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Abstract.
BACKGROUND: Isokinetic tests are used to measure muscular performance, especially strength. A proper axis alignment
ensures high measuring accuracy.
OBJECTIVE: The effects of fixation (minimal vs. maximal), contraction mode (concentric vs. eccentric) and angular velocity
(30 vs. 150◦/s) on the kinetics and 3D kinematics of supine knee extensions need further investigation.
METHODS: Eighteen healthy male participants (22.1 y, 1.83 m, 76.0 kg) performed maximal unilateral contractions with
minimal (hand grips only) and maximal (grips, knee, hip and trunk straps) fixation.
RESULTS: Peak moments (+5%) and contractional work (+4%) significantly increased at minimal fixation. Maximal fixation
improved sagittal axis alignment in terms of the trajectory length of the lateral femoral epicondyle (−34%) and the mean distance
to trajectory centre (−19%). Both kinematic parameters showed highly significant interactions of fixation, contraction mode and
angular velocity (p < 0.01). Initial axis alignment in relaxed muscular state caused an antero-cranial shift (0.8 and 2.4 cm) of the
lateral femoral epicondyle as well as mean roll and yaw angle tilts of each 2.3◦ each.
CONCLUSIONS: For supine isokinetic knee extensions, hand grips suffice as fixation to obtain accurate kinematic and kinetic
results. If fixation is tight, the force output will decrease. To minimise misalignment, lining up should be executed when muscles
are contracting isometrically.

Keywords: Axis alignment, stabilisation, peak moment, transepicondylar axis, roll angle, yaw angle

1. Introduction

Knee muscular capacity plays an important role in
many sports regarding performance improvement and
injury prevention. It is often assessed by isokinetic
strength tests assuming that the rotation centre of the
knee joint remains fixed. However, knee joint mechan-
ics is not as simple because its sagittal movement is not
perfectly aligned with a fixed frontal axis [1,2]. Due
to the combined rotation and translation of the femur
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on the tibial plateau during knee extension, the actual
pathway of the knee joint centre appears to describe
some kind of an involute [3,4]. This leads to some er-
ror in isokinetic tests of knee muscles [5,6]. Nonethe-
less, a proper axis alignment is necessary to obtain
reliable and valid results [7,8] as a severe misalign-
ment impairs the measured moment and contractional
work [9–12]. The transepicondylar axis was identi-
fied as an easy palpatory method to represent the knee
flexion-extension axis by bony landmarks [1].

Another important feature of isokinetic test proce-
dures is that of subject’s fixation [7]. There is a contro-
versial discussion concerning the effect fixation has on
isokinetic test findings. Most studies revealed that fix-
ation increased force production [13–17], while some
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failed to confirm this [18]. However, all of these stud-
ies were conducted in a seated position with a hip flex-
ion of 70–90◦. In order to simulate fibre lengths that
occur during the mid stance of running and sprinting
a smaller hip flexion angle (0–20◦) is advisable for
practice-oriented strength diagnosis of the thigh mus-
cles [19,20].

Surprisingly, the effect of fixation on the three-
dimensional axis deviation between the knee joint
‘axis’ and dynamometer axis during isokinetic knee
extensions has not been investigated yet. Thus, the hy-
potheses of the present study were:

1) Peak moments and contractional work increase
when maximal fixation is applied.

2) Maximal fixation improves the alignment be-
tween transepicondylar and dynamometer axes.

3) The interaction of fixation with angular velocity
and/or contraction mode has no further influence
on the derived kinetic and kinematic parameters.

Knowledge regarding these kinetic and kinematic
interdependencies is important for scientists and clini-
cians conducting isokinetic strength tests and/or reha-
bilitation training. It may also assist in ensuring func-
tional loading on the involved biological tissues.

2. Methods

2.1. Subjects

Eighteen healthy male participants (mean ± SD,
age: 22.1 ± 2.0 years, height: 1.83 ± 0.05 m, mass:
76.0 ± 4.9 kg) gave their written informed consent to
participate in this study. They were familiarized with
isokinetic strength tests and lower extremity resistance
training. All participants were free of injuries, pain or
other limitations that might have inhibited maximum
force exertion. The local ethics commission confirmed
that the requirements of the Declaration of Helsinki
were fulfilled.

