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A Treadmill and Overground Walking Program Improves
Walking in Persons Residing in the Community After Stroke:
A Placebo-Controlled, Randomized Trial
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ABSTRACT. Ada L, Dean CM, Hal JM, Bampton J,
Crompton S. A treadmill and overground walking program
improves walking in persons residing in the community after
stroke: a placebo-controlled, randomized trial. Arch Phys Med
Rehabil 2003;84:1486-91.

Objective: To evauate the effectiveness of a treadmill and
overground walking program in reducing the disability and
handicap associated with poor walking performance after
stroke.

Design: Randomized, placebo-controlled clinical trial with a
3-month follow-up.

Setting: General community.

Participants: A volunteer sample of 29 ambulatory individ-
uals (less 2 dropouts) who were living in the community after
having suffered a stroke more than 6 months previously.

Interventions: The experimental group participated in a
30-minute treadmill and overground walking program, 3 times
a week for 4 weeks. The control group received a placebo
consisting of alow-intensity, home exercise program and reg-
ular telephone contact.

Main Outcome Measures: Walking speed (over 10m),
walking capacity (distance over 6min), and handicap (stroke-
adapted 30-item version of the Sickness Impact Profile) mea-
sured by a blinded assessor.

Results: The 4-week treadmill and overground walking pro-
gram significantly increased walking speed (P=.02) and walk-
ing capacity (P<<.001), but did not decrease handicap (P=.85)
compared with the placebo program. These gains were largely
maintained 3 months after the cessation of training (P=.05).

Conclusions. The treadmill and overground walking program
was effective in improving walking in persons residing in the
community after stroke. This suggests that the routine provision of
accessible, long-term, community-based walking programs would
be beneficia in reducing disability after stroke.

Key Words. Exercise; Hemiplegia; Physical therapy tech-
niques, Randomized controlled trials;, Rehabilitation; Treat-
ment outcome; Walking.
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N DISCHARGE FROM rehahilitation, 60% to 80% of

stroke patients can walk independently.2 However, they
walk at speeds of .38 to .80m/s37 which is insufficient to
function effectively in the community. Our study was designed
to evaluate the effectiveness of a training program involving
both treadmill and overground walking as a means of reducing
the disability (ie, limitations to activity8) and handicap (ie,
participation in society8) associated with poor walking perfor-
mance in persons residing in the community after stroke.

Although physical therapy for patients with mobility prob-
lems more than 1 year after stroke has been shown to be
effective, the improvements gained are not maintained after
cessation of treatment.®° Treadmill walking may be a useful
intervention to improve both the speed and capacity of walking
in such patients. In uncontrolled trials of chronic stroke pa-
tients, treadmill walking has been associated with increases in
strength,1011 decreases in energy expenditure, 213 as well as
increases in walking speed and quality.14

Thereis evidence to suggest that the content of a treadmill
walking program is important in determining effectiveness.
For example, Pohl et a7 have shown the importance of
manipulating the speed of the treadmill to achieve increases
in overground walking speed. However, it has been shown
that stroke patients generally achieve higher walking veloc-
ities by increasing their cadence rather than step length
compared with normal.** We propose that treadmill walking
be viewed as a form of “forced use” that may be used to
improve the quality of walking as well as the quantity. The
motion of the treadmill enforces the appropriate timing
between the lower limbs and ensures that the hips are
extended during stance phase, both of which are critical
biomechanical components of walking.16.17

A randomized placebo-controlled clinical trial of a tread-
mill and overground walking program was carried out with
ambulant stroke patients who were residing in the commu-
nity. The walking program was structured to improve speed
by increasing step length, capacity by increasing workload,
and automaticity by introducing dual tasks. Treadmill walk-
ing was used to force an increase in step length, speed, and
distance while overground walking followed treadmill walk-
ing to reinforce the pattern of walking achieved on the
treadmill. This program was compared with a placebo be-
cause these people would not normally be receiving any
structured therapy.

