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Objective: To identify the determinants of improvement in
walking capacity following therapeutic exercise in chronic
stroke survivors.

Design: A secondary analysis of data obtained from a prospec-
tive, single-blind, randomized controlled intervention trial.
Subjects: Sixty-three community-dwelling individuals (mean
age=065 years, age range=>50-87 years) with a chronic stroke
(post-stroke duration: mean=>5.5 years, range=1-28 years).
Methods: Subjects were randomized into a leg exercise group
(n=32) or an arm exercise group (n=31). Subjects in each
group underwent 3 1-hour exercise sessions per week for 19
weeks. Walking capacity, cardiorespiratory fitness, isometric
knee extensor muscle strength, balance ability, and balance
confidence were evaluated before and after the interven-
tions. Multiple regression analysis was performed to identify
the determinants of improvement in walking capacity.
Results: After controlling for age, gender, post-stroke dura-
tion, and baseline walking capacity, gain in paretic leg muscle
strength and peak oxygen consumption remained independ-
ently associated with gain in walking capacity (R°=0.229).
Conclusion: Enhancement of cardiorespiratory fitness and
paretic leg muscle strength are both significant determinants
in improving walking capacity among chronic stroke survi-
vors. However, the rather weak relationship (R’=0.229) in-
dicates that other factors not measured in this study may
also contribute to the improvement in walking capacity.
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INTRODUCTION

Walking ability is often impaired following stroke (1). Reduced
physical activity level after stroke is common and may induce
further deconditioning and decline in walking capacity, as
measured by the 6-Minute Walk Test (6MWT) (2). Indeed,
walking capacity remains limited for many community-dwell-
ing stroke survivors (3). This may have important health impli-
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cations for older people with chronic stroke. Poor performance
in long-distance walking is associated with mortality and
incident cardiovascular disease in older adults (4). Individu-
als who survive a stroke also have a higher risk of dying from
cardiovascular disease than from any other cause (5).

In previous cross-sectional studies, walking capacity follow-
ing stroke has been related to various physical factors, such
as motor recovery (6-8), balance ability (6, 7, 9), spasticity
(6), leg muscle strength (6, 9—11) and cardiorespiratory fitness
(8,9, 12). In addition to physical parameters, psychological
measure such as balance confidence (i.e. level of confidence
that a person has in performing mobility tasks without losing
balance or becoming unsteady) may also influence walking
capacity among individuals with chronic stroke (13). However,
these studies are cross-sectional in nature and could not reflect
the temporal relationships between changes in walking capacity
and other relevant parameters. Only one study by Pohl et al.
(14) has examined the relationship between recovery in walk-
ing capacity and other stroke-related impairments in patients
after subacute stroke using a prospective design. They found
that different factors (i.e. cardiorespiratory fitness, lower limb
motor recovery, balance ability) account for the gain in walk-
ing capacity at 3-month follow-up, depending upon the initial
6MWT distance (14). In summary, it is apparent that walking
capacity in stroke survivors has multiple determinants.

A recent meta-analysis found that gait-oriented training,
but not lower limb strengthening training, can significantly
improve walking capacity after stroke (15). Different exercise
programs have been devised to improve walking capacity
after stroke by targeting specific impairments that are related
to walking capacity (i.e. balance, leg muscle strength, cardio-
respiratory fitness) (15). A study on gait-related training post-
stroke has also found that improvement in walking capacity
is significantly related to change in balance confidence (16).
Evidence is, however, limited for a positive effect of cardio-
respiratory exercise training on walking capacity, mainly due
to the limited number of randomized controlled trials in this
area (15). Overall, the mechanisms underlying improvement in
walking capacity following different types of exercise training
in stroke are not entirely clear.

We have previously reported that a 19-week multi-dimen-
sional group exercise program, with elements of cardiovascu-
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lar training, balance exercises, and leg muscle strengthening,
significantly improves walking capacity in individuals with
chronic stroke (17). However, the determinants of improvement
in walking capacity following the exercise training have not been
investigated. Moreover, the effect of the program on balance
confidence, a psychological factor that may exert important
influence on walking capacity (16), has not been reported.

