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Abstract

Isokinetic dynamometry offers distinct advantages, both clinically and for
research, in the evaluation and treatment of muscle performance .previous
research has reported a high level of correlation between peak torque and
work and between peak torque and power in the muscles surrounding
normal and selected pathological knees. No research to date has
examined whether such similarities exist in clients with no pathology to
the knee in elderly with certain testing conditions. The purpose of this
study was to investigate the relationship between the isokinetic
parameters of peak torque PT, work, and power for the extensor muscle
groups of elderly female. The main aim was to ascertain how the angular
velocity can affect the relation between peak torque, average power and
total work. Subjects, materials and methods: Isokinetic data were
collected from 60 females; mean age 68.6 years on a Biodex isokinetic
testing and training dynamometer at the speeds of 60, and°180, /sec.
suggest that peak torque is representative of work and power and may be
the only necessary parameter for isokinetic muscle performance testing of
the extensor muscles of the knee in elderly.
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Introduction
Assessment of muscle strength is a vital component of diagnosing and
treating patients in which muscle weakness is present(24).A variety of
methods has been be used to test quadriceps strength .The two most
common methods used in the clinical testing are manual muscle testing
and Isokinetic testing .Manual muscle testing is easier to use ,however
results are less objective when a person is able to generate high force . On
the other hand , Isokinetic testing offers the benefit of objective
measurement, but there is controversy about which is the most clinically
significant testing speed (16). Isokinetic strength testing gained a great
deal of popularity throughout 1980 in rehabilitation settings ,primarily
because it provides an objective means of quantifying existing levels of
muscular strength(20).
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The use of isokinetic testing as a mean of measuring dynamic muscle
strength has increased considerably. Results of Isokinetic measurement
were shown to be highly reproducible .Nowadays ,Isokinetic devices
have been extensively used for the assessment and evaluation of muscle
function ,rehabilitation, training and assessments of muscle strength and
injury(1). The advantage of time saving testing or training protocol, and
relative cost, an economical and efficient means of providing meaningful
information for clinical analysis of patients give rise to its use (22).

Although an isokinetic assessment can be made for any muscle
group in the body, the knee is probably the most commonly tested
joint(11). Muscle strength must be quantitated in order to adequately
describe weakness as well as prescribe and evaluate the success of
rehabilitation. This can be done through isometric, isotonic, or
isokinetic techniques (7).
A patient who can produce sufficient torque at very slow speeds
but has difficulty generating torque at faster speeds may have difficulty in
generating torque quickly enough to produce an effective postural
response .This may give rise to the importance of an isometric muscle
testing (9).
The improvement in slow muscle torque is significantly greater than
that in fast muscle torque. In elderly subjects, high speed Isokinetic
exercise produced greater torque at high speed in two weeks training and
sharp rise after. On the contrary slow -speed exercise frequently causes
knee stress and inability of some elderly to continue (15).
Isokinetic dynamometry provides objective measures of concentric
dynamic strength. It provides optimal and efficient loading of muscles
and joints through range, thereby minimizing potential risk for injury. By
isokinetic dynamometry, strength evaluation is not limited to the weakest
point in the range, since the resistance is accommodating. An isokinetic
evaluation can identify muscle weakness at certain point in the range.
Specific targeting of this range when designing an exercise protocol may
reduce treatment time (13).
The Hamstring to quadriceps ratio has been used as a measure of
knee muscle balance and hence linked to increased stress and injury
susceptibility. Also, it was previously found that the ratio increases with
increasing velocity (23). More specifically clarified that hamstring to
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quadriceps ratio steadily increased from zero to 180 degrees per sec. with
no further increase at 300 degrees / sec.(1).

Considering that work is done by the rotation-producing force which
is equal to the torque generated by the force times the angular
displacement of the body. The rate at which work is done is known as
power. Both reflects the energy “work energy theorem" (21)
Subjects , materials and method
Subjects
Sixty elderly females participated in this study, their age ranged
from 65 to 75years old. The participants were selected from El Hussein
Hospital,El Azhar University .
Exclusion criteria includes
subjects with marked postural
abnormalities, severe neurological and musculoskeletal defects,
uncontrolled hypertension , unstable angina pectoris or other medical
conditions that would interfere with testing. Subjects should be able to
follow simple commands ,their intelligence within the level that enables
the
elderly
to
follow
instructions
of
the
researchers.

