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he Effectiveness of Body Weight–Supported Gait Training
nd Floor Walking in Patients With Chronic Stroke
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ABSTRACT. Peurala SH, Tarkka IM, Pitkänen K, Sivenius
. The effectiveness of body weight–supported gait training and
oor walking in patients with chronic stroke. Arch Phys Med
ehabil 2005;86:1557-64.

Objective: To compare body weight–supported exercise on
gait trainer with walking exercise overground.
Design: Randomized controlled trial.
Setting: Rehabilitation hospital.
Participants: Forty-five ambulatory patients with chronic

troke.
Interventions: Patients were randomized to 3 groups:

1) gait trainer exercise with functional electric stimulation
GTstim), (2) gait trainer exercise without stimulation (GT), and
3) walking overground (WALK). All patients practiced gait
or 15 sessions during 3 weeks (each session, 20min), and they
eceived additional physiotherapy 55 minutes daily.

Main Outcome Measures: Ten-meter walk test (10MWT),
ix-minute walk test (6MWT), lower-limb spasticity and mus-
le force, postural sway tests, Modified Motor Assessment
cale (MMAS), and FIM instrument scores were recorded
efore, during, and after the rehabilitation and at 6 months
ollow-up.

Results: The mean walking distance using the gait trainer
as 6900�1200m in the GTstim group and 6500�1700m in GT
roup. In the WALK group, the distance was 4800�2800m,
hich was less than the walking distance obtained in the GTstim
roup (P�.027). The body-weight support was individually
educed from 30% to 9% of the body weight over the course of
he program. In the pooled 45 patients, the 10MWT (P�.001),
MWT (P�.001), MMAS (P�.001), dynamic balance test
ime (P�.001), and test trip (P�.005) scores improved; how-
ver, no differences were found between the groups.

Conclusions: Both the body weight–supported training and
alking exercise training programs resulted in faster gait after

he intensive rehabilitation program. Patients’ motor perfor-
ance remained improved at the follow-up.
Key Words: Cerebral infarction; Exercise therapy; Rehabil-

tation.
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TROKE IS A LEADING CAUSE of a permanent handicap.
There is increasing evidence that even chronic stroke pa-

ients—those over 6 months poststroke—can still improve
heir motor abilities.1,2 Therapeutic methods to improve gait
nclude walking with appropriate walking aids, such as a cane,
nd with verbal and manual guidance. Walking exercises usu-
lly are made overground but also in other circumstances such
s on the stairs or over uneven terrain. The paretic leg muscles
an be activated in a controlled manner by functional electric
timulation (FES),3 in which the stimulation replaces or assists
he functional movement lost after stroke.

Body weight–supported training is a recent addition to walk-
ng exercises. Barbeau and Rossignol4 noticed that spinalized
ie, no supraspinal control) cats could walk and support the
eight of their hindquarters after walking training of their
indlimbs on a treadmill. Encouraged by such studies, tread-
ill training with body weight support (BWS) has been applied

o patients with neurologic disorders, such as spinal cord
njury,5 stroke,6,7 and Parkinson’s disease.8

The rehabilitation of patients with subacute stroke with or
ithout BWS on a treadmill was compared by Visintin et al.7

heir program consisted of 6 weeks of training 4 times a week,
ith 20 minutes at each session. Patients in the BWS group
ere provided with up to 40% BWS at the beginning of

raining, and the percentage of BWS was progressively de-
reased as each patient’s gait pattern and ability to walk im-
roved. Patients in both groups showed improvements in bal-
nce, motor recovery, walking speed, and endurance. The BWS
roup, however, scored significantly higher, and they contin-
ed to have higher scores in overground walking speed and
otor recovery at a 3-month follow-up. Body weight–sup-

orted training can also be combined with FES of the leg
uscles. Thus, combined therapy has led to improvements in

he walking ability of nonambulatory stroke patients.9

Hesse et al10-12 developed an electromechanical gait trainer
nabling patients to perform repetitive practice of the gait-like
ovement (fig 1). Each patient is supported by a harness and

tands with his/her feet on the motor-driven footplates. Patients
an practice gait-like movements on the gait trainer; this leads to
etter symmetry of posture, larger hip extension during the stance,
nd less knee flexion and less ankle plantarflexion during the
wing when compared with simple treadmill walking.11 Only 1
herapist is needed to assist the patient on the gait trainer. In a
tudy13 of subacute, nonambulatory stroke patients performing