This secondary analysis attempted to identify the physical
and psychological factors contributing to improvement in walk-
ing capacity following the 19-week multi-dimensional exercise
program (17). We hypothesized that changes in walking capac-
ity would be related to changes in cardiorespiratory fitness,
leg muscle strength, balance ability, and balance confidence.
This hypothesis was proposed because previous cross-sectional
studies demonstrated strong associations of walking capacity
with these measures (6—12). Our exercise program also con-
tained different components that were designed specifically to
target these same impairments.

METHODS
Subjects

Subjects were recruited from a local rehabilitation hospital database,
community stroke clubs and local newspaper advertisements. Inclusion
criteria were: a single episode of stroke more than one year ago, aged
50 years or more, ability to walk more than 10 meters independently
(with or without walking aids), living at home, (a Mini Mental State
Examination (MMSE) score >22 (18), the ability to pedal the cycle
ergometer (Excalibur, Lode BV Medical Technology, Groningen,
Netherlands) at 60 rpm and increase the heart rate to at least 60% of
the maximal heart rate (estimated as 220-age) (19). Exclusion criteria
were: neurological conditions in addition to stroke, history of serious
cardiac disease, uncontrolled hypertension (systolic blood pressure
> 140 mmHg, diastolic blood pressure >90 mmHg), pain while walk-
ing, and other serious diseases that preclude the individual from par-
ticipating in the study. All subjects provided informed written consent
before they participated in the study. The study was approved by the
University of British Columbia and G. F. Strong Rehabilitation Centre
research ethics committees. The study was conducted in accordance
with the Helsinki Declaration for human experiments.

Each subject was classified according to the functional classification
level of the American Heart Association Stroke Outcome Classification,
to indicate the residual disability in basic (e.g. dressing, bathing, groom-
ing) and instrumental activities of daily living (e.g. shopping, preparing
meals) (BADL and IADL) (level I=as independent as before the stroke;
level V=completely dependent in BADL and IADL) (20).

Study design

This was a secondary analysis of data obtained from a prospective,
single-blind, randomized controlled trial (17). The subjects were strati-
fied according to gender and then randomly assigned to the leg exercise
or arm exercise group by drawing lots. The randomization was done
before any outcome assessments and interventions.

Interventions

Individuals in each group underwent their respective programs for
19 weeks (1-hour sessions, 3 sessions per week). For both groups,
each exercise session (9—12 participants) was supervised by a physio-
therapist, an occupational therapist and an exercise instructor.

The details of the intervention programs were described elsewhere
(17). Briefly, in the leg exercise group, subjects rotated through 3 dif-
ferent exercise stations. In the first station, participants were engaged
in aerobic exercises such as brisk walking, repeated sit-to-stand, and
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alternate stepping onto low risers. Exercise intensity was initially set
at 40-50% heart rate reserve (HRR) and increased by 10% HRR every
4 weeks, up to 70-80% HRR, as tolerated. At station 2, participants
were engaged in various balance exercises, such as walking in different
directions, and standing on a balance disc or a tilting board. At station
3, subjects participated in leg muscle strengthening exercises including
partial squats and toe rises while holding hand weights.

The arm exercise group completed an upper extremity exercise
program in the same setting. Similar to the leg exercise group, subjects
rotated through 3 exercise stations. At station 1, subjects performed
shoulder muscle strengthening exercises using theraband. At station
2, upper limb weight-bearing exercises (i.e. push-ups on the arm-rests
of chair) and muscle strengthening exercises using dumb-bells or cuff
weights were performed, in addition to passive or self-assisted range of
motion exercises. At station 3, the program consisted of hand muscle
strengthening exercises using putty or grippers and functional training
(i.e. transferring objects of various shapes and sizes). For participants
with less than 20 degrees of active wrist extension, electrical stimula-
tion (Neurotrac Sports, Verity Medical Ltd., Hampshire, UK) to the
wrist extensor muscles was also applied.

Outcomes

All outcomes were measured by blinded assessors immediately be-
fore the commencement and immediately after the termination of the
exercise program.

Physical outcomes. Walking capacity was measured using the 6 MWT
(21). The subjects were asked to cover as much distance as tolerated
within 6 minutes. The total distance walked to the nearest meter was
recorded. 6GMWT has been shown to be a reliable method to assess
walking capacity in individuals after stroke (22).

