
Clinical Rehabilitation 2007; 21: 495–510

Stroke patients and long-term training: 
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Objective: To find out if there were any differences in improvement and maintenance
of motor function, activity of daily living and grip strength between patients with
first-ever stroke receiving two different strategies of physical exercise during the
first year after stroke.
Design: A longitudinal randomized controlled stratified trial.
Setting: Rehabilitation institutions, community, patients’ homes and nursing
homes.
Subjects: Seventy-five male and female first-time-ever stroke patients: 35 in an
intensive exercise group and 40 in a regular exercise group.
Intervention: The intensive exercise group received physiotherapy with focus on
intensive exercises in four periods during the first year after stroke. The regular
exercise group patients were followed up according to their subjective needs
during the corresponding year.
Main outcome measures: Motor Assessment Scale, Barthel Index of Activities of
Daily Living, and grip strength.
Results: Both groups improved significantly up to six months when function
stabilized. The groups did not differ significantly on any test occasions. The
difference of improvement from admission to discharge was significant in favour
of the intensive exercise group, in the Motor Assessment Scale total score (intensive
exercise group 7.5; regular exercise group 1.7, P �0.01), and in the Barthel Index
of Activities of Daily Living total score (17.4 versus 8.9, P �0.04).
Conclusion: Motor function, activities of daily living functions and grip strength
improved initially and were maintained during the first year after stroke in all patients
irrespective of exercise regime. This indicates the importance of motivation
for regular exercise in the first year following stroke, achieved by regular
check-ups.
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Introduction

Stroke is a major cause of disability, and its long-term
effects often lead to a need of rehabilitation services.
It has been shown that intensive stroke unit care and
functional exercises are beneficial in the acute rehabil-
itation of stroke patients. The length of stay at
rehabilitation units for stroke patients is decreasing,
leaving patients with incomplete recovery at discharge
and in need of follow-up services.1–5

Investigations concerning interventions in the longer
perspective after stroke are not so common. However,
stroke patients have been found to benefit from exer-
cises after stroke.6–9 Studies of stroke patients after the
acute phase have often focused on specific functions
such as gait or arm movements. The duration of treat-
ment has varied, for example from three weeks to six
months, and often the treatment does not start until one
year or longer after the stroke.10–14 Some studies have
focused on rehabilitation in the home, but the follow-up
therapy has had a short duration, and the intensity of
the programmes has been submaximal.15–23 One of our
previous studies, in which stroke patients were followed
up for four years after the acute event, revealed a change
from the intensive treatment in the acute phase to little
or no physiotherapy or other rehabilitation activities
after this period.24

The same study confirmed what other studies had
shown, that a deterioration of activities of daily living
and motor function and increased dependence on rel-
atives were apparent at one year and critical after four
years of follow-up.

It is yet to be established what kind of rehabilitative
care after stroke is needed to enhance motor function
and what contributes to a more independent life for a
longer period of time, and to be determined whether
deterioration is a natural development of the disease.
If the latter is the case, strategies in primary care need
to be altered to meet an increased demand for help.

There is a general assumption that physical exer-
cises are beneficial at all stages of stroke, but it is ques-
tionable whether these benefits are sustained after the
treatment ends.8,23 To our knowledge, there have been
no longitudinal studies of the effects of uninterrupted
regular physical exercises in stroke patients from the
acute phase up to one year after stroke.

The present study was undertaken to find out if
there were any differences in motor function, function
of activities of daily living and grip strength between

two groups of patients with first-time-ever stroke
treated in a stroke unit in the initial phase and given
different follow-up treatments during the first year
after the onset.

The main research question was: Will there be a
difference in how first-time-ever stroke patients im-
prove and maintain their motor function, as measured
with the Motor Assessment Scale, independence in
activities in daily living measured with the Barthel
Index of activities of daily living, and grip strength,
measured with a Martin vigorimeter, if they receive
continued intensive training compared with treatment
only when required?

A further aim was to determine whether there were
any differences in the numbers of patients who lived
in their own homes after one year, who used commu-
nity services, or received help from relatives between
the groups receiving the two different types of train-
ing regimes.

It was hypothesized that patients undergoing the in-
tensive treatment programme would have better motor
function, be more independent in daily living and have
better grip strength at one year of follow-up compared
with those who received training when needed.

Methods

Design
This study was a longitudinal randomized con-

trolled stratified trial conducted on male and female
patients with first-ever stroke during the first year
after the onset. At discharge from the acute hospital,
patients were randomized to one of two different
groups by a person not involved with the patients or
the treatment in the ward. Randomization was per-
formed with a die: patients with uneven numbers went
to group 1, an intensive exercise group, and those with
even numbers to group 2, a regular exercise group.

