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Abstract: The wear particles of hip prosthesis will cause osteolysis, which in return triggers aseptic loosening in the
prosthesis itself. It is reported that one of the major reasons for revision total hip replacement is wear and the aseptic
loosening caused by it. Under such a background, the pre-clinical evaluation on wear performance of hip prosthesis is

becoming increasingly important. Currently, the major approaches of the pre-clinical wear assessments are the in-vitro
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wear test and the computational simulation. Compared with other countries, the domestic pre-clinical wear study of hip
prosthesis is in the primary stage where there are very few articles on the above two approaches. Therefore, it is very
important to understand the basic research status of friction and wear of hip prosthesis in China. This article firstly
compared the kinematic and dynamic input of gait curves that are used in domestic hip wear assessments with the
Chinese measurement gait curves. Then this article summarized, compared and analyzed the results from both domestic
in-vitro simulator test and the computational simulation. And lastly this article discussed the limitations and future
development directions of the hip pre-clinical wear assessments. The main findings were: 1) The gait motion curves of
the Chinese were similar to the Western. The main difference lied in the gait joint force curves. And the Chinese
measurement curves cannot be directly used in hip wear evaluate tests as the measurement method of hip joint force
needs to be improved. 2) The domestic and the international research findings of in-vitro wear tests conducted according
to the ISO 14242-1 standard were similar but the results according to other testing standards (e.g., ISO 14242-3) showed
differences. This meant the accuracy of domestic in-vitro wear test results were influenced by the testing standards and
testing equipment. 3) The simplified dynamic curves according to the ISO 14242-1 can be input to the finite element
model to reduce the computational time. The wear rates of the domestic computational simulation were generally lower
than those of the in-vitro wear tests. As a result, the accuracy of domestic computational wear models needed further
improving. There were also some limitations on the current domestic wear assessments and researches. The first one was
the gap between the Chinese standards and international standards. Some extreme conditions like third body wear, edge
load and micro separation were not considered in current Chinese standards. Secondly there was still no gold standard on
extraction of wear debris. Thirdly it was difficult to consider simultaneously the factors from patients, doctors and
manufacturers that impacted on the wear performance of hip prosthesis. In order to catch up the international wear
research progress of hip prosthesis, the future domestic pre-clinical wear assessments should focus on: 1) Building the
national wear assessment standard that is appropriate for domestic patients; 2) Improving the extraction method of wear
debris; 3) Promoting the accuracy of computational model by adopting more realistic dynamics inputs and by optimizing
the wear models; 4) Combining the approaches of finite element analysis and force dependent kinematics to study the

impact of patients’ situations, doctor’s techniques, products parameters on the wear performance of hip prosthesis.
Key words: hip prosthesis; wear; in-vitro wear test; computational wear simulation; dynamic inputs of hip gait

W4T, S [ A Ao B4 B 45 K S BB ORI T i e 1005

B8R T 2 N AR I K SRR I G712 —, i
RATRETRAR, SEFANHREZ AL, 2R TE
AT LLIG ST 8 5C B Dok R A R DA A Mk K
T TRe. MR OGTT B 510 R Gi(Swedish hip arthro-
plasty register) 20195 FRYAF 4R, JE& 450 A0 B 45 F0kE 51 2 1)
ToH AR FETFARBMER TR, &5 HA56%! .
Hom PR &5 R, AR K — 7 63 2 R Dy B 40 60 B2 45
SE R RS AT IR PR R N Tk
S 0 R i AL B ) AT A G Y AR A B R
PEREHI PPl R SE B A 4 ] 7 i 22 O B2

PN A2 3 o 0 T R A B il 1 R EE AT, AR
AT T B AR, 255 4 i R AE 50 AR SR AT 7.
Il ARBIF 7C 00 792 P A, e — e BRER 40 5800 AN X0
Frs A0 U BR S S S R A A AR N AR P ) B A I L
R T7 1 R B VPN 7 B IR FE (2R BB 1 22, ok BT
M AR, ELI RS B AR 5y — Al R AT 58 1)
VR PRI DA A B 451 VP A7, B3 S AL N AR A5 )
L2 P B B TS AT S A 5, X R 7R T SURe S B
VPGB AR 1 B 45 M R, S I PR ASE FH 17 100, (R AR L
P i B0 BRI AR B A W] 45 55 Wiy . A BE 1 1 4 411

