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The selection of a position for the measurement of an ankle joint
muscle torgues®

M. WYCHOWANSKI, K. BUSKO, H. WOJTAS, Z. NOSARZEWSKI,
W. MUSIAL, and Z. STANIAK

Depariment of Rinmechanfes, Academy of Physical Education, Department of con-
struction and Measuring Devices, Inatitute of Sport, Warsow, Poland

The influence of different segmental positions durlng ankle joint static
flexion with maximal voluniary contraction on the value of the muosele
torques wes examinod. Twelve male subjects, aged belween 25 and 40
voars performed trials in three various positions: standing {position 13,
sitting with an active leg extended horizontally {position 2), sitfing with
both lege flexed at 809 angles in knee and hip joints (pesition 3). All
ieats were performed using the censtructed electro-mechanical device.
It follows from the analysis of the results that position 3 i3 the most
suitable for measuring of muscle torques during ankle jeint static

flexion,
.
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Introaduction

The muscle torques of an ankle joint have been meassured by many
guthors [1, 2, 3, 5]. An example of a device constructed for the measure-
ment of force developed in an ankle joint is given in [5] (Fig. 1). Subje-
ct, lying on a stomach, presses fested foot against the resistance plate,
thus causing the expansion of a tensometric ring and changing the
registance of the sensors and the voltage of the circuit. In papers [1, 2]
another messurement device is described (Fig. 2) with different position
of a subject, but the idea of measurement the same as the one given
in [0). Various sets described by number of authors differ mainly in
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regard to the subject’s during the measurement. This position may si-
gnificantly influence the results obtained.
The purpose of this study was to determine the optimal position for

the measurement of an ankle joint torques, and to construct an adeguate
measuring deviee,

Fig. 1. Schamatic mepresentation of the experimental set-up for the moment of foreo
maasurement: during ankle joint flexion [5], 1 — medical tabie, 3 — fool stabilizer,
3 — foree iransducer, 4 — bridge amplifier, 5 — voltmeter
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Fig. 2. Schematic representation of the exporimental set-up for the moment of force
meagsurement during ankle joint fexion [], 1 — force transducer, 2 —stabilizer,
1 — bridge amplifier, 4 — volimeter

Material and methods

The subject of this work were 12 men. Mean values (% standard
deviation) of age, body mass, and height in the group were 34X 2 years,
71126 kg, and 175.6 X 1.9 em, respectively.

The set was build to measure the force generated by flexors of an
ankle jolnt in static conditions. It consists of a base (1), a pedal (2),
and a tensometrle ring (3) (Fig. 3) The measuring pedal (2) i5. mounted
on a hearing which allows for the rotation about the x-x-axis. The
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tensometric ring (3), being a force sensor, is placed at the present distance
from this axiz and works as a torque meter.
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Fig. 3, Schematic sutling of the medel gel-up for the moment of foree messurement

There were three options studied, connected with different pesitions
of a subject:
— position 1 — standing (Fig. 4)
— position 2 — sitting, tested leg extended in the knee jeint (Fig. 5).
— position 3 — sitting, bith legs flexed with angles in the knee and the
hip jaint equal 50° (Fig. 6).

Fig. 4. The moment of force measuressent in slanding position
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Fig. & The moment of force measurement in sitling position with lewer Hmb placed
verticaly
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Fig. 6. Schenatie sathine of the cxperimentz] set-up for the tsunent of force mea-
surcment during ankle joint [lexion
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Results and discussion

Mean values and standard deviations of the resulis are given in tab,
1. The significance of the differences between the mean wvalues was
tested by means of an adeguate t-test {chosen on the basis of a F-test
for the significance of the differences beiween variances) [4]. The results
are shown in tab. 1. Variance of the results obtained for pesition 3 was
significantly different from those obtained for positions 1 and 2, while
the mean values did not differ significantly, The opposite relation was
obzerved for the other ecases. The lowest values of variance were found
for position 3. Biomechanical analysis of the tested positions reveled
that stabilization as well as the method of measurement do influence the
results. In position 1 (standing) some additions]l musele torgues are de-
veloped and transmitted. These torques originate from biokinemalical
chain consisted of spine, shoulders, upper limb, and grip (the effect of
gpine elongation and lifting of shoulders). In position 2 {sitting with the
tested leg extended) the musele torques of trunk and hip extensors can
also be transmitted. Moreover, maximal sctivation of the triceps muscle
of a calf causes the development of the forces flexing the knee joint
(knee joint flexer) and stimulate zo-called absolute synergism (incor-
poration of the two-joint muscies: flexors of 8 knee joint and extensors
of a hip jeint). This, in turn, makes the heel leave the resistance plate
and transfers on it the torque of a whole kinematic chain.

