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Aim: This study aimed to determine the effects of repeated use of the 6-minute walk
test (6MWT) with immediate knowledge of results (KR) on the walking capacity by
comparing fast and slow walkers in patients with chronic hemiparesis. Methods:
Twenty-five subjects were allocated to 2 groups depending on their walking speed":
Group 1 (fast walkers, n; = 11): greater than equal to .8 m/s and® Group 2 (slow
walkers, n, = 14): less than .8 m/s. All subjects underwent the 6MWT once a day,
5 days a week, for 4 weeks (a total of 20 sessions). The 6MWT was performed on a
30-m path with immediate KR; subjects informed the time taken to walk each 30-m
path. Outcome measures included the 6MWT and 10-meter walk test (10MWT).
Measurements were taken before and after 4 weeks. Results of within-group com-
parisons showed significant improvements in the 1I0MWT and 6MWT for both
groups pre- and post-test (P < .05). Furthermore, in between-group comparison,
results of Group 1 differences were greater between pre- and post-test in the
10MWT and 6MWT values as compared to Group 2 (P < .05). These findings indi-
cate that repeated use of the 6MWT with immediate KR may be beneficial to
enhance walking capacity in patients with chronic stroke, with more favorable
changes in better poststroke walking speed.
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Introduction

In patients with stroke, functional disability results
from motor and sensory paralysis caused by neurological
damage, including spasticity, decrease in muscle strength,
impaired sensory perception, and motor coordination def-
icits." This limits a successful return to premorbid life and
community reintegration. Most people with poststroke
hemiparesis often complain of difficulty in maintaining a
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normal walking speed because of problems associated
with optimal spatiotemporal regulation.” This is one of
the major factors that make normal planning and execu-
tion of daily activities difficult along with other perceptive
and cognitive disorders.

Walking is one of the most important activities needed
to maintain independence in daily life, and is considered
a prerequisite for numerous productive activities.” In par-
ticular, ambulation is vital for community reintegration in
patients with poststroke hemiparesis.” Clinically, the
6-Minute Walk Test (6MWT) is a known beneficial tool to
evaluate walking endurance in patients with poststroke
hemiparesis.” It provides a criterion to judge whether peo-
ple can walk independently in the community environ-
ment.”® In general, walking capacity after stroke
influences the outcome of the 6SMWT,” and may be poten-
tially meaningful to demonstrate clinical benefit from
training,'’ which depends on levels of stroke severity.

A feedback mechanism offers a person visual and audi-
tory information in response to a functional performance,
which means that patients can be aware of a process and
the results of their own performance. This has been
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adopted by physical and occupational therapists in reha-
bilitation settings to encourage the process of learning
new skills."" Knowledge of results (KR) expresses external
information about the results of a performance verbally
after the completion of actions performed with a specific
goal.12 In general, patients with poststroke hemiparesis
find it difficult to accept their performance and quality
levels when they begin learning new skills. Therefore, KR
information may facilitate the performance and learning
process by offering opportunities that lead to increased
interests in activities by immediately notifying the out-
come of performance. If learners cannot accept informa-
tion about their own errors or performance levels, then
the process of leaning through repeated practice would be
less effective.'! Therefore, external feedback in the form of
KR should be incorporated as an essential element in
stroke rehabilitation.

Numerous conventional treatments to restore normal
walking following stroke have been demonstrated to
clinicians, including neurophysiological approaches,
orthopedic techniques, and functional training. How-
ever, clinical superiority of these treatments has not been
proved by previous research on walking recovery in
patients with poststroke hemiparesis.'> Based on motor
learning principles, learning process requires the practice
of repeating meaningful activities by patients, focusing
on active participation to improve walking ability and
life pattern.'”'* This concept supports the use of progres-
sive resistive exercise,'” training by walking on the tread-
mill,'* and task-oriented training for patients with
poststroke hemiparesis.l7 Also, it provides a theoretical
framework for the possible effects of repeated 6MWT as
walking training.'®

