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Abstract

The overall aim of this thesis was to evaluate the effects of strength 
training on muscle function, gait performance and perceived 
participation in subjects with chronic mild to moderate post-stroke 
hemiparesis.  

A main impairment after stroke is reduced muscle strength. This post-
stroke weakness is a major contributor to mobility limitations, which can 
prevent the resumption of activities of daily living and have an adverse 
effect on perceived participation: persons’ lived experiences of 
involvement in their life situation. Improving muscle function is 
important in stroke rehabilitation, but strengthening exercises have been 
controversial due to the hypothesized risk of increasing muscle tone.  

To be able to evaluate changes following strength training, we need 
equipment and methods that provide reliable measurements of muscle 
strength and gait performance and also an increased knowledge about 
the relationships between muscle strength, gait performance and 
perceived participation in chronic post-stroke subjects. In the first two 
studies the reliability of different tests, assessing isokinetic knee muscle 
strength and gait performance, was evaluated. In the third study the 
relationships between isokinetic knee muscle strength, gait performance 
and perceived participation were analysed. The 50 subjects participating 
in these studies (mean age 58 ±6.4 years, 6-46 months post-stroke) were 
able to walk independently, and could understand both verbal and 
written information. The results showed that all measurements for 
isokinetic knee muscle strength and gait performance were reliable and 
for each measurement, limits were set to detect real improvements 
following an intervention. The relationship between knee muscle 
strength in the paretic knee muscles and gait performance was 
significant, and gait performance was in turn related to perceived 
participation. This indicates that improvements in knee muscle strength 
could have a potential effect on gait performance and perceived 
participation. To evaluate changes following an intervention, both 
isokinetic knee muscle strength measurements and gait performance 
tests are reliable and sensitive enough to detect real (clinical) 
improvements. 
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In the fourth study the effects of progressive resistance training (PRT) 
on knee muscle function, gait performance and perceived participation 
were evaluated. Twenty-four subjects (mean age 61 ±4.9 years) 
participated in this single-blinded randomised controlled study (ratio 2:1 
training/control). All subjects were more than 6 months post stroke, 
could understand both verbal and written information, had muscle 
weakness greater than 15% in the paretic knee muscles (mean isokinetic 
peak torque at 60°/s) and were able to walk independently. The 
intervention consisted of PRT for the knee extensor and flexor muscles 
twice weekly, for ten weeks, at a load about 80% of maximum strength 
(6-8 reps, in 2 sets). Measurements of knee muscle strength, muscle 
tone, gait performance and perceived participation were performed 
before and after the intervention. The results showed that ten weeks of 
PRT significantly improved knee muscle strength, without any increase 
in muscle tone. Gait performance improved, with slow walkers at 
baseline having the best gains. Improvements in gait performance were, 
furthermore, related to improvements in perceived participation. For the 
control group there were some improvements in gait performance, but 
low or no increase in knee muscle strength and perceived participation.  

In conclusion, PRT improves knee muscles strength and gait 
performance, without any negative effects on muscle tone and 
improvements in gait performance, in turn, positively affects perceived 
participation. Thus, PRT is an effective form of training in chronic 
stroke patients that can be used both as physiotherapy treatment for 
those with residual hemiparesis and as fitness training for those with a 
minor disability. 
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Abbreviations and definitions 

6MW six minute walk 

BMS the variability between subject mean square 

CGS comfortable gait speed 

CI confidence interval 

FGS fast gait speed 

FIM functional independent measure 

ICC intraclass correlation coefficient 

ICF international classification of functioning, disability and 
health 

ICIDH international classification of impairments, disabilities and 
handicaps 

LOA limits of agreement 

MAS modified Ashworth scale 

Nm Newton meter 

PRT progressive resistance training 

PT peak torque 

RM repetition maximum  

ROM range of motion 

SCas stair climb ascend 

SCde stair climb descend 

SD standard deviation 

SE standard error 

SEM standard error of the measurement 

SEM% a percentage value of the standard error of the measurement 
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SIS stroke impact scale 

SRD smallest real difference 

SRD% a percentage value of the smallest real difference 

TUG timed “up & go” 

WMS the variability within subject mean square 

concentric movement - shortening of the contracting muscle during 
the movement action 

dynamic strength (isotonic strength) - the muscle strength in the mid 
range of a dynamic movement  

eccentric movement – lengthening of the contracting muscle during 
the movement action  

isokinetic strength - muscle performance measured in a dynamometer 
at a constant velocity with a variable resistance through the movement 

muscle strength – the maximal force or torque that can be generated 
by a muscle or muscle group at a specific velocity 

peak torque - the maximum point on the strength curve obtained 
during a contraction in Newton meter 
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Background 

Stroke  
According to the World Health Organization (WHO) stroke is defined as 
an “acute neurological dysfunction of vascular origin with sudden or at 
least rapid occurrence of symptoms or signs corresponding to 
involvement of focal areas of the brain”. Stroke is caused by a disruption 
of the blood supply to the brain, leading to damage of the brain tissue, as 
a result from either blockage (infarct 85%), a rupture of a blood vessel 
(intracerebral haemorrhage 10%) or other causes (i.e. subarachnoid 
haemorrhage 5%). In recent years 15 million people worldwide suffer a 
stroke annually, and 5 million of these are left permanently disabled (1). 
In Sweden there are more than 25 000 new incidents per year (2) with a 
total of about 90 000 persons in Sweden living with a disability due to 
stroke. The incidents of stroke doubles with each decade for individuals 
over the age of 60, which makes stroke a problem mainly for the ageing 
population. 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. 

There are several risk factors for stroke (3), many similar to those for 
arteriosclerosis. Many risk factors can be influenced by cardiovascular 
diseases preventions: for example efficient treatments for heart disease, 
hypertension and diabetes, and also support changes from an unhealthy 
lifestyle such as smoking habits, unhealthy diet and physical inactivity. 
During the last decade the incidence of stroke has declined, however, the 
prevalence of stroke has increased due to the ageing population. The 
number of stroke survivors in society today has never been greater. 
Having a stroke is regarded as an acute condition, comparable with an 
acute heart attack. It is important with immediate acute care to limit the 
brain damage (3). Specific stroke units with active managements have 
resulted in reduced mortality during the first year post stroke, fewer 
functional restrictions and a less need for institutional living for the 
stroke patient (4). 
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Consequences of stroke 
In the acute phase after stroke symptoms such as hemiparesis, lack of 
balance, speech and visual problems and cognitive dysfunction are 
common. Spontaneous recovery during the first weeks does occur (5) 
and many patients recover considerably during the first months post-
stroke with the peak of neurological recovery by weeks 12 to 13 post-
stroke (6-8). Despite this only a small proportion of all stroke patients 
are completely neurologically and functionally recovered and many 
stroke patients remain chronically disabled with a need for further 
rehabilitation for long periods (7, 9).  

Motor impairments are the most prevalent of all deficits seen after stroke 
(10). It has been reported that the hemiparesis after stroke can 
dramatically reduce the muscle mass available for contraction during 
physical activity and the weakness in the lower limb affects mobility, 
especially gait (7, 11-13). In the non-paretic limb there is also a 
reduction in muscle strength, evident at an early stage following stroke 
(14, 15). The muscle weakness negatively affects mobility and balance 
which in turn increases the risk of falling (4, 16). In healthy people 
immobilisation can lead to a rapid loss of cardiorespiratory fitness, 
muscular hypotrophy and adverse changes in local muscular metabolism 
(17, 18). Some clinicians have argued that muscle hypotrophy is not a 
primary problem post-stroke (19) and have stated: “the need for 
strengthening muscles is a secondary problem post-stroke as atrophy is 
rare in cases with spasticity, when the peripheral nerve supply is intact 
and atrophy usually develops late if at all”. This is now seriously 
questioned, and there is evidence to support the hypothesis that reduced 
level of physical activity leads to muscle atrophy also post stroke (20).  

Walking is one of the most important domains of the activities and 
participation components according to the International Classification of 
Functioning, Disability and Health (ICF) (21, 22). A major aim after 
stroke is to improve muscle function to regain transfer and walking 
ability (23-26). Even if a majority of persons post stroke (about 80%) 
regain walking ability, about 60% have an abnormal gait that prevents 
them  walking longer distances at a reasonable speed (27). Walking at a 
slow speed due to a hemiparesis can expend the same oxygen 
consumption as healthy people walking approximately twice as fast (28). 
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Carrying out everyday tasks might require a higher proportion of their 
maximum capacity leading to increased fatigue and may even result in 
avoidance of the task. The reduction in walking ability could be one 
explanation for difficulties in resuming daily activities, work and leisure 
occupations and thereby encroach upon perceived participation.  

Rehabilitation and health – the ICF framework 
Rehabilitation is a process delivered by an integrated team which 
includes the person in need of rehabilitation. “Health is a state of 
complete physical, mental and social well-being and not merely the 
absence of disease or infirmity" (WHO, 1946). In previous frameworks 
for health, the negative aspects have been emphasized: impairments, 
disability and handicap (ICIDH) (29). According to the new framework 
for health from WHO (2001), ICF (21), all domains included have both a 
positive and a negative aspect. The domains in ICF are divided into three 
main parts: body structure and function, activity and participation. 
Furthermore, environmental factors and personal factors are needed to 
understand the complexity of the rehabilitation process. There is an 
interaction between the different domains which affects health. An 
important shift of focus is the change from the term “handicap” as 
judged from the health professionals’ point of view, as compared with 
normality in society, to the term “participation”. Participation is defined 
as persons’ lived experiences of involvement in their life (21). During 
the acute phase care is focused on body structure and function. In 
rehabilitation different treatments to improve body function are also 
used, but the main goals in rehabilitation are set on the level of activity 
and participation (30). An important aim for scientific research in 
rehabilitation is to develop efficient treatment strategies to improve body 
functions that are beneficial for activity and perceived participation.  

One question to be answered is: are the different domains related? If 
there are relationships between function (knee muscular strength), 
activity (gait performance) and perceived participation post-stroke, then 
improvements in one domain might influence the others. Muscle 
strength has been shown to have a moderate to strong correlation to gait 
velocity post-stroke (31, 32) and studies have investigated the effects of 
strength training on gait performance, but the results are conflicting (33, 
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34). As participation is a new term most previous studies have focused 
on the activity limitations in terms of handicap. Currently we have very 
limited data demonstrating the effects on perceived participation by 
increased strength or improved walking ability (33). 

Muscle strength training  
Muscle strength can be defined as the maximal force that can be 
generated by a specific muscle or muscle group at a specific velocity 
(35). To generate sufficient tension in a muscle for the purpose of 
posture and movement is important for the performance of physical 
activities and activities of daily living. Muscle strength can decrease due 
to reductions in muscle mass or by inadequate voluntary activation. This 
muscular weakness, noted as a clinical sign or a symptom, can be due to 
factors such as inactivity, aging, disease and/or injury (18, 36-38). 

An effective way to improve strength in healthy individuals is 
progressive resistance training (PRT) (39). Almost 60 years ago the 
principles for PRT were described by DeLorme and Watkins (40). These 
principles can be summarised as: i) to perform few repetitions until 
fatigue (maximal 10), ii) to allow sufficient rest for recovery and iii) to 
progressively increase the resistance. In other words the muscle must be 
progressively overloaded to increase muscle strength in a way that does 
not cause overtraining (41). Adaptations to resistance training include 
enhanced neural function, increased muscle cross-sectional area, and 
changes in muscular architecture and metabolites (39, 42, 43). Strength 
training has traditionally been used in healthy adults to improve fitness 
and performance in sport (43), and in the last decade to maintain or 
improve muscular strength in the older population (44-47). Recently, 
strength training has also been recommended in overall fitness programs 
to reduce risk of diabetes and cardiovascular disease (43). For post-stoke 
patients there is now growing evidence that strength training can 
improve motor function and thereby reduce the risk for secondary 
complications of inactivity (33, 48). 
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Physiotherapy after stroke 
Physiotherapy in the early 1950’s focused on orthopaedic disorders. 
Thus, the emphasis of physiotherapy within the field of neuro-
rehabilitation was strength training of the non-involved muscles, joint 
mobility, bracing and training with orthotics. Dissatisfaction with the 
orthopaedic approach for addressing neurophysiological deficits such as 
spasticity and hypotonus as a result of brain disorders led to the 
development of treatments aimed at normalizing tonus. In general, the 
assumptions of the new neurophysiological approach were grounded in 
interpretations of a reflex-hierarchical model of motor control based on 
the earlier pioneer of physiological research (49). Physiotherapy 
treatments aimed at improving physical function after stroke that 
evolved from the reflex-hierarchical model can be summarised as: 
Bobath treatment (19), Brunnström model (50) and Proprioceptive 
neuromuscular facilitation (PNF) (51).  

According to the understanding of Bobath (19), motor deficits after 
stroke were primarily attributed to spastic hypertonus. Strength training 
of paretic spastic muscles was strictly prohibited, based on the 
assumption that muscle atrophy was not a contributing factor to post-
stroke weakness and that strength training would enhance the spastic 
resistance from antagonist muscle groups thus impairing function. On 
the other hand the architects of PNF, Kabat, Knott and Voss (51, 52) 
advocated the use of repetitive manual resistance to strengthen weak 
spastic muscles. Furthermore, the weak limbs should overcome the 
manual resistance which was to be applied in very specific movement 
patterns. Brunnström (50) documented her observations that spontaneous 
motor recovery post stroke followed a preset order of control over 
movement synergies. Brunnström hypothesised that these synergies 
should be encouraged to hasten recovery of voluntary control. Scientific 
evidence of the merits of treatments grounded in the neurophysiological 
approach was inadequately pursued and the treatment modes were 
spread worldwide through practical courses, single case observations 
and handbooks for clinical practice. The Bobath understanding of the 
nature of spasticity and motor deficits post stroke developed into a 
treatment concept (53) that dominated physiotherapy practice for acute 
stroke patients into the 1990’s (54-56). 
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In the early 1990’s Carr and Shepherd (5) seriously questioned the 
reasoning and assumptions of the Bobath concept. Using a deductive 
approach in which they gathered scientific documentation from the fields 
of neurophysiology, muscle physiology, motor learning, biomechanics 
and research on the theories of motor control, they concluded that motor 
deficits post stroke cannot solely be attributed to pathological 
hypertonus. They proposed that the physiotherapist must facilitate a 
relearning process whereby the patient, through cognition and practice, 
regains an improved motor control of meaningful activities. They also 
deducted that inherent muscle factors such as muscle fibre shortening, 
stiffening and hypotrophy due to a lower activity level post stroke 
contribute to the weakness. 

