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Abstract

Background: Stroke is the third-leading cause of disability worldwide,
and there are rehabilitation needs not only in the first year but throughout
the lifetime. The ability to walk is crucial in everyday life since it affects
mobility, self-care, and social activities. National guidelines recommend
treating impairments with repetitive task- and goal-oriented exercises.
One form of highly intensive and task-specific treatment is constraint-
induced movement therapy (CIMT), a treatment method developed based
on understanding brain plasticity with a behavioural explanatory model.
There is insufficient evidence regarding CIMT for the lower extremities
(LE-CIMT) since it has only been investigated in a few published studies
involving only a small number of participants.

Aim: The overall aims of this thesis were to explore the extent to which
LE-CIMT (six hours per day for two weeks) can improve impaired body
functions and limited activities, describe how the treatment is
experienced, and investigate whether it affects the health-related quality
of life (HRQoL) in individuals with stroke.

Methods: This thesis contains five papers that analysed data from two
study populations using quantitative and qualitative research methods. A
single-subject experimental study with five subjects and a longitudinal
uncontrolled cohort study with 147 subjects with stroke treated with LE-
CIMT and follow-up after three and six months were conducted. Subjects
were assessed with Fugl-Meyer assessment, the Berg balance scale (BBS),
single-leg stance, step test, timed up and go with and without dual-task,
ten-metre (10MWT) and six-minute (6MWT) walk tests, one repetition
maximum, and weight-bearing standing on two scales. Data were
analysed with the two-standard deviation band method and linear mixed
modelling, controlling for heterogeneity. Seven individual semi-
structured interviews were performed and analysed with qualitative
content analysis to explore LE-CIMT experiences. Finally, a questionnaire
including RAND-36 was sent out to former LE-CIMT participants, with
106 responses (response rate 65%). Data were compared with norm-based
data and analysed with the summary independent-samples t-test.
Univariable analysis was performed to investigate the linear relationships
between RAND-36 health domain scores and the 6MWT result per 100
meters, time since treatment, living alone, and need for home care.
Independent t-tests were used for drop-out analyses.
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Results: Highly intensive LE-CIMT significantly improved motor
function, strength, balance, dual-task ability, mobility, and walking ability
in individuals in the sub-acute and chronic post-stroke phases. They
maintained or improved their weight bearing on the more affected leg to
provide a more symmetric distribution. The improvements remained at
the three- and six-month follow-up. There was a significant interaction for
time and age. Those who completed LE-CIMT within six months after
their stroke onset had significantly greater improvements in 10MWT self-
selected speed during the follow-up than those who completed LE-CIMT
after at least seven months. Younger participants had higher BBS scores
than older participants. The informants’ experiences generated the overall
theme that LE-CIMT gave them knowledge about themselves and how
their body works, facilitating the opportunity to live life more easily. There
was still hope and opportunity for functional improvements to increase
their independence and self-esteem. While LE-CIMT was intense and
challenging, it was experienced as entirely necessary. The participants had
significantly reduced HRQoL, overall and by sex in physical functioning,
role-functioning physical, general health (not females), and social
functioning compared to the general population. A significant
relationship existed between their previous 6MWT result and the HRQoL
physical functioning domain. Every 100-metre improvement in the
6MWT led to a 6.45 higher physical functioning score. No other significant
associations were found. The dropout analysis showed no significant
differences in characteristics between the participants and those who did
not complete all three assessments or answer the questionnaire.

Conclusion: LE-CIMT seems helpful in improving lower extremity body
functioning and activities, even a long time after the stroke, leading to
persistent improvements. The patients perceived LE-CIMT as entirely
necessary. LE-CIMT may be a feasible treatment option and could be
conducted in both day hospital rehabilitation and outpatient settings. Six-
minute walk performance predicts physical functioning in HRQoL,
emphasising the importance of mobility and gait training in rehabilitation
after stroke.
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Sammanfattning pa svenska

Bakgrund: Stroke ar den tredje vanligaste orsaken till funktionshinder i
varlden och rehabilitering efter stroke behovs inte bara det forsta aret
utan fortsatt under hela det dterstaende livet. Formagan att kunna gé har
stor betydelse i vardagen, eftersom det paverkar manniskors forméga att
ta sig fram, klara sig sjalv och delta i sociala aktiviteter. I nationella
riktlinjer rekommenderas behandling med repetitiva uppgiftsspecifika
och maélinriktade 6vningar. En form av hogintensiv och uppgiftsspecifik
behandling ar constraint-induced movement therapy (CIMT eller CI-
terapi), en behandlingsmetod utvecklad baserat pa forstaelsen av
hjarnans plasticitet med en beteendeforklarande modell. Nar det géller
CI-terapi for nedre extremitet (LE-CIMT) saknas tillracklig evidens
eftersom fa studier som undersokt detta har publicerats. Dessutom har
det fatal publicerade studier som finns, endast involverat ett litet antal
deltagare.

Syfte: Det overgripande syftet med denna avhandling var att undersoka
om LE-CIMT (sex timmar om dagen i tva veckor) kan forbattra nedsatta
kroppsfunktioner och begriansade aktiviteter, beskriva hur behandling
upplevs av patienter samt undersoka om den paverkar halsorelaterad
livskvalitet (HRQoL) hos personer med stroke.

Metod: Denna avhandling innehaller fem artiklar baserade pa data fran
tva studiepopulationer som analyserades med kvantitativa och kvalitativa
metoder. En experimentell studie med fem personer och en longitudinell
okontrollerad kohortstudie som inkluderade 147 personer med stroke
genomfordes. De fick behandling med LE-CIMT och f6ljdes upp efter tre
och sex méanader. Bedomningarna gjordes med foljande
utvarderingsinstrument; Fugl-Meyers funktionsbedomning, Bergs
balansskala (BBS), ett bensstaende, step test, timed up and go med och
utan en tillaggsuppgift, tio meter (10MWT) och sex minuters gangtest
(6MWT), ett repetitions maximum och tyngdtagning stdende pa tva vagar.
Data analyserades med tva standardavvikelse-bandmetoden, linjar mixad
modell och kontrollerades for heterogenitet. Sju individuella
semistrukturerade intervjuer genomfordes och analyserades med
kvalitativ innehéllsanalys for att utforska upplevelser av LE-CIMT.
Slutligen utarbetades ett frageformuliar dir RAND-36 ingick och 106
personer besvarade enkiten (svarsfrekvens 65 %). Data jamférdes med
normbaserade data och analyserades med oberoende t-test. En
univariabel analys utfordes for att undersoka det linjara beroendet mellan
hilsodominerna frain RAND-36 och resultatet pA 6MWT per 100 meter,



tid sedan behandling, ensamboende och hjilp av hemtjanst eller inte.
Oberoende t-test anvandes for bortfallsanalyserna.

Resultat: Den hogintensiva behandlingen med LE-CIMT gav
signifikanta forbattringar i motorisk funktion, styrka, balans och att
utfora tva saker samtidigt samt forbattrad géng- och forflyttningsformaga
hos personer med stroke i subakut och kronisk fas. De bibeholl en jamn
eller forbattrade sin tyngdtagning pa det mer drabbade benet till en mer
symmetrisk fordelning. Forbattringarna kvarstod vid tre och sex
maéanaders uppfoljning. Det fanns en signifikant interaktion for tid och
alder. De som genomforde LE-CIMT inom sex ménader efter deras
insjuknande i stroke hade signifikant battre resultat i 10MWT sjilvvald
hastighet vid uppfoljningen jamfort med dem som genomférde LE-CIMT
efter sju manader eller mer. Yngre deltagare hade hogre balanspoing i
BBS an aldre. Informanternas upplevelser genererade det overgripande
temat att LE-CIMT gav dem kunskap om sig sjilva och hur deras kropp
fungerar, vilket underlattade mojligheten att leva livet lattare. Det fanns
fortfarande hopp och mdgjlighet till funktionella forbattringar som gav
dem okad sjilvstandighet och sjalvkansla. Trots att LE-CIMT var intensiv
och utmanande upplevdes den som helt nédviandig. Jamfort med den
allminna befolkningen hade deltagarna signifikant lagre hélsorelaterad
livskvalitet, totalt och for kon i: fysisk funktion, rollfunktion fysisk, allman
hilsa (inte for kvinnor) och social funktion. Det fanns ett signifikant
samband mellan deras tidigare resultat pA 6MWT och HRQoL-doménen
fysisk funktion. For varje forbattrad 100 meter i 6MWT genererades en
6,45 hogre poang i fysisk funktion. Inga andra signifikanta samband
hittades. Bortfallsanalysen visade inga signifikanta skillnader i
egenskaper mellan deltagarna och de som inte genomforde alla tre
bedomningarna eller besvarade frageformularet.

Slutsats: LE-CIMT verkar anviandbart for att forbattra benets funktion
och aktiviteter dven lang tid efter insjuknandet i stroke och de uppnadda
forbattringarna  bibehalls. Fran patientens perspektiv upplevs
behandlingen (LE-CIMT) som helt nodviandig. LE-CIMT verkar vara ett
behandlingsalternativ som kan utforas bade inom dagrehabilitering pa
sjukhus och i 6ppenvard. Utifran patientens formaga att ga en stracka pa
sex minuter kan man forutspa deras hilsorelaterad livskvalitet nar det
galler fysisk funktion, vilket betonar vikten av géng- och
forflyttningstraning vid rehabilitering efter stroke.
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Preface

I started my career as a physiotherapist on an acute stroke ward at Umea
University Hospital in the early 1990s, and shortly after that, I obtained a
position at Neurorehab Savar (Bjorkgarden). During my years at
Bjorkgarden, I encountered the various research projects the patients
participated in, which was very inspiring as a new member of the
profession. I also reflected on patients’ progress during the intensive
weeks they trained with us. During this period, I trained and competed
myself, and it was evident that we had to train at least three times a week
together and preferably some strength sessions on our own to win games.
So, that thought remained with me when I moved home to Varmland and
Torsby Hospital.

- Why don’t we offer more intensive treatment to our patients?

- Why do healthcare professionals believe that treatment 1—2 times
a week is sufficient for those who suffer a stroke after the acute
phase?

- How can this be sufficient when there are no alternatives to
exercise therapy for these individuals in the community?

This was the clinical frustration that became my driving force to search
further knowledge.

When 1 started my Bachelor’s degree in 2000 at Umea University, I
encountered a new treatment method that challenged conventional care
with more intensive treatment: constraint-induced movement therapy
(CIMT) for the upper extremity. I quickly realised that I would like to try
this on our patients during day rehabilitation and extend it to the lower
extremities. Most individuals who attend our day rehabilitation have
improving their walking ability as their main goal. Nothing had been
published about CIMT for the lower extremities back then, further piquing
my interest. There was a clear knowledge gap. This curiosity resulted in a
pilot study (C-thesis), and I immediately felt that I had to test this on more
individuals. So, I went ahead with my research question, and it became a
D-thesis that was later developed into my first paper in this thesis. After a
period of work with patient safety in Region Viarmland, I had the
opportunity to return to clinical research and could finally address these
still important and unanswered questions.



Introduction

Stroke is the third-leading cause of disability worldwide (1). Substantial
improvements have been made in stroke prevention and acute treatment
after a stroke in the last two decades. Still, more remains to be done
regarding rehabilitation after a stroke, not only in the first year but
throughout the lifetime. This thesis strives to contribute with further
knowledge towards a consensus about post-stroke rehabilitation,
especially regarding the lower extremities, body function impairments,
and how it affects health-related quality of life (HRQoL).

Stroke

What does the situation look like for the growing burden of stroke
worldwide, especially in Sweden, and how does disability affect the
individual?

Definition and epidemiology
The World Health Organization (WHO) defines stroke as:

‘rapidly occurring focal disturbance of brain function with
symptoms lasting at least 24 hours or leading to death,
where the cause is not immediately other than vascular’ (2).

In the 50 years since the definition was formulated, advances in basic
science, neuropathology, and neuroimaging have improved the
understanding of infarction, ischemia, and haemorrhage in the central
nervous system. In 2013, the American Heart Association and American
Stroke Association published an updated definition of stroke for the 21t
century (3). The updated version is tissue-based, has broadened the term
stroke, and has included definitions for silent central nervous system
infarction and silent cerebral haemorrhage.

The annual number of individuals with stroke has increased substantially
from 1990 to 2019, when there were 12.2 million incident cases of stroke
worldwide. Ischemic stroke constitutes 62.4% of all incident strokes,
while intracerebral haemorrhage constitutes 27.9%, and subarachnoid
haemorrhage constitutes 9.7% (1). In Sweden, 25,400 individuals suffered
a stroke in 2021, of which 75% were aged >70 years, 3% were aged <50
years, and 25% died within 28 days. The incidence and mortality have
decreased by 50% since the start of the 215t century (4). The number of



men and women affected by or with long-lasting disabilities after stroke
has increased worldwide due to increasing life expectancy.