Previous studies have reported that repeated use of
the 6MWT may improve walking function in decondi-
tioned elderly patients'” or in patients with cardiopul-
monary diseases.’>?> However, to the best of our
knowledge, little attention has been paid to analyze the
effects of the 6MWT as a tool to promote walking func-
tion of patients with poststroke hemiparesis. Liu et al*’
was unable to prove the positive effects of the 6SMWT in
patients with poststroke hemiparesis, whereas Sim
et al'® reported that the repeated use of the 6MWT may
be more effective in improving walking function after
stroke by integrating KR. These studies analyzed imme-
diate rather than long-term effects of repeatedly using
the 6MWT. There is insufficient evidence regarding the
effects of long-term use of the 6MWT. Thus, the present
study aimed to identify the effects of repeated use of the
6MWT with immediate KR on the walking capacity via
comparison of fast versus slow walkers in patients with
poststroke hemiparesis. We postulated that repeated use
of the 6MWT with immediate KR will enhance the walk-
ing capacity of poststroke hemiparesis, and this
improvement would vary depending on the walking
speed of patients after stroke.
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Methods
Subjects

Thirty-two patients with a history of chronic stroke
volunteered for this study. Inclusion criteria were as fol-
lows:! stroke more than 6 months ago,2 ability to walk
independently for 6 minutes with or without walking
aids,® absence of orthopedic, cardiopulmonary, and
other neurological diseases, and® absence of cognitive
impairment (>24 points in the Korean version of the
Mini-Mental State Examination [MMSE-K]).>* Based on
classification of walking speeds in a study by Perry
et al” the subjects were divided into 2 groups': fast
walker group: more than equal to .8 m/s (n; =11) (com-
munity ambulation) and” slow walker group: less than
.8 m/s (np=14) (limited community ambulation or
domestic ambulation).

Sixty-four patients with poststroke hemiparesis were
initially screened. However, 31 subjects were excluded
due to cognitive impairments and refusal to participate in
the study; thus, the remaining 33 patients were allocated
to the either Group 1 (fast walkers) (n=16) or Group 2
(slow walkers) (n=17). During the study, 11 subjects
(Fast Walker Group: 5, Slow Walker Group: 3) were
excluded due to hospital discharge and refusal to partici-
pate further. Consequently, the final analysis included
data of 25 subjects (Fig. 1). Before the study began, infor-
mation regarding the experiment and its safety aspects
was provided, and all subjects submitted signed informed
consent forms.

Outcome Measures

The 10-meter walk test (1I0MWT) is a common tool to
assess walking speeds in clinical settings.”® The 10MWT
was conducted in a straight 14 m route, and subjects were
instructed to walk at a speed comfortable to them. To
avoid the effects of acceleration and deceleration on the
walking speeds, measurements were taken in the middle
of the 10 m route by excluding the first and last 2-m inter-
vals. Time was recorded using a stopwatch (I-Phone,
Apple). The data obtained after 3 trials was averaged.
Test reliability measured with test-retest correlation for
the 10MWT was r=.87 for patients with poststroke
hemiparesis.””

The 6MWT was performed on a straight 30-m route
with marks indicating intervals every 1 m. The start and
end points of 30 m were indicated by 2 bars, and the sub-
jects were instructed to walk between the bars for
6 minutes. The protocol for the 6MWT followed guide-
lines of the American Thoracic Society (ATS).”® Subjects
were encouraged to walk as far as possible for 6 minutes,
with feedback given only during measurement. The dis-
tances walked by the subjects were recorded. The 6MWT
has been reported to be highly reliable for clinical use
(intraclass correlation coefficient = .98).°
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Figure 1. Flow chart of the study.

Procedure

Based on the initial walking speeds, all subjects per-
formed the 6MWT with immediate KR once a day (a total
of 20 sessions). All procedures for the 6MWT were accord-
ing to the ATS™ standard. The first author of present study
explained the procedure at the beginning of the 6MWT,
but no instructions were given to the subjects during the
test. Subsequently, the walking speed was modified indi-
vidually depending on the one’s condition. As suggested
in a previous stuLdy,]8 immediate KR was done to inform
the subjects of the time required to pass the 30 m distance.
Data were collected was at baseline and after 4 weeks.
Differences in values at baseline and each measurement
period were recorded for further analysis.