Furthermore, we were interested in whether any gains could
be maintained. The research questions were: (1) In stroke
patients able to walk independently but slowly, does 4 weeks of
treadmill and overground walking increase speed and capacity
of walking, improve quality of walking, and decrease handi-
cap? and (2) In stroke patients able to walk independently but
dowly, are gains after 4 weeks of treadmill and overground
walking maintained 3 months after the cessation of training?
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Table 1: Subject Characteristics

Time Since Initial Walking Speed
Age (y) Height (m) Weight (kg) Stroke (mo) (m/s)
Exp Con Exp Con Exp Con Exp Con Exp Con
Mean 66 66 1.68 1.69 79 73 28 26 .62 .63
SD 11 11 0.07 0.06 12 12 17 20 .24 .30
Range 50-83 51-85 1.564-1.84 1.567-1.80 54-106 50-87 7-60 9-72 2411 .06-1.0

Abbreviations: Con, controls; Exp, experimental; SD, standard deviation.

METHODS

Participants

Subjects were recruited via advertisements in local newspa-
pers and clubs from individuals who were living in the com-
munity and had completed rehabilitation. Subjects were in-
cluded if they had had their first stroke between 6 months and
5 years previously, presented with hemiparesis, were between
50 and 85 years of age, and were walking 10m independently
with aspeed of lessthan 1.2m/s. Subjects were excluded if they
had cardiovascular problems such that their medical practitio-
ner precluded them from participating in atraining program, or
had severe cognitive deficits such that they could not follow
instructions. The study was approved by the relevant ethics
committee and subjects were required to gain clearance from
their loca doctor before participating in this study.

Subjects were recruited in 2 cohorts, 4 months apart. Sub-
jectsin each cohort were ranked in descending order according
to walking speed and organized into consecutive pairs. Sub-
jects in the 14 pairs and the last subject were randomly allo-
cated by coin toss to 1 of 2 groups—the experimental or the
control group—by an investigator independent of recruitment
and measurement. In total, 29 subjects agreed to participate in
the study and gave informed consent. There were 2 dropouits, 1
from each group; the subject from the control group moved
600km away and the subject from the experimental group fell
at home and fractured his hip. Therefore, 27 subjects completed
the study—13 experimenta (9 men, 4 women) and 14 control
(10 men, 4 women) subjects. The experimental group consisted
of 8 subjects with right hemiparesis and 5 with left hemipare-
sis, whereas the control group had 6 right and 8 left. Age,
height, weight, time since stroke, and initial walking speed
were similar between the groups and these characteristics are
summarized in table 1.

Intervention

Training for the experimental group was carried out 3 times
aweek for 4 weeks. The training sessions were comprised of
30 minutes of walking, which actually took about 45 minutesto
accomplish. Each session consisted of both treadmill and over-
ground walking, with the proportion of treadmill walking de-
creasing by 10% each week from 80% in week 1 to 50% in
week 4. Subjects received individua training from a physical
therapist; however, there was some opportunity for social in-
teraction because 2 subjects were trained concurrently. The
program was carried out in a community setting and transport
was provided if necessary.

The treadmill walking component was structured to increase
step length, speed, balance, fitness, and automaticity. To in-
crease step length, the treadmill was run at a comfortable speed
and subjects were instructed either to “wak as slowly as
possible” or to “take as few steps as possible” or to “keep the
stance foot on the treadmill for as long as possible” or to “keep

the swinging foot in the air for aslong as possible.” In addition,
marching-type steps were included to encourage hip and knee
flexion during swing phase to improve toe clearance. When a
normal step length was observed, the speed of the treadmill
was increased (until step length was compromised). When
maximum speed was achieved, balance was challenged by
reducing the degree of hand support and fitness encouraged by
increasing the incline of the treadmill thereby increasing work-
load. Finaly, automatically was promoted by presenting the
subjects with a concurrent cognitive task. The cognitive task
consisted of matching the word “red” with the response “yes’
or the word “blue”’ with the response “no.” 18 During treadmill
walking, attention was aso focused on alignment to help
subjects to keep their trunk vertical.