While the consequences of stroke are concerning for the affected
individuals the increased prevalence is a challenge for municipalities and
county councils since these individuals have an extensive and often long-
standing need for rehabilitation and support measures at home (1). In
Sweden, the average age for stroke onset differs between the sexs and is
73 years for men and 77 years for women (5), with life expectancy
currently 81 and 85 years, respectively (6).

Several risk factors associated with stroke are important to address. The
fastest-growing risk factor globally between 1990 and 2019 is high body-
mass index, with a 57.8% increase. Other risk factors are high systolic
blood pressure, high fasting plasma glucose, ambient particulate matter
pollution, and smoking (1).

Stroke care

In addition to primary stroke prevention efforts, appropriate secondary
prevention efforts, adequate acute treatment, and rehabilitation are
essential to improve stroke outcomes. Acute stroke care has been
developed in recent decades, with stroke units and stroke reperfusion
therapies (intravenous thrombolysis and endovascular thrombectomy) as
best practice for eligible patients with acute ischemic stroke, improving
functional outcomes and reducing mortality (7-9). Most individuals who
suffer a stroke are currently cared for in a specialised stroke unit (92% in
Sweden (5)), which has proven effective in increasing survival and
improving function levels. The stroke unit comprises a multidisciplinary
team specialised in stroke rehabilitation, where the physiotherapist has a
central role. The benefits are most apparent in units based on a discrete
ward (10).

It is essential to consider the patient’s perspective in all health care, but
especially in stroke care, where long-term rehabilitation may be needed,
and impairments greatly affect their life. Evidence-based practice is a
process used to review, analyse, and translate the latest scientific evidence
to incorporate the best available research, clinical experience, and patient
preference into clinical practice (11). All three parts are equally important
and are illustrated in Figure 1.



Figure 1. Evidence-based practice emerges from research evidence,
clinical experience, and patient preference. The image was created by
Marcie Hopkins at the University of Utah Health.

The first guideline for stroke care in Sweden was published by the
National Board of Health and Welfare in 2000, and its latest revision was
published in January 2020 (7). This guideline aims to provide good and
equal stroke care based on the best available knowledge, with support to
select and offer the care that will most benefit individuals with stroke.
Significant effort has been expended in developing scientific data for
prioritising various measures in stroke care, clarifying which measures
should be used and which should be discontinued (12).

Disability after stroke and the ICF framework

Depending on where the injury is located and the extent of the damage,
the signs and symptoms of a stroke and the degree of difficulty vary from
person to person. Mild (hemiparesis) to severe weakness (hemiplegia) is
common in the acute stage. Other symptoms that often follow a stroke are
lack of sensory functions, coordination disorder, visual loss, attention
deficits in the ipsi- or contra-lateral side of the body, with or without
speaking and communication problems, and other cognitive difficulties
(13). Individuals can also show emotional problems, such as anxiety,
depression, and fatigue (14).

Disability after stroke is multifaceted and affects the individual in many
ways. There are several perspectives to consider regarding biological,
individual, social, and environmental factors. The WHO has developed a
universal classification and assessment tool, the International
Classification of Functioning, Disability, and Health (ICF) (15). The ICF
provides a unified and standardised language and structure for describing
health and health-related conditions, where each component can be



expressed positively and negatively. The ICF is used to identify health care
and rehabilitation needs and to measure the effect of interventions.

The ICF framework organises information in two parts. Part one assesses
functioning and disability and comprises the ‘body functions and
structures’ and ‘activities and participation’ domains. Part two assesses
contextual factors and comprises the ‘environmental factors’ and
‘personal factors’ domains (Figure 2). Disability implies dysfunction in
one or several domains and reflects an interaction between the health
condition and environmental and personal factors. There is a complex,
dynamic, and often unpredictable relationship among these entities, and
the interaction is bidirectional.

Health condition
(disorder or disease)

T
i i ¢

Body Functions -w——»  Ativities <«—— > Participation
and Structures

A

! f

v v
Environmental Personal
Factors Factors

Figure 2. The International Classification of Functioning, Disability
and Health model and interactions between its components (15).

For example, hemiparesis and the impaired ability to recruit motor units
during physical activity cause muscle weakness in the leg (body functions
and structures). The individual’s impaired body function entails a
limitation with a reduced walking ability (activities) which in turn can
restrict their ability to work (participation). In particular, the ability to
walk is crucial in everyday life since it affects mobility, self-care, and social
lives (16, 17). The ICF is a way to operationalise the lived experience of
health (18), and the main goal of rehabilitation is to improve the health of
the affected individual. The WHO defines health as:

‘A state of complete physical, mental and social well-being,
and not merely the absence of disease or infirmity’ (19).



Walking ability

While 50%—80% of all individuals with stroke regain their ability to walk,
over 60% experience an abnormal gait pattern and reduced walking ability
(20, 21). Abnormal gait patterns also occur in the unaffected half of the
body due to compensatory movements in the arms, torso, pelvis, and legs
(22). The normal gait comprises four different parts: i) balancing the
weight of the head, arms, and torso on the hip joints; i7) moving and
maintaining the body weight of one leg during the support phase; iii)
keeping the foot lifted off the floor through the swing phase; and iv)
developing a force for the direction of movement to continue forward. The
normal gait is characterised by a smooth transition between the two steps
of the gait cycle, a smooth time interval between the steps, and an equal
stride length (23). In this thesis, normal gait means the movement pattern
adults without neurological disease have when walking.

How and whether spasticity affects walking ability has been unclear.
However, a study published in 1998 showed that spasticity did not affect
the walking ability of individuals with stroke who walk independently
(24). However, individuals with stroke walk slower, have a higher energy
consumption, and are at an increased risk of falling (25, 26). They quickly
become exhausted, causing them to often opt out of various activities,
limiting their participation in social activities and impacting their quality
of life (QoL) (16, 17). In order to become a full community ambulator, a
walking distance equivalent to 400-500 metres and a speed of >0.8
metres per second (m/s) is required (27-29).

Recovery

What can be done after the acute reperfusion time window is closed?

Neuroplasticity and timepoints

The reorganisation of the brain is a dynamic process involving both
hemispheres. There is a significant recovery in the first month, peaking
three months after onset (Figure 3) (30). The entire network becomes
depressed immediately after a stroke. Brain cells die within minutes to
hours after stroke onset. In ischemic stroke, a penumbra remains
salvageable for hours and is the target of acute reperfusion and
investigational neuroprotection therapies (31, 32). An upregulation and
overactivation occur after that, mainly in areas in the unaffected
hemisphere. Provided the metabolic and inflammatory processes subside,
the tissues around the injury regain their function during the first week,
and spontaneous recovery occurs (33). Finally, the activation decreases



bilaterally in most task-related areas (31). In this period, recovery
treatments target surviving brain tissue to promote neural repair (34).

Factors affecting the reorganisation and possibility of recovery after a
stroke are the location and size of the injury, the time since stroke onset,
biological age, and the treatment received (35). The timing of treatment is
essential since the regions surrounding the infarct are vulnerable, and a
very intensive rehabilitation too early can worsen impairment (36, 37).
However, many individuals with stroke experience residual disabilities
that affect their daily lives and make them dependent on rehabilitation for
a long time (30, 38).
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anterior and posterior circulation, as well as basilar occlusion.

Figure 3. Framework defining critical post-stroke time points that link
to the currently known biology of recovery (30).

Treatment to promote neural repair

Several ongoing preclinical studies aim to improve recovery after stroke
using drugs, biological therapies such as monoclonal antibodies and stem
cells, and various forms of electromagnetic brain stimulation. Many drugs
act on neurotransmitter receptors, of which the most studied in stroke
recovery target serotonin and dopamine. The double-blind, placebo-
controlled FLAME trial with 118 patients recovering from ischemic stroke
reported that those given fluoxetine showed significantly greater motor
recovery 90 days post-stroke than those who received the placebo (39).
There are some conflicting results regarding dopamine. A small study of
53 patients showed that a dopaminergic drug improved motor recovery
after six months (40). In contrast, a multicentre study of 593 patients
found no differences in walking ability at the endpoint (41).

In order to promote axonal growth and potential recovery, preclinical
studies have investigated whether monoclonal antibodies can neutralise
inhibitors such as myelin-associated glycoprotein (MAG), oligo-myelin
glycoprotein (OMGP), and neurite outgrowth inhibitor isoform A (Nogo-



A). However, gait velocity did not differ between the experimental and
placebo treatments (42). Another interesting area is cellular therapy. One
study implanted human fetal neurons into the ipsilesional putamen of 11
men 6—-60 months after ischemic stroke, with several patients showing
treatment-related improvements (43).

Other non-invasive treatments are brain stimulation in the form of
repetitive transcranial magnetic stimulation, which can be used to
increase (high-frequency) or decrease (low-frequency) brain activity to
enhance recovery after stroke (44-46). Another approach is transcranial
direct current stimulation, where electrodes broadly apply current
through the scalp and can be used to increase or decrease neuronal
excitability in treating post-stroke disabilities (47). A review found that
transcranial direct current stimulation might enhance activities of daily
living (ADL) functions, but it is uncertain whether arm and leg function,
muscle strength, and cognitive abilities can be improved (48).

True recovery or compensation

In the literature, it is not always easy to determine whether the
improvements achieved refer to true recovery or are compensatory. True
recovery refers to reorganisation and neural repair after a stroke (30).
Compensation is defined as the appearance of new motor patterns
resulting from the adaptation of remaining motor elements or
substitution, meaning that functions are taken over, replaced, or
substituted by different end effectors or body segments (49). In this
context, an end effector is a hand or foot that interacts with an object or
the environment (i.e. crossing the legs and lifting the weaker leg with the
stronger one when lying in bed). It is challenging to distinguish recovery
and compensation without attention to task performance quality. There
are a few tools that evaluate task performance quality. Impairment scales
measure specific motor aspects that may limit but are unrelated to task
accomplishment, such as the Fugl-Meyer Assessment (FMA) Scale (50).
In contrast, functional scales measure the level of task success, such as the
Timed Up-and-Go (TUG) test (51).

From the perspective of individuals recovering from a stroke, the
distinction between true recovery and compensation may not be
important if they achieve functional improvements. However, the
distinction is fundamental when attempting to understand the
mechanisms of stroke recovery and develop successful therapies for post-
stroke rehabilitation.



Rehabilitation

What happens after discharge, how has physiotherapy after a stroke
developed, and what is the evidence?

Stroke rehabilitation

After discharge from acute stroke care in stroke units, it is important to
have a structured follow-up of further medical, nursing, and rehabilitation
needs (7). The post-stroke checklist was developed to address the need for
an easy-to-use tool to assist healthcare professionals in identifying
treatable post-stroke problems and to improve the standard of long-term
post-stroke management (52). In order to identify the remaining needs
and problems, several aspects of functioning and disability must be
considered, such as body functions, activities, and participation, along
with environmental and personal factors (15). The patient is referred to a
specific profession or a multidisciplinary team depending on their goal
and which aspects need further rehabilitation. When it comes to impaired
body functions, limited activities, and participation occupational
therapists, and physiotherapists are often involved in the patient’s
continued rehabilitation.

Physiotherapy after stroke

Physiotherapeutic treatment methods for individuals with stroke have
progressively evolved with neurophysiological research. A dramatic
change occurred in the last 20—30 years with the increased knowledge
about brain plasticity. The central core in physiotherapy now is to
maintain or regain optimal movement ability and performance (53).

The orthopaedic field clearly influenced previous physiotherapy practices
since the same treatment strategies were used, with strength training of
non-affected muscles, maintaining joint mobility, and using corsets and
orthosis to support and compensate for affected muscles. The difficulty in
managing symptoms such as spasticity and hypotonus led to the
development of treatment methods based on neurofacilitation from
theories of reflex control and hierarchical organisation within the nervous
system. Such treatments were the Bobath concept (54), Brunnstrom’s
model of promoting movement synergies for faster voluntary control (55),
and proprioceptive neuromuscular facilitation (56).

While these methods were developed simultaneously, there are major
differences between them. While the Bobath concept does not allow for
strength training of the weak spastic muscle, the proprioceptive
neuromuscular facilitation method uses repetitive manual resistance



training to increase the strength of the weak spastic musculature. The
Bobath concept dominated physiotherapy care for individuals with acute
stroke well into the 1990s. A recent review evaluated the effectiveness of
the Bobath concept in treating stroke, concluding that the concept is not
superior to other approaches for regaining mobility, motor control of the
lower extremity, gait, or balance (57).

During the 1990s, there was a change when Carr and Shepard (58) and
others began to question the Bobath concept. A paradigm shift in
neurological physiotherapy began based on a task-oriented approach that
included Carr and Shepard’s theories on motor relearning programme . It
emphasised the importance of active patient participation and training
functionally in meaningful situations. One study at that time compared
motor relearning programme with the Bobath method, finding that motor
relearning programme shortened the duration of care and significantly
improved motor function (59).

