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Three-dimensional finite element analysis on mechanical behavior of the bone remodeling and bone integration be-
tween the bone-implant interface after hip replacement LI Yong-jiang, ZHANG Li-cheng™ ,ZHANG Mei-chao,YANG
Guo-jing,LIN Rui-xin,CAI Chun-yuan ,and ZHONG Shi-zhen. *Department of Orthopaedics ,the Third Hospital Affiliated to
Wenzhou Medical College ,Rui’an 325200, Zhejiang, China
ABSTRACT Objective: To discuss the primary stability of the fixed interface between the cementless prosthesis and femur,
and its influence on bone ingrowth and secondary stability under the roughened surface and press fit of different prostheses by
finite element analysis. Methods: A three-dimensional finite element module of total hip arthroplasty (THA) was developed
with Mimics software. There was a collection of data when simulating hip arthroplasty. The frictional coefficient between the
fixed interface was 0,0.15,0.40 and 1.00 representing the roughness of prosthesis surface. The press fit was 0,0.01,0.05 and
0.10 mm according to the operation. The Vion Mises stress distribution and the contact pressure,friction stress and relative
sliding displacement between the interface were analysed and compared when simulating the maneuver of climbing stairs. Re-
sults : At a fixed press fit of 0.05 mm , the contact pressure between the interface was 230,231,222 and 275 MN under four differ-
ent frictional coefficient (0,0.15,0.40 and 1.00) with little change; the relative sliding displacement was 0.529,0.129,0.107
and 0.087 mm with a consistent and obvious decline. As the fixed frictional coefficient was 0.40, the contact pressure between the
interface were 56.0,67.7,60.4 and 49.6 MN under four different press fit (0,0.01,0.05 and 0.10 mm ) with a reduction; the rela-
tive sliding displacement was 0.064,0.062,0.043 and 0.042 mm with an obvious decline ,and there was a maximal friction stress
when press fit of 0.01 mm. Conclusion: There is a dynamic process of the bone remodeling and bone integration between the
interface after hip replacement,determining the long-term outcome. The interface clearance and the frictional coefficient are
the key factors of the bone integration.
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Tab.1 Material property of the finite element model
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Tab.2 Force distribution surrounding the hip joint under
45% gait phase

WL 57 WA F3(N)
X Y Z

BRI 172.3 -105.0 -203.8
L 63.7 -28.9 -1133
B 25.4 -0.7 -51.6
FEARNL 3.6 160.6 -158.5
ESININ 110.5 -70.1 -224
KA h -613.7 -219.3 2868.7

T R X AR BIRTR 70, Y R NANrAL, Z ARG BT 5z
Note; The X indicted the front and back orientation of femur,the Y was the

internal and external orientation ,and the Z was top and bottom orientation
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Tab.3 Contact pressure,friction stress and relative sliding
displacement between the interface for a fixed press fit of

0.05 mm
Vi [Eton PR
0 0.15 0.40 1.00
R~ EE I M ST (MN) 230 231 222 275
JEE4E 7 (MN) 0 34.7 706 2380
FEE S I (mm) 0.529  0.129 0.107  0.087
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Fig.1 Vion Mises distribution of femoral surface Fig.2 Vion Mises distribution of femoral compo-

nents surface
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Fig.3 Maximum Vion Mises stress of the main parts with the different frictional coefficient
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Tab.4 Maximum Vion Mises stress of the main parts with
different press fit(N)

Vagi[E: g PR

0 0.15 0.40 1.00
JRC P e 59.2 493 225 17.5
JBe A 13.13 13.21 13.45 13.48
JBe A48 M 9.72 9.23 8.21 8.05
EEA LI 103 99.2 82.5 66.8
fE AT A 40.63 40.88 43.96 49.62
38 T T P 18.07 15.62 6.74 2.77
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Tab.5 Contact pressure,friction stress and relative sliding
displacement between the interface for a frictional coefficient

of 0.40
v ST R AR
Omm 0.0lmm 0.05mm 0.10 mm
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