Lower -Extremity Strength Differences

Predict Activity Limitations in People
With Chronic Stroke
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Background. Body
tionship with function
documented in people
makes it difficult to pri

System impairments following stroke have a complex rela-
al activities. Although gait and balance deficits are well-

after stroke, the overlapping influence of body impairments
oritize interventions,

Oblectlve. I'his study examined the relationship between prospectively sclected
measures of body function and structure (body mass index, muscle strength, sensa-

FlOﬂ, and cognition) and activity (gait speed, gait endurance, and functional balance)
in people with chronic stroke.,

Design. This was a cross-sectional, observational study.,

Methods. Twenty-six individuals with mean (SD) age of 57.6 (11) years and time
after stroke of 45.4 (43) months participated. Four variables (body mass index,
muscle strength difference between the lower extremitics, sensation difference
between the lower extremities, and Mini-Mental Status Exam score) were entered

into linear regression models for gait speed, Six-Minute Walk Test distance, and Berg
Balance Scale score.

Results. Lower-extremity strength difference was a significant individual predictor
for gait speed, gait endurance, and functional balance. Cognition significantly pre-
dicted only gait speed.

Limitations. The authors did not include all possible factors in the model that
may have influenced gait and balance in these individuals.

Conclusions. Strength deficits in the hemiparetic lower extremity should be an

important target for clinical interventions to improve function in people with chronic
stroke,
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he consequences of stroke

can

be understond in the L

of the ntessarional Glassifi
cation of Functondne [Daability
and Health (1CF) model in this
model, bealth condition represents

both healthy body systems and dis-
orders or disease. This concept in-
cludes the damage that occurs in the
brain tissue as a result of an ischemic
blockage or hemorrhagic stroke, as
well as other This
damage often affects performance at
the level of body function and struc-
tures in the 1ICF modecl, including
motor weakness in a hemiparetic
pattern, hypertonicity, impaired mo-
tor control, sensory loss, decreased
cognition, and the effects of decon-
ditioning.? Together, these problems
in body function and structures in-
teract to produce problems with ex-
ecution of tasks, classified as activity
in the ICF model. Activities such as
walking and [unctional balance abil-
ity influence a person's participa-
tion or ability to partake fully in life
situations in the complete
environment.'

comorbidities,

Mobility is one of the subdomains of
activity and participation in the ICF
model that is of specific concern to
physical therapists.' Gait deficits in
people who have had a stroke arc
well-documented and include both
decreased walking speed®® and de-
creased walking endurance.¢ Stand-
ing balance also can be affected by a
stroke and may influence functional
mobility and increase the risk for fall-
ing.” The overlapping influence of
impairments in different body systems
following a stroke makes it difficult to
identify interventions and determine
the prognosis for improvements in
function, Previous research has exam-
ined the influence of various impair-
ments on gait speed, gait endurance,
and balance in people with chronic
stroke, as summarized below.

Gait speed has been found to be a
strong determinant of community
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spesd has been found (o discrin
nate among selt-reported levels ol
community ambulation,** several re-
searchers®'" have found correld
tions among measures of
strenpth (force-generiating capacity),
balance, daily ambulatory activity,
acrobic fitness, hypertonicity, and
lower-extremity motor control with
short-distance (7-10 m) walking
speed in people who have survived a
stroke, Regression models have iden-
tiied several variables that may €x-
plain the amount of variation in gait
speed in people with stroke, These
factors include muscle strength of
individual muscle groups in the pa-
retic limb,'2-'1 muscle power of the
nonparetic knee extensors,'? sensa-

tion,'* self-efficacy,'® and sex.'?

muscle

The Six-Minute Walk Test (GMWT) is
a standardized test of walking endur-
ance that can be used as a test of
submaximal exercise capacity in
people with stroke S Reference equa-
tions for GMWT distance in elderly
people who are healthy have been
established based on sex, body mass
index (BMD), and age.'*'¢ In people
with stroke, predictive factors in-
clude knee extension strength of the
paretic leg, hypertonicity, balance,
fast-paced gait speed, and aerobic fit-
ness.2 718 Measures of strength in
other muscle groups, level of motor
recovery, sensation, or cognition
have not been reported in a regres-
sion model for prediction of 6GMWT
distance in people with stroke,

In addition to impaired gait mobility,
people may have decreased func-
tional balance following a stroke, as
measured by the Berg Balance Scale
(BBS).'2-2! Measurements of walking
speed, aerobic fitness, daily ambula-
tory activity, and cognitive status
have been found to correlate with

with chromni
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These  studies have

found that individual  measures of
[ower-extremity strength are imp'm'
tant predictors of function h)!luwm)&
stroke, although a measure ol averall
¢ leg weakness in compir:
the strong side has not
There is some CVi-
of peneral

hemipareti
ison with
peen evaluated,
dence  that  measures
strength deficits in the lower limb
are more closely related to functional
outcome than measures of individual
muscle function,??-%4 although nonc¢
of these studies used regression

analysis.