Most physiotherapy treatment after stroke has been based on clinical 
knowledge. Today physiotherapy treatment in the acute phase is mainly 
addressing the ability to regain motor control and mobility and to 
prescribe appropriate aids. The content of physiotherapy treatments from 
four different countries in Europe has been compared (26). In all 
countries a common content of physiotherapy treatments were the 
training of selective movements, but also exercises and balance training 
in sitting and standing and ambulatory exercises.  

In the last decade there is a growing demand in evidence-based medicine 
among medical professionals and an awareness of the importance of 
using beneficial treatments in rehabilitation. In several reviews the 
importance of good methodological quality of trials has been 
emphasized, (57, 58) and the study designs have been evaluated from 
different criteria such as: diagnosis, randomization, baseline comparison 
of groups, blindness of recipients and outcome assessors, reliability of 
outcome measurements, report of methods, loss to follow up and other 
potential confounders. Several reviews following these quality 
guidelines have addressed physiotherapy treatments after stroke (33, 34, 
59-61). Many trials have considered global approaches, rather than 
evidence for individual treatments. A study (59) comparing the effects 
from different treatment approaches after stroke, concluded that there 
was no evidence that any approach was clearly better than any other to 
improve leg strength or walking speed post-stroke. A study addressing 
the effect of physical fitness training post stroke (60) concluded that 
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available data are too incomplete to guide clinical practice about fitness 
training after stroke. 

Strength training after stroke 
One of the main impairments after stroke is muscle weakness (34, 62, 
63). Recent findings have shown that this post-stroke weakness is 
probably not due to resistance in spastic antagonists but to low force 
generation by the agonist muscle (64) and also mechanical changes in 
muscle or other soft tissue (65). There is today growing evidence that 
this muscle weakness is a primary source of motor impairment post-
stroke and that strength training can reduce musculoskeletal impairment 
post-stroke (33, 66) with no increase in hypertonus, antagonist resistance 
during voluntary movements, or decreased movement quality (66-72). 
The recommendations for stroke rehabilitation from the American Heart 
Association 2004 (73) and Physiotherapy Concise Guide for stroke in 
the United Kingdom (67) now include strength training. The American 
Heart association concludes that there are no accepted guidelines for 
determining when and how to initiate resistance training after stroke, but 
recommend 10 to 15 repetitions with 1-3 sets 2-3 days/week. This is 
similar to the recommendations for post-myocardial infarction patients 
and for healthy elderly individuals (43, 44). In a recent study by 
Andersen et al. (74) the importance of using appropriate training load to 
reach higher neuromuscular activation, than in more functional 
exercises, are highlighted. For healthy elderly, PRT with resistance loads 
of 80% of maximal strength or more has been used successfully (44, 46). 
Resistance training appears to be a safe and potentially beneficial form 
of exercise for the great majority of the population, even including 
categories of patients with neuromuscular disorders (75).  

An important issue is the generalization of the positive effect of PRT in 
healthy young and old subjects to a population of post stroke patients, 
and possible adverse effects of using PRT after stroke. Even if the brain 
damage causes the weakness after stroke, it is evident that for some 
individuals there are components of muscular hypotrophy (20, 76-79). 
Many stroke patients have had some time of immobilization in the acute 
phase affecting strength in both lower limbs (14, 15). Signs of inactivity 
in stroke patients have been shown to be due to both dysfunction and by 
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disuse (62, 80). Therefore PRT could have potential effects on both the 
neuromuscular activation pattern and on the skeletal muscle structure, 
similar to the effects in healthy persons. Recently the effects of PRT in 
chronic post-stroke subjects have been evaluated (69-72, 81-85). These 
studies have shown positive outcomes on muscular strength but only a 
few have been randomized controlled studies (71, 72, 83, 84). In the new 
Swedish National Guidelines for Stroke Care (Swedish National Board 
of Health and Welfare) (3), physical activity training to improve 
mobility is recommended but no recommendations for strength training 
are given. 

Independent walking is the ultimate goal for many post-stroke patients 
(23) and is one of the important domains of activities and participation in 
ICF core set for stroke (86). Despite that post-stroke weakness 
negatively affects gait performance, little is known about the type of 
training that would be most beneficial for stroke patients. Saunders et al. 
(60) reported that the available outcome data suggested that cardio-
respiratory training improves walking ability (mobility). The effects of 
physiotherapy treatments on functional outcomes have also been 
addressed in a recent review by van Peppen et al. (87). Strong evidence 
was found in favour of task-oriented exercise training, to restore gait 
performance and for strengthening the lower limb. However in the new 
guidelines for stroke from the Swedish National Board of Health and 
Welfare (3) it is concluded that there is low evidence that one treatment 
mode is more beneficial than another in training of motor ability.   

Outcome measurements 
In rehabilitation it is important to be able to evaluate the effects from a 
treatment. When choosing a measurement tool it is important that this is 
valid and reliable and that the measurement tools used address the 
different aspects of health (21). For example, even if the primary effect 
of strength training is that it really affects muscle strength, it is important 
that an improved strength positively affects also activity and 
participation.  

Measurements of muscle strength in the lower limb often include the 
knee muscles. After stroke there are indications that knee muscle 
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strength is an important muscle for mobility (88). Strength 
measurements from different joints in the lower limb post-stroke are 
furthermore significantly correlated indicating that weakness in one 
muscle group, will reflect weakness in other muscle groups of the lower 
limb (89).  

There are several methods to assess muscle strength post stroke (90). 
Previously the most commonly used measurement for muscle strength 
has been the 0-5 ordinal scale (Medical Research Council grades (63)). 
This method does not give completely objective measurements and is 
most appropriate in subjects with comprehensively reduced muscle 
strength. For subjects able to perform an isolated movement against 
gravity, other quantifiable tools could be used (91, 92). The most 
common form of dynamic strength measurement is the 1-repetition 
maximum (1RM), the greatest resistance that could be moved through 
the full range of motion in a controlled manner. Multiple RM can also be 
used as a measure of strength, e.g. the 6RM, that is the load that can be 
repeated 6 times but not more (43). Isometric and isokinetic strength can 
also be measured using a dynamometer at different velocities and modes 
i.e., concentric or eccentric.  

Spasticity, one component of the upper motor syndrome, is described as 
a velocity dependent resistance to passive movement. Today there is 
evidence to demonstrate that muscle tone is not only dependent of the 
upper motor syndrome, but involves changes in the passive mechanical 
properties of the muscle-tendon complex (34, 93). To test muscle tone 
different scales have been used (94, 95), biomechanical techniques such 
as the pendulum test (96), and the relationship between muscle EMG 
and reflex activity (97). In the clinic the most commonly used 
measurement of muscle tone is the Modified Ashworth scale (MAS) (95) 
measuring resistance to passive movement. However, resistance to 
passive movement is not only offered by hypertonus in spastic muscles 
(98).  

There are several instruments for assessing gait performance (90, 99-
101). If the overall gait performance is to be evaluated, gait speed has 
shown to be an excellent outcome measurement (102), and gait speed is 
an important variable when evaluating asymmetry in gait (103). The 
most commonly used gait performance tests assess fast and comfortable 
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gait speed (90), but also endurance like the 6- or 12-minutes walk are 
often used in the clinic (104, 105). One gait measurement that includes 
more complex movements is the Timed “Up & Go” test (TUG) (106) 
and tests of stair climbing performance commonly used as functional 
measurements tools (107, 108). A more analytic assessment of gait that 
involves observations of changes in symmetry and joint movements of 
the lower limb before and after an intervention have been used (103, 
109). 

Evaluations of the domain of participation are relatively new to the 
literature. Previous evaluations of handicap and quality of life have 
contained various global outcome measurements such as the Human 
Activity Profile (69), Physical Scale for the Elderly (85) or Late-life 
Function and Disability Instrument (84). These measurements include 
some aspects of participation but none fully cover the new approach in 
the ICF domain (21). A new stroke specific outcome measurement tool −
the Stroke Impact Scale (SIS) (110, 111) − has been developed to 
describe the consequences of stroke. This scale evaluates several 
domains that are affected by stroke and includes the domain of 
participation. As the participation domain can be analysed separately it 
can be used to assess changes following an intervention.   

Reliability 
Reliability refers to the reproducibility or repeatability of values of a 
test, in repeated trials on the same individuals (112). To evaluate the 
effects on a patient following an intervention, reliable measurement tools 
– both equipment and methods – are needed. Reliability is a broad 
concept that incorporates the agreement between measurements, the 
presence of systematic changes in the mean and the size of the 
measurement error (113). To be reliable a measurement has to be stable 
over time and sensitive enough to detect a clinically important change. 
An important aspect is the calculation of limits for the range of 
‘measurement noise’: measurements either for a group of individuals or 
for a single individual outside these limits would indicate the possibility 
of, for example, a clinical (possibly important) change after intervention.  
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The most common approach to assess reliability is to measure a group of 
subjects, comparable with those for whom the intervention is intended, 
on two test sessions (a test-retest study) (114, 115). Reliability can be 
determined for both continuous data and ordinal data by using different 
statistical methods (116). In recent years there is general agreement that 
a comprehensive set of statistics have to be used to evaluate reliability 
(112, 117-119). 

Several measurement tools for isokinetic muscle strength in the lower 
limb and gait performance have been evaluated for intra-rater reliability 
in post-stroke subjects (31, 99, 106, 120-129). Even if some of the tests 
were found to be reliable, the statistical analyses were not sufficiently 
comprehensive for the calculation of credible limits that would indicate 
clinically important changes following an intervention. 

The most commonly used measurement tools of muscle tone (MAS) 
have been evaluated for reliability and found to be reliable with the best 
reliability for mild spasticity and when the test-retest was rated by the 
same assessor (130-132). To evaluate the domain of participation the 
outcome measurement tool SIS can be used.  This scale has been tested 
and found reliable with low floor and ceiling effects (133, 134).  

The rationale for this thesis 
More than five years ago, when discussions about the design of these 
studies started, our main objective was to evaluate the effects of PRT in 
chronic post-stroke, independent walkers with mild to moderate 
hemiparesis. Before starting an intervention study, however, the 
reliability for different outcome measurements for strength and gait 
performance had to be evaluated. Even if some measurements had been 
analysed for reliability the analyses were insufficient and had not 
included calculations for measurement error for post-stroke subjects (99, 
106, 109, 121-128, 135, 136). Also, the relationship between knee 
muscle strength and walking ability had been investigated in several 
previous studies but the results were not clear (31, 32, 88, 96, 137-140).  

As the term participation had recently replaced the term handicap in the 
ICF (21) there was very limited knowledge of the relation between 
participation and other components in the ICF. Therefore, the 
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relationships between the different outcome measurements had to be 
analysed: how much of the variance in gait performance could be 
explained by knee muscle strength, and how much of perceived 
participation could be explained by gait performance? This would 
provide an estimate of the extent by which an increase in knee muscle 
strength might improve activity and participation.  

With this background a general aim and a set of specific aims were 
developed. 
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Objectives 

General aim 
The overall aim of this thesis was to evaluate the effects of progressive 
resistance training (PRT) on muscle function, gait performance and 
perceived participation in subjects with mild to moderate chronic post-
stroke hemiparesis. 

Specific aims 
• Can knee muscle strength and gait performance be reliably 

measured? 

• How large must a change be to assure a real clinical change after 
an intervention, for knee muscle strength and gait performance, 
for a group of individuals and for a single person?  

• Are there any relationships between knee muscle strength and 
gait performance and between gait performance and perceived 
participation, indicating possible gains if muscle strength is 
increased? 

• Can PRT improve knee muscle strength in subjects with mild to 
moderate hemiparesis after stroke and are there any adverse 
effects?  

• If PRT improves knee muscle strength does this improvement 
have an effect on gait performance and perceived participation? 
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Design of the studies 

The design of the four papers in this thesis are summarised in Table 1. 

Table 1.  The design of the four papers 

Paper Design Outcome measurements Statistical evaluations 

Paper I An intra-
rater test-
retest 
reliability 
study 

Knee muscle strength: 
isokinetic concentric 
extension and flexion at 
60º/s and 120º/s, and 
eccentric extension at 
60º/s 

The intraclass correlation 
coefficient (ICC2,1), the 
Bland & Altman analyses, 
the standard error of 
measurement (SEM and 
SEM%) and the smallest 
real difference (SRD and 
SRD%) 

Paper II An intra-
rater test-
retest 
reliability 
study 

Gait performance tests: 
TUG, CGS, FGS, SCas, 
SCde 

The intraclass correlation 
coefficient (ICC2,1), 
Pearson’s correlation 
coefficient, the Bland & 
Altman analyses, the 
standard error of 
measurement (SEM and 
SEM%) and the smallest 
real difference (SRD and 
SRD%) 

Paper III Descriptive 
analysis 

Knee muscle strength: 
isokinetic, concentric at 
60º/s. Gait performance 
tests: TUG, CGS, FGS, 
SCas, SCde and 6MW. 
SIS participation  

T-test for independent 
groups, stepwise multiple 
regression analyses, 
Pearson’s correlation 
coefficient, Q-Q plots and 
Kolmogorov-Smirnov tests  

Paper IV A single-
blind, 
randomised 
controlled 
intervention 
study 

Knee muscle strength: 
dynamic and isokinetic, 
concentric at 60º/s 
knee. Spasticity by 
MAS. Gait performance 
tests: TUG, FGS and 
6MW. SIS 
participation. 

Fishers exact test, t-test for 
independent and paired 
groups, Mann-Whitney U 
test, Wilcoxon’s sign rank 
test, Pearson’s correlation 
coefficient, Kolmogorov-
Smirnov test 
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Reliability 

The first two objectives were covered in papers I and II using an intra-
rater test-retest design. The same physiotherapist supervised the sessions 
which were one week apart.  