A more complex theory of motor control has emerged in recent years,
systems theory, in which movement emerges from the interaction of
multiple systems (60). In everyday life, we perform a tremendous variety
of functional tasks requiring diverse movement strategies. Three factors
important for movement are the individual, task, and environment
(Figure 4).

Movement

Individual

Figure 4. Movement emerges from interactions between the individual,
task, and environment (60).

The individual generates movement to meet the task’s demands in a
specific environment. Within the individual, movement emerges from
interactions between many brain structures and processes, including
sensory/perceptual, cognitive, and motor/action (Figure 5). However, the
type of task being performed greatly impacts the neural organisation of



movement. For example, running in forest terrain requires performers to
adapt movement strategies to a constantly changing and sometimes
unpredictable environment. This adaption requires constantly
monitoring sensory inputs, which are then used to update, modify, and
regulate motor output. In contrast, running on a treadmill depends less
on constantly monitoring sensory inputs related to environmental change.

Environmental features affecting movement can be divided into
regulatory and nonregulatory. Regulatory features specify aspects of the
environment that shape the movement, and task-specific movements
must conform to regulatory features to achieve the task’s goal (i.e. the
surface). While nonregulatory features may affect performance,
movement does not have to conform to them (i.e. background noise and
distraction). In this thesis, tasks focus on lower-extremity function and
mobility.

Lower-
Extremity
Function

Regulatory

RS>

Nonregulatory

Cogpnitive

Sensory/
Perception

Motor/
Action

Figure 5. Individual (I), task (T), and environmental (E) factors
contribute to movement control. Within the individual, movement
emerges from the interaction of sensory/perceptual, cognitive, and
motor/action systems. Environmental constraints on movement are
divided into regulatory and nonregulatory factors. Task attributes
contribute to the organisation of functional movement (60). This thesis
focuses on the neural control of lower-extremity function and mobility.
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Physiotherapy for lower extremity

Physiotherapists use different treatment methods to influence body
function impairments (i.e. muscle weakness, impaired movement control,
and balance) and often set the goals at activity limitations (i.e. walk longer
distances without aids) and/or participation (i.e. being able to go grocery
shopping by yourself). Regaining the ability to walk is one of the most set
goals after a stroke (61). Evidence exists for several different treatment
methods in improving function after stroke. One review found strong
evidence of significant positive efficacy for 13 gait-related interventions.
The best treatment methods were specific walking training, fully or
partially body-weight-supported walking training on treadmills, and
functional circuit training focused on walking and the ability to move (62).

Strength and balance are body functions required when walking. Strength
reflects increased motor unit activity (63), and balance or postural control
reflects maintaining, achieving, or restoring a state of balance during any
posture or activity (64). In this thesis, balance and postural control are
used synonymously. Several studies have confirmed that strength training
for the lower extremities improves walking ability and increases QoL
without increasing spasticity (63, 65-67). Strength training is expected to
be more effective when combined with task-oriented activity training
(68). The results for balance treatment are similar: task-oriented training
improves balance and postural stability (69), and the training needs to
include specific exercises for balance, weight shift, and/or walking (70-

72).

National guidelines recommend treating post-stroke impairments with
repetitive task-oriented and goal-oriented exercises (7). However, the
importance of the intensity and frequency remain undefined. There is
strong evidence for high-intensity task-oriented and task-specific
interventions in all post-stroke phases (62), and the intensity and
frequency must be high to have an effect (73-75). A frequency of 600
repetitions or 60 hours of therapy daily can produce clinically meaningful
improvements in the chronic post-stroke phase (76-78). In contrast, 30—
32 hours of therapy appears insufficient to achieve similar improvements,
at least for the upper extremities, after stroke (79, 80).

Constraint-induced movement therapy

One form of highly intensive and task-specific treatment is constraint-
induced movement therapy (CIMT), a method developed based on
understanding brain plasticity with a behavioural explanatory model.
CIMT has been developed to treat impaired arm and hand function after
stroke. In basic research conducted on monkeys, the researchers who
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developed this method showed that loss of motor function generates a
learned behaviour: learned nonuse that remains even after the function
has entirely or partially returned (81, 82). This phenomenon is also seen
in individuals with hemiparesis after stroke (83). CIMT comprises four
components: i) intensive training of the more-affected arm; ii) training
with a behavioural technique called shaping; iii) the ‘transfer package’,
where problem-solving is used to overcome perceived barriers to more-
affected arm use in ADL; and iv) restraint of the less-affected arm for 90%
of waking hours during the treatment period (82). The fourth is the least
important component when the other three are correctly implemented
(84). Several studies have shown that CIMT for upper extremities in
individuals with stroke provides a changed behaviour pattern with a
significant and relevant improved function in the arm that persists after
one year (778, 85-89). Studies have also shown positive effects of CIMT in
individuals with other diagnoses, such as multiple sclerosis (90),
traumatic brain injuries (91), and children with cerebral palsy (92).

There is insufficient evidence regarding CIMT for the lower extremities
(LE-CIMT), which combines several treatment elements such as balance,
strength, and walking training, since it has only been investigated by a few
published studies involving small numbers of participants (93-97). Using
restraint in LE-CIMT poses a challenge since humans are bipedal: two legs
are often required for most ADLs, particularly walking. However, LE-
CIMT may have a similar result as CIMT for the upper extremities. A
recent systematic review and meta-analysis evaluated the efficacy of LE-
CIMT (98). The 34 studies included in this review used diverse treatment
lengths to investigate LE-CIMT and seemed to improve motor function,
balance, mobility, gait speed, ADL, and QoL in individuals with stroke.
The subgroup analysis showed that LE-CIMT with extremity constraint
had a higher mean score for motor function than LE-CIMT without
extremity constraint.

Life after stroke

What happens when you or a relative suffer a stroke, and how does it affect
your QoL?

Life changes dramatically and suddenly for those who suffer a stroke. The
experience of losing control of your body and feeling weakness spread
throughout your body is terrifying and described as an extreme shock
(99). Humiliation and vulnerability characterise individuals’ experiences
of being dependent on others to cope with personal hygiene, toilet visits,
and, for example, turns in bed. Life after a stroke affects not only the
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affected individual but also their entire family, with the situation varying
greatly with the degree of survivor dependency (100). Individuals with
stroke have stated that their role in the family, work, and social network
has changed (101, 102). They feel that everyday activities carried out in a
new way do not give them the same satisfaction because it is not as before.
Cognitive and emotional symptoms after stroke are described as hidden
impairments in young patients after a mild stroke, which may interfere
with rehabilitation and their ability to return to work (103). In a study of
117 patients with a mean age of 55 years at stroke onset, 67% had cognitive
difficulties, and 50% had emotional impairments at follow-up one year
later. Younger age, multiple infarcts, and unemployed at stroke onset were
independent predictors of cognitive impairments (104).

Therefore, rehabilitation with goals that individuals can achieve within a
relatively short time becomes vital since it provides hope for improvement
and affects emotional recovery (99, 105). None of the participants in one
study felt that they had received sufficient training (106). They felt that
limited financial resources in healthcare determined how much training
they received. After discharge from the hospital, those who had suffered a
stroke described that continued exercise was crucial to them. They
attempted to be as active as possible, but they felt that they needed
continued help with planning and support to continue training (106).

Health-related quality of life

The terms health, health-related quality of life (HRQoL) and quality of life
(QoL) are often used interchangeably in the literature. QoL was already
discussed in the 1960s and became more important in healthcare as
medical treatment extended lifespan (107). QoL often includes physical,
material, social, and emotional well-being together with the extent of
personal development and purposeful activities (108). Later, in the 1980s,
the term HRQoL was introduced and spread from there. HRQoL includes
only those factors that are part of an individual’s health, and non-health
aspects of QoL, such as economic and political circumstances, are not
included in the definition (109). HRQoL measures describe health in
broader terms (functioning and well-being) than clinical measures and
often consist of self-perceived health status (110).

HRQoL after stroke has been investigated in two Nordic countries, with
results showing reduced HRQoL compared to the general population (111,
112). In contrast, there were no differences in HRQoL between stroke
survivors 21 years after stroke and the general population in New Zealand
(113). This disability paradox was already described in 1999: despite the
severity of their disability, many individuals experience good or excellent
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health (114). This paradox can be explained by individuals’ establishing
and maintaining a sense of balance in body, mind, and spirit with their
social context and environment. Unfortunately, the 1999 study included
individuals with various neurological diseases with persistent disabilities
but not stroke. A similar study on stroke survivors in 2021 confirmed that
disability after a stroke does not equate to poor health (115).
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Rationale for this thesis

More individuals survive and live with persistent disabilities after a stroke,
which affect them and society as a whole. These disabilities can affect
stroke survivors’ opportunities to participate in society, reduce their
HRQoL, and lead to high healthcare and rehabilitation costs, making
research in these areas important. Highly intensive task-specific
treatment and CIMT have been proven effective in upper extremities and
are recommended in national guidelines. CIMT’s adoption in clinical
practice has been limited mainly by high resource demands, concerns
about patient tolerance, and insufficient knowledge and confidence in its
effectiveness. The knowledge gap between CIMT for the upper and lower
extremities has narrowed. However, some relevant questions remain
unanswered, such as the use of constraint, dose and intensity, timing after
stroke, and transferability to clinical practice, and require further
research.

When introducing a new treatment method, it is important to investigate
several perspectives. One is the participants’ experiences of the new
therapy. What is it like to exercise so intensely for several consecutive
days? How is the treatment experienced, and which of its components are
perceived as important from their perspective? Using qualitative research
methods deepens the knowledge of how a treatment method is perceived
and understood, which is important to complement the research context.

How disability after stroke affects individuals’s HRQoL has been
investigated and compared with the general population in several
countries. In Sweden, there has been a lack of norm data for a common
HRQoL instrument such as the Swedish RAND-36 until recently. Further
research is needed to evaluate determinants and compare HRQoL in
individuals with disabilities after stroke with these norm data.
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Aims of this thesis

The overall aims of this thesis were to explore the extent to which LE-
CIMT (i.e. highly intensive task-specific training for the lower extremities)
can improve impaired body functions and limited activities, describe how
the treatment is experienced, and investigate whether it affects the
HRQoL in individuals with stroke.

The specific aims of the thesis were to:

>

Y V VYV

Investigate whether LE-CIMT can improve motor function,
balance, functional mobility, strength, and walking ability among
post-stroke patients in clinical practice (Papers I-III);

investigate whether age, sex, stroke type, more-affected side, or
time after stroke onset affect the effectiveness of LE-CIMT on
walking ability and balance (Papers II-III);

describe participants’ experiences of LE-CIMT (Paper IV);
describe participants’ HRQoL after LE-CIMT (Paper V);

and investigate whether specific determinants are associated with
better HRQoL (Paper V).
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Materials and Methods

This thesis contains five papers based on four studies with data collected
from two study populations. The characteristics of these studies and their
participants are summarised in Table 1, after eligibility.

Materials

Setting and design

Paper I reports a longitudinal study with single-subject experimental
design (SSED) (116, 117), AB phase, and follow-up assessments. The A-
phase represents the baseline (two weeks), the test period preceding the
intervention, in which no organised training was allowed, and no subjects
participated in any regular training. The B-phase (two weeks) consisted of
the intervention (LE-CIMT). The study was conducted at Torsby Hospital,
Region Virmland.

Papers II and III report a longitudinal uncontrolled cohort study in which
the participants received a two-week intervention (LE-CIMT) with follow-
up. The study was conducted at the Katarina- and Liljeholms-kliniken.

Paper IV used an inductive qualitative approach based on the assumption
that individuals’ experience constitutes significant knowledge. The aim
was to obtain rich descriptions of the phenomenon (LE-CIMT) under
study. Semi-structured interviews were conducted in the informants’
homes (six interviews) or at the Katarinakliniken (one interview) in
Stockholm.

Paper V reports a cross-sectional survey of HRQoL after the intervention
(LE-CIMT). A questionnaire was sent by regular mail to the participants
at the Katarina- and Liljeholms-kliniken.

Subject recruitment

Subjects in Paper I were recruited from the waiting list at day hospital
rehabilitation. An independent physiotherapist asked patients about
possible participation. If they were interested, they were invited to an
information session together with a relative. At the meeting, they received
more detailed verbal and written information about the study and could
ask questions before written informed consent was collected. They were
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also informed that they could discontinue without explanation at any time
and that this would not affect their further rehabilitation at the clinic.

In Papers II and III, patients referred to the clinic in Stockholm for LE-
CIMT rehabilitation between 2003 and 2014 were informed about the
study when asked for permission to use their retrospective data in the
study. After being provided with information, verbal and written informed
consent were obtained. Patients referred to the clinic from 2014 onwards
were informed about the study, and verbal and written informed consent
was obtained before the intervention.