Cardiorespiratory fitness was indicated by peak oxygen consump-
tion rate (O, in ml/kg/min) obtained from a maximal exercise test
on the Excalibur cycle ergometer. VO, was continuously measured
using a portable metabolic unit (Cosmed K4 b? system; COSMED
Srl; Rome, Italy). The workload started at 10-20 W and increased by
10-20 W/min. Participants were required to pedal at 60 rpm. Peak \'/O2
was considered to have been reached if at least 2 out of 3 criteria for
maximal effort were fulfilled: (/) a respiratory exchange ratio of > 1.0,
(ii) a plateau in \'/'O2 (< 150 ml/min) with increase in exercise intensity,
or (iii) volitional fatigue (i.e. decline in cycling rate <30 rpm) (19).
The \'/O2 data were averaged at a rate ofqvery 15 sec. The peak value
obtained was considered to be the peak VO, (ml/kg/min).

Isometric knee extension strength was measured by using hand-held
dynamometry (Nicholas MMT, Lafayette Instruments, Lafayette, IN,
USA). The knee was placed in 90° flexion while the subject was sitting
upright in a chair with back support. After the thigh was stabilized by
the assessor, each subject was instructed to perform a maximal isomet-
ric contraction of knee extension. Three trials were performed on each
side and force data (Newtons (N)) were averaged. Using hand-held
dynamometry to assess isometric knee extension strength has been
shown to relate to walking capacity in patients after stroke (23). It can
also be easily performed in the daily clinical setting and is a reliable
method to assess muscle strength in people with stroke (11).

Balance ability was assessed by Berg Balance Scale (BBS; maximal
score=156) (24). It contains 14 items and the rating of each item is
based on an ordinal scale from 0 to 4, with a higher score indicating
better balance ability. BBS is a reliable and valid tool to assess balance
in people after stroke (24).

Psychological outcome. Balance confidence was evaluated using the
Activities-Specific Balance Confidence (ABC) scale (25, 26). The scale
consists of 16 functional activities and each participant was required
to rate their level of confidence in performing each activity without
losing their balance or becoming unsteady (e.g. get in and out of a car,
walk on an icy sidewalk). The rating is based on a scale ranging from 0
(no confidence at all) to 100 (completely confident). The score for each
item were summed and then averaged to yield the mean ABC score. A
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187 volunteered to
participate in the study

| 110 did not meet criteria via telephone
| interview (e.g., institutionalized)

12 were excluded: 7 were unable to pedal the

.| bicycle; 2 had Mini Mental Status Examination

| (MMSE) < 22; 1 had uncontrolled blood pressure;
l 2 could not obtain permission from physician

77 successfully completed
initial interview

65 successfully completed
cycle ergometer test and
MMSE

63 were enrolled |

L

32 were randomized to
intervention group

' v

32 completed baseline 31 completed baseline
assessment assessment

: I

30 completed follow-up 30 completed follow-up
assessment at 19 weeks assessment at 19 weeks

2 were unable to participate
due to illness

31 were randomized to
control group

2 were lost to follow-up
at 19 weeks: 1 found
exercise too fatiguing; 1
was unable to commit the
time

1 was lost to follow-up at
19 weeks, being unable to
commit the time

Fig. 1. Sixty subjects completed all baseline and follow-up assessments.
Reprinted with permission from Blackwell Publishing. ] Am Geriatr Soc
2005; 53: 1667-1674 (17).

higher ABC score indicates a higher level of balance confidence. The
ABC scale has good internal consistency (Cronbach’s alpha=0.94) and
test-retest reliability (Intraclass Correlation Coefficient (ICC)=0.85)
among individuals after stroke (27).

Statistical methods

For this secondary analysis, any dropouts (3 out of 63) were ex-
cluded from the analysis. Two-way analysis of variance (ANOVA)

Table 1. Subject characteristics

with repeated measures (mixed design; within-subject factor: time,
between-subject factor: group) was first used to assess whether one
exercise group had significantly more gain in each variable than the
other group (i.e. significant group x time interaction). The alpha was
set at 0.05 for this analysis. Paired 7-tests were then used to compare
the pre-test and post-test scores within each exercise group. The level
of significance for this analysis was adjusted to 0.02.