Stratification was according to gender and hemi-
sphere lesion: the first male patient with a right hemi-
sphere lesion and with an uneven number was
allocated to the intensive exercise group, and the next
male patient with a right hemisphere lesion was allo-
cated to the regular exercise group. The procedure
with the die was then used when the third male patient
with a right hemisphere lesion entered the stroke unit
and so on. A corresponding procedure was followed
for female patients. The protocol was sealed for 1.5
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years from the start of the study until the last patient
included was tested at one year of follow-up. The
study was an intention-to-treat trial with the aim of
being double-blind; that is, neither the investigator
nor the patients knew to which group the patients
were allocated.

On the basis of an earlier study4 a power calculation
was made and it was estimated that 29 participants
were required in each group to detect a difference in
motor function with a significance level of 0.05 and a
power of 80%.

Subjects
The patients were all admitted to the primary hos-

pital covering a geographical area with a population
of 140 000. Patients with stroke were consecutively
screened for inclusion as they were admitted to the
hospital. Participation in the study was voluntary. All
participants and their families were informed about
the tests and the use of the test results, and were asked
to sign a written statement in which they formally
consented to inclusion in the study. The informed
consent was obtained by methods approved by the
Regional Committee of Medical Research Ethics of
Norway. The information, given in writing and ver-
bally, was that the participants would be randomized
to one of two groups at discharge, one of which would
be given intensive physical therapy regularly with
special emphasis on endurance, strength and balance
during four periods, with a total treatment period of at
least 80 hours, in the following year after discharge
from the hospital. The exercises in this group were
compulsory in that the therapy was initiated and
planned throughout the first year by the physiothera-
pist regardless of the evaluated need. The other group
would have physical therapy exercises in accordance
with the routines in the community, if required. In
some cases this means no follow-up treatment.

Inclusion criteria were first-time-ever stroke with
neurological signs, computer tomography-confirmed
stroke and voluntary participation. Exclusion criteria
were more than one stroke incident, subarachnoid
bleeding, tumour, other serious illness, and brainstem
or cerebellar stroke. Seventy-five patients fulfilled the
inclusion criteria and were randomized to one of the
two groups after the first test occasion 3–5 days after
admission. The randomization was put into effect as
the patients were discharged from the hospital and did
not interfere with the treatment at the hospital.

Outcome measures
A test protocol for evaluation of motor function, ac-

tivities of daily living and grip strength was set up,
consisting of well-known clinical measurements that
could be implemented anywhere without laboratory
equipment. The Motor Assessment Scale and the
Barthel Index of Activities of Daily Living are both
functional measurements that can be said to represent
measurements on the activity level according to the
World Health Organization’s International Classifi-
cation of Functioning.25 Grip strength, on the other
hand, is a test on the body organ and body structure
level, according to the same classification.25 These
tests would give an overall, thorough impression of
motor function from different levels and activities,
throughout the first year after stroke.

The patients were tested on admission, at discharge,
and three months, six months and one year after stroke
by an experienced investigator, blinded to group allo-
cation. The tests were performed in the general hospi-
tal, in the patients’ homes and in community service
centres.

The Motor Assessment Scale
The Motor Assessment Scale is a test of motor

function developed by Carr and Shepherd.26 Each item
scores from 0 to 6. Hence the total scores range between
0 and 48. The test has been shown to have high inter-
(r �0.89–0.99) and intra-reliability (r �0.87–0.98)
and high construct cross-sectional validity (r �0.88
and r �0.96).27 The Motor Assessment Scale scores
in this study were also dichotomized into lower scores
(0–35) and higher scores (36–48). The lower Motor
Assessment Scale scores were estimated with a cut-
off point of score 4 on all the subscores, scores below
the cut-off indicating a lower level of motor function.

The Barthel Index of Activities of Daily Living
The Barthel Index of Activities of Daily Living is a

test of primary activities of daily living developed by
Mahoney and Barthel27 for the purpose of measuring
functional independence in personal care and mobility.
The items are weighted differently. The scores reflect
the amount of time and assistance required by a client.
A score of 0 (complete dependence), 5, 10 or 15 is as-
signed to each level, with a possible total score of 100.
The test has high scores for inter- (r �0.70–0.88), and
intra-reliability (r �0.84 and r �0.98) and construct
cross-sectional validity (r �0.73–0.77).27,28 The
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scores of the Barthel Index of Activities of Daily
Living were also dichotomized into lower (0–59) and
higher scores (60–100) in this study. This estimation
was based on the clinical guideline of a cut-off point of
60, scores below which indicate a need for institu-
tional care.29

Grip strength
Grip strength was measured with a Martin vigorime-

ter,30 consisting of a manometer with rubber tubing and
three different-sized rubber balls: male, female/young
and child size. The manometer gives the respective
reading in bars (1 bar �100 kPa �1.019 atm �1.019
kp/cm2). When taking the test, the patient has to
squeeze the vigorimeter three times with all possible
strength without seeing the gauge. The mean of the
three squeezes is then used. Normal values of healthy
people are: male adult 0.8–1.3 bar and for female adult
0.7–1.2 bar.31–33 Validity has been compared between
the Jamar dynamometer and the Martin vigorimeter
and Pearson’s product-moment correlation was
r �0.89 for the right hand and 0.90 for the left hand.31

