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Abstract
Spasticity is defined as velocity dependent increase in tonic stretch reflexes with exaggerated

tendon jerks resulting from hyperactivity of stretch reflex. It is important to quantify spasticity to
know the improvement following treatment. The present study was aimed at quantitative assessement
of spasticity by using isokinetic dynamometer.

A group consisting of 12 cases with measurable spasticity due to various causes were compared
to 12 able bodied controls. These measurements were made using isokinetic dynamometer. Ashworth
scale was used for grading the spasticity before testing on the machine. Maximum peak torque was
measured while the limb was passively moved in flexion and extension at knee joint at speeds of 30,
60 & 120 degree / second. On analysis, there was no significant difference between right and left
sides. The maximum peak torque was higher in cases than controls at all angular speeds tested
(p<0.05).These values increased with increase in speed of movement of the limb. Flexion torque
(FT) at 30 degree per second was significantly higher than the extension torque ( ET) ( p<0.05). In
the control group there was no significant difference between FT and  ET.

Spasticity could be quantified using isokinetic dynamometer which correlated well with the
Ashworth scale.The effect of any medication or intervention may be known using this method.
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clinically detectable spasticity and compared with
the control group.

Materials and Methods
A total number of 12 cases of any age and

of either sex with clinically detectable spasticity
were included in the study. The patients were
selected from the out patient department of
Physical Medicine and Rehabilitation, AIIMS,
New Delhi. Out of these 12 cases, 10 cases had
complete traumatic spinal cord injury and 2 cases
presented with hemiplegia following
cerebrovascular accident. All the cases selected had
clinically detectable spasticity without any history
suggestive of knee trauma or disease. Control
group consisted of 12 subjects with age and gender
matched to the cases and without any neurological
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Spasticity is difficult to characterize than to
recognize and still more difficult to quantify1.
Spasticity is very easily detectable by clinical
examination but there is no effective method of
quantifying muscular tonus inspite of the
continuous efforts. Quantification is important to
know the response to medication and evaluate the
progression of the disease. Various
neurophysiological and biomechanical methods
have been used in various centers. Ashworth scale
is the simplest one to grade spasticity by passively
moving the limb. But this method is highly
subjective. Here, in the present study we have made
an attempt to quantify spasticity using isokinetic
dynamometer (Biodex system II) in patients with

IJPMR 14, April 2003; 15-18



16

disease or knee injury. Isokinetic dynamometer
(Biodex system II) was used for the measurement
of resistance to passive movement of the knee joint.
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All the patients were informed about the
experiment’s procedure and positioned properly
by adjusting the height of the dynamometer
persuing congruence between the dynamometer’s
axis and the axis of the knee joint. Patients were
stabilized by restraining straps at the level of the
chest, around the abdomen and thigh. The force
acceptance unit was attached 5cm above the lateral
malleolus. Test program is selected after feeding
in the general information about the patient, joint
tested, movements (flexion and extension) tested
and side tested. After setting the range of motion,
the evaluation mode is turned into passive mode.
Resistace to passive   movement of the knee joint
during flexion and extension, measured as
eccentric torque is recorded at speeds of 30o, 60o

and 120o per second with resting period of
10seconds and 5repetitions each. Maximum peak

torque value measured in foot-pounds was
considered for comparison between the cases and
the control group. As spasticity is highly variable,
Ashworth scale was used for grading spasticity just
before being tested on the machine. This grading
was done by a single subject to avoid subjective
variability. Both the limbs were tested in all the
patients. On an average it took around 20minutes
for each test and were performed by a single
operator. The able bodied subjects in the control
group were asked to keep their knees relaxed as
much as possible and not to interfere with the
passive movement of the knee joint.

Results
On analysis of the available data, the mean

age of cases and controls at presentation was
comparable   ranging from 17-56years.Mean age
of cases was 34.5 ± 11.36 (17-56) and that of
controls was 35.0 ± 11.72(20-56).Male patients
were more than the female patients with a ratio of
M:F=10:2 indicating higher incidence of spinal
cord injury in males.

Cause of spasticity was spinal cord injury
in 10 patients and cerebrovascular accident in 2
patients. On grading of spasticity according to
ashworth scale, four patients presented with grade1
spasticity, six patients with grade 2 and two
patients with grade 3.No significant differences
were found between right and left sides tested.

The torque value measured during extension
movement of the knee joint is the eccentric torque
value of the hamstring muscles (ET) and the one
measured during flexion movement of the knee
joint is the eccentric torque value of the quadriceps
muscle (FT). Maximum peak torque recorded was
34foot-pounds (FT120) which was the flexion
torque at angular speed of 120 degree per second.
The maximum peak torque value was higher in
the cases than controls at all the angular speeds
tested (p<0.05) on student t test analysis. Torque
values increased with increase in the speed of

Fig : 1

Fig : 2
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movement of the limb. Flexion torque was more
than the extension torque at 30degree
(FT30>ET30) with high significance (p<0.05).
Flexion torque at 60 and 120 degree per second
was also higher compared to the extension torque.
However the values were not significantly higher.
Comaparison of flexion torque in between the
cases and control group is shown in Fig : 1and
that of extension torque is shown in Fig:  2. In the
control group there was no significant increase in
the torque values with increasing speeds and no
difference was found between flexion torque and
extension torque.

Discussion
Stretch reflex is velocity dependent

frequently presenting a linear interrelation which
seems to increase with the degree of spasticity2.
Stretch reflex reduction due to fatiguability on
repeated testing has been shown previously3. So
the test is carried out with 5 repetitions at each
speed and at 30 degree initially followed by
60degree and finally at 120 degree per second.

There are various techniques of study of
assessment of spasticity. The neurophysiologic
techniques include H reflex and the tendon jerks4,5.
The ratio of H(max) and M(max) is more sensitive
than the amplitude of H reflex alone6. Tendon jerks
are elicited by tapping with a patellar hammer
when the patient is relaxed. Biomechanic methods
for assessing spasticity include gravitational
method,7,8,9 manual method which is passively
moving the limb, controlled displacement method
and controlled torque method10.

The controlled displacement method was
used in the present study. In this method, velocity
remains constant and so the displacement. But the
torque value varies each time depending upon the
resistance felt while passively moving the limb.
Advantage of controlled displacement method is
that the velocity and range of motion can be
standardized and controlled. The ability to vary

velocities allows for the evaluation of rate
dependent characteristics of muscle tone11.

In the present study, there was no significant
difference between FT and ET at 60 and 120 degree
per second but FT30 was more than ET30 in cases.
Study by Franzoi et al 199912  showed  higher FT
values compared to ET in the control group. In
our study there was no significant difference
between FT and ET in the control group.In a study
by firoozbakshi et al5 in 1993 FT>ET at all the
speeds in the spastic group..

Torque values were more compared to the
control group especially at higher speeds. This
finding is consistent with the other 2 studies. We
have considered maximum peak torque values for
comparison in between the groups.

Usually quadriceps muscle is strongly
affected by spasticity as shown by Vodovnik et al13

in 1984.This explains higher FT than ET. Higher
the grade on ashworth scale higher was the torque
value. This means when the spasticity is more the
eccentric torque value increases. The torque values
correlated well with ashworth scale.

Spasticity can be quantified effectively by
using isokinetic dynamometer. This can be
repeated very easily and the values can be
compared over time. The efficacy of medications
or any other interventions can be tested by
estimating the torque values before and after the
procedures. Higher speeds are more useful than
the lower speeds.
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