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ABSTRACT. The aims of this study were to investi-
gate, in 16 subjects with hemiparesis, the plantar-
flexor muscle performance of the paretic side and to
determine the level of the relationships between
muscular parameters, clinical measures and gait
performance. A Biodex dynamometric system was
used to evaluate static and dynamic torques, power
and maximal rate of tension development of the
plantarflexor muscles. The clinical measures included
the Fugl-Meyer assessment (FMA), the “Up & Go™
test and an evaluation of ankle muscle tone. Velocity,
cadence, stride length and gait cycle duration were
determined for each subject at both comfortable and
maximal safe speeds using foot contacts and video-
graphic data. Results indicated that dynamometric
values produced by the hemiparetic subjects were
reduced in comparison to those reported for healthy
subjects. Their torque-angle curves had a curvilinear
shape which indicated pronounced decrease of torque
for plantarflexion efforts at the beginning of the
movement. Torques produced at different velocities
of testing did not demonstrate significant differences
(MANOVAs: p > 0.05) but power values were signifi-
cantly different. Results also showed that all the
selected muscular parameters (torque, power and maxi-
mal rate of tension development) were moderately to
highly interrelated (0.65 < r < 0.94; p < 0.01) suggest-
ing that a common factor of muscular performance
was assessed. Furthermore, the dynamometric data
were significantly associated with some of the clinical
measures (sensation and lower limb motor control
scores of the FMA) but were not related to the gait
variables (Pearson’s r < 0.45; p > 0.05). This last find-
ing suggests that the relationship between plantar-
flexor strength and the level of gait performance in
adults with stroke is complex. The relationship may
be influenced by other factors such as muscular

compensations within and between limbs and motor
control impairments.
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INTRODUCTION

Muscular strength of the lower limbs is recognized as an
important factor related to the level of independence of
individuals with stroke. Previous studies have investi-
gated the degree of the relationship between muscle
strength and a number of clinical dependent variables
including the capacity to move the limb (4), balance (6),
transfer capacity (5) and gait performance (3, 27). In
general, significant, although sometimes weak, correla-
tions between muscle strength and various clinical vari-
ables were found. Many correlational studies have also
disclosed the fact that the muscle strength of the paretic
side provides a stronger indication of the capabilities in a
bilateral task such as gait than muscle strength on the
non-paretic side (7, 27).

Daily activities require the ability to generate mus-
cular tension at different velocities and at successive
joint positions and, in several tasks, a specific level of
muscular tension must be reached very rapidly. Thus, in
addition to static and dynamic torques, the assessment of
other parameters such as maximal power (torque by
velocity), maximal velocity of contraction and fatigue
is relevant to better document the relationship existing
between motor deficits and functional performance.
Dynamic testing of the knee flexors and extensors have
shown that hemiparetic subjects have difficulty devel-
oping muscular tension rapidly (8, 39). Others have
demonstrated that these subjects have a prolonged
interval between reciprocal contractions, show muscle
fatigue at high velocity of testing (41) and have maximal
knee extension velocity on the paretic side which is
lower than that on the non-paretic side (8). Moreover,
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walking capacity has been found to be better correlated
with dynamic measures of quadriceps’ strength than with
static measures (27).

In healthy subjects, the plantarflexor muscles are
considered particularly important for gait performance
because they produce more than half of the positive work
during the push-off phase (42). In hemiparetic subjects,
Olney et al. (28) have demonstrated that the moment and
power of the plantarflexors produced during gait are
highly related to gait velocity, suggesting that the plan-
tarflexors are of importance in hemiparetic gait perform-
ance. Considering this role of the plantarflexor muscles
in the energy generation during gait and the fact that
weakness is pronounced in distal lower limb muscles (1,
37) one may postulate that decreased strength of the
plantarflexors could be one factor explaining the reduced
gait performance of hemiparetic subjects. Consistent with
this hypothesis, significant correlations between plantar-
Hexors’ static strength and gait velocity have been reported
in hemiparetic subjects (3. 7). However, in order to improve
our understanding of the relation existing between plantar-
flexor muscular weakness and gait performance, dynamic
as well as static muscular parameters have to be examined
on the paretic side of hemiparetic subjects.