2.2. Procedures

All subjects performed two sessions (familiarisation
and testing) separated by 72–96 h. The sessions fol-
lowed identical procedures and were performed at the
same time of day (± 1 h) and by the same examiner.
After weighing the participants individually warmed
up (jogging, dynamic stretching) for ten minutes. This
general warm-up was followed by the subject’s posi-
tioning on the active isokinetic dynamometer (IsoMed

2000, D&R Ferstl GmbH, Hemau, Germany). To re-
duce acceleration errors, the participants took off their
shoes. The participants were asked to lie in a supine
position with a 20◦ flexed hip. At 90◦ knee flexion
and in a relaxed muscular state, the mechanical axis of
the dynamometer was aligned with the transepicondy-
lar axis of the subject’s left knee by the aid of a laser
pointer. Therefore, the dynamometer was horizontally
rotated and accordingly inclined. The lateral and me-
dial femoral epicondyles (Fig. 1, point 1 and 2) were
palpated and marked with retro-reflective spheres (Ø 8
mm), respectively. A third spherical marker was fixed
by tape onto the lever arm of the dynamometer (Fig. 1,
point 3). The individual settings of each participant
were saved for accurate repositioning by the manufac-
turer’s computer software IsoMed analyze V.2.0. Af-
terwards, a three-dimensional calibration frame (40 ×
40 × 40 cm) with twelve retro-reflective markers (Ø
10 mm) was mounted on the rotation axis of the isoki-
netic dynamometer. A static calibration was conducted
by two cameras (Basler A602fc-2, Basler AG, Ahrens-
burg, Germany) recording the transverse (from ahead)
and frontal plane (from above). Two headlights (Bar
Fly 200, Kino Flo R© Lightning Systems, Burbank, CA,
USA) supported the visibility of the markers. The three
movement planes were defined as shown in Fig. 2.

After removing the calibration frame, a double shin
pad for unilateral knee extension was attached to the
motor-driven axis. The distal part of the double shin
pad was fastened by straps approximately 2–3 cm
proximal to the lateral malleolus. The integrated soft-
ware executed a static gravity correction in horizon-
tal lever arm position during relaxed muscular state. In
sequence, each participant was fixed both minimally
(Fixmin) (hand grips only) and maximally (Fixmax)
(grips, knee, hip and trunk strap) (Fig. 1). The or-
der of the fixation condition was random. The knee
fixation was fastened at 200 N measured by a hand
scale (First Austria, TIMETRON., Vienna, Austria) to
prevent any unwanted evasive movements. Following
each fixation condition, the participants performed 15
submaximal (∼50%) concentric and eccentric knee ex-
tensions at 60◦/s. For both contraction conditions, a
small isometric pre-activation threshold of 20 Nm was
used [21]. During the following test sets, concentric
(con) and eccentric (ecc) knee extensions were con-
ducted discretely at 30◦/s and 150◦/s with maximum
effort. According to general recommendations, slow
velocities were tested prior to fast ones and discrete
movements in a single direction (uni-directional) were
conducted [22,23]. Within one fixation condition the
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Fig. 1. Minimal (top) and maximal (bottom) fixation condition during supine isokinetic knee extension. The three retro-reflective markers repre-
sented the lateral (point 1) and medial (point 2) femoral epicondyle as well as the motion of the lever arm (point 3).

sequence remained the same: 30con, 30ecc, 150con,
150ecc. The range of motion was set at 90◦ starting at
full knee extension (0◦). A very quick acceleration and
a hard deceleration ensured the largest possible isoki-
netic range of motion. Each set consisted of five repe-
titions (two practice and three with maximum effort).
The last three repetitions were used for further analy-
sis. The inter-set rest interval lasted one minute [24].
During the tests, laboratory lighting was turned off.

Kinetic raw data were recorded at a sampling rate
of 200 Hz (IsoMed analyze V.2.0, D&R Ferstl GmbH,
Hemau, Germany) and high-speed videos with 100 Hz
(Basler A602fc-2, Basler AG, Ahrensburg, Germany).
Kinematic data were captured and processed in Vicon
Motus (V9.2, VICON TM, Oxford, UK). The verti-
cal trajectory of the lever arm marker (Fig. 1, point
3) served to determine the start and end of the re-
spective movement. Roll (α) and yaw (β) angles were
defined as shifts – related to the dynamometer axis
(y-axis) – of the transepicondylar axis in the trans-