The intraclass correlation coefficient (ICC2,1) and Pearson’s r were 
calculated (141). The ‘Bland & Altman analyses’ were applied to 
identify, and to evaluate, systematic changes in the mean and the ‘Bland 
& Altman graphs’ were formed to visualize the variations in the 
differences of the measurements about zero (114, 115). The limits for the 
measurement error were calculated, the SEM% and the SRD%, which 
are to be used to indicate when the results from repeated measurements 
lie outside the range for measurement noise for a group or for a single 
individual, respectively (116, 142).  

Relationships between different domains of health  

The third objective, reported in paper III, was addressed by identifying 
firstly the relationships between knee muscle strength and gait 
performance, and secondly the relationships between gait performance 
and perceived participation. To determine these relations and the 
possible influence of other factors not related to knee muscle strength 
(sex, age, time since stroke onset and side of weakness) stepwise 
multiple regression analyses were performed (116).  

Effects of progressive resistance training 

The fourth and fifth objectives were investigated in paper IV, using a 
single-blinded randomized controlled trial design (stratified by sex, ratio 
training/control 2:1). The effects from 10 weeks of PRT (6-8 repetitions, 
equivalent to a load of approximately 80% of 1RM, 2 sets, twice 
weekly) of the knee extensor and flexor muscles were evaluated by 
comparing the results from the outcome measurements before and after 
for dynamic (isotonic) and isokinetic concentric knee muscle strength, 
muscle tone, gait performance and perceived participation.  
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Subjects 
A summary of the characteristics of the subjects in the four papers are 
presented in Table 2.  

Paper I-III 

The inclusion criteria were: i) a minimum of 6 months and a maximum 
of 48 months post-stroke (only cortical/subcortical); ii) residual 
hemiparesis at discharge from interdisciplinary rehabilitation services; 
iii) at the time of the study no medication, cognitive dysfunction, 
neglect, visual deficit, depression, or other physical or mental diseases 
that could impact upon knee muscle strength, gait performance or 
perceived participation; iv) able to understand both verbal and written 
information; and v) able to walk without supervision at least 300 m with 
or without a unilateral assistive device.

All subjects in paper I-III had been treated in the Department of 
Rehabilitation Lund University hospital during the period 2000-2002. A 
total of 59 potential subjects were identified. From these, 50 subjects (38 
men and 12 women) met the inclusion criteria and gave informed 
consent to participate in the studies. The sex ratio reflects the number of 
men and women admitted to the Comprehensive Integrated 
Rehabilitation Unit during the period 2000-2002 (122 men and 48 
women). 

Paper IV 

The inclusion criteria used in paper I-III were slightly modified. To 
assure that all subjects had a post-stroke weakness the minor level for 
weakness was set at 15% reduction of strength (isokinetic mean peak 
torque at 60º/s) as smaller strength differences could be attributed to the 
measurement error (143). Subjects able to walk at least 200 m were also 
accepted. All subjects for paper IV were recruited from the two 
University hospitals in the south of Sweden. From 133 potential 
subjects, 25 subjects were interested in participating and met the 
inclusion criteria (22 % of the potential subjects for the women and 17% 
for the men). There was one drop-out in the training group, not due to 
PRT.  
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The flow chart and test steps for paper IV are illustrated in Figure 1. 

133 
potential 
subjects

35 
eligible subjects gave 
informed consent and 

were tested 

25 
met the inclusion 
criteria and were 

randomized

10 
did not meet 
the inclusion 

criteria

9
completed 

the 10 week 
intervention

15 
completed 

the 10 week 
intervention

16 
into the  
training
group

9
into the  
control
group

1
drop-out 

Figure 1. Study flow chart.
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were 
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9
were 
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Step 1 

Step 2 

Step 3 

Step 4 

Step 5 

Step 6 



STRENGTH TRAINING AFTER STROKE 

28

• Step 1: From the 133 potential subjects contacted (84 men and 
49 women, mean age 62 (44-70) years), 78 did not meet the 
inclusion criteria (43 too strong, 13 too weak, 22 medical 
reasons) and 20 were not interested. 

• Step 2: The remaining 35 subjects gave informed consent and 
were tested for muscle tone, gait performance, perceived 
participation and isokinetic knee muscle strength. From these 
subjects, 10 did not meet the inclusion criteria (4 too strong, 1 
too weak, 5 medical reasons) 

• Step 3: The 25 subjects that fulfilled the inclusion criteria were 
stratified by sex, and randomized into either a training group 
(n=16) or a control group (n=9) 

• Step 4: Dynamic strength was tested before the start of the 
intervention. 

• Step 5: The training group participated in 10 weeks of PRT (in 
this group there was one drop-out) and the control group 
continued their usual activities and training at home. During the 
last two weeks of the intervention the dynamic strength was 
retested. 

• Step 6: The measurements for isokinetic strength, muscle tone, 
gait performance and perceived participation were repeated 
directly after the ten weeks intervention.
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Outcome measurements 
Isokinetic strength 

Isokinetic strength measurements 
were performed on a Biodex 
dynamometer (Figure 2). In papers 
I and III the Biodex Multi-Joint 
System II with the Biodex 
Advantage software version 4.0 
was used, and in Paper IV the 
Biodex® Multi-Joint System 3 
PRO dynamometer was used. 
There were no changes in 
performing the tests the differences 
between the two systems were in 
the developed software. The same 
test protocol, instructions and 
warm-up was used in the test 
session to ensure similar conditions 
for the different measurements. 
Before testing each day the 
equipment was calibrated. The 
subjects were positioned in the 
seat, with back support and hip 
flexion 85°. The subjects were 

Table 2. Summary of the characteristics of the subjects in paper I-IV 

Numbers 
(men/ 

women) 

Mean 
age 

(years) 

Time 
since 
stroke 

(months) 

Subjects 
with 

infarct 
(n) 

Subjects 
using 

walking 
aid (n) 

Subjects 
with left 

side 
paresis 

(n) 

Paper I-III 50
(38/12) 

58 ±6 
(46-72) 

17 ±9 
(6-46) 

37
(74%) 

11
(22%) 

30
(60%) 

Paper IV 24
(14/10) 

61 ±5 
(53-70) 

19 ±9 
(7-48) 

18
(75%) 

7
(29%) 

15
(62%) 

Figure 2. Isokinetic knee muscle 
strength measurement, performed in 
a Biodex dynamometer. 
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firmly stabilized with straps across the shoulders, waist and thigh. The 
ankle cuff of the lever arm was strapped 3 cm proximal to the malleoli of 
the tested limb. Before each measurement the full range of motion 
(ROM) was set. To account for the influence of the gravity effect torque 
on the data, each subject’s lower limb was weighed and the Biodex 
software corrected the data, and the subject’s knee joint was adjusted to 
the movement axis of the dynamometer.  

After a structured warm-up, each subject performed different sets of 
maximal isokinetic contractions starting with concentric extension and 
flexion, and if eccentric extension was measured (paper I) it was the 
final test. There was a minimum of 2 minutes rest between each 
measurement. For each mode the testing started with the non-paretic 
lower limb, followed by the paretic lower limb. The best muscle 
contraction for extension and for flexion, for each mode and velocity, 
was recorded as the peak torque. Throughout the tests, subjects sat with 
folded arms and were verbally encouraged to push and to pull as hard 
and as fast as possible.  

In the reliability study (paper I) different modes and velocities were used 
according to recommendations from Dvir 1995 (92), to find the most 
appropriate isokinetic measurements for evaluation of the PRT 
intervention. The measurements tested in paper I were: isokinetic 
concentric knee extension and flexion movements at two velocities 
(60°/s and at 120°/s) followed by eccentric knee extension at 60°/s. Even 
if all strength measurements were found to be highly reliable there were 
difficulties for some subjects to performe at higher velocities (120°/s) 
and in the eccentric mode. The isokinetic concentric knee extension and 
flexion movement at 60°/s were therefore chosen as the outcome 
measurements of isokinetic strength in papers III and IV.  

Dynamic strength  

In paper IV, dynamic strength was used as an additional measure of knee 
muscle strength. The measurements of dynamic strength were performed 
at a separate test-session before the intervention. A pneumatic resistance 
exercise machine (HUR; see Figure 3) (144), giving resistance on both 
the concentric and eccentric movements was used. 
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For knee extension and knee 
flexion, the range of motion and 
the maximal load were determined 
for each subject, in their paretic 
and non-paretic lower limbs. The 
load that could be moved through a 
comfortable range of motion six 
times but not more than eight times 
was considered equivalent to 80% 
of the maximum load. Each value 
was used to set the training load 
and as the baseline value in the 
evaluation of the intervention. 
Even if dynamic strength 
traditionally is assessed with the 
1RM, the greatest resistance that 
can be moved through the full 
range of motion, multiple RMs –
for example, 4RM or 8RM – have 
been used as a measure of 
muscular strength. This allows an 
integrated evaluation in the training program and the true 1RM need not 
be estimated (43). The values from the multiple RM, calculated in 
Newton meters (Nm), were used to evaluate dynamic muscle strength 
and to set the training load at the start of the PRT.  

Muscle tone 

To assess muscle tone the modified Ashworth scale (MAS) was used 
(94, 95). The MAS is a 6-point rating scale, ranging from 0 (no increase 
in tone, both low and normal tone) to 5 (the limb is rigid in flexion or 
extension). The subject was lying in a supine position without shoes and 
the paretic lower limb was moved passively and quickly, 3-4 times in 
succession. The tested muscle groups were: hip adductors, hip extensors 
and flexors, knee extensors and flexors and ankle dorsiflexors and 
plantar flexors. As only the paretic lower limb was tested, the maximum 
score was 35. The outcomes from the MAS were used as a pre-test 
assessment to characterize the subjects in paper I-II and in paper IV 

Figure 3. Dynamic strength 
measurement performed in a 
pneumatic resistance exercise
machine. 
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before and after the intervention to evaluate any effect from PRT on 
muscle tone. 

Gait performance 

In paper II the reliability of several gait performance tests was assessed. 
All these tests have been used in healthy elderly subjects (145, 146) and 
for the assessment of gait performance after stroke (90, 99-101).  
However, many tests are fairly extensive, time consuming or require 
sophisticated laboratory equipment. The six gait performance tests 
evaluated in paper II were selected because they were easy to administer 
and meaningful to the patients. As these tests cover different aspects of 
gait performance, such as velocity, endurance and the complexity of gait, 
they provide a comprehensive picture of walking capacity after stroke. A 
more analytic assessment of gait performance might have been useful to 
assess changes in gait pattern which might to some extent explain 
changes in gait speed. 

All tests followed a structured protocol 
to assure that the same verbal 
command and rest time between the 
different tests were used, at the 
different test sessions. All subjects 
wore comfortable shoes and were, if 
needed, allowed to use their ankle-foot 
orthosis and assistive device. No 
verbal encouragement was given 
during these tests. A digital stopwatch 
with an accuracy of one decimal figure 
in units of 1 sec was used to measure 
time. 

TUG is a test commonly used in frail 
elderly and post-stroke patients (106). 
We used the original design and 
instructed the subjects to walk at a 
comfortable speed, ‘like fetching 
something in your kitchen’ (Figure 4). 
The TUG is a complex gait 

Figure 4. TUG, one of the gait 
performance tests. 
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measurement including both the ability to raise and sit down from a 
chair, walking 3 m and turning around. The subjects made a pre-trial to 
become familiar with the test and then performed the TUG twice, with 
one minute between each trial. The mean time in seconds from these two 
trials was used in the analysis.  

For gait velocity both comfortable gait speed (CGS) and fast gait speed 
(FGS) were tested. A 14 m distance was marked and the time taken to 
walk the middle 10 m was recorded.  These tests were each done three 
times, with 30 seconds between. The mean time was calculated for each 
of the two tests, and used in the analyses. The velocity in metres per 
second was calculated to make it easier to compare with results from 
other studies.   

The ability to climb stairs, both ascend (SCas) and descend (SCde) was 
measured by using an ordinary stair with 12 steps (each step was 15 cm 
high). The subjects performed both ascend and descend stair climb two 
times, with 30 seconds in between. The mean time was calculated and 
used in the analyses.  

To evaluate the aspect of endurance in gait performance the 6-minute 
walk test (6MW) was used. The test was conducted in a corridor in a 
quiet part of the hospital. There were two marks on the floor with 30 m 
in between. The subjects were instructed to walk the 30 m and after 
passing either mark they were told to return and walk back. They were 
instructed ‘to walk as far as possible during six minutes’ and they were 
allowed to rest and then to continue walking, if there was any time left. 
This test was done once and the distance was recorded to the nearest 
meter.  

The gait performance tests started with the ‘comfortable speed’ tests 
such as TUG and CGS and ended with the endurance test (6MW). The 
resting time between trials and tests (varying from 30 seconds to 5 
minutes) was regarded long enough for recovery.  

In paper III the results from all these 6 gait performance tests were 
related to concentric knee muscle strength and to perceived participation. 
In paper IV only three of the tests were used (TUG, FGS and 6MW). 
They were chosen as they were reliable, sensitive to changes, 
significantly related to paretic knee muscle strength and participation, 
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and covered different aspects of gait performance. As the subject should 
perform both gait performance tests and isokinetic strength 
measurements in the same test session three gait performance tests were 
regarded as sufficient. 

Perceived participation 

In papers III and IV perceived participation was assessed by Stroke 
Impact Scale 3.0 (SIS; Swedish version) (111). SIS is a self-report 
questionnaire that assesses eight aspects of the impact of stroke on an 
individual’s self-perceived health with one domain addressing perceived 
participation. SIS is administered by a medical professional in an 
interview (Figure 5). All items are scored on a 5-grade scale from 5 
(limited none of the time) to 1 (limited all of the time). The mean for 
each domain is calculated and can be analysed separately. SIS has been 
shown to be both valid and reliable (111, 133, 147).  

As the relationship between gait performance and perceived 
participation was of specific interest, only the data from the SIS 

Participation domain were used. SIS 
Participation addresses the impact of 
stroke on: work; social activities; quiet 
recreations; active recreations; role as a 
family member; religious activities; life 
control; and ability to help others. For 
each subject, the mean score of these 
eight items was calculated as a 
composite score and converted into a 
percentage value which yields a value 
lying in the range 0 to 100, according to 
Duncan et al. (110). High values 
represent no or low restriction in 
participation whereas low values 
indicate more restricted participation. 

