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Introduction
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e Build a homogeneous & an inhomogeneous model
e Bone density

e Investigations of stress within femur bones\ »
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e Relations of /oading and eracking on the bone
o Comparisons between the 2."D and 3D model
l

e
‘.\_‘ »




Assumptions

e Human body is complicated
Commercial package - 3D model|
Use a simple 2D model

e Femur bone shape was sketched from a CT image
Roughly the same as femur bone

ié by photoshop by ABAQUS



Assumptions
e Bone density is estimated
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ABAQUS Results - Femur

2D Homogeneous Model

Homogeneous femur model

density is the same inside the bone
Epone = 287503, p=1
v = 0.3 [

Stress is relatively low in this region.

Mises

«Apply a concentrated force on humeral Thvg: 79%

+8.106e+04
1 1 +5.000e+04
head while the diaphyseal part of the bone 1117508404
+4.500e+04
mai ' 129006104
+4. e+
remains fixed. 149802104
+3.500e+04
+3.250e+04
+3.000e+04
+2.750e+04
+2.500e+04
+2.250e+04
+2.000e+04
+1.750e+04
+1.500e+04
+1.250e+04
+1.000e+04
+7.500e+03
+5.000e+03
+2.500e+03
+0.000e+00

[1] L. B. Querol et al., J of Biomechanics 36 897 2003



ABAQUS Results - Femur

2D Inhomogeneous Model

e INnhomogeneous model, E depends on bone density [
Epone = 60+900p?, p<0.46 (9/cm3)  [MPa]
Or E, . = 2875p3, otherwise [MPa]
vV = 0.3
« Apply a concentrated force on humeral head
while the diaphyseal part of the bone remains fixed.

« Bone relative density is roughly divided into 3 segments.
0=1 E=2875 MPa

P=0.8 E=1472 MPa &
P=0.5 E =359.4 MPa 7

[1] L. Belenguer et al., Statistical Finite Element Model for Bone Shape and Biomechanical Properties, 405 2006



ABAQUS Results - Femur
Loading and Crack 3D Model-1




ABAQUS Results - Femur
Loading and Crack 3D Model-2
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® p<0.4; ois very small

@ Results are not quite the same
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ABAQUS Results - Femur

Cracking and Loading 2D Model

Partition

ABAQUS

p=1.0

Op=o0.5, 0 is very small

@ As p=1 area increases,
high o region expands.

®o is highly dependent on p

@ Femur is estimated to
fracture at the fixed end.

®3D model would give a
better simulation prediction.

Fixed End
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Summary &

e Build a simple 2D model|

o Comparison between a 2D model
and a 3D one

e Predict cracking

E—
=

ey

N