verse and frontal plane (Fig. 2). Positive directions
represented relative hip internal rotation (anterior mo-
tion of the lateral femoral epicondyle in relation to
the medial one) and adduction (caudal motion of the
lateral femoral epicondyle in relation to the medial
one). The sagittal trajectory lines of the lateral femoral
epicondyle were plotted for each condition (Fig. 3)
and their lengths were computed to obtain a quantita-
tive measure of the combined rotational and transla-
tional motion of the knee axis (sagittal trajectory length
= stl). The trajectory centre was calculated by arith-
metic means in antero-posterior (trajectory centre shift
along x-axis = tcsx) and cranio-caudal direction (tra-
jectory centre shift along z-axis = tcsz). The sagittal
distance to the trajectory centre expressed the mean
two-dimensional displacement of the transepicondylar
track to its respective centre and thus the spatial expan-
sion of the knee joint axis (sagittal distance to trajec-
tory centre = sdtc).

AU
TH

O
R 

CO
PY



304 T. Alt et al. / Fixation in isokinetics

Fig. 2. Functional movement planes of the calibrated volume (40 × 40 × 40 cm). Roll (α = rotation around z-axis) and yaw (β = rotation
around x-axis) angles quantified the shifts of the transepicondylar axis in the transverse and frontal plane in relation to the dynamometer axis
(y-axis).

Fig. 3. Mean antero-cranial displacement of the lateral femoral epicondyle in relation to the dynamometer axis (coordinate origin) obtained from
concentric (solid lines) and eccentric (dashed lines) knee extensions at 30◦/s (left) and 150◦/s (right) with minimal (Fixmin = grey lines) and
maximal (Fixmax = black lines) subjects’ fixation. The temporal course of shortening contractions is from left (maximal knee flexion) to right
(maximal knee extension) and vice versa for lengthening contractions.

Kinetic raw data were stored as ASCII files. By the
aid of a custom software written in C++, a 5th order
Butterworth low-pass filter with a cut-off frequency of
6 Hz was applied and the isokinetic range of motion
was identified. Afterwards, the relevant test parame-
ters from the obtained moment-angle curves were com-
puted: highest gravity-corrected peak moments (PM),

angles of peak moment (APM) and contractional work
(CW).

2.3. Statistical analyses

Kolmogorov-Smirnov (p � 0.05) and Levene’s tests
(p � 0.10) proved normal distribution and variance ho-
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mogeneity. A three-way ANOVA with repeated mea-
sures (2 × 2 × 2) examined significant effects of fix-
ation (Fixmin and Fixmax), contraction mode (con and
ecc) and angular velocity (30 and 150◦/s) on kinematic
(sagittal trajectory length, shift of trajectory centre in
antero-posterior and cranio-caudal direction, sagittal
distance to trajectory centre, roll and yaw angle) and
kinetic parameters (PM, APM, CW). Via Bonferroni
post hoc tests (p � 0.05) actual p-values were cal-
culated. The partial eta-squared (partial η2) served to
report the effect size and thus the meaningfulness of
the present results. With respect to Cohen’s rule of
thumb [25], a small, medium and large effect size was
reached at 0.02, 0.13 and 0.26, respectively. All statis-
tical tests were executed with SPSS (V22.0, SPSS Inc.,
Chicago, Illinois, USA).

3. Results

Table 1 lists all kinetic and kinematic results ob-
tained from concentric and eccentric supine knee ex-
tensions with minimal and maximal subject’s fixation.
For a better visibility, significant effects are highlighted
by grey accentuation.

3.1. Kinetic results

Maximal fixation lead to considerable reductions of
peak moment (PM) (−2% to −8%, p = 0.020, η2 =
0.280) and contractional work (CW) (−1 to −10%,
p = 0.012, η2 = 0.318) throughout all contraction con-
ditions (Table 1). These fixation effects were large. An-
gles of peak moment (APM) remained unaffected (p =
0.509) by fixation. Furthermore, the contraction mode
and the angular velocity influenced PM and CW. APM
showed a dependence on velocity as well. In addition,
a strong interaction of contraction mode and angular
velocity became apparent for PM (p = 0.000, η2 =
0.628) (Table 1).