Figure 5. The SIS interview.
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Statistics 
All calculations were performed using the SPSS 11.0 Software for 
Windows. Significance levels exceeding 0.05 were considered 
statistically not significant.

Reliability statistics 

Several statistical methods are required to fully assess the reliability of a 
measurement tool (118). This includes assessments of retest correlation 
coefficients, changes in the mean, measurements variability and limits 
for clinically important changes following an intervention. In paper I and 
II a comprehensive set of reliability statistics was performed. Firstly the 
agreement between two measurements was addressed by calculating the 
intraclass correlation coefficient (ICC) (141). The ICC2,1 was used as 
this form is applicable when all subjects are tested twice by the same 
rater. 

The possibility of systematic changes in the mean was assessed with the 
‘Bland & Altman analyses’ (114, 115). These calculations include the 
changes in the mean of a measurement (d̄ = the mean difference between 
the two test sessions) and the standard deviation of the d̄, used to 
calculate the 95% confidence interval (CI) of the d̄. If zero is within this 
interval there is no systematic bias. The difference between test sessions 
2 and 1 (2 minus 1) was plotted against the mean of the two test sessions 
for each subject: these are commonly called the ‘Bland & Altman 
graphs’. These graphs illustrate systematic variations around the zero 
line, heteroscedasticity – a wider spread when the mean values are larger 
or lower – and possible outliers. The possibility of heteroscedasticity 
was addressed by forming the Pearson’s correlation coefficient of the 
absolute differences between test sessions 2 and 1 and the means of the 
two test sessions (116).  

To ascertain whether or not the measurements were sufficiently sensitive 
to detect change after an intervention the limits for the measurement 
error were calculated. The measurement error indicates when the results 
from a repeated measurement are outside the measurements noise for a 
group respectively for a single individual. The SEM (116) is calculated 
as the square root of the within subject mean square error from the 
analysis of variance. A percentage value, independent of the units of 
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measurements can be calculated by dividing the SEM by the mean of all 
measurements and multiply by 100, giving the percentage value which is 
more easily interpreted. This SEM% indicates the typical variation for a 
group of subjects and can be used to interpret the results after an 
intervention. A way of evaluate clinically important change for an 
individual is to calculate the SRD (1.96 x SEM x√2), introduced by 
Beckerman et al. (142). As for the SEM the SRD can be divided by the 
mean of the measurements and multiplied with 100, to give a percentage 
value SRD% (118) indicating a ‘typical variation’ for a single 
individual. 

Statistical evaluation 

Different statistical methods were used in papers III and IV (116). The 
independent sample t-test, the Fishers exact test and the Mann-Whitney 
U-test were appropriate for comparing groups. When the same group 
was assessed twice, repeated measurements were compared using the 
paired t-test and Wilcoxon’s sign rank test. Correlations between 
different variables were illustrated by forming scatter-plots and tested 
with the Pearson’s correlation coefficients (r). To determine 
relationships between different independent factors, stepwise multiple 
regression analyses were performed. Normality was addressed in scatter-
plots, in Q-Q plots and One-Sample Kolmogorov-Smirnov tests.  

Ethical considerations 
The subjects in paper I to III were selected from the databases of the 
Department of Rehabilitation, Lund University Hospital. In paper IV 
potential subjects were selected from the databases from two university 
hospitals in the south of Sweden. All subjects were first contacted by a 
professional from their own clinic. The purposes of the studies were 
described, and those subjects expressing an interest in participating were 
given further information both verbal and written about the test 
procedures and for paper IV the training procedures. Before the first test 
session, all subjects completed a questionnaire giving demographic and 
medical information, gave written informed consent and were medically 
checked by the responsible physician. All subjects were informed about 
their right to leave the study at any time without giving any reason.  
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In paper IV all subjects were at the first test session again informed 
about the randomization procedure, and that they might not be 
randomized to the strength training group. All subjects participating in 
the study were interested in strength training, expressing an expectation 
that the training should improve their muscular strength. Some subjects 
randomized to the control group expressed disappointment, although 
they were aware of the randomization process. All subjects in the control 
group were encouraged to continue their training at home, received 
advice about suitable forms of physical activities and were informed that 
all activities except PRT could be performed during the intervention. 
During the intervention the subjects in the control group were all 
contacted by phone 2-3 times and they came back twice to test dynamic 
strength and for an interview about their home training activities and 
treatments during the intervention.  

The risk of increased tonus or any injury due to PRT was considered. 
Even if post-stroke subjects previously have been advised not to 
participate in PRT due to the risk of increase muscle tonus there were 
several new studies indicating that muscle tone does not increase due to 
PRT (66-72). There are also recent findings that spasticity is present in a 
minority of hemiparetic post-stroke subject and rare in those with mild 
to moderate disability (148). Mechanical changes in muscle or other soft 
tissue can also influence the resistance to passive movement (65). 
Because of these factors, strict recommendations for warm up for all the 
testing and training protocols were followed (43). During the PRT the 
resistance for each subject was gradually increased: the subjects did a 
larger number of repetitions at each training session and the resistance 
was increased every second week. After each training session the trained 
muscles were also stretched using a static technique, recommended as 
being an effective technique to promote the maintenance of flexibility 
with low risk of injury (43).  

The studies were approved by the Ethics Research Committee of Lund 
University, Lund, Sweden (LU 234-01 and Dnr H4 163/2005).  
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Results and discussion 

In Table 3 a summary of the results from the first test-session for all 
subjects in paper I-III and paper IV are presented  

Table 3. Summary of the measurements from the first test sessions  

Paper I –III  

(n=50)

Paper IV 

(n=24)

Test Mean SD Range  Mean SD Range 

Knee muscle 
strength; isokinetic, 
concentric (Nm) 

Extension at 60º/s 

Non-paretic 131.2 42.5 60-239  119.4 38.6 64-203 

Paretic 86.9 40.3 8-193  62.1 32.1 22-144 

Flexion at 60º/s        

Non-paretic 68.6 27.0 13-141  54.7 21.3 25-114 

Paretic 41.2 25.1 8-109  15.6 17.5 0-59 

Gait performance 

Timed Up & Go (s) 14.3 5.2 7.5-25.7  28.0 14.1 10.9-55.3 

Fast Gait Speed (m/s) 1.34 0.5 0.5-2.2  0.81 0.46 0.2-1.6 

6-Minute Walk (m) 384 132 122-606  230 133 60-434 

Participation 

SIS participation 76.2 18.4 34-100  56.8 20.5 25-97 
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Reliability 
The results showed that in chronic post-stroke subjects with mild to 
moderate weakness isokinetic knee muscle strength and gait 
performance can be reliably measured. The tests can be used to detect 
changes following an intervention for a group. The data for all the gait 
performance tests are highly related and appear sensitive enough to 
detect changes in an individual subject. However, for the isokinetic 
dynamometry only the extension measurements are sensitive enough to 
detect individual changes. The reliability results of paper I-II are 
summarised in Table 4 and Table 5. 

Three main factors influence the reliability of a test: the tested subject, 
the sample size and the test protocol. The subjects included in these 
studies had all recovered well after their stroke but were still restricted 
by their hemiparesis. The results from these studies are therefore 
primarily representative for fairly active post-stroke individuals. A 
reliability study is influenced by the sample size of the group tested. It 
has been recommended that in test re-test studies the sample size should 
be at least 30 and preferably 50 (112, 149). As a general principle the 
larger the sample size of test re-test reliability studies the more 
compelling is the argument for extrapolating the measurement tool to a 
given population. The test protocol can also have several sources of 
error. These have to be recognised and their effects reduced to optimize 
reliability. In these studies all tests and test protocols were strictly 
standardised and the protocols were carefully followed.    

Even if all isokinetic strength measurements were reliable and can be 
used to detect changes that indicate a real improvement for a group, 
there are some restrictions. Two subjects were not able to perform 
concentric knee flexion at higher velocity and six could not perform the 
eccentric knee extension measurements. This means that concentric 
measurements at lower velocities might be preferred as an outcome 
measurement of isokinetic knee muscle strength. Furthermore, the 
measurements of flexion movements might be insufficiently sensitive to 
allow the detection of changes for an individual subject. For the gait 
performance all tests were reliable with the best sensitivity for 
identifying changes for FGS and 6MW. This indicates the usefulness of 
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the gait performance tests, as they can be used to evaluate changes for 
both a group and an individual subject after intervention. 

Table 4. Isokinetic knee muscle strength; Nm (n=50) 

Test  ICC 2,1 SEM% SRD% 

Concentric knee muscle strength  

Extension at 60º/s    

Non-paretic 0.92 9 26 

Paretic 0.94 12 33 

Flexion at 60º/s    

Non-paretic 0.89 14 39 

Paretic 0.92 17 48 

Extension at 120º/s    

Non-paretic 0.93 10 27 

Paretic a 0.95 11 31 

Flexion at 120º/s    

Non-paretic 0.89 9 42 

Paretic a 0.93 6 55 

Eccentric knee muscle strength 

Extension at 60º/s    

Non-paretic b 0.96 8 22 

Paretic b 0.95 9 25 

a n=48; b n=44;  

ICC Intraclass Correlation Coefficient; SEM Standard Error of the Measurement;  

SRD Smallest Real Difference. 
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Table 5. Gait performance tests (n=50) 

 Test ICC 2,1 SEM% SRD% 

Gait performance 

Timed Up & Go (s) 0.96 8 23 

Gait Speed (m/s)    

Comfortable  0.94 8 22 

Fast  0.97 6 16 

Stair Climbing (s)    

Ascend  0.98 7 18 

Descend  0.98 8 23 

6-Minute Walk (m) 0.99 5 13 

ICC Intraclass Correlation Coefficient; SEM Standard Error of the Measurement;  

SRD Smallest Real Difference. 

Relationships between different domains of health 
The results from paper III showed that all correlations between 
isokinetic concentric knee muscle strength in the paretic limb and gait 
performance were significantly related (p<.01), with no significant 
correlations between gait performance and knee muscle strength in the 
non-paretic limb (Table 6). Knee muscle strength in the paretic limb 
explained up to 50% of the variance in gait performance, with very 
similar values for knee extension and knee flexion strength. When knee 
muscle strength in the paretic and non-paretic lower limbs was 
combined, strength in the non-paretic limb contributed up to 11% (eight 
of the twelve analyses), but together they explained at most 51% of 
variance in gait performance.  

In this study gait performance and perceived participation was found to 
be significantly related post-stroke and gait performance could explain 
up to 40% of the variance in perceived participation (Figure 6). There 
were only small differences between the results for the different gait 
performance  
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Table 6. Correlation between the gait performance tests and the isokinetic knee 
muscle strength measurements (r), and the results from the linear regression 
analyses (R2)

TUG CGF FGS SCas SCde 6MW 

Extension 60º/s       

Paretic -0.65** 0.61** 0.67** -0.58** -0.61** 0.70** 

Non-paretic -0.14 0.12 0.19 -0.07 -0.13 0.26 

Paretic (R2) 0.42 0.37 0.44 0.34 0.38 0.49 

Paretic and 
non-paretic 
(R2) 0.51 0.46 0.50 0.45 0.46 - 

Flexion 60º/s       

Paretic (r) -0.64** 0.61** 0.65** -0.61** -0.61** 0.71** 

Non-paretic 
(r) -0.15 0.09 0.15 -0.06 -0.10 0.25 

Paretic (R2) 0.42 0.37 0.42 0.37 0.37 0.50 

Paretic and 
non-paretic 
(R2) - 0.42 - 0.44 0.42 - 

** p<0.01       
TUG, Timed-up-and-Go; CGS, Comfortable Gait Speed; FGS, Fast Gait Speed;  

SCas Stair Climbing ascent; SCde, Stair Climbing descent; 6MW, 6-Minutes Walk. 

tests: even though they measure different aspects of walking ability, the 
six gait performance tests are strongly related. When other independent 
variables (sex, age, time since stroke onset, type of stroke and side of 
weakness) were added in the multiple regression analyses, increasing 
age contributed, although to a small degree, to the explanation of both 
gait performance and SIS Participation. 
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Our results confirm the general contention that knee muscle strength is 
positively related to walking ability after stroke. The lack of relationship 
between knee muscle strength in the non-paretic lower limb and gait 
performance indicates that strength in the non-affected lower limb post-
stroke is much less important for the walking ability than strength of the 
affected lower limb. The measurements of knee muscle strength and the 
assessments of gait performance used in this study were highly reliable 
and the sample size was, in our opinion, large enough for the 
conclusions drawn.  

Gait performance and perceived participation post-stroke was found to 
be significantly related. To measure perceived participation we used SIS. 
It has been shown to have good internal consistency and validity, to be 
easy to administer and to cover several important aspects of social 
functioning. Only four subjects obtained the maximum score of 100 and 
no subject obtained the minimum score of 0, indicating low floor and 
ceiling effects for this group of stroke patients.  

The results in this study imply that improvements in knee muscle 
strength following an intervention, such as progressive resistance 

Figure 6. The relation between SIS participation and gait performance. A better 
gait performance corresponded to higher SIS values (p<0.01)
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training, may partly affect gait performance and gait performance, in 
turn, may influence perceived participation but to a smaller degree.  

Effects of progressive resistance training 
The primary aim of paper IV was to assess the effect of PRT in subjects 
with chronic mild to moderate post-stroke hemiparesis on knee muscle 
function, dynamic and isokinetic muscle strength, and muscle tone. The 
second aim was to evaluate if changes in strength affect gait 
performance and if this in turn impacts on perceived participation. 

Dynamic strength measurements and isokinetic concentric measurement 
at 60°/s, for both paretic and non-paretic knee extension and knee 
flexion, were significantly related both before and after the intervention 
(r=0.76 to r=0.87; p<0.001). For the training group, both the dynamic 
and isokinetic knee muscle strength increased significantly both for the 
paretic and the non-paretic lower limb after PRT. All percentage 
differences for isokinetic strength exceeded the SEM% values indicating 
a real clinical improvement (Table 7). For the control group, only the 
non-paretic lower limb increased significantly in dynamic strength. For 
each of the four measurements, the increase in dynamic strength was 
significantly greater for the training group than for the control group 
(p<0.001). The increase in the isokinetic strength of the non-paretic 
lower limb was significantly greater for the training group than for the 
control group (p=0.049 for flexion; p=0.050 for extension), but there 
were no significant differences between the two groups for the paretic 
leg.  