Table 1

WMean values and standard deviations of moments of force (M, )} measured in three
positlens: (1), (3}, (3) for right lower limbk (rll) and left Jower HUmb (111). For father
details see texl

Pasition i X 3
n=12 £+ 5d 55 5d g sd
111 [Hm] 187 4 3 233 4+ 23" 183 4+ 2§+
rll [ M 185+ 41 219444+ 1034 agw

* gignificant difference of mean values (p=_0F] beiwetn positlong 1) and (3, and
peosktlons (1) ond 135,

| slgnificant difference of mvéan valises Q=U0000 @twoen poditkong (2 annd 430,

w wpntficant difference of varistions (p=Ud) bdwedn posiltons 3 and (1), and  pak-
Eloms 43 and (33,

Stabilization of a tested leg proved to be wvery difficult. Too large
stabilizing forces caused the soreness of a tested joint, whereas the forces
of low wvalues did not exclude all the negative phenomena. It seems
that in position 3 all the above faults are eliminated, The resulls of this
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study are similer to those obtained in the tests uzsing the measuring
get with the same position of a subject (Fig. 2, unpublished data).

On the basis of the preliminary test’s results it was decided to choose
position 3 as the most comfortable and the best for measurement of the
muscle torgues developed on an ankle joint.

Description of the measuring set construction and of the measurement
lechnigue

1. Construction

The set consists of two main systems.
a) stabilizing
b) measuring
The block diegram of the set is shown in Fig. 7.
The stabilizing system constitutes of a seat (1), shafts (2}, and a thigh
elasp [8). The position of a seat can be regulated vertically, and the po-
sitions of a seat and a back-rest — horizontally. This regulation is per-
formed using the hydraulic servo-motors. Stabilizing shaftz ensure the
proper position of a body, acting on the subject’s chest and waist, The
stabilizing clasp is mounted on a bearing which allows for the rotation
about the x-x axis. The range of stabilization can be regulated in relation
to the length of a calf. The clasp is pressed against the thigh and fized
by two screws. Coaxial mauniing of the elasp and the measuring pedal
ensures the elimination of the stabilization's influence on the result of
2 measurement.

The measuring system i3 bulit of the pedals equipped with a force
sensor (4), an amplifier (8), and a meter (%), The pedal can rotate about
the x-x axis. The force sensor is a strain gaupge ring mounted at the
fiwed distance from the axis and works as a torque meter, Pedals as
well as the stabilizing clasp can be gradually moved in a vertical plane.

2. Measurement fechnigue

The set enables the measurement of a torque developed by the flexors
of a foot in static conditions. The subject i1s sitting on the seat with hip,
knee, and ankle joint angles equal 90°, The rotation axis of the measured
joint is placed exacily above the x-x axis. The position of a subjeet can
be assured by the adjustment of the seat, the back-rest, the clasp, and
the pedals, The stabilization is performed by pressing down and locking
of the stabilizing shafts and of the thigh clasp. The value of a measured
torque is digitally dizplayed on the meter. Shifting of the clasp enables
the measurement of both legs (left as well as right).
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Conclusion

The most suitable position for the measurement of an ankle joint mus-
cles torques is the sitting position with the angles in both hip and knee
joints equal 90° and with a proper stabilization of a leg.
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Stre zezenie

W pracy fe] podiglo pribg okreslenia wpiywu pozycjl pomliarowe} na wyniki
pormiardw momentdw sl ow stawde skokowo-golenicwsym ora: skonstruowano slba-
towisko modelowe do ich pomiacdw. Badania preeprowadesono s Instytucie Sporia
na 12 mgzczyzoach. Micrzono momenly st w posyciach: stojie (posrcja 1), sind =
mierzong koficzyng dolng wyprostowana w stewie kolanowym (pozyeja 2) oraz sind
i kreedle, koheeyny doloe zgiete w stawach kolanowyeh i blodrewyeh pod kgtem
prostym (poeyeia 3, W wyniku preeprowadzonei analizy re_ultaidw badad stwlae-
doena, e najodpowiedniejszg peeyejg pomiarows jest pozycia & — siad oa kroedle,
koficeyny dolne zgiete w stewach kolanowych | biodroayeh pod kgtem prostym.
Skenstruowano stanowiskp pomlarowe wnoiliwiejgee ponmar w te] poycji

Peawome

B pafore JandMAnMCh TOOLTEOR ONREOeICHMS DRMRHHN PASALiE O20MEHNH TEna
BE BETHIHHY HIMePAEMED MEIUSHHEY MOMeHTOR cHa (M) B romeugmpg—cTonpos cye-
rane, Meepeasd OpOBOIMANcs € NOMOMH cAenasaod HAMH ¥eTasopEH. Mcoocnepona=-
waA Guiaw ocympereenEl B Mucrrryre Coopra ma 12 mysasiaa¥. Mowepamios
MEIIMETHLS MOMEHTE! CHR B BReMA:

— BEpTHHARRAOR cTofxe (1)
— CHOA ¢ BEIOPAMIeHNOR HODOE (Z)
— cHar o xpecae (I)

Nprmseaa moay (3] WonbTTyeMbie POSBMBINH COMBIE MANEIE MOMeHTHEL Ccaa (D),

B pacteiiibe Begebian (M) OGuimo sadmannos,