Test–retest reliability showed an intraclass correlation
coefficient of 0.96 for the mean of three measures on
the dominant hand and of 0.98 on the other.34

In addition, housing, help from the community
and/or relatives, time from admission to discharge and
civil status were recorded through the documentation
at the stroke unit/rehabilitation centre and at the inter-
views with patients and relatives on the test occasions.
Patients and relatives were also encouraged to keep
track of the incidence of falls and pain. Falls were
recorded by the patients and their relatives in a diary
as they occurred. Pain was recorded likewise, as pres-
ent or not between test occasions and was reported at
the interviews, when the patients were asked about
occurrences of falls and pain. The answers were noted
by the investigator in the protocol. This recording was
monitored in order to see whether the input of exer-
cises could be related to pain or falls.

Treatment
During the acute phase of rehabilitation at the hos-

pital both groups received functional task-oriented
training tailored to their specific needs. The amount of
training was equal in the two groups, with two periods
per day, the two periods comprising a total of 1 hour of
physiotherapy in combination with other specialized
therapies according to the patients’ needs. At discharge

the patients were randomized into two separate
groups, an intensive exercise group and a regular exer-
cise group, as described above.

The subsequent training for the intensive exercise
group included a functional exercise programme with
emphasis on high intensity of endurance, strength and
balance. The individualized training programmes were
aimed at functional improvements but with variations,
for example: getting up from a chair, walking indoors,
Nordic walking outdoors, stationary bicycling, and
stair walking, where the physiotherapist monitored
the levels of intensity through Borg’s Scale or through
the pulse rate. A protocol with suggestions of types of
exercises and levels of intensity was developed in dis-
cussion with all physiotherapists involved. This proto-
col was intended as a guideline. The goal of these
exercises was to improve and maintain motor function,
activities of daily living and grip strength. Patients in
the intensive exercise group were also encouraged to
maintain a high activity level apart from that in the
training sessions.

If the patients in the regular exercise group were
considered to be in need of follow-up treatment or
rehabilitation they were assigned to that, but not on
a regular basis. No specific treatment was recom-
mended to this group. On the other hand, the same
encouragement to maintain a high activity level be-
sides the training, if any, was given to the regular ex-
ercise group.

In order to standardize the follow-up treatment and
exercises given to the patients in the intensive exercise
group, physiotherapists in the two communities to
which the patients were transferred from the local
hospital were contacted in advance of the study. A
group of physiotherapists in the rehabilitation depart-
ments, homes for the elderly /community home ser-
vices, and physiotherapists in private practices, agreed
to receive the patients allocated to the intensive exer-
cise group and treat them according to the training
principles described in the protocol.

Arrangements were made for patients allocated to
the intensive exercise group to have physiotherapy
during four periods, with a minimum of 20 hours
every third month, in the first year after the stroke (see
Figure 1). The intervention sessions started immedi-
ately after discharge, two or three times a week if the
patient was at home or attending a private physiother-
apy practice, and daily if he or she was in a rehabili-
tation ward. This intervention was repeated after three
months, six months and one year.
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The regular exercise group patients were given
follow-up treatment according to their needs, as con-
sidered by the rehabilitation staff at the stroke unit/re-
habilitation department and by the rehabilitation team
in the community after discharge. A simplified de-

scription of these exercises and of what was actually
done in the intensive and regular exercise groups is
given in Table 1a and b.

Compliance to the training programmes was
recorded by the physiotherapists in charge of the

Table 1a Numbers of patients in the intervention group (IG) and the regular training group (RG) who practised different
types of exercise with a physiotherapist (PT) or self-training

Acute ward Discharge 3 months 6 months 12 months

IG RG IG RG IG RG IG RG IG RG

Intensive with PT 12 13 20 18 16 11 12 10 12 7
Intensive self-training 1 5 14 6 14 6 15
Submaximal with PT 19 14 11 14 7 6 6 2 5 3
Minimal with PT and/or 3 10 1 5 3 2 5 4 4 2
self-training
No training 1 2 3 1 5 4
Death/withdrawal 1 2 3 2 3 5 3 9 3 9
Total (n) 35 40 35 40 35 40 35 40 35 40

Table 1b Suggested components of the intervention programme (time 45 minutes)

Endurance
Intensity

High 70–80%, calculated from maximal pulse: 208 – 0.7 � age (Tanaka 2001) or 15–17 (hard to very 
hard) on Borg’s rating scale of perceived exertion. At least two pulse peaks when training

Medium 50–60% calculated from maximal pulse: 208 – 0.7 � age (Tanaka 2001) or 12–14 (hard to very 
hard) on Borg’s rating scale of perceived exertion. At least two pulse peaks when training

Proposal exercises Walking
Bicycling on stationary bike (arm-, leg- or combined)
Treadmill
Step
Working with balls or balloons