There were no negative effects from PRT: that is, there were no injuries 
and muscle tone was significantly lower after the intervention for both 
the training group (median 1, 0/7; p=0.005) and for the control group 
(median 1, 0/4; p=0.017). For the training group, the ratio between the 
strength of the flexor and extensor muscles in the paretic lower limb 
increased after the intervention, for both dynamic and isokinetic knee 
muscle strength (p= 0.052 and p= 0.016), indicating that the flexors had 
improved relatively more than the extensors. The increases in dynamic 
strength and the baseline values were not related. However, the increases 
in isokinetic strength for non-paretic extension were related to the 
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baseline values in the training group and the increases in paretic flexion 
strength were related to the baseline values in the control group. 

SEM Standard Error of the Measurement  

Table 7. Changes after PRT for knee muscle strength measurements, gait performance 
and perceived participation 

Training group 
(n=15) 

Control group 
(n=9) 

Between 
groups 

Test Diff Sign Diff Sign SEM% Sign 

Dynamic tests 

Extension        

Non-paretic +44% p<0.001 +8% p=0.034 p<0.001 

Paretic +54% p<0.001 +3% p=0.482 p<0.001 

Flexion      

Non-paretic +40% p<0.001 +9% p=0.003 p<0.001 

Paretic +70% p<0.001 +5% p=0.087 p<0.001 

Isokinetic  tests 

Extension       

Non-paretic +14% p=0.008 -1% p=0.875 9% p=0.045 

Paretic +21% p=0.003 +0% p=0.969 12% p=0.304 

Flexion      

Non-paretic +21% p=0.001 +5% p=0.309 14% p=0.050 

Paretic +64% p=0.006 +21% p=0.066 17% p=0.412 

Gait 
performance 

TUG (s) +19% p=0.001 +10% p=0.001 8% p=0.123 

FGS (m/s) +8%  p=0.044 +9%  p=0.056 6% p=0.421 

6MW (m) +10% p=0.007 +6%  p=0.054 5% p=0.090 

Perceived 
participation 

SIS (%) +8%  p=0.205 -6 %  p=0.644  p=0.606 
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This indicates that those performing less well at baseline improved 
more. There were no significant differences between men and women in 
the increase of knee muscle strength.  

Furthermore even if dynamic strength measurements have not been 
evaluated for reliability, these measurements were significantly 
correlated to the isokinetic knee strength measurements at 60°/s. This 
indicates that measurements of dynamic strength can be used to assess 
knee muscle strength in chronic post-stroke subjects. The dynamic 
strength measurements are easy to perform and more expensive 
isokinetic dynamometers are not absolutely required. 

After PRT the training group improved significantly in all gait 
performance tests and all percentage differences exceeded the SEM% 
values (Table 7). The percentage increases in FGS and 6MW were 
significantly related to their baseline values (Figure 7), but there were no 
relationship to the percentage improvement in strength. For the control 
group, there was a significant increase for TUG, but not for FGS or 
6MW, but all percentage differences exceeded the SEM% values.  

Figure 7. The relationship between baseline values and percentage changes for fast 
gait speed (FGS) and six-minute walk (6MW) for subjects in the training group.
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For the training group improvements in perceived participation were 
significantly correlated to improvements in gait performance for FGS 
and 6MW (Figure 8).   

For the control group there was a significant improvement for TUG but 
all individual changes was below the SRD% indicating no real 
improvement for an individual subject (Figure 9). Furthermore for the 
control group, there were no significant relationships between changes in 
perceived participation and the gait performance tests.  

This suggests that the best effect from PRT is seen in the slower walkers 
after stroke, compared with those who have regained more of their 
walking capacity. Similar findings have been reported after a functional 
exercise program post stroke (150). In older subjects the relationship 
between muscle strength and functional skills has been described as 
curvilinear with a threshold where strength is sufficient to perform the 
activity, and further improvements in strength will not lead to gains in 
activities (38, 45). During the intervention the subjects in the control 
group were encouraged to continue their previous functional training at 
home: five out of nine had supervised training by a physiotherapist 
during the intervention, which might have contributed to their 
improvement in gait performance. 

Figure 8. The relationship between the percentage changes for fast gait speed 
(FGS) and six-minute walk (6MW) to Stroke Impact Scale (SIS) for the subjects in 
the training group.  

6MW to SIS

% change in 6MW

-20 0 20 40 60 80

%
ch

an
ge

in
SI

S

-40

-20

0

20

40

60

80

100
FGS to SIS

% change in FGS

-20 0 20 40 60 80

%
ch

an
ge

in
SI

S

-40

-20

0

20

40

60

80

100 r= 0.63 
p= 0.012

r= 0.74 
p= 0.002



STRENGTH TRAINING AFTER STROKE 

48

An interesting finding was that, even if there was no significant change 
in perceived participation at the group level (Table 7), there was a 
significant relationship between the percentage change in SIS and the 
increase in FGS and 6MW for the training group. This indicates that 
those improving most in gait performance perceived improved 
participation. 

TUG  relation baseline to percentage change

baseline (s)

0 10 20 30 40 50 60

%
ch

an
ge

-30

-20

-10

0

10

20

30

40

50

SRD%

SRD%

Figure 9. For TUG the relationship between the baseline value and the 
percentage change after the PRT intervention are illustrated, filled circles 
for the training group and open circles for the control group.
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General discussion  

During the course of this research several interesting questions have 
arisen: Can one generalise the positive effects of PRT for the population 
studied to all persons with chronic post-stroke weakness? Can PRT be 
planned and carried out in different manners? Have the most adequate 
outcome measurements been applied?  

Post-stroke rehabilitation  
During the acute stroke care, physiotherapy treatment aims at optimising 
motor function in order to improve performance of activities of daily 
living and to enable the patient to reach a higher degree of participation. 
In the chronic phase after stroke, all aspects of health have to be 
considered: a treatment should not only improve function but positively 
impact on activity and participation. Even if function improves, 
complete recovery in function is rare and more activity oriented goal 
setting will assist the physiotherapist to choose adequate interventions 
and to evaluate the outcome. Although rehabilitation process is generally 
confined to a time scale and achieved goals, further interventions are 
required. The subject should be encouraged to lead a reasonably active 
lifestyle to maintain the benefits from the rehabilitation period.  

In the acute phase most post-stroke rehabilitation recourses are 
individually focused. In the later post-stroke rehabilitation phase an 
efficient way to treat post-stroke subjects could be to create exercise 
groups, giving individually supervised graded exercises to subjects with 
similar disability level. Several positive effects could be achieved using 
this approach (72, 151, 152). The encouragement from other subjects in 
the group supports the instructions and coaching from the 
physiotherapist (150). Furthermore, the social aspect of training should 
not be underestimated as it is important to achieve high attendance in the 
fitness training classes. 

When a post-stroke subject becomes more independent, more health-
related training groups supervised by qualified professionals should be 
considered. The objective for this training is the promotion of long term 
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physical fitness, comparable to training programs for the healthy elderly 
(153). This could be an important shift of emphasis for the planning of 
post-stroke intervention, moving from ‘individual treatments’ to more 
active participation in fitness training (154). However the planning of 
post-stroke fitness groups has to be supported by the health professionals 
and the health care system. 

Strength training in chronic stroke 
Could PRT be used as one important component for improving motor 
performance post-stroke? As there can be restrictions due to other 
medical problems than stroke, this has to be considered before the 
commencement of PRT. In our study the training effects from PRT 
appeared to be effective in chronic stroke patients, improving muscle 
strength regardless of the baseline level and without any adverse effect 
on muscle tone. Depending on the individual’s baseline assessment, PRT 
could be targeted at various goals for chronic post-stroke subjects. 

Firstly PRT can be used as a physiotherapy treatment for those with 
residual hemiparesis to improve strength and gait performance. In 
general, our results showed that improvements in strength following 
PRT improve gait performance, however not for all subjects. A slower 
walker had better gains from strength training, compared with those who 
could walk faster. In healthy elderly subjects it has been shown that 
those having a good level of physical activity, have few gains in general 
activities from further muscle strengthening. If muscle strength 
decreases, a larger proportion of the maximal capacity is used until the 
muscular capacity is no longer sufficient for the functional demand and 
the effects of muscle strength improvements might lead to a gain in 
activity. Therefore, both the available muscular performance, and the 
amount of muscle strength required for a specific activity, have to be 
taken into account before commencing PRT. If the level of baseline 
function is too low or too high the treatment effects will probably not 
benefit the activity even if the treatment has a positive impact on the 
muscle function level (Figure 10) (38, 45, 155). To improve gait 
performance other forms of training and treatments can be as beneficial 
as PRT. In our study the changes in gait performance were not 
significantly different between the two groups, but there were 
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differences: for TUG no individual subject in the control group had a 
change above the limit for a real clinical improvement, even if the 
improvement on a group level was significant. One possible reason for 
this non-significant difference between the two groups might be caused 
by a lower power than calculated. The power analysis was based on the 
variation found in the two previous reliability studies and the proposed 
power for the study was a group size of 17 subjects in each group. As 
many potential subjects were too strong in the lower limb we had 
difficulties in recruiting enough subjects and the sample size of the 
control group was therefore reduced.  

Another approach is to use PRT in chronic post-stroke fitness training 
(154). As there were significant improvements in strength for all 
subjects and there were no adverse effects from PRT, this training 
approach could be beneficial for post-stroke subject with minor 
weakness, to maintain and to improve muscle strength. In the long-term, 
to perform more demanding locomotor tasks, improvements in strength 
can be important for this group of post-stroke subjects. Richards et al. 
(23) point out that once walking ability is regained, the ability to 
perform more difficult mobility tasks might arise: for example jogging 
and walking on icy surfaces. An interesting aim for future studies would 

Figure 10. The nonlinear relationship between muscle function and 
functional performance and the different effects of exercise.
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be to evaluate the effects from strength training on more difficult 
mobility tasks for those post-stroke subjects who have regained a better 
gait performance.  

Another important factor is to define the optimal practice frequency and 
duration for a PRT intervention: how many times per week and for how 
many weeks.  Each improvement in strength brings the individual closer 
to a limiting plateau. In our study there were no signs of any plateau 
during the PRT, however, a longer intervention might have improved 
strength even more. For healthy subjects most of the strength increase 
takes place in the first months (39) but in elderly individuals 
improvements are seen over a longer period, even if the improvements 
are generally less in the later phase of training (46).  

Could PRT also be used in the acute phase after stroke? Even if there are 
clear benefits from more active treatment in the acute phase (3, 4),  there 
is no evidence that PRT positively affects post-stroke weakness in the 
acute phase. Furthermore, there are no accepted guidelines for 
determining when and how to initiate resistance training after stroke 
(73). Only a few studies have addressed the effects from lower limb 
strength training in the acute phase (70, 156, 157). As task related 
training regimes are important in primary rehabilitation, it would be 
more difficult to evaluate the single use of PRT, and improvements 
caused by spontaneous recovery will affect the results.  

Have we used the right outcome measurements? Many subjects in the 
training group verbally expressed large benefits from PRT but this was 
not always related to measurable changes in gait performance and 
perceived participation. Positive outcomes regarding physical 
improvement were reported: feeling stronger with less stiffness, better 
walking ability, improved endurance and balance. Also, effects on 
psychological and social factors contributed to the overall positive 
experience from PRT: feeling better, with improved confidence and the 
importance of encouragement from other subjects having similar 
problems who attained the training sessions. In a recent study analysing 
the qualitative effects from PRT for people with multiple sclerosis (158) 
comparable results were found. When evaluating the effects from PRT 
qualitative assessments might have increased our knowledge of the 



ULLA-BRITT FLANSBJER 

53

effects of PRT in a wider perspective of health and should therefore be 
included in future studies.  

Future studies 
We now know that PRT can be an efficient way to improve muscle 
strength post-stroke. In healthy young and old individuals several factors 
explain gains following PRT: in particular, central nervous activation 
and changes in muscle morphology, such as increased muscle cross 
sectional area, and changes in muscular architecture and metabolites 
(39). Studies are in progress to determine if similar factors can explain 
the improvements in muscle strength in subjects post-stroke.

It would be beneficial to know whether or not improvements in strength 
and gait performance can be maintained during the first months after 
completion of PRT. Improvements in strength might lead to higher 
activity levels and thereby better retain the improvements over time, or 
is the loss of strength comparable to what happens in healthy 
individuals. These are important questions if PRT is to be recommended 
as part of long-term fitness training after stroke. Such studies are also in 
progress. 

In the present studies no subjects were above age 75 and all subjects 
were more than six months after stroke onset. Further studies are 
therefore required to determine the effects of PRT for older subjects and 
applying them more recently after the stroke onset. 
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Main conclusions of this thesis 

In subjects with mild to moderate chronic post-stroke hemiparesis: 

• Knee muscle strength and gait performance can be reliably 
measured and all tests are sensitive enough to detect a real 
clinical improvement following an intervention for knee muscle 
strength and gait performance, for a group of individuals.  

• Isokinetic concentric knee muscle strength in the paretic lower 
limb is significantly related to gait performance, and gait 
performance is in turn significantly related to perceived 
participation.  

• PRT improves knee muscles strength with no adverse effects. 
The increase in strength has a positive effect on gait 
performance, with the largest improvements for those most 
restricted in gait speed at baseline. Improvements in gait 
performance are related to positive perception of participation.  

• PRT is an effective form of training in chronic stroke patients 
that can be used both as physiotherapy treatment for those with 
residual hemiparesis and as fitness training for those with a 
minor disability.  
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Populärvetenskaplig sammanfattning på 
svenska 

Det övergripande syftet med denna avhandling var att hos individer med 
kvarstående muskelsvaghet efter stroke utvärdera effekterna av 
progressiv styrketräning (PRT) av knäledens sträck- och böjmuskler på 
muskelstyrka och muskelspänning, men även att analysera om en 
förbättrad muskelstyrka påverkar gångförmåga och upplevd delaktighet 
(individens egen upplevelse av hur man fungera i vardagliga situationer).  

