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Effect of edge contact on metal-on-metal hip joint replacements

CHENG Qian', TIAN Bo’, WANG Yuan-pei', ZHAO San-xing', CHEN Xiao-ming’,
WANG Feng-cai'** (1. School of Mechanical Engineering, Wuhan University of Science and Technology,
Wuhan 430081, China;2. National Research Centre of Bearing Technology, Wafangdian Bearing Group Corpo-
ration (ZWZ) , Dalian 116300, China;3. Biological Materials Centre, Wuhan University of Technology, Wuhan
430070, China;4. School of Mechanical Engineering, Xi’ an Jiaotong University, Xi’ an 710049, China )

Abstract: Objective  To study the contact mechanics of metal-on-metal hip joint replacements under different
walking conditions, particularly for the edge contact behavior between the cup and the head of the bearing due to
large range movement. Methods  The finite element model of a typical hip joint replacement with conformal
spherical bearing was established to simulate the edge contact of hip joint replacement under the given cup incli-
nation angles and vertical loads. Results The maximum contact pressure decreased slightly and the contact ar-
ea increased when the cup inclination angles increased within the range of 0° ~60°. When the cup inclination an-
gles were more than 80°, the corresponding contact area moved to the cup edge, the maximum contact pressure
and distribution range increased, but the position of the maximum contact pressure moved from the initial contact
point to the new point with 6° ~9° in the direction of the increasing cup inclination angle to balance the correspond-
ing contact pressure distribution and the loaded human weight. Conclusions Different edge contact behavior of
hip joint replacements tends to occur due to the bigger cup inclination angle. Therefore, much attention should be
paid to the problem of edge contact for both the clinical surgery and the manufacturing of hip joint replacements.
Key words: Hip joint replacement; Metal-on-metal; Edge contact; Finite element method; Contact pressure;
Loads; Biomechanics
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Fig.1 Geometry of hip joint replacements
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Tab.1 Mechanical properties of metal-on-metal hip joint replace-

ments
A2 FR AR/ GPa HEL/N =4
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B KR 2.27 0.23

®2 AIBXTABLMSH
Tab.2 Geometric parameters of hip joint replacements
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Fig.2 Loading of hip joint replacements
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Fig.3 Real contact situations of hip joint
replacements under the walking condition
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Fig.4 Equivalent edge contacts of hip joint replacements
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Fig.5 Finite element model of hip joint replacements
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Fig.6 Conformal spherical contact model

1.3 HERAR

TEHF A T T A AR A RE AR R A
5%, BT LS A4 A BT 52 3 i vh bt AT ek
TR Bk 18] P 7K 52 18 28 Ao 2 D 8 o8 1 R TE 1
o YW SR Sk I URPIR S8 O B —(E R,
XN 4 A i 2T, LA RN i
AR B [ 5 R, o AT R Sk Rt i L 1)
BT ERE 2 2.5 kN A T 3 ~ 4 5T AT
POURTE R0 M AT IR B 9% [ ) bl o o
AR AR T IBE R Sk BT N, 3 S A BR OGRS 7
A4 Ja x4 Ja N TG T AEBORI S P 1 i
AT BB BT ST o 8 SR Y S AR AL, O
WIS E I ZR MBS , S e PR 1 2 B 5 4 i 3 £ AL 2
e

PR A2 10 5 o JE Y Fortran F ALAS A
ZhH] Abaqus 6. 9 A FRIGIM Hr FAF A7 SR A 9
R RNk ] EBRCE PP 5 1 P X
—A/IMERS T TS R 5 56 2 BT IR XHEC
G L 1 A 5 SRS EA T RGN R 1 3%
PARE (O VRERE AW S S

2 #R

Xof B f1 4 Ja XoF 4 S N A O I A AR i i %
lia) b7 )28 er 2.5 kN, 3 5 s AR 5 AR %o B Sk 1
AN 7E 30° ~ 85° K3 [ 14 A8 Ak AE OB AUAS [ 1738
YRR A DG T FE AT R X By BT 32 x
32 160 x 60 T4 fi 1 D00 A 27 J3E 1) 0 O 1 A 78 45
flAT AT T 0. AR N i 45° 70 80° )y
PR, X WIS TE A IS A T PEA, o 7E 32 x 32 KM
% BE RS T , 225 N Sy 450 Hif, %k o 2 it T e K
Befih k71 R 46.25 MPa; X4 N Sk 80°Hif, AH N i K%
filt 77k 46. 09 MPa, 7 60 x 60 = [ % %5 i T &
T, EATHE A5 R IR A X IOL A4 H K 3 i R g R A
5 B85 DA 6T I AL I T 1. 32% 5 80° AR A N B
T fl T T AT 880 IS Skt o 42 fi P fg 1 m T
0.40% o [HL, PP Do A% 2850 15 42 fil A5 2 15 1 1) 500
Gy BTt R AR AR EE AR /N, UL B LA K] 20 08 U8
WSR2 B AR U AL T AR &, i
>R FH 5 % BE A% 60 x 60 R 3 600 #E4 782 fil s34t

7 A BROTABS RS A0 75 380 Ay 08 2 1 2 ik
FEJ1 53 A0 . AL 7 (a) AT LA H , 8 F AR X B
SABUA 43 1) A 30° . 45° 0 60° i, e B Sk 3¢ 1f 1% fimh
JE 7753 A5 BN L 52 % BR 43 A7 5 11 958 F A X090 F
70° ~85° M}, 42 fil IX Sl A7 A W] 0 AN [R] R AIE , Bt (0
PG, Berr S 2 fil F 7 43 A o0 A Tl 45 e e
J7 ] R E oG N 7 T B R il 4. 1/ 7 (b) B
7T 895 A TR M DX SR B A N RS BT R, 2
G5 M8 A XA = 70° B, 8 F
A2 fih X R L 26 50 ST 48 1 00 5L, 5 G 1k - Im) 30 % 4E
il S T 54082 A, D) 43 AT A 1) AR T )
PRI

3 g

QIR N NI I S R0 = I T e 23 LA S
AN 8 7m0 F AR X B Sk i f M 30° 7481k
1) 60° i, HAH N 1) Fe K A% ik i I iy 47. 54 MPa
[ 45. 85 MPa, FRE T 29 3.55% , A0 H A 3
W) B, 8 T A B Ak 0 A A DX ST AR 0 f
77.56 mm 3 K% 84.73 mm’ ¥ BT 9.24% , B
5 F b TR AR 18 R, L 7 114 5 R4 fll T o ik
AN I8 (d) BT 7R, 24 AH X5 N s 70 ° B, 4%



EREMANE $260% F6H 2011F12R

512

Journal of Medical Biomechanics, Vol. 26 No.6, Dec. 2011

B7 FEMEBXNEAREL(a) SHHE (D) B K5
Fig.7 Comparison of contact areas with different cup inclination angles for the femoral head (a) and the acetabular cup (b)
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Fig.8 Three-dimensional contact pressure distributions with different cup inclination angles
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Fig.9 Cross-sectional contact pressure profiles with different cup inclination angles
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