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Abstract

Stroke is a debilitating neurological condition, affecting twesity percent of adults under

the age of 65 yeardvost 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 car@. plethora of pevious research has reported that
exercising outdoors can improve psychological health, confidence and physical function for
healthy populations and paucity of researtt regardingother health conditionssuch as
dementia This gives premise foratural outdoor environments to be used as settings for an

alternative form of stroke rehabilitation.

The aim of this research projeisttodesign, 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 projech three-week feasibility studywvas conductedassessg
whether an outdoo+basedrehabilitationprogrammethat included activities such as walking,
canoeing and archemhosen by the stroke participants as part of a focus grogs feasible

as a form of rehabilitation for young adults who have had a st{ok®) Walking speed and
was measured during three minutes of walking in indoor at baseline. Quality of life was

assessed usirnpe EuroQoL EGD-5L Quality of Life saalpre and posintervention.

A larger scale caseontrolled study examinal the effects of a tenweek outdoorwalking
rehabilitation programme and home exercise programme on walking performance and
quality of life in young adults who have had a stroke (n=12). Walking speethatatbolic
energy cost was measured during three minutes of walking in indoor and outdoor
environments at baseline and pesghabilitation. Quality of life was assessed usitrpke

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-pstvention (=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. Selfreported quality of life improved from 2.76 to 3.21
(p=0.024).

The outdoorwalking rehabilitation programme was feasible and highly beneficial to walking
performance, confidence and healtklated quality of life. Therefore, outdoavalking is an
innovative approach to improving walking performance and managing thesipdl 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 kirssnie that can affect the

way it functiongKramer et al., 2016)T'he most commonly affected system after experiencing

I adNRB1S Aa WY2(302N) O2yGNRE QY K2¢g GKS ySNBSa

Y20SYSyiGazr AyOftdZRAy3 NBfIFGA@GSte wo2YLX SEQ (I

Although stroke primarily affects the older population, 26% of adults in the United Kingdom

I NB dzy RSNJ §KS 3S 2F cpeéSodaNEf ORSFANBR IKSNBT &
Epidemiological studie@-eigin et al., 201&onsistently report an increasing incidence and
proportion of young adults who have had a stroke within the total stroke populgtdker

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 oasditi

(e.g. CADASIEKKer et al., 2018; Jarvis et al., 20I9)ese risk factors combined account for

nearly 80% of all strokes in young adults.

Stroke affects all aspects 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. dogwalking) and activities of daily living (e.g. going to the sh@ff@)stein et al., 2016)
These can lead to lack of independence, social isolation, decreased life satisfaction (defined
here as quality of lifefKing, 1996and increased risk of depression and anxi{&sgniel et al.,

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

1



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 regéarcis

et al., 2019Yyeported 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 tenagehed
healthy ablebodied controls (1.4m/s and 0.16ml/kg/m) respectively. The reduction in
walkingspeed and efficiency may be due to motor impairments resulting from stroke, such

as spasticity and hemiparegRlatts et al., 2006)

Spasticity and hemiparesis caused by stroke can have significant negative @ffgciess
efficient) on metabolic cost and biomechanical function due to inactivity, limiting voluntary
movements and decreased muscle strend@ray et al., 2012)After stroke, time spent
inactive is greater than 50¢Bernhardt et al., 2004PDamage caused by the stroke, decreased
mobility would cause a decline in muscle mass in the paretic limbs, but alspanetic limbs

to a lesser extent. However, this data has only been captured in the older stroke population,
who may have muscle andifb degeneration due to the effects of older age regardless of
stroke. Consequently, it is not known how affected muscle function is-gtoske without

taking in to consideration older age.

Rehabilitation posstroke 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 requiresnemd

capabilities compared to the older stroke population, which nearly all stroke literature is

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



have shown to positively influence multiple physical and psychosocial domainstpast.
Furthermore, there is strong evidence that supports a mixed mett{Bdbnger et al., 2014;
Winstein et al., 20168pproach to exercise and rehabilitation, involving aerobic (e.g. walking)
and strength (e.g. muscle strength) exercises fbgike improves cardiovascular fitness

(Pang et al., 2013nd walking performanc@/eerbeek et al., 2014)

All poststroke 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, thexefgpporting the need

for further research.Over the past two decadesesearchhas investigaed exercising in
natural outdoor environments and green spacef®und to beassociatedvith better physical

and mental health(Maas et al., 2008; Triguefdas et al., 2015)wellbeing, longevity and

decreased anxiety and depression for other health condit{@¥bear 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 lesadbied

individual. Thelong-standing conceptcalled theW{ 2 OA I f a2 RSt QWFF O824 §4& 0/
on the environmental and social barriers which exclude people with percgligsicaland

mentalA YL AN Sy Gda T NP Y (Berhes ghd OliNds 1993; Bhantad shdi Smidh,

2008) rather thandisability beingcaused bythe presence of an impairmer{Thomas and

Smith, 2008) emphasisedurther work needs to be donéo break down these barriers

Therefore, establishing an effective rehabilitation programme that utilises accessible natural
outdoor environments and green spaces, couldubeeniablybeneficial to young adults who

have had a strok€Outermans et al., 2016but also to generate a shift in culture within the

wider society



Studies evidencing the positiv@pact of exercising in natural outdoor environments for both
able-bodied individual§Thompson Coon et al., 201dnd individuals who have other medical
conditions such as dementi@Vhear et al., 2014)ave used operended questionnaires and
interview based feedback. However, by using a quantitative approach, the Nature
relatedness scale (NRL item)(Nisbet et al., 2009assesses subjective connectedness with
the natural environmentThis could be applieth the presentnovel researchproject to
measue what impact the natural outdoor environment has on young adults who have had a

stroke.

1.1 Rationale

Rehabilitation programmes ar&raditionally considered to be a hospitélased subspecialty
of medicine or allied health interventiofLouise Sofia Madsen et al., 202diten basedin
indoor clinical settingswvhere allstroke rehabilitationprogrammes take plac&’he majority
of research thahasinvestigatel the role of rehabilitation to improve walking performance
and quality oflife in the stroke populationhas predominantly involved participants over the
ageof6s5yeard al £ £ A O]l | YR |y@ithd prelale@&df sfrake in young adults
has increased substantially over the last two decadgdker et al., 2018Therefore, hefirst
rationale for thisthesisis that despite the increased prevalencesbfoke in young adults
there arecurrentlynorehabilitation programmesr guidelineshat are specifically developed
for the needsand prioritiesof the young stroke survivgrsuch as increasing independence,

confidence andhe ability to return to work

The second rationale for this thesssthat there areno rehabilitation programmeshat take
into account the roleof outdoor natural environmentsto improve physical health,

psychological health and quality of liferhich can offer an alternative, holistiand novel



approach tostroke 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 selfated health, lower body mass index and obesity levels and higher levels
of physicahctivity, improved mental health and wellbei(¢/hite et al., 2013%uch as anxiety

and depression, stress and increased life expectgiegkson et al., 20130 both healthy
able-bodied individuals With only anecdotalevidence for certain clinical and chronic
populations,such as dementiéRappe and Topo, 2007; Tzoulas et al., 200&)ymatic brain

injury (Dorsch et al., 2016and cerebral palsyJames et al., 2018}he disparity in the
literature needs to be explored more to understand why natural outdoor environments are

not often used for rehabilitation purposes

Becausethere are no other studies similar tevhat is proposed in this research projeat,
feasibility study was conducted by the research team (Manchester Metropolitan University
ethics study number11718), discussed further i@hapter Threeto 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 ratiale for the development of a larger scale
outdoor rehabilitation programme. Participant feedback ailsduded increased motivation

and confidence to walk in more challenging terrain and participate in more challenging

activities.

Therefore, his thesisaims todemonstrate that there ig unique opportunityto developa
noveloutdoor-walking rehabilitation programme for young adults who have had a stankke
become a valuableand originalcontribution to current knowledge and research literature

that focuses on young stroke survivasd the role of natural outdoor environment3his



research projectwill develop a new, alternative andholistic approach to rehabilitation,
addressing physical, cognitive, and emotional aspects of recovery, promoting engagement,
motivation, and functional gains in a reabrld context, contributing to the overall weltleing

and quality of life foryoung adults who have had siroke and has the potential talrive

change perceptionand futureguidelines for stroke rehabilitation

1.2COVIELY

The year2020and 2021have bothbeen difficult for all globallyAs a result of the COUI®
pandemic, this research project has suwéfd, with the project being postponed on several
occasions due to concerns oyegrsonal safetyand reducing risk of transmission taking the
utmost priority.However, due to the nationwide lockdowttsroughout the year 2020these
have further highlighted the positive impact of natural outdoor environmeats both
physical and mental wellbeirgnd the necessity to improve the live$ 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¥tablishes fam#irity with and understanding of the current

researchin thefollowing areas of interest:tfbke in young adultsvalking performanceost-
stroke, quality of lifeof young stroke survivorgsurrent rehabilitation programme initiatives

specific to stroke survivomnd exercising in outdoor environments

Chapter JFeasibility of an outdodbsased rehabilitation programmé)vestigates whether an
outdoor-based programme is feasible as a form of rehabilitation for young adults who have
had a stroke. This smaltale pilot study assesses three different forms of outdoor activity

and the effectiveness of a homsed exerciserpgramme, over a-3veek period.

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

are presented within the corresponding chapters.

Chapter 5Discussion: Walking Performanessesses the influence of a-M@ek 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.

Chapter6 (Discussion: Quality of Lifeysesses the influence of a-@ek outdoorwalking
rehabilitation programme on quality of life and confidence of young adults who have had a

stroke.

Chapter 7 (Researcher Insight to the Outewatking Rehabilitation Programmeyovides a

NEFf SOGABS I O02dzyi 2F GKS NB aGkingdehsdiiion FSS

programme



Chapter8 (Clinical Implicationgrovides the clinical implications from this research project

and recommended future research.

Chapter 9 (Conclusiongjovides a global summary of the key findings from this research

project, its limitations and overall conclusion.



ChapterTwo

2. Literature Review

2.1Literature Review Aims

This literature review aims to identify, review argynthesise the current literature

surroundingstroke in young adultand is divided into the following stdections

1. Theimpactof exercising in natural outdoor environments

2. Epidemology, pathophysiologyand costof sroke 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 onanfidence

6. Role of rehabilitationn poststroke recovery

2.2Search Strategy

The searchvas conductedisingdatabasesSPORTAISCUWEEDLINE, EMBASEJOVID This
searchwaseffectedin June2019 andthen updatedJune2022. Papers that were relevant to
the above research fields, weexploredand included in this literature revieuif. duplicates
were found these weresorted anddeleted using thedesktopsoftware package Mendeley

(Elsevier, Netherlandsersion1.19.8

The main search termssed in this reviewnitially focused onexploring the free textThe
keywords were; Stroke, young adult, rehabilitation, quality of life, outdoor exercise,
confidence. Taexpandthe literature search,outdoor walking, community walking, natural

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



resistance exercise, combine@xercise rehabilitationwere included to provide a

comprehensive search of all relevant papfmsthis review

10



2.3 Exercising in Natural Outdoor Environments

2312 K4 Aa AaDNBSYy 9ESNDA&aS: FyR gKIFG A
Over the last twenty yeargdhe awareness ofjreen exercise anthe positiveimpact on

physical and mental health for healthifhompson Coon et al.,, 2014phd 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 intedéss considered that any

physical activity undertaken in the presence of nature or within natural outdoor
SYGANRYYSyida Aa 3ISYSNI f f PreMySet & NWNERhelte2m | & ¢ 3
3INBSY SESNDAASE y20 2yfeé SELXAOAGEE NBTFTSNEH
(e.g. environments dominated by the presence of grass and green foliage colours), but this
terminology is extended to environments characterised Iy presence of water (e.g. blue
spaces)White et al., 2015pand also seasonal changes to outdoor environments, such as

autumnal foliage colours (e.g. orange spad@sddle 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, advocateldoth walking is
GYlyQa 060Said YSRAOAYSE |y RDannglly andzMaintyral, 289) T G K S
a2RSNY fAGSNY GdzNE KIFa aAyoS Ayg@SaidadardisSR GK
reporting significantly favourable effects of exegisuch as walking, on a range of diseases

and healthrelated outcomes. Leading to the formation of exercise guidelines in recent years

by the World Health OrganisatiofWHO., 2014) The emergence of green exercise and

outdoor recreation is now acknowledged by various government departments in the United

11



Kingdom as fundamental to delivering central government coogng goals in health,

education and the economiMackintosh 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.number ofsystematic reviews have
exploredthe effect of green exercis@Bowler et al., 2010; Thompson Coon et al., 2011,
Gladwell et al., 2013)For instance, lite review by Thompson Coon et (@011)reported
statistically beneficial effects of green exercise on a range of psychological outcomes, such as
revitalisation, positive engagemergnergy but alsoa reduction intension, confusion, anger
anddepressionFurther evidenceof the effects of green exercisecludedgreater enjoyment

and satisfaction with outdoor activity, witpositive indicationsthat individuals hadyreater

intent to repeat the activityHowever,this reviewwas limiteddue to thesmall number of
included papersn=11)and theidentified studies wergoor in methodological qualityas a
result ofbeing subject to bias. For instance, none of the identified studies in this systematic
review by Thompson CodR011)detailed randomisation for allocation of interventions and
assessors independent of the interventions were not used to reduce bias. #iso,
heterogeneity of outcome measures employeakch study identified in this reviewrevented

a metaanalysis.

Previous literaturéPretty et al., 2005, 2007; Barton and Pretty, 2010; Barton et al., 2@2)
establishedthat exercising in green spacéss positiveimplications toimproving mental
wellbeing andsome markers ophysiological healtln healthy populationsWith anecdotal
researchthat green exercisenay playa key role in the prevention of both primary and
secondary diseaseand conditions by improvimghysiological, psychological, biochemical and

socialmarkers.Furthermore,Gladwell et a{2013)and Barton et a{2012)highlight thatthere

12



is a place for green exercise in rehabilitation programteesianage and support recovery
from mentaland physicaill health Additionally, havingsedentary individualbecome more
involved in green exerciseanitiatives has the potential to beeffective in promoting
behavioural changethrough improvements in adherence rates tovarious exercise
programmesGladwell et a({2013)highlights that here is still a need texplorethe reasons
behind observed health benefitdhat occur inthe natural outdoor environmentin both
healthy and clinical population®etailed further within this thesis is one of the first
intervention studies toevaluae the role of the natural outdoor environment and health

effectsspecificallyfor young adults who have had a steok

132.3.1.1 The Role of Green Exercise in CliRmpallations
There is asevere laclof researchthat investigates the role ofatural outdoor settingson

physical and mental health in individuakho are lessable orwith a disability, including
physical and mental impairments, with no letegm alternativesavailablewhichusenatural
outdoor environmentsfor rehabilitation purposes The systematic review by Madsen et al
(2021)examined studies which investigateaitdoor adaptive activities in natural settings
(detailed in table2.1), reporting that activities in the natural outdoor environment elicited
experiences of excitement, adrenaline rush and sense of adventure by the partigjpapktsr
and McGruder, 1996; Goodwin et al., 2009; Dorsch et al., 2016; James et al., 40%8)
commonly reported from each of the studies being reviewed (t&il¢ was the sense of joy
and fun when taking part in outdoor activitiessthese findings can providestrongrationale
that outdoor settings can be an environment in which a rehabilitation programme take place
for variousconditionsanddisabilitiessuch as cerebral palsy, multiple sclerpaisd traumaic
brain injury, the outdoor environment shouldlicit the same sense of enjoymeand other

positive benefitfor young stroke swivorsand focusingon improving both the physical and

13



mental wellbeing oindividuals who are lesable. 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 activiti€oodwin et al., 2009; James et al., 2018)

Table2.1: Review of qualitative studies to understand the role of thidoors for individuals with disabilities

Age
Sample - .
Study sizg (mean and Disability Intervention
range)
Iltiple scl i liosi
(James et MUTIPIE SCIETOSIS, SCOl0SIS, Ethnographic study
6 Not stated cerebral palsy, stroke, and . . .
al., 2018) " Five walking sessions
arthritis
ina bifida, t tic brai o
(Dorsch et 30 in'3?nzz\utlisl,n’?1 s r:str:]ua;r:cdisﬁger Qualitative study
al., 2016) 24-35 Uy, P Focus Groups
and scleroderma
(Goodwin et 36 . . Qualitative study
C lete S | Cord | L .
al., 2009) 27-54 ompiete spinal Lord Injury One outdoor hiking excursion
(Taylor and
McGruder, 3 Not stated Complete Spinal Cord Injury Qualitative study
1996)

The research studies stated in tablel,2offer a personalised insight into the role of the
outdoors and outdoor adaptive activities fandividuals with varying disabilities, via
gualitative research method®(g.,ethnographic discussion, sesstiructured interviews) and

is the most common method in investigating the role of the outdoors and outdoor physical
activity. However, the aforementioned studi€Baylor and McGruder, 1996; Goodwin et al.,
2009; Dorsch et al., 2016; James et al., 20it8)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 idability 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 e(2i18)for instance, highlights as a limitation that despite

14



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 adaatctivities,
these finding cannot be seen to be transferable to other programmes due to location, and
differing business and volunteer models. Dorsch e{(24116) 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.