The change score of each outcome variable was computed as post-
test score minus the pre-test score. The percent change score was
calculated by dividing the change score by the pre-test score. Pearson’s
product-moment correlation coefficients were then used to measure the
degree of association (1) between the baseline score and the change
score for each outcome variable, (2) between the change in walking
capacity and that in other outcome variables. The alpha level for these
analyses was set at 0.05.

To avoid possible multi-colinearity, Pearson’s product moment cor-
relation coefficients were used to determine the degree of association
among the change scores for peak VOZ, paretic leg muscle strength,
BBS, and ABC. A multiple regression analysis was performed to pre-
dict change in walking capacity. Age, gender, post-stroke duration and
baseline walking capacity were first forced into the regression model.
Next, changes in peak VO2, paretic leg muscle strength, BBS score, and
ABC score were then entered into the model using the forward stepwise
method, as no significant correlation was found among the change scores.
Variables were entered in the stepwise model at a significance level of
»<0.05 and removed from it at p>0.10. All statistical analyses were
performed using SPSS 14.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

Subject characteristics

Sixty-three individuals fulfilled all eligibility criteria and
participated in the study (Fig. 1). During the course of the 19-
week trial, 3 subjects dropped out of the study (2 in the leg
exercise group and one in the arm exercise group) and were
excluded from subsequent analyses. Subject characteristics
are described in Table I.

Leg exercise group ~ Arm exercise group  Dropout
(n=30) (n=30) (n=3)
Demographics
Female gender (n) 13 12 2
Age (years), mean (SD) 66.0 (8.7) 65.0 (8.5) 61.7 (13.2)
Height (cm), mean (SD) 168.9 (11.4) 169.6 (9.3) 165.5 (20.7)
Weight (kg), mean (SD) 76.6 (17.9) 78.1 (12.0) 66.2 (30.0)
Walking aid (cane/quad cane/crutch/walker) (n/n/n) 3/1/1/6 2/0/2/5 0/0/0/0
American Heart Association Stroke Functional Classification (I/II/III/IV/V) (n) 3/17/9/1/0 1/19/8/2/0 3/0/0/0/0
Education (years), mean (SD) 14.4 (3.3) 14.0 (3.4) 12.0 (1.0)
Stroke characteristics
Paretic side (left) (1) 19 21 1
Ischemic stroke (1) 18 18 1
Post-stroke duration (years), mean (SD) 5.2(5.0) 5.1(3.6) 12.1 (11.0)
Variables of interest, mean (SD)
6MWT distance (m) 317.8 (140.4) 296.6 (118.6) 498.3 (90.2)
Peak VO, (ml/kg/min) 22.3(5.2) 21.3 (4.2) 26.7 (4.9)
Paretic leg muscle strength (N) 177.7 (71.9) 194.6 (69.9) 238.5(74.9)
Non-paretic leg muscle strength (N) 248.0 (87.0) 268.9 (87.2) 225.4 (81.8)
BBS score (0-56) 47.2 (6.8) 47.0 (6.0) 54 (3.5)
ABC score (0-100) 67.0 (19.6) 72.3 (18.0) 85.6 (21.7)

6MWT: Six-Minute Walk Test; peak VOZ: peak oxygen consumption rate; BBS: Berg balance scale; ABC: Activities-specific Balance Confidence;

SD: standard deviation.
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Table 1. Change scores in variables of interest given as mean values with standard deviation (SD) within parentheses

Leg exercise group

Arm exercise group

(n=30) (n=30)

Variables of interest Change score Percent change Change score Percent change
6MWT distance (m) 68.8 (52.4)* 25.6 (22.6) 39.6 (34.6)* 14.3 (10.9)
Peak VO, (ml/kg/min) 2.1 (3.2)* 15.9 (17.3) 0.3 (3.0) 4.7(17.3)
Paretic leg muscle strength (N) 43.3 (55.1)* 25.9 (35.6) 10.8 (42.9) 5.7 (22.0)
Non-paretic leg muscle strength (N) 30.2 (59.5)* 15.6 (26.5) 6.6 (52.2) 4.2 (20.7)
BBS score 2.2 (3.6)* 5.8(9.5) 2.0 (2.9)* 4.6 (6.6)
ABC score 2.9 (14.4) 12.7 (37.9) 0.4 (13.4) 7.0 (43.3)

*p<0.02 significant change from the baseline value (paired #-test).

