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Abstract

Background—A greater percent loss of concentric versus eccentric muscle torque (i.e., relative
eccentric muscle torque preservation) has been reported in the paretic limb of individuals with
stroke and has been attributed to hypertonia and/or co-contractions. Stroke provides a unique
condition for examining mechanisms underlying eccentric muscle preservation because both limbs
experience similar amounts of general physical activity, but the paretic side is impaired directly by
the brain lesion.

Purpose—The purpose of this study was to determine 1) whether eccentric preservation also
exists in the nonparetic limb and 2) the relationship of eccentric or concentric torque preservation
with physical activity in stroke. We hypothesized that the nonparetic muscles would demonstrate
eccentric muscle preservation, which would suggest that non-neural mechanisms may also
contribute to its relative preservation.

Methods—Eighteen stroke and 18 healthy control subjects (age and sex matched) completed a
physical activity questionnaire. Maximum voluntary concentric and eccentric joint torques of the
ankle, knee and hip flexors and extensors were measured using an isokinetic dynamometer at 30°/s
for the paretic and nonparetic muscles. Relative concentric and eccentric peak torque preservation
were expressed as a percentage of control subject torque.

Results—Relative eccentric torque was higher (more preserved) than relative concentric torque
for paretic, as well as nonparetic muscles. Physical activity correlated with paretic (r=0.640,
p=0.001) and nonparetic concentric torque preservation (r=0.508, p=0.009), but not with eccentric
torque preservation for either leg.

Conclusions—The relative preservation of eccentric torque in the nonparetic muscles suggest a
role of non-neural mechanisms and could also explain the preservation observed in other chronic
health conditions. Loss of concentric, but not eccentric muscle torque was related to physical
inactivity in stroke.

Correspondence to: Janice Eng, Department of Physical Therapy, University of British Columbia, 212 - 2177 Wesbrook Mall,
Vancouver, BC V6T 173, Canada Janice.Eng@ubc.ca; Tel.: 1-604-714-4105; Fax: 1-604-714-4168.
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Introduction

Muscle weakness is a common and persistent consequence of stroke due to primary cerebral
damage (21,29). Stroke significantly reduces /sometric (static contraction) and concentric
(shortening contraction) torque production in the paretic leg muscles of individuals with
stroke, and minor reductions in the nonparetic muscles have also been reported (1,29).
However, research examining the effect of stroke on eccentric (lengthening contraction)
torque production is scant despite its importance for the performance of daily tasks. A
greater percent loss of concentric versus eccentric muscle torque (i.e., relative eccentric
muscle torque preservation) has been reported in several neurological conditions. Clark et al.
(6) reported relative preservation of paretic knee eccentric extensor torque in 17 individuals
with chronic stroke compared to controls, but they did not examine the nonparetic muscles.
Preservation of eccentric torque compared to concentric torque has also been reported in
amyotrophic and primary lateral sclerosis (17), multiple sclerosis (23,30), and cerebral palsy
(9,23). Authors have suggested that during concentric contractions, abnormal antagonistic
muscle activity impedes the concentric contraction, while hyperactive reflexes of the
stretched agonist muscle facilitate the eccentric contraction (9,17). Understanding the
mechanisms of muscle strength deficits can lead to the development of more effective
exercise programs to regain motor function in chronic health conditions.

The contributing factors to eccentric preservation may be more complex and not only
neurological in nature. There is evidence that older adults (31), as well as individuals with
chronic obstructive pulmonary disease, also exhibit eccentric muscle preservation (26).
Thus, perhaps the presence of the chronic condition, aging process and/or the ensuing
sedentary lifestyle have some influence on this eccentric preservation. In fact, in a
population-based survey of over 24,000 adults aged 65 years and older, the group with
stroke had the highest proportion of individuals who did no leisure time physical activity
(27%) compared to groups with other chronic conditions (3). Stroke is a unique condition in
that impairment exists predominantly on the body side contralateral to the brain lesion with
generally small changes on the ipsilesional nonparetic side. Examining the nonparetic side
can provide important information as the paretic and nonparetic limb both experience similar
amounts of general physical activity (e.g., walking, rising from a chair), yet the paretic side
is impaired directly by the brain lesion.