3.2. Kinematic results

Figure 3 illustrates the antero-cranial displacement
of the lateral femoral epicondyle in relation to the dy-
namometer axis (coordinate origin). Initial axis align-
ment in relaxed muscular state caused an antero-cranial
shift (0.8 and 2.4 cm) during maximal contractions.
Maximal fixation lead to an increase of cranial trajec-
tory centre shift (p = 0.005, η2 = 0.375) (Table 1). The
anterior displacement of the trajectory centre was inde-

pendent of fixation (p = 0.854) and reached minimal
values when eccentric movements at slow angular ve-
locities were performed (p = 0.008, η2 = 0.351). The
interaction of fixation, contraction mode and angular
velocity on sagittal trajectory length revealed a highly
significant effect with the smallest spatial expansion
of the transepicondylar axis occurring when maximal
fixation was applied during fast eccentric contractions
(p = 0.000, η2 = 0.522). The same was true for the
sagittal distance to trajectory centre at fast concentric
contractions with maximal fixation (p = 0.008, η2 =
0.349) (Table 1).

Figure 4 shows the roll (top) and yaw angle (bottom)
histories of the transepicondylar axis in relation to the
dynamometer axis (zero line). In the course of the 90◦

knee extensions, there was an average misalignment of
2.3◦ each towards external hip rotation and hip abduc-
tion. Roll angles were significantly reduced when par-
ticipants performed concentric contractions with mini-
mal fixation (p = 0.027, η2 = 0.255). A similar inter-
action effect of fixation and contraction mode emerged
for yaw angles. However, it failed to reach statistical
significance, but displayed a medium effect of mini-
mal fixation and concentric movements (p = 0.089,
η2 = 0.161). The same was applicable to the pure fix-
ation effect on the yaw angle (p = 0.055, η2 = 0.200).
Furthermore, transverse and frontal plane kinematics
were influenced by the angular velocity so far as roll
angles increased at 150◦/s (p = 0.000, η2 = 0.551),
whereas yaw angles generally diminished at fast con-
traction speed (p = 0.027, η2 = 0.255).

4. Discussion

The aims of the present study were to examine the
effect of subjects’ fixation on kinetic data and on the
three-dimensional axis alignment during supine knee
extensions as well as to identify the additional influ-
ence of contraction mode and angular velocity on the
aforementioned kinematic and kinetic characteristics.
The following discussion is arranged according to the
three hypotheses.

4.1. Peak moments and contractional work increase
when maximal fixation is applied

Peak moments and contractional work were consis-
tently reduced throughout all contraction conditions
when participants were maximally fixed (Table 1). This
finding is in opposition to the currently held opin-
ion that fixation increases force output [13–17]. How-
ever, two major rationales may be associated with this,
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seemingly surprising result. First, the maximal fixa-
tion – especially the knee strap which was fastened
with 200 N – was too severe and resulted in discomfort
and elevated muscle tension in the inter-set rest. Sec-
ond, maximal fixation reduced the force-potentiating
synergistic muscle activity e.g. of the hip flexors. Nev-
ertheless, angle of peak moments remained unaffected
by fixation so that the shape of the moment-angle rela-
tions was unchanged.

It may not matter which of these two factors was
dominant or whether this significant effect was a re-
sult of both. However, this study presents the first em-
pirical evidence that fixation during isokinetic strength
tests does not strictly follow the advice: ‘the more fix-
ation I apply, the more peak moment and contraction
work I will get’. Hanten and Ramberg [18] suggested
that peak moments obtained from concentric and ec-
centric knee extensions were unaffected by different
fixation procedures. Another study demonstrated that
electromyographic findings were not able to account
for the increased force output during maximally fixed
knee extensions [14]. Instead, the abutment created by
the hand, arm and trunk muscles appeared to play a
decisive role [14,15]; if the participant is able to cre-
ate a fixed abutment by his muscles and thus produces
an ‘active internal fixation’ to the lounger, the external
fixation provided by passive straps may not be an issue
of interest. For these reasons, the first hypothesis has
to be rejected.

4.2. Maximal fixation improves the alignment
between transepicondylar and dynamometer axis

There are several studies examining the differences
between resultant and measured joints moments as a
result of axis misalignment [6,11,12]. However, no
study known to us had investigated the effect of fixa-
tion on the 3-D axis deviation between the knee joint
and the dynamometer axis during isokinetic knee ex-
tensions. Whereas the general shape of the sagittal tra-
jectories of the lateral femoral epicondyle remained
virtually the same, their spatial expansion was signifi-
cantly affected by subject’s fixation (Fig. 3). Trajectory
lengths (−34%) and the sagittal distance to the trajec-
tory centre (−19%) were considerably reduced when
maximal fixation was applied (Table 1). These effects
express an improved axis alignment. The eliminated
parts of the unfixed trajectories can be classified as un-
functional, evasive movement patterns which occurred
when thigh fixation was unfastened (Fig. 3).