In Paper IV, subjects who had participated in LE-CIMT up to 2006 at the
clinic in Stockholm received verbal and written information about the
study from an independent physiotherapist. They were given a reply-paid
letter to notify their interest and written consent to participate. Lastly, in
Paper V, subjects who had participated in LE-CIMT at the clinic between
2001 and 2018 received an invitation, an information letter, and the
questionnaire with a prepaid envelope via regular mail. They provided
informed consent to participate in the study by answering the
questionnaire.

Eligibility

The eligibility criteria in Papers I-III were adults with a diagnosed stroke
at study enrollment who could walk short distances independently
indoors with or without aids, understand verbal and/or written
instructions, and had not previously received intensive training (i.e., six
hours a day for two weeks or three hours a day for three weeks). Patients
with unstable cardiovascular disease at study enrollment were excluded.
All patients had followed inpatient rehabilitation before entering the
study and were examined and referred by physicians to the outpatient
clinic. In Paper I, additional inclusion criteria were at least six months
since stroke onset and a score of >23 points in the Mini-Mental State
Examination (118). Five subjects in Paper I and 147 in Papers II and III
met the inclusion and did not meet the exclusion criteria.

In Paper IV, the eligibility criteria were adults diagnosed with a stroke who
had completed the LE-CIMT, were resident in Sweden, could express
themselves in Swedish, and were not suffering from other serious
diseases. The exclusion criteria were patients known to or treated by the
author who conducted the interviews. Twelve subjects met the inclusion
and exclusion criteria, of whom seven indicated their interest to
participate in Study IV.
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In Paper V, the eligibility criteria were adults diagnosed with a stroke who
had completed the LE-CIMT at the clinic in Stockholm. The exclusion
criterion was prior participation in three-hour LE-CIMT. Of the 162
subjects sent an invitation letter, 106 met the inclusion and did not meet
the exclusion criteria and answered the questionnaire.

Table 1. Overview of the five studies included in this thesis.

Paper I IT and III v Vv
Method Single-subject  Longitudinal Qualitative Cross-
experimental uncontrolled semi- sectional
design, AB cohort study structured survey
phase, and with follow-up interviews
follow-up
Participants, n 5 147 7 106
LE-CIMT Torsby Katarina- and Katarina- Katarina- and
Hospital Liljeholms- kliniken Liljeholms-
kliniken kliniken
Age, years 62 (46—81) 51 (20-72)1* 55 (35-74) 62 (26-89)
Sex, 2/3 100/47 4/3 69/37
male/female
More-affected 2/3 84/62 T 3/4 62/44
leg, right/left
Time to 35 (6—78) 18 (1—192)
treatment from
stroke onset,
months
Time since the 8 (2—20)
intervention,
years
Data collection 2000—2003 2003—2018 2006 2021
period, years
Ethical approval 347/00 2013-327-31M 2013-327-31M
Decision letter 2006/039
Amendment 2004:M-418 2020-06189

Data are presented as mean (range) or n. T, one missing value. 1, three missing values.
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Intervention

All participants in the five papers included in this thesis have completed
the LE-CIMT intervention, a highly intensive task-specific treatment
method that comprises four principles. Intensive training of the more-
affected leg with a behavioural technique called shaping, the ‘transfer
package’, where problem-solving is used to overcome perceived barriers
to more-affected leg use in ADL, and use of a restraint of the less-affected
leg. The LE-CIMT content is summarised in Table 2 after the description
of each principle.

Intensive training and shaping

The intensive training was designed to increase the use of the more-
affected leg through exercises to improve impaired body functions and
limited activities such as motor function, balance, strength, walking, and
climbing stairs. Only the more affected leg was trained when possible (i.e.
the exercises did not need two legs for execution). The LE-CIMT lasted six
hours/day, Monday to Friday, for two weeks. Participants received the
intervention in groups of 1—3 (Paper I) and 3—4 (Papers II and III)
supervised by an experienced physiotherapist. In Paper I, each participant
was assisted by one staff member for safety reasons and to document and
increase the exercises continuously. The exercises were performed
according to individually designed programs, with difficulty increasing
with progress. Each training session lasted 45—60 minutes.

In Paper I, the participants were encouraged to be genuinely active in the
more-affected leg for at least 40 minutes of every training session, a total
of 240 minutes/day. To motivate the participants and for the staff to be
able to increase the intensity and degree of difficulty in the exercises, time,
number of repetitions, load, and exercise type were documented in a diary
for each participant. In Papers II and III, each participant had an
individualized program that was continuously revised during the
intervention. Each morning, the group gathered for a brief meeting where
each participant was asked about concerns regarding muscle sourness,
pain, performance progress, and compliance with general instructions.

In Paper I, the intervention started daily with cycling on an ergometer
bike, with only the more-affected leg, for 10—25 minutes, depending on
capacity. Then, the remaining time, up to 40 minutes, involved strength
training and exercises with weight transfer in different directions. A
maximum of ten repetitions were performed in three sets during strength
training, regardless of the exercise performed. Session two consisted of
walking indoors in different directions (forwards, backwards, and
sideways) on flat and sloping surfaces and stairs. Session three consisted
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of aquatic exercises with an emphasis on running and walking. Session
four consisted of walking outdoors on different surfaces (asphalt, grass,
gravel, and forest terrain). Session five consisted of a standing activity.
Each day ended with passive muscle stretching. Sessions 2—5 could vary
in order depending on other activities at the clinic.

The intervention in Papers II and III consisted of similar sessions but
without aquatic exercises. There was a 40—60-minute lunch break and
one 15-minute coffee break (included in the standing activity in Paper I).
However, participants were able to take a short break when needed.

Shaping principles (119) were used during the intervention to encourage
the participants, and the goal was to always be at the limit of their capacity
in every exercise and repetition (i.e. encourage them to perform slightly
better than before). When shaping, a task is gradually made more difficult
according to the participant’s motor capabilities and performance
improvement. Time, repetition number, height, and placement are some
parameters used in shaping progression. Take the sit-to-stand task as an
example. The participant sits in a chair, and the task is to rise with the
weight load on the more affected leg. The task is made more difficult by
placing the less-affected foot slightly in front of the more-affected foot or
rising with the less-affected foot on a soft surface or a ball or made easier
by using a higher chair.

The physiotherapists use their professional expertise to analyse the
execution of the exercise in detail and adjust different parameters to make
it easier or harder based on the patient’s capacity in every exercise and
repetition. Another important function of physiotherapists is to act as a
‘cheerleader’, continuously encouraging the participants on a moment-to-
moment basis to keep improving their performance. The participants in
Papers II and III were encouraged to try three times before making the
task easier. Performance regressions were usually ignored by simply
changing another parameter and then trying to execute the task again.

Transfer package

Besides the LE-CIMT in the clinic, participants were instructed to use the
more affected leg in real-life situations and to walk and stand as much as
possible. During the weekend (Papers II and III) between the two weeks
of intervention, participants were asked to perform ankle and toe
exercises, take walks, and stretch but avoid strength exercises. After the
intervention, the participants in Papers II and III received individual
home training programs. These were developed in collaboration with each
participant, with the exercises chosen from those learned during the LE-
CIMT. These programs were recommended to be performed several times
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a week, depending on the agreement with the participant, for the next
three months. Participants were encouraged to keep a simple diary log for
this program to bring to their follow-up. While questions about the home
training programs were asked during each participant’s follow-up, Papers
IT and III did not report this data.

Restraint

Different restraint types were used in Papers I-11I (Figure 6) with the same
intention to keep the less-affected knee constantly extended to encourage
weight-bearing and increased use of the more-affected leg. In Paper I, the
restraint was used for standing and walking exercises indoors and
outdoors and for rising from sitting. Given the risk of falling, two
participants used a hyperextension bandage with the splints turned to
prevent knee flexion for outdoor walking during the first two days of the
intervention. Constraining the unaffected leg presents a challenge since
walking activities require bipedal function. Therefore, in Papers II and I11,
the physiotherapist assessed whether the use of the orthosis positively
affected the gait pattern and weight-bearing of the more-affected leg and
decided when it was appropriate to use. The orthosis was often used for
5—10 minutes at the beginning of the walking sessions. If the orthosis
positively affected the walking pattern, the procedure was repeated.

Figure 6. The orthoses used as a restraint during the LE-CIMT
intervention. The two orthoses on the left were used in Paper I, and the
one to the right was used in Papers II and III. Photos: Ingela Marklund
and Annika Sefastsson.
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Table 2. The content of the LE-CIMT intervention and the ICF domain.

Treatment

Content description

Impairment-based training
for the lower extremity and
body function

Approximately three hours a day
for two weeks; sessions 1, 5, and
6 (Paper I)

The impairment-based training was focused on
motor function, balance, and strength.

Motor function: dorsiflexion of the foot; knee
flexion and extension; hip flexion, extension,
adduction, and abduction in sitting or lying and/or
stretching and other mobility exercises. An example
is sitting on an examination table with the foot of
the more affected leg out front as far as possible. The
task is to pull the foot toward and under the table
without lifting it or bending the trunk forward.

Strength: often the same exercises above but with a
load on the wrist. In Papers II and III, a leg press
was used.

Balance: standing in front of a step and lifting the
less-affected foot on the step and back without
support of any devise or bannister; shifting weight
from side to side and forwards and backwards while
standing; standing on one leg (more-affected leg)
with as little support as possible; standing and
trying to reach something or play volleyball with a
balloon.

Functional training,
activities, and participation
Approximately three hours a day
for two weeks; sessions 2, 3, and
4 (Paper I)

The functional training focused on walking ability
indoors, outdoors, and in aquatic training: transfers
in different directions and on different surfaces, sit-
to-stand, turning, running, stepping over obstacles,
and stairs. In all exercises, the focus was on using as
little support as possible and placing as much body
weight as possible on the more affected leg.

Restraint

Approximately three hours a day
for two weeks; sessions 2, 4, and
5 (PaperI)

After individual assessment in
Papers IT and III

A hole leg orthosis was used on the less-affected leg
during walking and standing exercises. The orthosis
prevents knee flexion, increasing the use of and the
body weight on the more affected leg. For safety
reasons, in Paper I, each participant was supported
by one staff member to prevent falling.

Shaping principles
Used as much as possible in all
sessions.

Continuous progress in exercises. Staff members
and the other participants provided support with
positive feedback: ‘try again’, ‘little more’, ‘yes, you
got it’, and ‘once again’ were frequently used during
the two weeks of intervention. There was also a
focus on performance quality and how they perform
specific movements.

Transfer package
Home-training programs for the
weekend (Papers I-IIT) and after
the intervention (Papers II and
II1)

The home training consisted of exercises known
from the intervention, individually adapted to be
performed at home without risk of falling. The focus
was to be able to perform more ADLs than before
and increase participation in social contexts.

ICF, The International Classification of Functioning, Disability, and Health.
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Data collection

In Paper I, trial measurements with the subjects were taken two-four
weeks before the A-phase, in which all the tests were performed to reduce
the learning component. All data from the trial measurements were
excluded from the study. During the A- and B-phase, measurement
sessions were held on Tuesdays, Thursdays, and Fridays for two weeks.
After the intervention, follow-up measurement sessions were held at three
and six months. There were 14 measurement sessions in total. Each
measurement session took 40 minutes. Weight distribution was measured
only four times: before the intervention, directly after, and three and six
months after. The same physiotherapist (IM), who was also responsible
for the intervention, conducted all measurements, consistent with clinical
praxis. The results were entered in separate test sheets that were
unavailable at the next measurement session. The study period was
2000—2003.

In Papers II and III, measurement sessions were held before (within a
week), directly after, and three months after the LE-CIMT intervention;
there were three measurement sessions in total. The same physiotherapist
(AS), who was also responsible for the intervention, conducted all
measurements, consistent with clinical praxis. The results were entered in
separate test sheets that were unavailable at the next measurement
session. The study period was 2003—2018.

In Paper IV, semi-structured interviews were conducted using an
interview guide with the overall prompt ‘Describe how you experienced
the intensive training’. Follow-up questions were then asked for more
depth and clarification. The interviews lasted 35—60 minutes and were
recorded and then transcribed verbatim by the author (IM; one interview)
or a medical secretary (six interviews). The study period was November-
December 2006.

In Paper V, convenience sampling was used in February 2021. An
invitation to participate was sent with an information letter, the
questionnaire, and a prepaid envelope marked with an ID code via regular
mail. The respondents were allowed to be helped by relatives when
answering the questionnaire, and they could choose between answering
the questionnaire on paper or by telephone. If they chose by telephone
(only one respondent), the author (IM) called them back, read them the
questions, and registered their answers. After four weeks, a thank-
you/reminder letter was sent along with the questionnaire and a prepaid
envelope to those who had not yet returned the questionnaire. After
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another six weeks, one last thank-you/reminder was sent with the
questionnaire and a prepaid envelope. If responses were missing for parts
of the questionnaire, the author (IM) mailed the missing part back to the
participant with a prepaid envelope or called them and completed the
missing parts if desired. Data were entered continuously and
pseudonymised as the responses came in. Figure 7 summarises the
assessment time points in the included studies.

