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Objectives: The goal most often stated by persons with stroke is improved walking
function. The purpose of this study was to determine the effects of isokinetic
strength training on walking performance, muscle strength, and health-related
quality of life in survivors of chronic stroke. Methods: Twenty participants (age,
61.2 � 8.4 years) with chronic stroke were randomized into 2 groups. The exper-
imental group undertook maximal concentric isokinetic strength training, whereas
the control group received passive range of motion of the paretic lower extremity
3 times a week for 6 weeks. The Kin-Com Isokinetic Dynamometer (Chattanooga
Group Inc., TN) was used for both the strengthening and passive range of motion
exercises. The Mann-Whitney U test was used to compare the changes in scores
(postintervention minus baseline) between the control and experimental groups for
a composite lower extremity strength score, walking speed (level-walking and
stair-walking) and health-related quality of life measure (36-Item Short Form
Health Survey [SF-36]). Results: Both the experimental and control groups increased
their strength and walking speed postintervention; however, there were no differ-
ences in the changes in walking speed between the groups. There was a trend (P �
.06) toward greater strength improvement in the experimental group compared
with the control group. No changes in SF-36 scores were found in either group.
Conclusions: Intervention aimed at increasing strength did not result in improve-
ments in walking. The results of this study stress the importance of controlled
clinical trials in determining the effect of specific treatment approaches. Strength
training in conjunction with other task-related training may be indicated. Key
Words: Gait—strength—stroke management.
Copyright © 2001 by National Stroke Association

Improved walking function is the most frequently
stated goal by persons with stroke.1 For this reason, gait

retraining is an important focus in the rehabilitation of
persons with stroke. Despite this effort to regain optimal
walking function, only a small percentage (18%-25%)
attain a walking speed that is required for community
activities.2-4 Possible factors contributing to their difficul-
ties with gait include muscle weakness,5-7 abnormal mus-
cle activation patterns,8 disturbed sensation, impaired
postural control, disturbed cognition, and neglect.
A common motor impairment following stroke is mus-

cle weakness.9,10 Characteristics of muscle strength fol-
lowing stroke include a reduction in isometric and isoki-
netic torque generation,6,9,11 in addition to a slowness to
generate torque.10 The ability to generate isometric and
isokinetic torque in persons with stroke has been shown
to relate to the performance of several functional tasks,
such as transfers,12 standing,13 level-walking,5-7 and
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stair-walking,14 suggesting that strength training could
lead to improved functional performance.
In the past, strength testing and training in persons

with spasticity have been controversial issues. Bobath15

advocated that decreased muscle strength was not due to
weakness but to the opposition of spastic antagonists. In
addition, muscle strengthening was not recommended
because it was thought to increase spasticity and rein-
force abnormal movement.15 Recent studies, however,
have shown that strength testing can be done reliably in
individuals with spasticity16-18 and that strength training
is not associated with increases in spasticity.11,19

Several studies have suggested that lower extremity
strength training can improve functional performance in
addition to self-perceived health in individuals with
stroke.11,20-25 Many of these studies have combined
strengthening with other types of training (e.g., balance,
endurance); only a few have investigated the functional
gains achieved by strength training alone. Six weeks of
maximal isokinetic strengthening of the knee muscula-
ture has been found to significantly improve walking
speed in persons with stroke.11,22 Furthermore, a 9-week
bilateral isokinetic program using the Kinetron,25 as well
as an 8-week isokinetic strengthening program of isolated
flexor and extensor muscle groups of the paretic lower
extremity,23 have also been reported to improve walking
speed.
The major limitation of these previous studies is the

lack of a control group. The reported changes in perfor-
mance could be attributed to several factors other than
strengthening (e.g., joint mobility, familiarization with
the testing procedures, maturation effects, or simply the
attention from a therapist 2 to 3 times a week).
In the present study, we undertook a double-blind

controlled trial in which the control group did not receive
treatment other than to minimize the effects of variables
that might threaten the internal validity of the study (i.e.,
factors other than the independent variables that could be
related to changes in the dependent variable).26 Apart
from the added resistance during movement in the ex-
perimental group, the 2 groups followed the same activ-
ities (i.e., they both attended the exercise sessions 3 times
a week for 6 weeks; they undertook the same warm-up
and cool-down routine; and they experienced the same
joint mobility through a specified range of motion for 3
sets of 10 repetitions in each joint of the paretic lower
limb).
The purpose of this double-blind, controlled pilot

study was to determine the effect of 6 weeks of maximal
isokinetic strengthening of the paretic lower extremity on
(1) lower extremity strength (flexors and extensors of the
hip, knee, and ankle), (2) walking speed (level-walking
and stair-walking), and (3) health-related quality of life
(HRQoL) (as measured by the 36-Item Short Form Health
Survey [SF-36]) in persons with chronic stroke.

