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Aims: The overall purpose of this thesis was to increase knowledge about physical
performance and activity in the later stage post-stroke by measuring walking performance in
different environments coupled to muscle strength, cardiorespiratory fitness evaluation and
self-reported physical activity.
Methods: The studies reported in the thesis included a total of 83 subjects with prior stroke
living in the community and 144 clinically healthy subjects from the same area. In study I,
walking performance (speed and distance) were assessed indoors and outdoors in 36 subjects
after stroke, who were divided into slow and fast walkers. Study II evaluated the relationship
between muscle strength in the lower extremities and walking performance (speed and
distance) in 41 subjects after stroke and 144 healthy reference participants. The correlation
between maximal exercise capacity measured during one-legged bicycling test and the 6minute walking test (6MWT) were examined in 34 subjects after stroke in study III. The
influences of motor function and balance on the 6MWT were also investigated. Study IV
compared self-reported physical activity in 70 persons with stroke compared to 141 healthy
subjects and explored the relationship between this and physical measures.
Results: There were no differences in the short and long distance walking test for the slow
walkers between different environments. However, those who walked faster walked a longer
distance in the outdoor setting. The actual distance walked in the 6MWT was significantly
shorter than the distance predicted by 30-meter walking test (30mWT) for both groups in the
indoor environment. The parametric model provided evidence for a non-linear relationship
between walking performance and strength index. The model explained 37% of the variance in
self-selected speed in the stroke group and 20% in the healthy group, and 63% and 38%,
respectively, in maximum walking speed. For the 6MWT, the model explained 44% of the
variance in the stroke group. Low to moderate correlations were found between the 6MWT
and one-legged bicycling measurements in the paretic leg, such as VO2peak, Wmax and total
exercise time. There was a moderate to high correlation between specific stroke impairments
and the walking test. The self-reported physical activity was moderately correlated with
walking speed. A regression model with the self-reported physical activity as the dependent
variable and age and self-selected walking speed as independent variables explained
approximately 30% of the variation in the stroke group. In both groups, only the walking speed
showed a significant contribution to the model.
Conclusions: The environment has an impact on walking performance. Walking speed
measured over a short distance seemed to overestimate long distance walking capacity for the
slow walkers, despite the environment. A non-linear relationship was found between muscle
strength in the lower extremity and walking performance. For those that are weak, changes in
muscle strength have a stronger impact on walking. It seems that factors other than
cardiorespiratory fitness influence the 6MWT. HR and SBP indicate cardiovascular stress, but
the use of only the 6MWT distance as an indicator for cardiorespiratory fitness cannot be
recommended. Physical performance including walking performance, muscle strength,
cardiorespiratory fitness and self-reported physical activity was below the level of healthy
controls. As low levels of physical activity are regarded as a large health-threatening problem
in the general population, it is of major importance to find ways to promote physical activity
for persons with disabilities.
Keywords: cerebrovascular accident, exercise test, gait, healthy control, muscle strength,
physical activity, physical therapy, rehabilitation, secondary prevention, stroke, walking.
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ADL

Activities of daily living

AFO

Ankle-foot orthosis

ATS

American Thoracic Society

BBS

Berg Balance Scale

BMI

Body mass index

BP

Blood pressure

CRF

Cardiorespiratory fitness

CIMT

Constraint-induced movement therapy

HR

Heart rate

LOA

Limits of agreement

m

meter

min

minutes

Nm

Newton meter

NP

Non-paretic leg

PA

Physical Activity

PASE

Physical Activity Scale for the Elderly

PL

Paretic leg

SBP

Systolic blood pressure

SD

Standard deviation

Sec

seconds

VO2

Oxygen consumption

VO2 max

Maximal oxygen consumption

VO2 peak

Peak oxygen consumption

Wmax

Maximal workload

6MWT

6-minute walk test

30mWT 30-meter walk test

iv

Borg CR-10 scale

Standard method to evaluate perceived
exertion in exercise testing, training and
rehabilitation. This is used especially in
clinical diagnosis of breathlessness
and dyspnea, chest pain, angina and musculoskeletal pain. Category scale with ratio
properties consisting of numbers related to
verbal expressions, which allows rate
comparison between intensities as well as a
determination of intensity levels.

Maximal oxygen
consumption (VO2 max )

The highest oxygen consumption achieved
during dynamic exercise with large muscle
groups. VO2 max is regarded by most authors
as the best single measure of aerobic capacity.

Peak oxygen consumption
(VO2 peak )

The highest oxygen consumption achieved in
a patient population where all the criteria for
VO2 max cannot be fulfilled.

Isokinetic testing

Exercise performed with a specialized
apparatus that provides variable resistance to a
movement so that, regardless of how much
effort is exerted, the movement takes place at
a constant speed.
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Stroke is defined by the World Health Organization 1 as “a clinical syndrome
consisting of rapidly developing clinical signs of focal (or global in case of
coma) disturbance of cerebral function lasting more than 24 hours or leading
to death, with no apparent non-vascular cause”. Stroke includes cerebral
infarction (approximately 85%), intracerebral hemorrhages (around 10%) and
subarachnoid hemorrhages (5%) 2.
Stroke is the second most common cause of death worldwide 3 and the most
common cause of long term adult disability 4. In Sweden, with a population
of nine million inhabitants, about 30 000 patients are hospitalized due to
stroke annually, and 23 000 of these suffer a first-ever stroke 5. Stroke risk
increases with age. For each decade after age 55, the risk of stroke doubles.
In Sweden the median age for having a stroke is 74 years for men and 78
years for women, with more than 20% younger than 65 years old

5, 6

. In

Brazil, the latest year with official health statistics available (2005),
considering all causes of death, stroke (either type) is still the leading cause
of mortality, with 90 000 deaths; and coronary heart disease is the second
most common cause, with 85 000 deaths 7. There are several risk factors for
stroke, many similar to those for cardiovascular disorders. Generally, risk
factors for stroke can be classified as non-modifiable and modifiable. Welldocumented non-modifiable risk factors for stroke include age, gender,
family history, ethnicity and previous stroke or transient ischemic attack. The
modifiable risk factors can be classified as (I) modifiable behavioral risk
factors, such as tobacco use and smoking, alcohol use, unhealthy diet, obesity
and physical inactivity; and (II) treatable risk factors, such as hypertension,

1
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diabetes mellitus, hypercholesterolemia and heart disease such as atrial
fibrillation 8, 9.
A recent systematic review of population-based studies of the incidence and
early (21 days to 1 month) case fatality of stroke based on studies published
from 1970 to 2008 found a 42% decrease in stroke incidence in high income
countries and a greater than 100% increase in stroke incidence in low to
middle income countries

10

. Furthermore, there is a predicted increase of

stroke frequency along with other non-communicable diseases in the future,
especially in rapidly developing regions, which means that disability is also a
growing problem 11.
However, the absolute number of strokes continues to increase because of the
ageing population 2. Stroke is associated with significant morbidity, as well
as mortality, leaving many survivors permanently disabled. Despite modern
medical treatment, new drugs, multidisciplinary rehabilitation and stroke
units, still about half of stroke survivors are discharged with disabling
sequelae often remaining for the rest of their lives 12.

Disability is the umbrella term for impairments, activity limitations and
participation restrictions referring to the negative aspects of interaction
between an individual and that individual´s contextual factors
following stroke affects all levels of functioning
many years after stroke

14

14-16

13

. Disability

and frequently persists

and seems not to change significantly over time

17

.

The effects that stroke may have on survivors are as diverse as the individuals
themselves. The manner and severity by which the victim is affected depends

2
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on the location in the brain of the stroke and the amount of brain damage that
occurred. As some epidemiological studies illustrate, disability following
stroke appears in the form of neurological dysfunctions (e.g. motor, sensory,
visual) and limited ability to perform activities of daily living (ADL)

16

, as

18

well as neuropsychological deficits (e.g. attention, memory, language) .
Impairment of motor function involves paralysis or paresis of the muscles on
one side of the body contralateral to the site of the brain lesion. Motor
impairments are the most commonly reported impairments after acute stroke,
with lower extremity motor deficits present in 72% of patients one week after
the onset of first-ever stroke 19. Impaired balance is also common after stroke,
and about 50% of the patients admitted to further rehabilitation were found
not to be able to stand without support one month after the onset of stroke 20.
Although ≈ 14% of stroke survivors achieve full recovery in physical
function, between 25% and 50% require at least some assistance with ADL,
and half experience severe long term effects such as partial paralysis 21. The
impairments resulting from stroke, in addition to the lack of accessible and
appropriate community-based exercise programs, can lead to reduced
tolerance to activity, continued sedentary lifestyle, and additional declines in
function and disability status 22. These individuals will continue to experience
activity and participation limitations that will reduce their quality of life

16

.