We hypothesized that both the paretic and nonparetic leg muscles of individuals with stroke
would exhibit relative eccentric torque preservation compared to torque values of healthy
older adults. To test this hypothesis, we conducted a comprehensive evaluation of concentric
and eccentric torque productions for the ankle, knee, and hip flexor and extensor muscles of
individuals with stroke and healthy controls. We also used correlational analyses to
determine the relationship of a sedentary lifestyle (i.e., amount of physical inactivity) to
torque preservation.

Med Sci Sports Exerc. Author manuscript; available in PMC 2011 June 13.



1duosnuey Joyiny ¥HIO 1duosnuey Joyiny JHID

1duosnuen Joyiny YHID

Engetal.

Methods

Subjects

Page 3

Eighteen subjects (6 women and 12 men) with residual hemiparesis following a single stroke
were recruited voluntarily from the community. Subjects were at least 1 year post-stroke, 50
years of age or older, able to walk independently for 10 metres (with or without an assistive
device), and able to follow two commands in a row. In addition, 18 gender-matched
neurologically healthy subjects (6 women and 12 men) were recruited and were similar in
age to the subjects with stroke. There was no attempt to match the stroke and control groups
for physical activity as we expected even people with mild stroke to have less physical
activity than controls. Approval was obtained from the local university and hospital ethics
committees and all subjects provided an informed consent. For subjects with stroke, motor
recovery of the paretic lower extremity was assessed with active movements using the leg
and foot portion of the Chedoke-McMaster Stroke Assessment Score Form (16). Of the
seven stages, stage 1 represents flaccid paralysis and stage 7 represents normal movement
patterns. This measure has excellent test-retest reliability and construct validity (16).
Disability was assessed using the Stroke Functional Classification levels from the American
Heart Association Stroke Outcome Classification Score (20). Of the five levels, level |
represents complete independence in basic and instrumental activities of daily living, and
level V represents complete dependence and requires full-time care. Lower extremity muscle
tone of the ankle, knee, and hip flexors and extensors was assessed using the Modified
Ashworth Scale (MAS) (5) which describes the resistance of muscle to manual passive
movement. The scale ranges from 0 = no increase in muscle tone to a maximum 4 = paretic
part(s) rigid in flexion or extension. The MAS has been shown to be reliable in the lower
extremity (2) and relates to alpha motor neuron excitability (4). The activity level of all
subjects was assessed using the Physical Activity Scale for Individuals with Physical
Disabilities (PASIPD) (38). This self-report questionnaire provides an estimate of how many
days per week, and hours per day are spent being active during leisure, household and work-
related activities. Scores are calculated as the average hours of daily activity for each task,
multiplied by a metabolic equivalent value, and summed over the different tasks. The
PASIPD is a modification from the well-established Physical Activity Scale for the Elderly
(PASE) (37). The main difference is that the PASIPD also includes examples of activities
which accommodate older adults, as well as people using assistive devices such as
wheelchairs or crutches. This physical activity measure has good test-retest reliability in
people with chronic conditions (including stroke) (25) and acceptable construct validity (38).
Group characteristics are summarized in Table 1. Approximately 5 weeks after the initial
assessment, 9 subjects with stroke returned for repeat testing to establish test-retest intrarater
reliability.

Isokinetic joint torque assessment

A Kin-Com isokinetic dynamometer (Chattanooga Group, TN) was used to assess maximum
voluntary concentric and eccentric joint torques of the ankle, knee, and hip flexors and
extensors of the paretic and nonparetic sides of subjects with stroke and the nondominant leg
of control subjects (determined by preference for kicking a ball). Unlike the upper extremity,
it has been shown that there is no dominance for maximal muscle strength (18,35) or power
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(12) in the lower extremity. Thus the decision to test the nondominant leg should not bias the
results in either direction.