WF 78 2 43 R o B LI R T AL B 7.
IR AT AL i A ADUAR A T A4 P 1032 B R0 52 71
SE I B DR T B B 40 1) s AL PR A FRIEI 20174 K
A 1 CHE ST R R G i A B R B 2 g 5 ) ) 2
SROBTVBTT B A R RA Rk %) 5 O 715 AR I AE I PR 1T ik
TR I A 18 FH 1) o 22 B 5 A, 4 RIS O & 771 A
1SO 14242 HNBHE )4 158 5G9 5 453 )] N 45
FFRUEYY/T 0651) J21SO 17853 APRHE N WAk} ) B
T 5 0 R 4 e B 5 ORI 1) 3 25 B SRAE V(] Y 25 [
FRAEY Y/T 0652)3E 47 BE B 06 A0 TR B8 1k BE A5, (H
BRI AR T A%, B B DL, I [RLRI I e A #
R R, X 75 VETE B P IE AT 2 S0 B B, HOR & R
W JC VA R R E I AU TR SR, S — R T BN
BT B, T EHLES 5107 LRI RO BT DAVE N BE i
SRR S B I A Bl TR, [ L B IR R RAS, R
T2HA T, AR R LB AR YE. B2, T
BLBE 57477 3L 43 AT AS R 56 4 B 400 B O 15 A4 7 4 79 1)
TEOL, 1 B RAL R RAFIE— 2 E R

(] A1 B 58 5% 45 BE SR T 7 LU I Y kS 2D 5L L4,
SRR I 1 7 VA A A i, A DG TR 2 B A



1006 BE ¥

S 1 841

(IR vk T T BRI [ 2
[ VARG -y T2 WM i 87 ok = Sl 12 1Y O =y
VRV T, [ O B A AT AR 2 R S A
REFE B AN 7 V2 K [ A0 SCHR R AT 38 3, (R VG 7 N5
[N B AR 258 A B 0 N SR AR A — I 22 5,
LR I R A IR A S5 S A R IRECR T NELE T N
W%, X {E R B MBS NE s M Y, IF H AR
T3 NI 544 FEOO PR T N B IR0, - B R0 5715 RST [#]
P87 NAFEAN AR FE (0 22 3, DRI, 16 AR R AR 4 70 2
i 24 S BB I T R SR T RN 5 5% 1 B 45 1) 3 FH R 58
Rk — 2P B BGIE. LeAh T AR I P G T A R R B A
LR AIE TR, o5 5 [ P A4S B 453 8 e P 1 7
s IR B AR s PR ASE FH A i R 503 8 5 A 058 o
BBV

A SCAEF [ BT ] P #68 5% 719 B 45 F 98 K FH )
SO IE B A At 42 51 5 B ek BN 22 1) it 22 AT
T EFVEIIHT, S A0 E A R AR I A G B A U
B SRS M 98 1) 45 SR AT 7 S AT L, g
7[R PR DT PR B A DT A A 2R R e WU 4 B 5 R A,
R T OB A B B AN AR B, AR SR AR
Aol R A BE A PP AG 7 VA SR g SR L
1 B EKRGE
L1 ZERKIR

R 2R )Y - 2010479 H 22021473 H

for 2 HHE e« AR T 4R R BN R T T 08
PubMed%i 4% 72 FTWeb of Science#\ 4 /22 1 i 7 i 17] &
I5¢] AH 2 SCHR.

for B8] v SCR FR AR Dy N LR TS, BT B
WA, WE”. FESCK I N “Hip simulator” and
“Wear”, “Computational” 8{# “Hip” and “Wear” (Hh
HEBR & 24 “ China”).

Tor R OSCHRFS AL /A 1800, RT3 bt
Jorar R
12 A\ifktnfE

GANARE: (1) < P #5851 8 a Ik R %) 3¢
R s ()4 5% 1 Py G 15 B O 5 T 45 1 SOk
(3)F 5% [ P DS Im B AN ) f 2l 222 0 SR,

HEBR AR A : (1) A BB R 8 A5 B 8 H A DG
7 QN AEE HFRIAMEWT T CHR.
1.3 ZERHEEGE

for 2R L1 2487 h SCHRFIHR T, 18 i [ 152 b A AN
TEEAT I, £ BR0E 9T H 05 AR SOM S 22 (1 STk

140455, HER N A BSR40, BEL L LS F
SCHRBEAT O % J5 337 R SOk A i T A bR v, Horpep
225, JEL155.

