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Abstract

Pitting wear is a dominant form of polyethylene surface damage in total knee replacements, and may

originate from surface cracks that propagate under repeated tribological contact. In this study, stress intensity

factors, K and K, , were calculated for a surface crack in a polyethylene — CoCr — bone system under the

rolling and/or sliding contact pressures. Crack length and load location were considered in determination of

probable crack propagation mechanisms and fracture mod

es. Positive K, values were obtained for shorter

cracks in rolling contact and for all crack lengths when the sliding load was apart from the crack. K, was

the greatest when the load was directly adjacent to the cra

increase of both K™ and K™ . The effective Mode I stress intensity factors, K

ck (g/a==*1). Sliding friction caused a substantial

> were the greatest at

g/a==1 1, showing the significance of high shear stresses generated by loads adjacent to surface cracks. Such

behavior of K suggests mechanisms for surface pitting by which surface cracks may propagate along their

original plane under repeated rolling or sliding contact.
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Fig. 1 The pitted urface of a retrieved polyethylene
tibial component
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Fig. 2 Example of the current finite element mesh,
showing mesh refinement near the crack tip.
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Fig. 3 Geometric parameters of polyethylene —
CrCo- bone system containing a surface crack and
loaded with Hertzian pressure.
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Fig. 5 Mode I stress intensity factors versus load
location for rolling contact. (p=0)
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Fig. 6 Mode II stress intensity factors versus load
location for rolling contact. (p=0)
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location for sliding contact. (1 =0.16)

of FAFA tig olHe AFAARIL A}
stth. 7] A K== dEHe| 7 STkt o
2t F7bebH, K = long ¥ E Y W short ¥ EH
ol Hrt} 85 HAE ©f Atk 747k A5 2l
A, Hd Re 1 Y 4
] HL@?’LD} K, 271=
< T¥9 Qoloﬂ i3 A 0 o
Flg. 7 7} Fig. 8 & <] 799}
& 7let@ A wddoe]l gl sk Aol of
A K, Ky o WaE e (p =016 ) 9F
S BojFa b Fig 7 oA %o HuH K
2 mho] 4 499 vlus] & uf short 9F
medium ol thste] tiAE Frtsta wI1H
stso]l wHEENE dojd W (ga 7F Fol wh
long &> o] oz WETh o] Al
medium ol thste] K, w2 7 F=A dE
wor medium 2 A% ga=3 oA T
S wjl short U long ¥ H Tt} B A

=13 7}2]; Fas



2003

K, < stsol #9=9 gael g o
gla = -1°914 Hauz oitso] daAsHA o @
o|th. Fig. 8 g/a = -1 oA mpo] A& off
o Mol w523 AAE Ho FE A vl
A2 K7 kb Z7)b s AS Hel Fr
p=0 ¢ we} v R, K, S dteol #E
ol HolA] el wel gom HFAg

4 AE

7 Aol Al Tad 7x <

T o syl Z] o€ d tibial component 2
g gz glojAe] Jhedh et 3
e HAYES HEx2 RaAgsia 48]

o 2 ARE atg o R 7]Ee] ATtelA olsirt
FEPE vz JHo] wet Wy E g
stoll A 7hEskeE Ao Aol ddE=
o] & &} =] Jg;;_} s Assta
LR AT «J 7ﬂl} A A ol Fske] ol wA
Bﬂcﬂa(bearmg) TAHYAAEE
Zejolldle] vz e Ee
| mREo] e ARl Ao
Trrgoll Zlelskar x7] o] Ao Asfol whgt
Zog o4

o] =R2 2002 UE st EEHETate] ¢
o] ¢]&te] AT QO H(KRF-2002-041-D00018)
olefl ZrAF =HYTh

il

P

Mo
ok

(1) AAOS, 1996, “Implant Wear: The Future of Total
Joint Replacement,” Wright and Goodman,eds.,
Amer. Acad. Orth. Surg.