Instrument calibration was tested prior to the study with known weights and was accurate to
within +/= 1 N. All joint torques were assessed at an angular velocity of 30°/second as our
lab has previously shown that subjects with stroke have difficulty achieving higher
concentric speeds at the knee and ankle joints on the paretic side (13). Furthermore, the risk
for muscle damage and impaired force production increases as the velocity of eccentric
contractions increases (27).

The ankle and knee torques were tested at a 90° sitting angle and the hip torques were tested
in a 40° semi-reclined position. An upright position was considered safer and more
comfortable than a reclined position due to the incidence of hypertension in this population.
Blood pressure was monitored throughout the test protocol and testing proceeded only when
blood pressure was at or below 140/90. For stabilization, three straps crossed the trunk and
pelvis (two over the chest and one just distal to the anterior-superior iliac spines), and for
measurement of knee torques an additional rigid clamp was placed over the distal thigh
musculature of the test leg. The dynamometer axis was aligned with the joint line of the
ankle, knee, and hip (lateral malleolus, lateral femoral condyle, and greater trochanter
respectively) by the same examiner throughout testing. A rigid metallic ankle attachment
provided by the manufacturer was used for assessment of ankle torques. For knee and hip
torques, the cuff of the dynamometer was positioned three finger breaths above the medial
malleolus and three finger breaths proximal to the popliteal fossa respectively. The subject’s
hands rested comfortably in their lap during testing.

Joint angle or muscle length affects torque production. Therefore to allow for an equivalent
comparison, the paretic, nonparetic, and control joints were all tested through the same
limited range of motion. Ankle torques were tested through a range of 10-35° of
plantarflexion (0° = neutral; foot perpendicular to shank), knee torques through a range of
15-95¢ of flexion (0° = full knee extension), and hip torques through a range of 55-105° of
flexion (0° = neutral; pelvis aligned with thigh). The selection of these joint angle values
were based from mean values obtained from the paretic leg during pilot testing.

Gravity compensation was performed in accordance with the manufacturer’s instructions
before each new muscle was tested. As warm-up, and to ensure the subject understood the
requested action, two submaximal and one maximal practice contractions were performed
before each muscle was tested. Preload is defined as the preset torque which must be
overcome before movement of the dynamometer can occur. The preload was individualized
for each subject, muscle, and contraction type. For concentric actions it was set at 75% of
the peak torque value obtained from the maximal practice concentric contraction. For
eccentric actions it was set at 75% of the fina/torque value obtained from the maximal
practice concentric contraction (which was the start position for the eccentric contraction).
This was done because muscle torque is length-dependent and during eccentric testing the
subjects could not overcome the preload value used for concentric testing (i.e. the eccentric
start position often placed the joint in a relatively weaker position).
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Concentric and eccentric contractions were alternated and separated by 5 second rest
intervals. Each concentric-eccentric cycle was separated by 30 seconds of rest, and each new
muscle group tested was separated by 5 minutes of rest. Torque-angle curves were visually
inspected by the same examiner and submaximal trials were rejected. Testing was completed
when the peak torque and shape of the 3 curves closely overlaid one another, thus ensuring
that only consistant maximum effort trials were recorded. The highest number of repetitions
performed by any subject was 5 per contraction type. To reduce the chance of an order
effect, testing began with extension for approximately half of the subjects and flexion for the
remainder.

Data analysis

Preliminary analyses of 9 subjects demonstrated that the mean peak torque was slightly
more reliable across two separate days than the mean average torque intraclass correlation
coeffcient (ICC). For the paretic lower extremity muscles, the mean 1CC(3,3) (SEM) for
intrarater reliability were 0.98 (3.4N) for peak concentric torque and 0.96 (7.2N) for peak
eccentric torque. For the nonparetic lower extremity muscles the mean ICCs (SEM) were
0.92 (6.0N) for peak concentric torque and 0.96 (8.4N) for peak eccentric torque. The
average concentric and eccentric torque ICCs were slightly lower (range: 0.91-0.96) and
therefore only peak torque was used for further analyses.