2 BXTEBEHEMDEMEFN

2.1 BRXTEBHEMHFENE
WEOCTTE N 2 3l 5, e iEAT IR A, iU
AR A S . T I i B R R A e e
ff1 (Flexion-Extension, F/E). P Y& 4 & ff (Abduction-
Adduction, A/A). W 4bJiE ¥ ff (Internal-External, 1/E-
R)KHTJG e A M LR 5075 0. R B3l 1 5N =2
PR UE AE B 1 885G 55 07 L UE BRI R 25 R A4,
B 5% 719 1138 3 2 il 4 vT DLl 12 Bl A R G B
I E AR, 1B AN R G2 AR A R R
Wb 25 AR 77 ORI b 35 SRR AT FR g, SR I8 NI
1AIE B 5 R ARARAF IR IS 3. W5 R G i
X AR 2R G K A KT a8 Bl A v ) AL B AR A
SRAR WA T (AR B B SEBLE Y g Bh 3R, i3 3
SR ARALTE - I 18] 2 8 25 18 SR 2 2 50D, B
KT S5 it 2 — R R R R RO &2 R 4, E
B2 AR B ) AR ()3 W) B ) S RS B
SR R A ST L ST (1 7 2 2 T DL i
AR A B AN BRI E, Har g0
BRI 45 R R R (Bergmann ™). [E] P £E 1X 45 T 1]
A B, RIS S 1 R SR 2 I 77 &8 & Bk
S B TS B9 SR BT R 1 1, {E
KA TTIERAT B A 01 s AN e 58 4 SRR Y R
T2 TG0 DRIk ] A i O T AR B A5 B 7R FH 1)
775 AT 28 K8 A2 ] B b 14 B0 16 71 2 25 0 2% 1)
2!,
22 WXTEBHRMRNEHZEMNEMESFZEHE
17— NR EEZRENEIT N, LUE ERE H i
R MR ERE Hb 3 JE 9 B R SCPEAH (20 28 45 T
[110%~60%), T M A2 22 55 3 3] 2 BR 25 oM IR S A (L)
R 25 160%~100%), BEANMT 7E 5 25 A W RS
(B K29 9 VR [ A 5 50 77 {4 1) B8 A5 BF 9 3 0 T
AL, 48 HRISO 142423 b v th 28 (K2
£R1S0O-3). ISO 14 242- 1ARAEHERE 2L (B2 h£E1SO-1).
Bergmannil 2 i £ /(42 # £ Bergmann). Prosim/#¥
PUHL %N 28 (/&1 2 i 28 Prosim). ASTM F258247 1
e M 2R (B2 M 2R ASTM). F i K R L4 N\ it
2 (& 21t 2% Hua)™. Johnstoniz 3 ih 28 ™ *\(1&] 2 2%
Johnston) 1 Paul /7 % il 25 ™" 2 th £ Paul). 1t 4H [ Py



%6 W

W4T, S [ A Ao B4 B 45 K S BB ORI T i e 1007

Upside

A

Right  Front

Fig. 1 Diagram of three-dimensional coordinates of load and
motion on the right side of hip joint
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PRRIR]L AHTIC AT A S AU AT 80 00 Ak 1 S 45
MR 45 5, I H AT T 40 Hr

2 TR s 1) JEE A ) B 0 0 40 1 A
T A FEASAUUMIL I & RO 5 A5 P (T v A R 45 T LA
77 TS ] A AS TR AL A £ B k& SR AT 1 L. A
1R AT U H 78 2258 38 K 24 (XITU) AT AERE R0 32
TS Rl K2 (SHU) & i E bk
S (CUMT)XI k5 20, 5 5t B2 R K 2 (NIMU)TE T I
5T YT R K 2 Chen 5™, 74 5 22 3 K 24 (SWITU) X1
fi 7 50 % 2 3 B O Ak % A (CoCrMo) A 6 11 43
58I ) (UHMWPE)BC &l B A 24T 1 B 5 I,
Horp Pl R EA RS T EASE N
P AR PR B AR BRI R, RILM S LR % %R TiE
38 K 2 0| i A I T 2 T et X UHM W PE BE 35
R, & L4 NI (DLC) M i & ek i i i £ 0
JEIUHMWPE ) B 451, 3= 2 i [K] > 28 [0 ol 1 484 n 17 2%

T R B AR B R TR FEE . AR AL By 7 BHT T CoCrMo
XF B Y fth A B R 5 4 8 5K M (VEXLPE) M EHAC
RIS (0 BE A5 DR 78 22 38 38 K AT g 1 e g vr I
I7 0 B B BE BT T R AR . g K 2
Chen®5"™™ 1 5 5% B& R} K 2 55 — Bl 125 B Lin s ™ on
G0} G R R AR AR HEAT T BRI 4 B 7L T
AL B 5 £ A3 1 i) B RN T PR AR 2 X6k BB 45 6 f B2
B Chen'™, Lin"™" 5 3 AL M " 2 4, H AR B ALK
F1288836 mmAME I ER LA A MNCRE &, 1K AN Rk
2 B AT o R R0 . A 2 S ) 2
AT LLE i, R A A 0 R rp K 2 3
AV T 1 ) A B AR R R G 25 R RE A T
AN TR A ST B 453 2 (¥ 5 .

