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Radius Design of Acetabulum on Hip Prostheses
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Abstract; When the components of hip prostheses move a sufficient distance laterally to contact the edge
of the acetabular cup, causing abnormally high contact stresses, the contact dimensions and maximal
contact pressure with appropriate edge radius were investigated based on classical Hertzian contact theory.
The computational results show that with the increase of the edge radius of the hip, the angle of
acetabulum within the range of 2° — 55° first decreases slightly, then slowly increases, and eventually
tends to be stable to obtain the minimal contact pressure. While the angle over 50° contact pressure
increases rapidly and the large change of edge radius of hip is needed to obtain the minimal contact
pressure. With the change of the acetabulum angle, the radius of the pressure edge decreases first and
then reaches a minimum, and there is a sharp increase after reaching 45°. The edge radius of hip
bearings is designed to find contact size and the maximum contact pressure are proportional to loading
under the same condition. The increased angle of cup inclination reduces contact size while enlarges the
maximum contact pressure. The appreciate radius using this contact theory better resist severe edge

loading contact stresses for reducing the stripe wear. This can prolong the lifetime of the hip prostheses.

Wk H . 2018-02-10
HETH . ERARPFIEE T H (51475219)
PG RIS (1976—) | 93, FIBCRE, TREMHILATREHE SR A5 HAORESE, E-mail: xuxusong@ jsut. edu. en



728 b = I Wk Kk 2% % R

2019 4F

Key words: hip prostheses; dynamic contact; edgeradius; contact pressure; Hertz contact theory;

biomechanics

N TR BT AR B 8 ABCN W EJT B
HBTHR B T FREIISN, HATE NS
ARSI BT S RN TGy B4 75 i Al A
R0 G S5y T Il 2 T A FOR RE R
PSSR N R A 2 150 1 BB AR 52 2% BLAR & IR M,
PR, B 5235 B0 I AB A RIE A% P E 2L

N TSR B A0 P s 2 S AT SR Y
A I B 2 S ) )2 U T Y — R )
R AL ML TR TR 35 T e R G
TSR B PR A8 55 5 42 1 1 g 1) A1 AR B A
ST R, T Gl R e i g 2 RS B
100, 2 BN TR 0 1 B R K 1 A Xz 3l 5
JEAR. PRI, IS N A 51 100 4 Mk o R ARG
PR ] AL B2 P 2

ANFLBRAR BT A R - 38 51 DI BE 14 5 AR A I
HR S E B, DR R, MR RS YN &R
AN A SR A A B ) A, DS 400 2 S o
FIR B WAL FEFA A G
T AE SR R, A ST e Sk S L &
e fih , DT 20055 320 5 2 fih s 3 A0t — 28 B o s 45
Jeal R0 100 DG e o T ) 1) A R B DR T
N TSI SR PERE , NI, 7225y B
i B Sk AR MU A5 BT S RO 5 1 4
F 353 A AT 3 BB R R,

I R b K B, A X T B A8 AR SE 1) Al fiE
BOR G, 0 HL K I R TS K BLAE 1 884 fAilfix
TR 34% BRSO MAE 45°L0 112 90
BT, A LAl /N3 foh vy FR 3 % 84y T 8 A6 A o
Rl VAT AT e S B0 S b AT 0. BRI
SR AR B Sk R ARPIR 24K 5 51 A R 9
NG G, 22 5 Bl PRAMREAIOE Y i & _E Y
PRIXE 1) 0 22 R A o3 B9 05 5 00 i RS 450 B
G TAE /N FI AR I R SR BARL 1Y ) Al 28 £
T, BRFIAE AR T P 0 A | JH A2 i 28 THT - A% 4 T DT
PC, 2 i v BROK 32 Mk 15 A1 Al S A 284 T /)
2 i i AR 320 5 28R A B0 2 7 AR o R A Ak 1 g, L
PP AR AR T DK b A R T i 2 A B IR
AN R ik 7 T e 1 A A4 ok Rz g, R R X
SR ] HE 7 58 AR SR RE A B M 8
Z5H. T BLE UE R A AR AR B 1 52 B R R R

P24 ELA T R B (N HR BT S 0 o s M g
DAL 7 i3 S B BE AR 25 R BT H AR 2 2 4 N
T DG B B T T M 179 G B

AW 2 M Hertizan 22 f 3 35 1101 BiEu
Sl AR O SRR fl RO RN B R A [
T A3 BT W /0N 422 ik s 3, 0 e 6 AL 485 40 0 % - 2.
M3 10 G AR BT R BRAR AR fib L, R AR
LT B RO OCTT BB AR IR RAMRL R TGy
3 v B G A T A G B AR BRI DA R G
4 o T D C AR | R O A ik s g 3 A B A
Wt

1 WHIGEESEMSETERE
WEFA S BRI AN 1 .
PR AET R LAEFR R Oxyz HISEL I TR N
x= (R, +rycos v)cos u
{y—(RU +7r,c08 v)sin u (1)

z =rysin v
AH Ry 1y 53 3 R B R AR RN AR s u e
TR KAWL ;0 IR TR/ NRI A E.

ZA

Pl 1 R 2 I 3 B
Fig.1 Torus surface and elliptical revolution surface

of the edge of the acetabular cup™’
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Fig.2 Model schematic diagram of edge-loaded contact in the cross section and the partial enlarged drawing
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Table 1 Physical conditions of Hertz contact!””]
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Fig.3 Elliptical major semi-axis(a) and elliptical minor semi-axis(b) in dynamic edge radius
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Fig.4 Maximal contact pressure in dynamic edge radius
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Table 2 Minimal contact pressure and edge radius of

different inclination angles

6/(°) po/MPa r/mm
2 1311.80 90
8 1 843. 50 38

13 2198. 07 34
15 2323.08 32
20 2 603. 31 32
25 2 845. 45 32
32 3130. 34 34
40 3384.54 42
47 3544.72 60
55 3 650. 82 135
60 3 670. 63 80 000
65 3 670. 68 80 000
72 3 670. 74 80 000
80 3670.79 80 000
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Fig.5 Minimal contact pressure of the edge radius with the

minimal contact pressure from 1500 MPa to 4 000 MPa
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minimal contact pressure from 0 MPa to 60 MPa
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