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| ABSTRACT |

The purpose of this study is to examine the conventional hamstring/ quadriceps H:Q strength ratios obtained
during concentric and eccentric muscle contraction in maximal isokinetic knee flexion and extension
movements. Thirty hemiparetic patients of both sexes were selected for this study. Their age ranged from 40
to 65 years , with a mean value of 52.6 (x 8.22) years, their height ranged from 149 to 180 cm, with a mean
value of 162.6 (x6.95) cm and their weight ranged from 55 to 105 kg with a mean value of 78.1 (+14.57) kg.
Knee flexors/extensors peak torque, total work and power ratios of affected and unaffected side at concentric
and eccentric contractions were measured through isokinetic biodex system. Results showed non significant
relationship of Knee flexors/extensors peak torque, total work and power ratios of affected and unaffected
side at concentric and eccentric contractions. This study implies that eccentric and concentric action should
be trained to gain balance between agonist and antagonist and to obtain full muscles strength and maximal
functional abilities.
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| INTRODUCTION \ Traditionally, a strong bias has existed
against quantifying strength in hemiplegic

person, as a result, the majority of clinical

Ithough 60 percent of stroke

survivors regain walking

independence after 3 months, many

have continuing problems with
mobility due to impaired balance, motor
weakness' and decreased walking velocities®.
About 85 percent of these individuals failed to
reach age-specific norms for gait speed even 3
months after the incident?.

Because muscle weakness is one of the
most prominent consequences of stroke*>°. An
equally important area for future research is
developing a greater understanding of the
mechanisms underlying post-stroke weakness.
Without this information, we are restricted in
our efforts to design appropriate rehabilitation
interventions to counteract compromised
function  associated  with  post-stroke
weakness’.

research focused on outcome measures at the
activity and participation levels®. To quantify
this common impairment in person with post-
stroke hemiparesis, reliable measures of
muscle strength are necessary. The assessment
of muscular strength is an important
component in the evaluation of individuals
with neurological ~condition®. With the
increasing availability of  sophisticated
computer interfaced equipment, weakness may
be quantified more precisely’. Among the
various types of strength testing equipment
isokinetic dynamometers was used in clinical
and laboratory setting**.

The ratios of maximal isokinetic
hamstring muscle strength relative to maximal
isokinetic quadriceps muscle strength (H:Q
ratio) is a parameter commonly used to
describe the muscle strength properties about
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the knee joint"**2. The H:Q ratio has
conventionally been calculated as maximal
knee flexion strength divided by maximal knee
knee extension strength obtained at a given
knee angular velocity and contraction mode
(concentric and eccentric). The agonist-
antagonist strength relationship for knee
extension and flexion may be better described
by a functional H:Q ratio of eccentric
hamstring to concentric quadriceps muscle
strength (Heee : Qcon representative of knee
extension) or concentric hamstring to eccentric
quadriceps muscle strength (Heon @ Qecc
representative of knee flexion).

In conceptual terms, the conventional
H:Q ratio implies that concentric (or eccentric)
contraction would take place for the knee
extensors and  flexors  simultaneously.
However, true knee joint movement only
allow eccentric hamstring muscle contraction
to be combined with concentric quadriceps
muscle contraction (during extension) or vice
versa (during flexion).

The purpose of the present study was to
examine the conventional H:Q strength ratios
obtained during concentric and eccentric
muscle contraction in maximal isokinetic knee
extension and flexion movements.

[ MATERIALS AND METHODS |

Subjects

Thirty hemiparetic patients of both sexes
were participated in the study. Their age
ranged from 40 to 65 years, with a mean value
of 52.6 (x 8.22) years. Their height ranged
from 149 to 180 cm, with a mean value of
162.6 (£6.95) cm and their weight ranged from
55 to 105 kg with a mean value of 78.1
(£14.57) kg.

Procedure

Basic information was recorded about
name, age, address, telephone number, in
addition to the height and body weight which
recorded by using height and weight scale.
Before starting the test, the device was
calibrated and the test protocol was set up to
determine the basic input parameters
including, the speed of movement, ROM and
the mode of contractions either concentric-
concentric or eccentric-eccentric mode.

Patients were asked to stop consumption
of food, caffee, alcohol and medication and to
avoid strenuous exercise during the last two
hours prior to testing.

