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Objective: To determine the effectiveness of progressive
resistance strengthening exercises to improve gross motor
function and walking in patients receiving intensive rehabili-
tation after stroke.

Design: Randomized controlled trial.
Setting: Five inpatient rehabilitation programs affiliated

with teaching hospitals.
Participants: Inclusion criteria included less than 6 months

poststroke and recovery of the leg stages 3 to 5 on the Che-
doke-McMaster Stroke Assessment (CMSA).

Interventions: Both groups received conventional physical
therapy programs. In addition, the experimental group per-
formed 9 lower-extremity progressive resistance exercises 3
times a week for the duration of their stay, whereas the control
group did the same exercises and for the same duration but
without resistance.

Main Outcome Measures: The Disability Inventory of the
CMSA and the 2-minute walk test (2MWT) at baseline, 4
weeks, discharge, and 6 months after discharge.

Results: Over the length of stay, the rate of change in the
Disability Inventory was .27 points per day in the experimental
group and .29 points per day in the control group; the between-
group difference was�.02 points per day (95% confidence
interval [CI], �.10 to .06;P�.62). At discharge, the rate of
change in the 2MWT was�.01m in the experimental group
and .15m in the control group; the between-group difference
was�.16m (95% CI,�.37 to .05;P�.14).

Conclusions: Progressive resistance strengthening exercises
as applied in our study were not effective when compared with
the same exercises given without resistance.
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PETRASOVITS AND NAIR1 reported that stroke is a major
cause of disability and economic cost. An analysis of

Canada’s National Health Population Survey found that 87% of
people with stroke had restriction in their activities of daily
living (ADLs) and that 42% had mobility problems.2 One
objective of rehabilitation after stroke is to maximize the pa-
tient’s independence in gross motor skills and walking and thus
improve his/her ADLs. In patients with stroke, research on
muscle weakness, the correlation of muscle strength with func-
tion, and studies on the effects of strength training suggest that
strengthening exercises may improve functional outcomes.

Bourbonnais and Vanden Noven3 and Giuliani4 have sum-
marized the studies of physiologic changes in stroke patients.
These changes include denervation potentials, loss of motor
units, selective atrophy of type II muscle fibers, impaired motor
unit recruitment, and decreased maximal contractions. The
overall contraction time has been found to be prolonged, and
some studies have shown a decrease in the motor unit firing
rate. All of these factors can contribute to muscle weakness.

Although some studies have shown that the force of prime
movers may be impaired by inappropriate activation of antag-
onist muscles,5,6 other studies do not support this finding.
Gowland et al7 studied 6 upper-extremity movements and
found inadequate muscle recruitment, as opposed to increased
activity, in the antagonist muscles. Whitley et al8 and Sahr-
mann and Norton9 also concluded that both a lack of electro-
myographic activity and incoordination, rather than antagonist
spasticity or cocontraction, were responsible for movement
impairment. Although the elbow flexors have traditionally been
thought to be spastic and hence stronger in hemiparetic pa-
tients, Colebatch et al10 observed that they were weaker than
the extensors. In studying standing balance, Di Fabio11 found
that the antagonist muscle response was often absent or atten-
uated when balance was disturbed. Therefore, contrary to pre-
vious beliefs, both the agonists and antagonists may be weak in
hemiparetic patients. Using a handheld dynamometer, Andrews
and Bohannon12 found that muscle strength in stroke patients
who were undergoing inpatient rehabilitation was 20% to 34%
of normal on the affected side and 60% to 89% of normal on
the unaffected side.

Several cross-sectional studies have found significant corre-
lations between muscle force and functional performance.13-23

Although a consistent relation between strength and function
has been identified, experimental studies are needed to estab-
lish a causal relation.

