stand
Stroke in Young Adufts: Dutdoor Rehabilitetion Stroke in Youn Adults: Dutdoor Rehabilitation
Interention Vi.2 13/20/2020 Intervantion Vi 2 15/10/2020
IRAS Project ID: 271555 IRAS Project ID: 274555
15 0
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Report of Physical Activity— Week 7 Home Exercise Week 7

] i i ) Session 13: Upper body exercises
In the table below, please write down any physical activities you have taken part in and

how long you participated in these activities during your seventh week of the outdoor- Progression level for exercises: 1 2 3 4

walking programme. Please complete the stretches before completing any exercise

Plegse see poges 29-35 for stretches and exercise guidefines

weekday Activity Duration Exercise Sets Repetitions Completed?
Monday Push-up
Side arm raise
Tricep kickback
Tuesday
Bicep curl
Wednesday
Session 14: Lower body exercises
Thursday Progression level for exercises: 1 2 3 4
Please complete the stretches before completing any exercise
Please see pages 29-35 for stretches and exercise guidelines
Friday Exercise Sets Repetitions Completed?
Sit to stand
saturday
Calf raise
Front single leg stand
Sunday
Side single leg stand
Strokein Young Adufts: Outdoor R=habilitation strokein Young Aduis: Gutdaor Rehabilitation
Interention V2 13/10/2020 Inberwention Vi.2 15/10/2020
IRAS Projact ID: 271555 IRAS Froject I: 271655

| 22

265



Report of Physical Activity— Week 8

In the table below, please write down any physical activities you have taken part in and
how long you participated in these activities during your eighth week of the outdoor-
walking programme.

Weekday Activity Duration

Monday

Tuesday

Wednesday

Thursday

Friday

Saturday

Sunday

Stroke in Voung Aduts: Outdoor Renabilitation
Intervention V2 15/40/2000

IRAS Fle:clID: 271555
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Home Exercise Week 8

Session 15: Balance exercises
Progression level for exercises: 1 2 3 4

Please complete the stretches before completing any exercise

Please see pages 29-35 for stretches and exercise guidelines

Exercise Sets Repetitions Completed?

Heel to toe

Simple side walk

single leg stand

Session 16: Upper body exercises
Progression level for exercises: 1 2 3 4

Please complete the stretches before completing any exercise

Please see pages 29-35 for stretches and exercise guidelines

Exercise Sets Repetitions Completed?

Push-up

Side arm raise

Tricep kickback

Bicep curl

Stroke in Young, Adults: Gutdoor Aehabilitation
Intervention V12 15/40/2020

IRAS iject 1D: 271655




Report of Physical Activity— Week 9

In the table below, please write down any physical activities you have taken part in and
how long you participated in these activities during your nineth week of the outdoor-

walking programme.

Weekday

Activity

Duration

Monday

Tuesday

Wednesday

Thursday

Friday

Saturday

sunday

Stroke in Yaoung Adults: Dutdoor Rehabilitation
Intarartion V1.2 13/40/2020

IRAS ij&CIID: 271655

Home Exercise Week 9

Session 17: Lower body exercises
Progression level for exercises: 1 2 3 4

Please complete the stretches before completing any exercise

Plegse see pages 28-35 for stretches and exercise guidelines

Exercise Sets Repetitions Completed?

it to stand

Calf raise

Front single leg stand

Side single leg stand

Session 18: Balance exercises
Progression level for exercises: 1 2 3 4

Please complete the stretches before completing any exercise

Plegse see poges 29-35 for stretches and exercise guidelines

Exercise Sets Repetitions Completed?

Heel to toe

simple side walk

Single leg stand

Stroke in Vourg Adufts: Outdoor Renabilitation
Intzrumtion V1.2 15/10/2020

IRAS iject 1D 2716555
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Report of Physical Activity— Week 10 Home Exercise Week 10

) ) o ) Session 19: Upper body exercises
In the table below, please write down any physical activities you have taken part in and

how long you participated in these activities during your tenth week of the outdoor- Progression level for exercises: 1 2 3 4

walking programme. Please complete the stretches before completing any exercise

Please see pages 29-35 for warm-up,/ cool-down and exercise guidelines

Weekday Activity Duration Exercise Sets Repetitions Completed?
Push-u
Monday e
Side arm raise
Tuesday Tricep kickback
Bicep curl
Wednesday
Session 20: Lower body exercises
Thursday Progression level for exercises: 1 2 3 4
Please complete the stretches before completing any exercise
Piease see pages 29-35 for warm-up/ cool-down and exercise guidelines
Friday - —
Exercise Sets Repetitions Completed?
Sit to stand
saturday
Calf raise
Front single leg stand
Sunday
Side zingle leg stand
Stroke in Woung Adufiz: Qutdoor Rarabiliabion Stroke in “cuns Adufts: Dubdoor Rehabilitabion
Imbenemntion VL2 15/10,/2020 Intenemntion V.2 15/10/2020
IRAS Floj:n:t 10: 271555 IRAS Flojectlb: 171655
27 28
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Exercise

How to perform stretch correctly

Inner arm and
wrist stretch

standing or sitting tall. Extend your arm in
front with palm down. Bend wrist, pointing
hand toward the floor. With your other hand,
gently bend your wrist until you feel a mild to
moderate stretch in your forearm.

shoulder cross-
body stretch

standing or sitting tall. Hold one arm above
your elbow with your opposite hand, and pull
it across your body toward your chest until
you feel a stretch in your shoulder. Make sure
to keep your elbow below shoulder height.

Chest stretch

Sitting tall. Place hands behind yourself,
holding on to the chair. Gently squeeze

houlders and hold as tol d.
Stretch felt in chest.

Seated torso
twist stretch

Sitting tall, with both feet flat on ground,
begin to rotate upper body left or right,
holding the stretch for a comfortable period.