The overground walking component aimed to reinforce im-
provements in walking pattern and speed achieved on the
treadmill. It was defined as whole-task practice involving pro-
pulsion forward, backward, or sideways, or up and down stairs;
that is, there were no isolated exercises or part practice of
walking. To reinforce the increased step length, visua cues
were supplied in the form of nonslip footprints that were laid at
intervals normal for that subject’s height. When step length
approximated normal, subjects were encouraged to walk faster
and were timed for feedback. Step width was reduced and
balance challenged by forcing subjects to walk within 1 floor
tile or walk along a line forward, sideways, and backward.
Workload was increased by introducing stairs and slopes to
overground walking practice and automaticity was promoted
by theintroduction of dual tasks. Subjects walked continuously
around an outdoor circuit—which included curbs, sopes,
stairs, and rough terrain—while conversing with the trainer.
Overground walking also focused on walking alignment by
encouraging an increase in hip extension and trunk verticality.
Subjects walked sideways with their heels and shoulders in
contact with a wall to encourage hip extension and trunk
verticality.

The control group was given a home exercise program to
carry out 3 times a week for 4 weeks. The program consisted
of exercises to lengthen and strengthen lower-limb muscles as
well as to train balance and coordination. However, although
the exercises were individualized, they were not prescribed in
sufficient number or intensity to achieve a training effect be-
cause the aim was to provide a credible sham program to
control for the effect of placebo. Subjects were also encouraged
to go for a walk every day. Subjects were telephoned once a
week, and the exercises were progressed in number and/or type
depending on progress during the previous week.

Outcome Measures

The main measures of disability were walking speed, mea-
sured over 10m, and walking capacity where the distance
covered in 6 minutes was recorded.® Handicap was measured
by using the stroke-adapted 30-item version of the Sickness
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Fig 1. Means and SDs for the experimental group (®) and control group (O) at pretest (Pre), 1 month later at posttest, (Post), and 3 months
later at follow-up (FU) for (A) barefoot walking speed over 10m, (B) distance covered in 6 minutes, and (3) handicap measured on the

SA-SIP30.

Impact Profile2o (SA-SIP30). In addition, subjects’ quality of
walking was assessed by measuring step length of both the
affected and unaffected leg, cadence, and step width over 10m.
For the 10-m walk, pens were attached to subjects hedls so that
marks of heel contact were recorded. Step length and step
width were quantified by averaging the responses over the
10m, that is, at least 15 steps. Speed for the 10m and the
duration of the 6-minute walk were measured by using a
stopwatch. Measurements were taken before and after the
4-week program as well as at follow-up 3 months after the
cessation of intervention. Measurement and training occurred
on separate days to eliminate possible short-term effects of the
training programs. The person collecting outcome measures
was blinded to group allocation.

Statistical Analysis

Data collection yielded 2 variables that reflect the level of
disability: walking speed over 10m and walking capacity over
6 minutes; 1 variable that reflects the level of handicap: score
from the SA-SIP30; and 4 variables that reflect the quality of
walking: affected and intact step length, step width, and ca-
dence, repeated at 0 months (pretest), 1 month (posttest), and 4
months (3-mo follow-up). There were 2 factors. group and
time, with 3 repeated measures on the time factor. Therefore,
2-way analyses of variance with repeated measures were used

to determine whether there was an effect of the walking pro-
gram on disability, handicap, and the quality of walking, im-
mediately after intervention (ie, between pre- and posttest) and
3 months after the cessation of training (ie, between pretest and
follow-up). Descriptions of the groups are presented as mean
and standard deviation (SD) and effect sizes and 95% confi-
dence interval (Cl) are reported.

RESULTS

Disability and Handicap

The results are presented in figure 1 and table 2. By the
posttest, walking speed had increased significantly more in the
experimental group than in the control group (F;,3;=6.53,
P=.02). By follow-up, walking speed remained significantly
increased in the experimental group than in the control group
(F124=6.74, P=.02).

By the posttest, walking capacity had increased significantly
more in the experimental group than in the control group
(F123=18.19, P<.001). By follow-up, walking capacity had
decreased in the experimental group but still remained signif-
icantly increased compared with the control group (F; ,4=4.10,
P=.05).