6MWT: Six-Minute Walk Test; peak VO2: peak oxygen consumption rate; BBS: Berg balance scale; ABC: Activities-specific Balance Confidence;

N: newton.

Change scores in each exercise group

Two way-ANOVA revealed that the leg group had significantly
more gain in walking capacity (F, ,=6.49, p=0.01), peak
VOZ, (F,x=7.47, p=0.01) and paretic leg muscle strength
(F, =6.50, p=0.01) than the arm group. No significant
time x group interaction was found between the 2 groups
in non-paretic leg muscle strength, BBS, and ABC scores
(»>0.10). When the data for each exercise group were analyzed
separately, both the leg and arm exercise groups showed a
significant increase in walking capacity and BBS score dur-
ing the course of the trial (paired ¢-tests, p<0.02) (Table II).
Only the leg exercise group showed a significant increase in
peak VOZ, paretic leg muscle strength, and non-paretic leg
muscle strength. ABC scores showed no significant change
in both groups.

Correlations between baseline scores and change scores

The correlations between baseline score and change scores
are shown in Table III. A significant, negative correlation was
found between the baseline scores and the change scores for
BBS (r=-0.61) and ABC scale (r=-0.60), indicating that
those with higher baseline BBS or ABC tend to have smaller
gain in these variables after the program. No significant cor-
relation was found between the baseline score and the change
score for GOMWT (r=0.14), peak \'/O2 (r=-0.23), paretic leg
muscle strength (#=0.09), and non-paretic leg muscle strength
(r=-0.35).

Table IlI. Correlations (r) between baseline scores and change
scores

All Leg Arm
subjects  exercise  exercise
group group

6MWT distance 0.14 0.06 0.23
Peak VO, -0.23 -0.19  -0.15
Paretic leg muscle strength 0.09 0.26 -0.04
Non-paretic leg muscle strength -0.35 -0.29 —0.38%*
BBS score —0.61* —0.82* —0.33
ABC score —0.60* -0.61* —0.58*
*p<0.05.

6MWT: Six-Minute Walk Test; peak VOZ: peak oxygen consumption
rate; BBS: Berg balance scale; ABC: Activities-specific Balance
Confidence.

The negative correlation between the baseline scores and the
changes scores for BBS and ABC was still apparent when the
leg and arm exercise groups were analyzed separately.

Correlations between change in walking capacity and that in
other variables

There was a significant, positive correlation between change
in walking capacity and that in peak \A/O2 (r=0.28, p=0.03)
and paretic leg muscle strength (»=0.38, p<0.01). There was
a trend for a negative relationship between change in walk-
ing capacity and that in BBS score (r=-0.24, p=0.07). No
significant correlation was found between change in walking
capacity and change in ABC score (r=0.19, p=0.16) and non-
paretic leg muscle strength (r=0.22, p=0.10).

Multiple regression for predicting change in walking capacity

After controlling for age, gender, post-stroke duration and
baseline walking capacity, adding change in paretic leg muscle
strength (Table IV, model 2) significantly improved the mul-
tiple regression model (F change, ;,=7.74, p=0.01). Adding
change in peak VO, in the final model (Table IV, model 3)
also significantly improved the prediction (F change, ,,=4.19,
p=0.05). The final regression model explained a total 0of 22.9%
of the variance in change in walking capacity, with change
in paretic leg muscle strength and peak \'/O2 accounting for
11.9% and 6.1%, respectively. Change in BBS score and ABC
score were removed from the stepwise model (p>0.05). The
multi-colinearity statistics revealed that the tolerance values
were all close to 1.0 (>0.84). Thus, there were no problems
with multi-colinearity in this regression analysis.