The purpose of the present study was threefold. Firstly,
to describe the plantarflexor muscle performance (static,
isokinetic and isotonic) on the paretic side of ambulatory
adults with a stroke. Secondly, to examine the level of
association existing between selected muscular para-
meters (torque, power and maximal rate of tension deve-
lopment). Thirdly, to estimate the relationships existing
between dynamometric data, clinical measures and gait
performance. It was supposed that the hemiparetic sub-
jects would demonstrate lower dynamometric results
relative to those previously reported in healthy subjects.
Moreover, it was hypothesized that torque, power and
maximal rate of tension development evaluate a common
factor of muscular performance. Consequently, these
muscular parameters would need to be interrelated.
Finally, based on the results of previous papers, we
further hypothesized that stronger hemiparetic subjects
would demonstrate better gait and clinical performances
than those who are weaker. Thus, this would indicate that
dynamometric measures of the plantarflexor muscles are
related to both clinical and gait parameters.

METHODS
Subjects

A sample of convenience composed of 16 patients (4 females
and 12 males) with hemiparesis due to cerebrovascular accident
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was studied (Table I). Twelve subjects presented with a right-
sided hemiparesis. Their mean (= SD) age was 47.9 (* 15.6)
years and their mean time post-stroke was 43.9 (£ 36.5) months.
All participants were able to communicate and follow instruc-
tions. The subjects had voluntary motor control in the involved
lower limb as well as an almost complete passive range of
motion at the ankle, knee and hip joints. Subjects were painfree
in the lower limbs and were all able to walk independently with
or without a cane, with the exception of one individual who used
an electric wheelchair for long distances. The testing procedures
required that all subjects be able to walk without an ankle-foot
orthosis or any other type of brace. Informed consent was
obtained prior to subjects” assessment.

Assessments

Three types of assessments were performed: (I) a clinical
assessment including the evaluation of motor function, spasticity
and functional mobility skills, (I) a walking assessment of
spatio-temporal parameters measured on the paretic side, and
(IIT) a dynamometric assessment of the plantarflexor muscle
performance.

1. Clinical assessment

Motor function level of each subject was evaluated using the
Fugl-Meyer assessment (FMA: 17). This test. designed to
evaluate physical recovery following stroke, is reported to be
reliable (14, 35) and valid (13, 17). The FMA uses a cumulative
numerical scoring system of items ranging from 0 (cannot be
performed) to 2 (can be fully performed). The items assessed
motor performance, range of movement, pain, sensation and
balance (17). The Fugl-Meyer motor items take into considera-
tion the sequential stages of motor recovery in stroke patients, as
described by Twitchell (40).

Presence of spasticity was evaluated by the method proposed
by Levin & Hui-Chan (22). This clinical assessment offers a
composile score of spasticity which includes three measures: (1)
Achilles tendon jerks. ranging from 0 (no reflex) to 8§ (maximally
hyperactive response). (2) passive ankle dorsiflexion from 0 (no
resistance). to 8 (maximally increased resistance), and (3) the
amount and duration of ankle clonus with scores ranging from 0
(not elicited) to 4 (sustained clonus) points. Composite scores
ranging from 0 to 5, 6 to 9, 10 to 12 and 13 to 16 correspond to
normal. mild. moderate and severe spasticity, respectively.

Functional mobility skills were assessed with the timed “*Up
& Go'’ test described by Podsiadlo & Richardson (33). This test
is reliable (ICC = 0.99) both between and within raters and it has

Table 1. Characteristics of hemiparetic stroke patients
(n=16)

Cerebral infarction 8
Cerebral haemorrhage 5
Unspecified cause 3
Involved side (left/right) 4/12
Dominance (left/right) 1/15
Gender (F/M) 4/12

MEAN SD RANGE
Age (yrs) 47.9 15.6 18-73
Weight (kg) 74.6 142 54.0-110.0
Height (m) 1.71 0.07 1.62-1.87
Time post-stroke (months) 439 36.5 2-105
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Jdemonstrated content and concurrent validity (33). It requires
that the subject be able to rise from a standard armchair (seat
height 42 ¢cm, arm height 63 cm), walk 3 m to a line on the floor.
return o the chair and sit down. This is done as quickly as
possible. After a practice run the subject performs the test twice
ind the mean time, measured in seconds, from the two tests is
calculated.

II. Walking assessment

I'he subjects were instructed to walk at their most comfortable
speed, along a 9-m walk-way and then at their maximal safe
speed. Five to seven walking cycles were collected at both
speeds. Stride characteristics were recorded with three foot-
contacts located on the sole of the subjects” shoe (heel. meta-
tarsal heads and first toe). The foot-contact signals were sampled
at a frequency of 120Hz with a data-acquisition card (Data
Translation, model DT2821). From these signals, the cadence
and the cycle duration of the gait cycle were obtained. Stride
length and velocity parameters were determined using video-
eraphic data (not reported) collected simultancously with the
lfoot-contact signals. The reference data utilized were the coor-
dinates of the heel marker on the affected side and the corres-
ponding images at two successive initial foot-contacts. The
spatio-temporal parameter calculations were done using a com-
puter program developed at our centre.