Strength
Intensity 50–60% calculated from 1RM (repetition maximum), dynamic, concentric and eccentric with 

preference for the latter
Proposed exercises Extension of back: pulley, pull-down, ‘walking stick’, prone- extension

(repetition 10 � 3)
Stomach: ordinary sit-ups with fixation of pelvis if necessary
Arms: push-ups in chair, weight–lifting, water bottles, pulley
Hips–legs: ordinary knee flexion/extension, walking stairs, steps
Legs–feet: toe and heel rise on the floor, step, Airex mat, with or without support

Balance Maximal level on Borg’s scale: Varied with increasing difficulty: more or less visual input, visual
or auditory ‘disturbances’, obstacles

Proposal exercises Walking on even/uneven surface
Walking in 8, keeping borders
Walking on a line
Dual task
Obstacles
Dancing
Tai chi

If not possible with any Sitting: senior dance, balls, balloons
of the above:

Note: Use breathing techniques; take breaks - especially with heart and lung problems.
Do light stretching of large muscles after the end!
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follow-up treatment. In the intensive exercise group
compliance was considered high if the patients did
the exercises in all four exercise periods in the year
after the stroke and at least twice a week. In the
patients of the regular exercise group any follow-up
treatment after the acute rehabilitation was consid-
ered as high compliance, since the expectations of
follow-up were minimal in this group, according to
previous experiences.24 The participants of both
groups were also interviewed informally on each test
occasion concerning their own training habits, their
motivation for exercise, and whether and how they
were doing exercises. Motivation was considered
high if the participants did the exercises regularly, if
they complied with the tests at different times during
the follow-up year and if they verbally expressed a
positive opinion of the importance of exercise. In
order not to compromise blinding and disclose group
allocation, the project leader made notes during these
interviews so as to keep track of information and to
be able to compare these notes on training habits with
the actual training information given by the physio-
therapists, as the seal of blinding was broken at the
end of the study. This procedure was meant to be a
double-check on the training habits and compliance
by allowing comparison between subjective and
objective information.

Statistical analysis
The results were analysed in an SPSS program ver-

sion 13. Descriptive statistics were used to summarize
demographic, stroke and baseline characteristics. All
analyses were performed on an intention-to-treat basis.
Means, medians and standard deviations (SD) were
calculated for each clinical test. A general linear model,
with a univariate analysis of variance (ANOVA) was
used, with baseline to one year change in the respec-
tive scores of the Motor Assessment Scale, Barthel
Index of Activities of Daily Living, and grip strength
as a dependent variable and with treatment group as a
primary factor and age and gender as covariates. In ad-
dition differences in improvement were calculated for
total score on the Motor Assessment Scale, Barthel
Index of Activities of Daily Living and grip strength
and analysed in the same manner. A subgroup analysis
on the dichotomized values of the Motor Assessment
Scale and Barthel Index of Activities of Daily Living
was also performed. The significance level was set
at �0.05.

Results

A total of 185 patients with a diagnosis of stroke ac-
cording to the International Classification of Diseases
10 were registered during the period 1 September 2003
to 1 September 2004. After close screening, 75 were
found to have a first-time-ever stroke and were con-
secutively included in the study: 35 in the intensive
exercise group and 40 in the regular exercise group. Of
these 75 initially included in the study, four died and
four withdrew during the acute stage (Figure 1).

Reasons for withdrawal were: new diagnosis �1;
anxiety �1; cognitive status/dementia �1; advanced
age (98 years) �1; did not want to participate �1.

Demographic data are presented in Table 2. There
were no significant differences between the groups re-
garding age, hemisphere lesion, marital status at base-
line, or admission to the stroke unit. The overall cause
of the stroke was thrombosis or embolism with 29 such
cases in the intensive exercise group and 36 in the reg-
ular exercise group, the other 10 being haemorrhages.

Outcomes
Both groups improved significantly in motor func-

tion (Motor Assessment Scale), activities of daily
living (Barthel Index of Activities of Daily Living)
and grip strength (vigorimeter) from admission to
three months (Tables 3–5). Between the three-month
and six–month follow-up this improvement had sta-
bilized and there were no significant further im-
provements in either of the groups. At one-year of
follow-up there was a tendency to a reduction of per-
formance in the Motor Assessment Scale and Barthel
Index of Activities of Daily Living in both groups,
whereas grip strength still seemed to be improving
(Table 5).