Stroke in Young Aduits: Outdoor Renebilitation
Intervention V4.2 15/10/2020

IRAS Project ID: 271859
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Exercise How to perform stretch correctly
Ankle rotation |sitting tall or standing with heel on floor,
rotate foot clockwise and anti-clockwise,
feeling a stretch in the ankle and calf
muscle.
Seated sitting tall on floor or edge of chair. Sit with
h ing one leg ded with other leg at
stretch 90degree bend at knee (so that the footis
flat on the floor) and reach toward your
ankle of the straight leg without feeling
uncomfortable. Repeat on other leg
Seated sitting tall on chair, sit facing the side and
quadriceps you are able to hold the back of the chair
stretch for support. If possible, holding your foot in
your hand, slowly bring the foot furthest
away from the back of the chair upwards
towards your bottom and hold stretch
Seated long  |Sit with both legs straight in front of you,
adductor with your back straight. Slowly work your
stretch legs apart without feeling uncomfortable.
Hold this position as you slowly bend
forward at your hips until you feel more
i e, keeping back straight.

Stroke in Young Aduits: Outdoor Rehatilitation
Intervention V1.2 15/10/2020

IRAS Pl’v’eﬂ 10: 271655




Push-up progressions

1. sitting position, both
hands flat on wall/
counter- bring chest to
hands, push to extend
and straighten arms

2. standing, both hands
on wall, bring chest to
hands, push to extend
and straighten arms

3. Kneeling incline
position, using edge of
sofa to push away from
{cushioning for knees)

4. kneeling prone press-
up

Side arm raise progressions

1. sitting position, single
straight arm raise to side

2. sitting position, both
arms raise at same time

3. sitting position, single
straight arm raise to side
using resistance bands

4, sitting or standing
position, single or both
arms raise to the side

Stroke in Young Aduits: Outdoor Renebilitation

Intarvention V4.2 13/10/2020
IRAS Project I0: 271698
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Tricep kickback progressions

1. sitting position, single

2. sitting position, both

3. sitting position, single

4, standing position,

arm at 90degree bend, |arms at90degree bend, |arm at 90degree bend,  [single or both arms with
push back and extend push back and extend pull with resistance use of resistance bands
arm both arms bands
Bicep curl progressions

1. sitting position, single | 2. sitting position, both |3. sitting p single |4. g p
arm at 90degree bend, |arms at 90degree bend, |arm at 90degree bend, [single or both arms with
curl forearm towards curl both forearms pull with resistance use of resistance bands

houlder (weight of arm | towards shoulder bands
only}

Stroke in Young Aduts: Outdoor Rehabilitation

Intervention V4 2 15/10/2020
IRAS Project 0: 271695
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Sit to stand progressions

Front single leg raise progressions

1. chair to standing- use
both arms to push up
from chair

2. chair to standing- use
one arm to push up from
chair

3. chair to standing- no
use of upper body

4. Bodyweight squat-
use counter or back of
chair to hold for support

1. sitting position- bring
one foot off the floor and
straighten leg

3. i ition- use

4. ding, hands on

2. sitting position- use of
resistance bands for
single leg raise

counter for balance, flex
at

hips, flex knee

Calf-raise progressions

1. sitting position- bring | 2. Standing position- use | 3. Standing 4. standing position- use
both heels off floor counter for balance with no support- bring | stairs for greater range
both heels off the floor | of movement, have heels
hang over edge

Side single leg raise progressions

s B di ition, use

2. i ition, use

3. ing, hands on

counter or wall for
balance and support

counter or wall for
balance, use resistance
bands

hips, bring leg to side

4. use of resistance
bands for protocol

Stroke in Young Aguns: Outdoor Renabilitation

Intervention V4.2 15/10/2020
IRAS Project i0: 271638
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Balance Exercises

Heel to toe walk progressions

1. standing stationary,
with bath hands on wall
for support, cross foot
over to the other, repeat
with other foot

2. standing position, use
counter or wall for
support, walk heel to toe

3. assistive device,
standing position, walk
heel to toe

4. standing position,

walk heel to toe

Simple side wa

Ik progressions

1. standing stationary,
with both hands on wall
for support, cross foot
over to the other, repeat
with other foot

2. standing position,
both hands on wall or
counter, side step

3. assistive device,
standing position, side
step

4., standing position,
side step

Single leg stan

d progressions

1. standing stationary,
with both hands on wall
or counter for support,
raise one leg (bend at
kneg)

2. standing stationary,
with one hand on wall
for support, raise one leg
(bend at knee)

3. standing stationary,
hands on hips, raise one
leg (bend at knee)

4, standing stationary,
use stairs, have heels
hang over edge, raise
one leg (bend at knee)

Stroke in Young Adults: Dubdonr Reabilitation
Intensention Vi 2 1%/10/2020

IHA’E.PrUj:ﬂID:}JLES
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Appendix 10: Control Diary for the proposed Randomised clinical trial
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Introduction

This research study is investigating the effects of an outdoor-walking rehabilitation
programme on walking performance and quality of life of young adults (18-65years) who
hawve had a stroke. This research project, funded by the Brecon Beacons National Park
Authority (BBNPA), also aims to improve and promote participation in the outdoors and
use the outdoors as a form of long-term rehabilitation for young adults who have had a
stroke after routing NHS care. Most of the research and guidelines are currently based on
older adults.

The Study

This study will last ten weeks, which includes an outdoor-walking rehabilitation
programme (intervention group) and home exercise and light stretches programme
{contral group). This booklet includes light stretches for the upper and lower body, for you
to follow over the 10-week programme.

If you need to contact the research team for any reason, contact details are below:
Rebecca Clarke [researcher)

Telephone: 07708776874

Email: Rebecca.clarke8@stu.mmu.ac.uk

Hannah Jarvis (co-investigator)
Telephone: 07866033704

Emil: HannahJarvis@mmu.ac.uk

‘Stroke in Vouns Aduls: Oubdoor Rehabilitation
Control Light Stretches V1 2 45/40/2000
IRAS Project ID: 274655



Home Exercise and Light Stretches Programme

Home exercises and stretches

The home exercises and stretches that you will be asked to complete are for the upper and
lower body. These need to be done two times per week for twelve weeks, with no other
changes to your activities of daily living and routine care.