A) Set up and positioning

The dynamometer orientation was
adjusted according to the manual instruction
for knee flexion and extension testing so that
the dynamometer head was rotated into O
degree. Then to start the biodex system, the
main power, the computer power and the
dynamometer power was switched on and any
other attachments to the dynamometer were
removed and the start key in the control panel
was switched on. A few seconds were allowed
for the dynamometer shaft to rotate freely until
the system displays a message that initializes
the dynamometer. Then knee attachment was
fixed on the dynamometer head.

Patient was positioned on chair with
back supported at a 90° sitting angle. Large
straps were applied horizontally across the
pelvis and diagonally across the trunk to
minimize body movement during testing. The
Patient was asked to grasp the systems hand
grips. The thigh was supported well and the
leg was positioned at 90 degree of knee flexion
without contacting the front edge of the chair
by the posterior aspect of the leg. The lateral
femoral condyle was aligned with the
dynamometer's rotation axis and this was done
by moving the dynamometer chair forward and
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backward to reach the accepted position. To
check the alignment of the knee joint centre
the leg was moved passively through full
range of motion. If correctly aligned, the
resistance pad should not tilt or slide along the
leg. The cuff of the force transducer was
placed on the distal part of the leg
approximately two finger breadths proximal to
the lateral malleoli.

Selection of testing position is essential
for hemiparetic patients especially those with
hypertension. Sitting position is more suitable
for most of patients than supine which increase
systemic pressure at the time in which the
heavy resistance exercise can increase also
systolic and diastolic blood pressure.

To start the test, the ROM was set up by
determining the stop and start angle, the start
angle was calculated by moving the lever arm,
resistance pad and limb to an angle of ninety
degree of knee flexion. The ROM was selected
from 90 to full extension to include the knee
range of motion where most functional
activities occurs™.

To overcome the effect of gravity the
patient was asked to move his limb into full
extension and the lever-arm was fixed by
pressing on the button hold which in turn hold
the limb, then the patient was asked to
completely relax his limb to calculate the leg
weight for gravity correction. Then the patient
was asked to freely move his limb after the
lever- arm had been unfixed.

B) Isokinetic testing

Isokinetic  strength assessment was
initiated at an angular velocity of 60°/sec. This
particular velocity has been proven reliable in
healthy subjects and was selected because
most of stroke patients had difficulty
generating faster movements.

The isokintic test was consisted of
reciprocal concentric knee flexion and
extension, 3 sub-maximal repetitions as a
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warm up was performed initially followed by
5 maximal repetitions when the patient
indicated readiness. Patients were not provided
visual feed back of their performance during
testing and the verbal instruction was strictly
standardized as the patient was asked to "push
and pull as hard and as fast as possible™ for 5
repetitions.

To test isokinetic eccentric knee flexors
and extensors the contraction mode was
converted into eccentric- eccentric mode. The
test was started with hold the limb into zero
position "full knee extension" to calculate the
limb weight for gravity correction, then the
device was un hold for free movements. 3 sub-
maximal repetitions as a warm-up was
performed followed by 5 maximal repetitions.
The test was started with the knee at 90 degree
flexion and the patient was asked to “contract
your hamstring and let your limb move
upward with the device" at this time the
eccentric contraction of knee extensors was
calculated, alternatively when the limb was
moved upward the patient was asked to
"contract your quadriceps and let your limb
move downward with the device" at this time
the eccentric contraction of knee flexors was
calculated.

| RESULTS |

Knee flexors/extensors peak torque ratio, of
affected and unaffected side at concentric and
eccentric contraction.

As shown in table (1) and figure (1),
isokinetic knee flexors/extensors ratios were
calculated for the affected and unaffected limb
during concentric and eccentric type of action
at velocity (60°/sec). The peak torque ratios
were 0.43and 0.51 for affected and unaffected
limb respectively during concentric type of
action. And 1.2, 1.3 for affected and
unaffected limb respectively during eccentric
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type of action, results showed non significant
relation of flexors/extensors peak torque ratio
(P=0.07) in the affected and unaffected side

during
significant also (P=0.7) in the affected and
unaffected during eccentric type of action.

concentric contraction and non

Table (1): Mean, standard deviation of knee flexors/extensors peak torque ratio for affected and
unaffected limb during concentric and eccentric contraction.