weeks of walking exercises, Werner et al found no differ-
nces between treadmill training with BWS and gait trainer
xercises using such outcome measures as the Functional Am-
ulation Category (FAC), gait velocity, Rivermead Motor As-
essment score, or Modified Ashworth Scale (MAS) score. The
ait trainer was at least as effective as treadmill therapy with
artial BWS.
Until now, no controlled studies with follow-up have com-

ared similar amounts of different gait training methods, such
s gait training with BWS or traditional walking training, in the
hronic stage of stroke. The purpose of our study was to
ompare exercise with a body weight–supported electrome-

hanical gait trainer with conventional therapeutic methods in

Arch Phys Med Rehabil Vol 86, August 2005
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heir abilities to improve the gait in patients over 6 months
oststroke. In addition, 1 gait trainer group received FES. Our
ypothesis was that intensive gait-oriented rehabilitation is
ffective regardless of the method used to provide this training.

battery of measurements was performed at the start, during,
nd at the end of intervention and at follow-up after 6 months.

METHODS

articipants
Participants were chronic stroke patients (�6mo) under 65

ears of age entitled to receive a 3-week inpatient rehabilitation
eriod financed by the National Social Insurance Institution.
atients with a first supratentorial stroke were selected for the
tudy if they had (1) slow or difficult walking, (2) no unstable
ardiovascular disease, (3) no severe malposition of joints, and
4) no severe cognitive or communicative disorders. All pa-
ients were initially diagnosed with magnetic resonance imag-
ng (MRI) or computed tomography (CT). An investigator, not
nvolved in the study, randomized the patients to 3 different
roups with the help of concealed envelopes. Patients provided
ritten informed consent, and the local ethics committee ap-
roved the study.
The patient group consisted of 45 patients (37 men, 8

omen) with chronic stroke (fig 2). Patient characteristics are
resented in table 1. Twenty-two patients had left-sided and 23
ad right-sided hemiparesis. The cause was a supratentorial
nfarction in 25 cases and an intracerebral hemorrhage in 20
ases. All patients had been initially diagnosed with MRI or
T. Seventeen patients had aphasia, and 5 had neglect based on
ssessment by a neuropsychologist or speech therapist. The
ean time since the onset of stroke � standard deviation (SD)
as 2.9�3.8 years. The Scandinavian Stroke Scale (SSS)14

as used to assess each patient’s functional status. This scale
ncludes items in consciousness, orientation, eye movements,
acial palsy, motor function of arm, hand and leg, gait, and
peech. Each item is scored from 0 to 12, with a maximum
core of 58. The mean SSS score of the patients was 42.6�7

ig 1. A patient with chronic stroke practices in the electromechan-
cal Gait Trainer with the BWS.
oints. Twenty-eight patients had normal position sense of the

rch Phys Med Rehabil Vol 86, August 2005
nkle on the hemiparetic side. All patients had a clinically
ssessed asymmetric hemiplegic gait pattern, and most used a
ane and/or an orthosis for everyday ambulation. None of the
atients were classified as FAC15 1 (needs 2 assistants to walk).
our patients needed someone to support them to maintain
alance (FAC 2), 6 patients needed to have someone walking
eside them to give them confidence (FAC 3), 18 patients
ould move independently but needed help with stairs or if they
ere walking on uneven ground (FAC 4), and 17 were inde-
endent in walking (FAC 5). Although some of the patients
ere fairly independent in walking, their walking speed was
ery slow (see table 1).

ntervention
The objective of the 3-week inpatient rehabilitation for our

atients with chronic stroke was to improve their walking
ndependence at home. Each patient practiced for 20 minutes
alking either (1) in the electromechanical gait trainer (Gait
rainera) (fig 1) with FES (GTstim group), (2) in the gait trainer
ithout stimulation (GT group), or (3) overground (WALK
roup). The duration of the walking exercise in each group was
0 minutes. Each patient also received other physiotherapy
PT) for 55 minutes daily every workday for 3 weeks. The PT
essions and the walking exercises were based on individually
et goals but were always aimed at improving gait.