I, Dynamometric assessment

Muscle performance of the plantarflexors was measured with a
dynamometric Biodex system (Biodex Corporation, Shirley, NY,
LI.S.A.). which is recognized as a highly reliable and valid testing
device (15. 38). This dynamometer allows testing using four
different modes: static. isokinetic. isotonic and passive. Before
cach session, the calibration of the dynamometer was verified using
aknown weight. Following this, the subject was seated comfortably
on the dynamometer chair with the hips at 80° of fiexion and the
knee stabilized in full extension. The subject’s paretic foot was
tightly fixed in a boot attached to the dynamometer and the ankle
joint was aligned with the axis of the dynamometer. In this study. the
reference angle (0°) corresponded to the ankle in the neutral
position. Positive angles refer to plantarflexion and negative
angles indicate dorsiflexion.

Moment, angle and velocity measurements of the plantarflex-
10on movement were recorded during four maximal concentric
lests executed from maximal dorsiflexion to maximal plantar-
flexion. All dynamic contractions were preceded by a maximal
static preloading. Tests ISOK30, ISOK90, ISOK 180 were exe-
cuted using the isokinetic mode of testing at preset angular
motion velocities of 30°s " (0.52rads ™), 90°s~! (1.57 rads™")
and 180°s™' (3.14 rads™'), respectively. The fourth test
(ISOT14) was performed using the isotonic mode of testing
and a selected torque of 14 newton meters. Previous results on
hiealthy subjects (25) have shown that the isotonic mode of
testing uses both with a small torque and preloading produces
high power (torque X angular velocity) values. This fourth test
was thus added to measure the maximal power which could be
produced by the hemiparetic subjects. For each dynamic effort.
the subjects were asked to maximally contract their plantarfiex-
ors “‘as hard and as fast as possible™ and to maintain this
maximal effort until the movement stopped. An additional
maximal static test (S10) was executed at +10° (40.174 rad)
of plantarflexion. For this test. the subjects were asked to
contract their plantarflexors “*as fast and as hard as possible™
and to hold the contraction for a short period of time before
relaxing. Three maximal efforts were requested for each test and
a 2-minute rest period was allowed between each effort. To

correct the torque data for the effect of gravity and visco-elastic
torques, passive movements of the ankle, at a velocity of 30°s™
(0.52 rads™"). were performed at the end of the session. The
passive torques (mean values of three repetitions) were used to
calculate the correction for each angle throughout the range of
movement. Thus, only the active torque and power values are
reported in the present study.

Moment, angle and velocity measurements recorded by the
Biodex dynamometer were sampled at 720 Hz by a data acquisi-
tion card (Data Translation, model DT2821) and stored on a disk
for further processing. The active torque. the velocity and the
power values were computed at each degree of the range of
motion to establish the mean curves for each subject for the four
dynamic conditions. The peak values of torque and power,
identified as PT and PP, produced in test ISOK30 (angle of
—10% —0.174 rad) and test ISOT14, respectively, were then
computed. From these same two tests the values of torque (T10)
and power (P10) at an angle of +10° (+0.174 rad) of plantar-
flexion were also retained. For the static test (S10), the maximal
static torque as well as the maximal rate of tension development
(MRTD10) were determined for the three repetitions and mean
values were computed for each subject. All the aforemen-
tioned mean values were used for the statistical analyses.

Statistical analysis

Descriptive statistics were calculated for subjects character-
istics, clinical scores, gait parameters (cadence, velocity, stride
length, gait cycle duration) and dynamometric data. For the
dynamometric data, one way analyses of variance for repeated
measures (MANOVAs) were applied to depict differences
between the four dynamometric tests with respect to torque,
velocity and power values at —5° (—0.087 rad), +5°(40.087
rad) and +15° (4+0.261 rad). When the MANOVAs revealed
significant differences (p < 0.05). paired r-tests with adjusted
probability values were then performed to depict differences
between the data. Furthermore, the level of the relationships
among the muscular parameters of the plantarflexor muscles was
examined using the Pearson product moment correlation coeffi-
cient. The peak values of torque. power and the muscular
parameters (T10, P10, S10 and MRTD10) computed at +10°
(+0.174 rad) were used for these analyses. Similarly, correlation
coefficients were also calculated to determine the degree of
the relationships existing between dynamometric measures,
clinical scores and gait parameters. The dynamometric values,
normalized to body mass, were also included because they are
frequently used in such correlational studies (3).