Intervention Interviews Questionnaire
2-weeks 2-weeks 3-months 6-months 21 year 2 2 years
papert— [ITTTTITH 1
Paper I, Ii | | |
Paper IV I
Paper V I

Figure 7. Assessment time points in the five studies included in this
thesis.

Demographic data

Subjects’ characteristics such as age, sex, stroke type (Papers II and III),
time since stroke (Papers I-V), time since treatment (Papers I, II, III, and
V), and more affected side were recorded. The ICF classifies these
characteristics as personal factors.

Observer assessed measures

Motor functions were measured with Fugl-Meyer Assessment scale (FMA)
(50) subitems for the lower extremity—E (Papers I-III) and F (Paper I)—
with a maximum score of 34 points (E + F). Reflex activity was not
measured in Papers II and III, only voluntary motor functions with a
maximum score of 22 points. The minimal clinically important difference
(MCID) for the FMA lower extremity subitem score in subjects after a
chronic stroke is estimated to be six points (120), while the minimal
detectable change (MDC) is four points (121).

Functional mobility was assessed using the Timed Up and Go (TUG test
(51). This commonly used test requires subjects to move from a sitting to
a standing position, walk three metres as fast as possible without losing
balance, turn around, walk back, and sit down. The TUG test has been
assessed for reliability. It has a high (0.99) inter- and intra-rater intraclass
correlation coefficient (ICC) (51), and the MDC in patients after a chronic
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stroke is eight seconds (121). In addition, subjects were also assessed using
the TUG-manual test, in which they had to carry a glass of water while
walking. The time difference between the TUG and the TUG-manual tests
(diff-TUG; i.e. the ability to perform dual tasks) appears helpful for
identifying fall risk (122).

Balance was assessed with the Berg Balance Scale (BBS) (123) and Step
test (124). The BBS comprises 14 items rating the subject’s ability to
maintain stability while performing a functional task on a five-point scale
(0 to 4) with a maximum score of 56 points (123). The BBS has high intra-
(0.97) and inter-rater (0.98) ICCs in elderly patients who experienced a
stroke (125). The MDC for the BBS is five points (121). The Step test with
a 7-cm-high box was used. The subjects stood in front of the box without
support and placed their foot on it and back as many times as possible in
30 seconds. Both legs were tested. The reported test-retest ICCs for
patients after a stroke were 0.88 for the less affected leg and 0.97 for the
more affected leg (124). Single-leg-stance (SLS), which has test-retest
ICCs of 0.88 for the less affected leg and 0.92 for the more affected leg
(126), is an item in the BBS but presented separately in Paper III with a
maximum of 30 seconds and the best of two trials.

Gait was assessed for speed with the ten-metre walk test (10MWT) (127)
and distance with the six-minute walk test (6MWT) (128). In the 10MWT,
subjects were instructed to walk at a self-selected speed and then as fast
as possible. The time to walk 10 metres was recorded in seconds, through
which metres per second m/s was calculated. The MDC of the 1o0MWT is
a change of >0.30 m/s walking without assistance at a self-selected speed
(129). In the 6MWT, subjects were asked to walk back and forth on a
straight stretch of at least ten metres (30 m in Paper I) for as long as they
could manage. Verbal encouragement was provided after three and five
minutes had elapsed: “You are halfway done” and “You have one minute
to go”. A systematic review showed that the MDC for patients who
experienced a chronic stroke varied between 28—42 metres (130). In both
walking tests, subjects were allowed to use their common foot/ankle
orthosis and, in Paper I, their normal assistive device.

Strength was assessed bilaterally as a one-repetition maximum (1RM) for
leg extension in a leg press. The 1RM is defined as the maximum weight
the subject can lift only once before becoming fatigued (131). The leg press
allows for one-kilogram (kg) intervals. The less affected leg was tested
first. The starting load for the more affected leg was set at approximately
50% of the initial 1RM of the less affected leg. The purpose was to do as
few trials as possible to reach the 1IRM. The rest between each attempt was
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timed to 30 seconds. A review recommended resistance training at an
intensity of 50%—-80% of the 1RM in the later stages after a stroke (132).
The difference between the 1RM of the less-affected and more-affected leg
was calculated (diff-RM).

Weight distribution was assessed with the subject standing on two scales,
one leg on each. The subject could not see the weights when they claimed
to stand with each leg equally loaded. When the subject experienced
equally loaded legs, the physiotherapist registered the weight in kg for
each leg.

The Nine-Hole Peg Test was used as a control variable (Paper I) to exclude
any Hawthorne effect (133). The best of three trials was noted, and the less
affected hand was used (134).

Patient-reported outcome measures

Qualitative semi-structured interviews were used to assess the
informants’ experiences with LE-CIMT (135, 136).

A questionnaire was developed in collaboration with a representative
from Neuro. Neuro is an association that focuses on making life easier for
everyone with a neurological diagnosis. The questionnaire comprised
open questions about age, stroke onset, time since LE-CIMT, and multi-
choice questions about sex, ADLs, living conditions, difficulties in
cognitive functions, and HRQoL. The questions used in the questionnaire
come from the follow-up conducted by the National Quality Register for
Stroke Care (Riksstroke), the Saltin—Grimby Physical Activity Level Scale
(SGPALS) (137), and the Swedish RAND-36 (138). The questionnaire
started with RAND-36 and contained 60 questions in total. Pretesting was
performed by the representative from Neuro, who had a stroke herself,
and the questionnaire took 11 minutes to answer.

HRQoL was measured with the Swedish RAND-36 (138). The RAND-36
is a 36-item questionnaire intended for use as a generic measure of
perceived HRQoL developed by RAND Corporation in the USA. The
RAND-36 comprises 36 items grouped into eight health domains:
physical functioning, role-functioning (physical), pain, general health,
energy/fatigue, social functioning, role-functioning (emotional), and
emotional well-being. Each domain comprises 2—10 items. The scores for
the eight domains were calculated using the standard scoring algorithm
by averaging 35 of the 36 ordinal scale items. The remaining item asks
about perceived health changes during the last year. Domain scores range
from 0—-100, with higher scores indicating better health status. The Mid-
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Health Survey has produced reference data for the Swedish RAND-36 that
can be used for norm-based comparison (139).

The SGPALS (140) is a simple rating scale for physical activity and
consists of one question about how much you move and exert yourself
physically during your leisure time. The questionnaire has mainly been
used to grossly assess the physical activity levels in the population.

The observer-assessed measures and patient-reported outcome measures
used in this thesis are summarised in Table 3 according to the ICF and the
paper in which they were used.

Table 3. The measures used in the thesis classified according to the
International Classification of Functioning, Disability and Health

(ICF).

Outcome measure ICF Paper

Fugl-Meyer Assessment Body function I-1I

Scale

Timed Up-and-Go Activity I-III

Berg Balance Scale Body function and activity 111

Single-Leg Stance Body function 111

Step Test Body function I

Ten-Metre Walk Test Activity I-1I

Six-Minute Walk Test Activity I-1I

One Repetition Maximum Body function 111

Weight Distribution Body function I

Nine-Hole Peg Test Activity I

Qualitative Interviews Body function, activity, participation, v
personal, and environmental factors

RAND-36 Body function, activity participation,and V
personal factors

Saltin—Grimby Physical Activity \%

Activity Level Scale

Questionnaire Activity, participation, and personal A%

factors

ICF, The International Classification of Functioning, Disability and Health.
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Analysis

Statistical analysis

All analyses were performed with the Statistical Package for the Social
Sciences (SPSS). Tests were two-tailed, and p-values <0.05 (Papers I-1V)
and <0.05 (Paper V) were considered statistically significant.

In Paper I, data were plotted graphically to visually assess changes (117,
141). Any series dependence between measurement points was assessed
using the autocorrelation test, and when this was not significant, the two-
standard deviation band method was used (142, 143). Differences with a
p < 0.05 were considered significant if at least two consecutive
observations during the B-phase were above the line representing the
mean for baseline (A-phase) plus two standard deviations for results with
increased steps, metres, or points or below the line minus two standard
deviations for results with decreased time (117, 142). Since the method
does not apply to single assessments, each subject’s results for the three-
and six-month assessments were plotted and considered persistent if they
were equal to or greater than the mean at baseline.

In Papers IT and I11, data were reported as means with standard deviations
or ranges and frequencies with percentages of the total sample. A linear
mixed model (LMM) was used to investigate the mean differences
between measurements taken pre- and post-treatment and during the
three-month follow-up. An unstructured covariance matrix was used to
model the dependence between residuals. Time was considered a fixed
categorical effect. Post-hoc tests were performed on the marginal means,
and p-values were Bonferroni corrected to account for the multiple
comparisons between time points. Quartile-quartile (Q-Q) plots were
used to verify normal distribution assumptions for model residuals. Not
all participants completed the three-month follow-up, and a drop-out
analysis was performed using an independent t-test to compare
descriptive characteristics such as age, sex, stroke type, more affected
side, the time between stroke onset and treatment (months), and BBS
score between participants who completed all three measurements and
those who only completed the pre- and post-test measurements. The BBS
was only used as a background variable in Paper II.

To control for and examine the effect of heterogeneity, we chose the
10MWT (Paper II) and BBS (Paper III) results. Additional corresponding
linear mixed models were used, including age, sex, stroke type, more
affected side, or time to intervention as the main fixed effect and the
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interactions with time. Since time to intervention since stroke varied
widely among participants (from one month to over ten years), they were
divided into three groups: those who completed the intervention 1-6
months (sub-acute phase), 7—12 months (chronic phase), and >13 months
(late chronic phase) after stroke onset.

In Paper V, data were reported as means with standard deviations or
ranges and frequencies with the total number and percentage of the total
sample. The independent t-test was used for drop-out analysis to compare
descriptive characteristics (age and sex) between respondents and non-
respondents. The summary independent-samples t-test was used to
compare the mean differences between participants and norm-based data
in the eight RAND-36 health domain scores. Univariable analysis of
variance with a general linear model, adjusted for age and sex, was
performed to investigate the linear dependence between participants’
scores for six of the eight RAND-36 health domains and their 6MWT, time
since treatment, living alone status, and need for home care. Histograms
and Q-Q plots were used to verify normal distribution assumptions for
model residuals. The remaining domains, role-functioning (physical) and
role-functioning (emotional), were examined using an ordinal regression
for analysis of variance.

Qualitative content analysis

In Paper IV, a qualitative content analysis of the dataset was conducted to
include different perceptions and experiences with LE-CIMT (144). The
text material (i.e. the transcribed interviews) was reviewed to discover the
manifest and latent content. Manifest content describes what is directly
expressed in the text, while latent content is based on an interpretation of
the underlying meaning or the ‘red thread’ between the lines in the text.
First, the complete material was read through repeatedly to get a feel for
the whole. Next, the meaning-bearing units of the text were extracted. The
meaningful units were condensed, coded, and sorted by similarities and
differences into categories. The categories are complete and mutually
exclusive, meaning no meaningful unit falls outside the categories or into
more than one category. Then, main categories and their subcategories
were created, corresponding to the manifest content of the material.
Finally, a theme was formulated that corresponds to the latent content of
the text.
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Ethics

All studies in this thesis were performed according to the Declaration of
Helsinki, which promotes and ensures respect for all human subjects and
protects their health and rights. The Regional Ethical Review Board
approved all studies, and the Swedish Ethical Review Authority approved
the amendment for Paper V. In Paper IV, the Regional Ethical Review
Board declared that this study did not require their ethical approval.
However, they provided their advisory opinion (radgivande yttrande). All
participants in Papers I-IV received written and verbal information before
consenting to participate. In Paper V, participants only received written
information and consented to participate by answering the questionnaire.
Participants were informed that their participation was voluntary and
could be withdrawn at any time without explanation and without affecting
their continued need for rehabilitation at the clinics.

Reflection and consideration are always needed when researching a new
type of intervention. During the LE-CIMT, there was a daily issue of how
intense a treatment the participants would manage in a specific exercise.
While the participation risk was considered minimal, some precautions
were taken. The two physiotherapists who conducted the intervention had
long experience working with patients after a stroke and were well
acquainted with the intervention. In Paper I, each participant was assisted
by one staff member to prevent falling when using the restraint. No
incidents occurred during the intervention, and participants were covered
by customary patient insurance during the intervention.

All interviews in Paper IV, except one, were performed in the participants’
homes to strengthen their integrity and influence over the process. They
decided where and when the interview would occur. Open questions were
used so they could choose what they wanted to share. Sharing their
experiences of their difficulties and rehabilitation needs can evoke strong
feelings about how their lives have changed after suffering a stroke. The
data was presented on a group level, except for the clarifying sentences in
Paper IV. The identifiability of individuals in Paper IV was considered
minimal because many individuals have experienced a stroke in the
demographic area.