L ELE A AR AR 45 S AT LA B
PUAKHEISO 14 242-1kRHEEAT (1 BE 45300030 285 1 5 [ op
W2 HIE AR Y, R H HANZ 3 (1SO 14242-3)F1
T3NSR AT BRI 1 2 SR 3l KT [ A )
F, B N T1SO 14242-3F73AE I BEHR FH 1 #8 2
B 5 AL, B ARDUIL IR AT 524 7T i 2 1 A
P oM 4 R 22 TR L XA R — 20 RS 50 TE.
08 3o A5 i) 5o Bl ] P A [0 AT LA T 1 45 SR, R B R
K AR A 26 R B A4, 85 RIEATIAE — e 2 R, X
WAEUE 7 905 A AR AR T i MR 45 SR — 1)
SR, 7y A 5 e 550G 1 A A0 B 0 3K 1 IR 3R A AR
%, PLUMBAA R RS I R R AP RL S, Jd 0 X b R 1
(%, vT DL EIAS 2 2505 B R /N Z TR [ 26
B KT 0 I M W BN R 2 S W) ot W) e
JEE 5 ) R A, KRS K Sk 1 B8 451 2R B K /N RIAK BR
S, 1X 5 Leeds K2 B 7R 2415 76 M0 FIARE S 38 2%
A FNI AR HE I LR, 7T 15 2] CoCrMoXt UHMWPE
(1) BE 52 2R I K, CoCrMoXe i A8 Bk i 40 T 5K 40
(HXLPE)IX 2., ¥4 #2 P % % UHMWPE, CoCrMoX
VEXLPE, CoCrMoXtCoCrMo, B® 451 3 f /I ) 42 P %
Xof B BT ) X () R /INHE B R AR A 1 PR
FH T 45 J, W PRATTF 78 36 0 4 4 3 P e 2 A (i Ak 1 B
PR EAR T 48 -UHMWPEZL & 3¢ T ) 5 457 = 5,
T A0 PR 2 B AR 1 T 2 5 M R B U
fE, BT UHMWPEZR [ oM 432 R 5 2 5 58 16 A
YEflarEY HEEHAR RTINS TR, St fFUHMWPE
fty BB 45 6 B (B A % 3 UHMWPE™, [ Py ) 38 25 31
R T A7 B T K PR 5 07 10 A B8 0 26 LK T A7 BT
V) 5L 1, X 75 A S A A G 3R 200 B A8 1 A 1 S
Jy AME PR 4 B3R B B B AR ) CoCrMof 1 5 45
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Table 1 Comparison of in-vitro wear test results
Lubricant Testing
Material Size Test standard Hip simulator (protein results/ Data source Notes
concentration) (mm’/MC)
Simulation ’
28 mm head ISO 14242-1 ] ) 30 g/L calf serum  54.8+1.8 xjTu™”
Solutions Prosim
Simulation 49.7+7.0 Foreign samples
28 mm head ISO 14242-1 ) , 17 g/L calf serum xrTu™ &1 samp
Solutions Prosim 48.2+8.5 Domestic samples
Simulator developed by 381
28 mm head ISO 14242-3 SHU 0 g/L calf serum 20.8 SHU
Motion per ISO
28 mm head  14242-3 and load is CUMTII 20 g/L calf serum 171.8 cuMT?!
784 N
CoCrMo- Motion per ISO 247482 The samples were stored
Simulator developed by T 27 for 1 year
UHMWPE 28 mmhead  14242-3 and load Montagne 25 g/L calf serum 189411 NIMU The samples were stored
is2 100N ’ ’ for 4 years
Motion per ISO .
Jiangnan
28 mm head 14242-3 and load per CUMT II 25 g/L calf serum  171.8+40 s
University
Paul curve
54.9+5.2 No surface treatment
Load ASTM 88.0 DLC surface treatment
28 mm head oacper MTS 25 g/L calf serum SWITU™ . S
F1714-96 80.9 Nitrogen injection surface
' treatment
36 mm head ISO 14242-1 Orthotek 20 g/L calf serum  91.1+12.5 Chunli Medical™
CoCrMo- Motion per ISO .
HXLPE 28 mm head CUMT II 25 g/L calf serum  93.5+9.0 Jiangnan
14242-3 and load per . s
University
CoCrMo- 28 mm head Paul curves CUMT II 25 g/L calf serum  46.8+9.0
VEXLPE 36 mmhead  ISO 14242-1 Orthotek 20 g/Lcalfserum  15.7+0.7  Chunli Medical™
Ceramic- ) .
ceramic 28 mm head ASTM F2582 EATMS882 20 g/L calf serum 0.1£0.04  Chunli Medical
Ceramic- 28 mm head Simulation 30 g/L calf serum  16.842.1 XITU™
UHMWPE 36 mm head 150 14242-1 Solutions Prosim 30 g/L calf serum  21.9+1.5
0.4+0.2 Central South Low-carbon alloy
40 mm head ISO 14242-1 AMTI 30 g/L calf serum . . .
0.3+0.2 University High-carbon alloy
36.5 Radial clearance: 19 um
48.3 Central South  Radial clearance: 38 um
40 mm head ISO 14242-1 INSTRON 30 g/L calf serum . ) .
CoCrMo- 77.9 University Radial clearance: 106 pum
CoCrMo 87.3 Radial clearance: 149 pm
50 mm cup 4.3+0.1
52 mm cup Simulat 4.4+0.2 Deformation of cup
1mulation
54 mm cup ISO 14242-1 25 g/Lcalf serum  4.1%0.02 NIMU™
Solutions Prosim
50, 52 and .
4 0.9+0.04 No deformation of cup
mm cup

