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Study and verification test on finite element materials properties of
the long bone based on CT images

FAN Li-xia'®, DING Guang-xing'®, FEIl Wang-hua'®, DONG Xue-hua, LI Ying’,

YANG Jun-sheng® (1. a. School of Mechanical Engineering, b. School of Science, Nanjing University of
Science and Technology, Nanjing 210094, China; 2. Department of Orthopedic Surgery, the NO. 454 Hospital
of PLA, Nanjing 210002, China)

Abstract: Objective To discuss the method for defining personalized materials properties of the fresh human
long bone with alcohol treatment and the effect from the number of bone materials on finite element results. Meth-
ods Based on images from CT scans, a three-dimensional solid model of the long bone was established in
Mimics, which was then classified into the cortical bone, cancellous bone and marrow in Hypermesh. Based on
relevant empirical formulas, material parameters of the cortical bone and cancellous bone were given, respective-
ly, and 5 finite element analysis (FEA) models with different numbers of materials were set up. The simulation
for linear elasticity of the compression was carried out in Abaqus and the results were validated by in vitro verifica-
tion test. Results Under the end displacement ranging from 0 to 1 mm, the average relative error between the
simulation results and the experimental data for holistic force-displacement was about 10% , when the materials
number was defined as 1 kind of the cancellous bone and over 10 kinds of the cortical bone. And the average rel-
ative error between the simulation results and the experimental data for the deformation of the measurement
points was 14.6%. The error of holistic force-displacement for 1 kind of the cortical bone was 2. 83% when the
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end displacement ranged from 0 to 0. 5 mm. Conclusions

(1) Using the gray value of CT scans, materials

properties of the main component of the bone could be defined accurately. (2) The simulation result was greatly
affected by the material number of the cortical bone, and defining 10 kinds of the cortical bone could satisfy the
FEA need. (3) The FEA model with 1 kind of the cortical bone also could satisfy the need of analysis under small

deformation.

Key words: Long bone; Materials properties; CT scans; Finite element analysis; Compression testing; Deforma-

tion; Biomechanics
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Fig.1 3D model of the femoral shaft end after smoothing process
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Fig.2 Distribution of elements on different gray value intervals
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Tab.2 Experimental data and simulation results for the cancel-
lous bone and cortical bone materials with equal nhumbers
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Tab.3 The errors between experimental data and simulation re-
sults for the cancellous bone and cortical bone materials with equal
numbers in the displacement ranging from 0 ~1 mm( %)

0.1 1.413 1.440 1.681 1.687 1.686 1.693
0.2 2.829 2.880 3.364 3.374 3.374  3.386
0.3 4.211 4.324 5.049 5.065 5.064  5.083
0.4 5.79 5.768 6.735 6.757 6.756  6.781
0.5 7.752 7.215 8.425 8.452 8.451 8.482

0.6  9.948 8.663 10.116 10.148 10.147 10.185
0.7 12,18  10.112 11.809 11.846 11.846 11.889
0.8 14.401 11.564 13.503 13.546 13.545 13.595
0.9 16.462 13.016 15.198 15.247 15.246 15.302

1 18.505 14.470 16.895 16.950 16.949 17.010
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Fig.4 Comparison of the load between finite element results and experimental data
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Tab.4 The error between experimental data and simulation re-
sults for 1 kind of the cancellous bone in the displacement ranging
from0.5 mmto1 mm(%)

1 2 4 6 8 10

FHAERHAZE 22.84  9.09 4.8  4.11  3.92 3.86

ERMAHREE 27.88  13.57  7.85  6.61  6.30 6.20

5 B 0~0.5mmit,l HRREHFEHSKMHIRRE(%)
Tab.5 The error between experimental data and simulation re-
sults for 1 kind of the cancellous bone in the displacement ranging
from 0 t0 0.5 mm(%)

BREHH
1 2 4 6 8 10
FHFEATIRE 2.83 10.88  15.36  16.33  16.57 16.65
BRAERHREZE  7.45  13.49  17.84 18.78 19.01 19.09
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Fig.5 Comparison of the deformation of the measurement points

between experimental data and simulation results for 1 kind of the
cancellous bone
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