Evidence shows that most recovery seems to occur in the first few weeks
after stroke 23; however, people may present improvements months or even
years later

24

. Even though it is stated that patients reach a limit in their

recovery within 6 to12 months after their stroke 25, results of several studies
suggest that these plateaus are not due to a reduced capacity for motor
recovery but to adaptive states that occur as patients become physiologically
accustomed to rehabilitation exercises 26, 27.

3
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Some studies, although with a small number of patients, have indicated that
chronic stroke patients can exhibit continued motor improvement with novel
26

rehabilitation protocols

. According to the South London Stroke registry,

between 20% and 30% of stroke survivors have a poor range of outcomes up
to ten years after stroke 28.

Following a stroke, muscle weakness arises for two reasons: Primarily from
the lesion itself, as a result of a decrease in descending inputs converging on
the final motor neuron population, and hence a reduction in the number of
motor units available for recruitment
level of use imposed upon it

29

. Since skeletal muscle adapts to the

30

, secondary cause of weakness arise as a

consequence of lack of muscle activity and immobility 31. The distribution of
muscle weakness also varies among individuals, probably reflecting such
factors as lesion location and size

29, 32

. Evidence suggests that both lower

extremities after acute stroke seem to be affected when compared with
control subjects 33-37. In addition, the weakness seems to start to develop after
as little as 48 hours after stroke onset 34.
Compared to the less affected leg (non-paretic leg, NPL), the paretic leg (PL)
after stroke shows reduced blood flow, greater lactate production and a
greater utilization of glycogen plus a diminished oxidative capacity

38

.

Changes to muscle fiber type include severe atrophy of type II muscle fibers
and a predominance of type I fibers (also atrophied) during later stages

39

.

Paretic muscles also have reduced oxidative capacity and decreased overall
endurance 40.
Reduced muscle strength has also been recognized as a limiting factor in
stroke rehabilitation

41

. Moreover, previous studies have documented a

4
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positive relationship between muscle strength and functional performance.
Increased strength in the lower extremity muscles (hip and knee flexors and
extensors, ankle dorsal and plantar flexors) has been shown to be associated
with improvements in mobility such as walking performance
balance

43

42-45

, ability to

45

and stair climbing .

Muscle weakness has traditionally been measured with the use of a manual
muscle test, a 6-point ordinal scale that ranges from no strength to normal
strength. Now, with the increasing availability of sophisticated computer
interfaced equipment, weakness may be quantified more precisely. The
isokinetic dynamometer has been used for isometric and isokinetic testing in
subjects post-stroke and has been shown to be reliable and valid as an
outcome measure in clinical trials 46, 47.

According to the International Classification of Functioning, Disability and
Health (ICF), walking is one of the most important domains of the activities
and participation components 48, 49. Walking is a complex, whole-body action
that requires the cooperation of both legs and coordination of a large number
of muscles and joints to function together

29

. Functional walking recovery

depends on many factors such as the adaptive reorganization of cortical and
sub-cortical structures, including the spinal cord and the spared sensorimotor
pathways that communicate at many different levels 50.
Restoration of mobility in an attempt to regain the ability to walk
independently is one of the main goals in stroke rehabilitation. A patient’s
independent mobility at home and in the community can be severely
restricted after a stroke 51. The Copenhagen stroke study

52

reported that, at

the time of admission to rehabilitation, 51% of subjects had no walking

5

Physical performance and physical activity in the later stage post-stroke

function and another 12% needed assistance in ambulation. After
rehabilitation, only 18% of the participants still had no walking function and
11% required assistance. A recent study showed that walking activities were
among the major restricted and limited activities 53.
The asymmetrical nature of hemiparetic walking is well documented in
persons after a stroke 54, with the asymmetries in spatiotemporal, kinematic
and kinetic parameters of walking related to disturbances in motor
coordination

55

. A typical finding in hemiparetic walking is that the stance

phase of the non-paretic leg is both longer and occupies a greater proportion
of the gait cycle in comparison with the paretic leg

29

. Furthermore, during

the stance phase, reduced hip extension, increased knee flexion or
hyperextension, and, during the swing phase, insufficient hip and knee
flexion and reduced ankle dorsal flexion are some of the consequences of
hemiparetic walking

56

. Some of the walking deficits following a stroke

include both decreased walking speed

51, 57

and decreased walking endurance

58

. Balance can also be affected and may influence functional mobility and

increase the risk for falling 59. In addition, impaired walking is itself a risk for
falling during the first year after stroke 60. Furthermore, walking dysfunction
arises not only from impairments associated with the lesion but also from
secondary cardiovascular and musculoskeletal consequences of disuse and
physical inactivity 29.
A walking speed of 1.1 to 1.5 m/s is considered to be fast enough to function
as a pedestrian in different environmental and social contexts
according to the study of Hill et al.

29

. However,

61

, only 7% of post-stroke patients

discharged from rehabilitation met the criteria for community walking, which
included the ability to walk more than 500 m at a speed necessary to cross a
street during a green light. After stroke, subjects walked shorter distances and

6
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at slower speeds in comparison with healthy controls 57. Walking speed and
endurance, such as short distance walking (10-m walk test [10mWT] 62 or 30m walk test [30mWT]
[6MWT]

63

) and long distance walking (6-minute walk test

58, 64

), have been used in both clinical practice and research and are

also often used to predict and assess community ambulation 65. In addition, to
obtain sufficient information on adequate walking speed, both self-selected
and maximum walking speed must be recorded. Maximum speeds may be
important in order to function in community-based activities such as crossing
a street 66. Moreover, a recent study showed that the majority of subjects in
the chronic phase after stroke preferred to walk longer distances than to walk
at faster speeds in order to better engage in activities both at home and away
from home 67.

Different environments may require different walking capacity since the
performance of the activity emerges from an interaction of the individual
with the task and the environment 68. It seems that environment has an impact
on walking capacity in healthy populations

69, 70

. Physical performance may

vary with indoor and outdoor activity. In addition, most walking tests are
performed in laboratory and hospital settings, which may not reflect the
different environments in which post-stroke subjects usually ambulate on a
daily basis. The laboratory and hospital settings are less complex than the
environment typically encountered in outdoor settings. Moreover, the results
obtained from indoor walking tests in stroke rehabilitation programs are
frequently used to advise patients about outdoor activities, but those
recommendations are not based on any scientific evidence. Only a few
studies

71-73

have compared walking performances of stroke populations in

varied environments (e.g. suburban street, shopping mall, car park,

7
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supermarket as outdoor environments), which are very different from tests in
the clinic, and there is limited information about the relevance of walking
ability measured indoors for outdoor walking.

Cardiorespiratory fitness (CRF) reflects a person’s ability to carry out largemuscle, dynamic, moderate-to-high intensity exercise over a prolonged
period of time

74

. CRF varies with age, gender, level of physical activity,

body composition and the absence or presence of a chronic disease or
disability 75. Physical activity is defined as any bodily movement produced by
skeletal muscles resulting in energy expenditure. Exercise is classified as a
subcategory of physical activity, and the definition is a physical activity that
is planned, structured and repetitive for the purpose of conditioning any part
of the body 76. Reduced CRF and inactivity after stroke appear to be related
to a combination of pathological (comorbid cardiovascular disease, coronary
artery disease), physiological (decreased muscle activation and motor control,
and changes in muscle length and stiffness) and environmental factors (little
opportunity or incentive for physical activity) 77. In addition, stroke survivors
are also predisposed to a sedentary lifestyle that limits the performance of
activities of daily living and affects their independence and community
participation, increases the risk for falls and may contribute to a heightened
risk for cardiovascular disease, recurrent stroke

78

and stroke mortality 79. A

recent systematic review demonstrates that VO2

peak

among the stroke

population is substantially lower than that of age and gender matched healthy
controls (~53%) and probably remains lower for many years after stroke 80.
Stroke patients may self-select a speed that requires the least energy

81

and

may not have the ability to increase this without increasing energy demands

8
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beyond their capacity 82. In addition, patients' CRF can deteriorate during the
recovery phase of a stroke and can impair active rehabilitation 78.
The individual physical activity level is an independent risk factor for
cardiovascular disease, stroke and death, as well as a possible target for
improving health outcome 83. Therewith it is important to continuously assess
physical activity (PA) levels after stroke and to identify persons who need
support to increase their PA level, which may be lower than optimal 84, 85. In
general, questionnaires are an easy, acceptable and relatively inexpensive
method to assess PA levels in large study populations

