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Contact mechanics of non-spherical hip joint replacements
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Abstract. Objective Due to the limitation of manufacturing techniques, possible design optimization selecting
and influence of its wearing in clinical application, the bearing surface of hip joint replacements is presented as
non-spherical geometry, and the finite element method can be used to study the contact mechanics behavior in
such kind of non-spherical hip joint replacement. Methods The reconstructing of non-spherical articular surface
based on spherical-grid-data model (SGDM) was developed to investigate the effect of contact mechanics of an
ellipsoidal head against a spherical cup in a typical metal-on-metal hip joint replacement. Results The maximum
contact pressure of the non-spherical bearing was decreased effectively, and meanwhile the contact area was in-
creased when curvature radius of the ellipsoidal head around the centre of the contact zone was increased, while
the effects of the cup inclination angle on the maximum contact pressure and contact area of the non-spherical
bearing under the same load showed relatively small, but the contact pressure distributions were different. Con-
clusions A well-controlled non-sphericity can improve the magnitude and distribution of contact pressures on
metal-on-metal hip joint replacements. In addition, the developed model and evaluation method in this paper can
be used for simulation of dynamic contact and wear prediction of non-spherical hip joint replacements.

Key words: Non-spherical hip joint replacement; Contact mechanics; Edge contact; Pressure distribution; Finite
element analysis
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Fig.1 Geometry of the hip joint replacement

DR A DL S R T R Ay A5 T [+ AL 5 i
PR BRI, AR AT 45 R AT EE T, SR
EERBYBE A 5 8 A B A LR R . A R OT
A (ABAQUS 6. 9) #EATH fith J1 2 73 M, ¢ % B
TET g AT T PSSk T DA DA THT o A UL A 1 55
1) ) X 25 T R, o 92 F AR T A4 Yy JBE 2055 )
Je B Sk BRI N 7 1 1 RE 2T ) =2.5 kN, IX
ST 3 ~4 A5 AT R E IR A AN
PRGN TR F A7 AR 173 45 57 BRI T, 1Y B
BRI, 9 T7 (EAT 5 A AR 1426 fih v 25 4%
R 0
1.2 FEFkKmEEXHRE

HT TN A S AR BRI LA 5 £ 55 (99 FRIAR
7o ArEE A BROTAEAU A A B, A ER 1 G
5 T A A 422 M 7 g AR ek BRI BN R Gy
AT LA 22800028, Qe i i Sk X i K v AR A
BRI H S X BRTATHE 1 | B P 5 Bk, A0
JERH R PR Sk Xof 3o 1A A8 1 8 A BR i A T ST, 1
A 4 T R P XA R OGRS 5 3 T P A% 451
J7 ) AR AREAT AR BREE A BE , A 3™ AR
JO7 8 AR R T4 fih 7 = A6 TR A 4D A A [ ok o



EREWMHE $27% #H5H 20125108
536 Journal of Medical Biomechanics, Vol. 27 No.5, Oct. 2012

S B AT A

PR RIRE A bR 2 b AEEROCTT FR 11T A Ak
bRt

x S+ yz S+ Z > =1(1)

Cry +6,) C(ry +6,) Cry +6,)
A s, R E Sk B F AT AR AR JERRAR
N 8,8, .08, J A AR OCTT RIEMAE .y .z 2Pl
(AR ARG T BR T DG T SR AR MR 25, B (ry, +

8.),(ry, +8,), (r;, +8.) NHHERMISCTTAE 3 4>k
PR 33k HELARE T PN o g R Y = R BR AR
0, RIVEE F iy PHAE BRI

TELEBRAAR R T, AR H5 (@, 0,r,) FRR MR G
TR AL R A ER T AR AR, LA >4 v, Al LAk BRI
KT E AR 1, M3 AR ) EARERAE R 6, .5, |
5 I

(ri0+5a>2(ri0+8b)2(ri0+50>2 T

r.

e (ry +8,)°(ry +8,) cos’ @ sin®0(ry +8,)°(ry +8,)%sin’ @ sin® @+ (ry +8,)°(ry +8,) cos’0

(2)

AT 8 A BRAZ o BB T AN [ BB 1] PR R 51
TR LT, SR, A BR R Sk TR ) 46 1
il i D BAFIT DXIBRGF- 2t A A, mT R an R 25
R R

R, = (r, +8,)°/(r, +8,) (3)
R.= (r, +8)%/(r, +8,) (4)
R,=2R,R /(R +R)) (5)
AR, AMRER IR Sk X1 xOy A8 TR 152 7590 4f 422
fil 5D BT Y AR L R R yOz BTG B 72 5 D

BT A48, i (3) ~ (5) AT, 39K 8, .6,
XU/ 8, G (A 107 3 S T 2 fh X3 v
SR i R AR S 2 T

J Sk AR S 28 mm [ B T TR 45 fok i S
T —fh i b ARBRAS B X ELE 6 ~9 um JEEIN' .
ABFFH A _E AR BRAS BE A BIEE R 6 um,
F 1G0T Scrh A HT AR ERAS B 5, .8, .8, YA R
RN 7 B4 i DX 35 0 4 g R AR AR AR AL

®1 AEFEIEXRETSRERFSR
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Fig.2 Simplified schematic of non-spherical head geometry of the
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Fig.3 Contact pressure distributions on non-spherical head sur-
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Fig.4 Contact pressure distributions on non-spherical head sur-
face with deviation along y-axis (a) Case for A =45°, (b) Case

for A =80°
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