Paper I: approval decision Dnr 347/00 with amendment Dnr 2004:M-418
Papers II and III: approval decision Dnr 2013-327-31M

Paper IV: approval decision letter Dnr 2006/039

Paper V: approval decision Dnr 2013-327-31M with amendment Dnr
2020-06189
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Results

The main results from the five included studies have been compiled based
on the aspects they investigated: improvements (Papers I-III),
experiences (Paper IV), and HRQoL (Paper V). Detailed results are
provided within each paper. Participants’ characteristics are provided in
Table 1 in this thesis.

Improvements after LE-CIMT

Paper I outcomes

The results showed that LE-CIMT can improve motor function, dynamic
balance, mobility, and walking ability in individuals in the chronic stage
of stroke recovery. Of the 30 variables measured in five subjects with six
measuring instruments, 23 (77%) improved, with 12 (52%) improving
significantly. The improvements remained at the long-term follow-ups
(three and six months after LE-CIMT) for 22 of the 23 variables.

Figure 8 graphically depicts 6MWT improvements in three of the five
subjects with the two-standard deviation band method. The result is
considered significant if at least two consecutive observations during the
B-phase are above the line representing the mean for baseline (A-phase)
plus two standard deviations.

Subject 1 showed significantly improved motor function (FMA: from 21
points in phase A to 23 points in phase B to 26 points at three months to
24 points at six months), mobility (TUG: from 14 to 11, 10, and 9 seconds,
respectively), and walking ability (6MWT: from 225 to 281, 284, and 340
m, respectively; 10MWT: from 14 to 12, 11, and 9 seconds, respectively).
She also showed improved balance in both legs (Step Test: from 14 to 17,
19, and 19 steps for the more affected leg, respectively, and from 17 to 20,
20, and 22 steps for the less-affected leg, respectively).

Subject 2 showed no improvements after LE-CIMT. His B-phase results
were within two standard deviations of their A-phase (baseline) mean,
and one or both of the follow-up results were worse than the A-phase
(baseline) mean.

Subject 3 showed significantly improved motor function (FMA; from 26

to 28, 29, and 27 points, respectively), mobility (TUG; from 11 to 9, 9, and
11 seconds, respectively), and walking ability (10o0MWT: from 12 to 10, 9,
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and 10 seconds, respectively; 6MWT: from 282 to 308, 318, and 300 m,
respectively). He also showed improved balance for the more affected leg
(Step Test; from 28 to 36, 35, and 31 steps, respectively) but not the less
affected leg.

Subject 4 showed significantly improved motor function (FMA: from 30
to 32, 32, and 33 points, respectively), mobility (TUG; from 11 to 9, 9, and
9 seconds, respectively), and walking ability (10MWT: from 10 to 8, 8, and
8 seconds, respectively; 6MWT: from 366 to 402, 366, and 398 m,
respectively). She also showed improved balance in both legs (Step Test:
from 23 to 25, 26, and 28 steps for the more affected leg, respectively, and
from 15 to 17, 19, and 18 steps for the less affected leg, respectively).

Subject 5 showed significantly improved balance in the more affected leg
(Step Test: from 16 to 20, 17, and 22 steps, respectively). She also showed
improved motor function (FMA: from 26 to 26, 27, and 27 points,
respectively), mobility (TUG: from 13 to 11, 11, and 11 seconds,
respectively), balance in the less affected leg (Step Test: from 16 to 19, 16,
and 18 steps, respectively), and walking ability (10MWT: from 12 to 11, 12,
and 11 seconds, respectively; 6MWT: from 323 to 342, 326, and 335 m,
respectively).

In addition, the weight-bearing distribution was measured standing on
two scales before, directly after, and three and six months after LE-CIMT.
The difference between the more-affected and less-affected leg was
recorded in kg and is summarised in Table 4. All subjects increased the
weight borne by their more affected leg after LE-CIMT, providing a more
symmetric weight distribution, and the improvement persisted at the
three- and six-month follow-ups. There were only slight changes for
subject 4, who had an almost symmetric weight distribution at the start.
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Figure 8. The graphical depiction of the two-standard deviation (2 SD)
band method with the Six-minute walk test results of three subjects. The
grey lines represent the + 2 SD bands. The A-phase represents the
baseline, and the B-phase represents the intervention, which was
followed by three- and six-month follow-ups. Subject 1 significantly
improved, subject 5 showed a positive change with one point above the
2SD band, and subject 2 showed no change.

Table 4. Changes in the weight distribution from before LE-CIMT to
immediately after and three and six months after LE-CIMT.

Subject Before After Three-month  Six-month
intervention intervention follow-up follow-up
1 -20 o ) 0
2 —50 -33 —-15 -5
3 -10 +2 0 +10
4 -5 -1 -5 -2
5 -1 +5 +24 +15

Presented values were calculated by subtracting the weight of the less affected leg from
that of the more affected leg. Minus values indicate less weight on the more affected leg
than the less affected leg, and zero indicates an equal weight distribution between legs.
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Paper II and IIT outcomes

After LE-CIMT in an outpatient clinic, participants in the sub-acute and
chronic phases of stroke recovery showed significantly improved motor
function (FMA; p < 0.001), mobility (TUG: p < 0.001; TUG-manual: p <0
.001), balance (BBS; p < 0.001; SLS [more affected leg]: p < 0.001),
strength (1RM [more affected leg]: p < 0.001; 1RM [less affected leg]: p <
0.001; diff-RM: p < 0.001), and walking ability (10MWT [self-selected]: p
< 0.001; 1I0OMWT [fast]: p < 0.001; 6MWT: p < 0.001). These
improvements remained at the three-month follow-up. The mean and
confidence interval (CI) across participants for each instrument and time
point and the significance of changes between time points are shown in
Table 5. Diff-TUG (p = 0.93) and SLS (less affected leg: p = 0.19) did not
change significantly after LE-CIMT.

A drop-out analysis was performed to compare descriptive characteristics
between participants who completed all three measurements and the 40
participants who only completed pre- and post-test measurements. These
groups did not differ significantly in age (p = 0.43), sex (p = 0.93), more
affected leg (p = 0.14), stroke type (p = 0.75), time since stroke onset (p =
0.14), time (in months) between stroke onset and intervention (p = 0.39),
or pre-intervention BBS score (p = 0.84).

Heterogeneity was assessed for the 10MWT (Paper II) and BBS (Paper
III). Significant interactions were found between the time between stroke
onset and intervention and 10MWT self-selected speed results (p < 0.001)
and between age and BBS scores (p = 0.02). Those who completed the
intervention 1—6 months after stroke onset showed significantly greater
improvements in 10MWT self-selected speed results during the follow-up
than those who completed the intervention 7—12 months (p = 0.01) or >13
months (p = 0.03) after stroke onset. In addition, BBS scores decreased
with age. The other examined participant characteristics were age (p =
0.07), sex (p = 0.48), stroke type (p = 0.61), and more affected side (p =
0.83) in Paper II and sex (p = 0.75), stroke type (p = 0.31), more affected
side (p = 0.33), and the time between stroke onset and intervention (p =
0.97) in Paper III.
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Table 5. The outcome measures in Papers II and III, before, immediately
after LE-CIMT, and at three-month follow-up.

Outcome measure Before (a) After(b) Follow-up (c) p-value
Mean (CI) Mean (CI) Mean (CI)
Fugl-Meyer Assessment 17.3 18.9 19.0 a-b <0.001
(Part E), points (16.6—18.0) (18.3-19.5) (18.4-19.6) a-c <0.001
b-c 0.628
Timed Up-and-Go (TUG), 15.5 13.0 12.8 a-b <0.001
seconds (13.6-17.5) (11.6-14.4) (11.2-14.4) a-c <0.001
b-c 1.000
TUG-manual, seconds 17.0 14.4 14.1 a-b <0.001
(14.3-19.7) (12.1-16.6) (12.0-16.3) a-c <0.001
b-c 0.929
Difference between TUG 1.5 1.2 0.9 a-b  0.933
and TUG-manual (0.4—-2.6) (-0.01-2.4) (0.4-1.4) a-c  0.548
b-c 1000
Berg Balance Scale, points 52.1 54.0 53.8 a-b <0.001
(51.3-53.0)  (53.5-54.6) (53.2-54.4) a-¢c <0.001
b-c 0.354
Single-leg-stance (less 21.4 22.6 22.4 a-b 0.187
affected leg), seconds (19.5—23.3) (20.9—24.4) (20.5-24.3) a-c  0.505
b-c 1.000
Single-leg-stance (more 7.4 9.8 9.8 a-b <0.001
affected leg), seconds (5.6—-9.2) (7.8-11.8) (7.8-11.9) a-c <0.001
b-c 1.000
1RM (less affected leg), kg 84.6 88.2 88.5 a-b <0.001
(81.1-88.2) (84.6—91.8) (84.7—92-3) a-c 0.003
b-c 1.000
1RM (more affected leg), 52.3 62.5 62.5 a-b <0.001
kg (48.9-55.7)  (59.0-66.1) (58.7—-66.2) a-c <0.001
b-c 1.000
Difference between 1RM 32.3 26.5 26.3 a-b <0.001
less- and more-affected leg (29.6—-35.0)  (23.7-29.3) (23.3—29.3) a-c <0.001
b-c 1.000
Ten-Metre Walk Test (self- 0.91 1.02 1.05 a-b <0.001
selected speed), m/s (0.86-0.96)  (0.97-1.08) (0.99-1.10) a-c <0.001
b-c 0.408
Ten-Metre Walk Test 9.9 8.7 8.8 a-b <0.001
(fast), seconds (8.9-10.9) (7.8-9.5) (7.7-9.9) a-c 0.005
b-c 1.000
Six-Minute Walk Test, 330 380 388 a-b <0.001
metres (310—-350) (360—400) (367—408) a-c <0.001
b-¢c 0.301

36



Experience of LE-CIMT (Paper 1V)

In the analysis of the interviews, two main categories emerged from the
manifest content (the therapy and me and my body) with four and three
subcategories, respectively. From these categories, an overall theme
emerged that constituted the latent content of the material: knowledge of
myself and my prospects for leading an easier life (Figure 9). All the
categories are presented in more detail in Paper IV.

Knowledge of myself and my prospects for leading an easier life

The Therapy — hard and different Me and my body — fragile and exposed
Preparation — mentally preparation vital Motive force — being involved
The training — make the function visible Changes — a sense of human dignity
Effects — a feeling of freedom Frustration — a need to raise the bar
Physiotherapists — sharing their lives

o AN /

Figure 9. Experiences with LE-CIMT: theme, main categories, and
subcategories derived from analysing the interviews with qualitative
content analysis.

Main category, the therapy

The main category (the therapy) included the informant’s experiences of
the preparation before LE-CIMT, the actual intensive training and its
improvements, and their views of the staff who conducted LE-CIMT.

Preparation

Preparation was considered vital for all participants undergoing LE-
CIMT. Since LE-CIMT involves rigorous and intense training, it was
crucial to mentally prepare for the challenges ahead. Three informants
had prior experience with CIMT for the upper extremities, and they
believed their past experiences were essential in maximising the benefits
of LE-CIMT. The remaining informants felt that having a second
opportunity for LE-CIMT would have been even more advantageous since
they would have been better prepared. During the preparation,
informants identified goals, which served as a motivation tool for the
rigorous training. The preparation was also important for others and for
the informants.
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... Then you had to go to an information meeting and take a
relative with you because these relatives must also accept
that it’s going to be so tough.’ [1:5]

The training

The training was experienced as concentrated, intensive, and challenging
since each exercise was always at the limit of each individual’s ability and
capacity. The restriction, with the whole-leg orthosis, of the less affected
leg during training forced the informants to use the more affected leg
more than before: this was an important part of the training since it
showed them what compensatory patterns they had become accustomed
to using.

‘A splint like this on this one (the less affected leg) suddenly
makes you see what a big difference there is in how your

legs function.’[1:7]

The training consisted mainly of learning, for example, how to walk in a
new way without compensation and to do things they did not believe they
would manage.

‘And then the feeling that you pressurise all your senses and
all your muscles so much, and yes, these are really things
you've never done before.’[1:6]

Backup and support at home were needed to perform LE-CIMT, and it
was hard to keep up with social activities.

‘Yes, but I got help both from the home help and from my
friends ... but I got so enormously tired it frightened me.’

[I:2]

Effects

The physical improvements were experienced during and after LE-CIMT
and described in various ways: stronger leg, better balance, better coping,
and greater use of the leg than before.

It’s starting to come bit by bit, afterwards, now; and above
all, I feel my right leg is as strong as my left, so I can rely on

it more.’[1:3]

A feeling of freedom outweighed all the hard work, and the informants
became aware of how fragile and exposed their situation was.
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‘This is what my body needed.’ [1:6]

Physiotherapists

The informants reported that the physiotherapists were very professional,
competent, and sensitive to changes. They made demands, provided
positive feedback and encouragement, participated in all activities during
the day, and ‘shared their lives’.