86

. The Physical

Activity Scale for the Elderly (PASE) questionnaire contains items on
leisure, household and occupational activities and has been found to correlate
with measures of strength, aerobic activity and balance capacity in persons
with mild stroke 87.
CRF is not only an objective measure of habitual physical activity but also a
useful diagnostic and prognostic health indicator for patients in clinical
settings. Most often, CRF is measured using a metabolic cart for gas analysis
and exercise equipment (e.g. treadmill, recumbent stepper or cycle
ergometer) to determine peak oxygen-consuming capacity (VO2

peak)

and is

88-90

quantified during exercise to complete exhaustion

. VO2 peak is considered

the “gold standard” indicator in the assessment of cardiovascular fitness and
this type of test requires sophisticated and expensive equipment and
specialized personnel and is time-consuming

74

. Pedaling is a functional

activity that can be used by patients after stroke at a very early stage of
rehabilitation and has been used as a tool to evaluate aerobic capacity in this
population 91. One-legged bicycling has been used as an assessment tool in
patients with hemiparesis

38, 92

in order to reduce the effect in the test of the

leg with the greatest impairment. The 6-mimute walk test (6MWT) has been

9
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found to be a valuable measure of cardiovascular exercise capacity in elderly
93, 94

subjects with respiratory disease and chronic heart failure

. The distance

walked in 6 min in this population has been demonstrated to have a moderate
to high correlation with VO 2 peak during bicycle or treadmill exercises tests

95,

96

. Studies have investigated the relationship between endurance exercise

capacity (VO2max or VO2

peak)

and walking capacity (6MWT) in sub-acute

patients and those after chronic stroke, but the results are contradictory 97-99.
A meta-analysis (n=480) supported the use of aerobic training to improve
CRF in individuals with mild to moderate motor deficit post-stroke and
suggested that aerobic training is an important component of stroke
rehabilitation 100.

Rehabilitation aims to enable people with impairments and activity
limitations to reach and maintain optimal functioning in physical, intellectual,
psychological and/or social domains

49

. Rehabilitation goals can shift from

initial input to minimize impairment to more complex interventions that are
designed to encourage active participation

101

. There is substantial evidence

in support of the multidisciplinary team, such as nurse, physiotherapist,
occupational therapist, physician, psychologist, social work and speech
therapist for effective delivery of stroke rehabilitation

102

. They provide an

organized package of care through a cyclical process involving assessment,
goal setting, intervention and reassessment, which is typical of stroke
rehabilitation

103

.

Stroke rehabilitation is of increasing interest because of recent developments
in brain research. Cortical plasticity and reorganization can be stimulated by
sufficient and focused rehabilitation 104. Three principals have been identified
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to achieve an effective rehabilitation after stroke: functional approach
targeted at specific activities (e.g. walking, activities of daily living), frequent
and intense practice, and rehabilitation commencement in the first days or
weeks after stroke

105

. Stroke rehabilitation also provides an opportunity to

ensure that patients are not only prepared for discharge but also understand
the need to continue physical activity after discharge in order to increase their
motor skill and fitness levels 77.
The Stroke Unit Trialists' Collaboration has demonstrated improved survival
and functional outcomes for patients treated in a dedicated stroke unit care
102

. Furthermore, a systematic review suggested that therapy-based

rehabilitation services for patients living at home after stroke reduce the odds
of a poor outcome, i.e. death or deterioration in ability to perform activities of
daily living, and has a beneficial effect on a patient’s ability to perform
personal activities of daily living and extended activities of daily living 106. In
addition, a meta-analysis has shown that community stroke rehabilitation of
any kind delivered within one year of hospital discharge reduces the
incidence of functional deterioration and maintains or improves ADL

107

.

However, there are few studies of rehabilitation offered in the “chronic”
phase of stroke, i.e. more than one year after the acute event

108

.

Although some individuals with stroke will have received some rehabilitation
during the acute and sub-acute phases, rarely does rehabilitation extend
beyond one year post-injury owing to the belief that a plateau in functional
recovery has been reached by this time and also owing to a lack of resources
for long term services 109.

11
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The ICF

49

provides among other things a frame of reference that is helpful

for choosing the proper measures for an intervention when the outcome
variable is known. ICF is considered relevant for clinical settings, health
services or surveys at both the individual and population level, and has
gained increasing attention in rehabilitation medicine. The consequences of a
stroke can be understood in the context of the ICF model. The model includes
body structure and function, activity and participation. Furthermore, the
model is not restricted only to treatment of the body but also embraces
environmental and personal factors that are important to understand the
complexity of the rehabilitation

49

. The present thesis addresses the

subsequent ICF domains: body structures and function and activity.

According to the World Confederation for Physical Therapy, physiotherapy
includes developing, maintaining, and restoring maximum movement and
functional ability throughout life, and comprises different circumstances
where movement and function are threatened by ageing, injury, diseases,
disorders, conditions or environmental factors. In addition, physiotherapy is
concerned with identifying and maximizing quality of life and movement
potential in the spheres of promotion, prevention, treatment/intervention,
habilitation and rehabilitation 110.
The specific aims of physiotherapy following stroke are to optimize: (I)
functional motor performance, (II) physical fitness, strength and endurance,
(III) interest and motivation, and (IV) mental and physical vigor

12
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to further the recovery process, increase confidence and improve well-being
21

. The substantial growth in the number of clinical trials in rehabilitation in

the past 20 years shows the increased interest of rehabilitation clinicians in
evidence-based treatments. Available evidence supports the efficacy
recognition

113

112

and

of providing stroke-based physiotherapy. Although there is no

clearly superior model of physiotherapy for stroke rehabilitation
evidence exists to support specific interventions

112, 114

, some

115

. In a Cochrane review of

21 studies, it was concluded that there is no evidence confirming that a single
physiotherapy approach is better than another for improving balance, muscle
strength in the leg, walking speed or the performance of everyday tasks in
subjects after stroke

114

. However, the results were better after physiotherapy

where components from different treatment approaches were used. Modern
concepts of motor learning have drastically modified the framework of
rehabilitation from a conventional neurodevelopmental therapy to a more
dynamic, task oriented and repetitive approach 50. Several interventions have
a potential effect on arm function, at least in the selected populations that
have been studied. These interventions include constraint-induced movement
therapy (CIMT), electromyographic (EMG) biofeedback, mental practice
116

with motor imagery and robotics

. CIMT has gained considerable

popularity as a treatment technique for upper extremity rehabilitation among
patients with mild-to-moderate stroke. While substantial evidence has
emerged to support its applicability, issues remain unanswered regarding the
best and most practical approach

117

. Furthermore, the role of robotics in

neuro rehabilitation is still unclear and constitutes another challenge in stroke
research that needs to be further investigated

118

. In recent years, treadmill

training with and without partial body weight support has been introduced for
the rehabilitation of subjects after stroke. However, there is conflicting
evidence that partial body weight support with treadmill training results in
improved walking and motor recovery as compared to conventional therapy

13
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using over ground walking training 119, 120. In addition, virtual reality appears
to be a promising approach that may enable simulated practice of functional
tasks at a higher dosage than traditional therapies, although further studies are
required to confirm these findings 121.
Therapists need to move away from a reliance on one-to-one therapy toward
a model in which the patient practices not only in individualized training
sessions with a therapist but also in groups, and in circuit training, where
patients practice at work stations set up for weight-bearing strength training
exercises, and where the practice of specific actions is encouraged. Patients
are semi-supervised and assisted as necessary by a therapist and aide, with
attitudes and methods similar to people who work in sports training

77

. An

earlier review showed the effectiveness of circuit class therapy in improving
walking capacity and other aspects of mobility in both the post-acute and
chronic stage after stroke 122.
The improvement of ambulation is known to be dependent on the intensity of
walking training 123. According to a previous study 124, when the time spent in
active and focused exercise is sufficient, even chronic stroke patients (after
six months after stroke onset) can obtain successful results. It is also
increasingly evident that muscle weakness after stroke is modifiable through
strength training of an appropriate intensity, even in very elderly individuals
42,

125

.

Intensive

mobility

training,

which

incorporates

functional

strengthening, balance and cardiorespiratory training, and practice in a
variety of walking tasks improve gait ability both in sub-acute and chronic
stroke 109, 126-128.
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The overall aim of this thesis was to increase knowledge about physical
performance and activity in subjects in the later stage post-stroke by
measuring walking performance in different environments coupled to muscle
strength, cardiorespiratory fitness evaluation and self-reported physical
activity.
The specific aims were:
To assess short and long distance walking performance in indoor and calm
outdoor environments of subjects divided into slow and fast walkers (Paper
I).
To describe lower extremity strength and its relation to walking performance
(speed and distance) (Paper II).
To study the correlation between maximal exercise capacity measured during
a one-legged bicycling test and the 6-minute walk test (Paper III).
To compare the self-reported physical activity levels in persons with stroke
with a population-based sample, and to explore the relationship between
PASE scores and physical measurements (Paper IV).
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The study group consists of a community-dwelling population of 83 subjects
(male and female) older than 40 years (Figure 1). Former patients were
recruited from the Rehabilitation Medicine Clinic at Sahlgrenska University
Hospital, Gothenburg, Sweden, all of whom were discharged from the
rehabilitation program. The clinic provides comprehensive rehabilitation to
persons of working age living in the area of Gothenburg. Demographic and
functional characteristics of participants are presented in Table 1.