There were significant differences in improvement
from admission to discharge in favour of the intensive
exercise group, regarding the Motor Assessment Scale
total score and subscores for turning in bed, standing
up, upper extremity function and hand function, and
also for the Barthel Index of Activities of Daily Living
total score and subscores for dressing, transfer from
bed to chair, walking capacity, and walking up and
down stairs (Table 6). There were also significant
group differences in improvement of grip strength in
the paretic hand from the three- to six-month scores,
and of the Motor Assessment Scale total scores from
the six-month to the one-year scores (Table 6).
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The mean motor function at baseline, as assessed
by the Motor Assessment Scale, was higher in the reg-
ular exercise group (m �31.4) than in the intensive
exercise group (m �26.7) (Table 3). The regular exer-
cise group also had higher baseline values for activi-
ties of daily living, as measured by the Barthel Index
of Activities of Daily Living (regular exercise group
m �66; intensive exercise group m �56.6) (Table 4)
and for grip strength, as assessed with the vigorimeter
(regular exercise group 0.41 and 0.65 bar; intensive

exercise group 0.37 and 0.55 bar) (Table 5). The dif-
ferences were not significant, however.

The patients were also divided into those with lower
Motor Assessment Scale scores (0–35) and those with
higher scores (36–48) and the results confirmed the
observed differences between the two exercise groups,
although they were not significant. Fifty-four per cent
of the patients in the intensive exercise group and 45%
of those in the regular exercise group scored low on
admission.

Assessed for

eligibility

n = 185

Randomized

n = 75 

Regular exercise

group

n = 40

Discharge:

n = 32

Discharge:

n = 35

1 dead

2 with-

drawal

3 dead

2 with-

drawal

3 months:

n = 32

3 months:

n = 33

1 dead

1 with-

drawal

2 dead
6 months:

n = 32

6 months:

n = 31

12 months:

n = 32

12 months:

n = 31

Intensive exercise

group

n = 35

Excluded:

Not meeting inclusion criteria

(n = 110)

First evaluation

Figure 1 Flowchart for stroke patients included in the study 2003–2005: on admission, at discharge, and at 3, 6 and 12
months.
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Table 2 Baseline demographic data for patients included in the two different groups and significance levels at P �0.05 for
differences between the groups

Intensive exercise Regular exercise P-values
group (n �35) group (n �40)

Hemisphere lesion
Right (n) 19 19 0.56
Left (n) 16 21

Age mean (SD) 76 (12.7) 72 (13.6) 0.23
Medication Y/N (n) 33Y/2N 37Y/3N 0.89
Assistive devices (n) 5 4 0.5
Self-reported health status before stroke

Good (n) 17 25 0.66
Minor problems (n) 17 11
Moderate problems (n) 0 3
Major problems (n) 1 1

Occupation
Retired (n) 28 27 0.37
Working (n) 7 13

Civil status
Married (n) 17 24 0.42
Widow/-er (n) 13 11
Divorced (n) 3 2
Single (n) 2 1
Living together 0 2

Children Y / N (n) 27Y/8N 25Y/15N 0.39
Days in the hospital (mean) 22 16 0.03*
SD 13 10
Assistance with home services, shopping, 6Y/29N 4Y/36N P �0.29

cleaning, transport Y/N (n)

This difference had levelled out at discharge, when
40% and 42%, respectively, scored low. At the three-
month follow-up the levelling had ceased and 38% in
the intensive exercise group versus 30% in the regular
exercise group had low scores. At the one-year follow-
up 34% of the intensive exercise group patients and 19%
of those in the regular exercise group had low scores.
None of these differences were significant, however.

The same development was observed regarding
activities of daily living when the scores were divided
into low scores of 0–59 and high scores of 60–100 for
analysis. At discharge, 26% in the intensive exercise
group and 28% in the regular exercise group scored
low on the Barthel Index of Activities of Daily
Living. At the one-year follow-up 28% of the inten-
sive exercise group and 10% of the regular exercise
group had low scores. None of these differences were
significant.

The patients in both groups were highly moti-
vated for training and 25 patients in the intensive
exercise group (71%) and 26 patients in the regular

exercise group (65%) stated spontaneously on the
test occasions that they found the exercises vital for
their function and well-being. Compliance to the
training programmes was high in 28 patients (80%)
in the intensive exercise group and in 31 patients
(78%) in the regular exercise group. The intensity of
the programme was high in both groups, with a ten-
dency to therapeutically steered training in the in-
tensive exercise group and more self-initiated
training in the regular exercise group (Table 1).
Between the three-month and the 12-month follow-
up the mean number of occasions of supervised ex-
ercise in the intensive exercise group was 2.1 times
per week and in the regular exercise group 2.2 times
per week. This amounts to approximately 40 weeks
of exercise per year in both groups, which repre-
sents the 80 hours we initially aimed at in the inten-
sive exercise group.