By the posttest, handicap had decreased dightly in both
groups, but there was no significant difference between the

Table 2: Group Mean and SDs of All Outcome Measures and Change Scores

Pretest (n=27) Posttest (n=25)*

Posttest-Pretest (n=25)*

Follow-Up (n=26)"  Follow-Up — Pretest (n=26)"

Exp Con Exp Con Exp Con Exp Con Exp Con
(n=13) (n=14) (n=11) (n=14) (n=11) (n=14) (n=13) (n=13) (n=13) (n=13)
Walking speed 10m m/s .62+.24 53+.30 .75+.26 .56*.30 .18+.19 .04+.07 .83+.26 .64*+.29 21+.17 .08+.07
Walking distance 6min (m) 29696 257113 379+122 269+123 99+70 13+27 350%+119 295*122 53+39 23+39
SA-SIP30 (score/30) 12.1+55 15.2*+5.2 12.0£6.5 13.6+6.1 —1.3*43 —-1.6*+3.7 9.8*£6.0 13.2t54 —2.3*2.7 —-1.8£3.2
Step length affected (m) 42+11 .38+x.14 .51+.12 .39*.13 .10+.08 .01+.04 5110 .41=.11 .09+.06 .02+.03
Step length intact (m) .39+.14 .33+£.17 .47+x.14 .35*.16 .10+.09 .02+.03 .48+.14 .38*.16 .09+.08 .03x.04
Step width (m) .12+.04 .15+.06 .13+.04 .15*.06 .01x.03 .00£.02 .12+.04 .15*.06 .00£.02 .00£.03
Cadence (steps/min) 89+14 80*23 89+14 86+23 2+16 69 99+16 93+21 10£12 1011

*Two subjects, both from the experimental group, could not be measured at posttest, both for medical reasons.
TOne subjects, from the control group, could not be measured at follow-up, because she had moved away.
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groups (P=.85). After the cessation of training, a slight de-
crease occurred in the experimenta group, but, by follow-up,
there was still no significant difference between the groups
(P=.69).

Quality of Walking

The results of the quality of walking measures are presented
in figure 2 and table 2. By the posttest, step length for both the
affected leg (F; ,3=12.5, P<.01) and the intact leg (F; ,3=9.7,
P<.01) had increased significantly more in the experimental
group than in the control group. By follow-up, step length
remained significantly increased in the experimental group than
in the control group for the affected leg (F, ,4,=16.9, P<.001)
and the intact leg (F;,,=5.1, P=.03).

By the posttest, step width had remained constant in both
groups and there was no significant difference between the
groups (P=.35). By follow-up, there was till no significant
difference between the groups (P=.60).

By the posttest, cadence had increased only in the control
group but not enough to make a significant difference between
the groups (P=.43). Between the posttest and follow-up mea-
sures, cadence increased in the experimental group so that by
follow-up, the groups had both increased the same amount
overal (P=.87).

Compliance With Training

The treadmill and overground walking program was held 3
times a week for 4 weeks. On average, subjects attended 11 of
the 12 sessions. In week 1, the mean treadmill speed was
0.7m/s at the beginning of the session and 0.9m/s by the end of
the session. In week 4, the session started with the treadmill
speed at 1.0m/s and rose to 1.1m/s by the end. On average, the
subjects walked 1.3km in 24 minutes in the first week and
1.1km in 15 minutes in the fourth week. By using the 10-point
Borg Ratings of Perceived Exertion Scale,2! subjectsrated their
perceived exertion as “strong” (ie, score=5) at the beginning
and “very strong” (ie, score=7) at the end of the program.

Exercises for the control group were prescribed individually
to be carried out at home 3 times a week for 4 weeks. Subjects
were required to keep logs of their exercise routine. Logs had
to be returned independently of the measurement sessions to
keep the measurer blinded to group alocation and therefore
were returned by only 8 of the 14 subjects. Two subjects had
lost their logs and 1 subject was lost to follow-up. Of those
returned, the exercises were carried out for an average of 11 of
the 12 sessions. This level of compliance to a low-intensity,
home exercise program suggests that it was a credible sham
program.

Arch Phys Med Rehabil Vol 84, October 2003
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DISCUSSION

This randomized placebo-controlled clinical trial showed
that a 4-week treadmill and overground walking program in-
creased walking speed, walking capacity, and step length in a
group of subjects who were, on average, 2 years poststroke
(initial walking speed=.56m/s; range, .06—1.1m/s). Further-
more, these gains were largely maintained 3 months after the
cessation of training.