Stroke diagnosis according to WHO criteria, at least six months prior to the
study, hemiparesis, ability to walk in the community for at least five minutes
without personal assistance (self-reported). Assistive devices and ankle-foot
orthoses (AFOs) were permitted. The selected time since onset of stroke was
based on the concept that stroke patients are in a stable phase six months after
stroke

129

. The subjects were also asked to continue their usual medication

and to refrain from caffeinated drinks and tobacco cigarettes for two hours
before the test.

Severe heart disease, uncontrolled hypertension, leg wounds, pain or nonstroke induced gait disability, or inability to follow instructions or to
communicate in Swedish.
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Additional criteria:
The participants were later divided into two subgroups: (1) Group
A, subjects with self-selected speed in the clinical setting lower than 0.8 m/s;
and (2) Group B, subjects with self-selected speed in the clinical setting of
0.8 m/s or faster 73.

An urban population sample (residents in Gothenburg) of 40 to 79-year-old
men and women formed the group of clinically healthy subjects 130 (Studies II
and IV). The sample (144 participants, 69 males and 75 females) included
were those who agreed to participate in a study with the aim of establishing
reference material, and they were randomly selected from a database
representing all residents in Sweden. Contraindications for participation were
prior neurological disease, musculoskeletal problems, cardiac disease
affecting physical performance (heart failure, angina) or the presence of an
active disease requiring treatment by a physician. A physical examination
including history was made before the study to ensure that no medical
contraindications were present.

83 subjects after stroke

STUDY I
36 subjects after stroke

144 healthy subjects

STUDY II

STUDY IV

STUDY III

41 subjects after stroke

34 subjects after stroke

144 healthy subjects

70 subjects after stroke
141 healthy subjects

Figure 1. Participants included in the different studies
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Table 1: Description of the participants

Study I

N
male/female
Age, years
mean ± SD (range)
Type of stroke,
ischemic/ hemorrhagic
Paretic side right/left
Time since stroke,
years, mean ± SD
(range)
Assistive device (n)
Body Mass Index,
mean ± SD
Fugl-Meyer scale
lower extremity,
median (range)
Berg Balance Scale,
median (range)
Medications (n)
β-blockers
ACE inhibitors
Calcium antagonist
Cholesterol inhibitor

Study II

Study III

Study IV

group A

group B

stroke

reference

stroke

stroke

reference

10

26

41

144

34

70

141

6/4
60±3
(56-67)

18/8
60±4
(53-68)

31/10
59±6
(40-68)

69/75
59±10
(40-79)

24/10
60±4
(53-68)

48/22
60±7

70/71
59±10
(40-79)

5/5

18/8

27/14

23/11

43/27

3/7

14/12

20/21

15/19

37/33

5.7±3.6
(1-13)

4.9±2.2
(1-8)

4.4±3
(0.6-13)

5.2±2.7
(1-13)

6.1±3.1
(0.6-13)

10

1

14

11

23
26.6±3.8

19
(13-25)

31
(21-34)

42
(35-52)

52
(45-56)

30
(13-34)

30
(13-34)

26.0±5.0

29
(11-34)

51
(35-56)
15
11
9
17

Co-morbidities (n)
Cardiovascular disease
Hypertension
Arrhythmia
Diabetes mellitus
Hypercholesterolemia
Smoking history

7
22
4
5
9
6

SD: standard deviation
ACE: angiotensin converting enzyme

18

14
39
12
11
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All studies had a cross-sectional design. The data were gathered on different
occasions. Thirty six of the subjects (Studies I, II, III and IV) were assessed
twice over the course of two weeks on separate days. In the first session, they
were all assessed at the Rehabilitation Medicine Clinic at Sahlgrenska
University Hospital by the author. This session included the collection of
disease and medical histories and assessment of the Body Mass Index (BMI)
131

, Fugl-Meyer scale for the lower extremity

(BBS)

134

(30mWT)

132, 133

and Berg Balance Scale

in the same order for all subjects. The 30-meter walking test
63, 135

and 6-minute walk test (6MWT)

95

were randomized and

carried out in three different environments: (1) clinical setting; (2) basement
setting; and (3) outdoor setting. In addition, the participants filled in a
questionnaire of physical activity (PASE) 136. The assessment took two hours,
and the participants were invited to rest for a few minutes between each test
so that the effects of fatigue would be reduced.
The next session was held at a laboratory at the Rehabilitation Medicine
Department at Sahlgrenska University Hospital, where one-legged bicycling
test 92 and muscle strength measurements in the lower extremities

137, 138

were

performed. The test was conducted in the presence of the author, a physician
and a research nurse.
Eight subjects (in Study II) had been assessed in the same way earlier for
another study

92

and 39 subjects (in Study IV) had participated in another

study at our research department

139

. Data from these assessments had not

previously been used in this way and were merged to enlarge the data set.
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An overview of the assessments and environments used is presented in Table
2.
Table 2: Overview of the assessments used in the studies
Assessments

Study I

Study II

Study III

Study IV

X

X
X

X

X

Body structure and function
Fugl-Meyer Scale
Muscle strength test
Oxygen consumption,
gas analysis
Body Mass Index
Activity
Berg Balance Scale
30mWT
clinical setting
basement setting
outdoor setting
6MWT
clinical setting
outdoor setting
Physical Activity Scale for the
Elderly

X
X
X

X

X
X
X

X

X
X

X

X

X
X
X

The different evaluation tests were included in the present research project
and summarized as follows:

Motor function in the affected lower extremity was assessed according to the
Fugl-Meyer Scale

132

. The scale consists of a three-point ordinal scale: 0=

cannot perform; 1= partially performs; and 2= performs fully. The
summation of the scores of different items gives a maximum score of 34,
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which indicates normal movement control in the affected side compared with
the non-affected side. Motor impairment was classified as < 17 severe, 17-28
marked, 29-31 moderate, 32-33 slight or 34 none. This scale is considered by
many in the field of stroke rehabilitation to be one of the most comprehensive
quantitative measures of motor impairment following stroke, and it has been
shown to be valid and reliable 140, 141.

Measurements were performed on a Biodex® Multi-Joint System 3 PRO
dynamometer a (figure 2). The equipment was calibrated before testing. The
subject was seated comfortably with his or her back against a back rest. A
seatbelt was strapped around the shoulders, waist and thigh to avoid
unwanted movements. Before each measurement, the full range of motion
was set and each subject’s lower
extremity was weighed; the Biodex
software corrected the data to
account for the influence of the
gravity effect torque on the data.
The lower extremity was adjusted
to the actuator with the axis of
movement adjusted to center axis
of

the

knee

submaximal

joint.
exercises

Warm-up
were

performed on a bicycle ergometer

Figure 2: Isokinetic knee muscle strength
measurement, performed in a Biodex
dynamometer (the subject gave his
permission to publish the picture).

before the muscle test. The test order was randomized for both the paretic and
non-paretic leg (drawing lot) to exclude learning effects. Maximal isokinetic
muscle strength (in Newton meters, Nm) was measured at a velocity of
60°/sec during concentric muscle action of knee extensors and knee flexors
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for both lower extremities, as previously suggested

46, 138, 142

. The peak

isometric strength of foot dorsal flexors and plantar flexors at a 30° angle of
knee flexion and a 0° ankle angle was also measured. During the test, all
subjects were given visual feedback from the system’s monitor. They were
also verbally encouraged by the examiner to make their maximal effort. Test
values were compared with and expressed as a percentage of control values
from the healthy reference subjects

130

. Strength testing in stroke populations

has been shown to be reliable and valid as an outcome measure in clinical
trials 46.

The calculation of the strength index was based on a previous study

143

. The

values from the strength measurements were transformed into a strength
index representing all eight measurements, allowing all muscle groups to be
equally significant. A factor for each muscle group was constructed by giving
the strongest muscle group (knee extension 60°/sec) a factor of 1 and the
other muscle groups’ factors corresponded to the ratio between the average
muscle strength of the healthy subjects and their knee extensor muscle
strength. The same factors were used for the subjects with stroke and the
healthy reference subjects.
The index was represented by the equation:
1x knee extension strength right and left + 2.2 x knee flexion strength right
and left + 1.5 x foot plantar flexion strength right and left + 4.5 x foot dorsal
flexion strength right and left

The following example illustrates the index in a 66 year old post-stroke man:
1 x 106 + 1 x 115 + 2.2 x 64 + 2.2 x 56 + 1.5 x 65 + 1.5 x 75 + 4.5 x 13 +
4.5 x 18 = 834

22

Cristiane Carvalho Meirelles

Peak oxygen uptake (VO 2peak) and maximal workload (Wmax) were measured
on an electrical bicycle ergometer

b

to evaluate cardiorespiratory fitness.