Stretches will be used as a warm-up before completing the home exercises. Each stretch
needs to be held for 8-20 seconds and completed once on each side. Suppert and guidance
an how to safely perform each of the eight stretches are detailed on pages 16 and 17
(towards the back of this booklet).

All home exercises and stretches have been adapted so that you can complete each stretch
with ease, either using a chair or sitting on the floor and they do not require any specialist
equipment.

A member of the research team will be in contact with you once-per-week to ask how you

are finding the light stretches programme and whether you are able to perform each
stretch.

Reporting Physical Activity

Throughout this exercise diary, there are pages available for you to report what outdoor
physical and recreational activities with family/ companions or by yourself each week, such
as outdoor-walking, swimming, or cycling.

Safety

As the home exercises and stretches will be completed at home, it is yourself who will
need to assess the use of space to perform the stretches correctly and stretches prescribed
are routine stretches that have been utilised in a number of previous studies. Furthermore,
you must be aware to stay within your capabilities and comfortable when safely
performing the stretches prescribed.

Stroke in Young Adufts: Dutsoor Achabilitation
Contral Light Stretches V1.2 13/40/2020

IRAS Project ID: 271655
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Report of Physical Activity— Week 1

In the table below, please write down any physical activities you have taken part in and
how long you participated in these activities during your first week of the outdoor-walking
programme.

weekday Activity Duration

Monday

Tuesday

Wednesday

Thursday

Friday

Saturday

sunday

Stroke in Young Aduits: Outdoor Rehekilitation
Conkrol Light Stretches V1.2 15/10/2020

II'I.ASPrUj&CIID:Z?I.GBE




Week 1 Report of Physical Activity— Week 2

Session 1: Upper ’bOdy exercises In the table below, please write down any physical activities you have taken part in and

Progression level for exercises: 1 2 3 4 how long you participated in these activities during your second week of the outdoor-

Iki :
Please complete the stretches before completing any exercise Walking programme

Please see pages 16-22 for stretches ond exercise guidelines

weekday Activity Duration
Exercise Sets Repetitions Completed?
Push-up Monday
Side arm raise
Tricep kickback
Tuesday
Bicep curl
. . Wednesday
Session 2: Lower body exercises
Progression level for exercises: 1 2 3 4
Please complete the stretches before completing any exercise Thursday
Please see pages 16-22 for stretches and exercise guidelines
Exercise Sets Repetitions Completed? Friday
Sit to stand
Calf raise
Saturday
Front single leg stand
Side single leg stand
Sunday

Stroke in Young Agutts: Qutdoor Rehabiliation
Contral Light Siretches V1.2 15/10/2020 Stroke in Young Adufts: Dutdoor Rehabilitation
) Control Light Strebches V1.2 13710/2000
IRAS Project I 271E55
: IRAS Project ID: 271659
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Week 2 Report of Physical Activity— Week 3

Session 3: Balance exercises In the table below, please write down any physical activities you have taken part in and

Progression level for exercises: 1 2 3 4 how long you participated in these activities during your third week of the outdoor-walking

Please complete the stretches before completing any exercise programme.

Plegse see pages 16-22 for stretches and exercise guidefines

weekday Activity Duration
Exercise Sets Repetitions Completed?

Heel to toe Monday
simple side walk
single leg stand Tuesday

wednesday
Session 4: Upper boady exercises
Progression level for exercises: 1 2 3 4

Please complete the stretches before completing any exercise Thursday
Plegse see pages 16-22 for stretches and exercise guidefines
Exercise Sets Repetitions Completed? Friday

Push-up
Side arm raise saturday
Tricep kickback
Bicep curl

sunday
Stroke in Young Adults: Dutdoor Rehabilitstion Stroke in ¥oung Adults: Dutdoor Rehabiliation
Control Light Stretches V1.2 15/10/2020 Contral Light Stretches V1.2 15/10/2020
IRAS Project I0: 71659 IRAS Project I: 271655
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Week 3 Report of Physical Activity— Week 4

Session 5: Lower bOdy exercises In the table below, please write down any physical activities you have taken part in and

Progression level for exercises: 1 2 3 4 how long you participated in these activities during your fourth week of the outdoor-

Please complete the stretches before completing any exercise walking programme.

Plegse see pages 16-22 for stretches ond exercise guidelines

- . wWeekda Activit Duraiti
Exercise Sets Repetitions Completed? sekday vy uratien

Sit to stand
Monday

Calf raise

Front single leg stand
Tuesd

side single leg stand uesaay

Session 6: Balance exercises wednesday

Progression level for exercises: 1 2 3 4

Please complete the stretches before completing any exercise
Please see pages 16-22 for stretches and exercise guidelines Thursdzy
i it ?
Exercise Sets Repetitions Completed? Friday

Heel to toe

simple side walk Saturday

Single leg stand
sunday

SRrOke i Young AGRS: Outdoor Refedilitation Stroke in ¥oung Aduts: utdoor Rehabilitation

Contrel Light Stretches 1.2 15/40 020 Conkrol Light Stnebches Vi 2 13/40/2020

1RAS Praject I0: 271655 1RAS Praject ID: 271485
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Week 4

Sessian 7: Upper bady exercises
Progression level for exercises: 1 2 3 4

Please complete the stretches before completing any exercise

Plegse see pages 16-22 for stretches ond exercise guidelines

Exercise Sets Repetitions Completed?

Push-up

Side arm raise

Tricep kickback

Bicep curl

Session 8: Lower body exercises
Progression level for exercises: 1 2 3 4

Please complete the stretches before completing any exercise

Plegse see poges 16-22 for stretches and exercise guidelines

Exercise Sets Repetitions Completed?