2.3.12 Green Exera@sandMental Health
It is well established that exposure to nature leads to positive mental health outcomes and

cognitive affective and behavioural chand&sarton et al., 2012; Fraser et al., 2019, 2020)
and further havingdouble beneficial effect on psychological health wheompaed with
urban orindoor environments(Pretty et al., 2005)Twotheories can be used to justify the

effect of natural outdoor environmentsn mental health

1. Stress Recovery Theo(Wlrich 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
AYRAQDGARdDzZI £ 4aQ SY20A2ya YR SyKIyOSHeseardS | 0A
(Thompson Coon et al., 201hps validated that exposure to views ohatural outdoor
environments (e.g. green spaces, najutel y A YLINE @S LIS 2 L)X St@eughk S+ £ (i K

the restorative qualitie®f the environmentfrom stress and mental fatigyehich would be
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key for improving recovery and rehabilitation pesttoke 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 é2@14) 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 workevghile 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 groufheapérspectives of
patients who have dementia weraot collected. However contrary to other research
investigating the effects of natural outdoor environments on mental heéitetty et al.,
2005; Thompson Coon et al., 201 Askariet al (2017)found that the rate of reduction in
symptoms of depression and perceived stress not greater in the green exercise condition
when compared with the indoor exercissndition. This could be due to other studiesing

more enjoyable green exerciseactivities like mountain running, kayaking and cycling
natural outdoor settingsFor instancethe study conducted bivlackay and Neil(2010)took

place in mountainous terrain and forestswhich reported positive results in reducing
depression and perceived stredscould be th& exercisingn agreen spacgesituated in an
urban environmentcannot double the rate of improvement of clinical depressdue to
participantsperception of the environmentThompson Coon et #011)emphasised that in
order to determine the positive impact of green exercgampared to indoor exercisen

mental health and wellbeing, furtr studies involving clinical populatiorssmuch needed.

2.3.1.3 Green Exercise and Social Health
Social health is an importamtimensionof an individual'soverall health, and refers to the

ability to form and maintain positive, meaningful relationships and interactions with others

16



and natural outdoor environments may providenother setting in which social health and
experiencecan be promotedRogerson et al., 201L6p5omestudies(Peters et al., 2010; De
Vries et al., 2013)ighlightedthat naturaloutdoor environments facilitatsocial interactions

and experiences within communitigSoley et a(1997)reported thatnatural outdoor spacg

with trees attracted larger groups of people, as well as more mixed groups of youth and
adults,compared withindoor setting andspaces devoid of naturesuggesing that natural

elements such as trees promote increased opportunities for social interacimhsupport.

In the context of exercise, social suppartd indeed social expectatiocan be influentiato
increasing physical activithrough selfefficacy On the other handHug et al(2009)found
that individuals had a greater social expectation of indoor exercise when comhpagreen
exercge. However,data was collected during the winter monthgenerating bias towards
indoor exerciseTeas et a(2007)observedthat during a group walking exercise in natural
outdoor environments, participantsften fell into conversationmore easily yet this did not
happen during the equivalent indoor exercisendition. Although indoor exercisés a
beneficial setting to focus on individual health benefitse need for social opportunities is
greater and individualsare more likely to be persuaded to participate in physical acfivity
(Schasberger et al., 2009)herefore, green exercisean play a prominent role in the
promotion of future exercise behavioutsy facilitating social interaction and increasing

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

2.3.14 Green Exercise and Physical Health
The natural environment not only offers a venue simplyegercise bubas the potential to

increasehe intention toexercise, enjoyment, and adherenaed generate favourable health
outcomes.When @mpairing either exercising imndoor, built or urbanenvironmentsduring

physical activityexercisingn natural outdoor environments hagibstantiabeneficial effects
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on blood pressure, other measures of cardiovascular and autonomic function and endocrine
and immune functior(Pretty et al., 2005)For instanceseveral studies reported thaturing
seltpaced walking exercise outdoors, individuals walk faster and work harder, but report
lower perceived exertion compared to indoors treadrbiised walkindMarsh et al., 2006;
Focht, 2009; Dasilva et al., 201&)rthermore, Gladwell et §2016)reported thatlunchtime
walks through natural environments resulted in greater overall heart rate variability and
parasympathetic cardiac contribution during sleépa studyconducted by Ce@t al(1991)
comparing the outcome of running exercise performed on a treadmithdoor laboratory
settingand an outdooffield track,participantsexercisel at greater speeg heart rate and
blood lactate concentration during outdoor exercise than during indoors exerlristhe
instance of strokeCarvalho et a]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 environmentsdughthere is no definition
detailed inthe study of what the outdoor environment islowever, in many of the mentioned
studies, indoor exercise is often performed on static ergometesmpared to outdoor
exercisewhere the individual is required to move through the environmg@robgerson et al.,

2016; Noseworthy et al., 2023)

In a systematic review by Rogerson e(Rbgerson et al., 2016he manipulation of optic
flow (definedasexpanding flow on the retina caused by moving through an environment that
forms the representational basis of egomotiq®ibson, 1994; Parry et al., 20k2uld be a
potential reason as to whyerceivedexertion during outdoor exerciss greater than indoor
exerciselt is possible that, alongside other factors like prior experience, opticdtadhave

a rolein assessindatigue andexercise exertionHowever, restrictions to theptic flow due

to static, ergometeibased exercisenay influence perceived exertigfDasilva et al., 2011)
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Natural outdoor evironmerts may provide astimulus 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 follog/ outdoors walkingFocht, 2009)

Nature exposure promotes benefits

Green Exercise Participation

\

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

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

contact (Maas et al., 2009)

*\\\\k/////

Social interaction detrimentally
distracts from or overrides
individual® likelihood to mindfully
engage with and thereby access thg
psychologically restorative qualities
of green space (Rogerson et al.,
2016)

\/

Individual works ahigher exercise
intensity but perceives it to be easie|
(DaSilva et al., 2011; Focht, 2009)

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

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

settings (Rogerson et al., 2016; Tea
et al., 2007)

l

Exercise Partners can boost exercig
motivation for and adherence to
exercise behaviours (Phillips et al.,

2004)
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Figure 21: Two pathways where nature promotes benefits and environment shaping behaviour (taken from
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2.3.3 Current Outdoor Exercise Initiatives

Exercising in the outdoors has furthieeenlinked with improvements in social networking
and feelings of connectivity and companionship, an increased appreciation of nature, and
improvements inselS a1 SSY® ¢KSaS oSySFTAada FT2N¥Y (KS
| SIf0KQZ & dzLILJ2 NiheSRRamblesgARsodidtith Thds® galRs adedesigned for
those who are less active by being short distance and over aadynanageable terrain.
Many other outdoor walking initiatives are supported by charity organisations such as the
Stroke Association antdeadway TheBrain Injury Association. These actively run short walks

to promote social participation.

2.3.4 Barriers to Green Exercise Stroke

However, manyarriers to exercising in natural outdoor environments for young adults who
have had a stroke existhere is a disparity to what is available for outdoor rehabilitation and
outdoor activities for those who are living with lotbgrm conditionsand the misconceptions
about their abilities when they attempt to participate in the commur{i¥adsen et al., 2021)
Experiencing a strokenay be a precursor to being a barrier to gremrercisedue to lack of
motor control,and musculoskeletgbroblems,potentially leadng to increased rislof trips

and fallsdue to the confidence of both the stroke survivor and family/carers. A study based
in New Zealan@icCluskey and Middleton, 201G¥ported people with strokbadcontinual

loss of confidence on ramps, escalators antarge indoorshoppingcentresdespte having
several weeks of physiotherapgsulting in the outcoméhat improved walking indoomay

not transfer toimprove walkingn outdoorandcommunityenvironments Thereforejn order

to gain confidence and skills required for community ambulation, people with stroke need
communityand outdoorbased trainingLogan et a{2004) suggeseéd that escorted journeys

with a physiotherapist can improve participation and quality of life gisbke, with other
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literature (McCluskey and Middleton, 2010; Louise S Madsen et al., 8Ggihgthat in order

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

Professionalsan play an important role of establishing safety and trust, whilst creating a
positive and joyful experience in helping to overcome barriers to outdoor ac{ivétylor 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, 2010yvhere some professionals considered that outdoor
NEKFOATAGFEGAZ2Y S6SNB y20 WNBIfQ 2N]tikfre y2
restricting accesgor individuals who may benefit from.itThe social model of disability
recogniseshat both attitudes and the physical environment can presenbasiers (Thomas

and Smith, 2008)urthermore, &hough pofessionalscanplay a key role to ensure safety
and provide social support, theyften express a lack of experience and shared direction on
what using outdoorand communityenvironmentsfor rehabilitation involvegMadsen et al.,
2021) andfurther struggle to build confidence in their own ability to deliv@mmunity
based rehabilitationn outdoor settinggMcCluskey and Middleton, 2010; Dorsch et al., 2016;
James et al., 2018Reports suggest that few healthcare professigralt obliged tdocuson
indoor interventiondike indoorwalking, because that is the expectation on how to improve
the impairment conceptualisinghe medical model of disabilitfThomas and Smith, 2008;
McCluskey and Middleton, 2010¥et, individuals with disabilitiesll for professionals to be
more creative irrehabilitation approacheqJames et al., 2018; Madsen et al., 202T)ese
different perspectives based on individual needs and the perceptionadifidualswith
disabilitiesand physical impairmentsiay complicate the role of professionals and influence

their ability to overcome challenges regardirgabilitationin outdoor settings
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2.34.1 The Practicalitieand differencesf Indoor Exercise ar@reenExercise
Practicalties and difference betweenindoor and green exercise are prevalent and often

reported as barriers tanotivation to participate.lndoor and green exercise aneherently
different because of the nature and scope of the environment. Indseitings areoften
portrayed as a safer environment for both exercise and rehabilitation purp@e®ruin et

al., 2010) due to being controllable, structured and consistent, with no dependency on
external factors such as weather conditions, unlike exercising in outdoor environifiéunds

et al., 2009)and oncerns for personal safety is often a key determinangteenexercise.
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 egpre 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, 28@fBty concerns may

be a strong reason why rehabilitation for stroke is often considered to be a hobpisald

subspecialty of medicine or allied health interventidmouise Sofia Madsen et al., 2021)

On the other handaccessibility to participating in physical activity for both indoor and
outdoor settings present similar issud2edersonet al (2022)reported that goximity to
affordable, wellmaintained facilities is often reported as a motivator to take part in physical
activity in both indoor and outdoor environmen{¥eegan et al., 2016However, Kelly et al
(2016)and Downwardand Rasciuté2015)detailed that financial implications of participating

in organised physical activity in indoor settingsgedl-documentedbarrier 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 mrfed as significant barriergKelly et al.,
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2016) In a study investigating barriers and enablers to green exercisedmrduals who have
chronic painSelby et a(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 morbidiiroyal College of Nursing Institute (RCNI), 2009)

2.3.5 Summary

Spending time and exercising in natural outdoor environments for healthy-addesd
individuals and those with disability, offer a plethora of positive benefits for physical and
mental health. Exercising in natural outdoor environments elicited feelirigsnyment,
adrenaline rush and excitement for those with disabilitypespite 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. Thesetbrs thesioffers a strong
rationale for this research project to developand offer a new approach tctroke

rehabilitationto promote recoveryand improve accessibility for all
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2.4 Stroke in Young Adults

2.4.1 Pathophysiology of Stroke

Stroke is defined gzotentiallyone of the mostdamagingof all neurological conditions for all
ages and is seen to be a major cause of death and disajiibally(Mukherjee and Patil,
2011; Aigner et al., 2018nd is ranked as the second leading cause of complex disability in
adults(Donkor, 2018)The World Health OrganisatiqVHO) definition of stroke israpidly
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
2 NI\ gvd@ £988; Truelsen et al., 2008his definition encompasses batthaemic stroke

and haemorrhagicstroké al £ f AO1 YR hQ/ Ittt AKFIYX HAndO

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 block&dleeointernal

carotid or middle cerebral artery or other arterial branches. This causes brain tissue to
become necroticdue tolack of oxygerfRosamond et al., 2008 stroke can also be caused

by a haemorrhage, which is when a rupture occurs to a blood vessel and produces bleeding

into (intracerebral) the braiiKramer et al., 2016)

2.4.2 The definition of a young adult

There are many definitions in whiehyoung adult who has had a strokeclassifiedThe vast

majority of literaturedefinesl & & 2 dzy' 3 lbd&vazéniithe ageL of B Sn60 years
ODNAFFAGKA YR {Gdz2NY¥EZ wnmmT alblA2gSS SO | b
However, using this age range to defihe @& & 2 dzy' 3 | R dzf ékdludesthtzéed S 1j dzSy

individualswho are between the ages of 50 and 65 yeams have the potential to return to
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work. Therefore,an age group of 185 yearsencompasses the whol&orking age group
category Fori KS LJdzZN1J22aS 2F (GKA&a fAOGSNY 0dzNE NBOASSH
will be defined to be between the ages of 18 and 65 y¢@emiel et al., 2009; Saka et al.,

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

It isreported that onequarter 6% (StrokeOrganisation national statistics, 201&)adults

who experience a stroke in the United Kingdom are under the age of 65 (2ansel et al.,
2009; Coole et al., 2013; Jarvis et al., 2GIR) the UK National Clinical Guidelines for Stroke
suggest that the needs of young adults may not be medthgdard stroke servicg®aniel et

al., 2009; Rudd et al., 2017)yhis is because the majority of stroke services fapeised
towards meeting the requirements of the older stroke populatidinere is agap in the
literature regarding young strokejn terms of their needs and requirements from
rehabilitationpost-stroke.

24.3Incidence 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 adult§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 stroke could be due to a myriad of factors, such as differences in the definition
of stroke in young adults by age and subtyiffiths and Sturm, 2011; Feigin et al., 2Q16)
geographical differenceéBéjot 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 adult@Bevan et al., 1990; Marini et al., 2010; Griffiths and Sturm, 2011; Béjot
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studies have been rather heterogeneous in terms of methodology and ethnicity.

2.4.4The 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
impacto { Y I 2f 2 @Thé mainHeasopsifor thigre that yung 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 employ{Daniel

et al., 2009)Youngadultswho have had a strokind it difficult to return to work often as a
result of physical impairmentssuch as increased fatigue, upper and lower limb weakness
altered walking capabilitiesand changes in cognition (e.g. unable to concentratgental
fatigue andin severe caselavedifficulty 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 ofEBillion per yea(Saka et al., 2009)

and more recenthffound, loss of productivity from young adults not being able to return to
work is £1.04billiorper year(LuengeFernandez et al., 2020%eparately, the treatment and
rehabilitation costs for stroke account for 5.5% of the total UK expenditure healtliEsezs

et al., 2004)

Furthermore, across 32 European countries in 2017, it was estimated the total cost of stroke
to bee60 billion per year, of whicb27 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 dyuengeFernandez et al (2020 was found that 47%

(€29 billion) of the economic cost of stroke was in #walth or social care areas, with an
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estimatede 16 billion (27%) in informal care costs ai@ 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 stroke,agerelated causesn the brainsuch asatherosclerosis
smallvessel diseasand certain higkrisk cardiac conditionkke atrial fibrillation ultimately
cause a small proportion of ischaemic strokethamyounger populationgEkker et al., 2018)
Though it is rarely seen in the older populatiodissection of the carotid arterfl5-20%)is
the mostprevalent cause of ischaemic stroke in young adMitish overa hundred additional
rare causes that couldesult in an ischaemic stroki@ the younger population, creates
continual challenge for diagnosis and prevention for young patiéntsrestingly within the
plethora of causes of stroke in the young, #éne significantly higmumber ofpatientsthat
present as having a stroke without an idiiable cause Between 30% and 40%isthaemic
strokesin those under 50 yearsf ageare classified witlexperiencing ONE LJi 2 Iy A O &
and the highest prevalenceseen in the youngest of patientén neuroimaging, he vast
majority of cryptogenic strokesndicate embolic patterns such as an embolism from
elsewherein the body most likelythe heart. However, despitenodern technology in
diagnosticsa definitive source of the embolism aaot be distinguishedlf the causef stroke
in these instances ameot establishedjt can be problemati¢or the prevention ofa second
ischaemicstroke. However, comparedith Ischaemic stroke, haemorrhagitroke results in
increased damageo structural conditions like vascular malformations young stroke

survivors, than in the elderly

Llarge studieso { YI 2f 2 @A 0 X H n mp highldlt thd Naendithagic fstloke H N My

(subarachnoid and intracerebra$) the cause for nearl§0% of all strokes those unded5
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years of ageThe reported incidence rates in this age categarnygefrom 3¢6 per 100,000

per year for subarachnoid haemorrhage ang72per 100,000 per year for intracerebral
haemorrhagdMarini et al., 2001; Ekker et al., 201&enerally, 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
disorderssuch assickle cell disease and antiphospholipid antibadyndromeearly in life.
Hypertension remains the most common cause of intracerebral haemorrhage in all ages

O{YlI2t20A06Z HAamMpT 911SNISG IfdX HAmMyDL

24.5.1Vascular Risk Factors
Vascular (also termed as modifiable of traditionagk factors are similar for both younger

and older stroke populationd { Y I 2 f 2 ¢ehdake seem tw lpetthe cause for nearly 90%

of all strokes(Aigner et al., 2017)However, over the past decade, there has been an
unguestionableincrease in the prevalence of hypertensionl(#%), hypercholesterolemia
(12-21%), diabetes mellitus {A%), smoking (36%) and obesity {8%) in young adults
(George et al., 2017; Ekker et al., 20I8)ese modifiable risk factors are continually reported

in much of the literature investigating stroke in the youtng dzd F F € I SO | f & wn
2015; George et al., 2017 study conducted in Finland by Putaala €280D9) reported that

the most common vascular risk factaneludedhigh 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 kduetherstudy(Putaala et al.,

2012) aimed to examinehe disseminationof vascular risk factors in 3,944 young stroke
patients from three geographic regions in Eur@mel found thatthe three mosttommonrisk

factors for stroke were smoking (49%), high cholesterol (46%), and hypertension (36%).

