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During strength measurement using isokinetic dy-
namometers great care is usually taken to align the
anatomical joint axis to the rotation axis of the ma-
chine's lever arm. This ensures agreement between
joint angular position/velocity and the corresponding
measurements from the machine's potentiometer. We
examined the accuracy of this correspondence dur-
ing concentric knee extension with subjects sitting up-
right and strapped to the machine's chair. Extensions
were performed at 30� � s�1, 120� � s�1 and 240� � s�1

with range of movement from 90� knee exion to full
extension. We observed that due to compression of
the soft tissue at the back of the thigh and eleva-
tion of the pelvis (despite strapping) the anatomical
joint axis moved downward relative to the rotation axis
of the lever arm. This caused discrepancies between
joint angle measurements from the machine and from
a knee-mounted goniometer of up to 33�. These cir-
cumstances should be taken into account when mus-
cle force-length-velocity relation studies are conducted
using isokinetic machines.
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1. Introduction

For several years isokinetic dynamometers have
been used in the study of muscle mechanics. Their
popularity is mainly due to their ability to simul-
taneously measure torque and joint angle while ro-
tating the joint at a predetermined angular veloc-
ity. Torque and angular velocity can by proper an-
thropometric considerations be converted to mus-
cle force and shortening velocity and thus be dis-
cussed relative to the well known Hill relation [5].
The validity of the torque and angular velocity

values depends partly on the accuracy of the ma-
chine's measuring devices and partly on circum-
stances relying on the responsibility of the opera-
tor. In this paper we would like to focus on the
operator's responsibilities concerning the validity
of joint angle and angular velocity measurements.
Concerning valid torque measurements, Winter

et al. [9] have previously pointed out the neces-
sity of gravity correction in the torque calcula-
tions when the moving limb changes orientation
in the gravitational �eld. However, with modern
day dynamometers this has been taken care of by
the manufacturers who have equipped dynamome-
ter controlling software with methods to record a
gravity correction factor [4].
Validity of joint angle and joint angular veloc-

ity measurements depends on the alignment of the
anatomical joint axis to the rotation axis of the
machine's lever arm. The machine can only re-
port angle and angular velocity of its lever arm.
For these values to be identical with the anatom-
ical joint angle and angular velocity, the joint
and the lever arm must rotate about the same
axis. This alignment can be di�cult to obtain,
or rather maintain, during experiments where the
force exerted by the subject varies dynamically
and reaches large values. The reason is that when
the subject exerts force against the lever arm, re-
action forces tend to elevate the pelvis and deform
the soft tissue at the back of the thigh whereby the
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Fig. 1. The upper picture shows the knee joint axis and the rotation axis of the lever arm aligned. The lover picture shows
that when the subject exerts force on the lever arm his pelvis is elevated and his knee joint is lowered due to compression of
the soft tissue at the back of the thigh. This causes misalignment between knee joint axis and lever arm axis.

knee joint is depressed and misalignment occurs
(Figure 1). To our knowledge, this phenomenon
has not been mentioned in the literature, despite
recent publication of extensive review works [2,6].
The purpose of the present paper is to draw

attention to the problem of joint axis align-
ment when using isokinetic dynamometers and to
demonstrate the magnitude of the possible errors.

2. Materials and methods

2.1. Kin-Com

As part of a larger study we measured the
concentric knee extension strength of seventeen
taekwon-do practitioners (see subjects' data in
S�rensen et al. [7]) in a Kin-Com H500 isokinetic
dynamometer (Kinetic Communicator, Chattecx
Corp., Chattanooga, USA). The Kin-Com mea-
sures force with a load cell placed at the cu�
where the limb is secured to the lever arm. The
Kin-Com in our laboratory is modi�ed so force
and angle can be recorded directly from the ma-
chine's load cell and potentiometer as analogue sig-
nals. These signals were sampled at 1000 Hz by
an A/D-converter (DT-2801-A, Data Translation,
Inc., Marlboro, MA) and stored on a conventional
IBM PC DX2 computer. The raw data were low-

pass �ltered at 7 Hz by a fourth order zero lag But-
terworth digital �lter [8] and multiplied by appro-
priate calibration factors to yield newton and de-
grees. Angular velocity was obtained from the an-
gle values by �nite di�erence calculation (�t = 100
ms). It is customary to report muscle strength
measurements from isokinetic devices as a moment
of force or to convert this number to muscle force
via anthropometric assumptions. However, as we
only want to demonstrate what happens when the
force exerted by the subjects increases, we simply
report the actual force measured by the machine's
load cell.

