GENERALISED LIGAMENT MODEL FOR
FINITE ELEMENT MODELLING OF THE KNEE
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A general ligament model for the tibiofemoral joint would pave the way for the use of finite element (FE) models in
preoperative planning software as well as for the development of future implant designs for a variety of knee
geometries. The aim was to develop a general ligament model applicable to knees from different specimens.

METHODS

A FE model of the knee was developed containing the
3D geometries of the anterior and posterior cruciate
ligaments (ACL, PCL) and the medial and Iateral
collateral ligaments (MCL, LCL). Beidokhti et al. [1]
showed that modelling the ligaments as a continuum
leads to more accurate contact modelling.
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Figure 1 A generalised ligament model facilitates the
use of FE model in clinical and research applications.

The material model of the ligaments was a multilinear
elastic model based on a tensile test on a LCL with a
variable strain offset as calibration parameter. In
addition, an initial strain was assigned to the ligaments
to avoid compressive forces and provide stability to the
knee. A holistic approach to the ligament model was to
consider the ligament forces, which is the ligament's
output affecting the tibiofemoral joint kinematics. Thus,
the goal was to determine a set of forces as a
general ligament model. The force set was based on
seven different knee FE models that were
independently calibrated based on robotic laxity testing
of knee cadavers. The target forces were then applied
to six new FE models.

RESULTS AND DISCUSSION

For the ACL, the LCL and the MCL, the calibration
forces were defined at 0° flexion and were 15N, 49N
and 23N, respectively. For the PCL, the force was 35N
at 90° flexion. Interestingly, the ligaments can exhibit
large differences in forces at the flexion angles other
than the one of calibration (Figure 2). In Figure 3, the
different stress-strain curves are shown, which led to
the targeted forces for the different knee models. These
differences are due to the factors listed subsequently.
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Figure 2 Ligament forces during a passive path flexion
(0° to 90°) of the ACL, PCL, LCL, MCL of six different
FE models.
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Figure 3 Variations of stress-strain curves of the ACL,
PCL, LCL, MCL after calibrating for target forces.
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Factors influencing ligament behaviour:

» Subject-specific differences

Correct segmentation

Definition of attachment points

Different initial positions due to MRI

Ligament positioning e.g. larger knees produce a
larger lever arm for the ligament

The smaller the cross-section of the ligament, the
higher the stress in the ligament for the same force
output

-> Challenges of a generalised material model

CONCLUSIONS

The pitfall of a generalised ligament model is that it is
generalised and that it does not fit the subject as good
as possible. Hence subject-specific properties need to
be considered as it would improve the predicted
kinematics already shown by Beidokhti et al. [1]. A
possibility would be to have a loose and stiff ligament
force set, which could be applied according to subject-
specific laxity tests. A viable strategy for preoperative
planning would also be to have a generative ligament
geometry because segmenting the geometry is a time
intensive procedure. This would be a compromise
between subject-specific geometries and springs.
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