However, in a study conducted by Aigner e(2017) populationattributable risk of most
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traditional risk factors €.g.hypertension, diabetes mellitus, coronary heart disease, smoking,

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

24.5.2Genetic Risk Factors
Smejlovic(2015)reported that @rvicocephalic arterial dissectiasa frequent cause of stroke

in young adultsrankingfirst or second alongside other aetiologiesisthaemic stroke in
young populationgup to 25% of caseq)lancredi et al., 2013; Mackey, 2014he link
between migraine and isclaemic stroke has been known farnumber ofyears howeveris
very much controversial due to the potential differences in the ascertainment of migraine
(Ekker et al., 2018t is most commonly seen in young females who have migraine with aura
with exponential increase among activesmokers and those who use oral
contraceptior{Bousser and Welch, 2005)urthermore, though nherited coagulation
disorders do notnecessarily play major role in strokein young adultsit can have dire
consequences with those who also haaetiphospholipid antibody syndrome. In one
systematic reviewconducted by Brey2005) antiphospholipid antibodies, particularly lupus
anticoagulant, werdound to bean independent risk factor for iseemic stroke in young

adults in five of six studies included.

Some are genetic and hereditary diseasesed to be taken into consideratiowhen
diagnosing youngatients for ischaemic strokesike Fabrydisease, cerebral autosomal
dominant arteriopathy with subcortical infarcts and leukoencephalopathy (CADASIL), and
mitochondrial encephalopathy with lactic acidosis and strbke episodes (MELAS

2.4.6 Covid19: A Cause of Stroke in Young Adults

Eventhough the precise incidence is ngét known, stroke in the young is emerging as a
potential complication of the COVHD9 pandemiqHess et al., 2020A probable cause for

the link betweenCOVIBL9 and onset of stroke is the hypercoagulability associated with
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causingthrombotic vascular events including strokieifi and Mocco, 2020A multicentre
study thatincluded 26 patients who were infected with CO\MDit was reported that those
who hada stroke (either ischaemic or haemorrhagi2J% wereunder the age o060 years.
Moreover, it was foundthat out of fifteen patients two presenteavith large vessel stroke
These patients wergounger than 50 yeai@nd had ngrevious stroke risk factor§onsistent
with other cags patients with COVHR9 potentially are worse with regards toclinical

outcomes tharthosepatients with stroke who do not have COWVIB(Fifi and Mocco, 2020)

24.7 Summary

This sectiorhighlighted the increased prevalence and incidencetafke in the youngand

that a stroke can be caed by lifestyle factorsuch as smoking, poor diet and obesity,
hypertension, but also vascular and genetic caws®s thenewly reportedincreased risk of
stroke as a result of COVID. 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 lb&gn management. Tailored
rehabilitaion progranmes and support services are essential to address the specific needs of
young stroke survivors and help them achieve optimal recovery and quality @tlifikecan
affect theA y R A @abiRtylzb rfetrd to employmentepending on severityand therefore

it is why thetraditional RS FAY A G A 2y AIB50yea’ obadge) shorldzlso include
those who are between the ages of 50 and 65 ye#&lss then encompasses all who ared

should stillbe in employment
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2.5 Walking Performance PeStroke

2.5.1 Walking Performance: Definition
¢tKS GSNY WolflAy3d LISNF2NXYIFYyOSQ Aa RSTAYSR |

walking (metabolic energy expenditure (oxygen uptake) and metabolic cost (efficiency))
(Kramer et al., 2016and 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 spe€Bgnedetti 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 activi(igarvis et al., 2019)
Regaining the ability to walk is one of the most commonly stated priorities of individuals who
have had a strok€Saunders et al., 2016; Wonsetler and Bowden, 20TRyough stroke
rehabilitation, this goal can be achieved by compensating for remedial deficits, promoting
recovery of impaired movements, or a combination of these meth@ilsirke et al., 2008)
However, it has been reported thahprovements in clinical outcomés indoorsettings (e.g.
hospital environments and gymsjften do not elucidate changes in community walking
(Ardestani et al., 2019piving premise foan alternative form of stroke rehabilitation to be

based in outdoosettings (e.g. natural environmenésd community settings).

Despite 6670% of stroke survivors recovering the ability to walk ptistharge from hospital,
almost one third of individuals are still unable to walk unsupervised in the comm{uatyg
et al., 2004) The inability to walk in the communiand outdoorsettings argossibly a direct
result of physicalimpairments caused by stroksuch as impairmentsh motor function,
further compromisingmusclestrength, ceordination and balance spasticity andnobility,

but also insufficientacute and chroniagehabilitation in the majority of caseswalking in
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outdoor environments can be more demanding due to the complexities that this type of
environment presentgKim 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. Outdoewalking (e.g. community ambulation, walking in urban environments and
outdoor natural environmentscan therefore become a more arduous task for a young stroke
survivor when they complete activities of daily living or community ambulai®a result of
previously mentionednotor impairments Indoorbased rehabilitation programmes are not
conducive tothe hazards thatwalking in natural outdoor environmentand community

walking presentgLord et al., 2004)

2.5.2 Commonmpairments Posbtroke
¢tKS RSTFAYAUAZY 2F RAaAlFOAfAGE dzy RSNJ GKS 9l dz- f

' LIK@AAOFET 2NJ YSYGlFf AYLI ANMNSNYQIKISABFKADSE S

82dzNJ oAt AGeE G2 R 2(takg¢n2fiedrittps:/vRvlv. Aoy ék/defin@idnbf@ A G A S & ¢

disabilityunderequalityact2010. Common impairments affecting motor function pest

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 reflexesncreased resistance to passive movement and hypertonia
resulting from the loss of upper motor neuron inhibitory contfbance, 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 nalss and hemiparesis of the paretic lower
limb (Serra et al., 2016Jue to the damaged descending neural pathwaykijch cancaus
abnormal movements, including an altered gait pattern and poor walking effici&reyz et

al., 2009)

32


https://www.gov.uk/definition-of-disability-under-equality-act-2010
https://www.gov.uk/definition-of-disability-under-equality-act-2010

2.5.3 Efficency of walking posdtroke

One of the methods in which walking performance psisbke is defined and quantified is by

the physiological effects of walking, such as energy den{&ndmer 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 diteawn 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 impairmentscausedoy stroke(Platts et al., 2006; Kramer et al., 2016; Jarvis et al.,
2019) with metabolic cost of walking in youraglultsrangngbetween 027 ¢ 0.63 compared

to controls(0.14)(table 2.1) the differencesseen between studiesould bethe result ofa
number of factors, such age of participantsparticipantsample sizgthe time since stroke
occurredand methods used (e.g. overground versus treadmdlking) Alongside these
factors, the increasedariabilityin the measured parametersighlight how stroke affects

each individuadlifferently, concluding that no two strokes are the same.
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Table2.2: 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
Y size (mean and range) (mean and 95% CI) (mean and 95% CI)
6 27.6 0.97 0.7
(18-40) (0.461.47) (0.07:0.45)
52.8 0.80 D
Jarvis et al 20 0.27
(2019) (4;315;5:') (0'27'71519) (0.17:0.31)
15 ) . 0.35
(55-65) (0.291.25) (0.090.58)
PI I
2?0:; a s 40.7 0.39 0.63
(30-54) (0.130.71) (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) (0.130.71) (not reported)
Awad et al 57.8 0.76
42 ot reported
(2015) (not reported) (not reported) (notrep )
CunhaFilho et 60.0 0.51 (not reported)
al (2003) (27-77)) (0.230.90) P
Control(Jarvis 44.8 1.45 0.14
et al., 2019) (41-54) (1.31-1.58) (0.130.16)

Physical inactivitywhich iscommon poststrokemay further contribute to cardiovascular and

metabolic deconditioningFinestone et al., 2003muscle weakness and associated declines
in physical function(Teasell et al., 2001)Compared with healthy controls, the energy
expenditure of walking is 1-8 times greater posstroke (Platts et al., 2006)The debilitating
Ozail o6KSYy &l f]

O2yasSljdsSyoSa 2F || KAIK SySNHe@

activities of daily living.
Many studies investigating the energetic demands of walking have focused on the older
stroke patient groupgKramer 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 CtHile et al., 2003; Platts et al., 2006;
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Maeda et al., 2009; Awad et al., 2015; Jarvis et al., 20183 may be due tgoung stroke
survivors typically not being affected by aggated conditionscompared the older stroke
population {0 years of age and olderAgerelated conditions such as arthritiand
sarcopenia can alsdead to altered gait patternand increasesedentary behaviourThe
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 sbke population, gung stroke survivors areften more motivated

to recover due tavanting toreturn to work social and leisure activiti¢BDaniel et al., 2009;
Morris, 2011)and are thereforat can behypothesised that young stroke survivors anere

likely to respondo rehabilitation differently Because of these factors it is difficult to rely on
research conductedvith older stroke patientsto be clinically relevanand be implemented

specificallyfor young stroke survivors

The study conducted by Jarvis e{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. Furthemore, this study was the first of its kind to use age-gubups to help elucidate
agespecific 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 ageosyb
(18-40yrs, n=6) compared to the larger sample sizes observed in the other agga®siis
(41-54 yrs, n=20, 585 yrs, n=15), potentially limiting the clinical applioas of this study
specifically to young adults. Furthermore, within each agegaloip (1840 yrs, 4154 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-Eilinthat 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 limitedis reported as a
limitation in many studies (da Cunifalho et al., 2003; Maeda et al., 2009) investigating
walking speed of both young and old stroke populations. Furthermore, in some studies (da
CunhaFilho et al., 2003), data collected young adultigrat 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, severityakesand when

data collectiontook place. The patient group in the study by Platts et(2006) had
experienced a stroke on average 3.6 months prior to testing and were yet to be discharged
from inpatient rehabilitationcare, compared to Jarvis et @019)where inclusion criteria
stipulated that the occurrence of stroke took place within the last three years péhients

in the study by Jarvis et @019)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 ugpbake
walking speediuring overground walkin{Platts et al., 2006; Maeda et al., 2009; Jarvis et al.,

2019) treadmill walkingdDanielsson and Sunnerhagen, 2000; Awad et al., 28Igasured
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during steadystate conditiongdKramer et al., 2016)0verground seléelected 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 sp@bifinsetler and
Bowden, 2017)The use of the treadmill for assessing SSWS and metabolic cost in stroke
populations limits the application for datas walking on the treadmill often increases
metabolic cost due to the movement of the bedts reported byBrouwer et al(2009)and

others (Danielsson and Sunnerhagen, 200dpst patientsin the study by Daniskon and
Sunnerhager{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 lighihen compared with overground

walking

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

researchergBowden et al., 2008)ue to the heterogenous nature of the stroke population,
self-selected valking speeds a proverpredidor for stroke recovery, due to the simplicity in
measurement is a reflection onboth functional and physiological changes ambst
importantlyis a reliable and sensitive measure throughout tbeovery procesgPerry et al.,

1995; Schmid et al., 2007; Bowden et al., 20@8yas Perry et d[1995)who evidencedhat

using walkingspeed as a valid predictor for community walkinigus classifyng gait post

stroket SNNE Qa ¢2NJ] Saidl orangidgh S a B PENBOBLE A aA X XY QI &

A

FotfS 2 61 f1 AYR22NE -badiéd idigduaisasdétaied i BbleZA Y A £ I NJ
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Table 23: 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 limit

community ambulation

3 0.81.2m/s Mild gait impairments and able to walk outdoors without assistance

Usingt SNNE Q& ghiN@assHEicat®iftable 2.3) has since become a methodto
understand the rehabilitation needs of strolsairvivors on an individual basisut alsoto

monitor progressiorand hassincebecome an outcome measure in clinical trigdgummer et

al., 2007; Stanhope et al., 2014chmid et al(2007) reported that improving walking
performance, and therefore walking speedy R 0 KS & 0NR1S &dz2N¥sbd2 NRE Q

has the ability to improve seteported measures of function and quality of life

2.5.3.2 WalkingPerformancen Outdoor Environments
Only one studyKim et al., 2014hasinvestigatedwhether aWO2 YYdzy A 1 & gl f { Ay 3

LINE IANF YYSQ Ol y funoficdN®atikiSg speed gnd dislancepking place
outdoors in community and natural environments/er a period of four weekdt was
reported that this form of rehabilitationsignificantly improved walking speed(pre-
intervention 0.51m/s, posintervention 0.71m/s) assessed using the 10m walk test and
walking distancépre-intervention 162.59m, posintervention 227.8m)using the éminute
walk test However,despite the marked improvements in walking speed and distance, this
study does highlight limitationdor instance the small number @farticipants recruited for
this study does not allow for these results to be generalised to all stroke patients

Furthermore, no longerm follow-up of the programmavas considered to assess potential
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behaviour changand the whether the positive improvements observed and reported in this

study continue.

2.5.4Walking Biomechani¢®stStroke

25.4.1The Gait Cycle
Walking uses a repetitious sequence of limb motions to simultaneously move the body

forward, while also maintaining stance stabilfgerry, 2016p ¢ KS GSNX a3l AG€ N
YIEYYSNI 2F g+t 1Ay3as gAGK | aAy3atS &aSldzSyOoS oeé
can be divided into two phases; the stance phase and the swing phase. In a healthy able
bodied adult, the stance phase accoufds 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
IANRdzy R 6 KAOK O2YYSyO0Sa gAGK GAYyAGALFET O2yidal O
accounts for 40% of thgait 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 fltwe-¢ff) (figure 2.2)

(Kharb et al., 2011).

oadiny .
Tibsa vertical i espon: Opposite

Heel-off
(body leads foot)

Figure2.2: Gait cycle from initial contact to the next contaxt same side (taken from:
https://ebrary.net/7410/health/phases_gait_cycle
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Spatialtemporal parameters and kinetic and kinematic parameters are commonly used to
descrile gait in research. Spati@mporal parameters concern the placement of the feet and
time aspects of the gait cycle, such sidde length, stride width,step length, step width,
single limb support time, double limb support time, stance time, and swing time
measurementgWonsetler and Bowden, 201 Kinematics describe the angular displacement

of joints and kinetics describe forces, joint moments and joint poBesedetti et al., 1998)

To measur&inematics and kinetics of walkinggsearchergegularly utiliseembedded force
plates, the gold standarshethodfor biomechanicswith data collected to a certaisampling
frequency(Renner et al., 2022However, if the sampling frequency is too latis possible

to miss important information. Fanstance the characteristics of thgait phasewill not be

able to be determined accuratel@versampling the datan the other handwill result ina

large quantity of databeing collectedand therefore require further data processing and
reduction. Therefore, recommended sampling frequencies for walking are 50 to 100 Hz for
motion capture walking andunning at 100 to 200 Hand 1000 Hz for ground reaction force

data collection(Gudavalli et al., 2013)

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

rehabilitation clinical trials, spatiotemporal variables are frequently utilised to quantify gait
abnormalities, calculate gasisymmetries and track patient progre@¥onsetler and Bowden,
2017) Researchers consistently report reducsttide length (Nascimento et al., 2015;
Zukowski et al., 2019step length(Allen et al., 2011; Awad et al., 2015pdenceand
increasedstride width,step width(Chen et al., 2005a; Jarvis et al., 204r8J 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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after experiencing a stroke, crossctional studies revealed slower gait speeas a result of

reduced stride length and cadengBrandstater et al., 1983; Chow and Stokic, 2021)
Nascimento et a[2015)reported mean stride lengths range between @%m in stroke

survivors, compared to healthy abledied older adults (1.1 to 1.4n(jollman et al., 2011)

Sride length variability hagurther been related to fall riskMansfield et al., 2015and

balance confidenc€Schinkelvy et al., 2016post-stroke, perhapsas aresult of different

lower limb weaknesdistributionsin stroke. It could be theorised that lower extremity distal

muscle weakness causes an inability to fully welggdr over the forefoot andcreate

adequate progression during late stance, resulting in shorter strides, vgngslominantly

proximal lower extremity muscle weakness may, or may pserve this functiorgLi et al.,

2018)

In a study conducted bfHak et al., 2015medio-lateral and backward margins of stability
(MoS)were compared betweestroke participantsand healthy abléodied controls, during
unperturbed walking at more challenging walking conditign& which fast and accurate
adaptations of the gait pattern had to be madeor all conditionsit appeared thatstroke
participantswere able to regulate their meditateral MoS tca similar degre@s the controls,
despiteexhibitinglarger medielateral excursions of thextrapolated centre of mass (XCaM)
Stroke participantshad to walk with a larger step width and a relatively high stride frequency,
compared withthe control group In contrast, the backward MoS was smaller in gisbke
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 leng8iroke participans

could be a result aleduced puskoff (Balasubramanian et al., 2007; Roerdink and Beek, 2011)
and swing capacit§fCampanini et al., 2018 the pareticlower limb, due tomuscle weakness
and/or spasticity. Howevethe study conducted by Hak et @015)suggestsan alternative,

that an increasedfear of falling(Maki, 1997)in stroke participantsor conflict between the
cognitive demands of the gait adaptability task and walking alffitymmer5 Q! Y I (2 S

2008)

Jarvis et af2019) reported thatnearly allyoungstroke participants walked with a wider step
compared to healthy abkeodied 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 speeddue to the reduction indistance covered in the forwards directiom
agreement with Chen et 42005) Adopting a wider stance to promote support in the static
standing position mageem tobe more stable. However, walking involthe transitionfrom

single and double stance and will therefdemd toil KS 062 R& Qa OSYydiNg 27

greater medielateral sway, potentially causing greater instability.

Several studies have found step length and step length asymmetry to correlate with paretic
lower limb plantarflexor impairment posdtroke (Hsu et al., 2003; Lin et al., 2006pntrary

to traditional results regarding step length asymmetry, one st(Bglasubramanian et al.,
2007)found that patientswho walk asymmetrically with shorter stepgenerated a higher

total percentage opropulsionfrom the pareticlimb. Thougha causdor thisoccurrencecould

be due tothe paretic plantarflexor®eingunaffectedpost-stroke there is the likelihoodhat
theseparticipantswere unable to generat@adequateenergyduring pre-swingof 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(2015) it was found that
interventiornrinduced improvements in step length asymmetry contributecatoeductionin
energy costand causing more efficienvalking poststroke. Tls demonstrates that a more
symmetric walkingproducedthe largest reduction in energy consumption when walking.
However, it is not clear which of the three largely different interventions (1-seédicted
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 sesmth asymmetry.