2.2. Goniometer

In addition, the knee joint angle was measured
by a exible goniometer (P&G M180, Penny &
Giles Biometrics Ltd., Blackwood, Gwent, UK)
mounted on the lateral side of the knee. The go-
niometer did not interfere with the subjects' move-
ments in any way. The analogue signal from the
goniometer was treated like the analogue Kin-Com
angle signal. Before the study we ensured that
the goniometer input-output relation was linear by
mounting it on a conventional protractor and sam-
ple its output in steps of 10 degrees. Then, follow-
ing attachment to each subject's leg, a two-point
calibration of the goniometer was performed, again
using the protractor.
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Fig. 2. Knee angle and force versus time during a concentric knee extension at 30� � s�1. The curves labelled Kin-Com and
Goniometer are angle measurements from the Kin-Com machine and the knee mounted goniometer, respectively. 180� knee
angle corresponds to full extension. Force is measured at the machine's load cell.

2.3. Procedure

The subjects were seated 10� reclined and �rmly
strapped at the hip and distal thigh. Measure-
ments were conducted with the Kin-Com set to
operate at 30� � s�1, 120� � s�1 and 240� � s�1 with
range of movement from 90� knee angle to full ex-
tension. After a 10 min. warm up period includ-
ing several accustomization trials the subjects per-
formed a minimum of three trials at each veloc-
ity. Up to a maximum of �ve, additional trials
were performed as long as the peak force increased.
At least one minute of rest was allowed between
trials. The order of extension velocities was ran-
domised. Sampling was triggered manually by the
operator who simultaneously directed the subject
to begin knee joint extension. Sampling duration
was 4 seconds. Before each trial the anatomical
knee joint axis of the relaxed 90� exed leg was
carefully aligned to the rotation axis of the lever
arm. This was done by visually ensuring that the
machine's lever arm axis and the subject's lateral

epicondyle (considered to indicate the anatomical
rotation axis) were aligned. Furthermore, the op-
erator moved the subject's relaxed leg through the
entire range of motion to ensure that the lever arm
and the subject's leg followed the same rotation
arc, thereby checking the alignment.

3. Results

Figure 2 shows the knee joint angle (left ordi-
nate) and force (right ordinate) as function of time
during a concentric knee extension with the Kin-
Com set to operate at 30� � s�1. The data are from
one single representative subject. Knee angle val-
ues from the Kin-Com's potentiometer (hereafter
referred to as the Kin-Com) as well as from the
knee joint goniometer (hereafter referred to as the
goniometer) are shown.
Initially the leg was relaxed and the Kin-Com

and the goniometer showed identical angle values
of about 91�. When the subject started to exert
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Table 1
Angle and angular velocity at selected timesa

Kin-Com Goniometer Di�erence
Average SD Average SD Average SD

� (peak force) [�] 109.8 4.5 129.8 6.8 20.0 5.9
�� (max) [�] 122.2 2.8 146.7 5.5 24.5 6.1
! (peak force) [� � s�1] 31.3 0.6 42.4 2.9 11.0 2.5
! (500) [� � s�1] 32.0 0.7 52.5 6.2 20.5 5.6
! (2500) [� � s�1] 30.2 0.2 19.5 2.7 10.7 2.8
aMeasurements of angle and angular velocity from 17 subjects from the Kin-Com machine and the knee mounted goniometer
as well as the absolute di�erence. � (peak force) is the knee angle where peak force occurred. �� (max) is the maximal
deviance between knee angle measurement from the Kin-Com and the goniometer. ! (peak force), ! (500) and ! (2500) are
the angular velocities when peak force occurred, after 500 ms and after 2500 ms sampling time, respectively.