Data Analysis

Statistical analysis was done using SPSS (Statistical
Package for Social Science, Chicago) version 22.0. The
data were expressed as means and standard deviations.
The Kolmogorov-Smirnov test was used to determine nor-
mality of data, and values of the 1I0MWT and 6MWT
collected from each group was normally distributed
(P > .05). To show evidence of homogeneity within the
group, an independent ¢ test was used to analyze the
parametric data for general characteristics of both groups
(eg age, onset duration, and MMSE-K score). In the 10MWT
and 6MWT tests, within-group comparisons for both groups
were analyzed using a paired ¢ test, and between-group

comparisons for differences between pre- and post-test val-
ues was analyzed using an independent ¢ test. Statistically
significant levels were set at P less than .05.

Results
General Characteristics of the Subjects

Table 1 summarizes general characteristics of the sub-
jects. There were no significant differences in age, onset
duration, and MMSE-K scores (P > .05).

Within- and Between-group Comparisons of the 1I0MWT
and 6MWT Values

Table 2 represents the outcome of the 1I0MWT and
6MWT between pre- and post-test in Group 1 and 2. In
within-group comparisons, the 10MWT and 6MWT values
of both groups showed significant differences between pre-
and post-test (P < .05), and in the between-group compari-
son, the change values of I0MWT and 6MWT between
pre- and post-test were significantly higher for Group 1
when compared to those of Group 2 (P < .05).

Discussion

In stroke rehabilitation, current recommendations
include providing sufficient opportunities for patients to
walk independently thereby regaining walking skills in a
self-selected way and establishing appropriate problem-
solving strategies in real situations. This study analyzed
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Table 1. General characteristics of the subjects

Group 1 (n; =11) Group 2 (ny =14) t P
Sex (male/female) 8/3 8/6 -.32 .76
Age (y) 54.73 £7.86 53.29 +£7.95 45 .66
Types of stroke (infarction/hemorrhage) 8/3 711 —.67 52
Affected side (right/left) 8/3 6/8 —1.01 32
Onset time (mo) 18.27 £ 6.72 17.86 + 8.27 .14 .89
Use of walking aids
(persons) 9/2 717 —1.68 11
MMSE-K (scores) 26.18 £ 1.25 26.00 + 1.67 .30 a7

Group 1: Fast walkers, speed >.8 m/s.
Group 2: Slow walkers, speed <.8 m/s.
MMSE-K: Korean version of Mini-Mental State Examination.

the effects of repeatedly utilizing the 6SMWT with immedi-
ate KR in patients with poststroke hemiparesis. We found
that repeated use of the 6MWT with immediate KR
improved the walking capacity of the patients with post-
stroke hemiparesis, with more favorable changes in better
poststroke walking speed.

In general, sensorimotor and cognitive impairments
after stroke are major factors that impede the walking
ability during daily activities and consequently decrease
self-efficacy in walking. Given that safety issues may be a
major concern, patients have a tendency not to move
actively or walk independently without support from
others. Lack of physical activities decreases functional
performance after stroke.”” The 6MWT requires sustained
body movements to maintain suitable walking patterns
during relatively long periods, and provides immediate
outcomes of the test. Therefore, it is recommended to
increase patient activity levels and motivate them
to walk.” Repetition of the 6MWT can also be used to
encourage patients to walk. A study by Sim et al'® estab-
lished possible benefits related to walking despite its sim-
plicity in patients with chronic stroke when immediate
KR was incorporated into the 6MWT. In this study,
instructions for immediate KR were given according to
protocol.'® Unlike previous studies that simply investi-
gated the initial effects of repetitive 6MWT,'®* we
performed the 6MWT every day for 4 weeks to identify
long-term results of the 6MWT.

The results of this study indicate that repeated use of
6MWT may enhance walking in patients with poststroke
hemiparesis. However, Liu et al*® analyzed the effect of
repetitive 6MWT poststroke, and concluded that there was
insufficient evidence in clinical settings. The 6MWT has
been commonly used to determine the walking endurance
of patients with poststroke hemiparesis in clinical settings
because of the ease of the process.” Procedures that require
walking for 6 minutes produce fatigue, which is responsible
for the lack of practice effects.”” ATS™ recommended rest
intervals of more than 1-hour between the trials to avoid
fatigue. As shown in this study, walking was improved by
repeated use of the 6MWT; this may be associated with

compliance to the basic rules in the test. From our findings,
a possible explanation for this is the integration of immedi-
ate KR into the 6BMWT. It is difficult for patients with post-
stroke hemiparesis to recognize the process and outcome of
functional performance without feedback-related informa-
tion; hence, immediate KR is used to reinforce motor learn-
ing, particularly in early stages.'” Other studies have
reported an increase in the distance walked by healthy
patients,'””" and patients with cardiopulmonary prob-
lems™** during the 6MWT. These results may be crucial to
support our findings, although these data were not col-
lected from patients with poststroke hemiparesis.