Stroke är en vanlig sjukdom. I Sverige insjuknar årligen mer än 25 000 
personer och mer än 90 000 personer lever med bestående 
funktionshinder efter stroke. Ett vanligt symtom efter stroke är en 
halvsidig muskelsvaghet. Detta påverkar individens förmåga att förflytta 
sig och att kunna gå igen anses som ett viktigt mål efter stroke. Inom 
rehabiliteringen tränas ofta muskelfunktionen för att individen skall 
förbättra gångförmågan och därigenom lättare kunna delta i olika 
vardagliga aktiviteter och fritidsintressen. Efter stroke används olika 
behandlingsmetoder för att förbättra muskelfunktionen, men PRT har 
under lång tid ansetts kontraindicerat. Anledningen till detta har varit 
rädslan för att öka den muskelspänning (spasticitet) som förekommer 
efter stroke och som indirekt ansetts bidra till muskelsvagheten. Detta 
synsätt är nu ifrågasatt och orsaken till den nedsatta muskelstyrkan anses 
idag huvudsakligen vara en verklig svaghet i muskeln. 

För att kunna utvärdera effekterna av PRT behövs ökad kunskap om det 
går att mäta muskelstyrka och gångförmåga på ett reproducerbart sätt. 
Det behövs även mer kunskap om vilka samband som finns mellan 
muskelstyrka, gångförmåga och delaktighet hos individer i en kronisk 
fas efter stroke. I de två första delarbetena har olika mätmetoders 
reproducerbarhet studerats. Dessa mätmetoder används för att bedöma 
muskelstyrka i knäets sträck- och böjmuskler samt gångförmåga. I det 
tredje delarbetet har sambanden mellan styrkan i knäledens sträck- och 
böjmuskler, gångförmåga och upplevd delaktighet utvärderats. Totalt 50 
försökspersoner ingick i dessa delarbeten (medelålder 58 ±6.4 år, 6-46 
månader efter stroke) med en kvarvarande muskelsvaghet efter den 
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första rehabiliteringsperioden. Samtliga individer var självständiga 
gångare minst 300 m, samt hade en god förståelse för muntlig och 
skriftlig information. Resultaten visade att mätning av styrkan i 
knäledens sträck- och böjmuskler samt olika tester av gångförmågan 
kunde utföras på ett reproducerbart sätt. För varje mätmetod har 
gränsvärden tagits fram som visar när en förändring är kliniskt 
säkerställd och dessa värden har sedan använts för att utvärdera 
träningseffekterna av en intervention. Det fanns även ett starkt samband 
mellan styrkan i det ben som var mest påverkat efter stroke och 
gångförmågan samt mellan gångförmågan och personens upplevda 
delaktighet efter stroke. Både muskelstyrka i knäets sträck- och 
böjmuskler samt gångförmåga går alltså att mäta på ett reproducerbart 
sätt och mätmetoderna är tillräckligt känsliga för att kunna utvärdera 
effekterna av en intervention. Dessutom skulle en förbättring av 
lårmuskelstyrkan kunna påverka i första hand gångförmågan positivt, 
men även kunna ha viss effekt på upplevd delaktighet. 

I det fjärde delarbetet har effekterna av progressiv styrketräning av 
knäledens sträck- och böjmuskler undersökts. Studien har genomförts 
som en enkel-blind randomiserad, kontrollerad studie (relationen 2:1 
mellan tränings- och kontrollgrupp). I studien ingick 24 försökspersoner 
(medelålder 61 ±4.9 år). Det hade förflutit minst 6 månader sedan det 
akuta sjukdomstillståndet. Alla deltagare hade en muskelsvaghet på mer 
än 15% (medelvärdet av isokinetisk styrka i knäledens böj- och 
sträckmuskler), var självständiga gångare minst 200 m och hade en god 
förståelse för muntlig och skriftlig information. Den progressiva 
styrketräningen, som var dynamisk, utfördes 2 ggr/vecka under 10 
veckor med en belastning på ungefär 80 % av maximala styrka (6-8 reps 
i 2 set). För att utvärdera resultaten genomfördes mätningar före och 
efter avslutad intervention. Studien visar att 10 veckors progressiv 
styrketräning signifikant förbättrade styrkan i knäledens sträck- och 
böjmuskler utan någon ökning av muskelspänningen. Även 
gångförmågan förbättrades med den största förbättringen hos de 
individer som hade den långsammaste gånghastigheten från början. 
Dessutom fanns ett signifikant samband mellan denna förbättring av 
gångförmåga och förbättringarna i upplevelsen av delaktighet.  
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Slutsatsen av detta avhandlingsarbete är att PRT förbättrar 
muskelstyrkan i knäets sträck- och böjmuskler utan att ge någon ökad 
muskelspänning. Styrkeökningen påverkar i sin tur gångförmågan 
positivt, med de största förbättringarna för de individer som är gångare 
med en nedsatt gånghastighet, och för dessa individer påverkas även 
upplevelsen av delaktighet positivt. Sammanfattningsvis, PRT är en 
effektiv träningsform i en kronisk fas efter stroke, som kan användas 
både som en sjukgymnastisk behandlingsinsats för att öka muskulär 
styrka, men kan även ingå i allmän fysisk träning och friskvård för de 
individer som har en liten styrkenedsättning efter stroke.  



STRENGTH TRAINING AFTER STROKE 

58

Acknowledgements 

This work was carried out at the Department of Health Sciences, 
Division of Geriatrics, Lund University, and the Department of 
Rehabilitation Lund University Hospital, Sweden. I wish to express my 
warmest gratitude to all those who have helped and supported me 
throughout this thesis. In particular I would like to thank: 

All those subjects, who were willing to participate in these studies. 
Without you, the thesis would not have been possible. 

Jan Lexell, my main supervisor and co-author for accepting me as a 
doctoral student, and for introducing me to the world of research. 
Your bright ideas and enthusiasm have guided me and given 
inspiration. Thank you for sharing with me your broad scientific 
knowledge, the importance of always being structured, and finally, 
but not least, how to search for grants.  

Anna Maria Holmbäck, my co-author and co-supervisor for all your 
positive encouragement and support throughout the process.  

David Downham, my co-author and statistician for your humour, for 
sharing ideas and knowledge, giving so much good advice. It has 
been a great privilege to work with you, I am so grateful. 

Michael Miller, my co-author and colleague for constructive 
discussions and good teamwork, and for your encouragement and 
friendship. 

Carolynn Patten, my co-author for inspiration and valuable advice at 
the commencement of this work.  

Bertil Tufvesson for suggesting me to Jan as a potential doctoral 
student five years ago, and for being supportive. 



ULLA-BRITT FLANSBJER 

59

Kerstin Olsson for your great friendship and for believing in me, 
throughout the years.  

Marcelo Rivano for valuable support, and for providing me with 
excellent working conditions. 

Johanna Blom, for all your help recruiting potential subjects and for 
professional assessments. 

Margita Boij, Eva Månsson-Lexell and Anita Lindén my friends in the 
‘muscle lab’ for all practical assistance and fruitful discussions, but 
most of all for being there sharing good and bad days during the 
process of writing a doctoral dissertation.  

Sölve Elmstål and the members of the scientific group in the Division 
of Geriatrics for their help and interesting seminars.  

The staff and colleagues at the Department of Rehabilitation in Lund 
University Hospital for all their help with practical arrangements, 
valuable assistance and for being so supportive. 

My mother Alva, my brother Paul and my sister Ann-Marie and their 
families for giving me confidence and support. 

My family working as a good team: my husband Jan for his patience, 
love and never-failing support, our children Charlotte, Magnus and 
Kristina and their families for giving so much encouragement, and 
always being at hand to help me with computer work, lay-outs and 
illustration. You are the meaning of my life! 



STRENGTH TRAINING AFTER STROKE 

60

This study was supported by grants from:  

• The Norrbacka-Eugenia Foundation  

• The Swedish Stroke Association  

• Magnhild Bergvall Foundation 

• The Swedish Association of Neurologically Disabled (NHR)  

• The Swedish Society of Medicine  

• Gun and Bertil Stohne Foundation  

• The Crafoord Foundation  

• Stiftelsen för bistånd åt rörelsehindrade i Skåne 

• Skane county council’s research and development foundation  



ULLA-BRITT FLANSBJER 

61

References 

1. WHO. The atlas of heart disease and stroke: World Health 
Organization, USA’s Centers for Disease Control and Prevention 
2004.

2. Riks-Stroke. Analyserande rapport från Riks-Stroke för helåret 
2005 (in Swedish), The National Stroke Register in Sweden; 2006.  
Available from: www.riks-stroke.org

3. Nationella riktlinjer för strokesjukvård 2005. Medicinskt och 
hälsoekonomiskt faktadokument.(In swedish). Lindesberg: The 
Swedish National Board of Health and Welfare; 2006. Report No.: 
91-85482-06-04. 

4. Organised inpatient (stroke unit) care for stroke. Cochrane 
Database Syst Rev. 2002(1):CD000197. 

5. Carr JH, Shepherd RB. Neurological rehabilitation-Opimizing 
motor performance. Oxford: Butterman-Heinemann; 2000. 

6. Wade DT, Hewer RL. Functional abilities after stroke: 
measurement, natural history and prognosis. J Neurol Neurosurg 
Psychiatry. 1987 Feb;50(2):177-82. 

7. Jorgensen HS, Nakayama H, Raaschou HO, Vive-Larsen J, Stoier 
M, Olsen TS. Outcome and time course of recovery in stroke. Part 
II: Time course of recovery. The Copenhagen Stroke Study. Arch 
Phys Med Rehabil. 1995 May;76(5):406-12. 

8. Andrews AW, Bohannon RW. Short-term recovery of limb muscle 
strength after acute stroke. Arch Phys Med Rehabil. 2003 
Jan;84(1):125-30. 

9. Gresham GE, Phillips TF, Wolf PA, McNamara PM, Kannel WB, 
Dawber TR. Epidemiologic profile of long-term stroke disability: 
the Framingham study. Arch Phys Med Rehabil. 1979 
Nov;60(11):487-91. 

10. Kelly-Hayes M, Robertson JT, Broderick JP, Duncan PW, Hershey 
LA, Roth EJ, et al. The American Heart Association Stroke 
Outcome Classification. Stroke. 1998 Jun;29(6):1274-80. 



STRENGTH TRAINING AFTER STROKE 

62

11. Jorgensen HS, Nakayama H, Raaschou HO, Olsen TS. Recovery of 
walking function in stroke patients: the Copenhagen Stroke Study. 
Arch Phys Med Rehabil. 1995 Jan;76(1):27-32. 

12. Jorgensen HS, Nakayama H, Raaschou HO, Vive-Larsen J, Stoier 
M, Olsen TS. Outcome and time course of recovery in stroke. Part 
I: Outcome. The Copenhagen Stroke Study. Arch Phys Med 
Rehabil. 1995 May;76(5):399-405. 

13. Wandel A, Jorgensen HS, Nakayama H, Raaschou HO, Olsen TS. 
Prediction of walking function in stroke patients with initial lower 
extremity paralysis: the Copenhagen Stroke Study. Arch Phys Med 
Rehabil. 2000 Jun;81(6):736-38. 

14. Harris ML, Polkey MI, Bath PM, Moxham J. Quadriceps muscle 
weakness following acute hemiplegic stroke. Clin Rehabil. 2001 
Jun;15(3):274-81. 

15. Carin-Levy G, Greig C, Young A, Lewis S, Hannan J, Mead G. 
Longitudinal changes in muscle strength and mass after acute 
stroke. Cerebrovasc Dis. 2006;21(3):201-07. 

16. Ramnemark A, Nyberg L, Borssen B, Olsson T, Gustafson Y. 
Fractures after stroke. Osteoporos Int. 1998;8(1):92-95. 

17. McComas AJ. Human neuromuscular adaptations that accompany 
changes in activity. Med Sci Sports Exerc. 1994 Dec;26(12):1498-
509.

18. Convertino VA, Bloomfield SA, Greenleaf JE. An overview of the 
issues: physiological effects of bed rest and restricted physical 
activity. Med Sci Sports Exerc. 1997 Feb;29(2):187-90. 

19. Bobath B. Adult hemiplegia: Evaluation and treatment. 2nd ed. 
London, England: Heinemann; 1978. 

20. Pang MY, Eng JJ, McKay HA, Dawson AS. Reduced hip bone 
mineral density is related to physical fitness and leg lean mass in 
ambulatory individuals with chronic stroke. Osteoporos Int. 2005 
Dec;16(12):1769-79. 

21. International Classification of Functioning, Disability and Health: 
ICF: World Health Organization; 2001. 



ULLA-BRITT FLANSBJER 

63

22. Geyh S, Cieza A, Dickson H, Frommelt P, Zaliha O, Ring H, et al. 
ICF Core Set for Stroke. J Rehabil Med. 2004;Jul(44 Suppl):135-
41.

23. Richards CL, Malouin F, Dean C. Gait in stroke: assessment and 
rehabilitation. Clin Geriatr Med. 1999 Nov;15(4):833-55. 

24. Garland SJ, Willems DA, Ivanova TD, Miller KJ. Recovery of 
standing balance and functional mobility after stroke. Arch Phys 
Med Rehabil. 2003 Dec;84(12):1753-59. 

25. Latham NK, Jette DU, Slavin M, Richards LG, Procino A, Smout 
RJ, et al. Physical therapy during stroke rehabilitation for people 
with different walking abilities. Arch Phys Med Rehabil. 2005 
Dec;86(12 Suppl 2):S41-S50. 

26. De Wit L, Putman K, Lincoln N, Baert I, Berman P, Beyens H, et 
al. Stroke rehabilitation in Europe: what do physiotherapists and 
occupational therapists actually do? Stroke. 2006 Jun;37(6):1483-
89.

27. Wade DT, Wood VA, Heller A, Maggs J, Langton Hewer R. 
Walking after stroke. Measurement and recovery over the first 3 
months. Scand J Rehabil Med. 1987;19(1):25-30. 

28. Waters RL, Mulroy S. The energy expenditure of normal and 
pathologic gait. Gait Posture. 1999 Jul;9(3):207-31. 

29. International Classification of Impairments, Disabilities and 
Handicaps. A manual of Classification relating to the consequences 
of disease. Geneva: World Health Organization; 1980. 