Since the VO2max measurement can sometimes not be achieved by an unfit
and elderly population

144

, we chose the

highest, or peak, level of oxygen consumed
(VO2peak) to represent aerobic capacity. The
exercise test was conducted testing each leg
separately (one-legged bicycling)

92

. The

exercise started at 0W after the individual
had become familiar with the equipment
and had been pedaling for three minutes
without friction resistance. Subsequently, a
ramp protocol with 10-W/minute step-less
increment was used. The pedaling rate
was approximately 60 revolutions/minute

Figure 3: One-legged bicycling test
(the subject gave his permission to
publish the picture).

and the workload was maintained by the
computer program controlling the bicycle. The maximal workload was the
highest workload maintained for at least 30 seconds. Breath-by-breath gas
exchange was recorded on-line by measuring the expired gas flow and
expiratory oxygen gas meters via a facial mask c. The electrocardiogram,
heart rate (HR) and blood pressure (BP) were monitored during the test. The
individual perceived exertion was measured on the Borg category ratio scale
(Borg CR 10 scale)

145

with exponential increments from 0 to 10. The

exercise test duration was also noted and was the total time in seconds from
the start of the test until the subject stopped pedaling. The reliability of the
method for assessing oxygen consumption in a stroke population was
established in a previous study 92. The test order of the non-paretic and the
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paretic leg was randomized. Subjects cycled with one leg while resting their
non-working leg on a pillow placed in front of them on a stool (Figure 3).
The exercising leg was fastened securely to the pedal with both the clip and
Velcro straps. This position was quite comfortable and was immediately
accepted by the participants without practice or need for any position
adjustments.
There was a rest period before recommencing the test with the other leg. The
subjects were required to rest, sitting in a chair, and were offered water to
drink. Their BP was followed to assess normal values. Their HR was
monitored, and the test only resumed once it had had returned to a resting
level. This usually took between five and seven minutes.
The guidelines provided by the American College of Sports Medicine were
used to determine whether the test should be terminated prematurely

74

.

Subjects were also asked to identify the reason for stopping, e.g. leg pain,
feeling of loss of muscle strength, generalized fatigue or other reasons.
Peak HR achieved at both tests (6MWT and cycle test) was expressed as a
percentage of the age-predicted HR maximum (220 beats/min minus age in
years) 146.

Body mass index was calculated from the individual’s weight in kilograms
and height in meters squared, kg/m2. For the Swedish population, values from
20.1 to 25.0 kg/m2 in men and 18.7 to 23.8 kg/m2 in women are considered to
be normal 147.
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The Berg Balance Scale (BBS) was used to assess functional balance

134, 148

.

Performance using this test was scored from 0 (cannot perform) to 4 (normal
performance) on 14 different tasks, including ability to sit, stand, reach, lean
over, turn in a complete circle and step. The maximum score on the BBS is
56. A higher score indicates better balance skills. The test has been shown to
be reliable and valid in this group of patients 149.

The 30mWT was used to evaluate walking speed

63, 150

. First, the subjects

were instructed to walk at a speed that they considered comfortable or normal
(self-selected speed). Then, for maximum speed, they were asked to walk at a
speed that they considered to be as fast as possible, without running. The
time taken to walk each distance was measured using a stopwatch, and the
observer walked behind the subject without interfering. The test has been
found to be valid 151 and reliable 135 for individuals after stroke.

The 6MWT was originally developed to assess cardiopulmonary function 95.
Subjects were given six minutes to walk as far as they could at their usual
pace, back and forth over a 30-meter course. The turn-around points were
marked with a traffic cone and the distance covered in six minutes was
recorded.
The instructions for the test were standardized according to American
Thoracic Society (ATS) statement guidelines for the 6MWT

152

. At the end of

each minute, subjects were given feedback on the elapsed time and
standardized encouragement in the form of statements such as “you are doing
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well” and “keep up the good work”. Subjects were allowed to stop and rest as
they deemed necessary. The subjects could use their usual orthoses and
assistive devices. The subjects wore a HR monitor

d

for continuous HR

measurement. At the start and end of the test, HR, BP (only systolic blood
pressure (SBP) was analyzed) and rating of perceived exertion (Borg CR 10
scale) 145 were noted. This test has been used extensively to monitor function
in individuals with cardiopulmonary problems and has been used by
researchers studying individuals after stroke

62, 98, 153

, but its reliability or

validity has not been established in this population.

The subjects performed the walking tests in three different environments: (1)
a corridor in a clinic rehabilitation unit with doors and adjacent rooms,
furniture, patients, and health professionals present (clinical setting) (figure
4); (2) an empty corridor in the basement without any patients or health
professionals moving around (basement setting) (Figure 5); and (3) an
outdoor walkway in a calm garden and quiet neighborhood (outdoor setting)
(Figure 6). The two indoor corridors had the same regular wall-to-wall plastic
carpet with an even surface, and were well kept and well lit. The outdoor
walkway was made of concrete tiles (45 x 45 cm), which presented a
somewhat uneven surface, but no slopes or curbs were present. The walkway
was free of snow and ice and was treated with sand. The clinical setting,
basement setting and outdoor setting widths were 2.6, 2.7 and 4 meters
respectively. In each environment, a known distance (30 m) was marked.
During the test, walking speeds for the self-selected and maximum speeds
over a 30-meter distance

63, 135

were assessed first in the three different

environments. Walking distances for the 6MWT

95

were then assessed in two

different environments (basement and outdoor settings), since it was not
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feasible to perform the 6MWT in the clinical setting (due to prolonged
disturbance for the other patients and staff). The test order was randomized
for all walking tests (numbers were drawn out of a hat). The subjects could
use their usual orthoses and assistive devices, and there was a minimum rest
period of five minutes between trials.
A predicted distance was calculated using the speed (m/s) over 30 meters for
each subject multiplied by 360 (i.e. the number of seconds in six minutes), as
suggested in earlier research 62 (Study I).
Results of the 30mWT and the 6MWT in the clinical setting were compared
with reference data 130, 154.

Figure 4: Clinical Setting

Figure 5: Basement Setting Figure 6: Outdoor Setting

The PASE questionnaire was developed for the purpose of assessing level of
physical activity in middle-aged and elderly individuals

136,

155

. The

questionnaire is a 12-item scale that measures the average number of hours
per day spent on participating in different activities (walking outside the
home, light sport, moderate sport, strenuous sport, exercises to increase
muscle strength and endurance, light housework, heavy housework, home
repairs, lawn work or yard care, caring for another person, working for pay
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and working as a volunteer). The PASE scoring algorithm was derived from
physical activity measured by movement counts from an electronic physical
activity monitor, activity diaries and self-assessed activity levels in a general
population of non-institutionalized persons. The PASE score is calculated by
taking the average number of hours spent on an activity per day over a sevenday period multiplied by an activity coefficient. Item scores are added to
produce the PASE score. The PASE score can range from 0 to over 400, with
a higher score meaning a higher level of physical activity. The PASE was
found to be valid in elderly people with disabilities
stroke subjects

156

and has been used for

139, 157

.

Conventional formulas were used for calculations of mean, median, standard
deviation (SD), percentiles, confidence intervals and range. Differences
within and between groups were analyzed using nonparametric tests, the
Wilcoxon signed rank test (within groups) (Studies I and III) and the MannWhitney test (between groups) (Studies I and IV). A one-way repeat measure
was used to analyze the results of the short distance walking test in three
different environments (Study I). To examine the level of agreement between
the measurements in different environments, the 95% limit of agreement
(LOA) was used, visualized by Bland and Altman plots

158

, with the

difference between the two measurements plotted against their mean for each
subject (Study I). Pearson’s correlation coefficient (Study IV) and
Spearman’s rank correlation coefficient (rs) (Studies III and IV) were used to
describe the correlation among the different variables. The strength of the
correlation was defined by the correlation coefficient obtained: 0.26-0.49,
low; 0.50-0.69, moderate; 0.70-0.89, high; and 0.90-1.00, very high

159

. A

standard multiple regression analysis was used to assess the influence of
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impairments measures on the 6MWT distance (Study III). A p-value < 0.05
was used throughout the studies and considered significant in all analyses.
Analyses were made using the SPSS computer package (version 13.0). An
overview of statistical methods is given in Table 3.