Methods

The study was approved by the local university’s Re-
search Ethics Board and the hospital Research Advisory
and Review Committee.

Design

In a double-blind study, 20 individuals with chronic
stroke were randomized to one of two 6-week interven-
tions: (1) maximal isokinetic strengthening (experimental
group) and (2) passive range of motion (control group).
For group assignment, stratified randomization was un-
dertaken. First, subjects were identified for 2 levels for 3
strata (stratum 1 � sex: male/female; stratum 2 � age:
50-59 years/60� years; stratum 3 � time since onset of
stroke: 6 months-2 years/2� years) that could potentially
confound the response to treatment. Then, subjects were
randomly assigned such that there were equal numbers
of subjects for each level of strata in the experimental and
control groups.26,27 Participants were only aware that
they were involved in 1 of the 2 different “leg training”
programs (subject blinding). One researcher undertook all
randomization and stratification procedures and training
sessions, whereas another researcher undertook all as-
sessment evaluations without knowledge of the partici-
pants’ grouping (researcher blinding).

Participants

Twenty community-dwelling stroke survivors, who
had residual unilateral weakness, were recruited on a
volunteer basis through community centers, hospitals,
and stroke support groups of the surrounding region.
The inclusion criteria were as follows: (1) age 50 years or
older, (2) history of a single stroke at least 6 months
before participating in the study, (3) ability to walk inde-
pendently for a minimum of 40 meters with rest intervals
(required to complete testing procedures) with or with-
out assistive device, (4) achievement of a minimum of
stage 3 for the leg and foot on the Chedoke-McMaster
Stroke Assessment,28 (5) an activity tolerance of 45 min-
utes with rest intervals, and (6) nonparticipation in any
formal therapy program.
Participants were excluded if they (1) had comprehen-

sive aphasia, (2) were not medically stable (i.e., had
uncontrolled hypertension, arrhythmia, congestive heart
failure, or unstable cardiovascular status), or (3) had
significant musculoskeletal problems due to conditions
other than stroke. Informed consent was obtained from
each participant. Inclusion and exclusion criteria were
confirmed before the study by each participant’s physi-
cian.

Baseline and Postintervention Assessments

Measures of lower extremity muscle strength, walk-
ing (level-walking and stair-walking) performance, and
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HRQoL were assessed 2 to 4 days before and 2 to 4 days
after the intervention for both groups.
Isokinetic strength of lower extremities. The Kin-Com Isoki-
netic Dynamometer (Chattanooga Group Inc, Chatta-
nooga, TN) was used to measure the strength of hip
flexors/extensors, knee flexors/extensors, and ankle dor-
siflexors/ plantarflexors bilaterally. These muscle groups
were selected because of their important role in walking;
Eng and Winter29 reported that the flexion/extension
forces of the hip, knee, and ankle accounted for 82% of
the total work over a stride as opposed to 15% and 3% in
the frontal and transverse planes, respectively. The Kin-
Com Isokinetic Dynamometer has been shown to be
accurate for position, velocity, and force.30,31 The calibra-
tion of the instrument was tested before the study with
known weights and was accurate to within �1 N. All
participants had a practice session 2 to 4 days before the
actual testing day to reduce the learning effect as recom-
mended by Eng et al.17

An angular velocity of 60°/s was initiated throughout
their available range of motion (as assessed by their
active range on the paretic side) for the isokinetic strength
assessment. This velocity was selected because the ma-
jority of our participants had difficulty generating faster
movements. If a participant was not able to achieve an
angular velocity of 60°/s, 30°/s was used for that specific
joint for both limbs during all assessment and exercise
sessions.
Average torque was determined for each of the 6

muscle groups. The strength assessment protocol has
been described previously and shown to be reliable in
persons with stroke with intraclass correlation coeffi-
cients greater than 0.85 for average torque values.17