RESULTS
Clinical and gait assessments

Descriptive statistics for the FMA (total and subsec-
tions), the spasticity index and the **Up & Go’” test are
summarized in Table II. The total score of the FMA
ranged from 151 to 223 with a maximum score attainable
of 226. For the motor function score (upper and lower
extremities), the subjects achieved a mean value of 69.6
(= 16.7) indicating, as described by Fugl-Meyer (18), a
marked motor impairment. The mean score for the lower
extremity was 26.8 (= 4.7) while the mean value of the
sensation score of the lower limb was 10 (*+ 2.8) with
four subjects presenting scores lower than 8 points. In
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general, subjects scored high on the balance section of
the FMA, with the exception of one subject who scored
9/14. Concerning the spasticity score, the mean value
was 7.1 (£ 3.0). Two subjects reached a value of 13
indicating the presence of severe spasticity at the ankle,
while other subjects demonstrated mild spasticity or
normal tone at the ankle joint. The average time of the
“Up & Go™’ test was less than 10 seconds. It should be
noted that four subjects used a cane when they performed
the **Up & Go’’ test and the walking assessment.

The mean (+ SD) comfortable velocity of walking
was 0.76 (= 0.27) m/s with values ranging from 0.41 to
1.50 m/s (Table II). All subjects, except two, walked
slower than 1 m/s. The mean maximal safe velocity
reached a value of 1.08 (£ 0.33) m/s and was character-
ized by an increase in cadence and stride length and a
decreased gait cycle duration. The lowest and highest
maximal velocities were 0.58 and 1.76 m/s, respectively.

)
Seven subjects presented a maximal safe speed which
was slower than 1 m/s.

Dynamometric assessment of the plantarflexors

The mean, standard deviation and range of the peak
values and the values at +107 (+0.174 rad) are reported
in Table II. The dynamic torque (T10) measured at +10°
(-+0.174 rad) was less than half the value of peak torque
(23.9 vs 65.4 N.m) while the static torque (T10) was
slightly lower (50.8 vs 65.4 N.m). The power (P10)
measured at +10% (+0.174 rad) in test ISOTI14 was
greatly reduced in comparison to the peak power value
which was obtained when the ankle was dorsiflexed.
The mean results for torque, velocity and power for the
four dynamic tests are presented in Table III. At the
selected angles [—5° (—0.087 rad), +5° (+0.087 rad) and
+15° (4+0.261 rad)], the MANOVAs did not depict

Table 1. Mean, standard deviation and range of scores obtained from different assessments of stroke patients (n = 16)

Variables Mean SD Range
Clinical assessment
Fugl-Meyer: Total (226)* 184.3 20.8 151-223
Motor Function (100) 69.6 16.7 46-98
Upper extremity (66) 428 15.0 19-64
Lower extremity (34) 26.8 4.67 15-34
Balance (14) 11.8 1.2 9-14
Sensation lower limb (12) 10.0 2.8 5-12
Spasticity score (16) 7.1 3.05 1-13
< Up& Go™ (s) 9.20 2.40 5.8-13.8
Walking assessment
Comfortable speed: Velocity (m/s) 0.76 0.27 0.41-1.50
Cadence (steps/min) 823 14.6 63.2-121.0
Stride length (m) 1.07 0.21 0.76-1.49
Cycle duration (s) 1.50 0.24 0.99-1.90
Maximal safe speed: Velocity (m/s) 1.08 0.33 0.58-1.76
Cadence (steps/min) 102.9 13.6 80.2-131.6
Stride length (m) 1.24 0.24 0.82-1.61
Cycle duration (s) 1.19 0.16 0.91-1.50
Dynamometric assessment**
Peak values: PT: Torque (N.m) 65.4 36.9 24-123.6
PP: Power (Watts) 119.6 65.0 4.4-226.6
Values at +10° (+0.174 rad):
T10: Torque (N.m) 239 15.7 0-41.8
P10: Power (Watts) 67.9 50.0 2.0-174.8
$10: Static torque (N.m) 50.8 244 42-91.8
MRTD10: Max. rate of tension 110.5 56.7 7.0-172.1

development(N.m/s)

* Values in parentheses indicate the maximum score attainable.

