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Abstract—We assessed the effects and strenuousness of inten-
sive gait-oriented inpatient rehabilitation initiated very early
after stroke. Therapy content and interrater reliability of the
assessments were also analyzed. Of 22 patients, 19 (average 8.0 d
poststroke) completed the study. Before rehabilitation, 13 patients
were unable to walk or needed two assistants to walk and
6 patients needed one assistant. Patients spent a daily maxi-
mum of 1 h therapy time to obtain 20 min of walking. Addi-
tional physiotherapy was also provided during the 3 wk
therapy period. Seven structured motor tests were recorded
before and after rehabilitation and at 6 months postrehabilita-
tion, and perceived exertion was followed during physiotherapy.
After rehabilitation, 16 patients could walk unassisted and 3
needed one assistant to walk. Mean +/– standard deviation
exercise walking distance was 10,784 +/– 4,446 m and exercise
was ranked as slightly strenuous. After 3 wk, the patients’ 10 m
walking time, ankle spasticity, lower-limb muscle force, and
motor scale scores improved (p < 0.05). The early intensive
rehabilitation was well tolerated and only three patients
dropped out. Improved motor abilities were seen in all stroke
patients.

Clinical Trial Registration: ClinicalTrials.gov; Gait Trainer
vs Traditional Physiotherapy in Acute Stroke, NCT00307762;
<http://clinicaltrials.gov/ct/show/NCT00307762>. 

Key words: acute, body-weight supported gait, cerebral inf-
arction, exercise therapy, neurorehabilitation, physiotherapy,
rehabilitation, stroke, task-specific therapy, walking.

INTRODUCTION

Cerebrovascular stroke is the sixth highest disease
burden worldwide in terms of disability-adjusted life
years and is the most important cause of severe disability
in people living in their own homes. The ability to per-
form basic activities of daily living (ADL) is reduced ini-
tially in three out of four patients with stroke [1]. The
most severely affected ADL are transferring, dressing,
and walking. The time course and degree of recovery of
walking function after stroke and the influence of initial

Abbreviations: 6MWT = 6-minute walking test, 10MWT =
10-meter walking test, ADL = activities of daily living, BI =
Barthel Index, BWS = body-weight support, FAC = Functional
Ambulation Category, HR = heart rate, ICC = intraclass corre-
lation coefficient, MAS = Modified Ashworth Scale, MI =
Motricity Index, MMAS = Modified Motor Assessment Scale,
RMA = Rivermead Motor Assessment, RMA g = RMA gross
motor function, RMA l&t = RMA leg and trunk, RMI = River-
mead Mobility Index, SD = standard deviation, SSS = Scandi-
navian Stroke Scale.
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lower-limb paresis were studied prospectively in a com-
munity-based population of 804 consecutive acute stroke
patients in the Copenhagen Stroke Study [2]. The median
time from stroke to admission was 12 hours, and the
length of hospital stay was 35 days (standard deviation
[SD] = 41). The authors reported that from admission to
the start of rehabilitation, 51 percent of subjects had no
walking function and another 12 percent needed help
with walking. Walking function was assessed weekly
with the Barthel Index (BI) for walking (no walking
function, walking with assistance, or independent walk-
ing function) until death or end of inpatient rehabilitation.
During hospitalization, 21 percent of the patients died.
After inpatient rehabilitation, 22 percent of the remain-
ing patients still had no walking function and 14 per-
cent required assistance. Among those patients with no
walking function on admission, 80 percent reached best
walking function within 6 weeks and 95 percent within
11 weeks. Of those patients who could initially walk with
assistance, 80 percent reached best function within 3 weeks
and 95 percent within 5 weeks [2].

Previously published randomized controlled gait-
rehabilitation studies report that most patients were 8 to
148 days poststroke when they started rehabilitation
intervention; however, the mean starting time was during
the late subacute stage [3–7]. Active training might need
to be initiated promptly after stroke, i.e., 2 to 8 days post-
stroke, to promote cortical reorganization and achieve
better functional benefits. Several studies established an
association between a lower rate of functional recovery
and delayed therapy initiation in neurological conditions,
and evidence from human studies has shown that inten-
sive rehabilitation should focus on the acute stroke stage
[8–9]. The Department of Veterans Affairs/Department
of Defense guidelines for stroke rehabilitation recom-
mend that rehabilitation be started as early as possible
[9–14]; however, in none of these reports did patients
start rehabilitation within 10 days.