30. Stucki G, Ewert T, Cieza A. Value and application of the ICF in 
rehabilitation medicine. Disabil Rehabil. 2002 Nov 20;24(17):932-
38.

31. Bohannon RW, Walsh S. Nature, reliability, and predictive value 
of muscle performance measures in patients with hemiparesis 
following stroke. Arch Phys Med Rehabil. 1992 Aug;73(8):721-25. 



STRENGTH TRAINING AFTER STROKE 

64

32. Hsu AL, Tang PF, Jan MH. Analysis of impairments influencing 
gait velocity and asymmetry of hemiplegic patients after mild to 
moderate stroke. Arch Phys Med Rehabil. 2003 Aug;84(8):1185-
93.

33. Morris SL, Dodd KJ, Morris ME. Outcomes of progressive 
resistance strength training following stroke: a systematic review. 
Clin Rehabil. 2004 Feb;18(1):27-39. 

34. Patten C, Lexell J, Brown HE. Weakness and strength training in 
persons with post-stroke hemiplegia: Rationale, method and 
efficacy. J Rehabil Res Dev. 2004 May/June 2004;41(Number 
3A):293-312. 

35. Frontera WR, Lexell J. Assessment of human muscle function. In: 
DeLisa JA, Gans BM, Walsh NE, Bockenek WL, Frontera WR, 
Gerber LH, et al., editors. Physical medicine and rehabilitation: 
principles and practice. Fourth edition ed: Lippincott Williams & 
Wilkins; 2004. p. 139-54. 

36. Porter MM, Vandervoort AA, Lexell J. Aging of human muscle: 
structure, function and adaptability. Scand J Med Sci Sports. 1995 
Jun;5(3):129-42. 

37. Krasnoff J, Painter P. The physiological consequences of bed rest 
and inactivity. Adv Ren Replace Ther. 1999 Apr;6(2):124-32. 

38. Lexell J. Muscle structure and function in chronic neurological 
disorders: the potential of exercise to improve activities of daily 
living. Exerc Sport Sci Rev. 2000 Apr;28(2):80-84. 

39. Kraemer WJ, Adams K, Cafarelli E, Dudley GA, Dooly C, 
Feigenbaum MS, et al. American College of Sports Medicine 
position stand. Progression models in resistance training for 
healthy adults. Med Sci Sports Exerc. 2002 Feb;34(2):364-80. 

40. DeLorme TL, Watkins AL. Techniques of progressive resistance 
exercises. Arch Phys Med. 1948;29:263-73. 

41. Kraemer WJ, Ratamess NA. Fundamentals of resistance training: 
progression and exercise prescription. Med Sci Sports Exerc. 2004 
Apr;36(4):674-88. 



ULLA-BRITT FLANSBJER 

65

42. Pratley R, Nicklas B, Rubin M, Miller J, Smith A, Smith M, et al. 
Strength training increases resting metabolic rate and 
norepinephrine levels in healthy 50- to 65-yr-old men. J Appl 
Physiol. 1994 Jan;76(1):133-37. 

43. Whaley MH, Brubaker PH, Otto RM, Armstrong L, Balady GJ, 
Berry MJ, et al. ACSM’s Guidelines for Exercise Testing and 
Prescription. Seventh Edition ed: American College of Sport 
Medicine; 2006. 

44. Frontera WR, Meredith CN, O’Reilly KP, Knuttgen HG, Evans 
WJ. Strength conditioning in older men: skeletal muscle 
hypertrophy and improved function. J Appl Physiol. 1988 
Mar;64(3):1038-44. 

45. Buchner DM, Beresford SA, Larson EB, LaCroix AZ, Wagner EH. 
Effects of physical activity on health status in older adults. II. 
Intervention studies. Annu Rev Public Health. 1992;13:469-88. 

46. Lexell J, Downham DY, Larsson Y, Bruhn E, Morsing B. Heavy-
resistance training in older Scandinavian men and women: short- 
and long-term effects on arm and leg muscles. Scand J Med Sci 
Sports. 1995 Dec;5(6):329-41. 

47. Latham N, Anderson C, Bennett D, Stretton C. Progressive 
resistance strength training for physical disability in older people. 
Cochrane Database Syst Rev. 2003(2):CD002759. 

48. Nyberg L, Gustafson Y. Fall prediction index for patients in stroke 
rehabilitation. Stroke. 1997 Apr;28(4):716-21. 

49. Sherrington CS. Flexion-reflex of the limb, crossed extension-
reflex, and reflex stepping and standing. J Physiol. 1910 Apr 
26;40(1-2):28-121. 

50. Brunnström S. Movement therapy in hemiplegia. London/New 
York: Harper and Row; 1970. 

51. Knott M, Voss DE. Proprioceptive neuromuscular facilitation. 
Patterns and techniques. 2nd ed. Hagerstown: Harper and Row; 
1968.



STRENGTH TRAINING AFTER STROKE 

66

52. Kabat H, Knott M. Proprioceptive facilitation technics for 
treatment of paralysis. Phys Ther Rev. 1953 Feb;33(2):53-64. 

53. Davies PM. Steps to follow. Heidelberg: Springer-Verlag; 1985. 

54. Davidson I, K.Waters. Physiotherapists working with stroke 
patients: a national survey. Physiotherapy. 2000;86(2):69-80. 

55. Lennon S, Baxter D, Ashburn A. Physiotherapy based on the 
Bobath concept in stroke rehabilitation: a survey within the UK. 
Disabil Rehabil. 2001 Apr 15;23(6):254-62. 

56. Lennon S. Physiotherapy practice in stroke rehabilitation: a survey. 
Disabil Rehabil. 2003 May 6;25(9):455-61. 

57. Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJ, 
Gavaghan DJ, et al. Assessing the quality of reports of randomized 
clinical trials: is blinding necessary? Control Clin Trials. 1996 
Feb;17(1):1-12. 

58. Maher CG, Sherrington C, Herbert RD, Moseley AM, Elkins M. 
Reliability of the PEDro scale for rating quality of randomized 
controlled trials. Phys Ther. 2003 Aug;83(8):713-21. 

59. Pollock A, Baer G, Pomeroy VM, Langhorne P. Physiotherapy 
treatment approaches for the recovery of postural control and lower 
limb function following stroke. The Cochrane Database of 
Systematic Reviews Library 1999(4):Art. No.:CD003316. 

60. Saunders DH, Greig CA, Young A, Mead GE. Physical fitness 
training for stroke patients. Cochrane Database Syst Rev. 
2004(1):CD003316. 

61. Taylor NF, Dodd KJ, Damiano DL. Progressive resistance exercise 
in physical therapy: a summary of systematic reviews. Phys Ther. 
2005 Nov;85(11):1208-23. 

62. Ng SM, Shepherd RB. Weakness in patients with stroke: 
Implications for strength training in neurorehabilitation. Physical 
Therapy Reviews. 2000;5:227-38. 

63. Shumway-Cook A, Woollacott MH. Motor control. Theory and 
practical applications: Lippincott Williams & Wilkins; 2001. 



ULLA-BRITT FLANSBJER 

67

64. Davies JM, Mayston MJ, Newham DJ. Electrical and mechanical 
output of the knee muscles during isometric and isokinetic activity 
in stroke and healthy adults. Disabil Rehabil. 1996 Feb;18(2):83-
90.

65. O’Dwyer NJ, Ada L, Neilson PD. Spasticity and muscle 
contracture following stroke. Brain. 1996 Oct;119 ( Pt 5):1737-49. 

66. Brown DA, Kautz SA. Increased workload enhances force output 
during pedaling exercise in persons with poststroke hemiplegia. 
Stroke. 1998 Mar;29(3):598-606. 

67. National Guidelines for Stroke, Second edition: Royal Colleges of 
Physicians of London; 2004. 

68. Ada L, Vattanasilp W, O’Dwyer NJ, Crosbie J. Does spasticity 
contribute to walking dysfunction after stroke? J Neurol Neurosurg 
Psychiatry. 1998 May;64(5):628-35. 

69. Sharp SA, Brouwer BJ. Isokinetic strength training of the 
hemiparetic knee: effects on function and spasticity. Arch Phys 
Med Rehabil. 1997 Nov;78(11):1231-36. 

70. Badics E, Wittmann A, Rupp M, Stabauer B, Zifko UA. 
Systematic muscle building exercises in the rehabilitation of stroke 
patients. NeuroRehabilitation. 2002;17(3):211-14. 

71. Bourbonnais D, Bilodeau S, Lepage Y, Beaudoin N, Gravel D, 
Forget R. Effect of force-feedback treatments in patients with 
chronic motor deficits after a stroke. Am J Phys Med Rehabil. 
2002 Dec;81(12):890-97. 

72. Teixeira-Salmela LF, Olney SJ, Nadeau S, Brouwer B. Muscle 
strengthening and physical conditioning to reduce impairment and 
disability in chronic stroke survivors. Arch Phys Med Rehabil. 
1999 Oct;80(10):1211-18. 



STRENGTH TRAINING AFTER STROKE 

68

73. Gordon NF, Gulanick M, Costa F, Fletcher G, Franklin BA, Roth 
EJ, et al. Physical activity and exercise recommendations for stroke 
survivors: an American Heart Association scientific statement from 
the Council on Clinical Cardiology, Subcommittee on Exercise, 
Cardiac Rehabilitation, and Prevention; the Council on 
Cardiovascular Nursing; the Council on Nutrition, Physical 
Activity, and Metabolism; and the Stroke Council. Circulation. 
2004 Apr 27;109(16):2031-41. 

74. Andersen LL, Magnusson SP, Nielsen M, Haleem J, Poulsen K, 
Aagaard P. Neuromuscular activation in conventional therapeutic 
exercises and heavy resistance exercises: implications for 
rehabilitation. Phys Ther. 2006 May;86(5):683-97. 

75. McCartney N. Acute responses to resistance training and safety. 
Med Sci Sports Exerc. 1999 Jan;31(1):31-37. 

76. Sunnerhagen KS, Svantesson U, Lonn L, Krotkiewski M, Grimby 
G. Upper motor neuron lesions: their effect on muscle performance 
and appearance in stroke patients with minor motor impairment. 
Arch Phys Med Rehabil. 1999 Feb;80(2):155-61. 

77. Metoki N, Sato Y, Satoh K, Okumura K, Iwamoto J. Muscular 
atrophy in the hemiplegic thigh in patients after stroke. Am J Phys 
Med Rehabil. 2003 Nov;82(11):862-65. 

78. Ryan AS, Dobrovolny CL, Smith GV, Silver KH, Macko RF. 
Hemiparetic muscle atrophy and increased intramuscular fat in 
stroke patients. Arch Phys Med Rehabil. 2002 Dec;83(12):1703-
07.

79. Hachisuka K, Umezu Y, Ogata H. Disuse muscle atrophy of lower 
limbs in hemiplegic patients. Arch Phys Med Rehabil. 1997 
Jan;78(1):13-18. 

80. Macko RF, Ivey FM, Forrester LW. Task-oriented aerobic exercise 
in chronic hemiparetic stroke: training protocols and treatment 
effects. Top Stroke Rehabil. 2005 Winter;12(1):45-57. 



ULLA-BRITT FLANSBJER 

69

81. Engardt M, Knutsson E, Jonsson M, Sternhag M. Dynamic muscle 
strength training in stroke patients: effects on knee extension 
torque, electromyographic activity, and motor function. Arch Phys 
Med Rehabil. 1995 May;76(5):419-25. 

82. Teixeira-Salmela LF, Nadeau S, McBride I, Olney SJ. Effects of 
muscle strengthening and physical conditioning training on 
temporal, kinematic and kinetic variables during gait in chronic 
stroke survivors. J Rehabil Med. 2001 Mar;33(2):53-60. 

83. Kim CM, Eng JJ, MacIntyre DL, Dawson AS. Effects of isokinetic 
strength training on walking in persons with stroke: A double-blind 
controlled pilot study. Journal of Stroke and Cerebrovascular 
Diseases. 2001;10(6):265-73. 

84. Ouellette MM, LeBrasseur NK, Bean JF, Phillips E, Stein J, 
Frontera WR, et al. High-intensity resistance training improves 
muscle strength, self-reported function, and disability in long-term 
stroke survivors. Stroke. 2004 Jun;35(6):1404-09. 

85. Weiss A, Suzuki T, Bean J, Fielding RA. High intensity strength 
training improves strength and functional performance after stroke. 
Am J Phys Med Rehabil. 2000 Jul-Aug;79(4):369-76. 

86. Geyh S, Cieza A, Schouten J, Dickson H, Frommelt P, Omar Z, et 
al. ICF Core Sets for stroke. J Rehabil Med. 2004;Jul(44 
Suppl):135-41. 

87. Van Peppen RP, Kwakkel G, Wood-Dauphinee S, Hendriks HJ, 
Van der Wees PJ, Dekker J. The impact of physical therapy on 
functional outcomes after stroke: what’s the evidence? Clin 
Rehabil. 2004 Dec;18(8):833-62. 

88. Nakamura R, Hosokawa T, Tsuji I. Relationship of muscle strength 
for knee extension to walking capacity in patients with spastic 
hemiparesis. Tohoku J Exp Med. 1985 Mar;145(3):335-40. 

89. Bohannon RW, Andrews AW. Relationships between impairments 
in strength of limb muscle actions following stroke. Percept Mot 
Skills. 1998 Dec;87(3 Pt 2):1327-30. 



STRENGTH TRAINING AFTER STROKE 

70

90. Wade DT. Measurement in neurological rehabilitation. Oxford: 
Oxford University Press; 1992. 

91. Bohannon RW. Test-retest reliability of hand-held dynamometry 
during a single session of strength assessment. Phys Ther. 1986 
Feb;66(2):206-09. 

92. Dvir Z. Isokinetics: Muscle testing, interpretation, and clinical 
application. New York: Churchill Livingstone; 1995. 

93. Sinkjaer T, Magnussen I. Passive, intrinsic and reflex-mediated 
stiffness in the ankle extensors of hemiparetic patients. Brain. 1994 
Apr;117 ( Pt 2):355-63. 

94. Ashworth B. Preliminary Trial of Carisoprodol in Multiple 
Sclerosis. Practitioner. 1964 Apr;192:540-42. 

95. Bohannon RW, Smith MB. Interrater reliability of a modified 
Ashworth scale of muscle spasticity. Phys Ther. 1987 
Feb;67(2):206-07. 