We identified 4 studies of progressive resistance exercise
training in patients with stroke.24-27 Inaba et al24 randomized
176 patients into 3 groups: functional training and stretching;
active exercise plus functional training and stretching; and
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progressive resistive exercise plus functional training and
stretching. The resistive exercise group improved significantly
more in strength and gross motor function at 1 month, although
the differences were not statistically significant at 2 months.
Due to loss to follow-up (56% loss), there may have been
substantial biases that influenced the results. A definitive con-
clusion could not be reached because of the study’s method-
ologic shortcomings.

Engardt et al25 studied the responses of 20 patients with
hemiparesis to eccentric and concentric isokinetic training for
knee extension. The subjects were allocated to the 2 groups by
matching their clinical characteristics. The eccentric group was
superior (P�.05) to the concentric group in improvement to-
ward symmetrical body weight distribution when standing
from sitting. A major limitation of this study was the lack of a
control group.

Sharp and Brouwer26 completed a pretest-posttest cohort
study of 15 individuals with stroke of more than 6 months in
duration who did isokinetic strength training for 6 weeks. They
found statistically significant changes in peak torque of the
knee extensors and the knee flexors, walking speed, and the
Human Activity Profile (a subjective measure of activity). This
study was important because it found that spasticity did not
increase with muscle strengthening exercises. The lack of a
control group limits interpretation of the findings because pa-
tients with long-standing stroke are known to improve under
the conditions of practice.28 In another uncontrolled study of
patients with long-standing stroke, Weiss et al27 evaluated the
effects of progressive resistance strength training on both the
affected and least affected sides. Strength improved by 68% on
the affected side and 48% on the least affected side. Results as
measured by repeated chair stands, the Motor Assessment
Scale, and the Berg Balance Scale also improved; however, it
cannot be ruled out that these improvements resulted from the
strengthening on the least affected side. Again, the lack of a
control group limits the interpretation of this study.

Other studies29-31 have combined strength training with other
types of therapy; therefore, the effect of only the strength
training cannot be determined. Overall, the effects of progres-
sive resistance exercises have not been sufficiently examined to
guide practice in the rehabilitation phase.

The primary research question for this study was as follows:
Are lower-extremity strength-training exercises, plus conven-
tional physiotherapy, more effective than conventional physio-
therapy alone in improving the rate of change in gross motor
function and walking skills in persons with stroke in an inten-
sive rehabilitation program? Secondary questions included the
following: What are the short-term effects on gross motor
function, walking, and muscle tone as measured at 4 weeks?
Are there adverse effects of strength training in these patients?
What is the long-term effectiveness of this treatment, as mea-
sured at 6 months after discharge?

METHODS

Participants
Our target population was patients who receive intensive

physical therapy in conjunction with other team therapies for
rehabilitation after stroke. The goals of rehabilitation in this
population are to maximize the patients’ independence and to
minimize the burden of care on their families and society by
helping them to achieve a level of functioning that requires a
minimum of subsequent professional and private care. Patients
admitted to the stroke programs at 5 teaching hospitals in
Hamilton and Toronto, ON, Canada, were assessed to deter-
mine whether they met eligibility criteria. This study was

approved by the ethics committees of each clinical site. Sam-
pling was performed by assessing consecutive admissions to
the stroke programs.

Treatment involved both the leg and foot and required that
motor control be at stage 3, 4, or 5 on the Chedoke-McMaster
Stroke Assessment (CMSA) instrument before strengthening
exercises were begun. Patients who were at stage 2 foot were
included. Previous data from 1 of the sites showed that patients
at stage 2 in recovery of foot function represented 37% of the
eligible group and that, of those, 44% improved to stage 3.
Groups were balanced according to the stage of recovery of the
foot by using it as a stratification factor for allocation. Patients
with a score of greater than 90 on the CMSA Disability
Inventory (a measure of gross motor skills on a scale of 14 to
100) were excluded to maintain homogeneity and to minimize
a ceiling effect.

The inclusion criteria were as follows: (1) less than 6 months
after stroke; (2) able to understand and follow instructions; (3)
motor recovery of the leg at stage 3, 4, or 5, as defined by the
CMSA stages; (4) motor recovery of the foot at stage 2, 3, 4,
5, or 6; and (5) informed consent given by the participant or a
substitute decision-maker.

