EINDHOVEN
e UNIVERSITY OF
TECHNOLOGY

A rheologic model of the menisci in static and dynamic load
transmission

Citation for published version (APA):

Lange, de, A., Jaspers, P. J. T. M., Huiskes, H. W. J., & Rens, van, T. J. G. (1981). A rheologic model of the
menisci in static and dynamic load transmission. In A. Morecki (Ed.), Biomechanics VII-B : 7th international
congress. Vol. 3B (pp. 112-119). University Park Press.

Document status and date:
Published: 01/01/1981

Document Version:
Publisher's PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

* A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOl to the publisher's website.

* The final author version and the galley proof are versions of the publication after peer review.

* The final published version features the final layout of the paper including the volume, issue and page
numbers.

Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

» Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
* You may not further distribute the material or use it for any profit-making activity or commercial gain
* You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:

openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 08. Feb. 2024


https://research.tue.nl/en/publications/2b05280d-90d6-419c-915e-6d0ad94d8e8b

A rheologic model of the menisci
in static and dynamic ioad
transmission

A. de Lange, P. Jaspers, R. Huiskes, and Th. J. G. van Reas
University of Nijmegen, The Netherlands

The important load-carrying function of the meniscus in the knee joint is
frequently being emphasized in modern orthopaedic literature. However,
not much descriptive data on this function are known.

To evaluate its mechanical performance, extensive experiments with
fresh cadaveric pig knee joints were carried out. Different types of loading
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Figure 1. Schematic drawing of the experimental setting. Onleft : The knee joint is fixed
in a specially designed apparatus that fits into an Instron testing machine. To the pins,
extensometers are connected to measure the displacement response upon loading. On
right : Description of the joint as a mechanical system.
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functions were applied to the knee joint in extension, with intact knees and
after memscectomles Slow and fast loading rates (1amp loading and step
loading), repeated step loading and impact loading were used as experimen-
tal loadings. The;: trallslent deformation response of the joint was recorded
and analyzed. Flgure 1 shows a schematic drawing of the experimental set-
ting. Figure 2 shows an example of the deformations between the pins
resulting from stqp loading, for a knee with menisci and after a meniscec-
tomy. Furthermo‘re, load-carrying contactareas in the :knees, with and with-
out menisci, were measured as a function of the loadmg, using a special
roentgen technigue. Paits of these experiments have been reported prev-
iously (Jaspers et al., 1978). Figure 3 shows _the lpad-carrymg area as
a function of the foaghn_g for two different knees, with and without menisci.

In order to bgable to describe the characteristic parameters of the sys-
tem and roughly ésvaluate their influence on its mechanical behavior, so as
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Figure 2. Deformations between the pins as a function of the applied loading, at the
lateral and the medial sides, for a knee with menisci.and after meniscectomy. Curves for
increasing load (starting at 41 = 0) and decreasing load are shown.



114 de Lange et al.

80 7

70

knee 4 .
a med. with menisci
&——a med. without menisci
20 v-=--—v lat. with menisci
d v----u lat. without menisci
knee S !
R o——s med. with menisci !
o0 Mmed. without menisci
#----» lat. with menisci
0----g - lat. without menisci

" 40 ' 80 | 120 @ 160
load F (kgF)
Figure 3. The load carrying contact areas in the medial and Jateral parts of two knee
joints, with menisci and after meniscectomy, as a function of the'applied load, as meas-
ured with a special roentgen technique. It is evident that meniscectomy drastically reduces
the contact area, and hence increases the average stress normal to the contact surfaces.

to quantify thé: mechanical function of the menisci, a mathematical (rheo-
logic) model was developed.

This model was partly based on the results of geometrical measure-
ments and a (limited) amount of data in the literature on the mechanical
properties of tihe joint components and further developed by adjusting the
model characteristics to the experimental results.

It was assumed that the state of deformation was uni-axial; hence the
mid-saggital plane was one of symmetry. It was found that the mechanical
influence of the menisci can be separated into two effects : a non-linear, but
time-independent effect related to the circumferential stretching and a non-
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The rheologic model of the knee in extension. The force-transmission me-

chanism across the central part of the knee (direct contact between tibia and femur) and
the peripheral part (menisci) can be represented as parallel impendances. The meniscus
effect can be represented by two impendances in series, as discussed in the text.
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Figure 4b. Definition of element displacements and forces (F, = Fp--F,).
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'Figure Sa. A comparison of experimental (drawn lines) and model (dotted lines) resulis :
displacements as a function of the time in fast loading (step loading): intact knee.

linear visco-elastic effect related to the load-carrying area and the mate-
rial properties of the articular cartilage.

The complete rheologic model, consisting of non-linear springs and
visco-elastic elements, is shown in Figure 4. The material properties of the
elements are described by formulas in which certain parameters appear but
the physical significance in some cases is still uncertain.

In the following formulas the element displacements are denoted by

u (mm), the forces by F (kgf):

Element 1: 1= hFs,

[
Element 2 : u=23(~€~) 5
Ap

. 4p | Fcosa ) du Fcosa| |,
Element 3: F= WE(bpl bpy——— a4, | ~]—<I»pl+kp2 o >u},
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Figure 5b. A comparison of experimental (drawn lines) and model (dotted lines)
results: displacements as a function of the time in fast loading (step loading): after
meniscectomy. Meniscectomy in the model is simulated by removing Element 1 as
shown in Figure 4. '

Element4: u= zl( £ ) “;
Ae

Element 5: F = Ae {(bcl—i—bc2 Ag)-if—l ‘ /;c (kc1+kc3 i )u}
where : 4. and 4, (mm-) are the central and peripheral contact areas, re-
. spectively ;
I and I, (mm) the central and peripheral articular cartilage thick-
ness (total of tibial and femoral parts) ;
o is half of the meniscus apex angle, 4, s, z; through z,, b, b,,,
by by, kcl, k,,, k,,, and k, are parameters of which the physical
significance is uncertain.

It was shown that the value of 4, (the peripheral (or menisci) contact
area) is independent of the load. 4. is a function of the central force
(Ac == A (F:)). The general equations for the model can be expressed as :
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dm

di
fi=foutfoys and  fi=fufe oL

where

e R W A Y )

dFe '
Jfo= f4<Fc, dt) Js =fs(Fe), and fszfs(Fc)
It can be shown from the contact area measurements, that by approm-
mation

F,=2F and F,=1—AF

where A depends on the direction cosines of the (linearized) area-load
curves, according to

A = dir. cosine without meniscus/dir. cosine with meﬁiécus
From geometrical measurements it was found :
le>~3mm; [,>~2mm; x = 15°
. Using literature data (e.g., Krause, 1976) it was found :
F~0006 and s=06

Values for the other parameters were estimated on the basis of a part of the

experimental results, as shown in Table 1, In using this model to simulate

all other experiments (for which a computer program was set up), good

agreement was found for all knees, in a qualitative sense. An example is-
shown in Figure 5. The model can be regarded as a good basis for further

research, especially where human circumstances are concerned. Since

for human menisci the apex angle is much less, it can be anticipated that

in this case the effect of the circumferential stretching (Element 1) i is not

very pronounced.

Table 1. Estimates for the parameter values, as based on the experimental results (when
forces are expressed in kgf, displacements in mm)

Parameter Value Parameter Value
z : 1.10 . by . - ‘ 3.78
Zy 0.71 . D4 451.16
Zy 0.57 ke, 0.18
Zy 0.69 k., 1.33
b, - 7.03 kp, . 0.097

b, ’ 690.78 kp, 1.02
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