## PT = Peak value of torque produced in test ISOK30; PP = Peak value of power obtained in test ISOT14; T10 and P10 = Values of
torque and power at ++10° obtained in tests ISOK30 and ISOT14, respectively; S10 and MRTD 10 = Static torque and maximal rate of

tension development obtained at +10°.
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significant differences in the torque values between the
four testing conditions (p > 0.05). However, note that
lorques tended to be slightly higher with test ISOK30 at
1he three angles. Paired t-tests revealed that test ISOT 14
produced the highest velocity values and allowed, as
cxpected, the subjects to develop the highest power
values, except at -+15° (+0.261 rad) where no significant
differences were detected in the velocity and power
vilues between tests ISOK180 and ISOT14.

Fig. | displays mean torque-angle and mean power-
angle curves with their respective standard deviations
obtained during the isokinetic test (ISOK30) executed at
30°s™" (0.52 rads™') and the test performed with the
isotonic mode of testing (ISOT14), respectively. The
curves are presented from —10° (—0.174 rad) because
all subjects were able to reach this dorsiflexion angle.
From the torque-angle curve, one should note that the
peak torque [mean(* SD); 65.4(=* 36.9) N.m| occurred
at the beginning of the movement when the ankle was in
dorsiflexion. The torque-angle relationship tends to have
a curvilinear shape, indicating a more pronounced
decrease in torque with plantarflexion efforts at the
beginning rather than at the end of the movement. Hemi-
paretic subjects produced peak power [mean(= SD);
119.6(* 65.0) W] between —12° (—0.209 rad) and 0°
when the ankle was dorsiflexed; after this. power values
decreased quasi-linearly with plantarflexion angles. In
both torque-angle and power-angle curves, the respective
standard deviations indicated that absolute differences
between individuals were greatest in the first part of the
plantarflexion movement. One should note that one
subject could not perform test ISOK180 and ISOTI14

and seven other subjects could not reach actively. at least
in one of the dynamic tests, 30° of plantarfiexion. This
contributed to enlarging the between-subjects variability
for the dynamometric parameters reported in Tables 11
and ITI and in Fig. I.

Table IV offers evidence indicating that muscular
parameters of the plantarfiexors found across subjects
were moderately to highly correlated. PT showed mod-
erate to close relationships (0.74 < r <0.94) with all
variables, while correlations with torque values (T10)
at +10° (+0.174 rad) were slightly lower (0.65 <
r<0.74) than those observed for PT. The range of
correlations obtained with PP (0.68 < r < 0.94) were
also higher than those obtained with P10 (0.65 <
r<0.80). MRTDI10 was highly correlated to PT
(r=0.82), PP (r =0.74) and S10 (r = 0.88) but less
o T10 (r = 0.69) and P10 (r = 0.66). The scatterplot of
the relation between S10 and MRTDI10 is presented in
Fig. 2.

Muscular parameters versus clinical and gait variables

The coefficients of correlation obtained while contrasting
the dynamometric measures taken at the ankle, gait and
clinical variables are reported in Table V. Results
showed that all the muscular parameters correlated
moderately with the lower limb sensation score while
only some were significantly related to the FMA lower
limb motor scores. It should be noted that with regard to
PT and PP values the four weakest subjects were those
who had the lowest scores on the lower limb sensation
section of the FMA. The spasticity scores were not

Table III. Mean (= SD) values of torque (N.m), velocity (°s~") and power (W) obtained ar —5° (—0.087 rad), +5°
(+0.087 rad) and +15° (+0.261 rad) under the four dvnamic testing conditions

Dynamometric tests

ISOK30 ISOK90 ISOK180 ISOT14
Torque* 53.8 (30.9) 53.3(264) 51.6(27.4) 48.0 (26.4)
—5° Veloeity 30.1 (2.0) 59.4 (9.8) 84.2 (14.3) 135.9 (23.2)
Power 28.8 (17.1) 534 (34.0) 71.5(43.2) 115.9 (64.8)
Torque* 32.1 (19.7) 283 (17N 29.7 (17.7) 25.8(16.8)
1-5° Velocity 29.4(7.8) 78.5(21.3) 122.5 (8.7) 184.7 (25.8)
Power 17.6 (10.8) 42.1 (26.8) 64.3 (39.0) 87.5(58.5)
Torque* 17.5 (13.0) 12.6 (9.5) 13.1 (10.2) 12.3 (10.6)
+15° Velocity** 29.3(7.8) 83.4(22.7) 139.4 (38.0) 153.5 (87.9)
Power** 9.5(1.1) 19.8 (15.2) 34.5(27.2) 42.7 (38.8)

“ The torque values did not differ between the four tests at —5°, +5% and +15° (p > 0.05).
“#The velocity and power values obtained at 415 are not significantly different between tests ISOK 180 and ISOT14 (p > (.05).
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TORQUE (N.
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Fig. 1. Ankle torque-angle ( ) and power-angle (- - - -)
curves (mean = SD) of hemiparetic subjects obtained respect-
ively in the concentric isokinetic test (ISOK30) performed at
30°s ' (0,52 rads™") and the test (ISOT14) executed using the
isotonic mode of testing with the torque set at 14 N.m.