In the gait trainer (GTstim, GT), a patient is supported with a
arness and his/her feet are placed on motor-driven footplates.
he speed of the gait trainer can be selected from 0 to 2km/h,
Fig 2. The CONSORT flow diagram.
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hich determines the number of steps during each session. The
mount of the body weight supported by the harness is chosen
ccording to each patient’s needs. In the GTstim and GT
roups, the training progression was carried out by increas-
ng the speed and aiming to support less than 20% of the
ody weight.16,17 The GTstim group received FES with sur-
ace electrodesb for the 2 individually selected muscles that
ere weakest on each patient’s paretic lower extremity. The

requency of the stimulation was 25Hz, with a pulse width of
.3ms. The onset of stimulation was electrically synchronized
o the gait pattern.

The duration of the stimulation at each muscle was set with
he help of an oscilloscopec for the individually functionally
eneficial phase of the gait cycle. The duration of the stimu-
ation decreased while the gait speed increased. The stimula-
ion was delivered at an appropriate phase of the gait cycle,
epending on the muscle to be stimulated. The synchronization
rigger was delivered by the motor, which controlled the move-
ent of the footplate propulsion. The WALK group practiced
alking overground or over uneven terrain with their individ-
al walking aids. In the WALK group, the training progression
as carried out by increasing the speed with the aim of de-

reasing reliance on walking aids or different surfaces for
alking. Physiotherapists verbally and/or manually guided the
atients in all 3 groups.

ssessments
Each patient rated his/her perceived exertion according to

he Borg Scale18 from 6 to 20 (eg, 7, very marginally strenuous;
9, extremely strenuous), and the heart rate was recorded
uring the last minute while the patient was performing the
alking exercise. The therapy parameters from the gait trainer

nd in the WALK group were recorded by the physiotherapist.
The efficacy of our 3-week PT program was measured by

1) 10-m walking time, (2) 6-minute walking distance, (3) postural
way, (4) spasticity, (5) muscle force, (6) motor ability, and (7)
unctional independence. In the ten-meter walk test (10MWT),19

ach patient was asked to walk as quickly as possible. In the
ix-minute walk test (6MWT),20 each patient was asked to walk as

Table 1: Characteristics of Patients in the G

Characteristics GTstim (n�15) GT (

Age (y) 53.3�8.9 51.2�

Poststroke (y) 2.6�2.4 2.4�

Weight (kg) 79.8�12.9 89.9�

Height (cm) 171.5�7.2 175.6�

Heart rate at rest 72.4�12.6 68.8�

SSS score (points) 43.8�6.9 44.0�

10MWT time (s) 44.0�36.2 39.6�

Men/women 13/2 13
Infarction/hemorrhage 10/5 7
Left/right hemiparesis 9/6 8
Aphasia (no/yes) 10/5 11
Neglect (no/yes) 14/1 12
Position sense norm/abnorm 10/5 10
Patients in FAC 2 1
Patients in FAC 3 2
Patients in FAC 4 7
Patients in FAC 5 5

OTE. Values are mean � standard deviation (SD) or n.
bbreviations: abnorm, abnormal; NA, not applicable; norm, norma
P values obtained using 1-way analysis of variance or Pearson chi
FAC and group table.
uickly as possible but to pace the walk so that he/she could F
omplete the task. The 6MWT was performed by walking along
marked distance (1 lap, 54m). In the walking tests, patients
ere allowed to use walking aids, such as a dynamic orthosis or
cane. The same walking aids had to be used in pretesting and

osttesting. Postural sway recordings were made with a force
late.21,d The center of pressure (COP), that is, the point location
f the vertical ground reaction force vector, was recorded with 3
train gauges of the forceplate. The sampling rate was 50Hz. For
he static balance test, patients chose a comfortable standing
osition on the plate with their feet apart. Data for patients with
rthoses were recorded with patients’ shoes on (n�29). Three
atients had data recorded while barefoot; all others felt too
nstable to stand on the forceplate without shoes. The COP
hange was recorded for 40 seconds in 2 consecutive trials, and
he means were calculated. The speed of the COP change was
nalyzed in the anteroposterior (AP) and mediolateral (ML) di-
ections. Sway measures were corrected for each subject’s height.
he dynamic test included 3 lateral weight transfers, which pa-

ients were required to perform as quickly as possible. The test
as guided by the computer screen. Five consecutive trials always
ere recorded for the mean time and distance of the COP move-
ent. Spasticity of the paretic leg was assessed with the MAS.22

he MAS is scored from 0 (no increase in muscle tone) to 5
affected part rigid in flexion or extension). Muscle force was
ested in hip flexors, knee extensors, and ankle dorsiflexors and
as scored from 0 (no movement) to 5 (full range of movement

gainst power and the same force as on the opposite side). Each
atient’s motor abilities were assessed with the Modified Motor
ssessment Scale (MMAS).22 The MMAS items (score range,
–6; max, 48) were supine to side lying, supine to sitting, bal-
nced sitting, sitting to standing, walking, upper-arm function,
and movements, and advanced hand activities. The FIM instru-
ent23 included 18 items in personal care, sphincter control,
obility, locomotion, and communication. Each item was scored

rom 1 (total assistance required) to 7 (complete independence);
hus, the FIM score ranges from 18 to 126.