96. Bohannon RW, Andrews AW. Correlation of knee extensor muscle 
torque and spasticity with gait speed in patients with stroke. Arch 
Phys Med Rehabil. 1990 Apr;71(5):330-33. 

97. Pisano F, Miscio G, Del Conte C, Pianca D, Candeloro E, 
Colombo R. Quantitative measures of spasticity in post-stroke 
patients. Clin Neurophysiol. 2000 Jun;111(6):1015-22. 

98. Pandyan AD, Johnson GR, Price CI, Curless RH, Barnes MP, 
Rodgers H. A review of the properties and limitations of the 
Ashworth and modified Ashworth Scales as measures of spasticity. 
Clin Rehabil. 1999 Oct;13(5):373-83. 

99. Salbach NM, Mayo NE, Higgins J, Ahmed S, Finch LE, Richards 
CL. Responsiveness and predictability of gait speed and other 
disability measures in acute stroke. Arch Phys Med Rehabil. 2001 
Sep;82(9):1204-12. 

100. Gresham G. Assessment methods for patients with stroke.  Post-
stroke rehabilitation Clinical practice guidline. Rockville: US 
Department of Health and Human Services; 1995. p. 33-51. 



ULLA-BRITT FLANSBJER 

71

101. Olney SJ, Griffin MP, McBride ID. Multivariate examination of 
data from gait analysis of persons with stroke. Phys Ther. 1998 
Aug;78(8):814-28. 

102. Bohannon RW. Gait performance of hemiparetic stroke patients: 
selected variables. Arch Phys Med Rehabil. 1987 Nov;68(11):777-
81.

103. Olney SJ, Griffin MP, McBride ID. Temporal, kinematic, and 
kinetic variables related to gait speed in subjects with hemiplegia: 
a regression approach. Phys Ther. 1994 Sep;74(9):872-85. 

104. Bittner V, Weiner DH, Yusuf S, Rogers WJ, McIntyre KM, 
Bangdiwala SI, et al. Prediction of mortality and morbidity with a 
6-minute walk test in patients with left ventricular dysfunction. 
SOLVD Investigators. Jama. 1993 Oct 13;270(14):1702-07. 

105. Butland RJ, Pang J, Gross ER, Woodcock AA, Geddes DM. Two-, 
six-, and 12-minute walking tests in respiratory disease. Br Med J 
(Clin Res Ed). 1982 May 29;284(6329):1607-08. 

106. Podsiadlo D, Richardson S. The timed "Up & Go": a test of basic 
functional mobility for frail elderly persons. J Am Geriatr Soc. 
1991 Feb;39(2):142-48. 

107. Guide for the uniformed data set for medical rehabilitation FIMSM.
(Swedish Version 5.0). Buffalo NY 14214: State University of 
New York at Buffalo; 1996. 

108. Keith R, Granger C, Hamilton B, Sherwin F. The functional 
independence measure: A new tool for rehabilitation. In: Eisenberg 
M, Grzesiak R, editors. Advances in clinical rehabilitation. New 
York: Springer Publishing Company; 1987. p. 6-18. 

109. Hill KD, Goldie PA, Baker PA, Greenwood KM. Retest reliability 
of the temporal and distance characteristics of hemiplegic gait 
using a footswitch system. Arch Phys Med Rehabil. 1994 
May;75(5):577-83. 



STRENGTH TRAINING AFTER STROKE 

72

110. Duncan PW, Wallace D, Lai SM, Johnson D, Embretson S, Laster 
LJ. The stroke impact scale version 2.0. Evaluation of reliability, 
validity, and sensitivity to change. Stroke. 1999 Oct;30(10):2131-
40.

111. Duncan PW, Bode RK, Min Lai S, Perera S. Rasch analysis of a 
new stroke-specific outcome scale: the Stroke Impact Scale. Arch 
Phys Med Rehabil. 2003 Jul;84(7):950-63. 

112. Hopkins WG. Measures of reliability in sports medicine and 
science. Sports Med. 2000 Jul;30(1):1-15. 

113. Rothstein JM. Measurement and clinical practice: Theory and 
application. In: Rothstein JM, editor. Measurement in Physical 
Therapy. New York: Churchill Livingstone; 1985. p. 1-46. 

114. Bland JM, Altman DG. Statistical methods for assessing agreement 
between two methods of clinical measurement. Lancet. 1986 Feb 
8;1(8476):307-10. 

115. Bland JM, Altman DG. Measuring agreement in method 
comparison studies. Stat Methods Med Res. 1999 Jun;8(2):135-60. 

116. Bland M. An introduction to medical statistics, Third Edition. 
Oxford: Oxford University Press; 2000. 

117. Atkinson G, Nevill AM. Statistical methods for assessing 
measurement error (reliability) in variables relevant to sports 
medicine. Sports Med. 1998 Oct;26(4):217-38. 

118. Lexell JE, Downham DY. How to Assess the Reliability of 
Measurements in Rehabilitation. Am J Phys Med Rehabil. 2005 
Sep;84(9):719-23. 

119. Rankin G, Stokes M. Reliability of assessment tools in 
rehabilitation: an illustration of appropriate statistical analyses. 
Clin Rehabil. 1998 Jun;12(3):187-99. 

120. Eng JJ, Dawson AS, Chu KS. Submaximal exercise in persons 
with stroke: test-retest reliability and concurrent validity with 
maximal oxygen consumption. Arch Phys Med Rehabil. 
2004;85:113-18. 



ULLA-BRITT FLANSBJER 

73

121. Hsu AL, Tang PF, Jan MH. Test-retest reliability of isokinetic 
muscle strength of the lower extremities in patients with stroke. 
Arch Phys Med Rehabil. 2002 Aug;83(8):1130-37. 

122. Pohl PS, Startzell JK, Duncan PW, Wallace D. Reliability of lower 
extremity isokinetic strength testing in adults with stroke. Clin 
Rehabil. 2000 Dec;14(6):601-07. 

123. Tripp EJ, Harris SR. Test-retest reliability of isokinetic knee 
extension and flexion torque measurements in persons with spastic 
hemiparesis. Phys Ther. 1991 May;71(5):390-96. 

124. Collen FM, Wade DT, Bradshaw CM. Mobility after stroke: 
reliability of measures of impairment and disability. Int Disabil 
Stud. 1990 Jan-Mar;12(1):6-9. 

125. Maeda A, Yuasa T, Nakamura K, Higuchi S, Motohashi Y. 
Physical performance tests after stroke: reliability and validity. Am 
J Phys Med Rehabil. 2000 Nov-Dec;79(6):519-25. 

126. Green J, Forster A, Young J. Reliability of gait speed measured by 
a timed walking test in patients one year after stroke. Clin Rehabil. 
2002 May;16(3):306-14. 

127. Evans MD, Goldie PA, Hill KD. Systematic and random error in 
repeated measurements of temporal and distance parameters of gait 
after stroke. Arch Phys Med Rehabil. 1997 Jul;78(7):725-29. 

128. Eng JJ, Kim CM, Macintyre DL. Reliability of lower extremity 
strength measures in persons with chronic stroke. Arch Phys Med 
Rehabil. 2002 Mar;83(3):322-28. 

129. Teixeira Da Cunha-Filho I, Henson H, Wankadia S, Protas EJ. 
Reliability of measures of gait performance and oxygen 
consumption with stroke survivors. J Rehabil Res Dev. 2003 Jan-
Feb;40(1):19-26. 

130. Blackburn M, van Vliet P, Mockett SP. Reliability of 
measurements obtained with the modified Ashworth scale in the 
lower extremities of people with stroke. Phys Ther. 2002 
Jan;82(1):25-34. 



STRENGTH TRAINING AFTER STROKE 

74

131. Gregson JM, Leathley M, Moore AP, Sharma AK, Smith TL, 
Watkins CL. Reliability of the Tone Assessment Scale and the 
modified Ashworth scale as clinical tools for assessing poststroke 
spasticity. Arch Phys Med Rehabil. 1999 Sep;80(9):1013-16. 

132. Gregson JM, Leathley MJ, Moore AP, Smith TL, Sharma AK, 
Watkins CL. Reliability of measurements of muscle tone and 
muscle power in stroke patients. Age Ageing. 2000 
May;29(3):223-28. 

133. Edwards B, O’Connell B. Internal consistency and validity of the 
Stroke Impact Scale 2.0 (SIS 2.0) and SIS-16 in an Australian 
sample. Qual Life Res. 2003 Dec;12(8):1127-35. 

134. Lai SM, Studenski S, Duncan PW, Perera S. Persisting 
consequences of stroke measured by the Stroke Impact Scale. 
Stroke. 2002 Jul;33(7):1840-44. 

135. Holden MK, Gill KM, Magliozzi MR, Nathan J, Piehl-Baker L. 
Clinical gait assessment in the neurologically impaired. Reliability 
and meaningfulness. Phys Ther. 1984 Jan;64(1):35-40. 

136. Rossier P, Wade DT. Validity and reliability comparison of 4 
mobility measures in patients presenting with neurologic 
impairment. Arch Phys Med Rehabil. 2001 Jan;82(1):9-13. 

137. Kim CM, Eng JJ. The relationship of lower-extremity muscle 
torque to locomotor performance in people with stroke. Phys Ther. 
2003 Jan;83(1):49-57. 

138. Kligyte I, Lundy-Ekman L, Medeiros JM. Relationship between 
lower extremity muscle strength and dynamic balance in people 
post-stroke. Medicina (Kaunas). 2003;39(2):122-28. 

139. Lindmark B, Hamrin E. Relation between gait speed, knee muscle 
torque and motor scores in post-stroke patients. Scand J Caring 
Sci. 1995;9(4):195-202. 

140. Suzuki K, Imada G, Iwaya T, Handa T, Kurogo H. Determinants 
and predictors of the maximum walking speed during computer-
assisted gait training in hemiparetic stroke patients. Arch Phys 
Med Rehabil. 1999 Feb;80(2):179-82. 



ULLA-BRITT FLANSBJER 

75

141. Shrout PE, Fleiss JL. Intraclass correlations: Uses in assessing rater 
reliability. Psychol Bull. 1979;86:420-28. 

142. Beckerman H, Roebroeck ME, Lankhorst GJ, Becher JG, Bezemer 
PD, Verbeek AL. Smallest real difference, a link between 
reproducibility and responsiveness. Qual Life Res. 
2001;10(7):571-78. 

143. Dvir Z. Isokinetic strength testing: Devises and protocols. In: 
Kumar S, editor. Muscle strength: CRC Press; 2004. p. 157-76. 

144. Sipila S, Multanen J, Kallinen M, Era P, Suominen H. Effects of 
strength and endurance training on isometric muscle strength and 
walking speed in elderly women. Acta Physiol Scand. 1996 
Apr;156(4):457-64. 

145. Guralnik JM, Simonsick EM, Ferrucci L, Glynn RJ, Berkman LF, 
Blazer DG, et al. A short physical performance battery assessing 
lower extremity function: association with self-reported disability 
and prediction of mortality and nursing home admission. J 
Gerontol. 1994 Mar;49(2):M85-94. 

146. Steffen TM, Hacker TA, Mollinger L. Age- and gender-related test 
performance in community-dwelling elderly people: Six-Minute 
Walk Test, Berg Balance Scale, Timed Up & Go Test, and gait 
speeds. Phys Ther. 2002 Feb;82(2):128-37. 

147. Lai SM, Perera S, Duncan PW, Bode R. Physical and social 
functioning after stroke: comparison of the Stroke Impact Scale 
and Short Form-36. Stroke. 2003 Feb;34(2):488-93. 

148. Sommerfeld DK, Eek EU, Svensson AK, Holmqvist LW, von 
Arbin MH. Spasticity after stroke: its occurrence and association 
with motor impairments and activity limitations. Stroke. 2004 
Jan;35(1):134-39. 

149. Donner A, Eliasziw M. Sample size requirements for reliability 
studies. Stat Med. 1987 Jun;6(4):441-48. 

150. Eng JJ, Chu KS, Maria Kim C, Dawson AS, Carswell A, Hepburn 
KE. A community-based group exercise program for persons with 
chronic stroke. Med Sci Sports Exerc. 2003 Aug;35(8):1271-78. 



STRENGTH TRAINING AFTER STROKE 

76

151. Dean CM, Richards CL, Malouin F. Task-related circuit training 
improves performance of locomotor tasks in chronic stroke: a 
randomized, controlled pilot trial. Arch Phys Med Rehabil. 2000 
Apr;81(4):409-17. 

152. Rimmer JH, Riley B, Creviston T, Nicola T. Exercise training in a 
predominantly African-American group of stroke survivors. Med 
Sci Sports Exerc. 2000 Dec;32(12):1990-96. 

153. Craig A, Dinan S, Smith A, Taylor A, Webborn N. Exercise 
referral systems: A national quality assurance framework: Crown 
Copyright; 2001. 

154. Grimby G, Engardt M. Stroke/slaganfall (In Swedish). In: 
Henriksson J, Ståhle A, editors. FYSS: Physical activity in the 
prevention and treatment of disease: www.svenskidrottsmedicin.se;
2003. p. 357-67. 

155. Buchner DM, Larson EB, Wagner EH, Koepsell TD, de Lateur BJ. 
Evidence for a non-linear relationship between leg strength and 
gait speed. Age Ageing. 1996 Sep;25(5):386-91. 

156. Kwakkel G, Wagenaar RC, Twisk JW, Lankhorst GJ, Koetsier JC. 
Intensity of leg and arm training after primary middle-cerebral-
artery stroke: a randomised trial. Lancet. 1999 Jul 
17;354(9174):191-96. 

157. Moreland JD, Goldsmith CH, Huijbregts MP, Anderson RE, 
Prentice DM, Brunton KB, et al. Progressive resistance 
strengthening exercises after stroke: a single-blind randomized 
controlled trial. Arch Phys Med Rehabil. 2003 Oct;84(10):1433-
40.

158. Dodd KJ, Taylor NF, Denisenko S, Prasad D. A qualitative 
analysis of a progressive resistance exercise programme for people 
with multiple sclerosis. Disabil Rehabil. 2006 Sep 30;28(18):1127-
34.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice




