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Finite elemenx s on the effect of organic phase on al properties of bone tissue

OO HE Zedong, ZHAO ]ing*@ Bo
@chool of Mechanical Engineering, Southwest Jiaot iversity, Chengdu 610031, China)

Abstract: The microstructure of bone tissue is similar t(@ of fiber-reinforced composites. It mainly consists of

. . o .. . o
the mineral and organic matters arranged alterngtelﬂ ee kinds of collagen microfibril models were consf@d

based on the degree of mineralization. The effe
tigated on considering of tropocollagen @ and organic cross-links. The results were further s
pared with the literature reported. T@ rical results show that the stiffness value and trend

tion of the microfibril models are si

ganic phase on mechanical properties of microfibril. wasfdves-

astic deforma-

rantly improved with the increasing of the degree of(minéralization. Shrink-

age of tropocollagen molecul S in the increase of elastic modulus and the decreas ghness. The mechani-

cal properties of bone tis&@prove and its brittleness increases with the incre he number of cross-links.

The results are helpful to reveal the effects of the active constituents and m {rgetures of bone tissue on its me-

chanical properties, which can provide theoretical foundations to develo Epair materials.
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Fig. 1 Schematic representation of hierarchical

microstructure of bone tissue
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@O Tab 1 Geometric parameters

Q
@%\'ﬂ{{ion Variable Value/nm
(O Length of model L 340

O Diameter of model Dn
Length of tropocollagen molecule L. @)

Diameter of tropocollagen molecule D, o1~ 1.5
Periodicity P QS 67
Gap @n 40

O
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g4k, FrAASC SRR () TCUR
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he
il X A4

(a) TC (Tropocollagen) model

(b) M (HAP) model

(¢) AM (ACP+HAP) model

ACP—Amorphous calcium phosphate;
HAP—Hdroxyapatite
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Fig. 2 Finite element model of bone tissue
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Tab 2 Material parameters in bone tissue

Mechanical ~ Young’s Poisson’s  Tensile
properties modulus/GPa ratio strength/MPa
TC 0.5, 1.2, 2, 2.7 0. 35 52.2 @
HAP 40, 80, 100, 114 0.27 144
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Fig. 4 Elastic modulus of microfibril in bone tissue

under different parameters
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Table 3 Elastic modulus of mineralized collagen microfibril

of bone tissue

Techniques Elastic modulus/GPa
MEMS stretching ~0.4—0.5

X-ray diffraction 1

AFM testing 2—17

Molecular multi-scale modeling 4.36
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B2 simulation value
W2 Formula value
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Fig.5 Stress-strain curves and fgilu @ ength of microfibril

relationship with coll?ne of bone tissue
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