Patients were assessed at the start, after 2 weeks, and at the
nd of the 3 weeks of rehabilitation. With the exception of the

rainer Groups and Walking Exercise Group

WALK (n�15) P* df F/�2

52.3�6.8 .770 2,42 0.26
4.0�5.8 .505 2,42 0.69

79.4�14.9 .072 2,42 2.81
172.5�6.9 .263 2,42 1.38
63.5�10.5 .097 2,42 2.47
40.1�6.2 .230 2,42 1.52
39.5�25 .911 2,42 0.09

11/4 .544 2 1.22
8/7 .533 2 1.26
5/10 .315 2 2.31
7/8 .293 2 2.46

14/1 .407 2 1.80
8/7 .685 2 0.76
1 .987† 6 0.95
2 NA NA NA
6 NA NA NA
6 NA NA NA

SSS, Scandinavian Stroke Scale; 10 MWT, ten-meter walk test.
re. P�.05 is considered significant.
ait T

n�15)

7.9
2.6
13.5
7.0
9.7
7.3
35.4
/2
/8
/7
/4
/3
/5

2
2
5
6

tive;
IM, all measurements also were performed at 6 months fol-
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ow-up. The FIM was performed by a nurse and other tests by
he same researcher.

tatistical Analysis
The statistical analyses were done with SPSS, version 10.0.e

he means of age, time since stroke onset, weight, height, heart
ate, SSS score, 10MWT (in seconds), total distance (in meters)
f 15 gait sessions, and Borg Scale score in the GTstim, GT, and
ALK groups were compared using 1-way analysis of vari-

nce (ANOVA) with the Tukey test to assess the similarity of
he groups (see tables 1, 2). In addition, the frequencies of sex,
iagnosis, side of hemiparesis, aphasia, neglect, and FAC score
n each group were compared with the Pearson chi-square test.
or the GTstim and GT groups, mean values of the speed and
mount of BWS were compared with the independent-samples
test.
To assess the effect of rehabilitation, we first tested the

ormal distributions of the results by the Kolmogorov-Smirnov
est. If the distribution was not normal, then we performed a
ogarithmic adjustment. We made this adjustment for assessing
he results of the 10MWT, MMAS, and sway parameters. We
sed repeated-measures ANOVA (2-way ANOVA) to evaluate
he changes between the beginning and the end of the rehabil-
tation and to study group differences and interactions between
he study groups and duration of rehabilitation (the repeated
ontrasts analysis). Because the interactions and group differ-
nces were nonsignificant, our main focus was to study
hanges in the motor ability of the pooled 45 patients. We used
riedman tests to evaluate the changes from the start to the end
f rehabilitation in the nonparametric variables. When differ-
nces were found, we performed a Wilcoxon signed-rank test.

e used a paired-sample t test to compare MMAS, 10MWT,
MWT, and dynamic balance variables results at the end of
ehabilitation and at 6-month follow-up to see whether the
ariables had remained stable. The results were considered
ignificant if P was less than .05. We calculated the effect size
or walking distance in each group. The effect size was con-
idered small (Cohen d, �0.2), medium (d, �0.5), and large (d,
0.8).24 Effect sizes were also interpreted in terms of the

ercentage of nonoverlap of the scores of the GTstim group with
hose of the GT and WALK groups.