Sit to stand

Calf raise

Front single leg stand

Side single leg stand

Stroke in ¥aoung Adults: Outdoor Retabilitation
Conkrol Light Stretches V1.2 15/10/2000

1RAS Praject ID; 271655
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Report of Physical Activity— Week 5

In the table below, please write down any physical activities you have taken part in and

how long you participated in these activities during your fifth week of the cutdoor-walking

programme.

weekday Activity Duration

Monday

Tuesday

Wednesday

Thursday

Friday

Saturday

sunday

Stroke in Woung Adufis: Dutdoor Ranmbilitation
Conkral Light Stretches V1.2 15/10/2020

IRAS Floj:cl ID: 271855




Week 5 Report of Physical Activity— Week 6

Session 9: Balance exercises ) i _ )
In the table below, please write down any physical activities you have taken partin and

Progression level for exercises: 1 2 3 4 how long you participated in these activities during your sixth week of the outdoor-walking

Please complete the stretches before completing any exercise programme.

Please see pages 16-22 for stretches and exercise guidelines

Exercise Sets Repetitions Completed? weekday Activity Duration
Heel to toe
Monday
simple side walk
Single leg stand
Tuesday
. . . Wednesday
Session 10: Upper bady exercises
Progression level for exercises: 1 2 3 4
Please complete the stretches before completing any exercise Thursday
Plegse see pages 16-22 for stretches and exercise guidelines
Exercise Sets Repetitions Completed? )
Friday
Fush-up
Side arm raise
Saturday
Tricep kickback
Bicep curl
Sunday

Stroke in Young Aduits: Qutdoor Retebilitation

N Stroke in Young Adults: Qutdoor Renabilitation
Conkral Light Strebches V1.2 157102000 k]

Contral Light Stretches V1.2 15/10/2020

IRAS Project ID: 271655 IRAS ijectll:‘.‘: 171655
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Week 6 Report of Physical Activity— Week 7

Session 11: Lower body exercises ) i o )
v In the table below, please write down any physical activities you have taken part in and

Progression level for exercises: 1 2 3 4 how long you participated in these activities during your seventh week of the outdoor-

Please complete the stretches before completing any exercise walking programme.

Plegse see poges 16-22 for stretches ond exercise guidelines

Exercise Sets Repetitions Completed? weekday Activity Duration
it to stand monday
Calf raise
Front single leg stand

Tuesday
Side single leg stand
Session 12: Balance exercises Wednesday
Progression level for exercises: 1 2 3 4
Please complete the stretches before completing any exercise Thursd
ursday
Please see poges 16-22 for stretches ond exercise guidelines

Exercise Sets Repetitions Completed? .

Friday
Heel to toe
simple side walk saturday
single leg stand

sunday

Strokein Woung Aduts: Outdoor Rehabilitabion

— - —
Control Light Stretches V1.2 15/40/2020 Strokein Young Adurs: Dutdoor Rehabilitation

Conkrol Light Strebches V1.2 13/10/2020

IRAS Floj:ctID: 171555 N
|RAS Project I 271555
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Week 7 Report of Physical Activity— Week 8

Session 13: Upper body exercises ) . o _
In the table below, please write down any physical activities you have taken partin and

Progression level for exercises: 1 2 3 4 how long you participated in these activities during your eighth week of the outdoor-

Please complete the stretches before completing any exercise walking programme.

Plegse see pages 16-22 for stretches and exercise guidelines

Exercise Sets Repetitions Completed? Weekday Activity Duration
Push-
usn-Le Monday
Side arm raise
Tricep kickback
Tuesday
Bicep curl
Session 14: Lower body exercises Wwednesday
Progression level for exercises: 1 2 3 4
Please complete the stretches before completing any exercise
Thursday
Plegse see pages 16-22 for stretches and exercise guidefines
Exercise Sets Repetitions Completed?
Friday
it to stand
calf raise
Saturday
Front single leg stand
Side single leg stand
sunday
Stroke in Voung Adufts: Dutdanr Rehebilitstion Stroke in ¥oung Adutts: Qutdoor Rehesiliation
Conkrol Light Strebches 1.2 13/10,/2020 Control Light Stretches v1.2 19/10/2020
IRAS Project I0: 271555 1RAS Praject I0: 271855
17 18
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Week 8 Report of Physical Activity— Week 9

Session 15: Balance exercises In the table below, please write down any physical activities you have taken part in and

Progression level for exercises: 1 2 3 4 how long you participated in these activities during your nineth week of the outdoor-

Iki :
Please complete the stretches before completing any exercise Walking programme

Plegse see poges 16-22 for stretches and exercise guidelines

Exercise Sets Repetitions Completed? Weekday fuctvity Duration
Heel to toe Maonday
Simple side walk
Single leg stand Tuesday
Session 16: Upper body exercises Wednesday
Progression level for exercises: 1 2 3 4

Please complete the stretches before completing any exercise
Plegse see poges 16-22 for stretches and exercise guidelings Thursday
Exercise Sets Repetitions Completed? .
Friday
Push-up
Side arm raise Saturday
Tricep kickback
Bicep curl sunday
Stroke in Young Adurs: l}umml' Rahabilitrtion Stroke in Young Aduits: Outdoor Rehabiltation
Ciontrol Lght Stretches V1.2 13f10/2020 {Control Light Stnetches W12 1sfa0/2020
IRAS Pleth ID: 271555 IRAS FID}&CIID: 271655
15 20

282



Week 9 Report of Physical Activity— Week 10

Session 17: Lower body exercises ) i o )
Y In the table below, please write down any physical activities you have taken part in and

Progression level for exercises: 1 2 3 4 how long you participated in these activities during your tenth week of the outdoor-

Please complete the stretches before completing any exercise walking programme.

Plegse see pages 16-22 for stretches ond exercise guidelines

weekday Activity Duration
Exercise Sets Repetitions Completed?
St to stand Monday
Calf raise
Front single leg stand Tuesday
Sice cngle leg stard
Session 18: Balance exercises Wednesday
Progression level for exercises: 1 2 3 4
Please complete the stretches before completing any exercise
Thursday
Please see pages 16-22 for stretches ond exercise guidelines
Exercise Sets Repetitions Completed? Friday
Heel to toe
Saturday
simple side walk
single leg stand
Sunday

Stroke in ¥oung Adults: Qutdoor Rehekiliation

X . Strokz in Young, Adufts: Dutdoor Reheilitation
Control Light Stnetches V12 19/10/2020

Conkrad Light Stretches V1.2 49/10/2020

|RAZ ProjectID: 271855 IRAS FleeCtIB‘: 171655
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Session 19: Upper body exercises

Progression level for exercises: 1 2 3 4 Exercise How to perform stretch correctly

innerarm and  |Standing or sitting tall. Extend your arm in
wrist stretch front with pailm down. Bend wrist, pointing
Plegse see pages 28-34 for worm-up/ cool-down and exercise guidelines hand toward the floor. With your other hand,
gently bend your wrist until you feel a mild to
moderate stretch in your forearm.