Note [1]: To unify, mass wear rate is converted to volume wear rate. The density of UHMWPE is 0.934 mg/mm’, VEXLPE is 0.93 mg/mm’ and ceramic is

3.96 mg/mm™.
Note [2]: MC stands for million cycles.

RERTEERL, LA ERRERT R
T EAME B DRARE [ 18] B2 PR <0 <5 A1 4 3 KT/
AT TV BG I, S L R 8 75 45 [ A 2 2 F i 7 4 1,
R /N2 LR P P 453 2R R s ML R AT 52 18, (HLTH]
SEORAE I A SRR W R B N L A
PSR TR R TARIRBE I, IX 7 & Sawae 5 IR 7T, 5

AR A f I 75 32 3 S AR & R i R e b+
B, bR T S T R [ A R R
CoCrMo-UHMWPEfR (& 1T T BE St i, KM E &
TV P R AR T A R 2, SRR R A
T8 RE/E UHMWPERR T ¥ 8 A 5 W, A B T
/NBEAG, [R5 B 5T R R B A AR IRUHMWPE) B3
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Table 2 In-vitro wear test results under different lubricating media

Testing
Material Size Test Standard Hip Simulator Lubricant results/(mm’/  Data source Notes
MC)
c d Sodium hyaluronate was used
ompoun
28 mm head ub .p A 4.3+0.1 as matrix and y globulin
ubricant
was added.
Sodium hyaluronate was used
Load is 4.5 kN . .
CoCrMo- Simulator developed Compound B8] as matrix. y globulin and
28 mmhead  and motion range . 4.6+0.1 SHU .
UHMWPE by SHU lubricant B sodium alendronate were
e 0~70°
i 0~70 added.
28 mm head Sodium hyaluronate 4.840.1
28 mm head 25 g/L calf serum 5.1+0.1
28 mm head Deionized water 6.5+0.1
Motion per ISO Distilled 16.3 (392 N)
1stilled water
Ceramic- 14242-3 and 34.0 (784 N) 6]
25 mm head CUMT II CUMT
UHMWPE loads are 392 20.0(392N)
Blood serum
and 784 N 43.4 (784 N)

B, v B MK A BT T 2% K R I 2
TN BB R, 2 I A S v SR T R B 0 A
B 0T I R LR, I 5 AR S P R T 4 SR
ek, BRI MR PN I 252 AE SRy i A o R 36 5 0 S o
TR I . (A R T RS R AT 47 45 7 T 5 RE BT
/N LT A RN A DT A F R A
P K 22 501 AR AR #0Re FH / N 24 I 75 A DA g 7).
P K 2 0 T % SR R L T SR O A T
TE R A A 25 T v B LA e R B T e, R LA A
TR B TT R S5 00 90 0T e A e N TG I T A 78 4y
ASRATF FE 7 170, R4k, B JE AN AL & K B B B 1
LA S A (B (RN RS A AR R R S ),
& A UHMWPEEE R R ] & H#E0.1~0.5 pm, TR SMA
1 BB R R ~HE R ZE0. 1~1 umZ (8], 33X 33 BB AR 7E 44
SEZS LU e SN IR % 24 ¢ AR A S T P NE 24
DR TR 20 B LR J Ay R RAE AT T KB
WS, Yuan5 R F JRU1 0 B A A SEM LA B R 1%
I WTBAR RIS B b = 4 R I T 50 A 2 40,
5 BEE TN I 3 A M S TS g e B e
1774035, B 5 LinZ gk s g "SR i1 R
K B oy T AE B B RLAC B EAT T 0 TR 3R AE. X SL
FA BT BRI E R0 5 B iR, #E3) T B
HRRF A R T AR S B T AR 5 R LG
BN s S AR R SR AR TR,
1Pk MCZE 3 9 40 RS RS B B 1 R B i O
BT MR 4 FLRXER). B AT E BE 254G 145
5| F [ bRz HE(1ISO 17853-201 1) YY/T 0652-2016"",

L b AR BB A0 BT A VE AR T AV R A 4
J& B B ANIR 2 B i, H S R R A AR S Ab,
PR LRI BT TS 0 SR A P S O R 7
B3R B TR AR B S (LI e ik AT R4 8 1S
JH Rl P A B (e e s AT 45 T ™, HOR ) B b
T2 Z4(BSI. ASTM. ISO)4A H ) B i $2 BIURN 2 13U A7 (E
AHELTP & L T7, B T AR A 5 T4 8 4 R} 8 S L
(G brtE"™, DR T B8 8 A R B i T i s
—BIRNIHEA.

ARSI A, [ P S5 2 DR A 25 SR R 0 EE AT 43 4T,
1R 22 520 55 0G5 BRI R 3 H RIS A 1N 2 B
PRAARE, T LE H AT S T 2 PR T RoAS A& B )
30 3 AU i K o Ak e R R B AT A A TS i
DRI, BRI, B 400 50008 00 (1) 77 ¥k 1 A5 328 25 i [
P 2 FH T T R AR TR BE A VA

4 ERERX TR B R ETTN

FH 8 DG T A A B A5 R R A 4, 1T LR AR
I (8] 16 9% #AR ey, IX ELFE BN LA AR O & e 4% ks
£ ot MURE I8 AN 3E DL AKHEISObR #E 1 14 56 8
JEE A5 AR ] — R TR Ao H 4, Db E i B
SRR SR AR (R S 5 A e 1R AT TOUO, el ) VAl N T
ST 77 i S A B 1 E B AR TF B

B 35 B0 TR 7 9% A BEAE MK 5 S 19564F Archard
$& R B BE R A, R A B 400 2 5 0 fmr AN % BE S
R IE B, B 6 XfUHMWPE B 3 LEL (1) T A, = E A 1K
DLUHMWPEM KL 1 B& 45055 T He 77 SO A, A
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LB &R B FE5E &5 & Archard A 20, [H I — 265
F Archard /5 Y 1) 2503t B2 Y 41 25 F& UHMWPER £k
AR A8 A BRI fid B SRS R A Sk IR R T
PR RN - 77 St A o A5 O ) BE R T
Gao5 L SR Vi B R 51 N 1) G50t 4 4 9 4 1 R
TR &, JE2E38 T Ak, [ P9 7E N MO0 1T B 452 7t
MBI LA > R H ks w4 O R %
(7735, AR IR E T P 22 R o 5L
IR A BB AR M RE B AL S
M3 LUE Y, #0525 R S e [ Py A
TR B 7 AT S 45 TN, o N A
it b0 B A B AT T A 3 e Y X 6 o A Y
BEAT T 3000, A AT (R 0 8 2 A R < 5o < i O B
AT, T AF B 7E Kang™ R Liug ™ i) 5 0] 2 4
Fefit EAEFE T & A T UHMWPE A T ¢ 1 A B 43 75
W7, 45 B B R ArchardA 15 B B R N
33.3 mm’/MC, A BT A RSB R B ZE 9114 mm/
MC, 1 38 A2 B Y] R RE 77 28 1000 73 21 1) B 153 %
14.3 mm’/MC, 1 %9\ 7928 mm A UHMWPE 1 4 ] °F-
5 BE 5% A 54.8 mm/MC(PR A BEB R IGAE ™), T = Fh
ARBIRZE D5 N39.2%, 79.2%F173.9%. 8L b ]