The exclusion criteria were as follows: (1) CMSA Disability
Inventory score greater than 90 points, (2) active arthritis, (3)
joint or muscular problems affecting the lower extremities, (4)
history of spinal fracture due to osteoporosis or any condition
that would prevent a patient from performing strengthening
exercises, and (5) uncontrolled hypertension or cardiac condi-
tion as determined by the physician.

Study Design
The study design is presented in figure 1. Patients who

consented to participate underwent baseline measurements be-
fore their stratified random assignment to either a progressive
resistance exercise group or the control group. Outcome mea-
sures were taken by a blinded observer at 4 weeks, discharge,
and 6 months after admission. Adverse effects were monitored
throughout the intervention phase.

Fig 1. Overview of the design. 2MWT, 2-minute walk test; * Pri-
mary outcome measures.
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Interventions
Experimental group. Progressive resistance exercises

were performed with weights at the waist or on the lower
extremities. Given the specificity of strength training,32 the
exercises were designed to be performed in functional patterns
of movements, with the exception of the ankle exercises. We
used an ankle exerciser to which variable weights could be
applied in each direction of movement with the patient sitting.
Thirty-minute exercise sessions took place 3 times a week and
were supervised by kinesiologists and therapy assistants. The
treatment group exercise program details are given in appen-
dix 1.

Control group. The control group exercises were the same
as for the experimental group (see appendix 1), including the
frequency and number of repetitions, except that no external
resistance was applied with weights.

All exercises by both groups were documented. Verbal and
manual guidance was given if needed to correct the quality of
movement. Any muscle soreness from a previous session was
documented, and the patient did not resume exercising until the
soreness had abated.

The stroke programs provided multidisciplinary treatment.
All patients received conventional physical therapy: techniques
to facilitate and inhibit impaired movements, balance retrain-
ing, motor control exercises, stroke mat classes, gait training,
and gross motor skills training. Two centers used a predomi-
nantly neurodevelopmental therapy approach, and the others
used an eclectic approach. Therapists were instructed not to use
weights or other resistance equipment during conventional
therapy.

Primary null hypothesis. The difference between the ad-
justed means for the rate of change of gross motor function and
walking would be zero at discharge from the rehabilitation
program.

Secondary null hypotheses. At 4 weeks, the differences
between the adjusted means for change in gross motor func-
tion, walking, and muscle tone would be zero. At discharge, the
experimental and control groups would have the same inci-
dence of adverse effects. At 6 months, the differences between
the adjusted means for gross motor function and walking would
be zero. There would be no difference between the groups in
place of residence at 6 months.

Outcome Measurement

The outcomes are outlined in figure 1. For gross motor
function and walking, we used the CMSA Disability Inven-
tory.33 Content validity, test-retest reliability (intraclass corre-
lation coefficient [ICC], �.80), construct longitudinal validity,
and responsiveness have been demonstrated for this inven-
tory.33 It has 10 items in the Gross Motor Function Index and
5 items in the Walking Index. Items are scored on a 1- to
7-point ordinal scale that is related to the amount of assistance
required to perform the item. Higher scores indicate better
function.

Walking velocity was measured with the 2-minute walk
test34 (2MWT). Patients were instructed to walk as far as
possible in 2 minutes without compromising their safety. The
test was standardized so that no encouragement was offered.
An earlier validation study at Chedoke-McMaster Hospitals
had found the 2MWT’s interrater reliability to have an ICC of
.92 and a standard error of measurement of 7.0m.

The number of days a patient was in the program was
counted. If a patient reached his/her discharge status but re-
mained hospitalized while waiting for equipment or home

renovation needs, measurements were taken at the time reha-
bilitation goals were achieved.

Adverse effects were assessed at each visit before the exer-
cises were started. Patients were asked if they had any prob-
lems with pain or stiffness after the last session and whether
they had any other problems related to the exercises.