2.5.4.3Kinematiand Kinetid®arameters
Many studies(Boudarham et al., 2013; Awad et al., 2015; Jarvis et al., 20083tigating

stroke have utilised a number of combined advanced techniques such as 2D and 3D motion
analysis and ground reaction force measuremefiise of force plates)to identify gait
abnormalities and to evaluate the effectiveness of interventigigvuzer et al., 2008)
However,there is a paucity of researditerature that have exclusively measured walking
biomechanics in young adults who have had a strékely ongoublishedstudy 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 gristing agerelated degenerative conditions not
applicable to young adults, like atherosclerosis, cardiovascular disease, arthritis and
osteoarthritis, potentially affecting how they walk. Some studi€hen et al., 2005;
Boudarham et al., 2013; Awad et al., 20b8)e 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 adulfghe studies discussed in this section only reporgainabnormalities

in older stroke patient groups.
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As stroke alters the kinematic, kinetic, and muscle activation patterns of individuals, spasticity
iS @ common occurrence at a certain joint and can cause crouch gaikrsdf gait and
reduced range of motion (RoM) of the lower limb joiitiicks et al., 2011; Campanini et al.,
2013; Boudarham et al., 2013 etween 3860%(Kim et al., 20160f individuals who have

had a stroke suffer from muscle weakness and spasfi€iguren et al., 2009yhich 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-joialtifactor
asymmetries of the paretic lower limb at all lds€pelvis, hip, knee and anklgruz et al.,

2009)
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Table 24: Review table of different studies investigating the spagahporal, kinematic andinetic parameters of posttroke walking

Study Sample size  Methods Kinetic variables Kinematic variables Strengths limitations
Hayes Cruz et 18 Overground Not stated Frontal and sagittal plane hip Multi-joint coupling was No demographic
al (2009) walking SSWS strength, sagittal plane knee associated withncreased information on participants
and ankle strength pelvic movement at toe
off
Stanhope et al 21 Treadmill Not stated Frontal planepelvic 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 fivestroke 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 agematched
Boudarham et 62 (42 stroke, Overground Not stated Sagittal plane hip, knee and Included young adults whc
al 20control) walking SSWS ankle have had a strokémean

age 52 yrs)

Chen et al

12 (6 stroke, 6
control

Treadmill SSWS Not stated

Sagittalhip, knee ankle

Kerrigan et al

40 (20 stroke,
20 control)

Overground

test)

Hip, knee and ankle
SSWS (10m wal joint motion, torque
and power

Sagittal plane ip, knee and
ankle

Demonstrated
considerablevariabilityin
torque and powervaried
compensatory
mechanismgor 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 posstroke. 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 bekimur resulting from limited mobility and difficulty walking
poststroke, therefore shortening the hip flexof3arvis et al., 2019The gait performance of

the nonparetic 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, kneelaankle.

However, the range in pelvic obliquity is varied. A study by Kerrigan(20@D)suggests it
increases with excessive upwards movement during initial to-swithg, compared to the
controls where it is observed that the pelvis on the swing side drops by 3.9 degrees, indicating
a hiphiking pattern to achieve toe clearance due to fatvbp, which may also be related to

any impairment in tibalisanterior to lift foot from floor and weakness igastrocnemius and
soleusto generate forward momentumSimilar 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 durirgyvyomng

and swing of the paretic limb contributed to increased mechanical energest of walking
(Chen et al., 2005aWhile others(Akbas et al., 20193uggest that pelvic obliquity as a
compensatory strategy can be used to facilitate foot clearance with greater energy efficiency,
compared to hip abductiorin contrast Stanhope et d2014) and othergChen et al., 2005a)
suggest thatincreased or exaggerategelvic obliquity(also known as pelvic hiking) be
mechanically inefficient and energetically costlyeto increasedupper body lateral swasts
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a result ofgreater shiftsof the centre of masswWhen comparedo hip circumductionas a
compensatory mechanispas ths deviation in gaitis more distal and localiseHlowever, this
may be acompensatory strategy that only high@nctioning individuals can emplpywho
may havebetter lower limb function. Therefore, the study by Stanhope et gR014)
hypothesised that reducing pelvic obliquity during swing may improve walking efficiency and
facilitate faster walking speeds in stroke survivoithile both studiegChen et al., 2005b;
Stanhope et al., 2014ontradict thefindings of other regarding increased pelvic obliquity
andits potential inefficiency to gaithe methods used foboth studiesshould be scrutinised
The use ofa treadmill, rather than overground walkinigas the potential to generate
differences in results between the two, as evidenced by Danielsson and Sunne(Bagén
Although overgroundind treadmillwalkingare quantitatively similar in healthy ableodied
populations stroke survivors whee walking ability have been severely affectethy respond
differently to treadmill walking therefore the resultscan not necessarily be applied to

overground gait.

The hip

At the beginning of the gait cyclgnitial contact) often the hipjoint on the pareticlimb
prematurelyentersinto an extended positionDuring ths phase of the gait cyclegpk hip

flexion during loading response the paretic limb is significantly reducedstmokesurvivors

compared to the control groufChen et al., 2005a)vith the reduction being more evident in

the subjects who exhibited shorter step length in the Fmaretic limb, as a result of being

reluctant to load on the paretic lower limb during single limb support. This therefore reduces

the progression inthe ¥ I NR RANBOGA2Y 2F (N} @St | yR NBR
stance limh which will likely reduce walking speeiimilarto the study by Chen et al (2005a),
Boudarham et a(2013)reportedthat a reduced walking speed was associated wiglluced
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hip extensiorduring mid and late stance that in the sagittal plamas observedollowed by

reduced hip flexion at the end of the swing phase.

During the swing phase of the gait cyd&pke patientsexhibitedreducedhip flexionin the
paretic lower limh compared to control¢Chen et al., 2005b; Boudarham et al., 2013)is
results in the posterior tilt of the pelvis as a compensatory strategy to initiate hip flexion.
Another compensatorystrategy that is commonly adopted Isfroke patients and seen in
clinical assessments excessivehip abductionof the paretic limb An increase in hip
abductionwidens the base of support during the stance phase of the gait ¢(eley et al.,
2010). However, iswing phasesxaggerationsn hip abductionon the paretic limbcan be
adopted due tdack of hip flexionn orderto faciitate toe clearancéDean 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)r sedentary behaviours.

The Knee

Sagittal motion of the knee (flexion and extension) is used for progreasidrmaintenance

of stabilityin stance phase and swing phase facilitate limb clearance. At the knee joint,
Nadeau et a{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. Ehsubsequentredudion in knee flexionand the
compensatory strategy ddneehyperextensiorduring the swing phase is commonsiroke
patients with spastic paretic gait as a result of upp®stor neuron injury(Kerrigan et al.,

1999) However, during to®ff in the nonparetic limb, it was found that knee flexion tended
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to be greater than normalpotentially due to the exaggerated propulsion of the limb during

pre-swingphase of the gait cyclg&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 ggBhumwayCook and Woollacott, 1995pand greater
propulsive ground reaction forces (GRFs) are required to achieve faster walking speeds
(Nilsson and Thorstensson, 198%hese propulsive forces are predominantly produced by
the ankle plantarflexorgNeptune et al., 2001)which play a critical role in gait as primary
providers of bothStability of the tibiaand forward propulsion during the terminal stance
phase(Neptune et al., 2001)However, plantarflexor weakness is a common impairment
poststroke, limiting power generation at the ankle joint during propulsion, gait speed and
causing insufficient pusbff due to lack of heel rise. Many studies report decreased ankle
dorsiflexion during swing phag®Iney et al., 1994; Danielsson and Sunnerhagen, 2000; Chen

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

2.5.44 The Role of Assistive Devices to improve walking Performan&irBkst
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 settigigarakkattil 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 stallifyroving
functional independence, and improving distance and p@earo 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,
anklecfoot orthoses (AFOs) are designed to support and stabihie ankle and foot. They
helpto 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 agplo the lower limbs to improve
muscle strength, reduce spasticity, and promote a more natural walking patietai et al.,

2007; Hwang and Song, 2023)

Studies on the use of assistive devices by hemipasatike patients report that 32% to 76%
of patients use at leagine device after a strok¢Laufer, 2004; Allet et al., 200Hllet et al
(2009)examined the effects of three different walking carf@sNordic stick, 2. $¢oint cane,
3. simple cane with ergonomic handgripat are widely used in clinical practic&lthough
differences in spatiotemporgbarameters between the three walking aidgere discrete,
participants walked significantly longelistance during the #ninute walk test usinghe
simple cane with the ergonomic handgripurthermore,reduction in weightbearing on the
non-paretic lower limb andtep time symmetrywas significantlymproved with the simple
cane with the ergonomic handgrip than with thepéint cane.On the other hand, Laufer et
al (2004) observed that the 4oint cane significantly reducechediolateral sway during
stance,it could be assumed thatroke survivors with increased balance isswesild prefer

the 4-point cane.

Findings from previous studiebave evidenced that AFO improvespatiotemporal
parameters such as stride length, walking speed and cad@oe et al., 2009; Tyson et al.,

2013; Daryabor et al., 2022) systematic review by Tyson et(@013)further suggests that
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AFO can improv&nee and ankle kinematics by preventiptantarflexion in early stance,
swing phase and toeff, but alsofacilitating weight-bearing on the paretic lower limb by
increasing the centre of pressure forwards over the stance foot, enhancing knee movements
during stance phaseompared tavalking without the AFCHowever, thestudies selected in

this review were predominantly crossser trials that assess the immediate effects of AFOs
small sampleswith trials conducted over a single daithough this is an effect way to
examine the use of AFOs on stroke biomechartios, effects of longerm use are not

explored. Therefor¢he longterm impactsof AFQs not known

The selection of an assistive device depends oritheNR | S  spdeNidnedd® MuRlXof
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 aatglitation plan that addresses tratroke

& dzNJJ ArgeeNskiafienges and strengths.

2.5.4.4Walking biomechanics on uneven ground
Community ambulation often require® havethe capabilities to adapt to the environment

whenwalking, whiclcan also be termeds the ability to adjust the basic stepping patién
order to meet environmental demands and task go@swkins et al., 2017)Valkingon
terrain that one would encounter when walking in natural outdoor environmentsadien
unpredictable non-linear andyieldingunderfoot (e.gsoft ground) Therefore jnaccessibility,
the characteristics of uneven terraimJongside thevarioustransitions betweendifferent
surfaces, make many tasks challenging for the stroke survivawever tlese factors are
often forgotten in traditional indoor stroke rehabilitatiorand offers a rationale for the
development of amovelprogrammethat isbased inoutdoor settingsin muchof the literature

investigating walking performance on uneven terrdiealthyable-bodied individualsnodify
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both spatial and temporal parameters and lower limb kinemaiicserder to alter walking
strategies on uneven terran (Rogers, Cromwell, & Grady, 2008; Schulz, 2011; Thies,
Richardson, & AshteMiller, 2005)

2.5.5 Summary

Walking performance isne of the maimphysicafunctionsnegativelyaffected by strokeand
regaining independent walking capabjlis a key priority in stroke rehabilitatiomhis section
highlights that walking performance is multifaceted, incorporating walking speed and
metabolic cost, spatial and temporal parameters and biomechanical function of walking. Poor
walking performancecanlead to lack of independence andcrease inactivity, promoting
sedentary behavioymwhich ultimatelycauses many youndreke survivors to be confinetb
indoor settings. Thiseduces social participation and interaction with others anel inability

to partake in community and outdoor ambulatiomherefore, mw approaches tastroke
rehabilitationto improve walking performancpost-stroke are being developedvhich uses

outdoor environments, as evidenced within thiesis
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2.6 Quality of Life and Confidence

2.6.1 Thelmpact of Stroken YoungStroke Survivors

Often thefull impact of having a stroke is notcogniseduntil young stroke survivorsave

been discharged fronthe hospital andattempt to recommencepreviously known physical
andsocialpracticesand activities of daily living. Despite clinical progression in the treatment
of stroke, many young stroke survivors antinuallydischarged 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), returnd work, education or participate in social activities.

The severe change in lifestyle asesult of having a strokdégads to lossin independence,
mood alterations such as depression and anxiety, decreased life satisfaction (defined here as
Wi dzI £ A {Kéng, 2996)ahdidisiBlion to and cessation of social interaction with others
have all been reportedKim et al., 1999)Overallresuling in a more sedentary lifestyle
(Billinger et al., 2014Moreover, pain and fatigueommonly associateds consequences of
having a strokemayleadto limited activity. Despite these difficulties, young adults are often
more motivated but alsohave different functional and personal airfRudd et al., 20179nd

have a strong desire return to employment and enjoy sport or recreational activities.

2.6.2 The Dénition of Quality ot.ife

Quiality of life has been defined in a multitude of ways, such as the need of satisfaction; health
related subjective experiences, or psychosocial and physical wellmErgaan et al., 1993)

In the context of health and illness, healtblated quality of life (QoL) according to World

Health Organisatiomnd others(Cella, 1995; Carlozzi and Tulsky, 2083 STAYSR | a

extent to which ones usual or expected physical, emotional and social wellbeing are affected
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been adopted by researchefde Haan et al., 1993; Carddtal et al., 2000}hat is often

defined by a broad range of life domains such as physical (e.g. mobility and performance of
activities of daily living)CarodArtal and Egido, 2009psychological (e.g. depression, anxiety

and fatigue)(de Bruijn et al., 2015nd social (e.g. employment, social network and social

role) (Kim et al., 1999; Carefirtal 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 healdted quality of life

include the difficulties in performing physical activities such as walking ability and activities of
daily living(Chen and Rimmer, 201Research studies investigating quality of life of stroke
survivors in the past twenty years, hafceusedon the physicaélementsof stroke recovery

in isolation from the psychological effects of experiencing a st(&ka 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(lRenwick et al., 1996; Kim et al.,
1999) In a metaanalysis conducted by Chen e{@hen and Rimmer, 201 i)was found that
exercise to improve healtrelated quality of life outcomes had a small positive effect post
intervention (physical domainp=0.02) but not at followup after the respective studies had
ended(physical domaip=098). Despite the improvements made in stroke recovery in recent
years,this raises the issue of how sustainable exercise interven@mksinterventions that
solely place emphasis on physical function are, in order to maintain adherence in stroke
survivors Therefore it could béypothesised that the end of structured supervised support
may reduce access or motivation to continue with the exerdtsgentially the environment

may play an important role in maintaining motivation and creating a more sustainable
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programme, as many postroke interventions for rehabilitation purposes take place in

indoor clinical(McCluskey and Middleton, 201@® ¢ KS y2(iA2y 2F WINBSY
physical activity in green spaces (in the presenceabire) previously discusseih section

2.1 Exercising in Outdoor Environmenitss the strong potential to generate positive health
outcomes and influence behavioural choi¢Bsirton and Pretty, 2010 houghthe majority

offt AGSNI GdzNE RA&AOdzaaAYy3I (GKS Ay FtdsSyaAart T Od2
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) yaohgts face after having a

stroke as theyendeavourto navigate throughmanagingnewly acquiredphysical and
functionalimpairments is reportedrequentlyto be undeniablyhallengingDesrosiers 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-SBo&e fatigue affects
activities of daily living through lack of energy, weariness and aversieffdrt and is often
reported in approximately 40% of stroke patients compared to 18.4% in healthybadied

controls(Christensen et al., 2008)

In a study conducted by Maaijwee et(@016) symptoms of depression and anxiety were
found to be nearly three times highevhen comparedwith healthy agematched controls.
These findingsould be interpretedhat these symptoms are attributable to having stroke at
a young aggpotentiallydue to theprofound changes experienced and the inability to return
to how life was prior to having a stroke. Thus resultingwer motivation andisolationfrom

daily and social activities
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It should be interesting to note thah this studyhaving a more severe stroke or recurrent
stroke, were not necessarily affiliated withicreased risk of depression and anxietyough
comparatively some studies reported recurrent strekéo be linked with increased
depressior(de Groot et al., 2000; Tiemeier et al., 20@)e explanation for the contradictory
findingsmay not be as a result of severity of brain damage, but moréategion of the lesion

and damage caused to neural pathway®rroni 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(2016)may have suffered from selection
bias as a result of using the Hospital Anxiety and Depression Scale (SA&8), 2003)n

the assessment andrevalence of depressive symptoms and anxiety. Patientsisnstudy
cohort may not have been able to complete the questionnaire due to severe aphasia or
cognitive difficulties which could havealso have been the patients with the highest

prevalence of depressive symptoms and anxiety.

Though many stroke recovery interventions and rehabilitatimegrammesoften place
particular emphasis orphysical activity in order to improviinctional outcomes, such as
regairing the ability to walk complete activities of daily livingnd increase independence
(Saunders et al., 2020l isalsoimportant to develop interventions that promote positive
psychological outcomess part of improving overall quality of life of young stroke survivors.
Literaturewithin both Health geograph§and ©nvironmental psycholod@¥prings to lightthe
positive andrestorative attributes of being in, or engaging with the natural environment
which have been shown toeduce symptoms of stress and anxi€iorpela et al., 2008;
Thompson Coon et al., 2011; Meijering et al., 2G) 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-ywa poststroke,

negatively affecting healthelated 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 a[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 caregiveBlake 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 dependeam@on family.