‘They join in, and we eat together, and they join in all the
time, and they’re on to you; you can hardly cheat on
anything without them turning up.’[I:7]

Main category, me and my body

The second main category (me and my body) included the informants'
reflections on their importance in the treatment, how this has affected
them, and what insight it provided about their situation.

Motive force

The informants’ motivation, persistence, and the fact that they decided to
participate were critical aspects of completing LE-CIMT. They felt that
they were specially chosen and made an effort since few had the
opportunity to undergo this therapy.

1 think you have to be selfish enough to focus on yourself.’
[1:4]

Changes

The physical improvements changed the informants’ perspective of their
capacity and provided a sense of human dignity, ‘not to be finished as a
human being’. By succeeding in various exercises and achieving their
goals, self-esteem was strengthened, and faith in the future was awakened.
The knowledge that informants gained about their bodies during
treatment gave them security in their everyday lives. Change is also about
spreading knowledge and the experience they have gained. It was
important for them to be able to talk about their experiences and thus
influence the situation of others recovering after a stroke. They also
perceived that others experienced them differently after LE-CIMT.

‘There’s a lot of, I think, positive things about working hard,
too, partly because you get attention yourself and the help
you need, but in this way, you also get past these natural
obstacles, you believe you're going to manage things
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yourself. You grow in yourself, you recover a certain
position in your home.’ [I:4]

Frustration

The informants felt frustrated that few in healthcare knew about LE-
CIMT. Reflecting on their earlier rehabilitation, the informants expressed
a need to ‘raise the bar’ and for an overarching programme that begins at
acute stroke onset and encompasses lifelong rehabilitation so they can
plan their future.

T can’t understand how they think. First, they must rescue a
person ... I mean, we might well have died ... but then they
sit there in the care system and save them, and then they tell
you you must live, but you don’t get any help for living.’

[1:7]

Despite their knowledge and experience of LE-CIMT, the informants felt
they could not train intensively, and recurring periods of LE-CIMT were
needed. The frustration that LE-CIMT is unavailable in healthcare and the
experience that the county councils resist introducing new treatment
methods became clear.

‘But can'’t you pay, I asked, to get this therapy, but that was
not possible either.” [1:1]

Overall theme: knowledge of myself and my prospects for
leading an easier life

The informants experienced that LE-CIMT, through intensive repetition
of training and information/education, gave them knowledge about
themselves and how their body works, allowing them to live an easier life.

They felt there was still hope and opportunity for functional
improvements which increased their independence and self-esteem.

‘But when I look back on CIMT, I see that ... it was this that,
in fact, change everything; it made things really great.’ [I1:5]
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Health-related quality of life after LE-CIMT
(Paper V)

Comparisons between the sample’s means and norm-based reference data
showed significantly decreased HRQoL for the participants in four out of
eight domains in the Swedish RAND-36 scale (Figure 10). The
participants had significantly reduced HRQoL overall and by sex for
physical functioning (total: p = 0.001; males: p = 0.001; females: p <
0.001), role-functioning (physical; total: p < 0.001; males: p < 0.001;
females: p < 0.001), and social functioning (total: p < 0.001; males: p <
0.001; females: p = 0.052). Regarding general health, HRQoL was
significantly reduced for the entire sample (p = 0.010) and males (p =
0.022) but not for females (p = 0.09). There were no significant
differences in pain (total: p = 0.27; males: p = 0.23; females: p = 0.16),
energy/fatigue (total: p = 0.89; males: p = 0.59; females: p = 0.61), role-
functioning (emotional; total: p = 0.39; males: p = 0.22; females: p =
0.31), and emotional well-being (total: p = 0.55; males: p = 0.15; females:
p = 0.88). The differences persisted when standardised for age (Figure 11).

Male participants rated higher HRQoL in all domains compared to female
participants except for social functioning (Figure 12). However, the
differences were not significant: physical functioning (p = 0.54), role-
functioning (physical; p = 0.60), pain (p = 0.47), general health (p = 0.43),
energy/fatigue (p = 0.24), social functioning (p = 0.29), role-functioning
(emotional; p = 0.42), and emotional well-being (p =0 .64).

Regarding health transition, 84% of the participants experienced the same
or better health in general now (at least two years after their stroke)
compared to one year ago. In the drop-out analysis, age (p = 0.37) and sex
(p = 0.20) did not differ significantly between the 56 individuals who did
not answer the questionnaire and those who did. The questionnaire had a
response rate of 65%.
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Swedish RAND-36

* Physical functioning

* Role-functioning/physical

Pain

* General health

Energy/fatigue

* Social functioning

Role-functioning/emotional

Emotional well-being

0 10 20 30 40 50 60 70 80 90
® Female norm-data ® Female participants
Male norm-data ® Male participants
Norm-data total m Participants total

Figure 10. Comparison of Health-related quality of life between the
participants and norm-based reference data in the Swedish RAND-36
domains overall and by sex. * indicates the domains with significant
differences in the summary independent-samples t-test.
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Figure 11. Comparison of mean RAND-36 scores for participants and
norm-based reference data, standardised for age.
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Figure 12. Comparison of mean RAND-36 scores between male and
female participants.
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In the univariable analysis (general linear model and ordinal regression)
adjusted for age and sex, the linear relationship between participants’
scores in the eight RAND-36 domains and their previous result on 6MWT,
time since treatment, and living conditions were analysed. To facilitate the
interpretation of the result the 6 MWT was converted into improvements
in 100 metres increments. There was a significant association between
6MWT per 100 metres and physical functioning (8 = 6.45, 95% CI = 2.03—
10.87, p = 0.005; Figure 13). For every 100-m increase in 6MWT after LE-
CIMT, the physical functioning score increased by 6.45 points. No other
significant associations were found.
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Figure 13. Univariable association between Six-minute walk test
(6MWT) distance and the RAND-36 physical functioning domain score

(n =147).
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Discussion

Main findings

The studies included in this thesis show that LE-CIMT in clinical practice
can improve motor function, balance, strength, mobility, and walking
ability in the subacute and chronic post-stroke phases. The improvements
persisted 3- to 6-months after the intervention, and LE-CIMT was
experienced as entirely necessary despite being strenuous to complete for
six hours per day for two weeks. LE-CIMT provided knowledge about the
body and how to live an easier life and provided hope since the functional
improvements demonstrated the possibility for recovery, increasing
independence and self-esteem. Compared to the Swedish norm-based
data, study participants recovering from a stroke who completed LE-
CIMT showed significantly reduced perceived HRQoL in physical
functioning, role-functioning (physical), general health, and social
functioning. However, they did not differ significantly in pain,
energy/fatigue, role-functioning (emotional), and emotional well-being.
An improved 6MWT predicted a higher HRQoL in physical functioning.

Improvements

The results of the included studies are consistent with previous studies
(98, 145, 146) and reinforce the knowledge of LE-CIMT as an intervention
that can improve impairments in the subacute and chronic post-stroke
phases. Through the efforts of the participants in the two weeks of
intensive and extensive training (60 hours), Studies I, IT and III showed
significant improvements in several body functions and activities during
the intervention phase (Paper I) and directly after (Papers II and III).

Motor function assessed with the FMA did not reach the MDC of 4 points
(121), only improving by 2 points, and thus significantly. One explanation
is that the FMA assessment in this study (Papers II and III) did not assess
coordination and reflex activity, which together represent 12 points out of
the maximum of 34. This limitation affects the possibility of comparing
our results with other studies. In Paper I, coordination and reflex activity
were assessed and showed significant improvements in three out of five
subjects.

Balance assessed with the BBS did not reach the MDC of 5 points (4.66)

(121) or the smallest real difference (SRD) of 4 points (4.13) (126) with a
mean difference of 1.9 after the intervention, and thus improved
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significantly. The ceiling effect could explain this finding since the BBS
has a maximum score of 56 points, and the mean score before the
intervention was 52. Only the more affected leg showed significant
improvement in the SLS, confirming the concept of the LE-CIMT that
focuses on treating only the more affected leg. The Step Test results in
Paper I confirm this explanation, showing no significant improvements
for the less affected leg. However, due to the increased motor function in
the more affected leg, it should have been easier to lift the more affected
leg up and down on the box while standing on the less affected leg, thus
showing improvement. Three out of the five patients in Paper I showed
improvement in the Step Test while standing on the less affected leg, but
not significantly.

In strength assessed with the 1RM, there were significant improvements
even in the less affected leg, with a mean difference of 3.5 kg after the
intervention. The MDC for the leg press was determined to be 0.4 kg in
older women (mean age = 68 years) after resistance training (147). While
the less affected leg showed improvements above the MDC, our study did
not provide resistance training for the less affected leg. One explanation
could be the bipedal effect since individuals must use both legs in many
activities during the LE-CIMT (i.e., walking on stairs, walking, and
moving from one exercise to another). However, the more affected leg
showed a greater increase, with a mean difference of 10.2 kg, and the
difference between legs decreased. These improvements together likely
facilitate the transfer to their ADLs, as confirmed by this quote from Paper
Iv:

It’s starting to come bit by bit, afterwards, now; and above
all, I feel my right leg is as strong as my left so that I can
rely on it more.’ [1:3]

Furthermore, weight-bearing assessed while standing each leg on a
different scale showed increased weight placed on the more affected leg
after LE-CIMT, increasing symmetry between legs (Table 4). Intriguingly,
subject 2 in Paper I improved to almost total weight symmetry between
legs at six months despite no other improvements being captured after the
intervention. This observation is interesting but hard to explain. The
subject was equally motivated and performed the LE-CIMT as the other
subjects, had the maximum score on the mini mental test and had the
shortest time since stroke onset (six months). It is important to investigate
this further to understand for whom LE-CIMT is suitable and how LE-
CIMT should be evaluated. It would be interesting to look more closely at
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the subjects who did not improve with the standard measurements; what
are we missing?

Mobility assessed with the TUG and TUG-manual tests showed significant
improvements after LE-CIMT with mean differences of 2.6 and 2.7
seconds, respectively. These results did not reach the MDC of 8 seconds
(121), which might be explained by the floor effect. The mean TUG time in
healthy adults aged 40—70 years is 8.46 seconds (148), and the mean pre-
intervention TUG time in Paper II was 15.1 seconds. Therefore, had the
MDC of 8 seconds been achieved, the time would have been below the
mean of healthy adults and was therefore not possible. However, diff-TUG
showed no significant improvement, probably due to outliers and small
differences. A previous study found that a difference of >4.5 seconds
appears to predict falls in older adults (122). The mean diff-TUG in our
study was 1.4 before the intervention. Together with the mean BBS score
of 52, this suggests that the risk of falling was low in our study cohort.
However, another study found that the TUG test alone was a sensitive and
specific predictor of falls in community-dwelling older adults (149),
noting that determining the effect of a secondary task on the TUG test is
still helpful for identifying the risk of losing balance when simultaneously
performing dual tasks.

Walking speed and distance showed significant improvements after the
intervention. The participants in Paper II had a mean speed of 0.9 m/s
before LE-CIMT, indicating that they were already full community
ambulators (i.e. >0.8 m/s) (27). The MDC of the 10MWT at self-selected
speed was determined as 0.30 m/s by Fulk et al. (129) and 0.18 m/s by
Hiengkaew et al. (121). Therefore, the result in Paper II does not reach the
MDC, with a mean of 0.11 m/s. One explanation could be that the
participants in Paper II had a higher level of body functions before the
intervention compared to the participants in the study by Hiengkaew et
al., who reported a mean of 46 points for the BBS and 29 seconds for the
TUG test. The means for the participants in Paper II were better at 52
points and 15.5 seconds, respectively. Nevertheless, walking speed was
significantly improved after the intervention. In addition, mean 6 MWT
distance immediately (50 m) and three months (58 m) after the
intervention was higher than the MDC of 28—42 metres (130), indicating
that the LE-CIMT had a clinically meaningful effect, and the participants
could be considered even more unlimited community ambulators.

Sex, stroke type, and more affected side were not associated with balance
(BBS) and self-selected gait speed (10MWT), consistent with a systematic
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review of patient-related factors correlated with functional outcomes after
a stroke (150).

Experiences

The experiences with LE-CIMT and the content of the main category ‘the
therapy’ in Paper IV are consistent with what subsequent qualitative
studies of CIMT have shown. The experience of being able to use the more
affected extremity in ADLs with increased knowledge and confidence after
CIMT was similarly expressed in the theme ‘new way of thinking’ (151).
In addition, the importance of professional support during CIMT is
expressed in the themes ‘impact of professional therapists’ guidance and
motivation during home CIMT (152) and ‘support availability’ (151).
However, these studies explored the experience of CIMT for the upper
extremity and with a lower duration.