Intensive therapy is a complex term that is defined in
different ways. In their meta-analysis, Kwakkel et al. pre-
sented the effects of the intensity of augmented exercise
therapy time on ADL, walking, and dexterity in patients
with stroke [15]. The longest daily exercise time found
was 100 minutes in Stern et al.’s 1970 study (as cited in
Kwakkel et al. [15]) Furthermore, constraint-induced
movement therapy to the upper limbs consisted of 6 to
7 hours daily training (e.g., Tarkka et al. [16]). Lower-
limb rehabilitation is more strenuous than upper-limb

rehabilitation, which one must consider when planning
an intensive program for the lower limbs. Studies also
showed that longer duration of lower-limb rehabilitation
during the first 20 weeks poststroke led to improved
recovery in ADL, walking, and postural control [17].
Longer duration of lower-limb rehabilitation also
resulted in faster comfortable walking speed compared
with either longer rehabilitation sessions for the paretic
upper limbs or a control treatment [17–18]. Longer dura-
tion of upper-limb rehabilitation benefited only dexterity
compared with the control group. We provided 20 minutes
daily of gait exercises within 1 hour plus 55 minutes of
other gait-oriented rehabilitation, for a total of 115 min-
utes of daily training over 3 weeks. We believe that an
early start, active and focused therapy, and long training
time can be achieved at the acute stage of stroke.

This study assessed the effects and strenuousness of
intensive gait-oriented rehabilitation in patients with
acute stroke. Patients entered the study as soon as possi-
ble but at least within 10 days after their stroke. The
effects of rehabilitation were followed up at 6 months. In
addition, we analyzed the therapy content in detail to
clearly illustrate the actual activities engaged in instead
of merely naming a physiotherapy approach. We used
numerous structured tests with rating scales and thus also
analyzed interrater reliability.

METHODS

Subjects
Twenty-two patients with acute stroke participated in

this trial (Table 1). On admission, they were diagnosed
with either a first supratentorial stroke or no significant
disturbance from an earlier stroke (Modified Ranking
Scale 0–2) [19] and were selected for this study if they
had (1) Functional Ambulation Category (FAC) of 0–3
[20], (2) voluntary movement on the leg of the affected
side, (3) BI score of 25–75 [21], (4) age 18 to 85 years,
(5) no unstable cardiovascular disease, (6) body mass
index <32, (7) no severe malposition of joints, and (8) no
severe cognitive or communicative disorders. All patients
were initially diagnosed by magnetic resonance imaging
or computerized tomography. Patients who fulfilled the
criteria in the neurological examination, which was per-
formed within 10 days of stroke onset, and who provided
written informed consent were randomly allocated into
one of two intensive walking exercise groups and
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received 3 weeks of inpatient rehabilitation in the acute-
care hospital. However, we do not report the separate
groups here. We are still recruiting patients, and our
present focus was to elucidate the changes in motor abil-
ity in the pooled data of all the patients. The ethical com-
mittee of Kuopio University Hospital (Kuopio, Finland)
approved the study.

A neurologist used the Scandinavian Stroke Scale
(SSS) [22] and the BI [21] to assess the functional status
of the 22 patients with acute stroke. The SSS contains
items on consciousness; orientation; eye movements;
facial palsy; motor function of the arm, hand, and leg;
gait; and speech. Each item is scored from 0–12 and the
maximum score is 48 (Table 1). The BI contains items on
feeding, moving from and to a wheelchair, personal toilet-
ing, bathing self, walking on a level surface, ascending
and descending stairs, dressing, and bowel and bladder
control. Each item is scored from 0–15 and the maximum
score is 100 (Table 1). Thirteen of the patients had nor-
mal position sense in the ankle on the hemiparetic side
(Table 1). One patient’s position sense could not be
assessed because of aphasia. Position sense was measured

with the patient supine and an observer moving the
paretic ankle in different directions. The patient copied
the movements with the unaffected leg. Alternatively, the
observer moved the paretic ankle and asked the patient to
identify the direction of movement. Fifteen of the
patients could not walk or needed two assistants to help
them walk (FAC = 0). Five patients needed the constant
attention of one assistant for walking (FAC = 1). Two
patients needed someone for balance support (FAC = 2).
None of the patients was in the more independent walking
categories of FAC 3, 4, or 5 (Table 1). Unfortunately, one
patient did not fulfill our inclusion criteria within 10 days
of her stroke and thus her program was delayed until
17 days poststroke.

Intervention
The objective of our 3-week inpatient rehabilitation for

acute patients was to enhance their motor abilities and help
them recover walking independence as soon as possible.
Every day for 3 weeks, each patient spent a maximum of
1 hour to obtain 20 minutes of actual walking either on the
electromechanical gait trainer (Gait Trainer®; Reha-Stim,
Berlin, Germany, Figure 1) or overground (Figure 2). Each

Table 1.
Characteristics of patients with acute stroke (N = 22).