DUE B, BARE FEAS AR BT Y) AN A 305 2 BB 1
(¥ Archard 2 AR EE, TR FD 5% 22 B K. {RAT: Al ™
WRNH AT T A X EE NGB, BE
[ 2 5ok [ TR AL A B (R B . Wang "B 7T th R
L, UHMWPEM EHE AR 77 10138 3 i 1) B 401 %6 4 W 3%
8 5, RIAE S 0285 5 208 I BE 4R R AR K. BT LAE:
JERE"BE— 25 S AR B IR B F R A A RBF AT T A
5] 25 25 8 B8 56 BE R, At 4K 4 Morlock 25 ™) 5
SHETE T ZPEEEER THEBE, 4R ER
Z A FEA B E (15 mm’/MCO)E T R % BT E K
¥ B B2 % (14.3 mm’/MC). [R 1tk H Hi &K JE 1SObR EREAT
(1) B 4 IR 7 VR (I 7 RE 0 25 ) AS BE 4 [ M VP A R AR 7E
SRR IR B PR R, B I N ARSI bRy 2 i) n
LR LR . AR TENE T 0 45 SRt g At [ 41
FORUE S, A ER RIS s AL R kR IE B
PRI R R, 1K BN AR BT YT) L A i B g AL
KBTI R EE B L5 A R g 1Y 55 9 T ISObR
HEVE A A G A ZE A5 D7 1] (1) 77 /2 75 5 8] B2 453 T 1) 485
R, VG2 AR EAT A 53 5 FTHIPOS (Bergmann)4{
P AISObR HEHER I HE T T B DG P 12
PRI EERR, 45 RISORMIES A B (14.3 mm’/

R3 BHRBETUNSERIEE

Table 3 Comparison of computational wear prediction results

Result/(mm’
Motion Model Equation Parameter Material Input /MC) Data source
K=5x10"" mm’/(N'm) (run-in
time) 28 mm head * 7
Archard model V=KFS _ 0.1 Hu
renard mode K=1.5%10" mm"/(N'm) CoCrMo-CoCrMo Load per Paul’,
(steady-state stage) Motion per
a=3.88x10" Johnston™ *”
) 6 28 mm head 8
Archard model V=(a+bp+cv)S b=6.69x10 302.1 Bao
. CoCrMo-TC4+HA/ZrO,
¢=—2.526x10
Gait 6 28 mm head CoCrMo-
Archard model ~ V=KFS K=1.066x10° mm"/(N-m) 33.3
UHMWPE
C=(32C,+0.3)x10”°
Improved
A hpd del V=C(Co)AS Co=00% 28 mm head CoCrMo- ISO 14242-1 11.4
rchard mode o C=(19Cy+1.6)<10” UHMWPE - .
(cross shear) 0.04<<Cy<<0.5
28 mm head CoCrMo- Ren'"”
K(COO') :e(a+1;ln(Co+c(rAVE)) UHMWPE 14.3
Stair climbing Improved Within: a=—13.1, 5=0.19, 18.9
i Archard model
Chair dkon/up rchar : V=K(Coo)FS =0.29. 28 mim head CoCrMo - 16.1
Gait (cross shear, The meanings of symbols HIP98 database 128
Knee bending stress) UHMWPE 79
nee bending please refer to note [2]. :
Combined 15.0

Note [1]: * Supposed that 1 million cycles are equivalent to 1 year.

Note [2]: V-wear volume, K-wear factor, F-contact pressure, S-sliding distance, P-pressure, v-linear velocity, 4-contact area, C-friction coefficient, Cy-cross

shear rate, o-contact stress.
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MC){X i 5 T Bergmann 5 75 (1 % 451 % (12.8 mm’/MC).
ULEAISO 14242l e (1 1 28 45 5 b AARAT & 1) ith 2k
JIT 325 S P B A0 B v, 3K AR A 4 B T A S AR AT B A
DR RT3, ISORHE 2% BAR X & Aef EAT T ik, {2
3R] DA T RN OG5 8 A8 R B B4, X — HR gk
Leeds K2 I Lin5 RiE s, DR L 7E BE S0 BT S, ]
DA A5 2545 00 T (30 7 % N34T & BRI i 44 DR
TSR, Heob, PE2H TR A5KEE" ] Archard
P AR B B3 T AN () BR Sk B4R 0o 45 1 S 450 2R F 52 T
R IR FE T 2 BR Sk ELAR 114 DR 3G R, X 2 [
P 27 TIOIIASE 2R R FH A 77 ot 2 84 23 i (i Y v
B JR f BER  R  T B g 0 AR
WEFT T AR BEHE RMEARLE 73 B8 2 A T I S B Al ).

gi LTk, B A A B e T BRI
S RAERATE, BEE X PR RE IR TR, Archard
2 B AN W AR AL DUIE AN [R) 0858 1) B 4 T
M. 2 BN LIRER (1 9601E, Gao ™ (3 370 e i BEE
2 BB AR e 1 TN 4 % < B 8 ] 5 00 1 AR Ak 1) BB
i, KangZ5" (2% fe 22 25 85 YR 22 1) 4 N & &
UHMWPER B 8 5 15 B 452 J00 . [ P 5% 5 o0 7Y
VA FI0I (RIAIE 7E 2500, A PR R &5 SR S 7 7 S TN )
P 2 AT R AN I A 48 L, (AT i i A 1)
Xof EG AR A 56 1) 8 SR R BT FR) B 45 X35 50 A 5
TR B A — B, I FLPO T B AR 0 8 2 v T
MBS 243, BUE 07 B0 7 VE PRI AR AN
() 75 T A 34, DAL LG T CRAIE T S5 TS 2 1 o i 1 S5
Al e gt AR B0 B0 E ), BE A TR0 (1 77 ¥ A2 e e . FH T
ENIE R RTIN