RESULTS

xercise Intensity
The characteristics of patients in the 3 groups were similar

Table 2: Total Amount of Walking Exercise and

Rehabilitation Variables GTstim G

Walking distance† (m) 6906�1268 6523
Borg Scale (score) 13.1�2.4 14.0
Speed 1st session (km/h) 1.3�0.2 1.2
Speed 10th session (km/h) 1.7�0.3 1.6
Speed last session (km/h) 1.7�0.3 1.7
BWS 1st session (%) 26.1�16.4 29.6
BWS 10th session (%) 11.1�17.9 12.0
BWS last session (%) 9.1�18.4 8.5
20% BWS‡ 2.6�2.0 3.2

OTE. Values are mean � SD. The development of training speed
eceived traditional training.
P values obtained using independent-samples t test or 1-way ANO
Cumulated in 15 sessions.
Session when below 20% BWS.
table 1). The treatments in the GTstim and GT groups were
s
w

rch Phys Med Rehabil Vol 86, August 2005
erformed similarly (table 2). The mean speed in the gait
rainer started at 1.3�0.2 and 1.2�0.2km/h and ended at
.7�0.3 and 1.7�0.3km/h, respectively. The mean weight
upport in the gait trainer started at 26.1%�16.4% and
9.6%�20% of body weight and ended at 9.1%�18.4% and
.5%�12.0% for GTstim and GT groups, respectively. Patients
chieved below 20% BWS in the gait trainer during their third
raining session. In the GTstim group, the muscles most often
timulated were the hip and knee extensors (table 3). In 6
atients, the 2 stimulated muscles of the paretic lower extrem-
ty were hip extensors plus knee extensors, in 3 patients hip
xtensors plus knee flexors, in 3 patients knee extensors plus
nee flexors, in 2 patients knee flexors plus ankle pronators,
nd 1 patient received stimulation only to the hip extensors.
he intensity of the stimulation was about 40mA. In the gait

rainer, assistance was sometimes needed to prevent knee over-
xtension. In the WALK group, 11 patients mainly used a cane
uring the 20-minute walking, but 4 patients walked without
alking aids. Eight patients needed manual guidance during
alking. Many patients in the walk group practiced their gait

lso over uneven terrain, even walking in snow.
The mean perceived exertion in the GTstim, GT, and WALK

roups was similar during the 20-minute walking training (see
able 2). The heart rate at different time points remained stable,
ear 100 beats/min in every group. The walking distances that
he patients were able to obtain in the mechanical gait trainer
ere 6906�1268m in the GTstim and 6523�1735m in GT
roups (see table 2). In the WALK group, the distance was
871�2862m, which was less than the walking distance ob-
ained in the GTstim group (P�.023; WALK vs GT group only,
�.084). The effect size for the walking distance between the
Tstim and GT groups was small (d�.25), and their percentage

ion in Each Group During Rehabilitation (N�45)

WALK P* df F

5 4871�2862 .023 2,42 14.11
14.0�1.5 .361 2,42 1.04

NA .300 NA NA
NA .644 NA NA
NA .745 NA NA
NA .610 NA NA
NA .880 NA NA
NA .916 NA NA
NA .614 NA NA

BWS is presented for the GT and GTstim groups. The WALK group

�.05 is considered significant.

Table 3: Muscle Groups Stimulated With FES (25Hz with 0.3-ms
pulse width) in the GTstim Group (n�15)

Muscle Group n
Gait Trainer

Speed
Duration of

Stimulation (ms)

Hip extensors 10 1.2–2.0 400–1400
Knee extensors 9 1.4–2.0 600–1600
Knee flexors 8 1.2–2.0 300–1600
Ankle pronators 2 1.5–1.7 800–1350

OTE. Fourteen patients received stimulation to 2 muscles and 1
atient to 1 muscle on the paretic lower extremity. The onset of
Exert

T

�173
�1.7
�0.2
�0.3
�0.3
�20.1
�13.4
�12.0
�3.7

and

VA. P
timulation was synchronized to the gait pattern, and its duration
as adjusted individually.



o
W
n
W
n

s
p
r
t
s
u
o
p

E

p
c
t
1
i

m
(
w

g
2
c
w
t
p

r
(
(
c
d
s
k
w
i

N
A
* P val
d

1561GAIT REHABILITATION IN CHRONIC STROKE, Peurala
f nonoverlap was 18%. The effect size between the GTstim and
ALK groups was large (d�.92), and their percentage of

onoverlap was 52%. The effect size between the GT and
ALK groups was medium (d�.70), and their percentage of

onoverlap was 43%.
All patients participated in 75 minutes of individual PT

essions each day. The actual amount of walking exercise per
atient was 300 minutes during the 3-week rehabilitation pe-
iod. In addition, each patient received 825 minutes of other
ypes of PT. The detailed content of their regular PT is de-
cribed elsewhere.25 Thirty minutes of PT was spent in an
pright position, and this included balance exercises. The rest
f the time was spent in the sitting position or in lower initial
ositions.

