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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
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Fig. 1 Diagram of three-dimensional coordinates of load and
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motion on the right side of hip joint
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IR R TR M P &Ex 58 20 S W &t
Wi e R A R SR U, DRI BR S 1) BB 451 6 T/ N A
B3k, X5 Leeds A2 MR AR 2455 70 A [FIRE B 04
AR RSO R, W3 2]CoCrMoXfUHMWPE
(1) BE 52 2R f K, CoCrMot i 28 Bkt i 40 T 5K 4.0
(HXLPE)IX 2., $: 45 #2 P % X UHMWPE, CoCrMoX
VEXLPE, CoCrMofCoCrMo, B 51 i /N 1) 52 B 4
Xof B BT ) X () R /INHE B R AR A 1 PR
FA T 45, e RAIF 78 35 I 4 4 i Bl M) e 4 Al M
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, JE T UHMWPEZ [ o8 P4 56 A T 5 2% 5 58 1 A
HEflArE Y HEEHAR TR TR, St fFUHMWPE
fty B8 45 2 B BB A T 2% 3 UHMWPE™, [ Py ) 38 25 1
R T A7 B T K PR 5 07 10 A B8 0 26 LK T A7 BT
V) 5L P, XA A SR A A L OE 3R 200 B 45 1k A 11 B2
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.

RERTEWERN, ZIB AN ERERT R
T EAME B KA Fi T B2 PR <0 < B B 4 3 KT/
A TRV G, oK R 28 75 £ [ 40 2 2 T 7 4 1
BT /N A HILT79R PEEXT % 0 R R M i AR AT 5E 8, (HIF]
SEORAER, B PR AR A AR P /N AL A
PR R B TFAIRIR BE 1, 3 5 £ Sawae 5 I 58, 57

AR A f I 75 32 3 S AR & R i R e b+
DO N3 R A S G N 3 e N
CoCrMo-UHMWPEfR & 4T T B i 78, KIME &
TE VI T P R AR T A R, R R E A
T W REAE UHMWPESR [ 7% B A ot S, A B Tk
/NBEA, [R]T 3% B 5 R B B A A4 R IR UHMWPE 5
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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 18] 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, o B MK S A BT T 2% K R I 2 3
TN BB IR, R IR I S S T B R
B B2 T I G M, 3K 15 B 5 2E S5 R BT T 4 SR A
ALk, R Lk SR N L 252 A1 A e A Joit )3k 6 5 0 s e
TR I . (E S BT AR R AT 474 45 T % e T
PR/ IS A B R A3 A ST AR AR,
I pAY K 22 5000 Xt 0 R P /N 2 13 1 S o 3. T
P K 2 0 T % SR R L T SR O A
T AR 2 P v H AT B B PR R, DR A
TR B TT R S5 00 90 0T e A e N TG I T A 78 4y
AR SKHIE 7T 5 1), B4k, B B A AL & K E RS B,
LA S A (B A (RN SR A AR K (R S ),
& W UHMWPEEE R R ] 8 HE0.1~0.5 pm, TR SMA
I8 1 B R R~ TR E0. 1~1 pumiZ 8], 3 330 B B AR 7E 4k
PN R R 5 ) AR RO B G AR e B K 2
DR TR 20 B LR J Ay R RAE AT T KB
W7, Yuan 5 ) i JR 1 0 S s RO T SR LA B IR 1%
I WTBARSREO 5 B b = 4 R T T 5 S R AIE S 30,
5 BEE TN I 3 A M S T e B e
1775025, B LRk iR &
K B oy T AE B B RLAC B EAT T 0 TR 3R AE. X SL
FA BT BRI E B AT 5 AR, #E3) T B
HEHE 7 BT WK R BB S AR, A5
PN S SR A P SR EAR RS TRE,
1Pk AZE R T R S B AN R 1 B T O
BT MR 4 FLRXER). B AT E BE 254G 145
5| F [ oz (1ISO 17853-2011)HIYY/T 0652-2016",

L b AR BB A BT v R T AR A
J& - B BRI 06 BE T, AR SERR U R AN ERAR. St Ab,
PR LRI BT TS 2 SR A P S O R 75
B3R B TR AR B S (LI e ik AT R4 8 1S
FHE B 3 A e AR5 e v B AT 45 B ™, HUAS R [ B
41 Z1(BST. ASTM. ISO)#5 Hi 11 B 8 42 BRI 2 1L AF
FEMIE P JE W T, B AT R 5 T4 2 R B g 32
HY ) G v ™, DR T B T o Ak B 9k T Rl o
H—IBIRN T