- 25

significantly related to any of the plantarflexor muscular
parameters. In general, the level of association found
between the muscular parameters tended to be higher for
the normalized data.

None of the muscular parameters, normalized or not
against body mass, were correlated significantly with gait
measures including the *“Up & Go’’ test. The normal-
ization procedure increases the level of association
between the muscular parameters and gait velocities
but values do not reach the selected level of significance.
The largest correlation (r = 0.44) was observed between
TI0 (N.m/kg) and maximal safe velocity. Scatterplots
presented in Fig. 3 show that subjects with similar PT
(Fig. 3A) or PP (Fig. 3B) values may have had important
differences in their maximal safe velocity.

Table 1IV. Intercorrelation matrix for muscular para-
meters obtained in the different testing conditions of the
ankle (n = 16)

PT PP TI0 P10 S10
PP 0.93%=
TIO 0.75%% 0.69%*
P10 0.79%% 0.90*%* 0.73*
S10 0.91%* 0.87%% 0.660% 0.77%+*
MRTD10 0.827%#* 0.74%*  0.68* 0.66% 0.88**

= p<0.001; *p <0.01.
PT, PP, T10, P10, S10 and MRTDI0 same as Table II.
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Fig. 2. Scatterplat of the relation between static torque (S10) and
maximal rate of tension development (MRTDI10).

DISCUSSION
Gait and clinical status

The 16 hemiparetic subjects studied could walk indepen-
dently with or without a cane for short distances. Their
mean comfortable velocity of 0.76 m/s represents a
velocity equal to approximately 76% of that of elderly
normals (13) and had a mean maximal safe velocity

0 20 40 60 80 100 120 140 160 180 200

slightly lower than the natural velocity of healthy sub-

jects reported elsewhere (2, 16, 24). In general, the
results of the clinical assessments crudely classified the

hemiparetic group as moderately affected with subjects

presenting a wide range of deficits. With a mean score
“Up & Go’" test classified the
group as “‘freely independent’” with regard to their

below 10 seconds, the

physical mobility (33).

Dynamometric performance of the plantarflexor muscles

Results of the dynamometric assessment support the first
hypothesis of the present study since hemiparetic sub-
jects presented with muscular performance that was
lower than that of healthy subjects. In our study, the
maximal dynamic ankle plantarflexion torque was. on
average, 65.4 (= 36.9) N.m, which is around 50% less
than the mean torque reported in healthy subjects for
similar testing conditions (19, 26, 31) indicating a
marked weakness of the plantarflexor muscles. These
results agree with those of Sjostréom et al. (37) who
reported that both static strength and dynamic plantar-
flexion strength were markedly decreased in the plegic
leg of 19 hemiparetic subjects. Moreover, we have noted
that. after maximal static preloading efforts, hemiparetic
subjects demonstrated torque values which appeared to
decline more rapidly in the first part of the plantarflexion
movement in comparison to healthy subjects who
showed a more linear decrease in their torques values
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lable V. Correlation coefficients obtained between ankle dynamometric measures, gait and clinical variables in

hemiparetic subjects (n = 16)

Fugl-Meyer assessment

Motor control Sensation
lower limb lower limb
IPeak values
PT N.m 0.43 0.60*
N.m/kg 0.51% 0.62%
PP W 0.35 0.53*
Wikg 043 0.57%
Vilues at +10°
1o N.m 0.50% (),73%*
N.m/kg 0.52% .67+
P10 W 0.23 0.52*
Wikg 0.29 0.54*
510 N.m 0.38 0.66%*
Nom/kg 0.46 0.66**
MRTDI10 N.m/s 0.42 0.66%#
N.m/kg/s 0.50* 0.62*

S < 0001: ¥ p < 0.01: *p < 0.05
I'T, PP, T10, P10, $10 and MRTD 10 same as Table II.

at the beginning of the plantarflexion movement (19, 26,
i1). In other words, hemiparetic subjects lose more
strength than healthy subjects at the beginning of the
movement. Changes in the activation of motor units as
well as a problem in the modulation of motor unit firing
Irequencies previously reported in hemiparetic subjects
(12, 34) could probably explain this finding. Larger
between-subjects variability for the torque and power
data were observed when the ankle was dorsiflexed.
Thus, as previously suggested in healthy subjects (19),
torque and power values recorded in dorsiflexion prob-
ably better discriminate between hemiparetic subjects
than measures taken in plantarflexion positions.