5 RE

R B BT T AE [H NI AL T2 D i B (HIE 4
P RS E P o SN I NP IR ES S DA = ey
BIE E e 2R E 17 4 5% 1 JE At AR T T A PR A
OB BRI BET DAk Bl R A8 4R 1k 1 b 22
MRS SCRF. BEE RIS 22 IR, SR R MU Y
s ZE AT, AT BRI ARt T
e LR, T AL S PR B 450 B0 At 2 SE IR IX — 5 3K 1Y
AT BL

M\ ] A 5 06 B 5 9 R AN R I, LTI
AR SNIRR IS FHATISORRHE™, SRTTISOARHE 12k 5
B N Bl il 200 A7 AE — € 2201, Toik O L SE
(R PRS2 ] S BCSE 3 SE2 B 14 55719 52 3 A1z 5
fth 22 ARKR I TTT 1] 22—, 75— J7 1, [ 423 %

W AT BB RAEAT TR E MR, X
W50 9 [ o b A 1 1 5 B8 1 Al B AT (%) [ Brm b
1 (14242-4:2018C SN FHE AW 4= 18 5 5 (B 44 1) B 3 28
ARGy LIRS T AR ZASTM F3047M-
20115 R XA S 1 1T B 5 00k ) A v i R DT AR
GIRALE . AR, 2R E L m %S Ik
A TR B N T R, FE SR AR L, 3K
I A 7 [ J SEAFAE — S 103 i 1, XS 25 26 AR 25 B
ARV I, B, g [ vs ok 2R s B, SR 15
G ENHHEAER s sh 28, e siE & T
B NAT A 775 B bR 2 J6 AR AL AR 0 R @ 77 ).
AN, 52 PR T AL £ &, K& ) B P 9L =
B B SRR AT FOI VAL, 5 P k2R I o0
BTN S AR D, e T B AT E AL B A
(¥ I TR A B v SN 37 R 7 i — 2B Ak
H BT #0517 AR 4 73 2 0 BE 1 2 Tt ST AR ST, AR M [R]
i 2% 18 AR RN A 55 2 T T R R 2, (R 22 RS
()4 5 A B e-B UL R etk % 5 A v R 2 5 J5 BB i
TROMAIE 5 1) R F 34, T X BB 3R Y i R Z Ak T
VEAT T Fr it A7 .

A DLH E I, 45 A T RN B ARG
oA DA 55 50 719 B 403 77 VA L 35, i PR R A4 41
B 57 X, 25 SR She 6 F % 403 TN A 28 () AT S MR RN 2K
P, B T AR 4 B 47 TN AR Y AT P S S e
iF, I v 23, gk BTN 2%

6 g

N T8 Y 4 JBE 2 S 3 B BRI 9 2 4 - G
ABAAR FRY TS 25 11 e A0 S K AR AR A 7 i ) B, H2 [
WA GBI ST AR T B AME AL T2 B B, BAFAE— €
AR A SN I S A AT Y AN ST AR
2 [ A R DT BB e B AU S8 e A

a. B 7 NTEATERN FZ3i i ZRAK, H
eI L7 VR A R, NS 56T 0 i T
HMIAS RIS 7. 5B 72 S BB AR N B A
PN PR v T T BRI T .

b. 1SO 14242- 145 #E 4R BCH [ P K 22 S o
P o B35 AR (1 #5487 A, M OGN 45 R 5
] &1 225 SR . ST ] P R P At 0 2 e A T B 45
MRS 1) 45 TR T A1, 3% e et [ py ik 4 SR 1)
AL FE 52 D0 b v B i 4 M s i . o —
T, 6] A o4 1) 2 S 0 [ B A EU A7 7E — 58 A S 1
HISO 14242- 145k it 26 15 SEBRIG R B [ 47 76 22 56,
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c. HHENLOT HCBA 20 R AN S CA KI5, il
B ORI AN U b 1 )% 20 35T B 40 N £ R
S AN K, DR T BLSR FH ISO%% fai 44 ) 1 A2 4 g 2 it
LA T LT B TR S bR B P K
AEABALL R T 235 R K T A A g 45 2R, X W
D7 FAE L A AT S PEANAT RO it — P 4R T B e %
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PR 3 SR R AT SR B T 2 DR 3ROK R 40 ) 52
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