Shipley et al(2018) found that many participants described stroke be the cause of
Wrofound los©¢ K S & S W iwerd efledtichsian #@axhe participants had |akie to

stroke, such as the elementd their life before strokelike leisure and social activities\d

their established work and family roleslso, br the majority of participantsthe losses
manifestedwhenthey returnedhome, or seeing previous social circl#sR2 Ay 3 G KAy 3 &
Ol yQi R2Q »nbthei Brasiof comma&idatiain manycases this created barriers

to the environments that leisure and social activities take plagesuth as outdooand
community settings (McCluskey and Middleton, 2010However, outdoor settingsand
outdoor adaptive activitieprovide opportunitiesto overcome social and attitudinal barriers

andpromote social interactiorfJames et al., 2018; Louise S Madsen et al., 2021)

In addition to the aforementioned losses, a numbeipatticipantsreported thebreakdown
of relationships and social isolation after strokemilar to findings in other studig®aniel et
al., 2009) However, what was most prominent in terms of loss was losing friendsisifzs

result of stroke and thus became a barrier wherbuilding sociatonnections, such as friends
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not knowing how to broach the subject of strqlsocialising required more effort than before
having a strokeand the inability to connecthrough shared interests and activities like
running, thereforelosing the balance required to maintain reciprocal friendshipswever,
this study was performed within a region in Austradiad therefore the insights detailed in
the study by Shipley et £2018)might not necessarily be transferable for other countries
Moreover,the use of telephonand online methods to interviewarticipants living at greater
distances could havewayed disclosure of participant3hough it was reported that
researchergvere assured with the depth of participant reflections during interviews.

2.6.3 Confidencé®ostStroke

Reducedconfidence posstroke 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 limabiitation potential
after a strokglRobinsorSmith and Pizzi, 2003) lack of confidence has also been associated
with reduced social interactions, not getting out of the house and a loss eideslfity. The
impact of such factors are likely to lead to increased dependence and poor Hekdtbd
quality of life in thdong-term, with many young stroke survivors having identified that finding
ways to improve confidence is one of the main priorities of rehabilitation ptuske.
Whereas people who think optimistically are reported to have higher levels e¢@efiden@

and have increased chances of recoveringgireke functional capabilitie@.enzi et al., 2008;
Broomfield et al., 2011)Though confidenceself-esteem and seléfficacy arenot as
frequently measureés quality of lifethe outdoor environments can play a role in not only a
stroke survivorsecovery, but also for other conditions such as demefwahear et al., 2014)

providinga place ohealingas well as consolidation of sefteem(Rappe and Topo, 20Q7)
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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 Measu(kelorne et al., 2017(CaSM) has been developed to assess
confidence defined as a broader term than previous meas(isijean et al., 2014)Three
subcomponents of confidence are evaluated in the CaSMgealidence, positive attitude
and social confidence, which are key difficulties for many individualsgtiaste. Though the
CaSM is the first measure to evaluate overall confidence-gioske,there ae limiting factors
needing to be addressed. Only ten participants were recruaiedl all hadcexperienced having

a stroke over twelve monthand therefore in the chronic phase of stroke recovdrgfore
taking part in the studyAs a result bthis, participants maydwve been happier to discuizeir
post-stroke experienceunlike the stroke survivorsvho are three or six months postroke
Thispopulation of stroke survivonsiayhave felt differently about their experienceSollating
experiencegrom stroke survivorsvho are at different points in their stroke recovewould

havegiven a spectrum of perspectives.

2.6.4 Summary

Quality oflife is an important factor to consideegarding recovery positroke. Despite
improvements instrokerehabilitation servicesnanyyoung stroke survivors are stileavily
dependent on the support of their spoudamiliesand community healthcare cliniciansith
some not being able to return to workind become confined to indoor settingSocial
isolation and the loss of friendstgprelationships ar&eommonly seen after strokeCurrent
literature suggeststhat promoting engagement in natural outdoor #egs to improve

physicaland psychologicalvellbeing, but also increasirgpcialinteractions,could be a key
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mechanisnto improve stroke recovery in young adulBecause of thishe rationale for why
anew andalternative rehabilitation programme based in outdoor envimentscontinues to

strengthen
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2.7 Rehabilitation Pos$troke

2.7.1What is he Role of Rehdibation and How Important is it?

Rehabilitation has a prominent role recovery to regain independence, improve quality of

life and restoration of walking abilif§Dickstein, 2008 a key aim of many individuals post
stroke (Saunders et al., 2016jilowever, 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 capabiliti®udd et al., 2017)

Most literature investigating stroke evidendmsed rehabilitation programmes involve
combined aerobic and resistance exercises, which have reported significant improvements in
cardiovascular fitness, walking ability and muscle strength gains in the apgdower limbs
(Brogardh and Lexell, 2012Ithough exercise has primarily been used to improve physical
function poststroke, new research suggests that exercise interventions may further improve
some aspects of neurological function such as memory and hegllited quality of life
domains suchas physical, psychological and social wellbeing after stroke andspog&e
fatigue (Billinger et al., 2012)

2.7.2 Aerobic Exercise and Stroke

Aerobic exercis€Billinger et al., 2012% commonly defined as a form of physical exercise of
low to high intensity for an extended perioghichdepends primarily on the transportation
and use of oxygerfollowing a stroke, the decrease in aerobic capacity contirmues the
ensuing six monthsoften remaining decreased thereaftédandberg et al., 20168Reduced
aerobic capacity impedes participation in everyday physical and social ac{(8iidier 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 fifFesceira
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Salmela et al., 1999¢nhancing 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 improeerobic capacitywalking performancendhealth-

related quality of life outcomesf stroke patientfrom seven days to six months pesttoke

(Macko et al., 2005; Brogardh and Lexell, 2012; Gordon et al., 2013; Kim et al., 2014; Sandberg
et al., 2016) However specific exercise programmes aften not mentioned making many
studies difficult toreplicate or produce resultPang et al., 2013}t is further difficult to
compare results across different studies due to the different measures used to assess quality

of life.

In the \ast majority of research literature investigating the role of aerobic exercise
interventions on walking performance and healtielated quality of life,often utilise
treadmills or cycling ergometers based imdoor clinical settings like hospitals or leisure
centre gymswith mixed findings on improvements in walking spg8aunders et al., 2016)
Therefore, walking endurance assessed by thmigute walk test (BMWT) is commonly
reported with positive results after participation in a-hzek aerobic exercise programme

(Billinger et al., 2014)

The study by Sandberg et 42016) reported multiple improvements iraerobic capacity
measuring peak work ratgwatts), pre113.9+ 27.6 post130.4+ 33.7), walkingspeedduring
the 10m walk test (LOMWT{(second$ pre 8.2 £ 3.0, post6.0 £ 1.5 and walking distance
during the 6minute walk test((metres)pre 394.7+ 114.7, post499.8+ 93.1), compared to
control groupafter completion of a twelve weekwice-weekly aerobic exercise sessigns
involvingexerciseson the cycle ergometer and walkingespite the improvements aerobic

capacity, walking speed and distammgedin the study by Sandberg et @016) these results
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cannot be generalised tthe younger stroke populationdue to themean age of stroke
survivorsin this study(71.3+£7.0(range, 6184)). It furthermore cannot be generalised the

wider stroke populatioras only individualgshose impairments corresponddd mild stroke
(using theNational Instituteof Health Stroke Scal@yere recruited thus excluthg a large
proportion of stroke survivors who mayave more severe impairmentsnd could have

benefitted fromsuch exercise intervention

StudiegTaylor et al., 2006; Langhammer and Stanghelle, 20di68) community overground
walking have also reported improvements in walking endurance at a similar rate to treadmill
and cycling ergometer protoco(®ang et al., 2013with no differences seen in theMWT

three months posintervention between indoor and outdoor interventions. These studies
indicate that exercise rehabilitation for stroke need to include community overground
walking to improve not only walking enduraam but also functional ability, such as
management of uneven and different terrainand ascending and descending curbs and
slopes when walking in a community setting, which cannot be done in a clinical setting
(Billinger et al., 2014Yhe study conducted by Kim et(@D14) chronic stroke survivorsere
prescribed a supervised fouveek 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 syagalicommunity
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 wiking parameters were observethis studyshould be
compared against another outdoevalking programme to identify and assess the
effectivenesof the community walking training programmidowever, due to the paucity of

studies investigating outdoor programmes, this could not be ddmexefore, the study by
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Kim et al(Eng et al., 20033lso emphasised that most stroke rehabilitation programmes
focused on improving walking performance are conducted in indoor clinical settings such as
hospitals and leisure centre gynstating that these indoor settings wouldot suffice for
providing different outdoor environmental situatiornisat a stroke survivor would experience
when back in the communit{.ord 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., 2018)metaanalysis conducted by Mehta et

al (2012) demonstrated that lowetfimb resistance exercise-f@onth poststroke has the
capacity to improve sefelected walking speed and total distance walked in community
settings.Despite some literaturé€Billinger et al., 2014investigating the role of resistance
training in strokerecovery and walking abilifystating that éwer limb muscle strength has
been found to positively correlate with walking enduranceéV{®/T),no correlation was found
postintervention between resistance exercise and walking spé&h the majority of
literature (Flansbjer et al., 2008; Saunders et al., 2016, 2020; Gambassi et al.agfHeihg

with this correlation by reporting thatresistance 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 hekdthd
quality of life and functional abilityAn efficient method to increase muscle strength is to

include progressive resistance trainimgp stroke rehabilitatioprogrammesinvolving loads
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of 70% or moreof the maximum strengthto be utilised (Kraemer and Ratamess, 2004;
Flansbjer et al., 2008Previous literature has reported that resistance exercise aan
decrease cardiac demands of activities of daily living (e.g. carrying groceries or lifting
moderate weighted objects) and therefosabsequentlyimproves health-related quality of

life (Billinger et al., 2014; Winstein et al., 201#) a study byrlansbjer et a{2008) reported

that ten weeks of twice weekly leg extension and curl exercigssilted in multiple
improvementsincludingsignificant improvements idynamic knee muscle strength @5%
increase in improvementjncrease in walking distance using t6ée8MWT (mean change of
22m) andquality of life,using theStroke Impact Scale (mean change of 4.6) from baseline to
post intervention, with gains through the programme being maintained follow-up,
pertaining that resistance training does play a role in stroke recovery in theidong Though

a limiting factorfrom this study is that itloes not statea time pointwhen followup testing

occurred reducing the chanceeof replicatinghe study.

A systematic review byGambassi et a(2017) evaluatal the role structured resistance
exercise programmesayin stroke recoveryOut of the twelve studiescluded in the review,
it was highlighted that onlyfive studies explicitlydetailed the main variablege.g. rest
intervalsbetween sets and exercisasded for resistancexercise programme®etailing the
rest intervals between sets and exercises have been found by some reseg¢higamen et
al., 2005; Comstock et al., 2018)be an important factorfor an effective resistance exercise
programme In what would benefit stroke recoveryRobinson et a{Robinson et al., 1995)
details thatrest intervals play a key role in neuromuscular adaptatiomsh greater rest
intervals were associated with greater strength gain®wvelver inadequate rest intervataay
have a negative effect on expected resifitmmbassi et al., 201BYy exacerbatindatigue and

muscle weakness caused by stroke
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2.7.4 Combinedderobic and ResistanE&ercise and Stroke

There is strong evidence to suggest that combined aerobic and resistance exercise
rehabilitation programmes posttroke addressind improvemultiple impairments such as
functional ability, cardiovascular fitness and walking performance, compared to-stand
aerobic or resistance exercise programmes. Matalysis conducted in the Cochrane Review
(Saunders et al., 2016, 202Bported mixed methods programmes significantly increase
walking speed and endurance iiMBNT compared to aerobic or resistance exercise alédne.
scientificstatement byBillinger et al2014)alsohighlights the need focombined exercise
programmes specific to stroke, adsoincludeflexibility trainingin orderto increase range of
movement and prevent deformitiesalongsideneuromuscular training to enhance balance

and coeordination.

Table2.5: Exercise recommendations developed by Billinger €2@i14)

Prescriptive Guidelines

Mode of exercise Goals/Objectives -
Frequency/Intensity/Time

Aerobic 1  Increase walking speed and 1  5580% of maximum heart rate
1  Largemuscle activities (e.g. efficiency 1  3-5days per week

walking, stationary cycle 1 Improve exercise tolerance 1  20-60 minutes per session

ergometry, functional activities) 1 Increase independence and

activities of daily living
1 Reduce motor impairment and
improve cognition
1 Improve vascular health

Resistance 1  Increase muscle strength and 1  1-3 sets of 1615 repetitions of 8
1  Resistance training of upper and endurance 10exercises involving major

lower limbs, trunk using free 9 Increase ability to perform leisure muscle groups

weights, weightbearing activities time activities and activities of 1  2-3 days per week
1 Circuit training daily living T Resistance to increase over time ¢
1 Functional mobility  Reduce cardiac demands tolerance permits
Flexibility 1  Increase range of movement i  Static stretches (hold for 180
1 Stretching (e.g. trunk, upperand {  Prevent contractures seconds)

lower limbs) 1  Decrease risk of injury 1 2-3 days per week (before or after

aerobic or resistance training)

Neuromuscular 1 Improvebalance, skill acquisition, §  Use as a complement to aerobic,
1  Balance and cordination quality of life and mobility resistance and stretching activities

activities M Decrease fear of falling 1  2-3 days per week
1 Yoga T Improve level of safety during
1  Recreational activities using activities of daily living

paddles/balls to challenge hand
eye coordination
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Many studies(Pang et al., 2005; Eng, 201gve used various mixed methods exercise
LINEIANF YYSEAa 6A0K &ddz00Saazx 2yS 60SAy3a (GKS WCAly
involving combined aerobic and resistance exercises, in community settings for older adults

with stroke, finding it beneficigor improving walking endurance as assessed through the 6

MWT (distance). The -BIWT improved significantly from baseline (328.1m) to post
intervention (392.7m), meaning marked improvement of 64.6m suggesting that after
completion of the programme, ptcipants were able to walk furthethus improving walking
enduranceand couldhave positive implications for completing activities of daily living
(Billinger et al., 2014However, the results from these studies are generalisable to a select

group of community dwelling individuals with chronic stroke only.

Arandomised clinical trisionducted by Duncan et @003)designed an exercise programme
to improve strength, balance, and enduransamilar to the guidelineset out more recently
by Billinger et al2014) and detailed in table 2.4This studyobserved gains in balance,
endurance and mobility, witbverall benefits seen in participants who were beyond the thirty
day poststroke recovery periodHowever,as this study solely recruited those who were in
the subacute phaseof stroke and thereforenay not be generalisable to the wider stroke
population. The researchers themselves expressed that this study was resource intensive
with each subject receiving 54 hours oftdtl rehabilitation over the duration of three
months It could be stated that similar gains founddalance, endurance and mobilityarc

be achievedn group sessions where the programme is less time and resource intehsive
alsohas the potential tooffer the positive effects of group support aggoup motivation
Furthermore, though this studyasintended as a comprehensiyprogressive intervention,

it cannot be determined whatomponentof 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 ageelated degenerative conditions, like atherosclerosis, cardiaMasadisease,
arthritis and osteoarthritigSaunders et al., 2016[Furthermore, older adults are at risk of
agerelated sarcopenia due to being more inactive than that of the average young adult.
Many exercise programmes may not be beneficial to the young stsokeivor, due to
dosage, intensity and frequency of the prescribed exerbisig tailored toolder stroke
patients. Young stroke survivors may be ablectipe better with increased intensity

frequencyand difficultyof exercisesdepending on stroke severiiRudd et al., 2017)

Furthermore, young adults need have a rehabilitation programme that focuses and
supportstheir needs and requaments, such as return to employmergnjoysocial/ leisure
activities and participate in activities that take place in outdoor environmermerobic
exercisethat specificalljtakes place imatural outdoor settings are found to increase social
participation andadherence to exercise compared ittdoor settinggFocht, 2009; Fraser et

al., 2019) As here are no established comprehensive exercise rehabilitation programmes for
the younger stroke populationthe potential to develop arehabilitation programme that
takes into accounthe & 2 dzy' 3 & ( NP feduiredatnNaid WBe&s MImare stimulating

environment such as outdoor settingsneeded

2.7.6 Summary

Combinedaerobic and resistance exercise programmes for stroke rehabilitation have been
proven to improvecardiovascular fitness, certain walking performance parameters and
quality of life However, as highlighted in this section, the majorityregearch has been

conducted withthe older stroke populationas participants, who may have agsated
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degenerative conditions, whichre not applicable to the typical young stroke survivor.
Developing a combinederobic and resistance exercise programme that emphasises the
priorities of the young stroke survivor is much needé&tere is a trueopportunity to use
natural outdoor environmentan alternative settingor strokerehabilitation programmend

elicit potentialincreasedmprovements in walking performance and quality of life.
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2.8 Thesis Aims and Objectives

Theoverarchingaim of this research project is tiesign, develop and deliverrahabilitation
programme using the outdoor natural environment as an alternative settsygcific to the
needs and requirements of young stroke survivawth mild to moderate physical
impairments.Furthermore this research projecttis investigatewhether an outdooswalking
rehabilitation programme can improve walking performanealking biomechanics, speed
and efficiency and quality of life of young adults who have hastrake 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 spafEsoulas et al., 2007pr

promoting health and wellbeing of young adults who have had a stroke
Theresearch pojectobjectives are:

1. To investigate whether a ten week outdemalking rehabilitation programme can
increase walkingpeedand decrease energy demands$ young adults who have had
a stroke

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

3. To investigate whethea ten week outdoofwalking rehabilitation programme can

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

1. The outdoorwalking rehabilitation programme will increase walking speed and
improve walking performance (reducenergy cost and improve biomechanical

functionwhenwalking)

2. The outdoorwalking rehabilitation programme will improve quality of lifend

confidence foryoung adults who have had a stroke
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Chapter Three

3. StudyOne Assessing the Feasibility of @utdoorBased
Rehabilitation Programme For Young Stroke Survivors

This chapter hasbeensubmittedas a two part research papéo the journal, Disability and
Rehabilitation for publication.Furthermore the findings from this feasibility study has been
acceptedin the form of an abstract téthe European Stroke Organisation Conference (May

2022) andchas been presented at the Stroke Hub Wales Symposium in March 2022

3.1 Rationale for the Feasibility Study
Study 1Due to thepaucityof researchstudiesinvestigating the role of outdoaactivities for

health and wellbeing in clinical populations,was decided that a feasibility studyas a
necessarypart of this research projectConductinga feasibility stidy allowed usas
researchersto understandand assessvhat activities were appropriate for young stroke
survivors (with mild to moderate physical impairmentsp engage in, as part othe
development ofan outdoorbased rehabilitation programmespecific to young stroke

survivors.