(2) Hood. R. W., Wright. T. M., and Burstein. A. H.,
1983, “Retrieval analysis of total knee prostheses: a
method and its applications to 48 condylar
prostheses,” Journal of Biomedical Materials
Research, Vol.17, pp.829-842.

(3) Wright. T. M., and Bartel. D. L., 1986, “The
problem of surface damage in polyethylene total
knee components,” Clinical Orthopaedics and
Related Research, Vol.205, pp.67-74.

(4) Walker. P. S., Blunn. G. W,, and Lilley. P. A., 1996,
“Wear Testing of Materials and Surfaces for Total
Knee Replacement,” Journal of Biomedical Materials
Research, Vol.33, pp.159-175.

1227

(5) Blunn. G- W.,, Walker. P. S., Joshi. A., and
Hardinge. K., 1991, “The dominance of cyclic
sliding in producing wear in total knee

replacements,” Clinical Orthopaedics and Related
Research, No.273, pp.253-260.

(6) Natarajan. R. N., Schroeder. U., Andreacchi. T. P.,
and Wimmer. M., 1997, “Effect of Coefficient of
Friction on Shear Stress Distribution in a UHMWPE
Component of a TKR,” ASME Bioengineering
Conference Proceedings, Vol.35, pp.107-108.

(7) Wimmer. M. A. and Andriacchi. T. P., 1997,
“Tractive forces during rolling motion of the knee:
implications for wear in thtal knee replacement,”
Journal of Biomechanics, Vol.30, pp.131-137.

(8) Rose. R. M., Crugnola. A. M., Ries. M., Cimino.
W. R., Paul. 1, and Radin. E. L., 1979, “On the
Origins of High in Vivo Wear Rates in Polyethylene
Components of Total Joint Prostheses,” Clinical
Orthopedics and Related Research, Vol.145, pp.277-
286.

(9) Rose. R. M., Ries. M. D,, Paul. I. L., Crugnola. A.
M., and Ellis. E., 1984, “On the true wear rate of
ultrahigh molecular weight polyethylene in the total
knee prosthesis,” Journal of Biomedical Materials
Research, Vol.18, pp.207-224.

(10) Kaneta. M., Yatsuzuka. H., and Murakame. Y.,
1985, “Mechanism of Crack Growth in Lubricated
Rolling/Sliding Contact,” ASLE Transactions, Vol.28,
pp.407-414.

(11) Elbert. K. E., Wright. T. M., Rimnac. C. M.,
Klein. R. W., Ingraffea. A. R., Gunsallus. K., and
Bartel. D. L., 1994, “Fatigue crack propagation
behavior of ultra high molecular weight polyethylene
under mixed mode conditions,” Journal of
Biomedical Materials Research, Vol.28, pp.181-187.

(12) Pruitt. L., Koo. J., Rimnac. C. M., Suresh. S., and
Wright. T. M., 1995, “Cyclic compressive loading
results in fatigue cracks in ultra high molecular
weight polyethylene,” Journal of Orthopaedic
Research. Vol.13, pp.143-146.

(13) Keer. L. M., Bryant. M. D., and Haritos. GK.,
1982, “Subsurface and Surface Cracking Due to
Hertzian Contact,” ASME Journal of Lubrication
Technology, Vol.104, pp.347-351.

(14) Estupinan. J. A., Bartel. D. L., and Wright. T. M.,
1998, “Simulation of Surface Crack Propagation in
UHMWPE,” Proc. 43™ Annual Meeting, Orthopaedic
Research Society, p.70

(15) Kim, B. S. and Kim, W. D., 2001, “Mode I and
Mode 1II Stress Intensity Factors for a Surface
Cracked in TiN/Steel Under Hertzian Rolling
Contact,” Transactions of Korean society of
Mechanical Engineers(A), Vol.25, No. 8, pp. 1163-
1172.

(16) COSMOS/M Finite Element Analysis System:
Version 1.75, 1995, User Guide, Vol.1.



	INDEX
	제1발표장
	제2발표장
	제3발표장
	제4발표장
	제5발표장
	제6발표장
	제7발표장