Muscle tone was measured with the Modified Ashworth
Scale35 (MAS). This 6-point scale scores the amount of muscle
tone felt by the examiner in response to a 1-second passive
movement at the joint. Sloan et al36 tested interrater reliability
for assessing knee flexion, and the Spearman correlation coef-
ficient was .62. Because .62 is a low correlation coefficient, we
used a mean of 3 measures.

Discharge living arrangements were scored as follows: acute
facility, 1; rehabilitation facility, 2; long-term care, 3; retire-
ment home, home for the aged, or transitional living residence,
4; senior’ s apartment or relative’ s residence, 5; home, 6; or
death, D.

To assess the balance between the 2 groups on potential
confounders, we assessed the variables that had evidence of
prognostic importance for the primary outcomes in patients at
this stage of rehabilitation.37-39 The following were measured at
baseline: age, sex, previous stroke, time since onset of stroke,
stage of recovery of the arm and leg, CMSA Disability Inven-
tory score, and the FIM™ instrument score. Visual inattention
was assessed per the method of Barer.39 Stroke type (lacunar vs
nonlacunar) was determined based on the patient’ s computed
tomography scan report.

Sample Size
Sample size was based on calculations for both primary

outcomes. A minimum clinically important effect of .10 points
per day (a mean of a 7-point change) for the Disability Inven-
tory and .27m/d (mean change, 19m) for the 2MWT were
determined based on the CMSA validation study33 and on a
pilot study (JD Moreland, unpublished data, 1993) of progres-
sive resistance training in patients with chronic stroke. Data
from a previous sample from 1 site were used to estimate the
standard deviation (SD) and lower bound of the 90% confi-
dence interval (CI) of the correlation coefficient for the major
covariate (admission Disability Inventory). Using an adjust-
ment for the major covariate, an � of .025 (1 sided) and a � of
.20, the sample size was calculated to be 64 for gross motor
function and 120 for the 2MWT. Using the 2MWT sample size
and allowing for a 10% dropout rate, 134 patients were needed.

Randomization
Generation of the random allocation sequence was per-

formed by a biostatistician, who used blocks of size 2 or 4 in
each stratum and an allocation ratio of 1 to 1 by using S-PLUS,
version 5,a to generate the random numbers. Stratification was
performed for the major potential confounder, admission Dis-
ability Inventory (�30 or �30 points), and for the stage of
recovery of the foot (stage �3 or �3), yielding 4 strata. Once
an individual agreed to participate, the site co-investigator
determined the patient’ s stratum and telephoned a central of-
fice, where the research secretary documented the assignment.
The site coordinator then informed the intervention kinesiolo-
gists/therapy assistants of the patient and his/her assigned
group. Group assignment was not disclosed to the members of
the stroke rehabilitation teams.

Blinding

Outcome measurements were taken by 2 blinded research
assistants: 1 in Toronto and 1 in Hamilton. Their usual activ-
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ities were not near the training areas, and the importance of
maintaining blinding was emphasized to them. To ensure that
conventional therapy was similar between the groups, attempts
were made to keep the physical therapists who gave the con-
ventional therapy blinded. Therapists and patients were in-
structed not to discuss their study treatment, and the study
exercises were performed in an area separate from the conven-
tional therapy area.

Statistical Analyses
Primary questions. SAS, version 6.12,b was used for anal-

yses. The rate of change was calculated by dividing the change
in score on the CMSA Disability Inventory and the change in
meters on the 2MWT by the number of days the patient was in
the rehabilitation program. Analysis of covariance (ANCOVA)
was performed for each outcome. The level of significance was
set at .025 because there were 2 primary outcome measures.
Tests were 1 sided because the experimental treatment would
not be used unless it was found to be superior to conventional
treatment. The covariates were the 2 stratification variables,
site, and the prognostic variables that were measured at base-
line, as described above.