ffects of Rehabilitation
Three weeks of gait-oriented rehabilitation significantly im-

roved the motor abilities of the pooled 45 patients with
hronic stroke. The gait speed, dynamic balance, and motor
ask performance improved irrespective of group. In 3 weeks,
0MWT time decreased by 18% to 24%, and 6MWT distance

Table 4: Gait, Balance, and Motor Task Performance of Patients W
Rehabilit

Parameter Group n At Start

10MWT time (s) GTstim 15 44.0�36.2
GT 15 39.6�35.4
WALK 15 39.5�25.5

Repeated contrasts P value
6MWT distance (m) GTstim 15 127.1�87.2

GT 14 152.3�89.6
WALK 15 111.8�57.3

Repeated contrasts P value
Static balance test, VM (mm2/s) GTstim 15 55.8�119.1

GT 15 37.6�29.4
WALK 15 42.1�31.5

Static balance test, AP speed of
COP (mm/s) GTstim 15 16.8�19.1

GT 15 12.6�5.2
WALK 15 15.3�7.0

Static balance test, ML speed
of COP (mm/s) GTstim 15 11.5�17.1

GT 15 8.7�5.3
WALK 15 10.2�5.5

Dynamic balance time (s) GTstim 14 13.6�9.4
GT 14 10.8�5.6
WALK 15 9.8�5.3

Repeated contrasts P value
Dynamic balance trip (mm) GTstim 14 955.9�520.9

GT 14 1015.6�640.9
WALK 15 1021.1�464.5

Repeated contrasts P value
MMAS score (points) GTstim 15 19.0�7.2

GT 15 20.6�6.3
WALK 15 20.1�6.7

Repeated contrasts P value
FIM score (points) GTstim 15 99.2�12.8

GT 15 106.9�10.0
WALK 15 100.7�11.4

OTE. Values are mean � SD.
bbreviation: VM, velocity moment.
P values were obtained using ANOVA for repeated measures. The
ifferences were nonsignificant. P�.05 is considered significant.
ncreased by 14% to 17% (P�.001) (table 4). The improve- f
ent in speed was achieved in all patients at 2 weeks
P�.001), and an additional benefit was achieved after 1 more
eek (P�.032).
The patients’ postural stability also improved irrespective of

roup. The dynamic test time shortened at each recording by
8% to 48% (P�.001) (see table 4). An improved ability to
ontrol the center of the mass in relation to the base of support
as seen in the distance that the COP moved in the dynamic

est. The distance decreased by 18 % (P�.005). The static
ostural sway parameters did not change (see table 4).

The motor ability improved in the pooled data during the
ehabilitation: MMAS points increased by 10% to 18%
P�.001). The third week provided further improvement
P�.225). The FIM score did not change in our patients with
hronic stroke (P�.241). The GTstim, GT, and WALK groups
id not differ in 10MWT time, 6MWT distance, balance mea-
ures, MMAS points, or FIM points. Ankle spasticity, but not
nee or hip, decreased only in the WALK group by the last
eek of rehabilitation (P�.021). The ankle dorsiflexion force

ncreased in the GTstim group (P�.033), as did the hip flexion

hronic Stroke at the Start, After 2 Weeks, and at the End of the
Period

2 Weeks 3 Weeks Repeated-Measures P*

37.1�28.2 35.9�29.9
33.7�30.9 30.3�23.6
31.8�14.7 32.1�15.9 .000

0 .032
145.4�95.6 151.7�97.4
175.9�105.8 177.5�111.5
133.5�72.8 135.1�67.9 .000

0 .531
57.4�120.4 74.7�175.7
46.8�47.0 33.3�28.9
44.7�29.0 36.1�20.8 .142

16.0�16.1 17.6�23.5
13.5�7.2 12.1�5.2
15.2�5.8 13.7�4.9 .136

12.0�17.0 12.9�19.9
9.0�6.7 7.6�4.3

10.4�5.1 9.0�3.9 .256
8.7�4.6 7.1�3.0
7.9�3.3 6.5�1.9
8.0�4.9 7.1�3.3 .000

0 .000
903.6�709.7 786.6�342.8
794.4�434.2 841.1�407.3
850.5�276.2 834.0�201.3 .005