A single ensemble-averaged torque-angle curve was calculated from the three recorded
curves for each muscle (ankle, knee, and hip flexors and extensors) and contraction type
(concentric and eccentric). Each subject’s absolute torque values were normalized by body
mass, but not segment length. To describe paretic and nonparetic re/ative concentric and
eccentric torque preservation, the normalized torques for the paretic and nonparetic sides of
subjects with stroke were divided by the normalized torques of their matched control
subjects for each muscle contraction (paretic and nonparetic torque values were expressed as
a percentage of control torque values).

A multivariate analysis of variance (MANOVA) blocked for subject was performed to
determine whether concentric relative torque preservation was different than eccentric
preservation (independent variables: concentric relative torque and eccentric relative torque)
across all lower extremity muscles (6 dependent variables: ankle, knee, and hip flexors and
extensors) for the paretic side of individuals with stroke. A second MANOVA blocked for
subject used the same variables for the nonparetic side. Multivariate normality and lack of
collinearity were confirmed with the models (collinearity statistics of tolerances > 0.3 and
variance inflation factors < 5; Box’s M for equality of the group covariance matrices
demonstrated multivariate normality). When the MANOVA was significant, pair-wise t-tests
were performed to identify which specific muscles (i.e., of the ankle, knee and hip extensors
and flexors) demonstrated differences between concentric relative torque and eccentric
relative torque. As some of the individual pair comparisons were not normally distributed
according to the Shapiro-Wilks Test, post-hoc paired T-tests (parametric) and Wilcoxon
Signed Rank Test were performed depending on the distribution of the variables.

To determine the relationship of a sedentary lifestyle to the preservation of torque, we
calculated four correlations between PASIPD scores and 1) relative paretic concentric
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preservation (i.e., paretic over control torque), 2) relative paretic eccentric preservation, 3)
relative nonparetic concentric preservation and 4) relative nonparetic eccentric preservation.
Torque preservation values were an average of the 6 muscles (ankle, knee, hip flexors and
extensors). Pearson correlations were used as these dependent variables were normally
distributed.

All statistical analyses were performed using SPSS 11.5 software with an alpha value of
0.05.

The subjects with stroke had mild to moderate stroke impairment as demonstrated by their
Functional Classification (Il out of IV), Chedoke-McMaster Impairment Scores (6/7 on the
leg and 4/7 on the foot score) and spasticity scores (median of 0 or 1 for the ankle, knee and
hip). The control group had the identical ratio of males/females as the stroke group, and the
mean age of the two groups were within one year. The control group was almost twice as
physically active as the subjects with stroke as measured by the PASIPD.

As expected, for all concentric and eccentric muscles (flexors and extensors of the ankle,
knee, and hip joints), the paretic torque was lower than the nonparetic torque (Table 2).
However, the nonparetic torques approached control values for the concentric knee
extensors, as well as all eccentric muscles except for the ankle plantarflexors. Ankle
plantarflexor torque was the most impaired muscle. Paretic plantarflexor torque was only
31% and 48% of control values of concentric and eccentric torque, respectively. Nonparetic
plantarflexor torque was 65% and 79% of control values of concentric and eccentric torque,
respectively (Table 2). As expected, for all muscles in the subjects with stroke (paretic and
non-paretic sides) and controls, the absolute eccentric torque was higher than the concentric
torque (Table 2). Over the six muscles, eccentric torque was 1.6 times, 1.8 and 2.0 times the
value of concentric torque for the control group, stroke nonparetic side and stroke paretic
side, respectively. Thus, the eccentric to concentric torque ratio was higher for both the
paretic and nonparetic sides of the stroke group compared to the control group due to the
greater loss of concentric torque that accompanied the stroke group.