Secondary questions. ANCOVA was performed to test
change scores for gross motor function and the 2MWT at 4

weeks and 6 months. A Mann-Whitney U test was performed
for the MAS change scores at 4 weeks, and a chi-square test
was performed for living arrangements at 6-month follow-up.
Adverse effects were analyzed dichotomously with the chi-
square test and by the Mann-Whitney U test for the percentage
of sessions reporting adverse effects.

RESULTS
The recruitment period was September 1996 to July 1998,

with follow-up completed in January 1999. Thirty-six percent
of the admitted patients were eligible for the study. There were
133 subjects who completed the baseline assessments and were
randomized. The baseline demographic and clinical character-
istics of each group are given in table 1. More control subjects
than experimental subjects had had a previous stroke. The flow
of patients through each stage of the study is shown in figure 2.
The follow-up at 4 weeks was 93%, at discharge 89%, and at
6 months 80%. All subjects were approximately equally likely
to drop out. At discharge, which was the primary endpoint, the
control dropouts tended to be older and had lower Disability
Inventory scores, but at 6 months both the control and exper-
imental dropouts had similar demographic and clinical charac-
teristics.

After the study, we questioned the evaluators about the
blinding, and they reported that there were no instances of
unmasking. We were also interested in whether the clinical
staff who provided conventional therapy became knowledge-
able about group assignments. Physical therapists said that they
became knowledgeable about the group assignment of 8 sub-
jects: 7 in the experimental group and 1 in the control group.

The analysis was performed by intention to treat. There were
3 subjects, all in the experimental group, for whom we were
unable to collect data at any of the 3 follow-up times. They did
not attend any of the exercise sessions.

The median length of stay in the experimental group was 62
days, and in the control group it was 56 days (Mann-Whitney
U test, P�.21). Attendance at exercise sessions was a mean �
SD of 15.2�9.5 for the experimental group and 16.9�10.6 for
the control group (P�.36). The percentage of scheduled study
treatments attended was 79%�17% for the experimental group
and 85%�12% for the control group (P�.02). The weights
lifted at the beginning and end of the exercise program for the
experimental group are reported in table 2. The average
changes varied from 1.0 to 2.1kg, and all changes were statis-
tically significant.

The unadjusted results for the primary outcomes are reported
in table 3. The adjusted analyses (table 4) did not show any
statistically significant differences. No clinically important dif-
ferences were noted for the Disability Inventory; however, for
the 2MWT, the differences between the experimental and con-
trol groups may be clinically important in favor of the control
group, because its subjects experienced larger gains. The
study’s power to detect the largest difference in the 2MWT (5m
at 6mo) was extremely low, at approximately 7%.

Subgroup analyses were not postulated a priori; however,
we thought it would be interesting to study subjects who
were most similar to frail older adults. In studies of that
population, randomized controlled trials (RCTs) have been
consistent in showing improved mobility as a result of
muscle strengthening programs.40-42 A subgroup of our par-
ticipants who were 65 years of age or older and had reached
at least stage 4 motor recovery of the leg were examined. In
this subgroup, there were no clinically important or statis-
tically significant differences at 4 weeks or at discharge. At
6-month follow-up, the control group remained the same for
both the CMSA Disability Inventory and the 2MWT,

Table 1: Sample Demographic and Clinical Information

Variable

Progressive
Resistance

(n�68)
Control
(n�65)

Age (y) 69.1�14.8 72.0�12.1
Sex

Male 39 (57%) 42 (65%)
Female 29 (43%) 23 (35%)

Stroke type
Nonlacunar 36 (53%) 36 (55%)

Hemiplegic side
Left 27 (40%) 31 (48%)
Right 35 (51%) 27 (41%)
Bilateral 5 (7%) 6 (9%)
Missing 1 1

Complications
Skin breakdown 4 (6%) 4 (6%)
Deep vein thrombosis 7 (10%) 4 (9%)
Hemianopsia 1 (1%) 1 (2%)
Seizures 4 (6%) 3 (5%)