AR A, [ P e = DR A 25 SRR 0 B A 43 AT
1R 22 520 55 0G5 BRI R 3 H RIS A 1N 2 B
PRAARE, AL H Al 24 2F T 2 R T B4 A8 B ) &2,
30 3 AU i K o Ak e R R B AT A A TS i
DRNTT &, DR, B 40 B0 T000 (4 J7 2 A AR 1% A0 4 [
P 2 FH T T R AR TR BE A VA

4 ERERX TR B R ETTN

F T8 0GR A BE R R AR S 4, 1T LA
i [R) 46 2 AR i, 1 A FE AR A LA AR SC I &= e 45 I 4%
En 5t MR & AN FE DL SRR ISOARHE R 1/ 56 8
JEE A5 ) — R T Ao A 2%, DRl i B
SRR TR B AR P 5 44 i AT 00, gl o VA N T
HESGTT 77 Sl B AR M e 0 E B BT B

B 35 B0 TR 7 9% A BEAE MK 5 S 19564F Archard
PSR I B B A, BRI B4 o Ay A RS R
R IE H. B S UHMWPE B WL T i, =5 ATK
DLUHMWPEM R} 1) BE 45 %6 T s ) i BUB PR AR, A
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AR B BB FESE 275 & Archard A 20, [A I — 3
F Archard /5 Y 1) 2503t B2 Y 41 25 F& UHMWPER £k
AR AE AR YR i . SRR T R R IR R
PSR TN - BT, o 5 ) S A S T A BE R TR,
Gao5 L 3T Vi B 51 N 1) G50t 4 4 9 4 1 R
AR b, SR8 7 AR, P9 7E N T G 1Y B 45 7
M 7> gt 5ok S5 H AR &
(7510, AR A I H T Py 23 R T S AL
JTIENH IS B BE A5 1 B F 72 25
M3 AT LUE Y, 540 25 B S 1E [ A A
THE AT BT AT BE B T, 0 R A
il 1= oF B A5 AR TR AT TR A 0 A A K B o AR A
HEAT T BSAE, AT BRI T S 2 A R o et < 5 00 T 11 B
AT, T AT 0 R HE Kang!™ " F0 Liug i) 7 ) 45 74
Fal EWFAT T & H T UHMWPE A T8 5515 ) BE 451
W77, 45 R R Archard 2y 373 B B BE 45 % Ky
33.3 mm’/MC, A BT A RSB EHIHE N 11.4 mm’/
MC, 1fij 22 A% B P A1 S7 g 2 20 1000 45 38 () % 45 %R
14.3 mm’/MC, U15A 928 mmfUHMWPEF #f f)F
BB N 54.8 mm’ /MO A ARG "), W =Ff
AR ZE 53 590 0N39.2%, 79.2%H173.9%. it b AT

LAE B, BN IEAAR YIS A 5 e B
f¥) Archard 28 AR B, TR A5 2 5 K (BT
WRNH A AT A XEL e B A, BE
i 25 7ok TR A B ) B . Wang " RO Tt &
L, UHMWPEM K}FEAR 77 [1)32 Bl B 1) B 41 26 4 . 3%
5, B2 BB o 58 0 I S 45 5 AR K. Bt LAT:
JERE"BE— 25 S AR B IR B S R A A RBF AT T A
A5 75 R M T BE 4R, A 4R 46 Morlock &™) 25
SHETE T ZPEEEEATRE R, 4R ER
Z A FEA B E (15 mm’/MCO)E T R % BT E K
1 BE 351 2R (14.3 mm’/MC). [K 3t H R AR HE 1SObR E#E 47
(1 B 3 AR 7 Y (I 6 B0 25) AN BE 4 THT H VP A R AR TE
SRR DY T BV R, B R A A SRR 2l ) in £ ith
LR LR . AR TENE T 0 45 SRt g A [ A
FOHAESE™ ™, Ak bR I3 s RTAR R SR IE Bh
BE BRI R, 1K AR IR /IN A AR BY V) 8 v ik ) RN
KBTI B 45 A R 4 1Y 55 9% T ISObR
HECAT R J5 RAC A5 5 ) 1) 7 02 75 5 T 55 453 9000 1) &%
R, PSR AT 53 5 FTHIPOS (Bergmann)4{
P AISObR HEHER I HE T T B DG P 12
PRIBER R, 45 5 B RISORRED S B 2(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 * 17
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
Ren!™
28 mm head CoCrMo- en
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 RSP B A B g, X LA B A SR AR AT B A
TR 2. ISOFRAE fh 22 B AR 8T HEAT T fiifk, {2
3R] LA T N5 515 8 A8 F B B, X — B
Leeds K2# A LinsE " HIE S, [ A BEA5 0 BT S, ]
DA A5 2545 00 T (30 7 % N34T & BRI i 44 DR
TSR, b, P92H TR H5KEE K Archard
P AR B BT AN [F) BR Sk B AR %o 482 1A B 453 26 1Y) S T
BB TR FE i 5 Bk Sk AR (3 R 1K, x4 2 [
P 27 TIOIIASE 2R R FH A 77 ot 2 84 23 i (i Y v
bR g B R R 2 T B g 0 AR
WEFT T AR BEHE RMEARLE 73 B8 2 A T I S B Al ).