All patients included in the study came from their
own homes in the local communities when admitted
to the hospital. At discharge 15 patients in the in-
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Table 3 Motor Assessment Scale (MAS): subscores 1–8 and total score on admission, at discharge, and 3, 6 and 12
months post stroke

Admission Discharge 3 months 6 months 1 year 
n �35 m (Md) SD n �32 m (Md) SD n �32 m (Md) SD n �32 m (Md) SD n �32 m (Md) SD

Intensive exercise group
Turning in bed 3.6 (5) 4.6 (6) 4.9 (6) 5 (6) 4.9 (6)

2.6 2.0 1.8 1.8 2
Sitting up 3.8 (5) 4.7 (6) 4.9 (6) 5.1 (6) 4.9 (6)

2.4 1.8 1.6 1.5 1.8
Sitting 3.9 (4) 4.9 (6) 5.1 (6) 5.3 (6) 5.1 (6)

2.1 1.6 1.4 1.1 1.5
Standing up 3.1 (2) 4.3 (5) 4.6 (5) 4.7 (6) 4.5 (6)

2.4 1.99 1.8 1.8 2.1
Walking 2.8 (2) 3.9 (4) 4.2 (5) 4.3 (5) 4.2 (5.5)

2.4 2.1 1.9 1.9 2.1
Upper arm function 3.5 (5) 4.5 (6) 4.7 (6) 4.8 (6) 4.8 (6)

2.6 2.2 2 1.8 1.9
Wrist function 3.4 (4) 5.8 (5) 4.6 (5.5) 4.8 (6) 4.7 (5)

2.6 8.8 2.1 1.9 1.9
Hand function 2.4 (2) 3.0 (2) 3.4 (3) 3.7 (5.5) 3.6 (4)

2.5 2.4 2.5 2.5 2.5
MAS total 26.7 (29) 34.2 (42) 36.4 (42) 37.9 (43.5) 36.7 (43.5)

18.2 14.9 13.9 12.8 14.3

Regular exercise group
Turning in bed 4.5 (6) 4.7 (6) 5.1 (6) 5.4 (6) 5.4 (6)

2.4 2.1 1.7 1.4 1.4
Sitting up 4.6 (6) 4.9 (6) 5.5 (6) 5.6 (6) 5.7 (6)

2.1 1.9 1.3 1.1 1.1
Sitting 4.5 (6) 4.97 (6) 5.3 (6) 5.4 (6) 5.5 (6)

2.0 1.6 1.2 1.2 1.2
Standing up 4.9 (5) 4.2 (5) 4.96 (6) 5.1 (6) 5.3 (6)

5.4 2.1 1.7 1.5 1.3
Walking 3.5 (4) 4.1 (5) 4.8 (6) 4.9 (6) 5.0 (6)

2.6 2.1 1.7 1.6 1.5
Upper arm function 4.3 (6) 4.5 (6) 4.7 (6) 4.9 (6) 5.2 (6)

2.4 2.3 2.0 1.8 1.5
Wrist function 4.1 (5) 4.3 (5) 4.7 (6) 4.7 (6) 4.9 (6)

2.4 2.4 2.2 2.2 2.2
Hand function 3.1 (3) 3.1 (2) 3.9 (6) 3.9 (6) 4.2 (6)

2.6 2.6 2.6 2.5 2.5
MAS total 31.4 (41) 17.1 33.8 (42) 15.5 38.9 (46) 12.7 39.8 (47) 12.1 41.2 (48) 11.5

Mean (median) and SD are given for the two study groups. There were no significant differences between the groups. MAS
subscore values range from 0 to 6 and the total score has a maximum of 48 points.

tensive exercise group and 19 in the regular exercise
group were discharged to their own homes, and at
the one-year follow-up 24 and 29 patients in these
two groups, respectively, were living at home. There
were no significant differences in this respect
(Table 7).

There was a significant difference in the length of stay
at the acute hospital. The mean stay of the patients in the

intensive exercise group was 22 days, as compared to 16
days in the regular exercise group (P �0.03).

The patients of the intensive exercise group were re-
ceiving more help from relatives and the community on
all test occasions. These differences were significant
only at one year of follow-up (P �0.04).

Pain was being experienced by 15 of the intensive
exercise group patients and by 13 of the regular
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exercise group at the end of the one-year follow-up
period. Three patients in the intensive exercise group
and one in the regular exercise group reported having
had a fall during the whole period.

Discussion

This study is, to our knowledge, the first random-
ized controlled trial in which an intensive exercise
programme is compared with regular treatment in
first-time-ever stroke patients during the first year
after the period in the acute stroke unit. Other similar
studies have concerned patients with chronic
stroke6–7,9–14 and patients with mixed first- and second-
time stroke5–7,9–14 with interventions for shorter peri-
ods. The improved function in these studies could also
be seen as a reduction of secondary complications and
inactivity after stroke and not as a prolonged recovery
after stroke. The benefit of treating a group of patients
with first-time stroke for a longer period, such as one
year in our study, is that the secondary complications
in connection with inactivity are minimized. The
improvement and maintenance of function can then
be attributable to the spontaneous recovery and
rehabilitation.

Our main findings were that the improvements in
motor function, activities of daily living and grip
strength during the acute rehabilitation period contin-
ued and were maintained during the first year after
stroke. These observations were made in both the in-
tensive exercise group and regular exercise group, con-
trary to our hypothesis. However, the exercise levels
were high in both groups in this study, higher than an-
ticipated from earlier experience.24 This was uninten-
tional but probably due to high motivation of all
participants regardless of group allocation. We believe
this high motivation was triggered by the test occa-
sions and regular contact with a physiotherapist initi-
ating higher exercise levels in the regular exercise
group, identical to those of the intensive exercise
group.