Comorbidities
Hypertension 42 (62%) 39 (60%)
Diabetes 20 (29%) 20 (31%)
Orthopedic 12 (18%) 17 (26%)
Smoking 13 (19%) 8 (12%)
Other 48 (71%) 43 (66%)

Previous stroke 10 (15%) 22 (34%)
CMSA stage of leg 3.9�0.9 3.8�0.9
CMSA stage of arm 3.0�1.5 3.1�1.3
Visual Inattention Test score

1 47 (69%) 39 (60%)
2 8 (12%) 11 (17%)
3 8 (12%) 4 (6%)
Missing 2 11

Days from stroke to admission 36.8�27.8 38.1�25.6
Baseline CMSA Disability
Inventory 47.2�14.6 50.5�14.7
FIM 72.6�21.9 76.3�21.9

NOTE. Values are mean � SD or n (%).
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whereas the experimental group continued to improve by 8
points on the Disability Inventory and by 16m on the walk
test. The adjusted analysis at 6 months was statistically
significant (P�.02) for the Disability Inventory.

Another subgroup analysis of leg recovery equal to stage 3
showed that the control group consistently did better on the
main outcome measures. There were no statistically significant
differences; however, the change from baseline to 6-month
follow-up for the walk test showed a large difference between
the groups, with the experimental group changing by 15m and
the control group by 26m.

Living arrangements at 6-month follow-up were similar for
both groups (�2, P�.93). Seventy-two percent of the experi-
mental group lived at home, whereas 71% of the control group
did. There were 3 deaths in each group.

Fig 2. Flow of participants
through each stage of the
trial.

Table 2: Weights During Experimental Exercises

Variable (kg) Baseline Discharge
Mean

Change P

Hip abductors 1.5�1.2 3.4�2.7 1.9 .00
Hip flexors 1.4�1.1 3.0�2.3 1.7 .00
Hip extensors 1.3�1.1 2.7�2.2 1.5 .00
Knee bends 0.3�0.7 1.2�1.7 0.9 .00
Sit to stand 0.4�0.7 1.5�1.8 1.1 .00
Ankle plantarflexors 3.2�2.7 7.9�6.4 4.7 .00
Ankle dorsiflexors 2.5�2.2 5.0�4.4 2.5 .00
Ankle evertors 1.5�1.4 3.6�3.0 2.1 .00
Ankle invertors 1.3�1.4 3.4�3.0 2.1 .00

NOTE. Values are mean � SD.
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Adverse effects were analyzed in 2 ways. They were dichot-
omized into any or none and were divided into pain/stiffness or
other (table 5). We also analyzed the percentage of sessions in
which adverse effects were reported (table 6). Although there
were more adverse occurrences in the experimental group,
none persisted, there were no withdrawals from the trial, and
the differences were not statistically significant. At the 6-month
follow-up, no adverse effects were identified.

Testing with the MAS for muscle tone showed both groups
to have low scores. Mean scores for the groups were less than
1.0 (less than a slight increase in muscle tone), and at 4 weeks
and discharge, the scores were slightly higher in the control
group, although there were no statistically significant differ-
ences.

DISCUSSION
Our results indicate that blinding of the outcome evaluators

was successful. There was a potential in 8 instances for bias
leading to co-intervention to occur when the clinical staff
became aware of a patient’ s group assignment. It is difficult to
predict in which direction this bias would have operated, be-
cause therapists differed in their beliefs about the appropriate-
ness of strengthening exercises for stroke patients.