DISCUSSION

This is the first study to report the association between the im-
provement in walking capacity and that in leg muscle strength
and cardiorespiratory fitness among individuals with chronic
stroke in a prospective randomized controlled intervention trial.
The results of this study have highlighted the importance of
addressing leg muscle strength and cardiorespiratory fitness
when attempting to enhance walking capacity in the population
after chronic stroke.
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Table IV. Multiple regression analysis for predicting change in walking capacity

Independent variable R? R? change Regression coefficient B (standard error) Beta weight () p
Model 1 0.048 0.048
Age —0.019 (0.744) —0.035 0.80
Gender —10.521 (12.370) —-0.113 0.40
Post-stroke duration —1.316 (1.498) —-0.122 0.38
Baseline 6MWT distance 0.055 (0.048) 0.154 0.25
Model 2 0.168 0.119
Age —0.241 (0.702) —0.044 0.73
Gender —2.186 (12.54) —-0.023 0.86
Post-stroke duration —1.159 (1.415) -0.108 0.42
Baseline 6oMWT distance 0.042 (0.045) 0.117 0.36
Change paretic leg muscle strength 0.323 (0.116) 0.360 0.01*
Model 3 0.229 0.061
Age —0.026 (0.690) —0.005 0.97
Gender -9.506 (12.246) —-0.102 0.44
Post-stroke duration —0.504 (1.412) —-0.047 0.72
Baseline 6oMWT distance 0.036 (0.044) 0.101 0.42
Change paretic leg muscle strength 0.286 (0.114) 0.318 0.02%*
Change peak VO, 3.836 ((1.873) 0.265 0.05*
*p<0.05.

6MWT: Six-Minute Walk Test.

In our sample of 60 subjects, the mean 6MWT distance
achieved is around 40—50% below the reference values (28).
This may have tremendous health and functional implications.
For example, inability to perform long-distance walk (400 m)
or increased performance time to complete the 400-m walk
are associated with mortality, incident cardiovascular disease,
mobility limitation and disability in community-dwelling
older adults (4). Although the relationship between 6MWT
and risk of mortality and cardiovascular risk in the chronic
stroke population is currently unknown, our results have
nevertheless highlighted the pronounced deficits in walking
capacity in chronic stroke survivors and the potential health
risk that ensues.

Both exercise groups in our study had significant gain in
walking capacity, but the leg exercise group (25.6%) improved
significantly more than the arm exercise group (14.3%). (Ta-
ble II). It is difficult to compare with other types of exercise
programs due to the different exercise frequency and intensity
used. Nevertheless, the gain obtained in this group is compa-
rable to that obtained in a recent study by Macko et al. (29).
In their study on treadmill training in patients after chronic
stroke, a similar exercise frequency and duration was used (i.e.
3 times per week for 6 months) and a significant 30% increase
in walking capacity was reported (29). It is interesting that
the arm exercise group also had a substantial gain in walking
capacity, which may be due to several factors. First, practice
effect may partly contribute to the increase in walking capac-
ity. Secondly, although many of the exercises were performed
in sitting, the subjects in the arm exercise group had to walk
through 3 exercise stations in each session, thus providing
opportunities for them to practice walking. Thirdly, activity to
attend the sessions (e.g. walking between the community hall
and the parking lot) (3 times a week) may well exceed their
usual daily amount of walking, as it is well known that low
ambulatory activity is common in stroke survivors (2).
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One important finding is that gain in paretic leg muscle
strength is independently associated with improvement in
walking capacity (Table IV). This finding confirms the results
from previous cross-sectional studies showing a positive cor-
relation between leg muscle strength and walking capacity
(6, 9—11). However, evidence suggests that improvement in
strength from resistance training does not necessarily translate
into significant gains in walking capacity (15, 30). Strength-
ening in a functionally relevant way (task-oriented approach)
may be a more appropriate way to promote walking capacity,
as training effects may be specific to the task itself. The task-
oriented approach has been used to enhance walking capacity
in chronic stroke and positive outcomes are reported (31, 32).
We used a similar approach in our leg exercise group. For
example, stepping onto the low risers is a walking-related
task which aims to increase the strength of the knee extensor
muscle groups.