Level-walking performance. Participants were asked to walk
wearing their shoes without the use of an orthosis at their
“most comfortable speed” (i.e., self-selected speed) for 5
trials and then “safely as fast as possible” (i.e., maximal
speed) for another 5 trials using their usual assistive
device along an 8-m walkway.
Infrared emitting diodes (IREDs) were attached to the

participants’ lateral malleoli and an optoelectronic sensor
(Optotrak, Northern Digital 3020, Waterloo, Canada) was
used to track the markers. In this camera setup, the error
of locating the coordinates of an IRED in space was 0.9
mm in the anterior/posterior direction and 0.45 mm in
the up/down direction. Data were collected at 60 Hz.
Gait speed was calculated using the distance covered by
the markers in the middle 4-m section (i.e., representative
window of constant gait speed) of the 8-m walkway and
the corresponding elapsed time during each gait cycle.
The mean of the 5 trials in meters per second was calcu-
lated. Gait speed has been recognized as an indicator of
gait performance,32 sensitive enough to reflect physio-
logic and functional changes,33 and has been shown to be
a reliable measure.34

Stair-walking performance. Participants were asked to
climb up four 18-cm steps at their “most comfortable
speed” (i.e., self-selected speed) employing their usual
pattern of foot placement and hand support and then
“safely as fast as possible” (i.e., maximum speed). The
average time of ascent over 2 trials was calculated for
each stair-walking condition and converted to stairs per
second. This protocol has been described elsewhere34 and
has been shown to be reliable with a reliability coefficient
of 0.90 with healthy adults.
Health-related quality of life. HRQoL was measured with
the use of the SF-36 physical (Physical Health Component
Summary Score [PCS]) and mental (Mental Health Com-
ponent Summary Score [MCS]) health summary scales.35

Both the SF-36 PCS and MCS have been shown to be
reliable in general populations as well as in patient sub-
groups with a reliability coefficient (Cronbach’s coeffi-
cient alpha) ranging from 0.84 to 0.94.35 The SF-36 survey
has also been shown to be a valid measure of physical
and mental health after stroke.36

Intervention

Experimental group. The intervention consisted of three
45-minute sessions per week for 6 consecutive weeks for
a total of 18 sessions. Each session began with a 5 minute
gentle warm-up consisting of 5 repetitions of active alter-
nating flexion and extension of the hip, knee, and ankle
sitting in a chair, followed by 5 minutes of mild stretching
of the paretic lower extremity. Participants were then
seated and positioned in the Kin-Com Isokinetic Dyna-
mometer seat for the isokinetic strengthening exercises.
Three sets of 10 repetitions of maximal effort concentric
hip flexion/extension, knee flexion/extension, and ankle
dorsiflexion/plantarflexion of the paretic limb were per-
formed for approximately 30 minutes. Strengthening ex-
ercises were done in the same positions, same angular
velocities, and through the same range of motion as the
assessments. Rest breaks were provided as deemed nec-
essary by the participants. The exercise sessions ended
with a 5-minute cool-down consisting of mild stretching
exercises. During the training sessions, heart rate and
blood pressure were continuously monitored and re-
corded.
Control group. The control group followed the same inter-
vention as the experimental group (i.e., same warm-up
and cool-down) except that the isokinetic strengthening
was replaced by passive range of motion with the use of
the Kin-Com Isokinetic Dynamometer. The setup on the
dynamometer during the passive range of motion exer-
cises was consistent with the assessment protocol (i.e.,
same positioning, angular velocities, and range of mo-
tion). Participants were instructed to relax the limb as it
was moved into flexion and extension by the dynamom-
eter. Three sets of 10 repetitions were performed for each
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joint of the paretic lower extremity, 3 times a week for 6
weeks.

Data Analysis

Descriptive statistics were performed for participants’
characteristics and all outcome measures at baseline and
postintervention for each group. A composite change
score of lower extremity strength for the paretic and
nonparetic limbs was calculated for each participant. The
percent strength change ([a � b]/b where a is the postint-
ervention torque measure and b is the baseline torque
measure) was calculated for each of the 6 muscle groups
and then summed to provide an overall composite
change score of lower extremity strength for each partic-
ipant. Percent change for each muscle group, as opposed
to absolute change in average torque values, was used to
account for differences in relative force-generating capac-
ity of different muscle groups, as well as differences in
baseline status between participants. Composite lower
extremity strength scores have been reported to be sen-
sitive to muscle strengthening and physical conditioning
programs in persons with stroke.24 The Mann-Whitney U
test for 2 independent samples was used to compare
differences in baseline measures and in change scores
between groups for strength, walking speed, and SF-36
(PCS and MCS) scores. A significant level of P � .05
(2-tailed) was selected for all statistical tests.