Although muscle strength increased in response to resistance
exercises in patients with stroke in other studies,25-27 we did not
find a functional advantage to progressive resistance exercises
of the lower extremities. Because pilot testing had shown that
we were unable to measure training-specific muscle strength in
a reliable way, we did not measure it directly. It is possible that
muscle strength did not improve in the experimental group or
that it improved to the same extent in both groups. Consider-
ation must be given to our parameters of training. Because we
were unable to reliably measure a 1 repetition maximum for the
training movements, resistance was increased based on per-
ceived exertion. Moderate exertion was used as the criterion for
practical reasons—to avoid discomfort and subsequent with-
drawal from the study and to avoid fatigue in patients who
usually had a full day program of therapy. Two sets of 10
repetitions 3 times a week are well accepted as being effective

for strengthening.43 Studies of individuals with stroke have
shown significant increases in strength after 1 month of train-
ing24 and 6 weeks of training.25,26 In our study, the mean
number of weeks of training was 6.6 (range, 0.3–20.3wk) for
the experimental group and 6.9 (range, 1.3–27.0wk) for the
control group. Hence, we think that an adequate stimulus was
provided to result in muscle strengthening. Our study results
are consistent with those of other studies in showing that an
increase in muscle tone does not occur secondary to resistance
training.

It is possible that our outcome measures were not adequate
to detect a difference between the groups. Outcomes in other
studies that detected pre- and posttraining differences were
symmetry in weight bearing when standing from sitting25 and
repeated chair stand time.27 We did not assess unilateral stand-
ing balance on the hemiparetic side. In a pilot study of indi-
viduals with stroke for 6 months or longer who were using free
weights in a progressive lower-extremity weight training pro-
gram for 10 weeks, we found no change in unilateral balance.
Weiss et al27 also found no change in unilateral leg stance over
a 12-week program of resistance training in their sample.

For our subjects, the experimental and control conditions
were imposed in addition to the conventional therapy. The
additional physical work may have caused fatigue, which could
have negated any positive effects. It is possible that strength
training incorporated into a program of regular therapy may be
effective. A trial in which 1 component of conventional therapy
is removed (eg, stroke exercise class) and strength training is
substituted would help determine whether this is true.

None of the previous studies of resistance training in stroke
patients had a control group in which the same exercises were
given without the resistance. The geriatric literature reports
numerous RCTs of resistance training and most of these studies
used an attention intervention for the control group or provided
no intervention at all. One exception44 in these studies com-
pared exercises in patients using .68-kg wrist weights with the
same exercises without the use of wrist weights. There were no
statistically significant differences between the 2 groups for
fitness, strength, flexibility, balance, or mood. This is not

Table 3: Unadjusted Results for Primary Outcomes

Variable Baseline 4wk Discharge 6mo

Disability Inventory (points)
Experimental 50.88�13.48 60.17�15.08 63.92�16.90 69.85�20.52
Control 52.68�12.98 61.95�17.09 65.53�17.27 70.56�21.30

2MWT (m)
Experimental 29.74�27.64 41.19�40.37 46.63�38.20 58.57�52.74
Control 30.88�27.96 45.35�38.76 51.72�41.35 63.18�49.07

NOTE. Values are mean � SD.

Table 4: Adjusted Results and Effect Sizes for Primary Outcomes

Variable 4wk Discharge 6mo

Disability Inventory n�119 n�115 n�101
Experimental 15.78 points .27 points/d 22.47 points
Control 14.46 .29 21.80
Effect size (95% CI) 1.32 (�2.68 to 5.31) �.02 (�.10 to .06) .67 (�5.29 to 6.65)

2MWT n�124 n�114 n�100
Experimental �2.62m �.01m/d 10.26m
Control 5.01 .15 15.91
Effect size (95% CI) �7.62 (�18.65 to 3.40) �.16 (�.37 to .05) �5.65 (�21.33 to 10.02)
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surprising, given the small amount of weight that was used.
Future studies need to clarify whether it is the progressive
resistance or the movement practice that is responsible for the
improvements in function in frail older adults.

