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The Anisotropic and Viscoelastic Properties of Bone Tissue

Jin-Sung Kim', Jung-Sik Kwon', Jin-Ho Roh™", and Soo-Yong Lee

ABSTRACT

In this research, biomechanical characteristics of the bone tissue are experimentally investigated. By using
specimens of the bovine bone, the mechanical properties are obtained through tension and shear tests. In experiments,
non-homogeneous and anisotropic properties with respect to longitudinal and transversal directions are observed.
Moreover, the viscoelastic behavior in which modulus and strength properties are dependent on strain rates is
analyzed. It is expected that a numerical damage model of the bone be efficiently established based on the results.
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(a) Removal muscle and joint part (b) Quadrisection

Fig. 1 Specimen cutting process.

(b) Shear test specimen

Fig. 2 Specimen types.
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Fig. 3 Test equipment.
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Fig. 5 Stress-strain curves for femur.
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Fig. 6 Stress-strain curves for tibia.
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Fig. 7 Stress-strain curves for tibia by strain rates.

Table 1 Tensile mechanical properties by positions

Position Elastic modulus Ultimate Poisson’s
(GPa) strength (MPa) ratio
P 20.02 101.70 0.22
+ 0.41 + 6.85 + 0.00
L 25.93 133.56 0.22
+ 0.21 + 3.94 + 0.04
A 20.82 117.00 0.21
+ 0.52 + 17.60 + 0.03
M 23.45 124.94 0.18
+ 1.58 + 10.65 + 0.06
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Fig. 8 Stress-strain curves by environment condition. Fig. 9 Comparison of tensile modulus and strength.
Table 2 Mechanical properties by tensile test Table 4 Comparison of anisotropic properties
Directi Elastic Ultimate strength| Poisson’s Present Ref. [14]
1rection .
modulus (GPa) (MPa) ratio EL (GPa) 21.62+4.19 19.90+2.70
Longitudinal 26.09 121.14 0.23 Er (GPa) 12.90+0.64 12.20+1.90
Transversely 12.37 50.52 0.24 Gur (GPa) 5.50+0.62 5.40+0.70
vir 0.31+0.05 0.36+0.02
VIL 0.25+0.04 0.23+0.03
Table 3 Mechanical properties by shear test . T T
# L : Longitudinal direction, T : Transversely direction
Strain rate (s Shear Ultimate Strain at
— moduLu:l(GPa) streni;hZE)MPa) fa]h:r;s(%) Table 4= 5 72 Eg oo = uakl 3 W] st
ol o wn o SAAIS, Eolpn), Teln HeAGet 12 AR AR oy
— 4 E4< vlaste] Yehligloh Fig. 9= A&l disiA 71E
st s [ e W B A B B Lol WA PEE v
sto] Uikl Zolch.
Table 20 FYU3 oA FEH AlH 3} "pgpd o] ) ] i
e 2ol BT ol TaE ATHl e Y Table 45} Fig. 90 Mol 7|2 Q4] Hlolelet AHZEE: 1]
1 3L -—
P18 A Uehiolnh F 9Y BE Eble SR Lo n ons ams woie 2 220 71
ATk L}E]—LHX]D]- 7]—59,]_ /H7;“/\‘— = H]»ﬁl:o] 3] 1:'1-‘81:01] H] - - -
o= v e e Rl e e t U@ S0 A AY Auge WA 1y 2
o 20 A= A Uehte A3k S0 S gk ole FE g oo o e g
il Al e L
PR Af 25| & WgeR vdse] Q] wre] 4 N -
ez & weke] 7|A1A E/4do] ZStA yEhdt). Table 3
2 A Aol gt Al MPE &0 TE 74 &4 4. 4 =2
= Uehd Zojth. WEE £%7t S7Itel weh dAdAs H
et S7FRe Ag #ERIE 4= Qlth Fig. 82 34 29 2 AFolMs A 4 AR &9 FaE e
02 o §E-HFE A=E Uitk Axdy) 20 £ ol&st] & xFo] M= VIAH E4e AHETh
Ao o] g FH(23C, RH 50%) 212 AeE o Y Bl EXe = 239 Ao wet 71AA &40l
ERfi G3Hwet) 22 AJH £ S 5= 2E A Wakshs vl AgE 1T 4 ATk el wet 714
£ ol&st AAl AAl 2 =ARH 85%)= AR AEE =740] 2u) A= |7} WAs= AAE FIHA oA &
ek Azt Aelel &3t AEelA Ze] 7IAH As & AE A & 5 A%tk E3 HYE SR T 4F¥E
o] ThEA) UEhbs A BRld 4 otk T wshe, Az Awuy] 98] AY HEE zdstel ARS U 2,
defollAs A (brittle) A= EAE HER L 53 AefollA HEE &7t STkl met e 2 44 22 714
£ A4(ductile) A7 EALS vehlith. ol 29 714 & A =4ol S7heke A 54& selskal. 1ela
o] 2 Wie] B f W 9o Ao RS won AL M8 AW B A4 WA 21 Yo B 23
A 27 ellXe BT o] A EAiete A4 A o] 7IAA Aol A4 AR AT 54F Ushdide= A&
29| ABS AL B 249 EHS Hojo). Solstdnt. ol& B3l T 2 oI Al Aol