Variable Completed Rehabilitation (n = 19) Dropped Out (n = 3)
Mean ± SD Range Mean ± SD Range

Age (yr) 66.4 ± 10.3 43–80 72.0 ± 13.0 59–84
Poststroke (d) 8.0 ± 3.3 3–17 4.6 ± 4.4 1–10
Body Mass Index 27.1 ± 4.1 21.7–39.6 27.4 ± 4.4 23.6–32.2
Scandinavian Stroke Scale (0–48 points) 36.2 ± 8.5 21–51 39.7 ± 7.6 33–48
Barthel Index (0–100 points) 39.7 ± 15.0 0–70 63.3 ± 27.5 35–90

Frequency Frequency
Male/Female 10/9 1/2
Infarction/Hemorrhage 16/3 3/0
Left/Right Hemiparesis 12/7 1/2
No/Yes Aphasia 13/6 3/0
No/Yes Neglect 16/3 3/0
Normal/Abnormal Position Sense 11/7 2/1
Functional Ambulatory Category*

0 13 2
1 5 0
2 1 1

*Functional Ambulatory Category: 0 = unable to walk or needs two assistants, 1 = needs someone to support continuously while walking to shift weight or maintain
balance, 2 = needs someone to support continuously/occasionally while walking to maintain balance and coordination.
SD = standard deviation.
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patient also received other gait-oriented physiotherapy
for 55 minutes each day. These additional physiotherapy
sessions were carried out according to individually set
goals.

In the gait trainer, the patient was supported with a
harness and his or her feet were placed on motor-driven
footplates. A speed up to 2 km/h was selected. The
amount of body-weight support (BWS) provided by the
harness was chosen according to the patient’s individual

needs. The gait trainer measures the support given by the
harness in kilograms. When a patient’s body weight is
known, the percentage support of body weight can be cal-
culated. We progressed training by increasing the speed
of the gait trainer and aiming for a BWS of <20 percent
body weight [23–24]. Reducing the BWS as the training
progresses is important for effective and progressive acti-
vation of the lower-limb muscles and increased energy
expenditure [25–27]. Previous studies have indicated that

Figure 1.
Patient with acute stroke walking on electromechanical Gait Trainer®

(Reha-Stim, Berlin, Germany) with minimal assistance from physio-
therapist.

Figure 2.
Patient with acute stroke walking overground with moderate assistance
from two physiotherapists, walking belt, knee orthosis, and elastic
bandage.



641

PEURALA et al. Gait rehabilitation with acute stroke patients
retraining gait with BWS leads to successful recovery of
walking in patients with stroke and that progressively
decreasing BWS improves walking more effectively
[3,28]. The participants who did not practice with the gait
trainer practiced walking overground with one or two
physiotherapists and individual walking aids. We pro-
gressed their training by decreasing the amount of man-
ual guidance and reliance on walking aids. All patients
were guided verbally and/or manually.

Assessments

Training
The patients evaluated their efforts using the Borg

Rating of Perceived Exertion Scale (from 6–20; e.g., 7 =
very marginally strenuous, 19 = extremely strenuous,

(Table 2) [29]. Ratings were recorded each session dur-
ing the last minute of the 20-minute walking exercise and
during the last minute of the other physiotherapy session.
Heart rate (HR) was recorded with a heart-rate monitor
(Polar®; Polar-electro Oy, Kempele, Finland). We continu-
ously monitored HR during the 20-minute walking exer-
cise and recorded the data for the last minute.

The physiotherapist recorded the daily content and
duration of the additional physiotherapy (Table 3). During
the 20-minute walking exercises on the gait trainer, the
speed, session duration, number of steps and distance,
and amount of BWS were recorded. For those who
walked overground, the session duration, distance
walked, and use of walking aids were recorded. We
allowed each patient a daily maximum of 1 hour to
achieve the target of 20 minutes real walking time.

Table 2.
Outcome measures used in this study.

Parameter Item Assessed
10-Meter Walking Test (s) Walking speed
6-Minute Walking Test (m) Walking endurance
Modified Ashworth Scale (Category 0–5) Spasticity
Motricity Index (Category 0–5) Muscle force
Modified Motor Assessment Scale (0–48 points) Motor ability
Rivermead Motor Assessment 

Gross Motor Function (0–13 points) Gross motor ability
Leg & Trunk Function (0–10 points) Leg and trunk function

Rivermead Mobility Index (0–15 points) Perceived motor ability
Borg Rating of Perceived Exertion Scale (6–20 points) Perceived exertion
Heart Rate Exertion

Table 3.
Duration of supplemental physiotherapy by specific therapeutic mode. During 3-week period, acute stroke patients (n = 19) received physiotherapy
in addition to daily 20-minute gait training.