Results

Baseline Measures

Participant characteristics. Twenty participants, 10 in each
group, completed the study. All participants were com-

munity ambulators; 3 and 4 participants in the experi-
mental and control groups, respectively, used canes for
walking. All participants attended all 18 intervention
sessions (make-up sessions were held within the same
week of missed sessions in case of statutory holidays) and
no participant dropped out from the study. No signifi-
cant differences (P � .3) in participant demographics
(age, time since the onset of stroke, height, mass) were
found between the experimental and control groups (Ta-
ble 1). Levels of resistance to passive movement and
recovery stage, as measured by the Ashworth Scale37,38

and the Chedoke-McMaster Stroke Assessment,28 respec-
tively, were also of comparable ranges in the 2 groups
(Table 1).
Muscle strength, level-walking, stair-walking, and HRQoL.
There were no significant differences (P � .05) for any of
the baseline torque values, level-walking speed, stair-
climbing speed, and SF-36 PCS or MCS scores between
the 2 groups (Table 2), indicating a similarity in func-
tional level across groups.
The joint range of motion used during the isokinetic

tests was similar in the 2 groups with means of 54° for the
hip, 60° for the knee, and 23° for the ankle. All 20
participants were able to complete the isokinetic strength
test at an angular velocity of 60°/s bilaterally at the hip.
Six participants (3 participants in each group) could not
complete the test at 60°/s at the knee and were tested
bilaterally at 30°/s. At the ankle, only 2 participants (1
participant in each group) completed the test at 60°/s,
whereas the remaining 18 were tested at 30°/s bilaterally.
As expected, torque values were lower on the paretic

side compared with the nonparetic side in all partici-
pants. Gait speed was slow for both groups (0.45-0.46

Table 1. Characteristics of the participants by group (N � 10 per group)

Experimental Control

Mean SD Mean SD

Age (yr)* 60.4 9.5 61.9 7.5
Mass (kg)* 73.0 13.2 79.5 14.3
Height (cm)* 168.2 14.9 173.1 8.5
Time since stroke (yr)* 4.9 3.3 3.2 1.2
Type of stroke (ischemic/hemorrhagic/unspecified) 6/4/0 5/3/2
Gender (M/F) 7/3 7/3
Paretic side (right/left) 4/6 7/3
Dominance (right/left) 9/1 8/2
Mobility aid (cane/none) 3/7 4/6
Chedoke-McMaster† (stage range) 3-6 3-6
Modified Ashworth Scale‡ (grade range) 0-2 0-2

Abbreviation: SD, standard deviation.
*Mann-Whitney U test result was not significant (P � .3).
†Recovery stage level on the Chedoke-McMaster Stroke Assessment28 for the paretic foot and leg.
‡Resistance to passive movement was evaluated while passively flexing and extending the limb as described by Ashworth37 and graded

on an ordinal scale from zero to 5 based on the Modified Ashworth Scale.38
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m/s) compared with reported values for the healthy
elderly (1.2-1.5 m/s).39,40

Intervention Effects

Muscle strength. Although both groups showed increases
in strength after the intervention, there was a trend for
the experimental group to show greater strength im-
provements than the control group (P � .06) (Table 3). In
the experimental group, average torque changes of indi-
vidual muscle groups for the paretic limb ranged from a
low of 7% for the hip extensors to a high of 155% for the
ankle dorsiflexors, whereas in the control group, strength

changes were in the range of 1% for the hip extensors to
58% for the ankle plantarflexors. Figure 1 summarizes
mean percentage changes in average torque of each mus-
cle group on the paretic side in the experimental and
control groups. Note that on the nonparetic side, changes
in strength were only in the range of �1% (knee exten-
sors) to 15% (knee flexors).
Walking performance. For both the experimental and con-
trol groups, the mean level-walking and stair-climbing
speeds were higher after the intervention than at base-
line; however, there were no group differences in change
scores of level-walking and stair-climbing speeds (Table 3).