In this study, the improvements in the scores of the
Motor Assessment Scale and the Barthel Index of
Activities of Daily Living, in both groups, were larger
at three months and one year than were found in a pre-
vious follow-up study of stroke patients who received
little or no treatment in the after-stroke period.24

These improvements and the maintenance of motor
function, activities of daily living and grip strength inT
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firs-time-ever stroke patients have not, to our knowl-
edge, been shown in any other study.

In our opinion, these positive results are due to the
regular exercise programmes and the regular follow-
ups three, six and twelve months following the acute
stroke (Table 1).

We did not find any significant differences in motor
function, activities of daily living or grip strength

between the intensive exercise and regular exercise
group on any test occasion. This might be explained
by several factors. One is that the motor function and
activities of daily living were slightly better in the reg-
ular exercise group than in the intensive exercise
group at the first test on admission. This difference
should not, however, have had an impact on the pa-
tients’ reactions to the rehabilitative input, since even

Table 7 Living conditions in patients with stroke in the intensive exercise group (IG) and the regular exercise group (RG)
on different test occasions

Admission Discharge 3 months 6 months 12 months

IG RG IG RG IG RG IG RG IG RG

Own home 35 40 15 17 18 21 24 28 24 29
Rehabiltation 10 15 8 9 1 2 0 0
Service home 0 0 0 0 0 0 1 0
Short-term nursing home 7 2 5 2 1 1 1 0
Long-term nursing home 0 1 1 1 6 2 6 2
Withdrawal 2 2 2 3 2 3 2 3
Death 1 3 1 4 1 4 1 6

IG, intensive exercise group; RG, regular exercise group.

Table 6 The mean difference and SD in improvement of total scores between different test occasions, for the Motor
Assessment Scale, Barthel Index of Activities of Daily Living and grip strength measured in bar in the paretic and non-
paretic hand, with P-values for significant differences between the groups

Intensive exercise Regular exercise P-values
group (n �35) group (n �40)

Motor Assessment Scale
adm–dis 7.5 (10.7) 1.7 (4.6) 0.01*
dis–3 months 2.2 (5.1) 4.6 (4.2) 0.54
3–6 months 1.5 (4.6) 0.9 (3.1) 0.61
6 months–1 year 1.2 (3.9) �0.7 (2.4) 0.02*

Barthel Index
adm–dis 17.4 (24.6) 8.9 (13.6) 0.04*
dis–3 months 7.5 (12.2) 11.8 (12.9) 0.91
3–6 months 1.5 (11.4) 3.6 (10.4) 0.44
6 months–1 year �3.7 (9.8) �3.5 (13.1) 0.71

Grip strength, paretic hand
adm–dis 0.03 (0.2) 0.07 (0.2) 0.67
dis–3 months 0.05 (0.1) 0.06 (0.2) 0.86
3–6 months 0.01 (0.2) 0.01(0.1) 0.04*
6 months–1 year 0.08 (0.2) 0.12 (0.2) 0.16

Grip strength, non-paretic hand
adm–dis 0.07 (0.2) 0.08 (0.1) 0.76
dis–3 months 0.06 (0.1) 0.06 (0.2) 0.90
3–6 months 0.09 (0.2) 0.02 (0.1) 0.11
6 months–1 year 0.1 (0.3) 0.18 (0.2) 0.61

adm, admission; dis, discharge.
*P �0.05.
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the most severely affected patients may experience
meaningful improvement during early rehabilita-
tion.35–40

Regarding the different degrees of improvement in
the two groups, there was significantly greater im-
provement in the intensive exercise group in the total
Motor Assessment Scale score and the total Barthel
Index of Activities of Daily Living score, during the
first rehabilitation period between admission and dis-
charge (Table 6). Grip strength of the paretic hand
showed the same tendency between the three- and six-
month tests (Table 6). It might seem that the poorer
function in the intensive exercise group on admission
was compensated for by a more sensitive and rapid re-
action to therapy in the early rehabilitation stage. It
may be speculated whether brain plasticity is perhaps
more pronounced in patients with severe damage than
in those with less damage, since the therapy was
equally distributed at that time in the two groups.41 It
has been proposed that the adult brain might be most
plastic in the period immediately following an injury,
offering a window of opportunity for therapeutic in-
tervention.41–45 It has also been suggested that the
brain insult induces transient hyperexcitability of the
unaffected motor cortex, mainly reflecting cortico-
spinal excitability changes, but that this might also in-
duce some degree of brain plasticity. The fact that the
patients in the intensive exercise group had lower
scores on admission than the regular exercise group
but displayed more rapid improvement, especially in
the acute setting at the stroke unit, might be an indi-
cation of a larger injury to the brain, and therefore
higher susceptibility to therapy, since they improved
and maintained this improvement during the year of
follow-up.46 Another explanation for the more rapid
improvement in the intensive exercise group in the
first six-month period might be that the stay in the
hospital, which was significantly longer in that group
than in the regular exercise group, was very beneficial
for this group of patients. On the other hand, more pa-
tients from the regular exercise group were trans-
ferred directly to rehabilitation units in the
community compared with patients in the intensive
exercise group (Table 7). The length of acute stroke
rehabilitation has not been discussed in the literature
as much as the question of when to start the process
of rehabilitation and the importance of adherence to
guidelines.7,47–50 Indirectly, however, this issue has
been addressed by studies of extended stroke services
and home programmes. The intervention part of these