Therapeutic Mode Patients (No.) Duration (min)
Mean ± SD Range

Tonus Inhibition 12 27 ± 34 0–105
Stretching 13 37 ± 36 0–130
Soft Tissue Techniques 5 3 ± 5 0–15
Exercises in Lower Initial Positions 19 151 ± 51 60–220
Upper-Limb/Trunk Exercises While Sitting 19 101 ± 69 25–270
Hand Exercises 10 18 ± 35 0–120
Lower-Limb Exercises While Sitting 17 44 ± 26 0–95
Transfer Exercises 18 55 ± 38 0–105
Exercises While Standing 19 156 ± 59 30–230
Gait on Even Floor 19 96 ± 47 25–165
Stairs 19 99 ± 52 20–200
Gait on Uneven Ground 11 26 ± 35 0–100
Time for Evaluation/Planning 4 2 ± 13 0–45
Total — 815 ± 16 —
SD = standard deviation.
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Outcomes
We assessed the efficacy of our 3-week physiotherapy

program by the patients’ 10-meter walking test (10MWT)
[30], 6-minute walking test (6MWT) [31], spasticity,
muscle force, and motor ability outcomes (Table 2). In
the 10MWT, patients were asked to walk as quickly as
possible. In the 6MWT, patients were asked to walk 30 m
back and forth as quickly as possible while pacing them-
selves so that they could complete the task. In both walk-
ing tests, patients were allowed to use an orthosis. Partial
support was allowed such that a physiotherapist could,
for example, hold the walking belt during a test but not
push forward or move the patient’s legs. We assessed
spasticity of the paretic leg with the Modified Ashworth
Scale (MAS) (scored from 0 = no increase in muscle tone
to 5 = affected part rigid in flexion or extension) [30]. We
used the Motricity Index (MI) to test muscle force [32],
including hip flexors, knee extensors, and ankle dorsi-
flexors (scored from 0 = no movement to 5 = full range of
movement against power and same force as the opposite
side). We assessed each patient’s motor abilities with the
Modified Motor Assessment Scale (MMAS) [33], River-
mead Motor Assessment (RMA) scale [30], and River-
mead Mobility Index (RMI) [32]. The MMAS items
assessed were supine to lying on side, supine to sitting,
balanced sitting, sitting to standing, walking, upper-arm
function, hand movements, and advanced hand activities
(scored from 0–6, maximum of 48). Two of the three
RMA sections were used: gross motor function (RMA g)
and leg function and trunk control (RMA l&t). Within the
RMA g, we tested 13 items, including sitting, transfers,
walking, climbing, running, and hopping. Within the
RMA l&t, we tested in hierarchical order 10 items,
including rolling to the affected and unaffected sides,
bridging, sit-stand-transfer, lifting the affected leg over
the side of bed, stepping, foot-tapping, voluntary dorsi-
flexion with flexed and extended leg, and selective knee
flexion while standing with the hip in a neutral position.
Performance of each item scored 1 point. The testing was
discontinued if the patient was unable to perform two con-
secutive items. The 15-item RMI was similarly completed,
except that we obtained RMI scores by asking the patient
if he or she could perform the particular activities.

A physiotherapist and an independent observer simul-
taneously assessed patients at the start, after 2 weeks, and
at the end of the 3 weeks of rehabilitation to calculate the
interrater reliability of the measures. The independent
observer did not know the type of exercise practiced by

the patient. All measurements were also performed at
6 months as a follow-up.

Statistical Analysis
We performed statistical analyses with SPSS 11.0

(SPSS, Inc, Chicago, Illinois). We calculated descriptive
statistics for age, time since stroke onset, body mass
index, HR, SSS, BI, total distance (in meters) walked in
15 gait sessions, mean values of speed and amount of
BWS in the gait trainer, Borg Rating of Perceived Exer-
tion Scale ratings, and the content of the additional physio-
therapy provided. Sex, diagnosis, side of hemiparesis,
aphasia, neglect, and FAC were considered in the statistics.

We computed interrater reliability for the MAS [30],
MI [32], MMAS [33], both RMA sections [32], and RMI
[31] and obtained intraclass correlation coefficients
(ICCs) or Kendall τ b rank correlation coefficients (for
categorical parameters).