When hemiparetic subjects were evaluated with dif-
ferent methods of testing on the Biodex system, the
behaviour of the plantarflexors was similar to that
vbserved for the same conditions in healthy subjects
(25), except that absolute values were lower. Therefore,
preloading, in addition to allowing higher torque levels at
the beginning of movement, renders the torque less
dependent on the shortening velocity (25, 36). Thus,
for the tests executed with the isokinetic mode, no
significant differences were found between the torque
values at 30°s ™" (0.52rads '), 90°s ™ (1.57 rads ') and
180°s " (3.14 rad s "). As expected, using the isotonic

Spasticity “Up & Go” Comfortable Maximal
score test velocity velocity
0.13 —0.34 0.21 0.29
0.18 —0.34 0.34 0.41
0.15 —0.21 0.04 0.18
0.19 —0.20 0.15 0.29
0.02 —0.41 0.33 0.37

—0.03 —-0.39 0.42 0.44

—-0.02 —0.11 —0.09 0.12
0.01 —0.10 —0.02 0.19
0.18 —0.19 0.11 0.18
023 —0.17 025 0.29
0.05 —0.24 0.16 0.16
0.12 —0.25 0.31 0.31

mode of testing with maximal preloading determined
high power values because torque values are high at the
beginning of movement when high ankle velocities are
present. It is important to note that the torque values
recorded in test ISOT 14 were not 14 N.m. As revealed in
Table III, the torques measured in test ISOT14 were
similar to those generated in the isokinetic tests and thus
values decreased gradually throughout the plantarflexion
movement. This is a limitation of the Biodex system
which controls the acceleration of the lever arm and does
not regulate the torque at 14 N.m when preloading is
used. Consequently, using the isotonic mode of testing
preceded by preloading allows the production of high
torque combined with higher velocity than the isokinetic
mode at 180°s™" (3.14 rads™") resulting in the genera-
tion of higher power values than in the isokinetic mode.

The muscular parameters were interrelated suggesting,
as expected, that they assessed a common component
of the plantarflexor performance. These results also
indicated that stronger hemiparetic subjects generate
more power than weaker ones when tested under the
isotonic mode of testing. The correlations found between
the maximal rate of tension development (MRTDI10), PT
(r =10.82) and S10 (+ = 0.88) were an interesting aspect
of this study. This association provides evidence that
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Fig. 3. Scatterplots of the relations between peak values of
(A) torque, (B) power and maximal gait velocity.

stronger hemiparetic subjects could also develop maxi-
mal tension more rapidly than weaker ones. Such an
association has also been observed by Tsuji & Nakamura
(39) for paretic knee extensors (r = (0.85). Several func-
tional tasks require the ability to activate rapidly the
muscles and thus it is relevant to provide information
about this muscular parameter. To summarize, these
levels of correlation suggest that stronger hemiparetic
subjects could be more functional than weaker ones
because they could generate higher static torques,
dynamic torques, power and maximal rate of tension
development.

Muscular parameters versus clinical measures

In general, the plantarflexor muscular parameters demon-
strated low to moderate levels of correlation with the
selected clinical measures (Table V). All of the muscular
parameters were positively related to the lower limb
sensation scores and this possibly provides additional
evidence to show that motor recovery is related to the
degree of sensory impairment (21). However, these
associations could also indirectly indicate that some
hemiparetic subjects are simply more severely affected.
The results also revealed that subjects with the lowest
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sensation scores, in addition to generating weak plantar-
flexor torques, were not among the fastest walkers. This
is an interesting finding which supports that of Brand-
stater et al. (11), who stated that the quality of gait is
poorer in patients with a sensory deficit.

Like Sjostrom et al. (37), who reported that maximum
strength of the affected leg was associated with motor
score (Spearman’s r, (.66), we have found significant
correlations between muscular parameters of the plantar-
flexors and FMA lower limb motor score (Pearson’s
0.22 < r <0.33). Thus, clinicians could assume that an
hemiparetic subject who produces strong active plantar-
flexion movement would also score high on the lower
limb motor subscore of the FMA. However, since the
plantarflexors explained less than 30% of the lower limb
motor score variance, one should also consider other
factors such as strength of other muscular groups, mus-
cular coordination, subject’s ability to produce selective
movement at each joint of the lower limb and spasticity
to totally explain this score.