After 4 weeks of walking training, the experimenta group
had increased their walking speed by .14m/s (95% ClI, .03-.25)
more than the control group. Importantly, 3 months later, this
effect was till .13m/s (95% CI, .02—24). This is encouraging
given that there were only 12 training sessions. Only 4 of the
experimental group achieved speeds of over 1m/s, suggesting
that more training would have been beneficial.

Furthermore, this increase in speed was achieved largely by
an increase in step length rather than cadence. Walking veloc-
ity isacombination of the distance walked and how many steps
are taken. This relationship is described in the equation:

_ stride length X cadence
B 120

Wagenaar and Beek?s have shown that, compared with normal,
stroke patients increased walking speed by increasing cadence.
In fact, an increase in cadence is how the control group
achieved its small increase in speed. The experimental group,
on the other hand, increased its speed by increasing its step
length as a result of the focus on step length in both the
treadmill and overground components of the walking program.
Furthermore, the increases in step length were not solely the
result of an increase in step length of the affected leg because
step length was matched by increases in step length of the
intact leg, probably as aresult of better push off by the affected
leg. After the 4 weeks of walking training, the experimental
group had increased its affected step length by .09m (95% ClI,
.04—14) and its intact step length by .08m (95% CI, .03-.13)
more than the control group. This 21% increase represents the
attainment of 90% of normal step length, whichis.55m for this
group.22 Three months | ater, the experimental group had main-
tained its affected and intact step lengths, but now was increas-
ing its speed by increasing cadence. Step width did not im-
prove, suggesting that there was insufficient focus on balance
in training. In the future, decrease in step width could be
manipulated by painting lines on the treadmill belt within
which subjects must walk.

After the 4 weeks of walking training, the experimental
group had increased its walking capacity by 86m (95% ClI,
44-128) more than the control group. This resulted in 55% of
the experimental group achieving over 80% of its predicted
6-minute distance based on each subject’s gender, age, height,
and weight?® compared with 7% of the control group. How-
ever, 3 months later, this effect was reduced to 30m (95% ClI,
0-60). This suggests that there was a fitness component to the
4-week walking program that disappeared when training
ceased. Macko et al*2 have suggested that maintenance exercise
is necessary to sustain the benefits in cardiovascular fitness
achieved after 3 months in chronic stroke. Although 8 subjects
were exercising regularly before the study, only 1 subject had
changed exercise behavior to include regular exercise after the
study, which suggests that strategies to encourage routine ex-
ercise would have been a beneficia part of the program.

There was no effect of the training program on handicap
(0.5/30 points; 95% CI, —3 to 2). Handicap was assessed by
using the SA-SIP30, which includes multiple domains of life
and is a self-rating scale. Because subjects were on average 2

Speed
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years poststroke and living in the community, the 2-point
reduction in handicap reported by both groups suggests that
subjects felt empowered by taking part in the research study.
The high levels of compliance with the programs for both
groups supports this claim. In a follow-up survey, when asked
whether walking was better, the same, or worse than before the
program, 83% of the experimental group rated it as better,
compared with 70% of the control group. When asked whether
they went out more, the same, or less than before the program,
58% of the experimental group subjects replied more, com-
pared with 25% of the control group subjects. These comments
suggest that participation in the community did increase after
the treadmill and overground walking program.

CONCLUSION

After stroke, although most people are able to walk, many
are only able to walk slowly and hesitantly. At the very least,
this level of disability may mean that they are unable to walk
fast or far enough to cross the road, while at worst they may be
unable to even leave the house. This study found that after
stroke people who participated in atraining program, involving
treadmill and overground walking focusing on increasing
speed, step length, balance, fitness, and automaticity, gained
and maintained improvements in walking speed, quality, and
capacity. The routine provision of accessible, long-term, com-
munity-based walking programs based on these strategies
should result in better ambulation after stroke. Improvements
in ambulation provide the individual with the opportunities to
participate in the community and, in addition, may indirectly
reduce the burden on caregivers. Because other exercise pro-
grams have also resulted in improvements in function in per-
sons residing in the community after stroke,424-27 |ong-term
exercise programs should become a priority. The challenge for
health planners is to devise ways to implement ongoing pro-
grams that are accessible and affordable.
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