Instrumentation
-Weight and Height Scale :A valid and reliable weight and height scale,
with a range of 1 to 150 Kilograms for weight, and 1 to 200 Centimeters
for height.
- Biodex Isokinetic dynamometer: (Biodex corporation, Shirly,New
York).
Biodex Isokinetic resistance accommodates to Pain,
musculoskeletal leverage. The resistance that subject may
in direct proportion to the effort exerted. Subjects were
during testing by the attachments and isolation straps of
(Fig. 1).

Fatigue and
encounters is
well secured
the machine,

The system is provided with a computer (IBM) compatible device that
collects displays, stores the data and control the movement of the
dynamometer.
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Fig.1*Biodex Isokinetic dynamometer
Testing protocol
-Preparation :
The steps of the test were explained for each subject to allow the
subject to be oriented and familiar with the testing protocol. Calibration
of the unit was performed prior to use according to the manufacturer
guidelines.
Subjects were tested by Biodex Isokinetic dynamometer at two angular
velocities for the knee extensor group during isometric contraction.
Arrangement includes testing the subjects, where the resistance pad is
placed on a level with the inferior part of the pad immediately above the
medial malleolus .
Isokinetic knee strength at 60, and 180 degrees per second were
measured with the subject's hips at slightly reclined posterior for about 10
to 15 degrees, and knees flexed 90 degrees (12).

- Apparatus adjustment
Before performing any test on the system, the apparatus was adjusted
and set up ready for use. Proper stabilization techniques were applied to
restrict motion to the area of interest. Maximal stabilization and minimal
stabilization have no significant difference effect on the maximal torque
produced by the quadriceps during concentric contraction ( 10).Instruct
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participant to cross arms over chest to minimize involvement of upper
body musculature.
- Knee testing protocol:
A warm up specific for the muscles to be tested prepares the muscles for
the demands of testing and prevents injury.
Knee warm up exercises:
*Two light contractions of extension at 180 degrees per sec.
*Two medium contractions of extension at 180 degrees per sec.
*Repeat five sequence contractions at 120, 90, 60 degrees per sec.
Knee test:
*Five repetitions of extension at 60degrees per sec., and thirty seconds
rest.
* Five repetitions of extension at 180 degrees per sec, and thirty seconds
rest (4).
The subjects were positioned sitting at the machine and were asked
to move their legs forwards using maximal effort against the
accommodating resistance at a preset speed and for a preset number of
test repetitions. The extensor muscle groups were tested repeatedly for
three measurements of muscle performance; peak torque, total work, and
average power.
Statistical analysis: Mean, standard deviation and Pearson's correlation
test (correlation coefficient) to test a positive or negative linear
relationship between peak torque and average power and peak torque and
total work at the determined angular velocities.
Results
Sixty elderly females were included in the study , ,their age ranged from
65 to 75 years old , with a mean value of (68.17±2.82).
In table (1), the general characteristics of subjects were represented
including age, weight ,and height.
Table (1) General characteristics of the subjects:
Variables
Age range (years)
Mean ±SD
Weight(kg) range
Mean ±SD
Height(Cm)
Mean ±SD

Value
65-75
68.17±2.82
64-88
74.27±5.28
156-174
165.27±4.77
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Concerning the findings of this study as shown in table 2 and
presented in figure 2 , at 60/ sec the right peak isokinetic torque was
67±1.84, the total work was 228 ±2.63 and average power of 46±1.32.
There was a significant difference between right (Rt ) and left (Lt)with a t
value was at p < 0.05. The mean value for peak torque was 52± 2.33, total
work117±
1.56
and
average
power
31.32
±1.02.

Table (2) peak torque, total work &average power at 60°/sec. for RT &
LT knee extensors
Variable Peak Torque
Rt
Lt
Mean
67
52
SD±
1.84
2.33

Total work
Rt
Lt
228
117
2.63
1.56

Average power
Rt
Lt
46
31.32
1.32
1.021
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Fig. (2) Mean values of peak torque, average power and total work for
right and left knee at 60°/ sec
With regard to the results at 180/ sec the right peak isokinetic torque
was 45±2.13; the total work was 178 ±3.68 and average power of 32.3±
1.823. These results demonstrate significant decrease in all values except
for the total work for the left side.
It was significant difference between right (Rt ) and left (Lt)with at
value was 4.35 at p < 0.05. The mean value for peak torque was 45±3.26,
total work which significantly increased to 200± 2.58 and average power
24 ±2.213.
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Table (3) peak torque, total work &average power at 180°/sec. for RT &
LT knee extensors
Variable Peak Torque
RT
LT
Mean
52
45
SD±
2.13
3.26

Total work
RT
LT
178
200
3.68
2.58

Average power
RT
LT
32.3
24
1.823
2.213
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200
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Fig (3) Mean torque, total work and average power at 180°/ sec for Rt
and Lt
The findings for the Right side are summarized in table 4 and illustrated
in figure 4. On the other side the data for the left side for the two
velocities are shown in table 5 and figure 5.
Table (4) RT knee extensor peak torque, total work and average power at
60°/sec & 180°/sec.

Variable Peak Torque
60°/sec 180°/sec
Mean
67
52
SD±
1.84
2.13

Total work
60°/sec 180°/sec
228
178
2.63
3.68
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Average power
60°/sec 180°/sec
46
32.3
1.32
1.823

Mean
250
200
150
100
50
0
60°/sec. 180°/sec. 60°/sec. 180°/sec. 60°/sec. 180°/sec.
Peak Torque

Total work

Average power

Fig (4) The Rt side peak torque, total work and average power at
60°,180° /sec velocities

Table (5) LT knee extensor peak torque, total work and average power at
60°/sec & 180°/sec.

Variable Peak Torque
60°/sec 180°/sec
Mean
52
45
SD±
2.33
3.26

Total work
60°/sec 180°/sec
117
200
1.56
2.58

Average power
60°/sec 180°/sec
31.32
24
1.021
2.213

Mean
200
150
100
50
0
60°/sec. 180°/sec. 60°/sec. 180°/sec. 60°/sec. 180°/sec.
Peak Torque

Total work

Average power

Fig(5) LT knee extensor peak torque, total work and average power at
60°/sec & 180°/sec.

Concerning the correlation between Peak torque & Total work at
60°/sec and 180°/sec . for RT knee extensors is a direct relation as
presented in fig 6 The ranges of Pearson correlations between PT and
work and between PT and power were 0.75-0.96, 0.67-0.99 knee
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extensors of right and left side at 60°/ sec , and 0.76-0.98 and 0.85-0.97
for right and left side at 180°/ sec . These findings suggest that peak
torque is representative of work and power.
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Fig(6) The correlation between Peak torque & total work at 60°/sec. and
180°/ sec. for RT knee extensors
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Fig.( 7) The correlation between Peak torque & total work at 60°/sec. and
180°/ sec for LT knee extensors