Another important finding of this study is that gain in peak
VO2 is a significant determinant of improvement in walking
capacity. Our results are in agreement with those obtained by
Patterson et al. (9) and Pohl et al. (14). In a cross-sectional cor-
relation study, Patterson et al. (9) found that walking capacity
is largely determined by cardiorespiratory fitness (R’=0.26) for
those who can walk faster (gait velocity >0.48 m/sec) whereas
walking capacity is more influenced by balance ability for slow
walkers (gait velocity <0.48 m/sec). Similarly, Pohl et al. (14)
found that for good performers in 6 MWT at baseline (distance
>213 m), gain in peak \./O2 is a significant determinant of gain
in walking capacity at 3-month follow-up. In contrast, gain in
balance is the only significant determinant of gain in walking
capacity at 3-month follow-up for poor performers in 6MWT
at baseline (distance <213 m) (14). Using their definitions, a
large proportion of our subjects can be considered fast walk-
ers (gait velocity >0.48 m/sec) (82% of subjects) or good
performers in 6MWT at baseline (distance >213 m) (72%



of subjects). And we found that gain in cardiorespiratory fit-
ness is a significant determinant of improvement in walking
capacity following the exercise intervention. Taken together,
the results have highlighted the important role of enhancing
cardiorespiratory fitness while attempting to improve walking
capacity in chronic stroke survivors, particularly for those who
have mild to moderate gait deficits.

It is surprising that change in BBS score was not significantly
related to change in walking capacity, as previous cross-sectional
studies have demonstrated a strong correlation between balance
function and walking capacity (6, 7, 9). This may be explained by
the fact that our subjects have only mild to moderate deficits in
walking, whereas balance seems to be a major factor in determin-
ing gain in walking capacity among those with more severe gait
deficits (9, 14). Another explanation is the ceiling effect of the
BBS (33). The subjects in our study have a relatively high level of
balance functioning (mean BBS score=47). It may explain why the
gain in balance induced by the 2 exercise programs is only around
2 points (Table II), which is below what is considered to be a
clinically meaningful change (i.e.£6 points) (33). The ceiling
effect of BBS may also explain why the change in BBS score is
negatively correlated with the baseline BBS score, indicating that
those with higher baseline balance ability tend to have a smaller
gain in BBS score.

The 2 exercise programs did not result in significant in-
crease in balance confidence. Some suggested mechanisms
for enhancing self-efficacy are: successful completion of a
task; observing others successfully complete a task; and re-
ceiving positive feedback from others (34). Presumably, the
group exercise programs in this study would allow for such
experiences. The lack of significant improvement in balance
confidence may be due to the relatively high level of balance
confidence (mean="70.5) in our sample (i.e. ceiling effect).
We found that a high baseline ABC score is related to a lower
subsequent gain in the same after exercise intervention.

This study has several limitations. First, the results are gen-
eralizable only to ambulatory individuals with chronic stroke.
Secondly, over 70% of'the variance in change in walking capac-
ity remains unexplained. The determinants of walking capacity
may be multifactorial, and not all of the potential determinants
were measured in this study (i.e. practice effect, motivation,
perceptual deficits, existing co-morbidities, type of stroke). A
larger sample size will be needed to identify other potential
determinants with smaller effect size. Thirdly, knee extension
strength was measured isometrically. A higher correlation be-
tween muscle strength and walking capacity might have been
obtained if we had measured dynamic muscle strength (10,
11). Finally, the relationship between gain in walking capacity
and other measures may vary according to the specific training
regimen and other factors such as the physical setting, and
client—therapist ratio. It would be interesting to compare the
determinants of increase in walking capacity among different
types of exercise programs (i.e. resistive training, aerobic train-
ing, agility training). Nevertheless, our results have highlighted
the important role of leg muscle strength and cardiorespiratory
fitness in walking capacity.
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In conclusion, this study shows that improvement in walk-
ing capacity can be induced by therapeutic exercise in the
chronic stroke population and is independently associated with
enhancement of paretic leg muscle strength and cardiorespira-
tory fitness. Unfortunately, it is common that contemporary
rehabilitation programs are not intensive enough to induce a
cardiovascular training effect (35). Given the serious potential
health and functional implications of poor walking capacity,
augmentation of leg muscle strength and cardiorespiratory fit-
ness should be important components of stroke rehabilitation
or health promotion programs.
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