To evaluate the effect of rehabilitation, we tested the
normal distributions of the results with the Kolmogorov-
Smirnov test. First, we restructured walking test data to
account for those patients who were unable to walk at the
beginning of rehabilitation. Analysis of repeated measures
data (within and between factors) was used to evaluate
changes from the beginning to the end of rehabilitation
(Bonferroni adjustments were performed). We sought to
elucidate the changes in the motor ability of the pooled
19 patients. The interactions and group differences
(walking either in the electromechanical gait trainer or
overground) were not statistically significant. We used
Friedman tests to evaluate the changes from the start to
the end of rehabilitation in the nonparametric variables.
When differences were found, we performed the Wilcoxon
signed rank test. For paired samples, we used a t-test to
determine whether the patients’ results at the end of the
3 weeks and at the 6-month follow-up were similar.
Results were significant at p < 0.05.

RESULTS

Exercise Strenuousness and Intensity
Nineteen of twenty-two patients completed the reha-

bilitation period. One patient withdrew from the study
after five sessions because of scheduling problems, and
two patients withdrew because they felt that the protocol
was too demanding. The maximum real walking time
during the 3 weeks was 300 minutes (total treatment time
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allowed = 900 minutes), and the mean walking time was
291 minutes (range 234–300 minutes). Over that time,
the patients walked a mean ± SD distance of 10,784 ±
4,446 m. In the additional physiotherapy, the patients
walked a mean of 815 minutes (range 770–825 minutes,
maximum 825 minutes) (Table 3). Mean ± SD perceived
exertion in the walking exercises was 14.9 ± 1 on the
Borg Rating of Perceived Exertion Scale. The mean ± SD
HR during the last minute of the 20-minute walking exer-
cise was 103.6 ± 17 beats/min.

At the start of rehabilitation, the mean ± SD speed on
the gait trainer was 1.5 ± 0.2 km/h; by the end of rehabil-
itation, it was 2.0 ± 0.3 km/h. At the start, mean ± SD
BWS on the gait trainer was 45.0 ± 32 percent body weight;
at the end, this value had declined to 7.6 ± 12 percent
body weight. Patients walking overground usually
needed two physiotherapists to assist them at the begin-
ning. Later, manual guidance by one physiotherapist was
sufficient. A walking belt was used by half the patients
who walked overground. Once patients could increase
their walking speed, a knee orthosis was often used to
prevent knee overextension. Occasionally, a long limb
brace was used instead of a knee orthosis. A peroneal
orthosis or an elastic bandage was used in most of the
patients who walked overground. Most of the supplemen-
tary physiotherapy sessions included three therapy
modes: exercises in lower initial positions, seated arm or
trunk exercises, and standing exercises (Table 3). The
patients’ mean ± SD exertion during the supplementary

physiotherapy was 14.5 ± 1 on the Borg Rating of Per-
ceived Exertion Scale.

Reliability Assessments
At the beginning of rehabilitation, two people (a phys-

iotherapist and an independent observer) assessed 21
patients; at the second and third assessments, these same
two people assessed 16 patients. The ICC values for the
MMAS, MI, RMA sections, and RMI ranged from 0.98
to 1.00 (Table 4). The Kendall τ b for the MAS were 0.43
to 1.00 hip, 0.41 to 0.61 knee, and 0.32 to 0.56 ankle; at
the start of rehabilitation, the hip and ankle evaluations
differed significantly (p = 0.02) (Table 4).

Effects of Rehabilitation
The motor abilities of the pooled 19 patients with

acute stroke significantly improved during the 3 weeks of
gait-oriented rehabilitation. The 10MWT score decreased
by 53 percent (p = 0.04) and the MMAS score increased
by 87 percent (p < 0.001, Table 5). The RMA g, RMA
l&t, and RMI scores more than doubled (p < 0.001, Table
5). The 6MWT did not change significantly (p = 0.09,
Table 5). Ankle (p = 0.01), but not knee (p = 0.55) or hip
(p = 0.07), spasticity decreased during the rehabilitation.
The median ankle, knee, and hip spasticity were scored
as 0 on the MAS throughout rehabilitation. Ankle dorsi-
flexion force increased, as did knee flexion and hip flexion
force (p < 0.001). Median ankle dorsiflexion and knee
flexion muscle force were 2 on the MI. The median muscle

Table 4.
Kendall τ b and p-values for Modified Ashworth Scale (MAS) and Motricity Index (MI), and intraclass correlation coefficients (ICCs) and 95%
confidence intervals (CIs) for Modified Motor Assessment Scale (MMAS), Rivermead Motor Assessment Scale gross motor function (RMA g),
RMA leg and trunk (RMA l&t), and Rivermead Mobility Index (RMI) for patients with acute stroke, as assessed by physiotherapist and
researcher at start, after 2 weeks, and at end of 3 weeks of rehabilitation.