1 .883
21.1�6.8 23.2�7.1
22.6�6.7 22.8�5.8
21.5�6.5 22.5�6.1 .000

0 .001
98.9�10.8 100.9�12.3

106.3�10.0 106.8�10.2
101.9�10.3 102.3�10.9 .225

ues are for the pooled data, because the interactions and the group
ith C
ation

.00

.00

.00

.00

.00
orce in the GT group (P�.019).
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Follow-up tests were performed 23.5�3.1 weeks after the
ehabilitation. Only 2 patients were not available for follow-up
ssessments. One patient refused to attend, and one had fallen
ll. We found no differences between the groups at 3 weeks,
hus comparisons between the end of rehabilitation and the
ollow-up were performed for all patients together (n�43).

ith the exception of the MMAS, all parameters had remained
nchanged since the end of rehabilitation (table 5).

DISCUSSION
In our study, although all patients were over 6 months post-

troke, they improved their motor performance during the 3-week
ehabilitation period. The intensive gait-oriented rehabilitation
as effective irrespective of the type of walking exercise. In the

tudy by Werner et al,1 chronic nonambulatory stroke patients
egained better walking ability when they received PT plus tread-
ill training with BWS compared with conventional therapy.
owever, these researchers provided twice as much therapy for

he treadmill group, and their achieved difference waned by 4
onths. Trueblood2 showed that treadmill training with BWS in

atients with chronic stroke could normalize gait and improve
alance. His results remained at the 3-month follow-up; however,
is study had no control group. There is evidence that subacute
troke patients benefit from walking training either on a treadmill
ith BWS or on the ground after Motor Relearning Program or
sing aggressive bracing and that these procedures are similarly
ffective.26,27 Furthermore, treadmill training with BWS was
hown to be more effective than PT in improving gait, based on
he commonly used Bobath concept.6 In our study, when the same
mount of walking training was given, walking in the gait trainer
ith BWS (with or without electric stimulation) and walking
verground resulted in similar motor performance improvements
n patients with chronic stroke, and at the 6-month follow-up most
f the improvements were still present.

Patients considered the exercise to be only slightly strenuous
r strenuous, even though the amount of exercise was more
han usually provided. Our results support the results ob-
ained by others,28 showing that repetitive training appears
o be the key to improved activity and functional ability of
he paretic extremity through behavioral recovery and po-
ential brain reorganization. The mean walking distance in the
Tstim and GT groups was over 6900 and 6500m, respectively,

ompared with 4800m in the WALK group. Although the
mprovements in motor performance were similar, the same
ime frame in the gait trainer allowed more repetitions of steps
nd longer walking distance. After effect size calculation, the
ercentage of nonoverlap indicated that 52% of the GTstim
roup truly benefited and that 43% of the GT group benefited

Table 5: Gait, Balance and Motor Task Performance of Patients
6-Month

Parameter n

10MWT time (s) 43
6MWT distance (m) 42
Static balance test, VM (mm2/s) 42
Static balance test, AP speed of COP (mm/s) 42
Static balance test, ML speed of COP (mm/s) 42
Dynamic balance time (s) 41
Dynamic balance trip (mm) 41
MMAS score (points) 43

OTE. Values are mean � SD.
P�.05 is considered significant.
ompared with the WALK group. An additional benefit is that e

rch Phys Med Rehabil Vol 86, August 2005
ess manual guiding effort of the therapist is required if the
atient is using the gait trainer compared with walking exer-
ises overground.

The individual effectiveness of exercise in the gait trainer
as enhanced by adding speed and decreasing BWS. Both the
Tstim and GT groups reached below 20% of BWS in the third

ession (see table 2). Reducing the weight support is important
f one wishes to effectively activate lower-limb muscles and
ncrease energy expenditure.16,17 Patients were able to increase
ait trainer speed by 0.5km/h over the 3 weeks. In a study29 of
ubacute ambulatory stroke patients, the use of an interval
raining program on the treadmill to increase gait speed re-
ulted in faster overground walking, increased cadence, stride
ength, and FAC classification compared with training without
peed increases or conventional gait training. In our study, the
peed in the gait trainer groups was increased steadily.