The absence of relationships between dynamometric
data and spasticity at the ankle corroborates previous
results (27) and suggests, that the plantarflexors’ per-
formance are not associated with hyperactivity or
spasticity at the ankle joint. However, as reported by
Knutsson (20), assessing ankle spasticity at the bedside
using a passive method probably poorly represents the
role of spastic activity in voluntary plantarflexion move-
ments where active as well as maximal efforts are required.

Muscular parameters versus gait velocity

The maximal plantarflexor parameters measured with an
instrumented dynamometer were not significantly related
to gait performance in spite of the fact that plantarfiexor
muscles are considered to play a dominant role in the
propulsion phase of locomotion in healthy (42) and in
hemiparetic subjects (28, 29). Although, the correlations
were not significant, they reach a similar level of asso-
ciation in contrast to those reported by Bohannon (3)
between static strength of the plantarfiexors and comfort-
able gait speed for a group of 20 hemiparetic subjects
(Pearson’s r = 0.47). Such a weak correlation strongly
suggests that the strength of the plantarflexors cannot be
considered as the unique determinant of the maximal gait
velocity of hemiparetic subjects.

The scatterplots of the relation between peak torque
(or power) values and maximal gait velocity showed that
some hemiparetic subjects could not walk rapidly even
though they had a plantarflexor strength as good as that
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ol some faster walkers. It is hypothesized, here, that these
subjects probably had other deficits which affected their
prait performance. Deficits such as alterations of the dyna-
imic balance and/or postural adjustments, and reduction of
selective movements, muscular incoordination, weakness
Al the knee and hip joints and impaired sensation of the
lower limb have been previously described in hemiparetic
subjects (9, 10, 32). All of these other problems could thus
alfect, separately or in combination, gait performance and
should be considered in order to explain why some
hemiparetic subjects with good plantarflexors strength
could not walk at faster speeds.

On the other hand, the scatterplots also revealed that
some hemiparetic subjects with decreased plantarfiexor
performance can walk at relatively fast velocity over 1
m/s. Apparently, individuals can produce the same gait
velocity by using different strategies (30). These strate-
vies could include compensations within muscle groups
of the affected side as well as compensations of the
unaffected limb. The most important compensation
within muscle groups of the paretic limb is probably
provided by the action of the hip flexors. Similar to the
plantarflexion moment, the hip flexion moment during
vait is found to be closely associated (r = 0.86) with gait
speed in hemiparetic patients (30). Thus, instead of
pushing-off the leg at the end of the stance phase,
subjects with weak plantarflexors can pull-off their leg
lorward with the hip flexors during swing. Both groups of
muscles, ankle extensors and hip flexors are able to
produce the energy required to move the leg forwards
during gait when strong enough (23, 43). Thus, according
1o their muscle strength, subjects could use either ankle,
hip or a combined strategy (hip and ankle) to compensate
for the weakness present in one or both of these muscle
groups. In the present study we cannot explain why
one strategy would be preferred to another by a given
subject. However, it is suggested that the relative level
of strength deficit in these two muscle groups has to be
considered.

Finally, one should not neglect the fact that the
production of a maximal voluntary torque requires, as
mentioned by Perry (32), selective control as well as the
ability to activate fully the appropriate muscles. Thus, it
is possible that some hemiparetic patients could have
greater difficulty in producing an isolated movement at
the ankle, as compared to during gait, where plantarflex-
ion is coupled with movements at the hip and knee. Perry
(32) has reported that some hemiparetic patients pro-
duced less activity under manual muscle testing than
during gait. This impairment of the voluntary control

could have contributed toward decreasing the level of the
relationship found between dynamometric data and maxi-
mal gait velocity.

This study provides additional information related to
static and dynamic performances of the plantarflexor
muscles in hemiparetic subjects. It demonstrated the
feasibility of evaluating several muscular parameters
using the static, isokinetic and isotonic modes of testing
on an instrumented dynamometer and revealed that these
parameters (static torque, dynamic torque, power and
maximal rate of tension development) are interrelated
(0.65 < r<0.94; p <0.01). Weakness of the plantarfiex-
ors in hemiparetic subjects is characterized by decreased
absolute dynamometric values in comparison with those
previously reported for healthy subjects. Significant
associations were found between the plantarflexor
muscular parameters and the Fugl-Meyer subsections
of the lower limb (motor control and sensation; (0.49 <
r<0.74;: p<0.05), whereas those assessed between
muscular parameters, spasticity scores, “‘Up & Go™
results and gait parameters, were nol significant
(r < 0.45; p>0.05). Concerning the latter, it has been
suggested that the relationship between the strength of
the plantarflexors and gait velocity was influenced by
other factors which probably involve motor control com-
ponents and compensations within and between the
limbs.
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