Concentric Eccentric
affected unaffected affected unaffected
Mean 0.43 0.51 1.2 1.3
SD 0.2 0.1 0.2 0.3
t-value 1.8 0.28
P-value 0.07 0.7

SD = standard deviation,* =significant difference

Concentric

O affected
B unaffected
15
3
c
1
£2
4
% 0.5
[

Eccentric

Fig. (1): Representations of mean and standard deviation for knee flexors/extensors peak torque ratio for
affected and unaffected limb during concentric and eccentric contraction.

Knee flexors/extensors total work ratio of
affected and unaffected side at concentric and
eccentric contraction.

As shown in table (2) and figure (2). The
total work ratio were 1.32 + 0.81 and 2.35 +
1.11 for affected and unaffected limb
respectively during concentric type of action.
And 1.67 £ 0.09 and 1.72 + 0.98 for affected

and unaffected limb respectively during
eccentric type of action. There was non
significant relation of flexors/extensors total
work ratio of affected and unaffected limb
during concentric contraction (P = 0.60) and
non significant also during eccentric type of
action (P =0.9).

Table (2): Mean, standard deviation of knee flexors/extensors total work ratio for affected and unaffected

limb during concentric and eccentric contraction.

Concentric Eccentric
affected unaffected affected unaffected
Mean 1.32 2.35 1.67 1.72
SD 0.81 1.11 0.09 0.98
t-value 0.52 0.12
P-value 0.60 0.90

SD = standard deviation,*= significant difference
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Fig. (2): Representations of mean and standard deviation for knee flexors/extensors total work ratio for
affected and unaffected limb during concentric and eccentric contraction.

Knee flexors/extensors power ratio of affected
and unaffected side at concentric and eccentric
contraction.

As shown in table (3) and figure (3)
power ratios were 0.55 £ 0.19 and 0.48 £ 0.17
for affected and unaffected limb respectively
during concentric type of action, while during

Table (3): Mean, standard deviation of knee fl

eccentric type of action the power ratios for
affected and unaffected limb were 0.44 + 0.18
and 0.49 = 0.25 respectively. There was non
significant relation of knee flexors/extensors
average power ratio of affected and unaffected
limb during concentric contraction (P = 0.7),
also during eccentric contraction as (P = 0.5).

exors/extensors average power ratio for affected and

unaffected limb during concentric and eccentric contraction.

Concentric Eccentric
affected unaffected affected unaffected
Mean 0.55 0.48 0.44 0.49
SD 0.19 0.17 0.18 0.25
t-value 0.36 0.59
P-value 0.07 0.5
SD = standard deviation,*= significant difference
O affected

Flexor/Extensor
Spower Ratio

Concentric

B unaffected

Eccentric

Fig. (3): Representations of mean and standard deviation for knee flexors/extensors average power ratio
for affected and unaffected limb during concentric and eccentric contraction.
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\ DISCUSSION \

There is a gap in the literature
concerning  the  relationships  between
isokinetic variables of knee flexors and
extensors during concentric and eccentric type
of action. Also limited data exists concerning
the correlation between isokinetic testing of
hemiparetic patients and functional
performance tests.

In the present study, the isokinetic
testing was used to evaluate (peak torque, total
work, average power) of knee flexors and
extensors of affected and unaffected limb
during both concentric and eccentric type of
action in stroke patients.

Muscle performance can be classified as
normal or abnormal based on isokinetic testing
results and data can be compared to data
obtained from unaffected limb. This
comparison can facilitate the development of
strength and conditioning program to restore
normal muscle balance, strength, and
endurance in order to prevent injuries and
enhance performance®™. Isokinetic assessment
using isolated knee extension and flexion is
the most commonly used method to assess
function of thigh musculature and the knee in
the last few years'®.

Muscle strength of the affected
extremities of hemiparetic patients s
quantifiable and its measurement is reliable
even in the presence of mild spasticity®’. In the
present study, although some patients
presented with mild spasticity in the affected
knee extensors, all patients were capable of
exerting voluntary knee extension moment
with the affected limb. Therefore, paretic
muscle that preserves the ability to exert a
considerable amount of muscle strength and
has low levels of spasticity do not appear to
have a significant effect on the consistency of
torque production.

This opinion coincides with McLellan
(1977)*® and Martensson (1980)° who
reported that stretch reflexes during voluntary
movements could be suppressed by voluntary
efforts in stroke patients with mild spasticity.

Test- retest reliability of peak torque was
considered excellent in stroke patients,
indicating that testing on one occasion could
provide an acceptable measure of strength?®2".
The reliability during concentric and eccentric
muscle actions is in agreement with previous
investigations  using  healthy  subjects
performing knee flexion and extension
testing?®%.