3.2 Background
In the United Kingdom, twentgix percent of adults who experience a stroke are younger

than sixtyfive years of age and therefore defined as a young adludtl £ £t A O1 | YR hQ/ |
2009; Ekker et al., 201.8Ylost are unable to complete activities of daily living, return to work,
education, participate in social activitié@aniel et al., 2009pr take part in outdoor physical

activity (Winstein et al., 2016; Leung et al., 201This can result in a loss of independence,

social isolation, depression and poor quality of lffee Bruijn et al.,, 2015)Despite the

increased prevalence of young adults experiencing a stroke due to unhealthy lifestyle choices

72



(e.g. eating unhealthily, smoking, alcohol consumpti@taala et al., 2009; George et al.,
2017; Ekker et al., 201,8)besity and sedentary behaviour and the cause for nearly 90% of all
strokes(Aigner et al., 2017}here is very little research and only limited clinical guidelines to

support their cargAigner et al., 2017)

Rehabilitation has a prominent role in recovery to regain independence, improve quality of
life and walking performancéickstein, 2008which are often key aims of many individuals
who have experienced a strok8aunders et al., 2018Recent researc{Billinger et al., 2014;
Winstein et al., 20163upports 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., 200/Ap may also have prexisting age
related degenerative conditiondaul and Barron, 201, Ayith 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 impaon the design and delivery of the rehabilitation

programme.

OESNDAEAS NBKFIOATAGIGARZY O2yRdzOGSR Ay yI (dzNI f
has been associated with better physical and mental health compared to indoor exercise, in
terms of wellbeing, longevity with decreased anxiety and depression ¢bh Ihealthy
individuals(Thompson Coon et al., 201410d individuals with dement{@zoulas et al., 2007;

Whear et al., 2014and diabetegFritz et al., 2011Kim et a[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 tesinferegention 0.51m/s,
postintervention 0.71m/s), and walking distance using theni@ute walk test (pre
intervention 162.59m, posintervention 227.8m). In the same study, social pgpation
scores using the Stroke Impact Scale significantly increased, indicating the participants

benefited from the group based activity.

ThompsorCoon et al(2011)and others(Hartig et al., 1991; Hug et al., 2008und 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 pssioke is delrered in indoor
clinical settings such as leisure centre gyms and hosgiai€luskey and Middleton, 2010)
utilising an outdootbased 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 outth@sed
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 psesiodies
investigating outdoor and community rehabilitation programmes include only walkimg as
main activity(Kim et al.,, 2014and therefore the feasibility of delivering a rehabilitation
programme utilising the outdoor environment and different outdoor activities needs to be

determined.

3.2.1Aims
The aims of this study were to determine, 1. The delivery and adherence of an oitdsed

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 (EthOSL1718). 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 youngessuorvivors
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)nderstanding what the Young Stroke Survivor inart
outdoorbased rehabilitation programme

Prior tocommencing the feasibility study, a focus group withee of the participantsvere
invited as part of patient and public involvement in engagement (PPIE), to desecdsasd
with the development of an outdoebased rehabilitation programme. The following

guestions were asked as part of a sestructured group interview format:

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

2. What do you feel is important to focus and investigate for an outelmased
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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3.3.2Intervention

This study involved an outdodrased 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 queldied

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

Table3.1: Planning of outdoebasedrehabilitation programme using theo@sensus for Exercise Reporting
Template CERT) as a guide

1. Type of exercise equipment
- Minimal (no specialist gym equipment required)

Materials ) ! )

- Walking clothing and equipment recommended

2. Qualifications, teaching/supervising expertise and/or training of the exergseictor

- Outdoor activity instructor with over thirty years of experience in outdoor instruction. Hold:
Provider appropriate qualifications for leading outdoactivities. Has walepth local knowledge of the are

where the outdoorwalking rehabilitation programme is plaed to take place

- Rebecca Clarke (researcher of studgltdoor activity instructor with four years of experience
outdoor instruction. Holds all appropriate qualifications for leading outdactivities

3. Whether exercises aperformed individually or in a group

- 3-week outdoorbased rehabilitation programme: group

4. Whether exercises are supervised or unsupervised

- 3-week outdoorbased rehabilitation programme: supervised

5. Measurement and reporting of adherence to exercise

- Exercise Diary

6. Details of motivation strategies

- Researcher to call participant onper-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 carepécated (e.qg. illustrations, photographs)

- 3-week outdoorbased rehabilitation programme sessions are described in the exercise diary
word descriptions and illustrations

9. Content of any home programme component

10. Nonexercise components
- Nonon-exercise components are included in this study
11. How adverse events that occur during exercise are documented and managed
- Inthe unlikely situation of any adverse events, participants will be treated accordingly and ref
appropriately. We will adhere to institutional procedures for recording and reporting adverse e
and their followup
12. Setting in which the exercises are performed
- Outdoorbased rehabilitation programme: Talybeob-Usk, Brecon Beacons National Park, Wale
13. Detailed description of the exercises (e.g. sets, repetitions, duration, intensity)
Dosage - Detailed description of the -8/ieek outdoorbased rehabilitation programme are included in tt
exercise diary
14. 2 KSGKSNI SESNDA&SE NB 3ISYSNAO 642yS &aAal s
- 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

Location

Tailoring
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3.3.3 Data Collection

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

3.3.3.2Delivery and adherence to the outddaised rehabilitation programme
End of week and end of studgestionnairesDelivery and adherence to the outdobased

rehabilitation programme was measured through the use of structured questionnaires
adapted from the Consensus for Exercise Reporting Tem@&RT(Slade et al., 2016[End

of week and end aftudy questionnaires/ere 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 rege from 15 (1-completely disagree, -Bompletely agree) for
assessing level of enjoyment, delivery, tailoring and support for the outtased
rehabilitation programme, the end of study questionnaire additibnaassessed re
participation to the outdootbased rehabilitation programme. A Likert scale response format
has been found to be a valid, reliable and responsive measure of attitudes, beliefs and opinion
(DeVellis, 2016in 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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Table3.2: End of week and end of study questionnaires provided to participants iex@esise diary, using the
CERT and likert scale response format

CERT Domains

End of Week Questionnaire

5AR @2dz Sye2z2e (GKAa ¢6SS1Qa 2dzif

Enjoyment 1 2 3 4 5
Was the outdoor activity instructor helpful and supportive during tl
Support session?
1 2 3 45
Delivery 5AR @2dz tA1S K2¢ GKAA 6SS1Qa :
1 2 3 45
. 2} a (KA&a ©6SS1Qa 2dziR22NJ | OGA @7
Tailoring

1 2 3 45

CERT Domains

End of Study Questionnaire

Did you enjoy the outdoor activity sessions provided?

Enjoyment 1 2 3 4 5
Delivery Did you like how the outdoor activity sessions were delivered?
1 2 3 4 5
Was the outdoor activity instructor helpful and supportive during
Support sessions?
1 2 3 45
. Were the outdoofbased instructodled sessions tailored to you?
Tailoring

1 2 3 45

Reparticipation

Would you take part in a rehabilitation programme that uses outd:
activity again?
1 2 3 4 5

Quality of life.As part of the smailcale pilot, participants were asked to complete the

EuroQoL E@D-5L Quality of Life scale pre and pastervention to identify any changes in

selfreported quality of life. The EQD-5L is split into two components, the first, cladsas

the descriptive system, comprising five domains (mobility, -c@i€, usual activities,

pain/discomfort, anxiety/depression). The second, classed as th¥AS)(visual analogue

201t 803 NBO2NRS Ratall Kedlth E#mNIOA O st hedit0you carbide, T

100 best health you can be).
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3.3.3.3Assessment of participant capability to take part in the outdased

rehabilitation programme
Measurement of walking speedWalking speed was captured pmgervention in a

community centre in the Brecon Beacons National Park, Wales, UK, to provide an indication
of whether selfselected walking speed can be used to guide suitability and capability of taking
part in outdoor actity 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 tagcapability of participation

in an outdoorbased rehabilitation programme. At the start of the outddmased
rehabilitation programme, participants were asked to walk at their-selécted walking
speed for three minutes up and down a 15m long indoatkway 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 reflectiorst the end of each outdoebased programme session,
the instructor and researcher completed qualitative reflections using a questionnaire

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

Table3.3: End of week opernded questionnaire for instructor and reseaectusing CERT domains

CERT Domains Instructor and Researcher Questionnaire

Enjoyment 52 @2dz GKAY]l GKS LI NGAOALNyGa
Delivery 24 GKAAa 6SS1Qa FOGA@AGeE ot S
Support Were you able to give support to @irticipants during the activity?

Were you able to give each participant different objectives to impre

Tailorin _ .
¢ during the activity?
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3.4 Results

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

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

Table3.4: Meanz standard deviation for participant demographics,-BQ5L Quality of Life scafer domains
mobility, selfcare, usual activities, pain/ discomfort andxietyand EQ VAS for young adults who have had a
stroke

Participant Demographics (n=4)

Mean+ SD
Age (years) 46+8.83
Time since stroke 245+9 74
(months)
Type of Infarct 3
stroke  Haemorrhage 1
Male 4
Gender Female 0
Walking speed (m/s) 1.1+0.41
EQ5D-5L Quality of Life Questionnaire
Descriptive system Preintervention Postintervention
Mobility 2+1.41 2+15
Selfcare 2+0.57 1+0.57
Usual activities 2+0.81 2+0.5
Pain/ discomfort 3+1.70 2+1.29
Anxiety 1+0.5 1+05
EQVAS 70+14.14 87.5+£9.57

3.4.2 Assessment of delivery and adherence to the ouoiased rehabilitation
programme

3.4.2.1End of weekuestionnaires
wSadzZ Ga FTNRY a9y R 2F 2SS1¢ | diased relapilyation NI &

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 RiE @@inains,

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

(week 1; 510, week 2; 50, week 3; 5x0).

3.4.2.2End of study questionnaires

As similar to the end of week questionnaire, for each CERT domain the feedbactOfrasb
allparticipantsY S& G KSYSa TNRY LJ NI A OA-based ieknbilitaiocR SRo I O
LINEIANF YYS 6SNB aSye2eyYSyidé¢ a4 NBLR2NISR o6& | f
preferring the outdootbased rehabilitation programme to exercising indoors and
GY2U0ADF OBy KSEPSEdzd 2N GKS 1Se GKSYS 2F avzi

A 2

O2yFARSYyOS (2 ESNOA

(0p))

S 2 dzii R 2 2phish th@nsdivas mialle NI A O A

ax

(0p))

due to the outdoord I & SR f SYSyld 2F GKS NBKIFIOATAGIGAZY
@2dzy3 AGNR1S adzNDAG2NEE D t | NI A OALY NIA GASLSIRIBA- 2
(i.e. whether participants would like to take part an outdoorbased programme again),

reported that all participants are keen to participate in an outdbased programme again

in the future (mean score oft®).

Table3.5: Mean + standard deviation for end of week and end of study questionnairesofidoor-based
programme

Outdoor-based Rehabilitation Programme

End of Week End of Study
Mean + SD Mean + SD
CER.T Week 1 Week 2 Week 3
Domains
Enjoyment g, 4 540 540 50
(How well)
Support 5+0 5+0 510 510
Delivery 5+0 5+0 5+0 5+0
Tailoring 5+0 5+0 510 510
Re 540

participation
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Table3.6: Key themes from participant feedback for the end of study questionnaire

Intervention Key Theme SubTheme Example
aL NBrftte Syec2eSR I ff
G¢KS 2dz2iR22NJ I OGAGAGAS
GOESNDAAAY I 2dziR22NE A
60SAy3 AyaraRSe
GYIFRS YS gl yld G2 LldzaK

Enjoyment  Enjoyment

Outdoor Increased L FSSt Y2NB O2yFARSY
based confidence to 2y RAFFSNBYy(d GNI AT AE
L exercise outdoors a L Y S@SNJ 1K2dzZa3Ki L ¢2d
Motivation . A A s < . i A
RATFSNBYU | OUAPAUASAEAZ
Socialise with . SAy3a 2y | NBKIFIOoAfAGL
other stroke with similar problems even though no two stroke:
survivors FNE GKS alyS KIFa KSf LIS

3.4.2.3EuroQoL EGQD-5L Quality of Life
Results from the EQD-5L quality of life at baseline to pesttervention, indicated self

reported quality of life improved in setfare preintervention from 2 (0.57) to 1 (0.57) pest
intervention and pain/discomfort préntervention from 3 (1.70) to 21(29) postintervention.

No changes were observed in other quality of life domains of thé&BgL; 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 fopaitticipants suggest a significant improvement from 70
(14.14) preintervention to 87.5 (9.57) poshtervention suggesting participants rated their
healthNBf | G SR ljdzr t Ade 2F tAFS G2 0SS GKS woSad

3.4.3 Assessment of participant capability to take part in the outdaeed
rehabilitation programme

3.4.3.1Walking speed
Meanwalkingspeedfor all participantswas1.1m/s(0.41),but there wasaconsiderablgange

in walkingspeedacrossall participantswhich wasfrom 0.6m/sto 1.5m/s. On reflection by
instructor and researcher walkinglessthan 0.6m/s could incur difficulties in the outdoor-
walking programmedue to the different hazardscommonlypresentedin natural outdoor

environments(e.g.unevenground,varyingterrain).
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3.4.3.2Instructor and researcher reflections
At the end of each outdodbased rehabilitation programme sessions, both instructor (KL) and

researcher (RC) reflected on the activity provided through the use of end of weekeoyiexl
jdzSadA2yylI ANBSaz RS@OSt2LISR FNRY /daLdL2dNIIEYES 06128
instructor and researcher reported that archery and canoeing activities requiredanae

support to participate due to the physical limitations of some participants (e.g. reduced
function of one arm) compared to walking activities. Forth&e& G KSYS 2F GRSt A
walking activities were easy to deliver and manageable, in comparison to the archery and
canoeing activities, as these activities were tiomsuming to prepare for. Archery and

canoeing also posed difficulties for participawho had upper limb impairments, requiring

more one to one support from the instructor, and therefore more difficult to deliver to a

fF NHSN) O2K2NIlid C2NJ 6KS 1Se& GKSYS 2F adlAf2N
individuals in distance andute choice, however due to the range in walking speed between

individuals the group would often become divided.
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Table3.7: Instructor and researcher reflections of the outddmasedrehabilitation programme, using the
CERT and including additional comments

CERT Example quotes
Domains “yyeek 1 Week 2 Week 3
a! £t LI NIAOAL Gt F NOGAOALN yiiz
Enjoyment enjoyment for both the G/ Fy2SAy3 gl ¢ families enjoyed the walk
(How well) walking and archery NEOSAPSR o6& | around TorY-Foel and the
aSaarzyse NBE & SN2 A NE
a! £f LI NIAOAL
supported when climbing
into the canoes. However
this was time consumingas ¢2 S 6SNB | 6 f ¢
G2S GSNB I 06¢ ¢two participants had more  communicate well with all
to-one support during severe impairments, causint participants and their
Support . . L -
(Provider) walking as we were able to issues chrpbmg into the families and offer support or
move quickly between Oly2Sace step ground sections, when
LI NIAOALI yiatdaecKS (62 LI NI participants were unsure of
had more severe GKSANI F220AYy:"
impairments were in the
same canoes as the
AyaidaNHzOG 2N |y
a2l f1Aeatog I a
deliver, the route was
checked before the startof ¢ hy OS LJ NIi A O
GKS aSaairzyé thewaterwithus,itwasan a2 € {Ay3 41 a
Deliver Gt I NI A OA LI y ¢ easy and manageable deliver and will also be an
Y G2 G118 LINL¢HOGAOAGRE easy activity to do with a
dhyte (62 LI1a{SGdAYy3I dzLJ 3t F NBESNJ INER dzLJ
any one time could take ga GAYS O2y:
part. Other participants had
y2 FOGAGAGR |
GSANRYI UKS «op e | NHAOALG! 0t S G2 3A O
the route was able to be g . . . . :
get pins and needles in thei participant different skills to
shortened for anyone .
. . o ) 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 grou
split between fast and slow rjext Eo the cana[and walk .‘ walk safely on steep
Gt 1 SNEE gAUK 2yS 2F (INRdzy RE
z z & I 5 . P
a C.2- NJ 0 fScSlIe.séltLde\I al f 0OK2 dz.EI.K_ LJ- T G1y 2 dréléing 2 NJ
participants will bedivided  enjoyed the activity, if we I
; i o : 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 6Ff1Ay3 3NE dz activity for stroke to deliver. We can increase
comments y the difficulty of the walk

G! NOKSNE gAff
for larger group as only two
participants can take part at
lyd 2yS GAYSE

participants, due to too
many people on the water
and different levels of
LIK8AAOFf AYLN

each week through distance
terrain or gradient and not
YySSR | a YdzOK
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3.5 Discussion
In this feasibility and smadicale pilot study, which aimed to assess the delivery, adherence

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

walkingbased activities were much more manageable than canoeing or archery activities.