Outcome Variables At Start 2 Weeks 3 Weeks
Kendall τ b p-Value Kendall τ b p-Value Kendall τ b p-Value 

MAS Hip 0.60 0.02 0.43 0.32 1.00 0.08
MAS Knee 0.41 0.17 0.54 0.27 0.61 0.27
MAS Ankle 0.56 0.02 0.54 0.27 0.32 0.25
MI Hip Flexors 0.96 <0.001 0.91 <0.001 0.94 <0.001
MI Knee Dorsiflexors 0.82 <0.001 0.69 <0.001 0.60 0.006
MI Ankle Flexors 0.99 <0.001 0.94 <0.001 0.93 <0.001

ICC 95% CI ICC 95% CI ICC 95% CI
MMAS 1.00 1.00–1.00 1.00 1.00–1.00 0.99 0.99–1.00
RMA g 1.00 1.00–1.00 0.98 0.95–0.99 0.99 0.98–1.00
RMA l&t 0.99 0.98–1.00 0.99 0.96–1.00 0.98 0.95–0.99
RMI 0.99 0.98–1.00 1.00 1.00–1.00 1.00 0.99–1.00
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force of the hip flexors was 2 at the start of rehabilitation
and at 2 weeks but had risen to 3 by the end of rehabilita-
tion.

Long-Term Effects
Seventeen patients were available for the 6-month

follow-up assessment (Table 6). The 10MWT (p = 0.90),
the 6MWT (p = 0.75), and MMAS (p = 0.12) did not
change significantly between the end of rehabilitation
and follow-up. Although the 10MWT did not change,
three patients who could not walk the 10MWT at the end
of rehabilitation could perform this task at follow-up.
These three patients’ walking times were 35, 63, and 180 s,
respectively. Another three patients who could not com-
plete the 6MWT at the end of rehabilitation could do so
at the follow-up. Their respective walking distances were
13, 98, and 117 m. Two patients remained unable to per-
form the 6MWT at the follow-up.

The RMA g increased by 3 points (p < 0.001), the
RMA l&t increased by 1 point (p = 0.04), and the RMI
increased by 3 points (p < 0.001) at the follow-up (Table 6).

DISCUSSION

Intensive walking exercise with additional physio-
therapy during an early stage after stroke was well toler-
ated. Patients achieved major improvements in motor
abilities during the first month after stroke. The improve-
ments remained at the 6-month follow-up and certain
motor abilities had continued to improve. At the begin-
ning of the intensive rehabilitation, 13 of the 19 patients
could not walk or needed two therapists to assist them
(FAC = 0) and none could walk without some manual
assistance. Nine patients could complete the 10MWT
(three with partial support) and three patients could com-
plete the 6MWT at the beginning of rehabilitation. By the
end of the rehabilitation period, 16 patients could com-
plete the 10MWT and 14 patients the 6MWT. After we
restructured the walking test data to account for the
patients who were unable to walk at the beginning of
rehabilitation, the statistics showed major improvements
in the 10MWT times. The 6MWT scores tended to
increase, but the widely variable results and small number
of patients able to perform the 6MWT at the beginning
nullified any statistical evaluation. All 17 patients available

Table 5.
Gait and motor task performance of 19 patients with acute stroke at start, after 2 weeks, and at end of 3 weeks of rehabilitation.

Parameters At Start 2 Weeks 3 Weeks p-Value
10-Meter Walking Test (s)

Mean ± SE 39.6 ± 7.2 23.3 ± 6.2 18.8 ± 5.8 0.04*

95% CI 25.0–54.2 10.7–35.9 6.9–30.7 —
6-Minute Walking Test (m)

Mean ± SE 135.9 ± 61.3 259.2 ± 30.5 286.6 ± 30.2 0.09*

95% CI 9.9–261.8 195.5–322.8 223.5–349.7 —
MMAS (points)

Mean ± SE 15.9 ± 2.3 27.5 ± 2.7 29.7 ± 2.5 <0.001†

95% CI 11.1–20.8 21.9–33.2 24.4–35.0 —
RMA g (points)

Mean ± SE 3.0 ± 0.6 6.7 ± 0.8 7.6 ± 0.8 <0.001†

95% CI 1.7–4.4 5.0–8.5 5.9–9.2 —
RMA l&t (points)

Mean ± SE 3.2 ± 0.6 5.8 ± 0.7 6.5 ± 0.7 <0.001†

95% CI 2.1–4.4 4.4–7.2 5.1–8.0 —
RMI (points)