Furthermore, although there is some
indication that BMI, sensation, and
cognition may be important, these
measures have not been assesscd as
potential predictors of function in
people with stroke. It is important to
identify which impairments in bocly
function and structures are the stron-
gest contributors to functional loss
for people with chronic stroke in
order to provide an appropriately
targeted intervention. Although for-
mal rehabilitation, in our current
health care system, commonly ends
after the first few months following a
stroke, recent rescarch has indicated
that intense practice opportunitics
(eg, several hours per day for 2
weeks) can induce functional recov-
ery?>-2 and can even induce neural
changes in people who had i stroke
yc'ars previously.*® The purpose of
this study was to examine the rela-
ltionship between prospectively :-c
ected measures of bod i

and structure (BMI, muscl):: s§;:§[:3‘1
sensation, and cognition) ang né’ti::
ity (gait speed, gait endurance, and
functional balance) in People wir,
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B e S Predicting Activity Limitations in Chronic Stroke
Table 1.
B8
'ME_MS_U; $ and Activity-Level Measures®
Particlpant T";ti:::“ Affected
No. Age (y) (e s 5:::’ ;f h::::: % 'smwr lo;m walk e
1 % ” o o stance (m) Time (s)
eft 26 160 21 28
—ﬁi—s—- ik - Male Right 159 39 34
: | o 36 Male Right 18 152 24 44
: 45 28 Female Right 27 221 14 54
$ 50 12 Male Right 26 91 22 35
= 55 10 Male Left 259 12 49
4 55 32 Male Right 14 64 48 33
J 79 52 Male Right 23 43
9 58 168 Female Right 23 137 32
e 54 32 Male Left 28 100 25
" 70 3 Female Left 18 9 60 7
12 52 58 Male Right 21 244 13 48
13 52 140 Female Right 24 259 16 45
14 73 16 Femnale Left 27 85 30 20
15 34 20 Female Left 29 344 9 53
16 36 45 Female Left 30 219 14 52
17 63 16 Female Right 25 116 24 50
18 47 15 Female Left 30 107 21 44
19 70 40 Female Right 25 479 73 51
20 58 i Male Right 18 570 6 55
21 50 28 Female Left 29 104 26 44
22 64 108 Male Right 25 213 13 36
23 57 18 Male Left 27 183 14 47
P 75 48 Male Left 27 76 20 42
25 56 132 Female Left 29 351 9 53
26 58 38 Male Left 30 358 8 54
Mean (SD) 57.601) 45.4 (42.8) 24.96 (4.4) 202.4 (134.3) 211 (13.) 42.5(11.8)

¢ MMSE=Mini-Mental Status Exam, 6MWT distance

=distance covered during the Six-Minute Walk Test, BBS=Berg Balance Scale.

chronic stroke. We hypothesized
that differences in these body func-
tion and structure measurements
would predict measurements of ac-
tivity in a lincar regression model.

Method

Aninstitutionally approved informed
consent form was signed by all indi-
viduals prior (o their participation in
this study. All testing was performed
in a single session for each participant,
with rests provided during the testing
45 requested by the participants,

Participants
A convenience sample of 26 people
with chronic stroke was recruited for
this study from a local stroke support
organization. Volunteers were in-
cluded in this study if they had a
chronic stroke (at least 6 months prior
to the study) and were able to transfer
from a sitting position to a standing
position and walk 9.1 m (30 ft) with-
out assistance. A description of partic-
ipant characteristics (54% male, 50%
rightside stroke) and activity-level
measurements are provided in T
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Body Function and Structure
Measurements

