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Abstract

Clinicians, patients and engineers would benefit from accurate methods of predicting the
mechanical properties of bone in order to develop better prosthesis, orthesis or other class of
devices oriented to help or increase the human well-being.

In this paper, the geometry and dimensions of a human femur was generated through 3D scanning
process, trying to obtain the highest quality in the femur external topology. The complex structure
of the femur was represented through three dimensional anisotropic finite element model, built
with COMSOL Multiphysics®. This model was subjected to various mechanical loads according
with experimental reference studies. The reference studies, was developed using dual energy X
ray absorptometry (DXA), quantitative computed tomography (QCT) and real human bones,
which was subjected to specific loads in order to establish an objective basis for comparison.

The main goal of this study is to model and test a human femur through finite element technique,
validating the results by comparison with experimental studies.

This paper presents very approximate results and shows that the finite element model is a
promising method for predicting fracture loads and can be used for further study of a mechanical
behavior of bones.

COMSOL was used to build a complex model comprising the cortical bone and trabecular bone.
The trabecular bone is the material making up the proximal femur, which forms the hip joint.
Cortical bone is the material of the neck of the femur, the thinner part of the femur but also the
most compact and resistant. The principal challenge in the model building, was the construction
of a valid geometry for meshing could adequately represent the combined behavior of both
materials.

Among the findings of the study emphasizes the need to represent the human femur as a
composite of at least two anisotropic materials. Ignoring this leads to models that are not
consistent with reality. COMSOL allowed for a complex model with relative ease, thanks to its
meshing options and compatibility with CAD software used in this case, SolidWorks®.
Additionally, it should be emphasized that the main vulnerability found in the human femur through
the model developed by COMSOL was the neck of the head, which is consistent with empirical
studies with real bones. In the final analysis, this study shows that there is great research



perspective using the finite element method combined with the nonlinear mechanical behavior
study of bones and many more parts of the body.
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Figures used in the abstract

Figure 1: Bone Fixing for Simulation.
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Figure 2: Loads on Bone.
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Figure 3: Results: Bone Stress Distribution.
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Figure 4: Head Stress Distribution.