In this study, subjects were classified into 2 groups
depending on walking speeds, based on criteria provided
by Perry et al”” and identify whether the repeated use of
the 6MWT was different between faster and slower
walkers. As shown in this study, I0MWT scores improved
across the groups after a 4-week period, indicating that
improvement (.30 m/s) among fast walkers met the crite-
ria for the minimal detectable change (.17 m/s)”’ and min-
imum clinically important difference (.16 m/ s).>* After the
4-week intervention, there was an improvement in the
6MWT across the groups, with improvement (96 m) in
fast walkers who met the criteria for minimum clinically
important difference (71 m).>

Improvement in the IOMWT and 6MWT appeared to be
higher for faster than slower walkers. The 6MWT
included walking in the straight route and turning 180°.
Generally, slower walkers complained frequently about
the difficulty in change of direction because of a fear of
falling; therefore, their walking speed was often remark-
ably reduced during turning.® This was probably a reason
for the lower values of the 6MWT in slow walkers after
stroke. In addition, outcomes of the 6MWT varied across
a range of performance levels. It is possible that most
patients with chronic stroke show poor cardiovascular
endurance. This makes it difficult to adjust walking and
functional performance based on perceived physiologic
response, which eventually influences the test.”” After a
stroke, walking capacity may be related to recovery of
neuromuscular function and slower walkers may have
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Table 2. Comparison of walking speed and distance between both groups over time and mean (95% CI) difference between times

=25)

Total (N

Group 2 (np = 14)

Group 1 (n;=11)

Posttest
.86 + 47
278.00 & 144.78

Pretest
.67 £ .35
211.16 +112.68

Posttest

Pretest

Posttest

Pretest
1.01 £ .15
317.18 £58.18

Group 1: Fast walkers, speed > .8 m/s.

—3.28
—-3.39

—5.81
—6.86

—4.58
—5.71

S51+.27
171.79 + 80.87

40+ .18
127.86 + 62.06

—5.44

—5.87

1.31 £ .23
413.18 £ 76.86

Speed (1I0OMWT, m/s)

Distance (6MWT, m/s)

Group 2: Slow walkers, speed <.8 m/s.

*Within-
TBetwee

group comparison between pre- and post-test values in each parameter.
n-group comparison of the change between pre- and post-test values in each parameter.

less voluntary control due to incomplete functional recov-
ery of the neuromuscular system.

Although there are benefits in repeated use of the
6MWT, we acknowledge several limitations that can be
improved in further studies. First, our sample was small,
which limits generalization of our findings to the entire
stroke population. Second, measurements were collected
after 4 weeks; thus, our results cannot be described as
long-term effects. Third, the improvement of walking
capacity in this study may be task-specific effect; there-
fore, it could not assure possible effects in the whole
aspects of function. Finally, the focus of this study was to
identify the effects of repeatedly using the 6MWT with
immediate KR in terms of clinical walking function rather
than a kinematic analysis of walking. Therefore, this study
did not summarize quantitative data regarding the walk-
ing motion. Further studies with larger sample sizes and
longer durations of follow-ups are recommended.

Conclusion

Recovery of walking function in stroke rehabilitation is
one of the most important goals to maintain functional
independence. The current consensus is that intensive,
repeated walking is advantageous to regain walking skills
in daily life, while facilitating the process of motor learn-
ing with feedback information related to the performance.
Based on this concept, this study was performed to deter-
mine the effects of repeatedly using the 6MWT with
immediate KR in patients with poststroke hemiparesis by
comparing its effects in fast and slow walkers. Our find-
ings indicate that the repeated use of the 6MWT with
immediate KR enhanced the walking capacity of patients
with poststroke hemiparesis, and this improvement was
greater for patients showing better walking speed after
stroke. Further studies to substantiate our results are rec-
ommended.
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