Please complete the stretches before completing any exercise

Exercise Sets Repetitions Completed?
Push-up der cross- ding or sitting tall. Hold one arm above
body stretch your elbow with your opposite hand, and pull
Side arm raise it across your body toward your chest until
you feel a stretch in your shoulder. Make sure
Tricep kickback to keep your elbow below shoulder height.
Bicep curl
- - Chest stretch Sitting tall. Place hands behind yourself,
Session 20: Lower body exercises holding on to the chair. Gently squeeze
houlders her and hold as tol d

Progression level for exercises: 1 2 3 4 Stretch felt in chest.

Please complete the stretches before completing any exercise

Piease see pages 28-34 for warm-up/ cool-down and exercise guidefines

Seated torso sitting tall, with both feet flat on ground,

Exercise Sets Repetitions Completed? twist stretch begin to rotate upper body left or right,
holding the stretch for a comfortable period.

Sit to stand

Calf raise

Front single leg stand

side single leg stand

‘Stroke in Youns Aduts: Dubdoor Rehabilitation Stroke in Young Aduits: Outdoor Rehatilitation

‘Control Light Stretches V12 19/40/2020 Cortrol Light Stretches V1.2 13/10/2020

1RAS Project ID: 274658 IRAS Project ID: 271658
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Exercise

How to perform stretch correctly

Ankle rotation

sitting tall or standing with heel on floor,
rotate foot clockwise and anti-clockwise,
feeling a stretch in the ankle and calf
muscle.

Seated sitting tall on floor or edge of chair. Sit with
hamstring one leg extended with other leg at
stretch 90degree bend at knee [so that the footis
fiat on the floor) and reach toward your
ankle of the straight leg without feeling
uncomfortable. Repeat on other leg
Seated sitting tall on chair, sit facing the side and
quadriceps you are able to hold the back of the chair
stretch for support. If possible, holding your foot in
your hand, slowly bring the foot furthest
away from the back of the chair upwards
towards your bottom and hold stretch
Seated long  |Sit with both legs straight in front of you,
adductor with your back straight. Slowly work your
stretch legs apart without feeling uncomfortable.

Hold this position as you slowly bend
forward at your hips until you feel more

e, keeping back straight.

Stroke in Young AGus: Outdoor Rehatilitation
Control Light Stretches V1.2 15/20/2020
IRAS Project I0: 271659
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Push-up progressions

1. sitting position, both
hands flat on wall/
counter- bring chest to
hands, push to extend
and straighten arms

2. standing, both hands

3. xneeling incline

on wall, bring chest to position, using edge of
hands, push to extend sofa to push away from
and igh arms {cushioning for knees)

4. kneeling prone press-
up

Side arm raise progressions

1. sitting position, single
straight arm raise to side

2. sitting position, both
arms raise at same time

3. sitting position, single

4. stands

straight arm raise to side
using resistance bands

single or both arms raise
to the side

Stroke in Young Adusts: Outdoor Rehabilitation
Control Light Stretches V1.2 13/10/2020

IRAS PI‘OFR 10: 271655
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Tricep kickback progressions

1. sitting position, single | 2. sitting position, both | 3. sitting position, single (4. ding p

arm at 90degree bend, [arms at 90degree bend, |arm at 90degree bend, |single or both arms with
push back and extend push back and extend pull with resistance use of resistance bands
arm both arms bands

Bicep curl progressions

1. sitting position, single | 2. sitting position, both | 3. sitting position, single (4. ding p

arm at 90degree bend, |arms at 90degree bend, [arm at 90degree bend, |single or both arms with
curl forearm towards curl both forearms pull with resistance use of resistance bands
shoulder (weight of arm |towards shoulder bands

only)

Stroke in Young Aduits: Outdoor Rehabilitation
mL“MmV&Z 18/10/2020
IRAS Project ID: 271559
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Sit to stand progressions

1. chair to standing- use
both arms to push up
from chair

2. chair to standing- use | 3. chair to standing- no

one arm to push up from |use of upper body
chair

4, Bodyweight squat-
use counter or back of
chair to hold for support

Calf-raise progressions

1. sitting position- bring |2. ding position- use | 3. ding position
both heels off floor counter for balance with no support- bring
both heels off the floor

4. standing position- use
stairs for greater range
of movement, have heels
hang over edge

Stroke in Young Aduts: Outdoor Rehebilization
Control Light Stretches V1.2 18/10/2020
IRAS Project I0: 271655




Front single leg raise progressions

1. sitting position- bring
one foot off the floor and
straighten leg

2. sitting p use of [3. g p use | 4. standing, hands on
resistance bands for counter for balance, flex | hips, flex knee
single leg raise at

Side single leg raise progressions

2 di ition, use

2. standi ition, use

3. ing, hands on

counter or wall for
balance and support

counter or wall for
balance, use resistance
bands

hips, bring leg to side

4. use of resistance
bands for protocol

minvugm:wna-ﬁlhﬁm
Controi Light Stretches V1.2 18/10/2020
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Heel to toe walk progressions

1. standing stationary,
with both hands on wall
for support, cross foot
over to the other, repeat
with other foot

2. standing position, use
countar or wall for
support, walk heel to toe

3. assistive device,
standing position, walk
heel to toe

4, standing position,
walk heel to toe

Simple side walk progressions

1. standing stationary,
with both hands on wall
for suppert, cross foot
over to the other, repeat
with other foot

2. standing pasition,
both hands on wall or
counter, side step

3. assistive device,
standing position, side
step

4, standing position,
side step

Single leg stand progressions

1. standing stationary,
with both hands on wall
or counter for support,
raise one leg (bend at
knes)