Paretic leg relative torque

The MANOVA for the paretic lower extremity revealed a significant difference between
concentric and eccentric relative torque preservation across ankle, knee, and hip flexors and
extensors (Hotelling’s Trace = 1.726, P = 0.032). Concentric relative torque preservation of
paretic muscles (mean = 58%) was /ess than eccentric preservation (mean = 74%) and post-
hoc tests revealed statistical significance for five out of six muscles (Figure 1a).

Despite the varying levels of absolute torque across the six muscles, the differences between
the concentric and eccentric relative torque preservation were remarkably consistent across
the paretic muscles (mean of 16%, range from 14-18%).
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Nonparetic leg relative torque

The MANOVA for the nonparetic lower extremity revealed a significant difference between
concentric and eccentric relative torque preservation across ankle, knee, and hip flexors and
extensors (Hotelling’s Trace = 2.271, P = 0.012). Concentric relative torque preservation of
nonparetic muscles (mean = 87%) was /ess than eccentric preservation (mean = 101%) and
post-hoc tests revealed statistical significance for four out of six muscles (Figure 1b). The
differences between the concentric and eccentric relative torque preservation ranged from a
minimum of 0 (knee extensors) to a maximum of 25% (knee flexors). However, on average
across the six nonparetic muscles, the difference between the concentric and eccentric
preservation was 14%.

Correlations between physical activity and torque preservation

Physical activity (PASIPD) correlated with paretic (r=0.640, p<0.006) and nonparetic
concentric torque preservation (r=0.508, p<0.038) (Figure 2). Physical activity did not
correlate with eccentric torque preservation for the paretic or nonparetic muscles (p >0.5).

Discussion

As expected, absolute eccentric torque was greater than concentric torque for both the stroke
and control subjects across all muscles. This observation is consistent with other studies in
stroke (6) and healthy populations and is partly attributed to the additional force from the
elastic components in series with the contractile elements (24,33).

The greater eccentric torque preservation (relative to healthy values) than concentric torque
preservation demonstrated that eccentric torque production in the paretic leg was less
affected by stroke than concentric torque production across all muscles assessed. This
striking result supports the hypothesis that individuals with upper motor neuron lesions will
have a larger eccentric to concentric torque ratio in their paretic muscles due to the greater
loss in concentric torque. Clark et al. (7) suggested that the eccentric paretic knee
preservation that they observed in their study reflected reduced regulation of high force
levels post-stroke, resulting possibly from a reduction in autogenic inhibition or lower
absolute levels of force. As eccentric torque preservation has also been reported in
individuals with amyotrophic and primary lateral sclerosis (17), as well as children with
cerebral palsy (9), it has been proposed that hyperactive stretch reflexes may contribute to
this phenonemon in upper motorneuron lesions (17,22,23). Thus, stretch of the agonist
during eccentric contractions would facilitate agonist activation and increase torque
production, while stretch of the antagonist during concentric contractions may lead to
abnormal co-activation with the agonist and reduce torque production. However, this
explanation may be challenged, as others have reported no evidence of abnormal antagonist
co-contraction during maximal voluntary concentric knee flexion or extension in the paretic
or nonparetic legs of individuals with stroke, even at fast isokinetic velocities of 300°/s (11).
Hence, other mechanisms besides hyperactive stretch reflexes and co-contraction may
contribute to eccentric torque preservation.
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There are potential cortical changes post-stroke which could also contribute to the eccentric
preservation. Eccentric contractions have been shown to require greater brain activation
(e.g., cortico evoked potentials) than concentric contractions in healthy individuals (14,15).
The neural recovery following stroke involves increases in recruitment of secondary and
ipsilateral cortical motor areas (8), and it is possible that such re-organization may alter the
concentric/eccentric relationship.

