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Tablel Resultsof dastic modulus by the anisotropic mode
dengty (g/cm®) Hy Ho Hz E; E; Es G Gz Gos
0.479 0.219 0.298 0.483 0.074 19 0.1150 0.195 3 0.005 072 0.009 804 0.017 45
0.417 0.270 0.331 0.339 0.087 50 0.1197 0.1439 0.006 655 0.006 953 0.010 18
0.484 0.247 0.356 0.398 0.086 22 0.146 6 0.1770 0.007 642 0.008 953 0.017 90
0.565 0.267 0.338 0.395 0.116 9 0.165 2 0.212 6 0.012 04 0.015 33 0.023 84
0.805 0.246 0.334 0.419 0.174 1 0.262 2 0.3250 0.027 78 0.040 14 0.065 01
0.515 0.234 0.335 0.431 0.087 50 0.1458 0.198 6 0.007 581 0.010 89 0.021 35
0.668 0.242 0.336 0.442 0.129 8 0.204 5 0.262 7 0.016 12 0.023 03 0.040 58
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0.677 0.243 0.309 0.449 0.132 8 0.1851 0.279 3 0.014 89 0.026 77 0.039 67
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Table 2 Resultsof dastic modulusof trabeculae
E; E> Ez E;, B>, E3 G Gia G G, Goz, Gi3 al
Eo 6. 757 7.291 10.92 9.217 10.11 8.628 8.862 8.940 9.212
R2 09223 0 9R]SY 09255 0895 5 09732 09442 09206 09300 0 896
1
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Table3 Edimates of dastic modulusof trabeculae
Source Type of bone Method Modulus of trabeculae / GPa
Wolff [1] Human Hypothess 17 20
Williams and L ewis'?! Human , proxima tibia Experiment with 2DFEM 1.30
Ryan and Williams!*"} Bovine femur Tendle teding 0.4 3.6
Choi et d. 18] Human tibia Four-point bending 3.2 7.8
Rho et d. [%] Human tibia Micro-tensle testing 10.4 (dry)
Ultrasonic 14.8 (wet)
Rietbergen et a. [*4! Human tibia FEM 2.23 10.1
The present paper Bovine femur Homogenization with 3D FEM 6.76 10.9
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INVESTIGATION OF THE STIFFNESS OF TRABECUL AE
BY REPRESENTATIVE VOL UME EL EM ENT ( RVE) APPROACH

Zhang Ning Fan Xugun
(' Imstitute of Applied Mechanics, Taiyuan University of Tesinology, Taiyuan 030024, China)

Abstract  Based on the concept of thefabric tensor to represent the microstructure of the cancellous
bone, a more sophisticated idedized representative volume eement (RV E) modd isintroduced for
cancellous bone. It isassumed that the trabeculae distribution in the principal direction of the fabric
tensor is proportional to the asociated eigenva ue of the tensor. With this understanding, the pre-
sent model provides a condstent and quantitative way to describe various kinds of microstructures
from rod-like trabeculae (corresponding to smaller eigenvalue) to platelike trabeculae (corregponding
to larger eigenvaues) . Homogenization theory is gpplied here to establish the relation between the
properties of continuum-level bone and the trabecuale. Unlike former studies that used the homoge-
nization theory to predict the macro- mechanica property from the assumed microstructure and me-
chanical property of the congituentsof the compodte, the present study focuseson the investigation
of the gtiffnessof the trabeculae, by the comparison of the caculated results with the continuum-lev-
el experimental data by Turner et d. The results show that the modulus of the trabeculae isin the
range 6. 76 10.9 GPa, and the mean vaueis 9. 21 GPa. These values are in good agreement with
the experimentally established modulusfor the trabeculae.

Key words trabeculae, fabric tensor , anisotropy , homogenization theory



