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Introduction

According to the literature the function of the menisci of
the knee has been studied almost only in laboratory experi-
ments and clinical studies (Jaspers et al., 1980; Seedhom
and Hargreaves;, 1979; Krause et al., 1976; Walker and Erk-
man, 1975; Fairbank, 1948). The interindividual variations
with respect to dimensions and mechanical properties of the
distinct joint structures require quite large series of experi-
ments in order to obtain definite quantitative results. More-
over, the experimental investigations are hampered by the
poor accessibility of the meniscal structures, emanating from
the complex anatomy of the knee joint and imposing heavy
demands upon the measurement techniques used. Only De
Lange et al. (1979) compared experimental results with the
theoretical predictions of a phenomenological rheologic mo-
del of the menisci and found them to act as nonlinear

_springs. Although the menisci might have a joint stabilizing

function as well (Minns and Muckle, 1982; Jaspers et al.,
1980) the most important function of the menisci is consti-
tuted by their load carrying capacity. In this paper a simple
theoretical model is presented that is expected to serve as a
versatile tool for the exploration of the basic mechanisms
and parameters governing the load transmitting function. of
the menisci.

Description of the model

The aim of the model is to obtain fundamental insight into
the importance of the menisci for the load transmission from
femnur to tibia. As a starting-point served an axially loaded
knee joint in full extension. The model is axisymmetric

(Fig. 1) and comprises a plane tibial plateau, a spherical fe-
moral condyle and a ring in between, representing the menis-
cus. In the unloaded situation the lower and upper surfaces
of the ring match the respective tibial and femoral surface
and there is direct femorotibial contact at the axis of sym-
metry. The model is based on a finite Element Method. This
is a numerical approach, based on piecewise approximations
to continuous fields. In using this method a structure is mo-
deled as an assemblage of elementary building blocks, called
elements, which are interconnected at a finite number of lo-
cations, called nodes. The distribution of elements that was
actually used for the present analysis is shown in Fig. 2.

The most important characteristic of this model is that it
allows frictionless displacement of the meniscus with respect
to the tibia and the femur. This is achieved by the use of

- especially developed gap elements. Both the bones and the

meniscus are assumed isotropic and linearly elastic.

Femur

A Meniscus

Tibia

Fig. 1

Results
The analysis performed thus far comprised the following:

-On exertion of an axial load F (Figs. 1, 2) the axial com-

pression of the joint and the radially outward displacement
of the meniscus were computed. Aitention was paid also
to the contribution of the meniscus to load transmission.
This was done for the three different combinations of ma-
terial properties shown in Table 1. Moreover, for combina-
tion,1, which served ds a reference, the joint behaviour was
analyzed after omitting either the fotal meniscus or its -
outer half,

From Figs. 3 and 4 both the axial compression u and the
radial displacement v can be seen to depend in a nonlinear
way on F. A comparison of curves 1, 2, and 3 in Fig. 3
shows an increase of the Young’s modulus of the bones
(curve 2) or of both the bones and the meniscus (curve 3)
to result in a decrease of the axial compression of the joint
under the same axial joint load. Removal of the meniscus
results in an increase of the axial compression (curve 5).
Curves 1 and 4 show only a relatively slight increase of the
axial compression after removal of solely the outer half of
the meniscus. For the radially outward displacement of the
meniscus in a qualitative sense the same results are found.

In Fig. 5 the percentage of the total axial load transmitted
by the meniscus is given as a fun~tion of the total load.
For the reference combination of material properties (curve
1) about 50 % of the total joint load is trausmitted by the
meniscus. This percentage is diminished drastically by an
increase of the Young’s modulus of the bones {curve 2)
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whereas it increases after an increase of the Youngs moduli
of both the bones and the meniscus. A half meniscus appears
to contribute less to load transmission than a whole menis-
cus. However, the diminution of meniscal load transmission
is less than would be expected from the decrease of the
load carrying area (50%). The explanation of this finding is
found in the load distribution on the tibial plateau (Fig. 6).
From the load distribution in the meniscotibial contact area
for a whole meniscus its inner half is seen to carry consider-
ably more load than the outer half. Consequently, removal
of the outer half of the meniscus will have a relatively
slight effect on the meniscal share of load transmission.
Fig. 6 shows the maximum pressure load on the tibial pla-
teau in the femorotibial contact area to be about a factor
of 20 higher than the maximum values in the meniscotibial
contact zone.

