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INTRODUCTION

Osteoarthritis, the most common form of arthritis,
occurs more in the knee than any other joint [1].
Therefore, knee models are valuable tools that can
be used to study normal joint function, simulate
potential strategies to prevent injury, and assess the
effect of treatment programs. These models range in
complexity from a hinge joint [2,3] to a complex
continuum representation using finite element
analysis [4]. Discrete element models offer a
balance between simplified and finite element
models by providing soft tissue loads at a low
computational cost. Uses of these models include
the estimation of immeasurable forces (i.e. muscle
forces and soft tissue loads) and the performance of
‘what-if” studies. For example, a discrete element
model of the knee, which included cartilage loads
and spring representations for ligaments, has been
used to predict hamstring and quadriceps forces that
could be used to restore normal joint function in a
knee without an anterior cruciate ligament [5].
However, there is not an open-source, discrete
element knee model available in the literature.
Therefore, the goal of this work was to develop a
discrete element model of the knee that is open-
source.

METHODS

The right femur and tibia of a generic
musculoskeletal model (i.e. gait2392 model [6])
were scaled for a 77.5 kg female in the open-source
software OpenSim [7]. A six degree-of-freedom
(dof) tibiofemoral joint and one dof patellofemoral
joint were created that included tibiofemoral
contact, ligaments, and vastii muscles (Figure 1).
The patellofemoral joint was modeled as a one dof
joint where the patella moved in a constrained path
about the distal femur subject to vastii and patellar
tendon forces. Contact was modeled between the
femur and tibia using an elastic foundation model
[8]. The geometry of the distal femur articular
cartilage was based on an open-source finite
element knee model [9]. The tibial plateaus were

modeled as two planes: the lateral plateau sloped 7
degrees posteriorly and 2 degrees laterally while the
medial plateau sloped 2 degrees posteriorly and
medially [5,10]. Eighteen ligament bundles were
included in the model: anterior cruciate ligament
(ACL, 2), posterior cruciate ligament (PCL, 2),
medial collateral ligament (MCL, 5), lateral
collateral ligament (LCL, 1), poplitofibular ligament
(PFL, 1), posterior capsule (4), and patellar tendon
(3). The origins and insertions were based on the
literature and modeled as nonlinear elastic springs
with properties adapted from the literature [5,11].
The properties were minimally tuned to match the
model behavior to literature measures of passive
motion, anterior-posterior stiffness, and axial
rotational stiffness. The developed model is
available from https://simtk.org/home/kneemodel
and can be freely downloaded and recreated using
OpenSim.

To validate the model, its passive behavior was
compared to cadaveric literature. First, the model
was passively flexed while the other five dof were
compared with [12]. Next, an anterior and posterior
force of 100N was applied to the tibia with the
amount of anterior-posterior translation measured
[13]. Then, an axial rotation torque of S5SNm was
applied to the tibia with the resulting rotation
measured [14,15].

Figure 1: Discrete element knee model created in OpenSim
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CONCLUSIONS

In summary, a discrete element knee model has
been presented. Through a comparison with the
literature, the model has shown physiologically
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