2. standing stationary,
with one hand on wall
for support, raise one leg
(bend at knee)

3. standing stationary,
hands on hips, raise one
leg (bend at knee)

4, standing stationary,
use stairs, have heels
hang aver edge, raise
one leg [bend at knee)

eroke in Yourg Acus: Outdoor Rerabiktation
Control Light Stretches V1 2 16,/10/2020
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Three-month Follow-up Responses
Appendix 11: Participant Testimonies

Participant 4

Being able to have participated on the walking research project was an enjoyable,
rewarding, valued and greatly appreciated opportunity having suffered my stroke in
January 2020 with resultant left side weakness to my upper and lower limbs my recovery
period coincided with the coronavirus pandemic. This therefore did not enable me to
receive the routine expected & planned course of post stroke physiotherapy rehab. Being
able to participate on the research project therefore provided me with an alternative course
of rehab both with the experience and guidance of outdoor walking and the program of
home based exercises. Pre study | had been able to re mobilise to some limited extent using
a quad stick and with the benefit of an AFO purchased and supplied by the London orthotic
company. My walking ability was however hampered by problems of anxiety, balance
problems and loss of walking confidence. By following the research study program and
walking with other stroke survivors of varying walking ability, | was able to restore my
confidence in walking dispense to some extent with using a walking stick and increase my
walking distance By following the walking program | am now able to confidently leave the
house alone and go walking on various terrain types without any fear of falling over . The
program of selected walks of varying degrees of difficulty and terrains enabled me to re
establish and re gain my confidence of balance and stamina which has increased my overall
walking distance. The camaraderie that developed between stroke survivors (the
participant’s) the Gilwern walking guides/ instructors & research co-ordinator during the
programme & walks also benefited-in providing self determination & goals to complete
each individual walk and complete the research program. The Gilwern instructors also
provided and added points of great interest during walks and of beneficial relevance to out
door walking in terms of walking safety & safely . During walks the instructors also pointed
out Features of local historical & geographical interest so much so that | wish to return to
the Brecon Beacons national park to further explore & enjoy the natural beauty of the area

has to offer.
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The program of home based exercises also provided me with a course of extra physio rehab
which had been lacking in provision from the health service due to the pandemic . Although
| found these difficult initially with perseverance | was able to follow some of the exercises
and found the upper limb exercises particularly useful and by following the program by the
end of the period | was able to slightly flex my effected left arm where pre program | had no

observable movement at all.

The selected base for the study at Gilwern out door education centre was in my opinion an
appropriate and ideal location. Being so close to the Brecon Beacons national park and Wye
valley it provided an abundance of varied walks and terrains/ gradients to re familiarise-
stroke survivors with varying conditions for walking and re testing balance abilities and
quickly re establishing walking confidence. The Gilwern out door education centre also
provided level step free easy access which was suitable for people with walking
difficulties.and all facilities were clean and in efficient working order. Which helped to make
accommodation away from home pleasing& comfortable.The Gilwern team were highly
motivated to assist and support participants at all times and when any difficulties or
individual requests for help were noted or when it was considered that improvements could
be made these were quickly and efficiently dealt with without any further need to follow up
or question.All staff members on the Gilwern team from catering team / walking instructors

were also very welcoming & supportive which made each visit & stay very enjoyable.

Overall being able to participate on the outdoor research project provided me with a very
unique opportunity to receive monitored & assessed rehabilitation outside the usual health
care setting of a hospital or clinic and has significantly assisted in improving & sustaining my
overall wellbeing including my mental well-being which had faltered in my post stroke
rehabilitation period & prior to being a participant on the project

The group based structure of the study and being able to converse freely & openly with
other stroke survivors both on walks and whilst during social time at the centre also
provided a valuable networking opportunity with other stroke survivors this enabled me to
gain greater understanding of the varied impacts of strokes and how participants developed
their own techniques and acquired support aids to assist with their own rehab and had

adapted their lives post stroke .
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This ability to network with other stroke survivors | considered to be a considerable positive

and extremely valuable gain from being able to participate.

| would welcome and be an interested and willing participant on any further outdoor based
research for stroke survivors to possibly further establish how initial participants have
progressed post study or to possibly establish whether any other outdoor activity could

possibly assist with the rehabilitation of upper limb /lower limb use post stroke.

Participant 1
Twelve like minded people took part in this fantastic research, who were brought together

with only one thing in common, and that is STROKE.

We all have the same fears, concerns and worries, but it is lovely to think others, who do
not know us, are willing to put in time and effort to help with our recovery, and to give us all
a much needed boost. It is humbling to think that we are not forgotten or abandoned, and

that our lives still matter.

This type of study, outdoors in beautiful country side, promotes awareness, of not just
ourselves, but others and nature. It wakes up part of the brain, to say, " hey, all is not lost,

this is a major setback in your life, but LOOK around you, you are definitely not alone "

With this in mind, your attitude changes from, "what’s the point", to " sod it, IAM going to
fight this "

For me, it got me to do something | had talked about before the STROKE, but never got
round to it. It was just the push | needed, and others can benefit from this, only if more

studies are put forward.

We now have a," group chat " where we can have a laugh and a moan, but most
importantly, we support each other. This must help take the strain off the health system,
because we can ask a question, without bothering our GP, from others going through the

same. This is just one of the many bonuses, that can come from this type of study.
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This was a well run, well thought out, and a MUCH needed study.

Participant 3

| really enjoyed the daily activities and the interaction with people in a similar position to
myself. It’s really good to talk about our individual challenges and also receive and offer up
advice so that we can all benefit from our individual experiences. The days were challenging
but | enjoyed rising to the challenges and really did feel good when we reflected back each
day on what we had achieved. It was also good to be helping other people as | am more
able bodied than some of the group. My walking speed has most defiantly improved and |
have also found that my stamina is also better making me able to walk further and longer. |
have also enjoyed making many new friends and we are still all part of the what’s app group

and chat frequently.

| have gained confidence as | feel more able to be out and about on my own due to the
improved fitness level. | also feel more confident to explain my disabilities when out and

about when | require help/assistance.

| really enjoyed the group based side of programme and hopefully covered this off in my

first answer.