Four measures of body function or
structure were prospectively se-
lected to be included in the regres-
sion model as potential predictors
of gait and balance function: (1) BMI,
(2) difference in muscle strength
between the lower extremities,
(3) difference in sensation between
the lower extremities, and (4) cog-
nition. These measures were se-
lected because, although previous
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Table 2, avnamometer and Reliability ity Coefficlent”
S'._Jmmar‘_u of Muscle Strength Testing Procedures Using a Mandheid Dyne ot Re e
s b - - o L ras fected side: .
< nynamomete Less-a e
M____ﬂ'_i'_"_(""“f‘ {’ Testing Posltlon / __.1~ e ¢ thigh Just proxima| ] Mom.alfc‘clcd side; .98
y Nexoars s = ertical to Fron G =
Hp Heors | 5"(‘;"9 l\:ees at 90 of:n :ll.*-'j.“!h.l. k verticai t ) knee joint Lcs;.affeﬂcd mq‘c. ‘948
R { 2 high. taiverd ‘(.)._. i, AT TRBELERE L 1 e Tor shank just prOXimnI Morc-aﬂccmd side: .9
Anterior

Knee extensors

Sitting, hips and knees at 90° of flexion, shank
vertical to floor, heel slightly off floor

to ankle

Knee flexors

e —

Sitting, hips and knees at 90° of flexion,
vertical to floor, heel slightly off floor

Posterior shank |

shank
to ankle

Ankle dorsiflexors

Hip abductors

Sitting, hips and knees al 90° of flexion,
vertical to floor, heel touching foor

Supine, hips and knees straight and in neutral

shank

ust PTO"imal

Dorsal surface of the foot,
proximal to the first
metatarsophalangeal joint

Less-affected si(!c: .85
More-nﬂectcd side: .98

Less-affected side: 95
More-affected side: .98

Less-affected side: 97

Lateral aspect of lhlgh
proximal to knee joint

R

More-alfected side: .94

rotation

® Intraclass correlation coefficient (3,1) was used to calculate reliability of 2 strength measurements.

may be important variables,
have not been fully
prediction models
stroke.

they
investigated with
in people with

BMI. Body weight (in pounds) was
measured using a portable scale, and
height (in inches) was measured us-
iNg a tape measure taped to a wall.
Pounds and inches were converted
to kilograms and meters. Body mass
index was calculated using the equa-
tion: weight (kg)/[height (m)]2.3t

Muscle strength. Five major mus-
cle groups in the bilateral lower ex-
tremities were tested using a hand-
held dynamometer (MicroFET*): hip
flexors, hip abductors, knee flexors,
knee extensors, and ankle dorsiflex-
ors. The force pad of the dynamom-
cter was held perpendicular to the
limb segment, and participants were
instructed to push against the dyna-
mometer with maximal force for a
count of 5. The desired movement
was demonstrated to the partici-
pants, and their understanding was
confirmed before starting. The less-
affected lower limb was tested first,
followed by the more-affected limb.
Each muscle group was tested twice,
and the average was used for
analysis. Reliability for this type of

* Hoggan Health Industries, 8020 § 1
West Jordon, UT 84088,

300 West,

dynamometer has been established
previously,3233 but we assessed the
test-retest reliability for these individ-
uals with stroke using our proce-
dures. Each participant was tested
twice within each session, with a
short rest between tests. One pri-
mary tester (PK) performed the ma-
jority of strength tests, and she was
assisted by 2 other physical thera-
pists. The testing position, dyna-
mometer placement, and reliability
coefficient (intraclass correlation co-
efficient [3,11)* for each muscle
group tested are described in Table

2. A composite strength score for

each lower extremity was calculated

by adding together strength values
for hip flexion, hip abduction, knee
extension, knee flexion, and ankle
dorsiflexion for each extremity.35.36
The composite value for the more-
affected side was subtracted from

that of the less-affected side to gn.'c
an indication of the diffcrence 1in
strength between the 2 sides.

Sensation. A 5.07/10-g Semmes-
Weinstein monofilament was used to
test scnsation in both distal lower
extremities.’73%  Each  participant
was positioned supine with shoes
and socks removed. A practice trial
was given to the participant on the
upper extremity of the less-involved
side to instruct the participant in the
expected sensation. With cycs closed,
the participant was instructed to re-
spond “yes” when he or she felt the
monofilament pressure on the plantar
surface of the foot. Pressure was ap-
plied until the filament bent slightly
for 2 seconds for a total of 10 repeti-
tions on each foot, :1Item.1ting be-
tween the least-calloused plantar s
pect of the first and fifth metatarsals.

Table 3.

