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Abstrac t 

We focus on the role of anisotropic elasticity in the simulation of 
the load distribution in a human mandible due to a lateral bite on 
the leftmost premolar. Based on experimental evidence, we adopt 
"local" orthotropy of the elastic properties of the bone tissue. Since 
the trajectories of anisotropic elasticity are not accessible from Com­
puter Tomographic (CT) data, they will be reconstructed from (i) 
the organ's geometry and (ii) from coherent structures which can be 
recognized from the spatial distribution of the CT values. 

A sensitivity analysis comprising various 3D FE simulations re 
veals the relevance of elastic anisotropy for the load carrying behav­
ior of a human mandible: Comparison of the load distributions in 
isotropic and anisotropic simulations indicates that anisotropy seems 
to spare" the mandible from loading. Moreover, a maximum degree 
of anisotropy leads to kind of an load minimization of the mandible, 
expressed by a minimum of different norms of local strain, evaluated 
throughout the organ. Thus, we may suggest that anisotropy is not 
only relevant, but also in some sense "optimal". 

Introduction 

During lifetime, the human mandible is subjected to severe changes, see Fig­
ure 1. Due to the loss of the chewing capability, the mechanical stimulus 
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necessary for the self-regulation of the bony structure vanishes. The shape 
of the mandibular corpus flattens, while the mandibular angle increases. Be 
cause of the interdependence of the inner structure of bone and its functional 
loading, a refined understanding of the structural behaviour of the jaw is of 
immediate medical interest 

Three dimensional simulation of the human mandible by means of finite 
element method started in the early nineties of the last century. Among the 
pioneers were Korioth et al. [10] and Hart et al. [6]. Both already included 
material anisotropy into their simulation concept. In the meantime, a rich 
body of literature is available. As an example of a recent study of anisotropic 
simulation, we refer to O'Mahony et al. [12] 

The work presented in this article is part of an interdisciplinary research 
project concerning the human mandible with the long-term goal to estab­
lish bony organ simulation as a powerful tool for craniofacial or orthodontic 
therapy. For results, see Kober et al. [9] for instance. 

coronoid condyles 

Figure 1: Human mandible at old age and at adulthood (in the background) 



The Simulation Concept 

2.1 aterial Law and Finite Element Approximation 

Up to a strain limit of 0.3 %, the material behaviour of bone can be described 
by linear elasticity. In most physiological standard situations, this value is 
not exceeded. Therefore, in the governing equation of structural mechanics 

div a 0, (1) 

we apply for the stress tensor a : a^) and the strain tensor e := (e^) = 
(VM + (Vw)T)/2 a generalized Hooke's law which can be written in standard 
index notation as 

Cij ^ i k l 2) 

o m p l e d by boundary value, u denots the displacment v e o r 

/mr^s 

radial trajectories: 
perpendicular to the surface 

circumferential trajectories: 
tangential to the surface 

Figure 2: Sketch of a cross setion through the mandible with trajetorie 
of elasticity. 