Definitely would like to see more future opportunities, | really enjoyed the programme and

have benefited from it in many ways.

Participant 5
Can | first thank you and everyone involved in Gilwern OEC and the Brecon Beacons
National Park project for the positive experience | got in my efforts to recover from the

effects of the Stroke | suffered March 2021.
It helped me in so many ways.

Because the group was at different stages of their rehabilitation, | was able to see where |
had been and what was possible with time and effort. By talking and getting to know the

group | received encouragement and that helped to motivate me. | felt as part of a team
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and this has continued after the project as we are all in contact via What’s App and still
helping each other. The physical aspect was demanding but was made easier by the support
of each other and our fantastic support team. We had fun and | welcomed that with open

arms.

| hope that this project can continue so that it can help Stroke survivor’s like us. If there is
any opportunity in future for me to attend any more projects like this, please put me at the

top of the list.

Participant 11

When | was asked to go on the walking assessment, by my physiotherapist, | was a bit
apprehensive, as | was only 8 months after having my stroke. The stroke left me with no
sensation in my right leg and arm and | was unable to walk any distance at all, so thought it

would be beneficial to go on the course.

| really enjoyed the experience of getting to know other people with the same condition as

myself, getting help and tips to build up my confidence, and making friends forever.

The course gave me tremendous amount of confidence, as for the 8 months previous | was
at home with my wife for 24/7 and this course gave me the opportunity to be able to be

independent for those 3 days, which really built up my confidence.

The walking part of the course was very challenging, but | done it with the help of the guides

and the group of people | was with.
| would like to mention Rebecca for her hard work and assistance, also the guides and the

staff at Gilwern outdoor centre, who were amazing and very helpful which made the course

easier for myself.
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Participant 9
This is my thoughts and opinion on THE OUTDOOR REHABILITATION RESEARCH PROJECT,

held at the Gilwern Outdoor Centre

Having been on a variety of Stroke Rehabilitation Projects, including the National Exercise
Referral Scheme NERS, and Well-being Outdoors, which were all very good in their own

way.

The Outdoor Rehabilitation Research Project held at the Gilwern Outdoor Centre was on a
different level for the following reasons:- | have broken down the benefit under the three

headings associated with fatigue

PHYSICAL: The walking was both rewarding and challenging in such a way that all levels and
abilities of physical capability after having strokes was catered for conducted on an

individual personal basis.

Even though | hold a Joint Services Expedition Leaders certificate there was no pressure
placed on myself to achieve the things | was capable of participating prior to my strokes,

which allowed me to set realistic goals.

It was good the way in which the rehabilitation programme allowed me to push my own

physical abilities without any pressure and assist others with moral suport when needed.

The walks, weather and underfoot terrain were often challenging yet the sense of

achievement was immense.

MENTAL: Being with other stroke survivors who dont necessarily have any physical
disabilities associated with stroke, yet understood the mental impact as the stroke has on
our well-being was invalueable knowing they also suffer with the mental aspects of stroke,

its not just you its common .

EMOTIONAL: The emotional support given by the staff and other participants was second to

none.

Even small things have the most adverse affect on a stroke surviors emotional feelings

which was something most of the participants had experienced.
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| think the Physical, Mental well-being and Emotional support given throughout this project
should be available to all stroke survivors who have the ability to walk after their stroke,
even if it only very limited, because this project allowed all particianpts to improve thier

quality of like after stroke.

My recommendation would be that all Stroke associations and health boards give maximum

support to this and other such project in the future.

Participant 7

Hi Rebecca, | would like to give you some feedback on the rehabilitation programme and
study run in Gilwern recently, firstly like everyone | did not know what to expect, but during
the initial measurement process everything was explained fully as to how the programme

would run and what to expect etc.

My lasting impression from the course is the camaraderie that quickly evolved amongst
everyone involved , and although we had never met before a willingness to share
experiences of our strokes, how we deal with things and what support we get came through
clearly and everyone was ready to help wherever they could with any advice , physical help
and encouragement when needed. | personally felt that my confidence both mentally and
physically was not an issue on joining the group, but | could clearly see in many other
members of the group a growing confidence amongst everyone and a clear improvement in
ability by the end of the programme, to me this was a massive plus to see this and
personally thinking how lucky | had been when suffering my stroke in comparison to others
in the group physically, the effect the whole programme had on me was the good feeling
when seeing these improvements amongst the group, and the efforts they were putting in

to make improvements to their lives.

All of the staff at the Gilwern centre were really good and very understanding and of course
yourself and your study group had plenty of patience and were always on hand when
needed. | feel that many more people would benefit greatly from attending courses like this
in the future and can only praise everything from start to finish, and when | say finish of

course it doesn’t end there as we set up a what’s app group to continue to share our
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experiences and continue to support each other and maybe arrange to meet up for walks or

a cuppa!

I would like to thank you all for everything you have done and are currently doing to help

people who have suffered strokes at a relatively young age, only good can come from this!

Being out in the fresh air and walking at whatever pace suits you ,either by yourself or even
better in company is a great tonic for everyone and any encouragement to people to enable

them to do this this should be fully supported in any way it can.
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Appendix 12: Testimonies from Family members:

Family member of Participant 4

| attended the research study to support my Husband who was a participant. During my
attendance | was able to speak to and observe other stroke survivors. This gave me a
greater understanding of the complexities of strokes and the way others have had to adapt
their lives to live with the effects. | was able to observe a great camaraderie which
developed amongst the group and each were enthused by each other’s determination to
complete the walks which were very well organised by competent and knowledgeable

instructors which included the coordinator.

Following the study my husband has made a noticeable improvement of his walking and

also his approach to dealing with the effects of his stroke.

It was a big commitment to attend , but would do it again and encourage anyone who may

be given an opportunity to attend any similar study.

Family member of Participant 6

My husband, was invited to join the research study after having had two strokes at the age

of... due to a genetic condition.

