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Abstract

By computed tomography data (CT), the individual geometry of
the mandible is quite well reproduced, also the separation of cortical
and trabecular bone. Using anatomical knowledge about the architec-
ture and the functional potential of the masticatory muscles, realistic
situations can be approximated. The solution of the underlying par-
tial differential equations describing linear elastic material behaviour
is provided by an adaptive finite element method. FEstimates of the
discretization errors, local grid refinement, and multilevel techniques
guarantee the reliability and efficiency of the method.

1 Introduction

A detailed understanding of the mechanical behaviour of the human mandible
has been an object of medical and biomechanical research for a long time.
Better knowledge of the stress and strain distribution, e.g. concerning stan-
dard biting situations, allows an advanced evaluation of the requirements
for improved osteosynthesis or implant techniques. In the field of biome-
chanics, FEM-Simulation (FEM: finite element method) has become a well
appreciated research tool for the prediction of regional stresses.

The scope of this paper is to demonstrate the impact of adaptive finite ele-
ment techniques in the field of biomechanical simulation. Regarding to their
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reliability, computationally efficient adaptive procedures are nowadays enter-
ing into real-life applications and starting to become a standard feature of
modern simulation tools. Because of its complex geometry and the compli-
cated muscular interplay of the masticatory system, modelling and simulation
of the human mandible are challenging applications.

This research is part of a detailed simulation project concerning the human
mandible. Descriptions of the simulation concept can be found in [11].

Previous FEM studies of the structural behaviour of human mandible have
been reported for instance in Korioth et al. [13, 14] and Hart et al. [9)].
Actually, there is a lot of advanced research concerning the interaction of the
human mandible with dental implants, e.g. [19]. Since mainly commercial
FEM tools are used in the field of biomechanics, adaptive finite elements are
not wide spread here.

The paper is organized as follows. In Section 2, we explain the underly-
ing simulation concept, including the mathematical model and the software.
Then, in Section 3, we give a brief description of the theoretical background
and the motivation of adaptive finite element techniques in this context. Af-
terwards, in Section 4, we describe and evaluate the results of our numerical
experiments which consider a lateral bite based on previous biomechanical
tests done by Moog [18]. Finally, in Section 5, we summarize the main fea-
tures of our approach and give directions for future work.

2 The simulation concept

2.1 The model

In general, simulation in structural mechanics requires at least a represen-
tation of the specimen’s geometry, an appropriate material description, and
a definition of the load case. In our field, the inherent material is bone
tissue, which is one of the strongest and stiffest tissues of the body. Bone
itself is a highly complex composite material. Its mechanical properties are
anisotropic, heterogeneous, and visco-elastic. At a macroscopic scale, two
different kinds of bone can be distinguished in the mandible: cortical or
compact bone is present in the outer part of bones, while trabecular, cancel-
lous or spongious bone is situated at the inner, see Figure 1 [16, 19].

Computed tomography data (CT) are the base of the jawbone simulation.
By this, the individual geometry is quite well reproduced, also the separation



Figure 1. The bone structure of the Figure 2: The separation of cortica
human mandible (from [20, 19]) and cancellous bone as realized in
the simulations

of cortical and trabecular bone, see Figure 2. The CT data give a density
representation, but the threedimensional information about the anisotropic
material law is lost. In this note, we restrict ourselves to an isotropic, but
inhomogeneous linear elastic material law. By this, at least in our setting,
the choice of material parameter is of reduced impact. In the case of cortical
bone, we refer to the experiments of [3]. A lot of experimentalists, for instance
[27], postulate for the elastic moduli of trabecular bone about atenth of the
stiffness of cortical bone. Concerning the elastic coefficients of teeth, we use
an average value of data available in standard literature.

We set

E

133 Ga, v=0. for compact bone,

E

3Ga, v=0. for cancellous bone,

E 160 av=0. for teeth.
Concerning anisotropic simulation, we refer to ongoing research activities of

the group [10, 2]

The orientations and values of muscle and joint forces are taken from biome
chanical experiments of Moog, see [18]. In Moog's setting, lateral biting
consists of a combination of the muse, temporalis, the masseterpterygoidus
sling and condylar reaction forces, as given in Table 1 The FEM simulation
requires as input a specification of force densities [N/n?] instead of force
values [N] as provided by Moog. Hence, we divide the given force data by
appropriate muscle areas and set a constant force density for the muscles