Furthermore, the numerical results showed the highest stress
values to occur in the bone at the site of femorotibial con-
tact, while the stresses in the meniscus were about a factor
of 10 smaller. Removal of the meniscus resulted in an in-
crease of the former of about 40% whereas this increase
amounted only 5 to 15% (depending on the total axial
load) upon removal of the outer half of the meniscus.

Concluding Remarks

— From a simple axisymmetric finite element model the
meniscus appears to contribute significantly to load trans-
mission in the knee joint;

— The presence of a meniscal structure causes a consider-
able reduction of stresses in the femorotibial contact
area;

— In the geometrical configuration, chosen in the present
study, the inner half of the meniscus accounts for the
major part of meniscal load transmission.

— The axial compression of the joint and the radially out-
ward displacement of the meniscus depend nonlinearly
on the axial joint load.

— The combination of material properties of bone and
meniscal tissue is found to be more important for the
amount of meniscal load transmission than the dimen-
sions of the meniscus.

Int, J, Sports Med. 5 (1984) Supplement g5
The results of this theoretical analysis support experimen-
tal findings reported in literature on the load-carrying func-
tion of the meniscus (Seedhom and Hargreaves, 1979; Wal-
ker and Erkman, 1975). However, extrapolation of these
results towards biological reality would be unwarranied
because of the gross simplifications made with regard to
both geometry and material properties. By successive eli-
mination of these simplifications it is possible to make a
stepwise analysis of the importance of various parameters.
Investigations on the importance of the geometry of the
tibial plateau (e.q. slightly convex or concave instead of
plane), the presence of articular cartilage layers on the
bones as well as the actual anisotropic material properties
of notably the meniscal tissues will be the logical continua-
tion of this work. In this way we hope to obtain funda-
mental insight into some of the basic mechanisms that
govern the mechanical function of the meniscus.

References

Fairbank T.J.: Knee joint changes after meniscectomy. Journal of
Bone and Joint Surgery, Vol 30-B, No. 4, 664—670, 1948.

Jaspers P., de Lange A., Huiskes R., van Rens Th.J.G.: The mech-
anical! function of the meniscus, experiments on cadaveric pig
knee-joints. Acta Orthopaedica Belgia Vol 46, 663668, 1980.

Krause W.R., Pope M.J., Johnson R.J., Wilder D.G.: Mechanical
changes in the knee after meniscectomy. J Bone Joint Surg
Vol. 58-A, No. 3, 599-604: 1976.

de Lange A., Jaspers P., Huiskes R., van Rens Th.J.G.: A rheologic
model of the menisci in static and dynamic load transmission.
Paper presented at the Vil Int. Congress of Biomechanics, War-
saw, Poland, 1979,

Minns R.J., Muckle D.S.: The role of the meniscus in an instability
model for osteoarthritis in the rabbit knee. British Journal of
experimental Pathology, Vol 63, 18-24, 1982.

Seedhom B.B., Hargreaves D.J.: Transmission of the load in the
knee joint with special reference to the role of the menisci.
Engineering in Medicine, Vol 8, No. 4, 220-228, 1979.

Walker P.S., Erkman M.J.: The role of the menisci in force trans-
mission across the knee, Clinical Orthopaedics and Related Re-
search, No 109, 184192, 1975.

AAHJ. Sauren, Eindhoven University-of Technology, Dep, of Mechanical Engineering, P.O. Bos 513, NL-5600 MB Eind-

hoven, The Netherlands