He was always a very active person, always on the go, whether it be in his full time job as a
mechanic, renovating our house or spending time with our children & dogs, he was happiest

when busy & being able to do practical things.

Obviously after his first stroke things changed drastically & he was no longer able to do any
of the things that he could do previously, after lots of hard work & dedication, being able to
mostly regain the use of his right side, fatigue was still a massive issue, he then suffered a

2nd, smaller stroke, which although didn’t cause as many physical problems, his fatigue was

overwhelming, so he was extremely limited to what he could do.

When he was invited to join the study he was extremely apprehensive, not only about his

abilities, but about meeting other stroke survivors too.
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Right from the first visit to Gilwern | saw a change in him, he was surprised by what he could
achieve, even down to it being the first time he’d been away from me since his strokes, as
the visits continued | could tell how much he was enjoying the independence & sense of

achievement he felt with every activity, no matter how small.

He met other people who knew how things were for him, especially as due to covid he
hadn’t had any access to the support that stroke survivors usually are. They understood the
fatigue, the cognitive issues, the difficulties with day to day things, that seem so small to the

rest of us, but are massive after you’ve had a stroke!

For me seeing their confidence grow after each visit was wonderful, not only did he know
that he wasn’t alone, he also began to know & test his own abilities, but not in a gym or at
home on a treadmill, in the countryside, visiting different places, walking different terrains,

with the company of people who knew what it was like!

He really enjoyed spending time with the other participants of the study, but he also really
enjoyed exploring areas that even as fairly ‘outdoorsy’ people we probably wouldn’t have

visited as we’d have decided they were ‘too much’ for him.

He is now back at work & although fatigue is still an issue, he & | recognise the importance

of getting outdoors, even if just for a short stroll with the dogs and children.

Having a stroke changes not only the survivors life, but the people around them, it’s not the
obvious physical issues that are necessarily the most challenging, it’s much ‘bigger’ than
that, the research study benefitted our lives as a family & | don’t say that lightly, it was
about so much more than exercise, it was about realising your abilities, companionship &
understanding, those things are priceless. It gave us a little bit of ‘Jon’ back, although his
genetic condition will continue to change our lives, knowing that the experiences he had
whilst at Gilwern gave him the confidence to do things he didn’t think he could, means he’ll

continue to have the confidence to try things he doesn’t think he can do!
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Publications
Appendix 13: Published Abstract 1

Clarke R, Reeves N, Tzoulas K, Cavan G, Griffiths A, Walker L, Rees N, Jackson K, Jarvis H. (2022)
Stroke in Young Adults: The feasibility of an outdoor rehabilitation programme investigating
walking performance and quality of life [Abstract]. In: European Stroke Organisation
Conference.; 4-6 May 2022; Lyon. Accepted

Background

Exercising in natural outdoor natural environments have been associated with better physical
and mental health. No rehabilitation programmes exist for young adults who have had a
stroke using “outdoor natural environments” to improve health and wellbeing. The aim of
this study was to determine the feasibility of conducting a case controlled study testing the
effectiveness of an outdoor rehabilitation programme for young adults who have had a
stroke.

Methodology

Participants who have had a stroke (n=4) were recruited to participate in a 3-week outdoor-
based rehabilitation programme, involving walking, archery and canoeing. Participant and
outdoor instructor feedback (enjoyment, delivery and improvements) was captured pre,
weekly and post rehabilitation programme using guidelines. Feedback was investigated using
thematic analysis by inductive coding. Quality of life was assessed using EuroQol.

Results

Participant feedback (Figurel) suggested that the outdoor rehabilitation programme was
enjoyable and motivational due to participating in a stroke specific group with similar
impairments. Feedback of the home-based exercises suggested that they disliked completing
the planned exercises at home, as it was not group based. Quality of life improved from 70 to
87.5 (EQ-VAS). Instructor feedback suggested archery and canoeing were not feasible to
deliver routinely for a larger cohort.

Conclusion

The activities as part of this feasibility study seemed to be well-tolerated and were feasible to
deliver with participants who had mild-moderate motor impairments caused by stroke. The
group-based design of the intervention was well received.
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Figure 1. Key themes identified from participant feedback of feasibility study
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Appendix 14: Published Abstract 2

Clarke R, Reeves N, Tzoulas K, Cavan G, Griffiths A, Walker L, Rees N, Jackson K, Jarvis H. (2022)
Stroke in Young Adults: The influence of an outdoor-walking rehabilitation programme on
walking speed, energy cost and quality of life [Abstract]. In: European Stroke Organisation
Conference.; 4-6 May 2022; Lyon. Accepted

Background

Twenty-six percent of adults who have had a stroke in the United Kingdom are under 65years
of age (defined as young adults). Most are unable to return to employment or participate in
social/leisure activities due to difficulties walking. No rehabilitation programmes exist using
“outdoor natural environments” for young stroke survivors. Previous research reported
exercising outdoors improves physical function for other health conditions. The aim of this
study is to investigate if an outdoor-walking rehabilitation programme can improve walking
speed and energy cost of young adults who have had a stroke.

Methodology

Participants who had experienced a stroke (18-65years: n=12) were recruited from three
health boards in Wales, UK to participate in a ten-week outdoor-walking and home exercise
rehabilitation programme. Walking speed and energy cost (using the physiological cost index)
was measured during three minutes of walking in indoor and outdoor environments at
baseline and post-rehabilitation. Quality of life was assessed using SAQOL.

Results

Stroke participants walked quicker indoors (pre: 0.82m/s, post: 0.91m/s post-intervention
(p=0.01)), outdoors (pre: 0.79m/s, post: 0.89m/s (p=0.005)) and more efficiently (indoor, pre:
0.75 beats/m, post: 0.57 beats/m (p=0.56), outdoor, pre: 0.83 beats/m, post: 0.60 beats/m
(p=0.168). Overall quality of life improved from 2.76 to 3.21 (p=0.024).

Conclusion

This study highlights the positive role of exercising in outdoor natural environments to
promote recovery, improve walking ability and quality of life, following stroke in young adults
and the need for natural outdoor environments to be used as settings for an alternative form
of rehabilitation.
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