However, our novel finding that the nonparetic muscles of individuals with chronic stroke
also exhibit eccentric preservation provides evidence that mechanisms non-neural in nature
must contribute to this altered concentric/eccentric relationship. The difference between the
concentric and eccentric preservation was almost identical for the paretic (16%) and
nonparetic muscles (14%), despite the finding that the absolute nonparetic torques were an
average of 143% of the paretic torques across the six muscles and two contraction types
(eccentric and concentric). The nonparetic muscles cannot be considered unimpaired by the
stroke as it is known that a small percentage of descending corticospinal tracts that originate
from the lesion site remain ipsilateral (10). However, the nonparetic muscles had no clinical
evidence of spasticity and several of the nonparetic muscles had no loss of eccentric torque.
Thus, hyperactive stretch reflexes do not appear to be the contributing factor for the
nonparetic eccentric preservation.

Overall, concentric torque preservation was lower than eccentric preservation for both the
paretic and nonparetic muscles as shown by the MANOVAs. Of the 12 pair-wise post-hoc
comparisons, three cases were not significant. In two of these cases, the means for eccentric
preservation were more than 15% higher than concentric preservation and we likely lacked
power to detect significant differences. However, in the nonparetic knee extensors, the
concentric and eccentric torque preservation values were similar. On closer investigation, we
noted that the absolute concentric torque for the nonparetic knee extensor muscles was
similar to the controls. In contrast, all other nonparetic muscles showed a loss of concentric
torque. It is common for people with stroke to place their paretic foot further in front when
they rise from a chair to compensate with the nonparetic knee extensors. Thus, frequent use
of the nonparetic knee extensors during daily activities may have contributed to the
concentric preservation in this muscle.

We suggest that the sedentary lifestyle of the individuals with stroke plays a role in
determining the loss of concentric torque as more physically active participants had greater
relative concentric torque values (i.e., closer to healthy values) for the paretic and nonparetic
sides. Such a relationship is logical given that physical activity must be undertaken by
contractile activity of the muscle. One might have expected that less physical activity would
be associated with an equal loss of both eccentric and concentric torque. The striking
observation of this study is that despite less physical activity than the control group, the
individuals with stroke showed eccentric torque preservation. Furthermore, the lack of
correlation between eccentric torque preservation and physical activity is complex and a
number of explanations may account for this finding. It would be ideal to have a third stroke
group who undertook the same amount of physical activity as the controls, but that would
not be possible. There may be competing mechanisms involved with eccentric torque and
physical activity. A lack of physical activity will lead to reduction in contractile activity
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which will negatively impact both concentric and eccentric ability. However, physical
inactivity will also lead to a reduction in contractile content and infiltration of connective
tissue (i.e., collagen) which may increase the mechanical stiffness of the muscle. During
eccentric contractions, the passive contribution of the connective tissue (including stiffness
of the lengthening muscle) would add to the tension development (24). Thus, losses from
eccentric contractile inactivity may be partially or completely compensated by gains in
mechanical stiffness and hence, a relationship between physical activity and eccentric torque
is not found. We suggest that these bilateral changes arise in part from physical inactivity
which may lead to structural changes in the muscle that increase passive stiffness.

It is possible that the presence of stroke induces an exaggerated aging effect as eccentric
preservation is one characteristic found in muscles of older adults. Eccentric muscle
preservation in older adults (19,31,32,36) has been attributed partly to structural changes
(e.g., increase in non-contractile content). However, Ochala et al. (28) showed that the
eccentric muscle preservation in single skeletal muscle fibers from older men were partly
due to the contribution of the contractile elements of muscle cells. Hence, future research
could determine whether the non-contractile and contractile changes found in older adults
are similar to those with stroke.

Structural changes in the mechanical properties of the paretic muscles in individuals with
stroke may be more severe than in older adults without a stroke. Sinkjaer and Magnussen
(34) examined the ankle plantarflexors in individuals with stroke (mean time after onset = 31
months; range = 2 to 80 months). They found that intrinsic stiffness (contractile properties of
the muscle fibers) did not differ for paretic, nonparetic and control ankle plantarflexors but
passive stiffness (response from the passive tissues) was increased a remarkable 278% in the
paretic leg, and 95% in the nonparetic leg when compared to controls. Such changes in the
mechanical stiffness could reflect an accelerated aging process, and contribute to the
eccentric preservation found in stroke.