force the lever arm started to move. The force in-
creased rapidly to a peak value of about 820 N and
then decreased gradually towards zero approach-
ing full extension. Measured by the Kin-Com the
knee angle increased at constant angular velocity
(straight line) from the start position to full exten-
sion. Measured by the goniometer the knee angle
velocity was initially relatively high (large slope)
and then gradually decreasing (decreasing slope).
For this subject peak force occurred at about

109� according to the Kin-Com or about 132� ac-
cording to the goniometer. The maximum di�er-
ence between Kin-Com and goniometer angle val-
ues was 25�. The angular velocity at the time of
peak force was about 32� �s�1 (Kin-Com) or about
40� � s�1 (goniometer). The angular velocity mea-
sured early in the extension movement, arbitrarily
taken at t = 500 ms, was about 33� � s�1 (Kin-
Com) or about 58� � s�1 (goniometer). The angu-
lar velocity late in the extension movement, arbi-
trarily taken at t = 2500 ms, was about 30� � s�1

(Kin-Com) or about 17� � s�1 (goniometer). The
mean values (with SD) for the 17 subjects of these
�ve parameters are presented in Table 1.

4. Discussion

Due to the mentioned misalignment between
anatomical joint axis and lever arm rotation axis
we consider the goniometer measurements more
valid than the Kin-Com angle measurements.
Concentric knee extension peak force at 30� � s�1

has been reported to occur at 112� [1]. In the
present study we would have measured a similar
value (about 110�) if we had relied only on the
Kin-Com potentiometer. However, we regard the
correct value to be about 130� as measured by the
goniometer resulting in an average discrepancy of
about 20�. The largest angle di�erences were ob-

served later in the movement when the exerted
force was directed more upwards which maximised
the depressing reaction force on the thigh. Here
we measured an average di�erence of about 25�

ranging from 13� to 33�. Maximal di�erences up
to 37� have previously been observed [3].
Even though our study included 120� � s�1 and

240� �s�1 extension velocities, we only present data
from the 30� � s�1 trials, as these most clearly ex-
hibit the angle discrepancy we want to demon-
strate. At the two higher extension velocities
peak forces as well as discrepancies between Kin-
Com and goniometer measurements were lower,
most likely because less force can be generated
at higher concentric contraction velocities and the
compression force on the back of the thigh is di-
rectly related to the force applied to the lever arm.
With this in mind, one would assume even higher
discrepancies during eccentric contraction, where
muscle force can reach higher values than during
concentric contraction, however, we did not mea-
sure eccentric contractions.
Another factor likely to inuence the discrep-

ancy is the strength and body composition of the
subjects. As mentioned above, stronger subjects
will experience higher compression force on the
back of the thigh, and for a given force a thigh
with more adipose tissue will probably compress
more.
As angular velocity usually is calculated from

the angle measurements, angular velocity is also
a�ected by the misalignment. This is demon-
strated by the velocity discrepancies shown in Ta-
ble 1. This must be considered unfavourable in
studies dealing with force-velocity relationships.
However, by following the established convention
of using angle and angular velocity measurements
from the isokinetic machines, researchers are able
to compare their results to those of the literature.
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This must be weighed against the possible error
described in this paper.
A possible way to circumvent the problem is to

perform the alignment between the lever arm axis
and the knee joint axis with the muscles contracted
and the knee exed to the angle where strength
measurements are required. However, this ap-
proach would be complicated because most sub-
jects are only able to maintain a maximal contrac-
tion for very short time, and if measurements are
required over the entire range of motion the prob-
lem would still exist at angles di�erent from the
one where alignment is performed.
Another source of error always present when

dealing with the knee joint is the internal move-
ment, i.e. movement relative to the bones, of the
anatomical rotation axis during exion-extension
movements. However, we believe that depression
of the entire knee due to soft tissue compression
of a magnitude as demonstrated in this paper is
responsible for more deviance from the machine's
axis than the internal joint axis movement is.
In conclusion, if accurate angle and/or angular

velocity values are required in experiments using
isokinetic machines one should consider using a
knee mounted goniometer and not rely on the ma-
chine's angle measurements.
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