Mean ± SE 4.1 ± 0.6 7.6 ± 1.1 8.8 ± 1.0 <0.001†

95% CI 2.7–5.3 5.3–9.9 6.7–10.9 —
Note: p < 0.05 is significant.
*Analysis of repeated measures of reconstructed data.
†Analysis of repeated measures.
CI = confidence interval, MMAS = Modified Motor Assessment Scale (maximum 48 points), RMA g = Rivermead Motor Assessment gross motor function (maxi-
mum 13 points), RMA l&t = RMA leg & trunk function (maximum 10 points), RMI = Rivermead Mobility Index (maximum 15 points), SE = standard error.
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at the 6-month follow-up could walk the 10MWT and
only 2 could not complete the 6MWT at this point. Statis-
tics from those who had walking test values at the end of
rehabilitation showed stable improvements at the follow-
up. Overall, the walking speed achieved by 6 months
after the stroke was about 0.6 m/s and the walking dis-
tance in 6 minutes was slightly more than 300 m. How-
ever, a wide variety existed between the patients.

 In addition to our patients’ poor initial walking abili-
ties, the BI was about 40 percent of the maximum possi-
ble score at the beginning of rehabilitation. Likewise, the
motor ability test scores (the mean MMAS score of 15.9
out of 48, the RMA g of 3.0 out of 13, the RMA l&t of
3.2 out of 10, and the RMI of 4.1 out of 15) reflected the
patients’ poor motor abilities before rehabilitation. In the
MMAS subitems supine to lying on side, supine to sit-
ting, balanced sitting, sitting to standing, and walking,
the mean scores ranged from 0.63 to 4.37 out of the maxi-
mum subscore of 6 points; in the upper-arm function,
hand movement, and advanced hand activity subitems,
the mean scores ranged from 0.84 to 1.95. The motor-ability
test scores more than doubled during rehabilitation. Never-
theless, the total end motor-ability test scores were 50 to
76 percent of maximum, depending on the test. The mus-
cle power in the paretic lower limb indicated that move-
ments were possible but not in the full range. The muscle
power and motor ability tests showed good to excellent reli-
ability based on the Kendall τ b or ICC; a coefficient >0.85
is required for excellent reliability [34].

The spasticity scale (MAS) presented poor reliability,
with a low Kendall τ b, and the results of the MAS need
to be viewed cautiously.

Despite poor motor ability at the beginning, 19 of the
22 patients practiced intensively during the 3 weeks.

Three patients dropped out: one because of scheduling
problems and two because they found the protocol too
demanding. Overall, the patients evaluated both the
walking exercises and additional physiotherapy as either
slightly strenuous or strenuous, but not as very strenuous.
Their HRs were close to 100 bpm during the last minute
of the walking exercises, which is in line with their per-
ceived exertion. One must consider that beta-blockers
might have lowered the HR in some patients.

The more seriously affected the patients were, the
more support they needed. This fact was reflected in the
large amount of manual guidance and number of orthotic
devices used during overground walking exercises. In the
gait trainer, manual guidance was needed mostly during
transfer to and from the device. The limitations of our
study are that we did not have a structured questionnaire
to survey the physiotherapists about their efforts in the
gait training or any structured recording of the time spent
to achieve the 20 minutes of walking exercise, except for
the limit of 60 minutes in both groups. The physiothera-
pists believed that the patients using the gait trainer
required less time to achieve 20 minutes than those walking
overground.

Our study is one of the first clinical trials to provide
intensive gait rehabilitation at such an early stage after
stroke. In previous randomized controlled trials, gait reha-
bilitation was not started until 8 days poststroke (range
8–56 days) [5–6]. Thus, patients were usually in a more
subacute than acute phase, e.g., 27–148 days [3] or 40–
44 days [4,7]. In a randomized controlled study of 27
patients, the inclusion criteria for rehabilitation stated
that the patient had to be 0–7 days poststroke but, in fact,
the times were 8–13 days [34]. In that study, the time
dedicated to gait training was the most important factor

Table 6.
Gait and motor task performance (mean ± standard error) of 17 patients with acute stroke at end of 3-week rehabilitation period and at 6-month
follow-up.

Parameter n 3 Weeks 6 Months p-Value*

10-Meter Walking Test (s) 14 17.0 ± 2.5 17.1 ± 2.8 0.90
6-Minute Walking Test (m) 12 324.8 ± 33.1 314.0 ± 35.0 0.75
MMAS (points) 17 30.1 ± 2.6 32.7 ± 2.3 0.12
RMA g (points) 17 7.5 ± 0.9 10.4 ± 0.6 <0.001
RMA l&t (points) 17 6.8 ± 0.7 7.6 ± 0.6 0.04
RMI (points) 17 8.9 ± 1.0 11.8 ± 0.6 <0.001

Note: p < 0.05 is significant.
*t-test for paired sample.
MMAS = Modified Motor Assessment Scale (maximum 48 points), RMA g = Rivermead Motor Assessment gross motor function (maximum 13 points), RMA l&t =
RMA leg & trunk function (maximum 10 points), RMI = Rivermead Mobility Index (maximum 15 points).
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in improving gait ability and gait velocity among three
different therapy groups. The mean total time of gait
training was from 28 to 37 percent of the mean total reha-
bilitation time in the different groups over a 5-week
period. In our study, we devoted 46 percent of the time to
gait training over a 3-week period. If we were to include
the amount of standing exercises done by our patients,
total treatment time in an upright position would have
comprised 60 percent of the 18 hours of training over the
3-week period.