Table 2. Baseline average torque (Nm/kg) of each muscle group, walking performance, and SF-36 scores in
the experimental and control groups (N � 10 per group)

Experimental group Control group

Hip extension Paretic 0.67 � 0.46 0.87 � 0.49
Nonparetic 0.79 � 0.42 0.94 � 0.32

Hip flexion Paretic 0.45 � 0.20 0.47 � 0.16
Nonparetic 0.71 � 0.28 0.75 � 0.16

Knee extension Paretic 0.45 � 0.31 0.64 � 0.32
Nonparetic 1.08 � 0.36 1.27 � 0.45

Knee flexion Paretic 0.11 � 0.11 0.14 � 0.13
Nonparetic 0.48 � 0.22 0.52 � 0.19

Ankle plantarflexion Paretic 0.17 � 0.15 0.20 � 0.14
Nonparetic 0.96 � 0.34 0.91 � 0.24

Ankle dorsiflexion Paretic 0.15 � 0.15 0.15 � 0.12
Nonparetic 0.50 � 0.16 0.48 � 0.09

Self-selected gait speed (m/s) 0.45 � 0.25 0.46 � 0.25
Maximal gait speed (m/s) 0.70 � 0.37 0.68 � 0.34
Self-selected stair-climbing speed (stairs/s) 0.65 � 0.27 0.61 � 0.19
Maximal stair-climbing speed (stairs/s) 0.84 � 0.31 0.82 � 0.21
SF-36 (physical health) 38.6 � 6.7 40.6 � 7.0
SF-36 (mental health) 50.1 � 13.4 55.6 � 7.3

NOTE. Values reported as mean � 1 standard deviation. There were no significant (P � .05) differences between groups in baseline
measures (comparisons by Mann-Whitney U test).

Table 3. Mean change scores in strength, walking performance, and SF-36 for the experimental and control groups
(N � 10 per group) and the associated P values for test of differences

Experimental group Control group P value

Composite scores* of strength
Paretic 507 � 559 142 � 193 .06
Nonparetic 57 � 89 22 � 70 .41

Self-selected gait speed (m/s) 0.04 � 0.13 0.09 � 0.07 .29
Maximal gait speed (m/s) 0.05 � 0.09 0.07 � 0.08 .65
Self-selected stair-climbing speed (stairs/s) 0.00 � 0.12 0.08 � 0.06 .17
Maximal stair-climbing speed (stairs/s) 0.03 � 0.08 0.08 � 0.10 .26
SF-36 (physical health) 0.74 � 7.15 �0.73 � 5.81 .55
SF-36 (mental health) 1.73 � 7.34 �1.07 � 10.13 .60

NOTE. Values reported as mean � 1 standard deviation. Comparisons between the experimental and control groups are by Mann-Whitney
U test.
*Composite scores calculated as the sum of the percent strength change ([postintervention � baseline]/baseline) of all 6 muscle groups.
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HRQoL. The reported values of both the physical and
mental health components of the SF-36 postinter-
vention remained very close to baseline values in
both groups and no significant differences were found
in the changes in SF-36 scores between the 2 groups
(Table 3).

Discussion

This is the first randomized controlled trial to directly
assess the effects of isokinetic strength training in stroke
survivors. The main finding of this pilot study was that
there was a trend for the experimental group to show
greater strength improvements than the control group
following 6 weeks of strength training; however, no
group differences were found in the changes in walking
function or HRQoL in this group of long-term stroke
survivors.

Effects of the Intervention on Muscle Strength

This study demonstrated that individuals with
chronic stroke can improve the strength of their paretic
limb with 6 weeks of maximal isokinetic strength train-
ing as reflected by the differences between groups for
the lower extremity strength composite score. A com-
posite score was used to compare strength changes of
the groups, as it provides a representation of overall
lower extremity strength. In fact, although some indi-
vidual muscle groups for the experimental group
showed larger mean changes in strength compared

with the control group, further post hoc analyses
showed that differences between groups in individual
muscle strength changes were not statistically signifi-
cant, likely because of the small sample size, the large
variability in the data, and the small changes per
individual muscle groups. It was only when these
changes were summated that a trend in differences
between groups was observed.
Relative strength improvements found in the present

study (up to 155% for some muscles) were higher than
the 17% to 54% improvements measured at comparable
angular velocities reported in other studies.11,22,23 The
greater strength improvements found in this study may
reflect the lower baseline strength status of our partici-
pants compared with findings of other studies. Our re-
sults along with those of others11,22,23 suggest that muscle
strength can be improved in stroke survivors following
isokinetic strength training.
The control group also showed an increase in postint-

ervention strength of the paretic limb. For example, the
47% strength change for ankle dorsiflexors and 58%
strength change for ankle plantarflexors exceeded the
learning effects (�10%) reported by Eng et al.17 from
test-retest measures of strength. Perhaps the passive
range of motion and 5 minutes of stretching exercises had
an effect on their ability to generate force. It is possible
that 6 weeks of passive lower limb movements enhanced
learning of the motor task involved in isokinetic strength
testing. Passive movements in acute stroke survivors
with no active limb movement have been shown to elicit

