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Objectives

To develop a clinical decision support system that
will help clinicians optimally plan the ACL recon-
struction procedure in a patient specific manner.

•Full 3D body model 23 degrees of freedom and
93 muscles

• 10 non-linear elastic knee ligaments
•Predictive simulations of different activities
flexion-extension, gait and jump

•Evaluate the impact of different physiological
parameters (insertion position, ligament type
and number of bundles) for a concrete activity
prior to surgery

Introduction

Concerning anterior cruciate ligament (ACL) tear,
even if surgical reconstruction practice can be nowa-
days considered advanced, it is mainly based on ex-
pert judgment and less on objective biomechanical
evaluation of the patient’s physiology and everyday
activities, while patient-specific surgery customiza-
tion is very rare. With realistic ligament models
and computational modeling techniques, ACL in-
juries could be potentially analyzed and optimally
reconstructed using simulated decision support.

Methods

The ligaments were modeled with a non-linear force-
strain curve. The degrees of freedom of the knee
were altered, so as to permit flexion-extension,
varus-vargus, tibial and femoral rotations, anterior-
posterior, medial-lateral and inferior-superior trans-
lations, that are of significant importance. The mus-
cles are Hill type based, defining activation and con-
traction dynamics and a mapping was made from
muscle forces to joint torques. The equations of mo-
tion where derived, both for forward and inverse sim-
ulation.
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Results

The generic model was adapted and scaled, following the morphological characteristics of the patient. The
pre-surgical Lachman test was used to estimate the parameters of the model, so as to give a similar response
to the absence of the ACL, using stochastic optimization and forward simulation. Finally, the patient specific
model was used for predicting the impact of different physiological parameters. A possible clinical question
can be: what is the best insertion position of the ACL graft so that the simulated ligament strains can
follow the desired ones for a given action?

Figure 1: Virtual simulation of Lachman test and evaluation of the strain for different choice of bundles (left) and perturbations to
the length of the ligaments (right).

Figure 2: An aACL strain evaluation for different insertion positions during normal gait (left) and jump action (right).

Figure 3: A portion of the developed model (the muscles are
marked with red and the ligaments with green).

Conclusions

A computational model of both the kinematics and
dynamics of the human knee is developed that is sub-
sequently simulated for custom activities. The pro-
posed scheme demonstrates how virtual physiologi-
cal human simulations can be used in a pre-surgical
step for optimal planning of several parameters re-
lated to the surgical procedure.

•The model was based on multi-body theory and
not finite element

•A 3D full body multi-body model making it
suitable for the simulation of different activities

•Muscles play an important role in the knee
dynamics, thus they shouldn’t be neglected

•Further quantification of the model is necessary
(sensitivity, uncertainty analysis)

• Improvement of the geometric representation of
the model from MRI is important

•A more realistic contact and menisci model
should significantly improve the model
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