The same non-linear model was used for the three response variables, i.e.
self-selected speed, maximum speed and 6MWT, and for each study group,
i.e. subjects after stroke and healthy subjects.
The form of the model used was response = α X (1- exp [- β X index]).
Response was self-selected, maximum speed or 6MWT, and index was the
calculated strength index. Parameter α represents the asymptotic value of the
curve. Parameter β refers to the slope of the curve. The value on the x-axis
represents the strength index and on the y-axis the walking speed or distance
(in meters per second or meters). Parameters α and β were estimated
separately for each response and study group. The analysis was made by a
statistical software program

d

(SAS). Inferential statistics (tests and

confidence intervals) were based on the assumption of normality. No
adjustments for multiplicity were performed.
Table 3: Overview of statistical methods
Study I
Wilcoxon signed rank test
Mann-Whitney test
One-way repeat measures
Bland and Altman plot 158
Nonlinear model
Spearman’s rank correlation
coefficient
Pearson’s correlation coefficient
Multiple regression analysis
Linear regression

Study II

X
X
X
X

Study III

Study IV

X
X

X
X

X
X

X
X
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All subjects had previously been patients at the Rehabilitation Medicine
Clinic at Sahlgrenska University Hospital, Gothenburg, Sweden. They were
all now living in their own homes in the community and were no longer
active at the unit but had health care elsewhere.
None of the tests were potentially harmful to the subjects, although soreness
could appear in the lower extremities after the isokinetic muscle testing and
one-legged bicycling test. Some subjects also find it uncomfortable to breathe
through a mask. No adverse advents occurred during any of the tests. The
patients stated satisfaction in being part of the research.
The studies were approved by the Ethics Committee of the University of
Gothenburg, and informed written consent was obtained from all subjects.
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The participants were later divided into two subgroups according to their
results at self-selected speed in the clinical setting: (1) Group A, walking
speed lower than 0.8 m/s; and (2) Group B, walking speed of 0.8 m/s or
faster. The one-way repeat measures analysis from the performance of short
distance walking (30mWT) indicated that there were no differences in both
groups for self-selected (Group A: Wilks lambda=0.73, p=0.29; Group B:
Wilks lambda=0.83, p=0.11) and maximum speeds (Group A: Wilks
lambda=0.87, p=0.59; Group B: Wilks lambda=0.92, p=0.38) among the
three different environments (Table 4).
For those who walked at slower speeds (Group A), no difference in the long
distance walking was observed between the basement setting and the outdoor
setting (p=0.64) (Table 4). However, it was observed that the subjects in
Group B walked a longer distance (463 ± 84 m) (p=0.01) in the outdoor
setting compared with

the basement setting (452 ± 82 m) during the

performance of long distance walking (Table 4).
In the indoor setting, the actual distances walked in the 6MWT were
significantly less than the distance predicted by 30mWT speed for both
groups (Group A: p=0.015; Group B: p=0.048) (Table 4). When tests were
performed in the outdoor setting, only subjects in group A walked
significantly less than the distance predicted by the 30mWT speed (p=0.022)
(Table 4).
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Table 4 Results of the walking tests in different environments

Self-selected speed:
Clinical setting (m/s)
Self-selected speed:
Basement setting (m/s)
Self-selected speed:
Outdoor setting (m/s)
Maximum speed:
Clinical setting (m/s)
Maximum speed:
Basement setting (m/s)
Maximum speed:
Outdoor setting (m/s)
6-minute walk test
distance (m): Indoor
6-minute walk test
distance (m): Outdoor
Predicted 6MWT distance (m)
from 30mWT: Indoor
Predicted 6MWT distance (m)
from 30mWT: Outdoor

Group A
(n = 10)

Group B
(n = 26)

0.51 ± 0.18†

1.26 ± 0.21

0.52 ± 0.19†

1.30 ± 0.23

0.51 ± 0.20†

1.31 ± 0.22

0.61 ± 0.24†

1.66 ± 0.34

0.60 ± 0.23†

1.68 ± 0.29

0.60 ± 0.25†

1.69 ± 0.33

178 ± 64†

452 ± 82*

175 ± 67†

463 ± 84

188 ± 69† ‡

470 ± 83‡

186 ± 73† ‡

471 ± 81

Note. Data are mean ± standard deviation.
* Difference between indoors and outdoors within group (p=0.01)
†
‡

Difference between groups (p<0.001).
Difference between predicted and walked distances within groups (p<0.05)

The average calculated strength index was 730±309 in the stroke group and
1112±362 in the healthy group. The parametric model used to analyze the
data provided evidence for the non-linear relationship between walking speed
at self-selected and at maximum speeds and the strength index in both
subjects after stroke and healthy subjects (Figures 7). A non-linear
relationship was also found between 6MWT and the strength index in the
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subjects after stroke. The model explained 37% of the variance in selfselected speed in the stroke group and 20% in the healthy group, and 63%
and 38%, respectively, in maximum walking speed. For the 6MWT, the
model explained 44% of the variance in the stroke group.
The asymptote1 for the self-selected speed was 1.41 m/s in the stroke group
and 1.48 m/s in the healthy group and the corresponding values for the
maximum walking speeds were 2.01 m/s and 2.57 m/s, respectively. The
asymptote for the 6MWT was 581.7 meters for the subjects after stroke.
Assuming that 1.2 m/s is the walking speed 160 required to ambulate safely in
the community, a strength index of 700 for post-stroke subjects is acquired as
compared with 650 for the healthy group. Corresponding values for

.5

1

m/s
1.5

2

2.5

maximum speed are 550 and 420, respectively.

0

500

1000
Strength Index

Post-stroke subjects
Estimate healthy subjects

1500

2000

Estimate post-stroke subjects

Figure 7: Nonlinear regression curves for maximum walking speed (m/s)
and strength index (Nm) in subjects after stroke and in healthy subjects

1

The asymptote of a curve is defined as the case in which the distance from a movable point on the curve to a

straight line has the limit of zero, when the point goes towards infinity
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Low to moderate correlations were found between the 6MWT and onelegged bicycling measurements from the paretic leg, such as VO 2peak, Wmax
and total exercise time (Table 5). The 6MWT showed no significant
correlation with variables from the non-paretic one-legged bicycling test. The
only difference between indoors and outdoors is that 6MWT indoors did not
significantly correlate with VO 2peak for the paretic leg (Table 5). There was
also a correlation between specific stroke impairments and the walking test.
The Fugl-Meyer scale for the lower extremity showed a highly significant
correlation and BBS showed a moderately significant correlation with 6MWT
(Table 6).
Table 5 – Correlations between 6MWT, the Fugl-Meyer scale and BBS with
one-legged bicycling (VO2peak, Wmax and total exercise time)
VO2peak

6MWT
Indoor dist
Outdoor dist
Fugl-Meyer†
BBS
*

Wmax

PL
rs

NL
rs

PL
rs

NL
rs

0.335
0.391*
0.097
0.194

0.161
0.208
-0.125
0.119

0.589***
0.646***
0.398*
0.370*

-0.004
0.054
-0.289
-0.104

Total exercise time
PL
NL
rs
rs
0.530**
0.583***
0.329
0.396*

0.190
0.235
-0.109
0.150

p≤ 0.05; ** p≤ 0.01 *** p≤ 0.001

† Fugl-Meyer scale for the lower extremity
6MWT: 6-minute walk test; dist: distance in meters; BBS: Berg Balance Scale; PL: paretic
leg; NL: non-paretic leg; rs= rank correlation.
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Table 6 – Correlation between 6MWT and specific stroke impairments
Fugl-Meyer scale†

BBS

6MWT
Indoor dist

0.721***

Outdoor dist

0.744***

***

0.671***
0.689***

p≤ 0.001

† Fugl-Meyer scale for lower extremity
6MWT: 6-minute walk test; dist: distance in meters; BBS: Berg Balance Scale.

The mean PA level in the stroke group, as reflected in the total PASE score,
corresponded to 72% of the sex and age matched control values (Table 7 and
Figure 8). A low correlation was seen between the PASE and the Fugl-Meyer
scores. In the stroke group, PASE correlations with the self-selected and
maximum walking speeds were moderate. Furthermore, the reference group
showed a weak correlation between PASE and walking speeds. The model
with PASE as the dependent variable and age and self-selected walking speed
as independent variables could explain 29% of the variation in PA in the
stroke group. In both groups, only the walking speed showed a significant
contribution to the model.
Table 7 – Walking speeds and physical activity levels
Stroke

Healthy reference

(n=70)

(n=141)

Self-selected speed, m/s, mean (SD)

1.0 (0.4)

1.4 (0.2)

Maximum speed, m/s, mean (SD)

1.3 (0.6)

2.0 (0.4)

PASE score, mean (SD)

119.2 (74.4)

161.3 (71.5)

SD, standard deviation; PASE, Physical Activity for the Elderly; m/s, meter per second
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Figure 8: Mean physical activity levels in subjects after stroke (left) and control
group (right). The average PASE (Physical Activity Scale for the Elderly) score
in the different age groups (male dotted line, female straight line).