As the initial axis alignment in a relaxed muscu-
lar state caused a mean antero-cranial shift (0.8 and

2.4 cm) of the lateral femoral epicondyle during max-
imal contractions, the cranial trajectory centre shift in-
creased significantly with maximal fixation (Table 1).
This significantly greater distance to the dynamometer
axis might be due to deformations and skin movement
caused by the knee strap as well as the expanded range
of motion during the minimally fixed shortening con-
tractions at knee flexion (Fig. 3). We expect that if the
initial axis alignment had been checked whilst mus-
cles were contracting isometrically, this result would
not have emerged. For that reason this supposed feature
should be interpreted with appropriate caution. Never-
theless, this outcome points to an important fact that
is neither mentioned in any review nor in any empir-
ical isokinetic study. Due to substantial deformations
of the muscles and soft parts of the human body, axis
alignment substantially deviates from the relaxed mus-
cular state. In this case, mean axis deviation in antero-
cranial direction (0.8 and 2.4 cm) lay within a range
which most likely did not lead to measuring inaccu-
racies occurring when average axis misalignment ex-
ceeds 4 cm [5,8–10]. The frontal and transverse plane
kinematics revealed no sole effect of fixation on roll
and yaw angles.

In spite of the previously mentioned methodological
limitations, the second hypothesis can be confirmed for
sagittal plane kinematics, but should be rejected for the
frontal and transverse planes.

4.3. The interaction of fixation with angular velocity
and/or contraction mode has no further influence
on the kinetic and kinematic parameters

Kinetic parameters demonstrated no further interac-
tion effects. In accordance to the sole effect of maximal
fixation on the sagittal trajectory length and the sagit-
tal distance to trajectory centre, highly significant (p <
0.01) and large (η2 > 0.260) effect sizes of the interac-
tion between fixation, angular velocity and contraction
mode on these two kinematic parameters was apparent
(Table 1). Whereas the smallest spatial expansion of
the trajectory length took place when maximal fixation
was applied during fast eccentric contractions, sagittal
distance to trajectory centre was lowest at fast concen-
tric contractions (Fig. 3). This difference provides new
insights into the three-dimensional movement patterns
of the knee joint during isokinetic exercises and thus
needs further investigation. In contrast to sagittal plane
kinematics (Fig. 3) and the yaw angle (Fig. 4, bot-
tom), the qualitative analysis of roll angle characteris-
tics unveiled larger fixation-dependent deviations dur-

AU
TH

O
R 

CO
PY



308 T. Alt et al. / Fixation in isokinetics

Fig. 4. Mean roll (top) and yaw angle (bottom) characteristics of the transepicondylar axis in relation to the dynamometer axis (zero line) obtained
from concentric (solid lines) and eccentric (dashed lines) knee extensions at 30◦/s (left) and 150◦/s (right) with minimal (Fixmin = grey lines)
and maximal (Fixmax = black lines) subjects’ fixation. Positive tilts indicate internal hip rotation (roll angle) and hip adduction (yaw angle).

ing concentric contractions (Fig. 4, top). Yet following
the aforementioned explanation, this statistically sig-
nificant advantage of minimal fixation and concentric
exercise might be caused by skin movement initiated
by fastening of the knee strap as well (Table 1). A sim-
ilar – not yet significant – but identifiable difference
between the two fixation conditions can be recognised
for the yaw angle histories (Fig. 4, bottom).

In the course of the concentric and eccentric knee
extensions, an average misalignment of the roll and
yaw angles of 2.3◦ each occurred towards external hip
rotation and hip abduction (Fig. 4). Similar to the sagit-
tal trajectories of the knee joint axis, it is physiolog-
ically impossible that the dynamometer axis perfectly
matches the three-dimensional knee pathway. The ra-
tionale for this fact is that the roll and yaw angle pos-
sessed a ‘natural’ average motion span of 4.1◦ and
1.9◦ for concentric as well as 1.6◦ and 2.1◦ for eccen-
tric contractions, respectively (Fig. 4). During knee ex-
tensions, the roll angle increased towards external hip
rotation, whereas the yaw angle diminished towards
hip adduction. This simultaneously emerging three-

dimensional movement pattern is a further, not yet il-
lustrated phenomenon (Fig. 4) which might be inher-
ent in the complex mechanics during isokinetic knee
exercises [1–4].

