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Introduction
.’

* The consequences of hip fracture and femoral
fracture are widely known. This phenomenon is one
of the principal causes of morbidity among elderly.

* The mechanical strength of the femur varies in every
person, but is possible to predict the mechanical
resistance with parameters like density, dimensions
and mineral content.
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Objetives
o

* This paper uses different models and empirical
studies to determine the mechanical properties of the
human femur, developing isotropic and anisotropic
models oriented to determine de mechanical
behavior of bone.

* This study allows predicting the femur break load in
function of one specific individual parameter: the
bone density.

C O M S O L Universidad
CONFERENCE Tecnolc')gica
BOSTON20/3 de Pereira

Excerpt from the Proceedings of the 2013 COMSOL Conference in Boston



Bone Geometry Obtaining

* In this work, the 3D scanning
technology was used to
obtain the bone geometry.

* The 3D scanning technology
is widely used to obtain
complex geometry, for
example in reverse
engineering.
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Resource \
——

Points Cloud

CAD and Physical
Model
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Human Femur Points Cloud CAD Model
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FEM Model Simulation
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Human Femur Composition
\

Trabecular

pone * The human femur is compound
by two different materials:

* Cortical Bone

r, ~ Bone

'.:;,1 * Trabecular Bone

| # The mechanical properties of

each one are different, and the
» caa two materials are anisotropic

Canal

materials.
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Human Femur Properties
Mechanical Properties of Cortica\

Bone

Mechanical | Ashman | Meunier | Taylor
Property 1984 1989 2002

E, (GPa) 13.48 12.41 17.9

E, (GPa) 13.48 12.41 18.8
This properties are

average properties,
not parametric
properties.

E, (GPa) 20.6 20.35 22.8
M, 0.37 0.41 0.28

M3 0.22 0.20 0.30

M5 0.36 0.35 0.31
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Human Femur Properties
"

= Axial Young’s Modulus for Cortical Bone
C
Q20 -
% Some authors has developed
=215 - models for the mechanical
-§ properties of human bones
= 10 - based in density or mineral
w0
o content
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Modeling Procedure
-

Search and
Simulation Selection of
Empirical Data

Determination of
Parametric

Mechanical
Properties

Parametric Model %esults Comparison Test

Selection Comparison Establishing
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Simulation and Test

Anisotropic Model
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Results and Conclusions

—_
(o))
J

Predicted Fracture Load kN

Cody Isotropic | Anisotropic
8 - R? 0.8354 0.6885 0.9123
a © Cody  Isotropic A Anisotropic
4 I I I
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