The mean walking speed of participants collected-iptervention 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 wothlé b&nimum
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 outdedoased rehabilitation programme
suggest that archery and canoeing would not be feasible to run as part of an otltdeed
rehabilitation programme for a larger cohort of young stroke survivors. Boitiiges require
additional resources (e.g. equipment and outdoor activity instructors) and the need for one
to one supervision, which is potentially tire®nsuming and could cause participants to lose
interest in the activity. Therefore, an outdo@ralking 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 threeeks with a limited number of participants,
improvements in selfeported healthrelated quality of life using the EuroQol B50Q-5L scale,

are potentially important findings for young stroke survivors and one ithékely to only be
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enhanced with a longerm study. Posintervention, significant improvements in two quality

of life domains (sel€are and pain/discomfort) were reported, with the EQ VAS conveying
significant improvement from 70 pfatervention to 87.5 posintervention,with no changes
observed from prantervention to postintervention 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(2D03)reporting significant improvements in

both emotional and physical role functioning components of the8&FSimilarly, 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 participhiiity,
highlighted by the difference in sedklected 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 enjoymeptrsugelivery 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 facilitateiscular strength and aerobic
adaptations, programmes need to run over the course of a minimum of eight W8aksders

et al., 2020%s0 further research will look to explore these adaptations with a longer duration

study.
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3.6 Conclusions
In summary, an outdoebased rehabilitation programme with outdoavalking 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 sreadlle pilot study higkghts that exercising in
natural outdoor environments for young stroke survivors can increase motivation,
confidence, improve healthelated 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 Framew{Bkivington et al., 2021)

Study two: Originally panned as a randomised clinical trial (ClinicalTrials.gov 1D
NCT04314388) but nowraixedmethodscase 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 COVHD9 pandemic, this study was planned tofiteasel randomised contrdéed

clinicaltrial. Howeverthe COVIBL9 pandemichampered the original design of the stydgr

a plethora of reasonslheuncertaintyof the pandemicand ensuing nationwide lockdowns,
led to alterations of when we were able to conduct researelttivities (e.g.participant
recruitment,commencement of data collection and the rehabilitation programnW also
had to be aware of the differinGOVIEL9 guidelines set bhe government and NHS each
respective nation (e.g. Wales and Englamile also witnessetbw participantrecruitment
rates from each participatingNHS health boards (those acting as participant identification

centres(PICYor this study) through prioritisationof the pandemic andhe redeployment of
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principal investigatorat each PIC to otheareas in the NHS. Thigl not allow for full efforts
to be maden increasing participant recruitmentuBalsothere wasa reluctance by potential
eligible participants to take part in tr@udydue toincreased risk of COVAI® transmission
This wageported bysite principal investigatorge.g. physiotherapistat NHS health boards
acting as participant identification centretflat many young stroke survivodsd not wish to
leave their homesas a result The COVIR9 pandemic als@aused alterationsvith the
proposedequipmentusedin this study which would have potentiallfurther increased risk
of COVIEL9 to participantsand the research teanfdetailed in sectiom4.3.2.2.10f this

chapter)

Therefore,the study design of this research project is now a case controlled studysess
the effectiveness of an outdoewalking rehabilitation programmeéThischapter will present
in detail two methodologies; 1. The casentrolled study that was physically conducted for
this research project and 2. Tipeeviouslyplanned randomisedontrol clinical trial and the

changes that were put in place.
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4.3TheCaseControlled Study

Table 4.10verview of methods usei investigate the influence of an outdoavalking rehabilitation

programme

Recruitment

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

Assessment of

walking speed &

energy cost

Py. 95

Walking Speed (see figure 4.3)

Participant to sit quietly for Bninutes to measure resting heart rate.

Participant to walk at their selfelected walking speed forBinutes up andlown 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
walking during indoor and outdoor protocols.

These assessments were conducted at baseline and post rehabilitation for compari:

Biomechanical
Function

Pg. 99

- Camera systenQualisys Motion Capture with eight optoelectronic cameras arou
the capture volume to assess the foot, trunk, lower and upper limbs. Capturing i
120 Hz.

- Force Plated=our Kistler force plates were located 2x2 in a square formation, at
centre of the capture volume (15m portable walkway). All force data collected w
then sampled at 1000 Hzee figure 4.4 for schematic of remote laboratorygex

- 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

Quality of Life was assessesingsix questionnaires, which were completed at baselin
and post rehabilitation for comparison.

- Stroke and Aphasia Quality of Life -  Three Aims and Three Difficulties

Pg. 106 Scale Questionnaire
- Confidence after Stroke Measure - Intervention Questionnaires
- Nature-Relatedness Scale - Threemonth Followup Questionnaire
Interventions Outdoorwalking Rehabilitation Programme
- Consisted of four 2.5 day residentials, which were delivered over a period of 10
Pg. 111 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 program
to follow.
- consisted of two unsupervised training sessions per week favdéks
- involved resistance, balance and stretchsgprcises
Statistical QuantitativeData
Analysis - All statistical analysis for quantitative variables was conducted using SPSS Ver:
27.
Pg. 124 If data was parametridDependent If the data wason-parametric Wilcoxon

samples Test, with Bonferroni correction signed rank test

QualitativeData
- Survey Research using mixed methods
- Thematic analysis
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4.3.1 Recruitment

This was a muklitentre study, involving three health board sites in Wales, United Kingdom:
Aneurin Bevan University Health Board, Swansea Bay University Health Board and Cwm Taf
MorgannwgUniversity Health Board. The health board sites mentioned wsegl 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 ,Pdnd location setting for the

outdoor-walking rehabilitation programme.

4.31.1Participant Randomisation
Fear of transmission o€OVIBLY9 in a vulnerable patient grouguch as strokeincreased

reluctance to take part in research activitiaad reduced support from PICs and principal
investigatorgesulted inlow participantrecruitment ratesfor this study. Thereforeye were
unable toconduct block randomisatioas 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 tlrtervention and the study design
changed from a randomised clinical trial (detailed in sectighof this chapter), t@ case

controlledstudy (figure 41).
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ABUHB SWUHB CTUHB

n=4 n=6 n=2

Intervention: Outdoorwalking and
home exercise programme

Figure4.1: Actual study design as a case controlled study post CO8/Ilith participating health boards
Aneurin Bevan University Health Board (ABUBRBRaNnsea Bay University Health Board (SWUHB) and Cwm Taf
Morgannwg Health Board (CTUHB)

4.31.2 Participants
Twelveindividuals who have had a stroke weeeruited to take part in this studiparticipant

characteristican ChapterFive. Despiteconducting a feasibility stud¢detailed in chapter
three of this thesisjo assess whether gehabilitation programmebased in outdoor natural
environments is a suitableand safeform of rehabilitation for young stroke survivofwith
mild to moderate impairmenis recruitment via health boardsused as participant
identification centres (PICs) for participadentification and recruitment was unsuccessful
This wasifstly due to aforementioned reasons relating@VIBL9 (detailed in section 4.2
Study Desigrof this chapter),but alsoas a result ofurther reasons such asupposed lack
of potential participants whditted the inclusion and exclusion criteria within the health

boardsand theperceivedincreased risk of walking in outdoor environments by young stroke
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survivors, as reported by physiotherapists and Principal Investigegstgting in the small

sample sizéor this case controlled study

Table 42: Inclusion and exclusion criteria for the outdemalking rehabilitation programme

Inclusion Criteria

- Young adults who have had a stroke and capable of giving informed chnsent

- Agedl8-65years

- Male or Female

- Stroke within the last 3years

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

- Able to walk continuously for 5minutes and have a walking speed betw&am@.0.9m/s.

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

#1f a participant has cognitive impairment we will rely on the expertise of the clinical team
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 ar
immune disease will be excluded from this study if this comorbidity is the predomi
health concern or the major factor that limits their ability to walk.

- A patient is 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
will be provided to all participants. However, the participant must be able to understand sg
English as the data collection protocols will be explained glignby the researcher.

Tobe included in tisstudy, dl participantswere required tareport that they are able to walk
continuously for a minimum of five minutes. Walking speeiteria of 0.3 and 0.9m/swas
ascertained by physiotherapists durifage to faceparticipant identification(if possibledue
to COVIEL9 NHS guidelingsusing the l1l@metre walk test (10MWT)or telephone

consultations
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The inclusion and exclusion criteria for this case controlled siuehe largely based on the
recent work of the research teamnvestigating walking performance in young stroke
survivors(Jarvis et al., 2019Yhrough this studyit was determined thaindividuals able to
walk faster than 0.93m/s were significantly more likely to return to work fbike than
those who walked slower than 0.93m(3arvis et al., 2019With returning to employment
being apriority to manyyoung stroke survivors, it wasiportant to have walking speed of
0.93m/s as the upper thresholfbr the inclusion criteriaThe lower threshold for walking
speed of 0.6m/s, wasstablishedsia the feasibility studypreviouslyconductedas part of this
research projectThrough this studythe slowest walking speed reported was 0.6nt/eth
the outdoor instructor and research teameemed that 0.6m/s would be the minimum
walking speed required for participantgith mild to moderate physical impairmentand
would be able tosafelycope with the demands of the natural outdoor environmgbased
upon a subjective assessment of the capabilities of the participants on different terrain and

gradients.

However, during recruitment phase of this stutlye decision was made to increase the range
of walking speedfrom 0.60.93m/s to 0.3-1.0m/s in response to improve participant
recruitment Although thihangecouldbe seen as a limiting factéor thisstudy, agotential
participants who learnt about the study bwialkedslowerthan 0.6m/sor faster than 0.93m/s
were interested in taking partin a study by Platts et 42006) it was noted thatin many
rehabilitation programmes individuals who walk slower, are more likely to be excluded from
studiesthan those who walk at a faster pacehis may be due tmany 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 populatitns 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.

4.3.2Procedures

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

function), participants were instructed to wear minimal nmeflective and norrestrictive
clothing and footwear. This included shorts (e.g. running shorts or cyclings$taot 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 refldget 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. withauthstantialheel rise) As

per the inclusion criteridor this study, participants were permitted toomplete all data
collection proceduresvith or without personal assistive devices (e.g. walkiageor ankle

foot orthoseg, 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 preagure for energy cost
of walking

The methodology to measurenetabolic cost of walkingf young adults who have had a
strokewasto utilise the Cortex Metamax 3B (portable breath by breath analysis). However,
as a result of the pandemic affecting the years 2020 and 2@@&lising this piece of

equipmentcould have the potential to é detrimental to the health of both the researcher
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and potential participantghrough the potential increasedransmission of Covid9. The

method of using the Cortex Metamax 3B includessng face masks and the collection and
Fylrfeaira 2F LI NIGAOALN yiaQ tubiEel@drinéct B the fadel ( K @
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 (sal from exglled breath and sweat).
Participants may also not be aware that they are carrying the virus, therefore risking future
participants and the researcher. Furthermonesk of infection and transmission can be
increased when handling the used face magskshine and unit neededto be carefully

considered.

The physiological cost index (PCI) was developed by MacGi&#dr) to consider heart rate

as an indicator of energy expenditure, and therefore can be used as an indieticod to
measure oxygen consumption. The PCI 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., #848CI has
been used as an outcome for rehabilitation for many conditions (e.g. lower limb amputees,
stroke, elderly subjects), with good tesdtest reproducibility, good validity and reliability
(interrater) in these conditions. Fredrickson et(2007)concluded that the PCI 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 ableodied individuals and individuals with stroke. However,
previous studiegrefsmay dispute this and may argue that the PCI 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(@007)and otherg(Danielsson et al., 2007; Delussu et al., 2014)
the PCI calculation by MacGregd®81)can easily be used by clinical teams to document
participant progress during their rehabilitation. The PCI does not require specialist training or
a dedicated technician to standardise the unit, conduct testing and analyse the data. It was
reported that ®me 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

consumpion.

Walking heart rate (beats/min) Resting heart rate (beats/min)

PCI (beats/m) = Walking speed (m/min)

Figure4.2: Physiological Cost Index (PCI) calculation for energy cost of w@lanregor, 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 restingteate. Participants were

then instructed to walk at their selelected walking speed (SSWS) for three minutes up and
down a 15m walkwaysimilar to our previous researdlarvis et al., 2019Participants heart

rate during exertion was recorded every thirty seconds by the researcher as proposed by
Danielsson et gR007) 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
(Hgure 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 atdgfiees, this

encouraged them to therefore walk at a more consistent walking sge&dts 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 estlktend to

take place in laboratory and hospital settings, which do not reflect the different environments
(e.g. in the community) that positroke individuals are in on a daily basis. Therefore,
conducting a walking protocol both indoors and outdoorevpded 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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Figure4.3: Schematic of equipment sefp of walking speed and energy cost proteeatdoors and outdoors

4.3.3 Biomechanical Function

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

was used to collect motion analysis of the foot, trunk, lower and upipgps. The system
consisted of eight optoelectronic Qualisys cameras (Miqus Series), with giamund
embeddedKistler 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 equipmensedpreviouslyby the research tearfJarvis

et al., 2019)eight optoelectronic cameras were positioned on portablepwds around the
edge of the capture volume (e.g. portable 15m walkwag},at a height of 1.8nfrom the
ground. The Qualisys cameras were connedigdinethernet cable to a Lenovo ThinkPad
Laptop that used Qualisys TraB®lanager software taattain kinematic data ata sampling
frequency of120 Hzsimilar to previous studie§larvis et al., 2019Four Kistler force plates
were located 2x2 in a square formatiaat,the centre of the capture volume. Each force plate
measured30cmby 50cmand was mounted flush into the 15m portable walkway. Each force
plate was connectedby a 25pin connector cable to an amplifielThisamplifier was then
connectedto a Qualisys Miqus Sync unit bye output cable(Figure 4.4) All force data
collectedwere then sampled at 1000 Hz throughe analoguedigital converter, whicltwas
connected to a Lenovo ThinkPad Laptiogt used Qualisys Track Manager software to obtain

kinetic data.

The Qualisys Miqus Motion capture system was used for this study in comparison to the
AYRdAzZAGNE G332t R aidl yRI NJoéantnbé digasang Eiratlg, ¢s thid LI dzN
is a multicentre study with data collection taking place remotely at Gilwern Outdoor
Education Centre (Ty Mawr Road, Gilwern, Abergavenny), itheesfore necessary to have

a motion capture system that was easily transportable, and easy togséir data collection,

in comparison to the Vicon motion capture system. Furthermore, the Qualisys system can be
utilitised in multiple settings, as the cameras autimally adjust to bright or low light

settings, but also due to the easompatibility with other equipment such as Kistler force

platforms.
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4.3.3.2System Calibration
Prior to collecting data from participants the Qualisysmotion 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
YEN]SNE 6SNB dzaSR I 002 NRA Yy @Miqus2QualykiSmotoh y dzF I O
capture system, Qualysis, SwedleAs 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 bottorahkafid

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
calibraion was undertakenwhich involved thenvestigatorto wavethe 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-agi%: anteriofposterior, X

axis: medialateral and Zaxis: superioinferior. Force platform signals were zeroed using

the Wutomatic zero functiofin Qualysis Track Manager.

4.3.3.3MarkerPlacement
Qualisys cameras are optoelectronic, emitting invisible infrared light (102lighR

emitting dioded_EDs at 850nm), whidhreflected back by retroreflective markers on the
participants body to track motionsSeventyone markersin total were used and

LI2AA0A2YSR 2y ALISOATAO I FRYERPAYZY IKES WAL

Ly G2YAOFE {8aiSYa ¢SOKYAI dzS@996 1997 ¢ 0 RSBSE

Upper body markers were placéidst, and wherparticipants were seated to avoid fatigue

in participants with limited mobilityFour markersvere secured onto &bric 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 plasgarticipants were
standing and were encouraged to use support, sucthailing onto a walking ajcedge

of a table or member of the research teamhere required. Due to stroke participants
reporting low walking confidencend reduction in stabilityvhen walking barefoot, gait
analysis was completed shod. Participants were instructedvéar shoesthat were

comfortable, suitable to be worn outdoors and wrtaey would typically weaon a daily

basis to complete activities of daily living

Figure4.5: Example of marker placement from anteriteff), posterior (centre) and side (right) view
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Table4.3: 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
Thigh (1, 2 Midpoint of the anterior aspect of the thig
3) gn i < overlaying rectus femoris. Placed in a trianq T2 Project 2 spinal processes down from C7
formation
. Midpoint of the posterior aspect of the thigl _. Anywhere on the scapula (right side onfljis acts as a
Thigh 4 . . - . Right Back
between semitendinosus and biceps femoris reference marker)
Lateral Lateral condyle of femur T10 From iliac crest, go across to spine and count 6 sp
Knee processes upwards
:\g:géal Medial condyle of femur Acronium  Distal end point of acronium
Tibia (1, 2, Lower third of the lateral aspect of the shank ir] Upper Arm Mid-noint of the ubper arm in a triangle formation
3,4) individual marker cluster (square formation) 1,2, 3) P pp 9
Lateral Lateral head of ankle Lateral End point of ulna nearest elbewlex elbow to locate
Malleolus Elbow
Medial Medial head of ankle Medial Placed onto radial head. Flex elbow joint to locate cen
Malleolus Elbow of radial head (right and left side each)
Posterior ~ Mid-point of the most posterior aspect of th{ Lower Arm Mid-noint of the lower arm in a trianale formation
Calcaneus calcaneus or the heel of the shoe 1, 2,3) P 9
Lateral Mid-point of the lateral aspect of the calcaneus| 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. Ens
1 Wrist lateral and medial wrist are in line with each other
nd i
Metatarsal Head of metatarsal 2 2 Finger/ Midpoint of 2¢ metacarpal
2 metacarpal
glletatarsal Head of metatarsal 5 Head (1, 2) 1 and 2 placed above canthus of eye on right and left s
3 and 4 placed onto occipital section of the cranial ne
Head (3, 4) where it joins with thetemporal section. These art
' placed on right and left side at the same height as hea
and 2
4.3.3.4Protocol

An initiala static calibration wasonductedand savedParticipantswere instructed to

stand facing forward with their arms raiseslightlyaway from their bodyif possiblewith

eachfoot on force platform 1 and 2 within the capture volun@nce satic marker data

were collected andisedtogether with anatomical measurements weusedto define

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

coordinate systemlf participants were able and not fatigued, they were asked to

complete a minimum ofhree practice trials enabingthem to become familiar with their

suroundings and to establish a starting position tlaibweda clean foot strike on the

force platform with their dominant legFollowing familiarisation participantsthen

completed seven successful walking tridgs important to note that grticipants were
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instructed to walk at their seléelected walkingpeed (e.g. typical walking speed used to
complete activities of daily livingpParticipantswalked along ém leve| purposebuilt
walkway, however thestarting positionfor teach participantwas modified toensure a
cleanfoot strike on the force platformTo offset fatigue, grticipants wereallowed and
offered as muchtime to rest asnecessarpetween walking trialsn particularthosewho
presented withmore severe physicampairments that affected walking performance

Motion analysis data was collected B20Hz and ground reaction forces at 1200Hz.