== SRR

Descriptive Statistics of Independent Variables®

Strength *r\"
BMI Difference Sensatlon

Measure (kg/m?) (kg) Difference MmMsg

Mean 28.96 67.92 2.88 24,96
sD 6.6 59.3 32 h‘?\
Minimum 18.2 -26.5 0 “T\-—
Maximum 45.1 235.4 10 B
n 26 26 25 4‘*2‘4\
* BMI=body mass index, MMSE=Mini-Mental Status Exam. B T
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Cognition. The Folstein  Mini-
Mental Status Exam (MMSE) was ad-
ministered to each participant.3® The
MMSE is a general screen for demen-
tia and tests orientation, memory, at-
tention, language, and ability to
follow instructions. The highest pos-
sible score is 30.

Activity Measurements
Three measures of functional mobil-
ity were used, as described below.

Gait speed. Selfselected walking
speed was measured by having the
participants walk at a comfortable
pace over a 10-m distance. Partici-
pants were permitted to use any as-
sistive devices or orthoses they pre-

ferred. Time (in seconds) was
measured with a stopwatch, and the
average time for 2 trials was
recorded.

Gait endurance. The GMWT was
used as a measure of walking endur-
ance, using a 30.48-m (100-f) walk-
way. Participants were instructed to
cover as much ground as possible
during the 6 minutes and were per-
mitted to stop and rest, if needed.
They were permitted to use their
typical assistive devices or orthoses.
Standardized encouragement (€g,
“You are doing well, keep up the
good work.") was provided to each
participant at 1-minute intervals. If
the participant requested a rest, the
timer was not stopped during the
rest, and standardized statements
(eg, “It has been ___ minutes. Rest as
long as you need to, and let me know
when we can get started again.”)

Predicting Activity Limitations in Chronic 5t

roke

were read to the participant. Total
distance walked (in mecters) was
recorded.

Functional balance. The BBS was
used as a measure of balance.'? On
the BBS, performance of each of 14
items, ranging in difficulty from sit-
ting unsupported to standing on one
foot, is rated on a 4-point scale, for a
maximum possible score of 56.

Data Analysis

We used SPSS 15.0 for Windows' for
analysis of all data. Histograms for
each variable were analyzed for nor-
mal distributions, and scatterplots
were analyzed for outlying scores.
Correlations among variables were
calculated with the Pearson correla-
tion coefficient. Linear regression
models with 4 predictors (BMI,
strength difference, sensation differ-
ence, and MMSE) were calculated for
10-m walk time, 6GMWT distance, and
BBS scores. The validity of each
model was assessed through analysis
of colinearity statistics (variance in-
flation factor) and Q-Q plots of un-
standardized residuals, as well as
Cook’s distance (influence points)
values for each participant. Data for
participants with any missing data
were not entered into the regression
analysis (case deletion). A .05 level of
significance was used for all statisti-
cal tests.

Role of the Funding Source
This study was not funded.

Results

Descriptive Statistics and
Correlations

Twenty-one of the 26 participants
completed all of the testing, Five par-
ticipants did not complete the full
assessment because of time con-
straints, and only the values of the
tests that were completed were en-
tered into the analysis. The values for

t¢pss Inc, 233 S Wacker Dr, Chicago, IL
G0GOG6.

each of the independent variables
are presented in Table 3. Significant
correlations were noted among Scv-
eral of the variables, as noted in Ta-
ble 4. With regard to the relationship
between activity limitations and
body function impairments, gait
speed (10-m walk time) was signifi-
cantly correlated with strength dif-
ference and MMSE, gait endurance
(GMWT distance) was significantly
correlated with strength difference,
and balance (BBS) was significantly
correlated with strength difference.

Gait Speed

The result of the linear regression
model for the 10-m walk time with 4
variables (BMI, strength difference,
sensation difference, and MMSE) was
statistically significant, with strength
difference and MMSE score s signif-
icant individual factors. The sensa-
tion difference variable approached
significance (£=.06) in this model.
The result of this model is presented
in Table 5.

Gait Endurance

The linear regression model for the
OMWT distance with 4 variables
(BMI, strength difference, sensation
difference, and MMSE) was not sig-
nificant, but strength difference was
significant as an independent factor

(Tab. 5).

Functional Balance

The linear regression model for the
BBS score with 4 variables (BMI,
strength difference, sensation differ-
ence, and MMSE) approached signif-
icance (P=.06), with strength differ-
ence as a significant independent
factor. Difference in sensation did
approach significance in this model
(P=.06).