Results of the present study showed non
significant relation of flexors/extensors peak
torque ratio in the affected and unaffected side
during concentric and eccentric type of action.
This can be explained as concentric
contraction of the anti-spastic knee flexors at
fixed speed have been associated with the
initiation of a stretch reflex in the spastic
muscle, thus limiting the ability to produce
maximal flexors torque values. Moreover, the
nature of pyramidal tract lesion in stroke
patients affect flexors of lower limb than
extensors muscles.

Results showed also that, the flexors
/extensors values of peak torque ratio of
unaffected side were greater than affected side.
Explanation of these results attributed to
cerebral lesions in stroke patient which lead to
a decreased number of motor units, disrupted
recruitment order of motor units, and
decreased motor unit firing rate during
maximal contraction. This previous
explanation was consistent with McComas
(1973)%, Grimby et al. (1973)%*, Rosenfalk et
al. (1980)*°.

In agreement with the present study,
Sunnerhagen et al. (1999)*® found non
significant difference between flexors of
affected and unaffected side at 60/ sec.
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Previous studies revealed that, eccentric
peak torque is greater than concentric peak
torque in men’27,28,29,30,31,32 Women,27’33
children,*® and athletes®, although the
present study proved that there was non
significant difference between mean peak
torque ratio of flexor/extensor of the affected
and unaffected side, this may be attributed to
the increased in peak torque output during
eccentric activity causing greater anterior tibial
translation than concentric activity, the
quadriceps muscles were  sub-optimally
recruited  particularly  during  eccentric
activity®® and the firing patterns of eccentric
and concentric activity differ’® and might be
altered to a greater degree during eccentric
activity leading to a decrease in eccentric peak
torque with respect to concentric peak torque.

Also biomechanical changes around the
knee joint in stroke patient might affect
eccentric activity to a greater degree than
concentric activity. The finding that the peak
torque ratio for both flexors and extensors was
not significantly different between the affected
and unaffected limb indicates that strength
losses were not a result of altered joint motion
dynamics, but rather from a deficiency in the
muscles themselves or the neural control
mechanism.

The decreased performance on the
unaffected side is the result either of lack of
training on that side, as the affected side
influencing the other side, or of simple
anatomic reasons. In the present study, we
believe that the reason is neuro-anatomic,
because approximately 10% of the descending
motor pathway doesn't cross over to the other
side.

This explanation is supported by the
results of Sinkjaer and Magnusson (1994)*
who found that the reflex stiffness of the ankle
on the unaffected side was different from that
of healthy control subjects. So, it is therefore
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recommended that, in the clinical setting,
therapist should pay attention to the reduction
of performance in the unaffected leg and
should be kept in mind. So, training procedure
should be functional and involve both
extremities.

The total work values showed the same
results as peak torque. The extensors value
was greater than flexors value in both affected
and unaffected side, with significant difference
between both sides. Also the unaffected side
values were greater than affected side as peak
torque.

The extensors total work values during
the eccentric contraction exactly as peak
torque. The difference between the two
variables during eccentric contraction showed
that, the value of total work at unaffected side
was less than affected side in contrast with
peak torque. This can be explained by
spasticity of the affected side which
necessitates great effort for the limb to move.

The average power values were
completely consistent with total work and peak
torque values. The unaffected limb was greater
than affected one and the extensors value was
greater than flexors. During eccentric
contraction, the average power value similar
with the peak torque value in the way that the
unaffected limb value was greater than the
affected side in contrast with the total work
value, the acerage power return to be different
from both total work and peak torque, it
showed that the extensors value was greater
than flexors value.

The increased value of knee extensors
than knee flexors is attributed to the presence
of significant correlation between strength and
muscle cross — sectional area®, as the
quadriceps muscles are the largest muscles of
knee joint and have large cross sectional area.

The comparison between concentric and
eccentric power values showed that, the
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flexors/extensors values were more affected
during eccentric contraction than concentric
one. The difference in the result during
eccentric contraction in both affected and
unaffected side for both flexors and extensors
is attributed to the lack of information and
practice of eccentric contraction as a type of
muscle action.

Unfortunately most of therapist and
clinician concentrate on concentric contraction
during rehabilitation and neglect completely
training of eccentric contraction. This study
implies that eccentric and concentric action
should be trained to gain balance between
agonist and antagonist and to obtain full
muscles strength and maximal functional
abilities.
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