Figure 1. Mean percentage change in average torque (Nm/kg) of each muscle group and for the composite lower extremity score on the paretic side in the
experimental and control groups (N � 10 per group) following 6 weeks of training.
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brain activation patterns that were similar to the patterns
seen during active movements in other stroke survivors
who were able to actively move their limb.41

Effects of the Intervention on Walking and HRQoL

The strength gained from the training may not have
been sufficient to make a difference in walking function
in the experimental group relative to the control group.
In addition, both groups showed an increase in postint-
ervention walking speeds, possibly because of the in-
creased activity of traveling to and attending an exercise
program 3 times a week. The strength differences be-
tween groups may have been a negligible contributing
factor to walking speed compared with the overall in-
creased activation of the subjects.
Another reason for the lack of functional improvement

may be around the issue of specificity of training. First,
although our training protocol considered some of the
aspects of the specificity principle (e.g., dynamic, as op-
posed to static, resistance to simulate movements used in
walking), strengthening was not done within the context
of a functional task. Training effects may be specific to the
movement, velocity, and angles used in the training.42

This is particularly important in short-term training pro-
grams when neural factors, rather than muscle mass, are
altered as a result of training. Second, practice of func-
tional tasks was not included in the intervention of this
study. As the purpose of the study was to assess the
effects of strength training, practice of tasks was pur-
posely not included in the intervention. The results, how-
ever, suggest that strength training alone may not be
effective in improving functional performance. In other
words to better perform a task, one may need to not only
restore the strength required for a task, but also practice
using the restored strength within the context of the task.
Recent training studies that have included both strength
training and practice of tasks have demonstrated the
benefits of this type of program in improving functional
abilities in acute43 and chronic20 stroke survivors.
Finally, despite the reported strong correlations be-

tween muscle strength of the paretic lower limb and
function,6,7 strengthening the paretic leg alone may not
be sufficient for functional improvement. Factors other
than the strength of the paretic limb, such as balance,
sensation, and strength of the nonparetic limb, have also
been shown to be associated with functional perfor-
mance.5,6,14

The lack of change in the HRQoL measures may be due
to the relatively high baseline scores reported by our
participants, leaving little range for improvement. A
subanalysis of the 8 subscales of the SF-36 also revealed
nonsignificant changes, including the physical function-
ing scores, which were expected to change the most,
given the type of training provided. These results suggest
that the SF-36 may not be a sensitive measure of change

in perceived quality of life in individuals with chronic
stroke.
This is the first double-blind randomized, controlled

trial to directly assess the effects of isokinetic strength
training of the paretic lower limb in persons with stroke.
Although rehabilitation programs generally comprise a
variety of treatment approaches (e.g., balance, strength-
ening, functional movement), this study was an attempt
to isolate and quantify the contribution of strength train-
ing to walking performance in persons with stroke. The
results of this pilot study stress the importance of includ-
ing a control group in clinical trials. For example, the 11%
to 15% increases in gait speed for the experimental group
were not found to be significantly different from the
control group. However, other studies without a control
group have concluded that isokinetic strength training
was effective in promoting improvements in gait when
the gains were only within 6% to 11%.11,23

Limitations

The major limitation of this pilot study is the small
sample size, which affects the generalizability of the
findings to the stroke population and reduces the power
to detect a difference in change scores between groups.
Given that nonparametric power analyses for non-nor-
mal distributions are not well established,44 we used
parametric statistics to calculate the power to detect an
effect size45 based on clinically meaningful changes in
gait and stair-climbing ability. The power was only 39%,
which suggests that the study was susceptible to a type II
error.

Future Directions

Further studies with a larger sample size are needed to
confirm the results of this study. In addition, the role of
strength training in the acute stage of stroke (i.e., early in
rehabilitation) needs to be explored. To better understand
the effects of strength training in stroke survivors, re-
search investigating the actual mechanisms of strength
gains following a strength training program is indicated.
The optimal frequency and duration of strengthening
programs need to be defined along with the long-term
effects of these programs.
The results of the present study suggest that strength

training may need to be done in a task-related manner or
in conjunction with the practice of tasks to be of func-
tional benefit. The impact of such training programs on
mobility and overall quality of life needs to be further
explored with controlled study designs. Recently, there
has been increasing evidence suggesting that stroke sur-
vivors can show functional improvements even late after
their injury.20,24,46,47 If this is the case, it is important to
determine the type of intervention strategies that are
most effective in maximizing outcome.
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