Clinical Implications and Future Directions

Our study showed that eccentric torque was /ess impaired than concentric in individuals with
stroke, thus clinicians should assess limb strength under both contraction conditions to better
quantify muscle performance. In other words, due to the relative preservation of eccentric
torque in individuals with stroke, care must be taken to avoid underfoading of paretic and
nonparetic muscles during the eccentric phase of exercises. Relative preservation of
eccentric torque may allow individuals with stroke who have very weak muscles, such as
those with acute hemiparesis, to perform eccentric actions before concentric actions to
stimulate muscle activity. For example, a patient may not be able to complete a sit to stand
exercise due to concentric quadriceps weakness. However, they might be able to practice a
controlled stand to sit exercise to activate eccentric quadriceps, then use the arm rests to
assist concentric activity to get to the standing position again. Methods to increase physical
activity should be explored with individuals with stroke to maintain contractile ability of the
muscles. Lastly, other health conditions should be examined as our study would suggest that
eccentric preservation may exist in chronic health conditions where movement inefficiency
or sedentary lifestyles exist.
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Limitations

Several limitations should be noted about this study. The sample size was relatively small
and the results should be interpreted with caution. The correlations between physical activity
and muscle preservation are not causational but provide directions for future hypothesis
testing. We acknowledge potential type | errors with the multiple post-hoc comparisons.
However, the use of MANOVA assists in reducing type | error inflation.

Conclusions

In conclusion, our results demonstrate eccentric torque preservation was greater than
concentric preservation with both the paretic and nonparetic muscles. Preservation of
concentric torque, but not eccentric muscle torque was related to physical inactivity in
stroke.
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Figure 1.
Concentric and eccentric torque preservation for (1a) paretic and (1b) nonparetic side of

subjects with stroke (expressed as percentage of control torque) for 6 lower extremity
muscle groups. The error bar represents 1 standard deviation.
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Figure2.

Physical Activity (metabolic equivalent hours/day)

Scatterplots of torque preservation versus physical activity using 2a) paretic concentric
torque, 2b) nonparetic concentric torque, 2c) paretic eccentric torque and 2d) nonparetic
eccentric torque. Torque preservation values were an average of the 6 muscle groups (ankle,
knee, hip flexors and extensors) and expressed as a percent of control torque. R-values
generated from Pearson correlations.
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Variable Stroke (Paretic side) Mean (SD) | Stroke (Nonparetic side) Mean (SD) | Control Mean (SD)
Knee Extension concentric 53.6 (23.7) 90.7 (37.9) 93.8 (25. 6)
Knee Extensors Eccentric 99.8 (39.1) 138.7 (52.9) 148.2 (38.1)
Knee Flexors Concentric 26.7 (11.7) 40.0 (15.7) 54.8 (19.0)
Knee Flexors Eccentric 45.4 (24.0) 69.0 (36.8) 75.1(28.2)
Hip Extensors Concentric 61.3(30.3) 82.7 (42.2) 108.2 (39.3)
Hip Extensors Eccentric 133.4 (55.0) 172.8 (72.0) 213.1(72.4)
Hip Flexors Concentric 46.3(16.0) 63.9(20.7) 86.5(29.8)
Hip Flexors Eccentric 71.4(25.2) 97.6(38.3) 110.2 (34.1)
Ankle Plantarflexors Concentric 28.4(20.2) 59.6 (22.0) 91.9 (29.7)
Ankle Plantarflexors Eccentric 78.5(38.5) 129.6 (34.7) 163.9 (40.8)
Ankle Dorsiflexors Concentric 31.9(16.8) 44.6 (14.0) 53.1(12.9)
Ankle Dorsiflexors Eccentric 61.3(25.9) 73.7 (21.9) 79.3(19.4)
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