The duration of daily physiotherapy in our study was
more than in most of the studies cited by Kwakkel et al.
[15], who presented the effects of the intensity of aug-
mented exercise therapy time on ADL, walking, and dex-
terity in patients with stroke. In only one study cited in
Kwakkel et al. [15], Stern et al., did the patients receive
more than 75 minutes of exercise daily (100 minutes in the
intervention group). In our study, real walking time was
distinguished from training time. For example, in the
20-minute walking exercise, 20 minutes was the real walk-
ing time but up to 1 hour was allowed to achieve this.
Possible rests during walking exercises were omitted.
Thus, the amount of time spent daily with a physiothera-
pist was always at least 75 minutes and sometimes as
much as 115 minutes.

In previous studies, the content of supplementary
physiotherapy was poorly described. Nilsson et al. [5],
for instance, aimed to improve motor control and
strengthen functionally weak muscles. They used trans-
fers and various motion exercises and techniques to
improve motor function in the paretic side. In Kosak and
Reding’s study [4], physiotherapy sessions were func-
tionally oriented, incorporated various motor facilitation
and motor control techniques, and often included bracing
and walking assistive devices. In the present study, we ana-
lyzed the content of the patients’ active practice (Table 3).

Intensive rehabilitation during the acute stage of stroke
may enhance the functional outcome. Kwakkel et al. stud-
ied the intensity of upper- and lower-limb training from
the very early stage of stroke onward during a 20-week
inpatient rehabilitation period [17]. The 45 minutes of
lower-limb training and 15 minutes of upper-limb train-
ing every weekday resulted in better ADL scores (BI),
walking velocity (10MWT), and hand skills (Action
Research Arm test) than were achieved by 15 minutes of
training each of the lower and upper limbs. Patients in the
more intensive lower-limb training group also reached a
higher ADL level earlier than the group with 45 minutes

of upper and 15 minutes of lower-limb training or the
group with less intensive training.

Conventionally, the rehabilitation that patients
receive during the early acute-care stage of stroke is not
as intensive as was in the present study. They may only
stay a few days in the acute-care hospital before being
transferred to a health center or elsewhere. Differences
likely exist between countries in the length of stay in the
acute-care hospital. In our study, the patients received
intensive rehabilitation during acute care. Ethically, we
could not analyze a group of patients without rehabilita-
tion. Unfortunately, we were unable to test a correspond-
ing conventional rehabilitation group with the same tests.

Our intensive strategies led to a satisfactory level of
motor ability in selected patients with acute stroke at
4 weeks after stroke onset. The motor ability of our
patients was better than that described in other studies in
which patients with stroke started their rehabilitation dur-
ing the subacute phase. For example, in Visintin et al.’s
study, the patients’ 6MWT (27–148 days poststroke) was
about 45 m at the beginning of rehabilitation [3]. In our
study (22–38 days poststroke, after rehabilitation), the
6MWT was 287 ± 30 m. We would be interested to know
whether these differences are attributable to the delayed
start of training in the Visintin et al. study. In Richards et
al.’s study [34], the patients, like our patients, started reha-
bilitation early. However, their patients’ walking velocity
was 0.31 m/s in the most intensive group at 6 weeks,
whereas our patients’ was already 0.53 m/s at 3 weeks.
High variability is known to exist in the functional abili-
ties of patients with stroke, but whether the differences
are because of the more intensive gait training provided
in our study would be interesting to know. Further studies
must clarify whether early intensive gait rehabilitation
leads not only to faster improvement but also to perma-
nently better walking outcomes. 

CONCLUSIONS

We suggest that critical rehabilitation phases exist
and that a failure to exploit the early phase may not be
compensated by later rehabilitation. Rehabilitation
should be started as soon as possible. In addition, rehabili-
tation should be both intensive and task specific.
Although various aspects of rehabilitation are important,
gait rehabilitation seems crucial because of its associa-
tion with other functional abilities. In the future, longitu-
dinal studies should compare the long-term effects of
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intensive and conventional treatments, including calcula-
tions of cost-effectiveness.
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