Patients in the GTstim group received FES to 2 muscles in the
aretic lower extremity. Because of the mechanical support
rovided to the ankle dorsiflexion by the gait trainer, the
timulation of the peroneal nerve was not useful, whereas in
any studies30-32 of patients with chronic stroke this muscle is

ommonly stimulated. Hesse et al9 compared combined tread-
ill training and multichannel electric stimulation to a com-

rehensive neurodevelopmental PT program in nonambulatory
ubacute patients with hemiparesis. Patients improved their
unctional ambulation capacity only with combined treadmill
raining and electric stimulation. The combined therapy proved
o be more effective also at improving walking velocity.9

arbeau et al33 also recommended combining treadmill train-
ng with FES. In our study, the stimulation of 2 muscles during
alking in the gait trainer with surface electrodes added to the
btained walking distance, as seen in the effect size calculation.
n the review of Daly et al,34 it is noted that stimulation is
seful (especially with intramuscular electrodes) but that the
ore muscles that are stimulated, the better the gait improve-
ents that can be expected.
In our study, the WALK group had more possibilities to

ncrease the demands of practice than the GTstim and GT
roups, for whom the maximum speed was 2km/h. The WALK
roup could practice without a cane or in different conditions.
his may have contributed to the good progress of the WALK
roup. It has been reported that more severely impaired and/or
lder subacute stroke patients can be mobilized more effec-
ively using BWS.6,26,35 In our study, the number of severely
mpaired patients was too small to allow comparison between
hose severely and those less affected. The somewhat indepen-
ent walking ability and young age (mean age, 52y) may

Chronic Stroke at the End of the Rehabilitation Period and at
ow-Up

3 Weeks Follow-Up P (t test)*

32.4�23.8 39.2�47.9 .343
157.9�92.9 160.9�102.4 .523
45.6�105.3 39.5�66.7 .795
13.9�14.3 13.4�11.4 .911
9.3�11.8 8.9�9.6 .671
6.9�2.9 7.6�4.3 .297

818.1�326.3 855.3�541.6 .982
22.3�5.7 21.4�5.7 .018
With
Foll
xplain the similar results between the groups. In addition, the
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nitial walking speeds of our patients were variable, which
urther obscured differences between the groups.

The enhanced gait-oriented rehabilitation resulted in im-
rovement in gait speed, dynamic balance, and motor tasks,
rrespective of how the walking exercise was undertaken. After
ehabilitation, our patients with chronic stroke walked .07m/s
18%–24%) faster, and their 6MWT distances increased by
bout 24m (14%–17%). These improvements are in line with
he studies of Ada36 and Silver37 and colleagues in patients
ith chronic stroke. In Ada’s study, 12 sessions of 4 weeks of

ombined treadmill and overground walking training resulted
n an .18-m/s (24%) increase in walking speed (10MWT) and

99-m (26%) increase in walking capacity (6MWT). Their
atients’ initial walking velocity was .62m/s, whereas the speed
f our patients was .24m/s. Their initial 6MWT distance was
96m, whereas in our study it was 112 to 152m. It appears that
ith additional effort, a 20% to 30% increase in walking speed
f patients with chronic stroke can be obtained.
Various balance functions are known to affect gait.38-40 The
ore a patient sways, the worse is the balance and, conse-

uently, his/her gait abilities.38 In our study, patients exhibited
large postural sway to maintain their standing posture, as seen

n the speed of the COP change. The static postural sway
arameters did not change during rehabilitation, unlike the
ynamic balance. The COP movement time and distance after
ateral weight transfers decreased in all groups. Patients’ initial

MAS scores were about 42% of the maximum score, this
eing mainly due to asymmetric weight shifting and the paretic
pper limb. Two weeks of rehabilitation lead to an improve-
ent of 2 points, and the third week gave another point in
MAS score. In a previous study36 of patients with chronic

troke, the motor performance improved but the handicap/
ndependence scales did not changed. Also, here the FIM score
emained stable throughout the study period.

CONCLUSIONS
Our patients with chronic stroke maintained their improved

alking and dynamic balance up to 6 months after an intensive
-week rehabilitation, regardless of how the walking exercise
as done. Gait trainer exercise with BWS and overground
alking exercise are both good choices for those ambulatory

troke patients who are slow but fairly independent in their
ait; however, the best result was obtained with the gait trainer
ombined with electric stimulation. Further study will clarify
hether gait trainer exercise with BWS is more useful for very

eriously handicapped patients with chronic stroke.

Acknowledgments: We thank Paavo Könönen, BiomedEng, and
he personnel of the Brain Research and Rehabilitation Center Neuron
or their help during data collection.
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