Subjects after stroke demonstrated lower results as compared with reference
data (age and sex matched). The stroke group: walked at slower speeds in
both self-selected and maximum speeds (Studies I, II and IV); achieved less
than would be expected of their predicted normal distance during the 6MWT
(Studies I, II and III); the average muscle strength values for both legs was
decreased (Study II); mean HR was lower than the age-predicted maximal
heart rate (Study III); and the mean self-reported physical activity level was
lower than the healthy controls (Study IV).
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The overall aim of this thesis was to increase knowledge about physical
performance and activity in subjects in the later stage post-stroke by
measuring walking performance in different environments coupled to muscle
strength, cardiorespiratory fitness evaluation and self-reported physical
activity.
Regaining independent walking at home and in the community is important
and often a primary goal of rehabilitation after stroke

161

. The use of feasible,

reliable and valid walking tests is fundamental to assessing a patient’s
walking ability. Both the 30mWT and the 6MWT have been shown to be
reliable and valid

135, 151, 162, 163

and have been used in stroke research and

clinical practice. Since most of the walking tests are performed in the clinical
environment, the idea of measuring walking capacity in different
environments seemed interesting based on the hypothesis that the
environment could influence the test performance and the participants could
perform differently because of that. If this was not the case, this result could
offer new information on the challenge for health care professionals to apply
rehabilitation services, preferably in the patient’s own environment, in the
specific case where an indoor space could be limited and an outdoor place
could be used instead. We decided to divide the participants into two groups
according to their walking speed since there was a clear difference in the
material. In that case, motor impairments seem to influence walking capacity
more than age. Walking speed has been shown to be associated with survival
among elderly populations in individual epidemiological cohort studies
and to reflect health and functional status

164

165

. Studenski et al. predicted life

expectancy at the median for age and sex at about 0.8 m/s; faster gait speeds
predict life expectancy beyond the median

37

166

. This speed was used in our
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study and in a previous one

73

as a cut-off to divide the participants into two

subgroups. In addition, Perry et al. conclude that 0.8 m/s was the mean value
for classifying people with stroke as community walkers 51.
It was interesting to observe that the short distance walking test in both the
self-selected and maximum speeds did not differ in the different
environments. This was also true for the long distance walking test in the
slower walkers (Group A). Our sample walked on a daily basis in a range of
environments in their community at an average speed where different
environments may no longer influence the speed and distance. They seemed
to be adapted to their everyday activities, although we did not ask whether or
not they perceived problems while ambulating. A recent study investigating
the relationship between perceived and measured changes in walking after
stroke showed that a meaningful difference in 6MWT was observed between
participants who did and those who did not perceive improvement

167

. Thus

far, only a few studies have measured walking parameters (speed, step length
and cadence) in various indoor and outdoor environments, such as a suburban
street, a shopping mall and a car park

71-73

. Similar findings were reported

where differences between environments were small and not clinically
relevant

. A recent study held the 6MWT in the patients’ own

71-73

neighborhood environment using GPS and found the test to be reliable,
responsive and valid

168

. The fact that the faster walkers (Group B) achieved

longer distances in the outdoor environment is interesting. This might be
explained by a larger visual field, both sideways and upwards, outdoors (calm
garden), in addition to the positive impact of being outdoors and experiencing
nature. A recent review showed some evidence that physical activity in an
outdoor natural environment may give additional positive effects on measures
of mental wellbeing that are not seen in participation in similar physical
activity indoors

169

. The hypothesis that there are added beneficial effects to
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be gained from performing physical activity outdoors in natural environments
is very appealing and may be a promising area of future research. Another
finding in our study was that timed walk tests conducted over short distances,
such as the 30mWT, tend to overestimate performance on the 6MWT and
should complement, but not replace, the 6MWT. This is in agreement with
previous studies 62, 71.
The relationship between walking performance and muscle strength in the
lower extremities in subjects after stroke has been investigated in the past.
However, these studies used different muscle strength variables for
correlation with walking performance. Some used measurements from
isolated muscle groups or actions, usually from the paretic side; others utilize
the summation or subtraction of strength values from different muscles,
assuming that all muscles had the same weight. The fact that functional
movement involves simultaneous activation and coordination of a number of
muscles should be taken into consideration. To our knowledge, our work
represents the first attempt to evaluate a non-linear relationship between
walking performance and a strength index based on a model allowing all
muscle groups to be equally significant. A model was chosen with the same
structure as that previously developed for a larger population of healthy
subjects 143. The model fitted the current data satisfactorily, and we chose not
to develop a new structure owing to the limited number of observations
available. Previous studies have supported the hypothesis that muscle
strength has a non-linear relationship with walking performance in both
healthy persons and individuals with late effects of polio

143, 170

. Functional

measures such as balance, muscle strength, walking and activity have also
been shown to decline non-linearly with age in healthy women

171

. A non-

linear relationship represents a mechanism for how small changes in muscle
capacity may have substantial effects on walking performance. However, for
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persons with good muscle function, large changes in muscle capacity have
little or no effect on walking performance 170. In other words, for individuals
demonstrating relatively high muscular performance, the increase of muscle
strength may not produce readily measurable effects on function. It may be
also that, in individuals with severe weakness, increased muscle strength is
not shown as improved functional performance. Lastly, there are persons who
may have the greatest benefit from strength training, where a small increase
in muscle strength could promote considerable improvement in function

172

.

A speculation is that interventions intended to improve reduced muscle
strength will result in improvements in walking. The post-stroke subjects
here demonstrated a high variance (63%) when walking at maximum speed
compared with the reference subjects (38%). The difference in variance was
not as evident for walking at the self-selected speed, where the model
explained 37% in subjects after stroke and 20% in the reference subjects.
Impairments seem to be exacerbating when post-stroke subjects were
challenged to walk at a higher speed. In addition, the findings of impaired
muscle strength in the non-paretic leg reported here and elsewhere

35, 37, 173

demonstrate that this leg cannot be used as a reference for “normal” strength.
Instead, reference data for age and sex matched subjects should be used to
establish the presence and extent of weakness.
It is important to emphasize that, although subjects after stroke can increase
walking performance by improvements in lower extremity muscle strength
174

, other factors, such as cardiorespiratory fitness, balance, fear of falling and

spasticity, also contribute to functional limitations. Nevertheless, the
impairments that are the most important factors in determining walking
performance in these subjects remain unknown.
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The 6MWT is the most popular and commonly used sub-maximal exercise
test and has been used to assess functional exercise performance across a
variety of subjects such as patients with heart failure
variety of pulmonary alterations

175

and with a wide

176

. Studies have reported contradictory

findings on the relationship between maximal exercise capacity (evaluated by
VO2max or VO2peak) and walking capacity in stroke subjects

97-99, 177, 178

. In

agreement with previous studies, we found a poor correlation between peak
oxygen consumption measured in a one-legged bicycling test and the 6MWT
97, 99

. Other studies have demonstrated high 98 to moderate 177, 178 correlations;

the study populations differ from ours, however: they were younger and in
the sub-acute phase after stroke. Comparison is also equally difficult owing
to our choice to use a one-legged bicycling test to measure exercise capacity.
Oxygen consumption was found to be higher at any given power output
during one-legged exercise compare with two-legged exercise in healthy
subjects

179

, and the evaluation of each leg separately would probably better

assess the effects of training. As hypothesized, the one-legged bicycling test
performed with the paretic leg correlated better with the 6MWT distance than
the test with the non-paretic leg. Stroke related impairments, such as lower
motor function and balance ,seem to be more critical for the walking function
than the cardiorespiratory status. Similar findings have been reported earlier
99, 180

. These impairments also appear to limit the performance on a maximal

exercise test more than cardiorespiratory factors, since most participants
stopped the test for non-aerobic reasons, such as leg pain and a feeling of loss
of muscle strength. Nevertheless, both heart rate and systolic blood pressure
were increased during the 6MWT, suggesting that the walking test did put
strain on the cardiovascular system.
Physical inactivity is common after stroke and subjects post-stroke spent less
than 20% of their day involved in activities potentially beneficial for their
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motor performance

181

. The potential benefits of physical activity have long

been recognized, and physical exercise is recommended for stroke survivors
21

. Studies have shown that physical activity attenuates the re-incidence of

strokes and improves quality of life post stroke 182. Krarup et al. observed that
a higher pre-stroke level of physical activity was associated with a less severe
stroke and that higher activity levels were reported in patients with the most
favorable outcomes