Our subgroup analyses suggest that poststroke patients who
are most similar to frail older adults may experience long-term
benefits of strength training. Further research with patients who
are stage 4 in leg recovery is needed to confirm our findings. It
may also be of benefit for such studies to measure other
outcomes, such as level of daily physical activity after dis-
charge and incidence of falls. Although there was a tendency
for those in the experimental group to continue with a regular
exercise program after discharge (37 of 52 experimental vs 30
of 51 control), the difference was not statistically significant
(P�.19). The other subgroup analysis suggests that patients
with more severe stroke, as defined by motor recovery of the
leg at less than stage 4, may be detrimentally affected by a
strengthening program. Given the consistently poor response of
subjects with leg recovery at stage 3, we would recommend
that progressive resistance exercises not be prescribed for this
population.

Although studies indicate that muscle strengthening is spe-
cific to the movements that are trained,32 placebo-controlled
studies that use isokinetic and standard weight station training
would be of interest, given the results of previous studies that
used these methods. In particular, the leg press exercise de-
scribed by Inaba et al24 looks promising.

CONCLUSION
Progressive resistance exercise, as applied in our study,

versus the same exercises without added resistance, did not
affect common clinical measures of gross motor function and
walking in stroke patients undergoing inpatient rehabilitation.
As reported by other studies, there were no detrimental effects
on muscle tone from resistance training.

APPENDIX 1: EXPERIMENTAL EXERCISE PROGRAM
For exercises 1–5, an ankle foot orthosis is worn if neces-

sary.
1. Standing with support, weight at unaffected ankle, step

forward and back with unaffected lower extremity. Hip-
hiking is permitted. Target muscles are affected hip ab-
ductors with cocontraction of adductors for stabilization
of the pelvis. Target function is gait.

2. Standing with support, affected foot 1ft behind unaffected
foot, weight at affected ankle, step forward to a 1-ft
length in front of unaffected foot. Target muscles are
affected hip flexors, hamstrings (initial swing), and quad-
riceps (terminal swing). Target function is gait.

3. Standing with support, affected foot 1ft in front of unaf-
fected foot, resistance at affected ankle, pull affected low
extremity straight back to a 1-ft length behind unaffected
foot. Target muscles are hip extensors and cocontraction

of hamstrings and quadriceps (stance phase). Target func-
tion is gait.

4. Standing with support, return to stance unaffected foot
raised from floor (ie, standing on affected foot only), and
bend affected knee to 45° position. Weight at waist.
(Unilateral knee bend.) Target muscles are the quadri-
ceps, plantarflexors, and hamstrings (hip extension). Tar-
get functions are stair climbing, sit to stand, and push-off
phase of walking. The control group performed this ex-
ercise with both lower extremities simultaneously (ie,
unaffected foot on the floor, bilateral knee bend).

5. Sit to stand. Feet positioned in line with chair front legs.
Deviation to the side is not permitted. Weight at waist.
Document chair height. Target muscles are quadriceps,
and target functions are sit-to-stand and floor-to-stand
transfers. If patient is unable to come to standing,
progress by changing the height of the chair before add-
ing weights.

6. Ankle plantarflexion in sitting with ankle exerciser with
stabilization of the femur by the instructor and weights on
the posterior post of the exerciser.

7. Ankle dorsiflexion in sitting with ankle exerciser with
stabilization of the femur by the instructor and weights on
the anterior post of the exerciser.

8. Ankle eversion in sitting with ankle exerciser with stabi-
lization of the femur by the instructor and weights on the
lateral post of the exerciser.

9. If ankle eversion is present, ankle inversion in sitting with
ankle exerciser with stabilization of the femur by the
instructor and weights on the medial side of the exerciser.

Patients were seen individually. All exercises were started
with a 2.25-kg (5-lb) weight. Two sets of 10 repetitions were
performed. The resistance was increased based on patient per-
ception of effort. After the second set of each exercise, patients
were asked whether they found the exercise easy, moderate, or
hard. If a patient reported the exercise to be easy, the weight for
the exercise was increased by approximately 1.1kg—more if
the exercise appeared to be very easy for the subject. If the
exercise was reported to be hard, the weight was decreased, and
if it was perceived to be moderate, the weight was not changed.
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