ZE L RTiR, B A U A B B Ve T B R T
A IRAERAIE, BEAE AR RE RIRT TR, Archard
2 B AN W AR AL DUIE AN [R) 0858 1) B 4 T
M. 23BN LR IS (B, Gao "™ (13 i e T 3G
2 BB AR e 1 TN 4 % < B 8 ] 5 00 1 AR Ak 1) BB
i, Kangs ™1 2% p8 22 28 B §) R 22 () 24 SN &E &
UHMWPER B 8 5 15 B 452 J00 . [ P 5% 5 o0 7Y
VAR TIOR8, A R AR 45 SR 7 07 S T 1) %
P A AT PR AR 0 45 3, (BT e i i A 1)
Xof EG AR A 56 1) 8 SR R BT FR) B 45 X35 50 A 5
TR B A — 25, I HLT0I0 v 50 2 8 v T
AP BRI R R, HE 17 3 1 7 AR S B AR AT
() 75 THT A 34, TR G 7R FRAIE T S5 ML ASE L 17 o 1 s
A e gt TR0 56 0 ), B A5 TR0 (4 U7 v A e N FH T
ENIE R RTIN

5 RE

SR B BT TEAE [ A I b TR 20 B B, (HOE 4
KB E N2 ARSR K IR, BN A2 E B
BIFFE S A E 17 49 5% 1 SR AR T 7L P DR A e
OB AR B Bt DA R R A P SR 1L 1 s 22
MBS SCRF. BEE AR 22 AR, R R MR Y
N, ZRALINE, AATR R BRI 73 a4t 1
e ALK, T LS ) S B0 Al 2 S IX — 7R SR Y
AT BL

M\ E TR A OGS B 4R L P AR B, LT
AR SNIR I HATISObRHE™, SRTTISObRHE 2k 5
KB N AT Bl il 207 AE — 5 M ZEBE, Toik O L Se
R RS FH > ey R B I 0 SIZ B 14 55719 52 3 Rtz 5
it 22 RK BT FTT 22—, 75— TJ7 1, [ 4220

WHEM T BRI EBT T KB, Xt
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 6 4 1T S 5 00k ) A v i R DT AR
GIRALE . AR 2 AR Ko B 5% 25 Nk
AT RBRAR BN T 5 IE, FEFRbrAEAE L, 3R
I A 7 (9 3 AT AE — 58 PRV I 1, X050 25 26 A4 25 G
ARV S, B, D RER E br o BRE (FR BE, SR 15
A HE AN HEAER A28 25, e sodE & T
B NAT A 775 B bR 2 J6 AR AL AR 0 R @ 77 ).
AN, 32 BT B B LA £ B, K& 1 B Bt 9L 7R
B B SRR AT T PP A, R P A 2R IR o0
BT SCEAR D, s T T LT B A
(¥ I TR A B v SN 37 R 7 i — 2B Ak
H BT #0515 AR A 77 2 AN EE B S FUAR G ST, AR M [R]
I 2% P8 AR R AR 55 2 T T R R 2, BRI 22 RO
()4 5 A B e-B UL R etk % 5 A v R 2 5 J5 BB i
TR RIE 5 1) R F a3, T o0t BB SR A R ER R Ak T
VEAT T Fr it A7 .

A LLE E 2, S5 6 TH RN B AL RS
oA 1 PFAG 5 50 719 BE 4 7 VA Ly, d8 A PR R A4 4k
B 57 X, 25 SR She 6 F % 403 TN A 28 () AT S MR RN 2K
P, b T AR AR B A 07 TR Y AT S ek
Th, FIT P R, > RIRIR 9%

6 g

N T8 Y 4 JBE 2 S 3 B BRI 9 2 4 - G
ABAAR FRY TS 25 11 e S AR A FH 7 i (1) A, (R [
P AR SCHIF FE AR T B bR Ak TR B o B, BARAE—58
AR A SN I S A AT Y AN ST AR
S [ A BT B R S B E A T i R

a. BT NTEATER gz ZRAK, H
BT & 5 R AN R], B NINAS 6 91 738 k1K 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
A BE IR ) B A i R AR, AR R S
] &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 —
AT, 8 ) o 4 P g 7 0 [ o A BU A7 7E — 5 R 5
HISO 14242- 145k it 26 15 SEBRIG R R 18] 47 7 22 5E,
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