183

. Thus, the PA level is rather difficult to measure or

assess in a reliable and valid way. The most objective measure is to use an
activity monitor, e.g. an accelerometer or heart rate monitor, during all
waking hours for several days, although the reliability may be uncertain in
that case due to compliance with the use of the device. Despite the frequent
use of activity diaries, their utilization requires time to use and interpret. Selfreport questionnaires are convenient and inexpensive to use and therefore
suitable for large population studies

184

; however, the reliability of self-

reporting may be questioned. The PASE questionnaire was chosen as the
instrument to assess physical activity because it was designed for elderly
people and has been used in some studies on persons with stroke

14, 87, 139, 183,

185

. However, more evidence for the reliability and validity of the PASE

questionnaire after stroke is needed.
We found a great variability with both very low and very high levels of PA in
our stroke group, with a large dispersion in those who were physically wellrecovered after stroke. The mean PASE score (mean 119.2) was much higher
than in a multicentre study 185 where the participants (median age 70 years) in
an intervention and control group two years after stroke had mean scores of
69 and 64, respectively. Lindahl et al. 87 also reported a lower PASE score of
99 in subjects after three to 12 months post-stroke (age range 41-87 years).
These rather large differences may be explained not only by the fact that our
data were collected an average of five years after stroke and the difference in
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age; it may also reflect a selection bias, with more physically active persons
willing to participate in the study where the sample was not random. Physical
performance, such as grip and leg strength, static balance and endurance, has
been shown to be associated with PASE at low to moderate strength of the
coefficients in both elderly

136

and disabled middle-aged persons

87, 156, 186

.

Our results support this, since a moderate correlation between walking speed
and PASE was found in the stroke subjects. As PA is influenced by many
factors, strong correlations cannot be expected. Furthermore, it is necessary
to have a thorough understanding of the factors that influence physical
activity in subjects after stroke to develop effective programs and
interventions strategies that will address the problem of physical inactivity in
this population.
Once a patient is medically stable after a stroke episode, the focus of their
recovery shifts to rehabilitation. During the subsequent phases of recovery,
the primary goals include preventing secondary health complications,
minimizing impairments and achieving functional goals that promote
independence in activities of daily living 187. While current evidence indicates
that the most significant recovery gains will occur within the first three
months following a stroke, recovery may continue at a slower pace for at
least six months and in some cases recovery continues for up to one year

188

.

The participants in our studies had experienced their stroke, on average,
almost five years previously, with a maximum of 13 years after the incident.
Physical performance, including walking performance, muscle strength,
cardiorespiratory fitness and self-reported physical activity, was below the
level expected in comparison to healthy controls. This cannot be attributed
only to the stroke itself but also to the effects of increasing age and comorbidities.
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Over the past decade, many different types of treatments have been
developed for use in rehabilitation in walking for subjects after stroke
including treadmill-based programs (with and without body weight support),
strengthening programs, therapies involving external aids and therapies that
are derived from contemporary clinical practice 189. An important component
of these interventions is that they must be of the appropriate intensity,
frequency and duration to maximize the capacity for neuromuscular plasticity
and functional change

190

. Moreover, there is no universally accepted

treatment at the present, and many different treatments aimed to improve
walking after stroke result in similar effects. The current literature suggests
that an ideal exercise intervention for improving walking performance after
stroke includes a combination of motor control, dynamic balance, muscle
strength and cardiorespiratory fitness
interest

in

particular

in

physical

190

. Despite the growing research

fitness

training

(strength

and

cardiorespiratory training), these interventions unfortunately are not routinely
implemented in stroke rehabilitation 126.

Limitations of the Studies
Some limitations of the studies must be addressed. First, it would be of value
to study a larger group of subjects. Second, our inclusion criteria restrict the
generalizability of our results since we include subjects aged 40 to 68 years
old, an age range which is lower than that of the average person with stroke.
Third, the perception of post-stroke subjects of the effect of the environment
on walking performance has not been investigated (Study I). Fourth, our
strength data included muscle groups from the knee and ankle, which are not
the only muscle groups that can affect walking performance (Study II). Fifth,
as the inclusion criteria excluded subjects who could not walk for at least five
minutes without personal assistance, we therefore assume that our study
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group is more “conditioned”, and it may be that our results do not reflect the
cardiorespiratory condition in persons with stroke in general (Study III).
Finally, the PASE questionnaire is validated from age 65 and above, and our
study included younger subjects from the age of 40 years (Study IV).
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In subjects in the later stage post-stroke:
Physical performance including, walking performance, muscle strength,
cardiorespiratory fitness and self-reported physical activity were below the
level expected when compared to healthy controls.
The environment has an impact on walking performance. Walking speed
obtained over a short distance seemed to overestimate long distance walking
capacity for the slow walkers, despite the environment.
Weakness in the lower extremities was associated with walking performance.
Multiple impairments seem to affect walking ability, and it is important to
prevent further deterioration of muscle strength that will ultimately affect
walking ability.
It seems that factors other than cardiorespiratory fitness influence the 6MWT.
HR and SBP indicate cardiovascular stress, but the use of only the 6MWT
distance as an indicator of cardiorespiratory fitness cannot be recommended.
As low physical activity levels are regarded as a great health-threatening
problem in the general population, it is of major importance to find ways to
promote physical activity in persons with disabilities.

46

Cristiane Carvalho Meirelles

Can physical performance be improved by aerobic capacity
training?
Can the improvements achieved with muscle strength
training result in functional gains?
Which factors influencing physical activity are the most
significant for activity and participation after stroke?
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Det övergripande syftet av föreliggande studie var att öka kunskapen om
fysisk prestationsförmåga och fysisk aktivitet hos personer med stroke i
senare skede.
I studien deltog totalt 83 personer med tidigare stroke boende i kommun
liksom 144 kliniskt friska individer från samma område. I studie I
undersöktes gångförmågan (hastighet och distans) i olika omgivningar såsom
inomhus i lugn respektive rörlig miljö, samt utomhus. Sambandet mellan
muskelstyrka i nedre extremiteterna och gångförmåga undersöktes i studie II
och jämfördes med resultatet från en referensgrupp av friska. I studie III
undersöktes sambandet mellan maximal fysisk kapacitet mätt under enbenscykling samt 6-minuters gångtest, liksom betydelsen av motorisk funktion
och balansfunktion för resultatet på 6-minuters gångtest. Självrapporterad
fysisk aktivitetsnivå jämfördes mellan personer med stroke och kliniskt friska
personer i studie IV och vidare undersöktes sambandet mellan den fysiska
aktivitetsnivån och kroppsliga variabler.
Det fanns inga skillnader i gångförmåga mellan de olika miljöerna för de
personer som gick långsamt (<0.8m/s). De snabba gångarna (>0.8m/s) gick
emellertid längre utomhus. I en parametrisk modell framkom ett icke-linjärt
samband mellan ett styrkeindex och gångförmåga. Modellen förklarade 37 %
av variansen för den självvalda hastigheten och 63 % för den maximala
hastigheten

i

stroke-gruppen.

Motsvarande

siffror

för

den

friska

referensgruppen var 20 % respektive 38 %. För 6-minuters gångtest
förklarade modellen 44 % i stroke-gruppen. Ett lågt till måttligt samband
förelåg mellan 6-minuters gångtest och resultatet från enbens-cyklingen
(VO2peak, Wmax och total träningstid) för det paretiska benet. Ett måttligt till
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högt samband sågs mellan för stroke specifika funktionsnedsättningar och
resultatet

från

6-minuters

gångtest.

Den

självrapporterade

fysiska

aktivitetsnivån var 72 % av för kön och ålder matchade kontroller. Ålder och
självvald hastighet förklarade cirka 30 % av variansen i stroke-gruppen.
Den fysiska miljön kan påverka gångförmågan. Vidare tycks gånghastighet
som uppmätts vid gång över 30 m överskatta kapaciteten för gång över längre
sträckor hos de personer som går långsamt (<0.8m/s), oavsett typ av fysisk
miljö. Det finns ett samband mellan muskelsvaghet i nedre extremiteten och
gångförmåga. Ett flertal funktionsnedsättningar tycks påverka förmågan till
gång och därmed är det viktigt att förhindra ytterligare muskelsvaghet som
ytterst kan påverka förmågan. Andra faktorer än förmågan till syrgasupptag
tycks påverka 6-minuters gångtest, varför detta test inte kan rekommenderas
att enbart användas som en indikator på syrgasupptag. Fysisk prestation i
form av gångförmåga, muskelstyrka, syrgasupptag och självrapporterad
fysisk aktivitetsnivå, var under förväntad nivå i jämförelse med friska
kontroller. Då en låg fysisk aktivitetsnivå allmänt anses vara ett stort hälsohot
är det av största vikt att hitta sätt att erbjuda möjligheter till fysisk aktivitet
för personer med funktionsnedsättningar.
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