In another study of experiences of enriched task-specific therapy (153),
the duration and therapy are described similarly as in this thesis, except
for the enriched environment. This study was also published after ours
and confirmed the results from Paper IV. The content of their three main
categories, ‘the program — different and hard’, ‘my body and mind learn
to know better’, and ‘the need and trust of others’ (153), are consistent
with our two main categories, ‘the therapy’ and ‘me and my body’. The
results show several similarities: the perception of the treatment as hard
and demanding to perform, unlike previous rehabilitation, and the
experience of improvements in everyday life after the treatment.
Furthermore, the knowledge was considered fundamental to continuing
the high-intensity training, and the support from family and trust in the
competence of physiotherapists were necessary to accept to undertake the
intensive training. Items not captured in our study were the importance
of the environment, group members as a source of motivation, and
relatives’ importance in helping translate functional gains into the home
environment.

Health-related quality of life

In Paper V, compared to the Swedish norm-based data for the RAND-36
scale, our study participants recovering from stroke showed significant
differences, both overall and by sex, with reduced perceived HRQoL in
physical functioning, role-functioning (physical), and social functioning.
In addition, general health differed significantly for the entire cohort and
males. However, our participants showed no significant differences in
pain, energy/fatigue, role-functioning (emotional), and emotional well-
being. The observed differences in HRQoL between our participants
recovering from stroke and the general population are consistent with
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studies from Norway and Finland showing reduced perceived HRQoL in
physical functioning, role-functioning (physical), general health, and
social functioning (111, 112).

Compared to stroke populations in the USA (154) and Sweden (155), our
cohort had higher scores in all eight RAND-36 domains but especially in
role-functioning (physical), where the mean score of 44.8 was almost
twice as high as the 25.1 and 15.5 reported in the US and Swedish studies.
This difference could be explained by the older mean age in the USA
cohort (74 years) and differences in impairments after stroke, which were
not described in the Swedish cohort. Even compared to studies (156, 157)
evaluating day hospital rehabilitation after stroke that used the same age
inclusion for intervention (18-65 years) as Paper V, our results were
higher in all eight RAND-36 domains. Their mean scores for role-
functioning (physical) and role-functioning (emotional) were 14.7 and
18.0, respectively, less than half of our 44.8 and 73.6, respectively. This
difference might be explained by the concepts and transfer package in LE-
CIMT, where problem-solving is used to overcome perceived barriers to
more affected leg use in ADLs. The differences should be interpreted with
caution due to the use of different measurements (i.e. RAND-36 vs
Medical Outcomes Study [MOS] short form [SF]-36).

A significant relationship was observed between the participants’ previous
6MWT result and their HRQoL in physical functioning (p = 0.005),
indicating that a 100-m improvement in 6MWT leads to a 6.45-point
increase in the RAND-36 physical functioning domain score. This result
may be important for individuals recovering from a stroke since it is above
the MCID of 3—5 points in the RAND-36 (158). This result is consistent
with a study on overground walking (159) that reported significantly
higher mean scores for physical health HRQoL components (p = 0.024)
and 6MWT distances (p < 0.001) in the intervention compared to the
control group. In Paper II, 24 out of 147 participants improved by at least
100 m in the 6MWT after LE-CIMT. This finding has clinical relevance
since physical functioning is often affected after a stroke, and their
HRQoL might be improved by increased walking ability.

Methodological considerations

Participants and study context

In Paper I, the participants were recruited from the ordinary waiting list
for day hospital rehabilitation in a small town, which limited the selection
but increased the representativeness of study participants: age, sex, more
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affected side, and time since stroke onset were widely covered. The study
design was replicated on five participants, confirming that the initial case
study was not atypical (143). External factors such as time, day of the
week, location, tools (i.e. chairs, box, and scales) and the order of the
various assessments were held constant during the study period.

The advantages of single-subject experimental design are that it is
practically feasible at smaller clinics, does not require high overhead costs,
and can be a first step in evaluating new treatment methods before
conducting larger group studies. Another advantage is that each subject is
their own control, making it possible to study patient groups that are
inhomogeneous (141).

In Papers II-V, the participants were referred by their physician to the
outpatient clinic after inpatient rehabilitation in Stockholm. Information
about the treatment and the study was regularly updated to the physicians
at the hospitals, and individuals of working age were prioritised, which
likely influenced the homogeneity of the participants. Age, cognition and
functional level are factors associated with prognosis and post-stroke
rehabilitation admission (150). The FMA and BBS scores and pre-
intervention gait speed (m/s) indicated a relatively high functioning level
among the participants. Another limitation was the lack of information
about the stroke size in the form of a National Institutes of Health Stroke
Scale (NIHSS) score or neuroimaging results, limiting our ability to
generalise our results to other post-stroke populations.

One strength is that the same physiotherapist conducted the intervention
with all participants in Papers II-V and was well acquainted with LE-
CIMT and post-stroke rehabilitation. One limitation was the long study
period (2003—2018), during which developments in acute stroke care may
have influenced the study participants’ characteristics. Another limitation
was that the clinic moved to other premises during the study period, which
may have affected which exercises were performed. A further limitation
was the lack of a control group.

The selection of possible participants was limited during the study period
of Paper IV. Since LE-CIMT was performed to a minimal extent, there
were few informants to ask. However, the informants were both men and
women of different ages and varied in the more affected side and time
since stroke onset.
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Data collection and processing

Measurement instruments with high validity, test-retest reliability, and
widely used in clinical and research studies were used and performed by
the same physiotherapist (IM in Paper I and AS in Papers II and III). In
addition, previous test results were hidden in subsequent test sessions. A
limitation in Paper I was that the same physiotherapist (IM) who
conducted the LE-CIMT intervention also conducted all data collection
and result analysis. This situation was somewhat addressed in Papers II
and III since IM conducted the data cleaning and analysis, and AS
conducted the LE-CIMT intervention and data collection. Another
limitation was that several medical students entered the results of the
assessments from medical records into Excel files with a risk of human
error (i.e. typing numbers in the opposite order [21 instead of 12]). A
further limitation was the clinic’s new location during the study period;
the new environment may have affected the results. However, it is
impossible after all these years to remember whether any participants did
the three assessments at different premises.

A weakness in Paper IV was that the author (IM), who conducted the
interviews and most of the analyses, did not have previous experience in
qualitative studies. This situation was partly overcome by running a trial
interview (not included in the data analysis) with an individual recovering
from a stroke who had participated in upper-extremity CIMT. A strength
was that the author (IM) had many years of experience in post-stroke
rehabilitation and how different symptoms can be expressed emotionally
and linguistically, facilitating the interview.

A strength of Paper V was using pre-existing and tested questions by
Rikstroke, which were supplemented with existing patient-reported
outcome measures. Another strength was the collaboration with the
Neuro representative, who made valuable contributions to developing the
questionnaire used. Sending two reminder letters was considered
reasonable to encourage participants to answer the questionnaire while
not being perceived as coercive. Neither a control group nor HRQoL
assessments before LE-CIMT treatment were available for comparison,
which is a limitation affecting external validity. The questionnaire was
sent out during the COVID-19 pandemic, which may have affected the
answers to some questions.

Statistical analysis

An additional A-phase (ABA design) would have strengthened the
statistical analysis using the two-standard deviation band method in
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Paper I. In our study, participants underwent six assessments during the
six-hour-a-day intensive LE-CIMT. It would have been interesting to
observe what had happened after at least 48 hours of rest and recovery
before assessment, especially for subject two, who deteriorated during the
intervention. Another limitation was that only one measurement was
made at the three- and six-month follow-ups. It was not considered
ethically justifiable to have the participants travel to the hospital only for
evaluation on several occasions.

The linear mixed model used in Papers II and III considered all data, even
if one or two out of three values were missing for a participant in each
outcome measure. This approach increased the amount of data on which
the analysis was based, strengthening the results, and the drop-out
analysis did not find any significant differences in the characteristics of
participants who completed all three assessments and those who did not.

In Paper V, the data were only standardised for age (Figure 11) in the
entire study cohort. The norm-based data (139) was not subdivided by sex
and age subgroups. Therefore, the summary independent-samples t-test
(Figure 9 in this thesis and Table 2 in Paper V) was unadjusted for age,
which may have influenced the results. The data were adjusted for sex and
age in the univariable analysis. The role-functioning (physical) and role-
functioning (emotional) domains were not normally distributed. When
transposing the dependent variables, the zero results were automatically
removed from the analyses, which was not our intention. Instead, we used
a general linear model for six of the eight RAND-36 domains and ordinal
regression for the role-functioning (physical) and role-functioning
(emotional) domains. Furthermore, in the univariable analysis, the
6MWT result was converted into improvement in 100 metre increments
which facilitating the interpretation of the results for clinical use.

Qualitative content analysis

A challenge with an inductive (data-driven) approach in qualitative
content analysis is not to get stocked in the surface structures of recurrent
empirical summaries (160). At the time of the analysis of Paper IV, there
was not much published on LE-CIMT, and none, to our knowledge, had
described participants’ experience of LE-CIMT. The dearth of eligible
individuals to interview at that time limits the credibility and
transferability of the results; seven out of 12 participated in the interviews.

During the process of analysis, when sorting the coded manifest content
into categories and continuing to search for the latent content, it is
important to be aware of and open about the authors’ pre-understanding.
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To address the dependability, all authors jointly performed the initial
analyses of the collected material, and the first author performed all
subsequent analyses under continuous supervision. The co-creation was
made by consensus, and quotes from the original text were used to
support the categories.

Another challenge, which addresses credibility, authenticity, and overall
trustworthiness, is the various levels of abstraction and interpretation of
categories and themes (Figure 14). It becomes harder to demonstrate
credibility and authenticity as the level of abstraction and degree of
interpretation increases. The trustworthiness assessment relies on the
reader’s ability to see the logic of how the categories and overall themes
were abstracted, interpreted, and connected to the aim and each other.

distant approach and
abstract analysis level

A

high abstraction level high abstraction level
low interpretation degree high interpretation degree

hermenutic
interpretations

phenomenological
descriptions

low abstraction level low abstraction level
low interpretation degree high interpretation degree

Y

close approach and
concrete analysis level

Figure 14. Different abstraction levels and interpretation degrees with
the two-dimensional model of various epistemological approaches.
Including the standpoint by Graneheim et al. (160).
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Clinical implications and future research

LE-CIMT may be a feasible and valuable treatment option for individuals
recovering from a stroke. The improvements might reduce the risk of falls,
which is highly important in the acute phase after a stroke and throughout
their lifetime. Even though LE-CIMT is intensive and challenging both for
the patient and the therapist, it is possible to conduct the treatment in
ordinary rehabilitation care after the acute phase.

There are several issues that have to be addressed for further research.
First using a restraint in LE-CIMT is challenging since humans are
bipedal, and there is an increased risk of falling due to using a restraint
during exercise, which is an important consideration. Is the restraint
necessary, and if so, for whom and for how long? Secondly, is six hours a
day for two weeks the best regimen or is six hours a day for one week or
three hours a day for three weeks better? LE-CIMT requires sufficient
time because it takes time to train motor function, balance in different
positions, strength for large muscle groups, and gait indoors and outdoors
on different surfaces and stairs. Time is a problem in everyday clinical
practice because rehabilitation after a stroke is usually production-driven
(i.e., the number of patients per day matters, not treatment quality or
outcome). Thirdly, the physiotherapist’s expertise is necessary for the
treatment method and needs to be further investigated. Fourthly, which
level of motor function is necessary? Is there a cut-off in the FMA or BBS?
Or is it possible even with lower motor function than in this thesis? It
would be interesting to explore this further and to consider whether and
how the cognitive function affects LE-CIMT. What differentiates those
who did not improve with LE-CIMT from those who did improve?

Other interesting research direction would be including a health
economics perspective in future research of LE-CIMT.

Lastly, how can we use digital tools to improve the transfer package to

overcome barriers and use problem-solving to increase the use of
enhanced functions in everyday life?
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Conclusions

LE-CIMT appears useful in improving impaired body functions and
limited activities after a stroke and can be conducted in day hospital
rehabilitation and outpatient clinics. It seems possible to achieve these
improvements even a long time after stroke onset, regardless of age, sex,
stroke type, or affected side. Earlier treatment after stroke onset generates
greater improvements in walking ability, and the improved dual-task
ability might reduce the risk of falls.

LE-CIMT provides knowledge about the body and how to live an easier
life. The intensive treatment gave hope since the improvements showed
the possibilities for change, which in turn increasing independence and
self-esteem. While LE-CIMT was hard and difficult, it was felt entirely
necessary.

‘This is what my body needed.’ [1:6]

Individuals recovering from a stroke who previously participated in LE-
CIMT have reduced HRQoL compared to the general population
regarding physical functioning, role-functioning (physical), general
health, and social functioning. Finally, the six-minute walk performance
predicts physical functioning in HRQoL, emphasising the importance of
mobility training in post-stroke rehabilitation.
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