Concerning the correlation between Peak torque & average power at
60°/sec. and 180°/sec for RT knee extensors as presented in fig 7 , both
decrease as velocity increases .
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Fig. (8) Peak torque Vs Average power at 60°/sec and 180/sec for Rt
knee extensor.
Concerning the correlation between Peak torque & average power at
60°/sec. and 180°/sec for Lt knee extensors, as presented in fig 9 , both
decrease as velocity increase .
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Fig. (9) Peak torque Vs Average power at 60°/sec and 180°/sec for Lt
knee extensor.
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Discussion
This result can be explained by the increased force at slow
compared with fast angular knee extension velocities and the associated
elongation of series elastic elements in the knee extensors. The forceelongation relationship of the series elastic components of the vastus
lateralis and intermedius complex were studied in a separate experiment
and confirmed this idea. The behavior of the human muscle shows that
the torque velocity relationship during Isokinetic contraction at different
angular velocity provided the rule is the force velocity relationship is
indicated.. The muscle fiber lengths are not constant, even at identical
joint angles, provided the muscle forces are different. This factor in some
instances may be the cause of discrepancy between the force velocity and
torque velocity relationships. The evidence for this has been studied for
maximum quadriceps Isokinetic exertion. The peak torque has been
shown to shift towards more extended positions and increasing angular
velocity (15) . This in part is contradictory to what has been found in this
study concerning the increase in the torque with the decrease in angular
velocity. The decreased ratio of eccentric / concentric activity of the
quadriceps muscle at 60 and 120 degree per second was reported in case
of quadriceps inhibition due to high stresses( ( 8).
With regard to the variables that may influence test findings , in a
study to compare three different intervals for a between sets rest period
during a common isokinetic knee extension strength-testing protocol of
twenty older Brazilian The results showed that during a common
isokinetic strength testing protocol a between set rest period of at least 30
seconds is sufficient for recovery before the next test set in older men(3).
The isokinetic variables comparing the right and left body side in two
sports group, with dominance on one or both legs, did not differ. No
differences were recorded in the H/Q between the right and left legs for
any of the subject groups (26). In a way to examine the relationship
between muscle strength and functional test scores and subjective
assessment in patients with patellofemoral pain it has been showed that
both isokinetic dynamometry and functional tests must be done
individually ( 8)
Peak torque expresses a point output which may, but does not
always, correlate well with full range output measure as work or power
especially if any factor exist as aging, injury or rehabilitation.( 2).
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Previous research has analyzed the relationship of peak torque with
work and power on the muscles surrounding the knee with correlation
coefficients being reported, ranging from 67 to 99 (25).
Isometric torque and isokinetic peak torque, total work, power,
torque acceleration energy and acceleration time at 30, 120 and 240° · s–1
of the knee and elbow extensors and flexors were measured using an
isokinetic dynamometer in 24 healthy women. Intra-session variation of
the measurements was evaluated and the short-term and long-term
reliability was assessed by repeating all procedures after averages of 2
and 30 days, respectively. The effect of learning on peak torque during a
session was also evaluated. Moreover, the effect of general warming-up
on knee extensor and flexor strength was examined on a separate day.
Using correlations, numerous studies have indicated that muscle strength
measurements are reliable. Correlations, however, are inappropriate and
misleading in studies on reliability. In the present study reliability of each
strength variable was expressed as the coefficient of variation (CV). With
the protocol used, neither learning nor warming-up had any significant
effect on strength. As expected, intra-session variation tended to be less
than short-term and long-term inter-session variation. The CVs for
strength variables measured 30 days apart exceeded 5% for all variables
and raised to 107% for acceleration time. Substantial between-subject
variation of individual CVs were found. The study demonstrated that
muscle strength measurements may be highly unreliable in the individual
subject, (18).
This study evaluated at two different test sessions the normality and
variability of the isokinetic peak torque (PT), peak work (PW), peak
power (PP) and peak torque acceleration energy (PTAE) data outputs in
healthy elderly females (n = 10). The quadriceps muscle was tested at the
angular velocities of 60 deg/s (a slow speed test) and 180 deg/s (a high
speed test). The predictability of the PW, PP and PTAE from the PT was
also assessed. The results showed that the consistency of the total work
and average power measurements were equal with that of the peak
torque, this was due to equal (almost normal) data distribution, equal
variability of the outputs, the coefficient of variation (cv) ranged from 14
to 29% in the PWs and PPs versus 16 to 29% in the PTs), and excellent
predictability of the PW and PP from the PT (PTs accounted on an
average 85% for the variation seen in the PWs and PPs). In the PTAE
measurements, the results were much more inconsistent, especially during
the slow speed of the dynamometer, compared with PT, PW and PP. In
conclusion, the Isokinetic PW and PP measurements can be

12

recommended for clinical use, while the PTAE measurements should not
be used routinely (14).
In an in vivo angle - specific torque velocity relationship mostly
gives confusing but consistent findings that the torque velocity
relationship deviates from the normal curve at slow velocity,
(5), which support the results of this study. This was attributed to that the
length of muscle fiber is close to optimal.

The correlation between torque and power in this study is
supported by many studies for different reasons .The large increase in
torque and power was partly accounted by a significant increase in
muscle cross sectional area developed through training( 6).
Peak torque responses may not adequately reflect tension
development through range of motion. Total work and mean power
generated, on the other hand, are highly relevant measure (2). The
findings of this study magnify this principle by the correlation between
the three variables making it of strength way of performance evaluation
to be based on Isokinetic peak torque.
The ability to reliably quantify the impact of peak torque on the
level of performance in activity of daily living may enlighten the way to
understand the neuromuscular functional limits in various clinical
settings. The conditions that may have an influence on the peak torque
are stated in a study conducted by Labarque et al. (17), these are postorthopedic surgery patients, older adult and muscle diseases.
The inability of older adults to exert existing muscle strength in a
timely manner greatly influences the risk of falls and function capability.
The effect of power training is superior compared to strength training as a
matter of functional adaptation in community with regard to the risk of
fall.
Recommendations
That crucial to the future development of isokinetic technology is
the confirmation of its usefulness and effectiveness in the overall patient
care system, for example proving whether cost savings can be achieved
with its applications. Further research should in particular be carried out
in areas including the validity and specificity of different muscle actions
such as eccentric actions and contraction, in relation to specific training
13

and rehabilitation programs; the metabolic characteristics of and
adaptations to isokinetic training; the simplification and validation of
sports-specific training programs; and the design of user-friendly
machines to bring isokinetics closer to the rehab testing and training.
Power training of elderly is a beneficial tool to safeguard against fall,(19).
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