Thus, the third hypothesis holds for the kinetic (PM,
APM and CW) and some of the kinematic outcomes
(anterior and cranial trajectory centre shift, yaw an-
gle). However, it is invalid for some other kinematic
parameters (roll angle with constraint, sagittal trajec-
tory length and sagittal distance to trajectory centre).

4.4. Synopsis

Table 2 lists the advantages of minimal and maximal
subjects’ fixation as well as the unaffected parameters.
As mentioned in the two preceding paragraphs some of
the observed differences were caused by inappropriate
initial misalignment which could likely be attributed
to a certain extent to each examiner. The average de-
viations – an antero-cranial shift of 0.8 and 2.4 cm as
well as mean roll and yaw angle tilts of 2.3◦ each –
seemed to be acceptable with respect to the physiolog-
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Table 2
Advantages of minimal and maximal subjects’ fixation as well as unaffected parameters concerning kinematic and kinetic parameters obtained
from supine isokinetic knee extensions. Parameters written in italics indicate effects of fixation that might be due to initial misalignment, defor-
mations and skin movement

Advantages of minimal fixation Unaffected Advantages of maximal fixation
+5% peak moment angle of peak moment −34% sagittal trajectory length of lat-

eral femoral epicondyle

+4% contractional work anterior shift of trajectory centre in relation to
external rotation axis

−19% mean sagittal distance of trajec-
tory line to its centre

−13% cranial shift of trajectory centre in re-
lation to external rotation axis

roll angle
(trend in favour of minimal fixation)

yaw angle
(trend in favour of minimal fixation)

ically inherent unconformity of the human knee joint
compared to a perfect hinge joint [1–5]. To minimise
misalignment, we recommend initial lining up to be ex-
ecuted or at least verified when muscles are contract-
ing isometrically. If fixation is too severe, force out-
put will significantly decrease, both for peak values
and throughout the whole range of motion. In contrast,
maximal fixation considerably improved the sagittal
axis alignment because the two-dimensional expansion
of the transepicondylar trajectory was significantly re-
duced (Table 1 and Fig. 3). It has to be admitted that
the observed differences of 4–5% may be considered
negligible when regarding the total measurement error
accounting for approximately 12–15% [19]. Neverthe-
less, the kinetic effects would have been more relevant
if the resultant and not the measured moments had been
analysed [6].

After reviewing the advantages and disadvantages of
maximal fixation, most of the supine isokinetic knee
extension tests can be performed with minimal fixa-
tion as hand grips provide sufficient ‘active internal
fixation’ to the lounger. It is a time-saving procedure
for the examiner and a more comfortable way for the
patient/athlete to exert his/her maximum muscular ef-
fort [18]. Nevertheless, to ensure a high standardisa-
tion, the examiner has to check if the patient/athlete ex-
ecutes unwanted evasive movements which might di-
minish the measurement accuracy. Therefore, a good
instruction as well as a proper and separate familiari-
sation session is crucial [19,20]. However, if muscular
strength is not sufficient to ensure an adequate inter-
nal fixation through grip, arm and trunk muscles (e.g.
among females), additional external fixation will be in-
dispensable [14,15].

4.5. Limitations

The present study incorporated four major con-
straints. First, the initial axis alignment in relaxed mus-

cular state lead to an antero-cranial shift of 0.8 and 2.4
cm as well as mean roll and yaw angle tilts of 2.3◦

each (Table 1). Especially, the soft tissue deformation-
induced sagittal displacement of the lateral femoral
epicondyle would have been reduced if initial lining
had been executed or at least verified in a contracted
muscular state.

Second, the knee joint fixation was apparently too
severe and resulted in discomfort and elevated muscle
tension in the inter-set rest periods. This might have
minimised the mechanical output of the participants.
That said, the goal was met as any unwanted evasive
movements were prevented (Fig. 3).

Third, the tight fastening of the knee strap initi-
ated skin movement which might have lead to addi-
tional measurement inaccuracies. These probably be-
came apparent with regard to the yaw angle charac-
teristics as there was a consistent shift towards larger
frontal plane misalignment when maximal fixation was
applied (Fig. 4 bottom).