extended services varied in time from 4 to 44 weeks,
and the type of intervention varied from exercises
conducted by physio-, occupational and speech thera-
pists to nurses’ visits for delivery of medicine.21 These
extended services after early discharge have been
proven to reduce long-term dependency and transfer
to institutional care as well as to shorten hospital
stays, indicating that exercises and follow-up are
beneficial in combination with early rehabilitation
in stroke units.3–5,15–22 Our results support these
findings.

The training levels, compliance and motivation in
the two groups were equally high. There was no dif-
ference in training habits or follow-ups between the
groups on any of the test occasions (Table 1). The in-
tensive training that was compulsory in the intensive
exercise group was compensated for by an extensive
self-training programme in the regular exercise group.
This latter was carried out in private physiotherapy
practices or at home or in outdoor areas together with
relatives or alone. This result was somewhat surpris-
ing. Our earlier study had revealed little or no physical
activity in the first year after stroke.24 This high com-
pliance and training could have been triggered by the
regular test occasions, which all patients of both
groups were informed would take place three months,
six months and one year after the stroke. The test oc-
casions in themselves were strong motivators for train-
ing and seemed to make the participants, irrespective
of group allocation, aware of their own need for exer-
cise. This supportive role of supervision or of inclu-
sion in a social group has also been noted in a study by
Olney et al.51

Some of the participants in the intensive exercise
group did not comply with the intended intensive
exercise because of cognitive difficulties and lack of
motivation. The relative numbers of patients with
cognitive reduction and lack of motivation, however,
were equal in the two groups, which levelled out the
impact of this non-participation.

One of the weaknesses of the study is the fact that
for different reasons the two groups were equally
active in doing physical exercises. We did not have
a true control with which to compare our findings.
However, the results of these groups at the end of the
year were better than those previously presented from
comparable studies.24,51 All the patients had kept their
motor, hand and activities of daily living functions
reasonably intact, which must be said to be an excel-
lent achievement.

 © 2007 SAGE Publications. All rights reserved. Not for commercial use or unauthorized distribution.
 at Universiteit Maastricht on February 7, 2008 http://cre.sagepub.comDownloaded from 

http://cre.sagepub.com


508 B Langhammer et al.

Clinical messages

● After initial rehabilitation following stroke,
planned regular exercise continued over one
year leads to a greater improvement in motor
function than treatment ‘as required’.

● Many patients continue regular exercises after
stroke rehabilitation even if not planned by a
therapist.

● Concurrent other illnesses reduce the potential
for exercise.

Another weakness is the fact that the intensive ex-
ercise group did not comply 100% with the proposed
interventions. This of course must be seen in the light
of the fact that stroke is a complex disease with a
heterogeneous population and development. In that
respect we had a representative stroke population in
our study.

One fact that might be considered a weakness
was that some therapists administered a submaxi-
mal programme to patients whom they had volun-
teered to exercise maximally. The reason for this
was explained by the therapists involved as being a
practical adaptation to pathological conditions such
as heart failure, pain and a poor cognitive status,
which inhibited a maximal effort. In order to carry
out the exercises, adjustments were made so that
routines could be maintained through the study pe-
riod. This is probably also one of the reasons why so
many patients complied with the exercise pro-
grammes.

Conclusion

Our main finding in this study was that the general
improvement in motor function, activities of daily liv-
ing and grip strength from the acute stage of the
stroke continued to some extent and was maintained
during the year of follow-up. This was observed in
both the intensive exercise group and the regular
exercise group, contrary to our hypothesis. A high
positive impact of training on compliance to and mo-
tivation for exercises in the year after the stroke in
both groups probably contributed to the results. The
Motor Assessment Scale and the Barthel Index of
Activities of Daily Living scores were higher at three
months and one year than had been found in a previ-
ous study of function in stroke patients.24 Grip
strength improved in both groups and showed no de-
cline at the one-year follow-up. Thus, the overall re-
sults of this study were positive, indicating that a
more intensive follow-up programme during the first
year after stroke is highly favourable.

A follow-up programme on a consultative basis is
as beneficial as a compulsory exercise programme.
However, these exercises need to be instituted and en-
couraged by medical staff with knowledge of and an
interest in intensive functional exercise programmes
individually tailored for stroke patients.
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