4.3.3.5Data Processing
Digitisation of the data in Qualisys Track Manager and Visugl3@otion)

Digitisation of datawere completed using Qualisys Motion Capture softwaaled
Qualisys Track Managé@ualisys, Swedenlror both static and dynamic trials, markers
and their trajectories were labelled using a loaded label marke(iiktrajectories) On
dynamic trials, gait events (heel strike/ initial contact and-tdf were determined via
frame by frame visual inspection. The AiM Model (QualiSysden was then applied to
each walking trial to calculate marker trajectorispatial and temporal parameteesd
joint kinematicsand kinetics Walking trials were theaxported asC3D fileor modelling

and analysis witWisual 3D (€notion, Rochelle, USA

Within Visual 3D, anodel specific to the height and body mass of each participant was
generatedand inertial parameters were calculated for the pelvis, hip, knee amide,
using inverse&kinematics This allowed specific constraintis be applied at the joints of
the virtual model, so to limit rotation and/ dranslation.The pelvis permitted six degrees

of freedom, but only sagittal, coronal, and transverse plane rotation was permitted at all
other joints(Jarvis et al., 2022pait eventsuch agnitial contact and toe off were defined

from contact with the force platesVisual 3D was further used talculate andextract
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specific range of motion, moment and power parametpraviously used by Jarvis et al
(2020) for clinical gait analysis and specific to strokince specific gait events were
determined,data wasnormalisedto 101 data pointstfanslating to 0 to 100% of the gait
cycles)kinematic parametergpelvis, hip, knee and ankle jointa)ere exported in the
sagittal, coronal and transverse plan®&oth kinemati@andkinetic parameters (hip, knee
and ankle jointsand joint powerwere exportedfrom Visual3Das ASCflles. Data from
each participantwas subsequently presented in omdicrosoft EXCElspreadsheet to

determine mean and standard deviatiéor each % of the gait cycle

Alongsidekinematic and kinetic parameterspatial and temporal parametersuch 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 angdaretic lower

limbs were exported from Visual 3D for each participamtilsir to parameters used by

Jarvis et a{2019)

Data extraction using MATLAB

Following data extraction from VisualaDdtransfer of all data intmne Microsoft EXCEL
spreadsheetall data (kinematic, kinetic and power®r the pelvis, hip, knee and ankle)
were imported info MATLABrersion R2020kMathWorksinc, USA)n orderto generate
highly detailed gait graphsof joint kinematics(pelvis, hip, knee and ankl@nd joint
moments (hip, knee and ankl@) the sagittal, coronal and transverse plane, and joint
absolute powes of the hip knee andankle.Each graph presés the paretic and non
paretic lower limb0%to 100% of the gait cyclend compared pre and post intervention
These graphs arpresentedin Chapter Fivas part of the results and discussion of this

thesis
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4.3.4 Assessment of Quality of Life

For this researchproject, survey research was adopted as the preferregproachto
assess quality dife in young stroke survivorSurvey research is defineddbe collection

and analysiof information from a sample of individuals through their responses to
j dzS & G(Rodty, 4045; Schutt, 201Burvey researcts ideal to be used for this project,
asit encompassethree research strategies: quantitatie.g., using questionnaires with
numerically rated items), qualitative (e.g., using omm@med questions), or both
strategies €.g, mixed methods)Surveys are frequently used in social and psychological

research to describe and explore human behavi@ingleton et al., 1988)

For the purpose of this project antlarity of survey researctstrategiesused, all data
assessing quality of life wasllected usingjuestionnairesadministeredindividuallyby
paper copy and in an electronic formaly the researcherTable4 4 offers an overview of

eachquestionnaire.

Table 44: Overview ofjuestionnaires foSurvey Research

Measure Type
Stroke Aphasia Quality of Life Scale SeltReport ScaléQuantitative)

Confidence after Stroke Measure SelfReport Scal¢Quantitative)
Naturerelatedness Scale SelfReport Scal¢Quantitative)
Three Aims and Three Difficulties Qualitative questionnaire with opeanded questions

Pre/ post intervention Questionnaires Qualitative questionnaire with opeanded questions

Threemonth Followup Assessment Qualitative questionnaire witlopen-ended questions

Participants were givea totalfive questionnaires to completbefore participation of the
outdoor-walking rehabilitation programmand five questionnairespost completion of
the outdoorwalking rehabilitation programmep report whether changes occurredin

quality of life (using the Stroke and Aphasia Quality of Life s@dl&ari et al., 2003)
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confidence(using the Confidence after Stroke meas(®rne et al., 201%)and nature
relatednesqusing the Natureelatedness scaléNisbet et al., 2009)s a result of taking
part in the outdoorwalking rehabilitation programmeAt three months, a follow-up
assessment was sent out to all participatageport whether participants had continued
to exercise in natural outdoor environments anthether they felt the outdoorwalking

rehabilitation programméiad improved their quality of life.

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

used in this study, as it has been used previously by the research(feaws et al., 2019)

This questionnaire alsgepresens a measure of quality of lifen the stroke population

and clearly depicts in what areas quality of life is most affected-pweke, through four
domains physical (17 items), psychosocial (11 items), communication (7 items) and
energy (4 items)The SAQOL has been proven to have dogtli SNy I t O2yaAraidasSy
to 0.94)and testretest reliability (r=0.89 to 0.98Hilari et al., 2003)The timeframe for

all questions is the past week. Scores for each question are marked on the scoring sheet.
The overall Strokand Aphasia Quality Of LH&9 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 deamal 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 Measyf@gaSM)Horne et al., 201Avas chosen to be used

in this research study to evaluate confideranadis developed to assess confidence after

stroke as thereare currentlyno other specificmeasures availabl@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
seemto lack the most confidenc@McCluskey and Middleton, 2010)jhe CaSM has been
proven to have goodyid SNy I f O2y aitedsi®efoad owSEAho®pnaie
(Horne et al., 2017, 2019Yhis measure consisted of 27 questions that cover three
domains: selconfidence (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 scoringhget. 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 681, with O indicating low confidence and 81 indicating the highest level

of confiderce. A change of four points on the total scale has been assessed as being

clinically meaningful.

4.3.4.3 Naturerelatedness$Scale
The NatureRelatedness Sca(®R)(Nisbet et al., 20093ssesses thaffective, cognitive

YR SELISNASYyGAL ' & LIJSOG & with The datirdl outdddR A G A R dzl
environment howeveris not stroke specificlhis 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 #raotional or personal

aspectof howA y R A @fedRatmuf astigally being in natufdlisbet et al., 2009; Zelenski

and Nisbet, 2012)This questionnaire has goodii SNy I f O2 y ddndtésbrgg O oh T
testrSf Al 6 A f A ThB scalddoriSistsoftRl guéstions that covers three dimensions:

Self (8 items), Perspective (7 items) and Experience (6 items). Overall Rafatedness

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.

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

they have at the momenasfirst proposed andised by Jarvis et §019) This providd

a personalised insight into how to best adapt rehabilitation guidelines for young adults
who have had a strokeThese were completed prior to participating in the outdeor
walking rehabilitation programme and repeated pastmpletion of the outdoowalking

rehabilitation programme

4.3.4.5Preinterventionand PostinterventionQuestionnairg
Participants were askefbur questionsto understand what outdoor physical activities

they take part in and how they feel towards outdoor physical activityese questions
were developed from previous patient and public involvement and engagement (PPIE)
work and the feasibility studydetailed inChapter Threef this thesis)}hat 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 outdaking
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 toowtdkors,

as this was previously mentioned during the feasibility stadya 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 improeévéies of daily

living, further giving the rehabilitation programme premise to be included in stroke
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recovery initiatives. Lastlguestion four is understanding what barriers are experienced
by the young stroke survivor, when walking outdoofbese were completegrior to
participating in the outdoofvalking rehabilitation programmeand repeated post
completion of the outdooiwalking rehabilitation programmeo 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 fedb walk outdoors

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

4. Do you experience any difficulties walking outdoors?

4.3.4.6Threemonth Followup assessment
Participants werecontacted by the researcher atrBonths post rehabilitation to report

whetherthey have continued to walk in natural outdoor spaces and if there has been any
longlasting effectson 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 outdeamlking rehabilitation
programme, is necessary to understand where the programme can be improved and what
aspects of the programme was seen as important (e.g. groaged designand how this

form of rehabilitation can be implemented in the future. For example, the benefits of
group-based desigprogramme wasbserved during the feasibility study, when assessing

delivery and adherence to an outdebased rehabilitation programmé-urthermore, as
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confidence is one of the main themes of this research study, understanding whether this
programme had a lonterm effect on the individual and promoting behaviour change
gives further evidence to suggest this alternative form of rehabilitation has a jptace

stroke recovery.
Questions asked for the-Bonth 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 groupased side of the outdoewalking rehabilitation
programme

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

4 3.5 Interventions

4.3.5.1 OutdoorwalkingRehabilitatiorProgramme
The outdoorwalking 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 ré{dential
programme that focused on improving young stroke survivors walking ability and
confidence to walk in the natural outdoor environmewts choserin order to offer a

more intense rehabilitation andnmersivewalking programmeto allow participants to
spend more time in the natural outdoor environmeand build connections with other
young stoke survivors Alongside the outdoor-walking rehabilitation residential
programme, participants were alggvena home exercise and light stretches programme

to follow and to selfreport daily on any physical activitwhen they were not on the

residential.
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To develop the outdoewalking rehabilitation programme, the Consensus for Exercise

Reporting Templat¢CERTWas utilisedtable 4.5).

Table4.5: Development of the outdoewalking rehabilitation programme using the CERT

1. Type of exercise equipment
Minimal (no specialist gym equipment required)

Materials
- Walking clothing and equipment recommended
2. Qualifications, teaching/supervising expertise and/or training of the exercise instructt
- Gilwern Outdoor Education Centrevith trained and experienced outdooactivity
instructors in outdoor instruction.Hold all appropriate qualifications fdeading outdoor
Provider activities. Hae in-depth local knowledge of the area where the outdemalking

rehabilitation programme is planned to take place

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

3. Whether exercises are performed individually or in a group
- 10week outdoorwalking rehabilitation programme: group
4. Whether exercises are supervisedinsupervised
- 10week outdoorwalking rehabilitation programme: supervised
5. Measurement and reporting of adherence to exercise
- Exercise Diary
6. Details of motivation strategies
- Researcher to call participant onper-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.qg. illustrations, photograph:
- 10week outdoorwalkingrehabilitation programme sessions are described in the exer
diary using word descriptions and illustrations
9. Content of any home programme component

10. Nonexercise components

- No nonexercise components are included in this study

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

- Inthe unlikely situation of any adverse events, participants will be treated accordingl'
reported appropriately. We will adhere to institutional procedures for recording .
reporting adverse events and their follewp

12. Setting in which the exercises are performed
Location - Outdoorwalkingrehabilitation programmeGilwern Outdoor Hucation Centre Brecon
Beacons National Park, Wales

13. Detailed description of the exercises (e.g. gefsetitions, duration, intensity)

Dosage - Detailed description of thelO-week outdoorwalking rehabilitation programme are
included in the exercise diary
14.2 KSGKSNJ SESNDA&SE NB ISYSNAO 6a2yS &
I 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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Table4.6: Information of what each residentialcludes and how the residentials increasalifficulty

an introductory residential, which will ease the participants into the walk
activities due to take place in the following residentials. This residential
include short and easy walking routesbldm in length, with no steep gradient
or difficult terrain. Other activities when walking will be introduced and inch

Residential One navigation skills training (during the first week, this is to stay relatively sir
dependent on the capabilities of the participant$iitroducing other activities
when walking or when teang a rest will enable participants to regain their enel
and to focus their concentration on other tasks

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

Residential Two

will aim to increase the difficulty of the walks by the length/ duration of walk
activities 4-6km walks) and continuing the increased difficulty of gradient ¢

Residential Three . . . . . .
terrain by consolidating the skills learnt during residential 2

This is the last residential of the outdoor walking rehabilitation programi
Walks will be4-6km in length and include more difficult terrain that we
introduced in residentials 2 and 3. Navigation and map reading skills will
also increased in difficulty (e.g. compass bearings, pacings) all skills w
brought together for this residential.

Residential Four

An exercise diargAppendix9) wasprovided to participants, which includeénformation

on the walking routes plannefbr each outdoor residential. Informatioon the routes
includedan image of the route using Ordnance Survey mapporgputer software(OS
Maps Onling Ordnance Surveyouthampton, UKdistancemeasured 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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4.3.5.2Home Exerciderogramme
Alongside the outdoowalking rehabilitation programme, whichnvolved aerobic

exercise a home exerciseand light stretchesprogramme was included toensure
participantshad 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 weekgtable 4.5). According to stroke exercise recommendati¢Bslinger

et al., 2014; Saunders et al., 2016; Winstein et al., 20d&equency 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 shoppingyease the ability to perform

in leisure activities and activities of daily liviagd inducesomemuscular adaptations in
novices, while also requirindittle time commitment, therefore promoting adherencéo

the programme Furthermore, implementing a resistance training programme can
facilitate increased limb strength, thus imm® limb function compared to conventional

therapies that emphasise spasticity reducti@utefisch 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 ialppats.

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 waprfor the subsegent resistance
exercises.These includedour active stretches for the upper body and four active

stretches for the lower body adapted to be used safely by-#&ds individuals
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Descriptions and examples of exercisestifierupper bodyand lower bodyare presented

in tables 48 and 49.

Table4.7: Structure of the outdoowalking rehabilitation programme and home exercise programme

Week Monday Tuesday Wednesday Thursday Friday

=Y

Week 1: Intervention (Introduction)

Homebased exercisprogramme

Homebased exercise programme

‘ Week 2: Intervention (Milestone week)

Homebased exercise programme

Homebased exercise programme

‘ Week 3: Intervention (Group discussion)

Homebased exercise programme

Q|| N~ |W|DN

Homebasedexercise programme

=
o

Week 4: Intervention (Milestone week)

4.61.2.1Exercise Selection

All resistanceexercisesselected as part of the home exercise programme involved a set
amount of repetitions consisting ofeccentric andconcentric musclanovements with
singlejoint exercisesfor most of the home exercise programmeThis wago isolae
specific muscle groupemasilyandfor the participants to learn techniques safely and easily.
Compared with single joint exercises,ultijoint exercises are more demandiran
coordinationfor those affected by stroke and other conditions. As a resuts, multi joint
exercises wee includedin the programme;bodyweight squat andsit to stand The
bodyweight squat and sit to standere chosenspecificallyas there exercisesvolve
simple techniques, which wasa necessaryequirement for a cohort of novices with
potential muscle contracture andweaknessand are used routinely in rehabilitation

programmes
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All at home exercissessionstarted with a short 5-minute warmup that includedeight
stretches (four upper body, four lower bodyjollowing the warrrup, participants then
completed four resistancé bodyweight exercises.The muscle groupghat are to be
targeted within theresistanceexercisesselected forthe home exercise programme
include four muscle groups of the upper bodguch asbicepstriceps, rhomboids and
deltoids along with the abdominals and/or lower back musclBse eightmuscle groups
of the lower bodytargetedinclude the followinghip flexors, higextensors, hip adductors,
hip abductors, hip internal rotatorship externalrotators, dorsilexors and plantar-

flexors

As part of the home exercise programme and to accommodate different levels of
capability of each participanvariations ofeachexercise tavork the same muscle group
were developedo enable exercises to be completed in alternative positions (e.g. seated
and/ or standing). Descriptions and examples of exerdiethe upper bodyand lower
body are presented irtables 4.10, 4.11, 412 and 413, descriptions and examples of

balanceexercisesre presented irable 4.14.
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Table4.8: Upper bodystretches 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 andvrist  Standing or sitting tall. Extend yoarmin
stretch front with palm down. Bend wrist, pointing

hand toward the floor. With your other hand
gently bend yourvrist until you feel a mild to
moderatestretchin yourforearm.

Shoulder crosbody  standing or sitting tall. Hold one arm above
stretch your elbow with your opposite hand, and pt
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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Table4.9: 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 exerciseorrectly
Ankle rotation sitting tall or standing with heel on floor,
rotate foot clockwise and antilockwise,
feeling a stretch in the ankle and calf muscl

Seated hamstring  Sitting tall on floor or edge of chair. Sit with
stretch oneleg 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, sfiacing the side and
stretch you are able to hold the back of the chair fo
support. If possible, holding your foot in yot
hand, slowly bring the foot furthest away
from the back of the chair upwards towards
your bottom and hold stretch

Seated longdductor  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 forwa
at your hips until you feel more resistance,
keeping back straight.

119



Table4.10: Pushup and lateral raisexercises with progressioms difficulty and justifications

Progressions

Exercise 1 > 3 7 Justification

Sitting position, both Standing, both hands on Kneeling incline position Kneeling prone pressp  Activates deltoids, pectorals,
hands flat on wall/ wall, bring chest to using edge of sofa to triceps, core, simultaneous use of
counter bring chestto  hands, push to extend  push away from both arms and sides of upper bod
hands, push to extend  and straighten arms (cushioning for knees)
and straighten arms

Pushup

(progress to a

kneeling prone

pressup)
Sitting position, single  Sitting position, both Sitting position, single  Standing position, single Activates deltoids, trapezius, core
straight arm raise to side arms raise at same time straight arm raise to side or both arms raise to the simultaneous use of both arms an

using resistance bands side sides of upper body
Lateratraise
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