S25%% 55 1 9% 2012, 2

3 13

X
o
N
N
N
e
o
ol
oX,
E
£
%,
A
2,

=3E 24T AsE 7Rde 488 WE 5 ok
71E A B4 Blas SEA A A= A
8L, olF Bl AAl IA Fx mdFe| et o
g seEE A A FARIES ol87 A AdE
SAA EE o & Aolh F o AeR IA &4 HA
Z WME e 2, 1% S5 22 F o Aesd

o] =E-2 FIEtATA AEA 74 EStATAE Q) A
S & Z1Rtol AFLE|YS(AFHZE UD090090GD).

HFuEd

1) Turner, C.H., Wang, T., and Burr, D.B., “Shear Strength and
Fatigue Properties of Human Cortical Bone Determined from
Pure Shear Tests,” Calcif Tissue Int, Vol. 69, No. 6, 2001,
pp. 373-378.

2) Dong, X.N., and Guo, X.E., “The Dependence of Transversely
Isotropic Elasticity of Human Femoral Cortical Bone on
Porosity,” Journal of Biomechanics, Vol. 37, No. 8, 2004,
pp. 1281-1287.

3) Shahar, R., Zaslansky, P., Barak, M., Friesem, A.A., Currey,
JD., and Weiner, S., “Anisotropic Poisson’s ratio and
Compression Modulus of Cortical Bone Determined by
Speckle Interferometry,” Journal of Biomechanics, Vol. 40,
No. 2, 2007, pp. 252-264.

4) Wang, X.J., Chen, X.B., Hodgson, P.D., and Wen, C.E.,
“Elastic Modulus and Hardness of Cortical and Trabecular
Bovine Bone Measured by Nanoindentation,” Transactions
of Nonferrous Metals Society of China, Vol. 2, No. 2,
2006, pp. 744-748.

5) Taddei, F., Cristofolini, L., Martelli, S., Gill, H.S., and

Viceconti, M., “Subject-Specific Finite Element Models of
Long Bones: An in vitro Evalution of the Overall Accuracy,”
Journal of Biomechanics, Vol. 39, No. 13, 2006, pp. 2457-2467.

6) Ural, A., Zioupos, P., Buchanan, D., and Vashishth, D.,
“The Effect of Strain Rate on Fracture Toughness of
Human Cortical Bone: A Finite Element Study,” Journal
of the mechanical behavior of biomedical materials, Vol.
4, No. 7, 2011, pp. 1021-1032.

7) Trabelsi, N., Yosibash, Z., Wutte, C., Augat, P., and Eberle,
S., “Patient-Specific Finite Element Analysis of the Human
Femur-A Double-Blinded Biomechanical Validation,” Journal
of Biomechanics, Vol. 44, No. 9, 2011, pp. 1666-1672.

8) HAE, A5, x2S 1R dEE &g H3
ANz 2w A sHa Aso] B fItass|s,”
FEEFAESE A, A23d A1E, 2010, pp. 1-8

9) tAE=eet QA &4 DB, sl eR E AT AKISTD),
http://digitalman.kisti.re.kr

10) An, Y. H., and Draughn, R. A., “Mechanical Testing of Bone
and the Bone-Implant Interface,” CRC Press, Boca Raton,
2000, pp. 121.

11) Turner, CH., and Burr, D.B., “Basic Biomechanical Measure-
ments of Bone : A Tutorial,” Bone, Vol. 14, No. 4, 1993,
pp. 595-608.

12) ASTM D5379 M-05, “Standard Test Method for Shear
Properties of Composite Materials by the V-Notched Beam
Method,” Annual Book of ASTM Standard, 2007.

13) ASTM D3039 M-08, “Standard Test Method for Tensile
Properties of Polymer Matrix Composite Materials,” Annual
Book of ASTM Standard, 2008.

14) Rho J. Y., “Mechanical Properties of Cortical and Cancellous
Bone,” Ph.D. dissertation, University of Texas Southwestern
Medical Center, Dallas, TX, 1991.

15) Burstein A.H., Reilly D.T., and Martens, M., “Aging of
Bone Tissue : Mechanical Properties,” Journal of Bone Joint
Surgery, Vol. 58, No. 1. 1976, pp. 82-86.