Fourth, the knee model used in this study was
very simple [1]. The obtained sagittal transepicondy-
lar trajectories corresponded in broad outline to for-
mer studies describing the pathway of the knee flexion-
extension axis as an antero-caudally opened invo-
lute [3,4]. With regard to the presented results accord-
ing to a previous study [8], the mean trajectories rather
looked like antero-caudally opened ticks just suggest-
ing the combined rotation and translation of the femur
on the tibial plateau during knee extension (Fig. 3).
The observed discrepancies in maximal knee flexion
and extension might be due to the fact that these stud-
ies used magnetic resonance images and serial X-rays
to determine the actual knee joint axis. However, our
results – based on a palpatory representation of the
transepicondylar axis – may be rated as a good ap-
proximation of the imaging techniques which normally
serve as the gold standards [1–4]. They also represent
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the generally accepted and recommended practical ap-
plication and procedure for knee axis alignment dur-
ing subjects’ positioning on an isokinetic dynamome-
ter [7].

Fifth, the interpretation of measured moments was
simplistic. Although in most clinical and diagnostic
settings solely measured moments are analysed, the
calculation of the resultant moments might have pro-
vided more sophisticated results [6].

4.6. Perspectives

The presented method might be used for internal
validation of every isokinetic test and of each ex-
aminer to check their measuring accuracy concern-
ing axis alignment. As soon as the necessary equip-
ment (cameras, headlights, measuring computer) is in-
stalled and assembled, it is a fairly easy and quick pro-
cedure. In further studies, a proper initial axis align-
ment with an ultimate check in a contracted muscular
state is strongly recommended. A more complex knee
joint model with more markers (e.g. technical mark-
ers) might reduce measuring inaccuracies caused by
skin movement. Furthermore, the kinematics of the hip
and trunk can be recorded as well to quantify the eva-
sive movements executed during minimal fixation [8].
For this purpose, more cameras and a larger calibration
volume is needed. Most isokinetic knee tests appear
to be conducted with a dynamometer alignment which
was perpendicular to the sagittal plane [8–10,13–20].
It might be of interest to quantify its three-dimensional
kinematic differences compared to an inclined and
horizontally-rotated dynamometer head – as it was em-
ployed in the present study. Additionally, gender dif-
ferences need further research. It can be expected that
due to lower strength capacities in stabilizing muscles
(e.g. hands, arms, trunk), females will have a greater
misalignment compared to males when minimal fix-
ation is applied [14,15]. Finally, the same evaluation
should be conducted for concentric and eccentric ham-
string exercises in prone position. Apart from a high
reliability [20], this body position facilitates a higher
force generation in comparison with the supine posi-
tion [26]. It is hypothesised that there might be a much
larger knee axis deviation as a reasonable fixation of
the thigh, hip and trunk is much more difficult to re-
alise than the knee extensions. Besides, a real abutment
in terms of a solid pad (e.g. in the knee hollow) is miss-
ing.

5. Conclusions

The presented results provide first empirical insights
into the effects of subjects’ fixation, contraction mode
and angular velocity on the kinetics and 3D kinemat-
ics of supine knee extensions. After weighing the ad-
vantages and disadvantages of maximal fixation, we
suggest that hand grips suffice to obtain accurate kine-
matic and kinetic results. If fixation is too severe, the
extension moment output will decrease as a result of
discomfort and/or reduced synergistic muscle activ-
ity (hypothesis 1). Maximal fixation improved sagittal
axis alignment, whereas frontal and transverse plane
kinematics were unchanged (hypothesis 2). The inter-
action of fixation with contraction mode and angular
velocity confirmed these effects (hypothesis 3).

As a consequence of the study, we recommend that
initial lining up between dynamometer and joint axis
should be executed when muscles are contracting iso-
metrically. Due to the complex anatomical structure of
the knee joint, a perfect three-dimensional representa-
tion by a fixed dynamometer axis is not possible. How-
ever, efforts should be made to minimise axis displace-
ment during test contractions and thus increase mea-
suring accuracy.

The information regarding the kinetic and kinematic
relationships is important for scientists as well as clin-
icians in order to ensure a functional loading on the in-
volved biological tissues and to put measurement re-
sults into perspective.
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