Discussion and Conclusions

The difference in strength berween
the lower extremities and mental sta-
tus (MMSE) were found to be signif-
icantly correlated to gait speed (10-m
walk time), and both factors were

lanuary 2009
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Table 4,
Pearson Carrelation &mong Yariables® o e e
i e —— S6MWT %
E BRY Dsl‘f:;:z':ilr i Sensation MIMSE 10-m Walk ols(t':r;ce S'::re
Variable | (kg/m?) (kg) {  Difference Score Time (5) |
BMI | 1.00 B L e
Strength difference .20 1.00 e
Sensation difference -.30 .09 1.00 e i |
MMSE score .08 =12 -.09 1.00 !
10-m walk distance 22 500 -.10 - .51b 1.00 | RSN S
6MWT distance -.19 — 48P 07 06 ~,74¢ 1.00 st a)
oot =12 -5 18 34 — 83¢ 67¢ 1.00

° BMI=body mass index, MMSE=Mini-Mental Status Exam, 6MWT =Six-Minute Walk Test, BBS=Berg Balance Scale.

p.<.0S
SP=2014

significant individual predictors of
gait speed in our regression model.
The relationship between lower-
extremity strength and gait speed is
supported by previous studies that
examined this relationship with the
strength and power of individual
muscle groups.'2-'4 In these studies,
strength or power of the paretic
knee extensors,'2!'3 hip flexors and
plantar flexors,'? and the nonparetic
knee extensors'? were found to pre-
dict gait speed in people with stroke.
The different muscles identified in
each of these studies may be partially
explained by the strong relationship
in weakness among muscle groups
in an individual participant. The
likely correlation among strength val-

ues for individual muscle groups may
have influenced the regression mod-
cls. Furthermore, none of thesc pre-
vious studies used values that indi-
cated the magnitude of interlimb
differences in muscle strength. Our
study showed that a single measure
that was intended to capture the
weakness in the entire lower limb
compared with the nonparetic lower
extremity was a strong independent
predictor of gait speed after stroke.

The influence of mental status
(MMSE) on gait speed has not been
reported previously for people with
stroke. However, various measures
of mental status (ie, the MMSE, a de-
pression symptom score, and mea-

sures of positive and negative affect
and mood) have been found to pre-
dict GMWT distance in elder people
who were healthy."041 Our study in-
cluded participants with a  wide
range of MMSE scores, with scveral
of the participants scoring below 24,
which indicates risk of dementiat?
but which also may have been due to
the presence of aphasia. We are
fairly confident that even partici-
pants with low MMSE scores were
able to follow the very simple in-
structions for the gait speed tests (ic,
walk at a comfortable pace). The
MMSE is used primarily as a screen-
ing measure for dementia, and its
uscfulness to ascertain overall men-
tal status is limited, Furthermore, the

Table 5.

Adjusted R? Values for Gait Speed (10-m Walk Distance), Gait Endurance (Six-Minute Walk Test [6MWT] Score), and Balance
(Berg Balance Scale [BBS] Score) and Weights (B), Probability Values, and Confidence Intervals (Cl) for Significant Predictors of
Body Mass Index (BMI), Strength Difference, Sensation Difference, and Mini-Mental Status Exam Score

10-m Walk 6MWT BBS
Measure Time Distance Score
Adjusted R? 442 .085 .261
F 5.36 1.51 2.85
P 01 24 06 s oo
Independent Varlable B P Cl B P cl B P ‘T.-_
BMI 0.1 38 —0.5 45 e B s e ey
Strength difference 0.1 01 0.02, 0.2 -11 .02 -2.1, —0.1 ~-0.1 .01 -0.2, -0.0
Sensation difference a2 .06 6.44 .26 13 .06
MMSE score ) .005 -2.4, -04 —0.001 .5 0.7 A4
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The difference in strength between
the lower extremities was found to
be significantly correlated with gait
endurance (6GMW'T distance). Al-
though the overall regression model
for gait cndurance was not signifi-
cant, a 1-sided test was used to assess
the individual predictors, which re-
vealed a significant relationship: for
strength difference. Previous re-
searchers®'” have found paretic
knee extension strength to be a sig-
nificant predictor in regression mod-
cls of gait endurance in people with
stroke. Improvements in motor re-
covery (Fugl-Meyer test score) also
have been found to predict improve-
ments in gait endurance over a
3-month period in people who are
higher functioning following sub-
acute stroke. 13

The strength difference between the
lower extremities correlated with
balance (BBS) and was found to be a
significant individual predictor for
BBS score. The difference in lower-
extremity sensation approached sig-
nificance as a predictor of functional
balance as well as gait speed. How-
ever, the sensation variable did not
demonstrate strong or significant
correlations with any of these mea-
sures. The influence of sensation and
strength on predicting BBS score in
people with stroke has not been re-
ported previously.

Our model included 4 independent
variables that we hypothesized would
influence gait and balance function
in people with chronic stroke. Two

more-comprebhensive

Pyef:égrting Activity Limitations in Chronic Stroke

of these independent varisnies (sen-
sation and strcngth) were ¢2iculated
by taking the difference in scores
between the 2 lower limbs. An ad-
vantage of this difference score is
that it may be a valid marker for the
construct of hemiparetic scverity.
This berween-limb comparnison pro-
vides unique insight, as compared
with other studies (eg, Pohl et al'3)
that have utilized single-limb mea-
sures-(such as Fugl-Meyer test scores)
as an indication of hemiparetic sever-
ity after stroke. These single-limb
scores do not allow for any compar-
ison between sides. One limitation
of this approach is the difficultly in-
terpreting this score, as a lower dif-
ference score could mean that both
limbs were equally weak or lacking
in sensation.

Several different methods have been
reported in the literature for the calcu-
lation of strength deficit scores.22.24.44
Measurements of strength difference
expressed as a percentage of body
weight have been found to be val-
id, " although no change in correla-
tion was apparent when comparing
strength measurements normalized
and not normalized to body weight.?2
Other strategies have been used to
express strength difference as a
ratio or percentage of the strong side
or of predicted normal reference
values. 222444 However, when values
are expressed as ratios or percent-
ages, an appreciation of the absolute
numbers is lost. For example, a 10%
difference could mean any range of
values, depending on the baseline
strength. The simple subtraction
measure used in our study to de-
scribe strength deficit is similar to
that used in the study by Pohl et al45
to calculate “cost” in comparing 2
different conditions.

In calculating the total strength
score of each limb, we did not in-
clude hip extension because of the
difficulty obtaining a standard posi-
tion for testing hip extension with

January 2009

dynamometer. Al
also have

the handheld
though other researchers
excluded hip extension from calcu-
lation of composite leg strength
scores,> certainly the inclusion of
hip extension might influence the
relationship of these scores to func-
tional tasks. Another limitation of
our study is that we did not include
factors in our regression model that
have been shown to correlate with
gait and balance function in people
with stroke, such as age, hypertonic-
ity, aerobic fitness, self-efficacy, and
sex_Q.ll.lll?

We did not focus on the relationship
between balance and gait in this
study, although it is likely that bal-
ance has an influence on gait func-
tion, as previously reported in peo-
ple with subacute and chronic
stroke. 243 The relationship that we
found between the gait and balance
measures in our participants may
have influenced our regression
models.

We considered 3 tasks as compo-
nents of activity using the ICF mod-
el: gait speed, gait endurance, and
functional balance. Consequently, 3
regressions were fit. Another possi-
ble approach for future work would
be to expand the database so that
activity limitations can be treated as
a latent variable. This would allow a
structural equation modeling frame-
work to be used in order to promote
parsimony (one dependent variable)
while reducing measurement error
by incorporation of 3 manifest vari-

‘ables. Although our study demon-

strated statistical significance with
several of the predictors, only mod-
erately strong correlations were
found. These suggested modifica-
tions to the analysis should further
clarify the factors that predict activ-
ity limitations. A larger sample size
(N=100) would be required to take
advantage of such an approach. A
larger data set also would allow us to
include more than 4 independent
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the regression analyses.

The strong influence of the differ-
€nce in lowerextremiry strength on
gait speed, gait endurance, and func-
tional balance indicates that overall
strength deficits in the hemiparetic
lower extremity should be an impor-
tant target for clinical interventions.
Improvements in measures of iso-
metric torque to make the values be-
tween the lower extremities more
similar should lead to improvements
in function. Several comprehensive
rehabilitation approaches have been
reported to improve strength of the
hemiparetic lower extremity, such
as home-based exercise 16 general fit-
ness training, 748 and task-oriented
exercise, 12 Investigating whether
strength training alone can improve
muscle strength and function would
be an important area of future re-
search. The potential impact of cog-
nitive status on gait function also is
an interesting area to explore
further.
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