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Abstract : Because of bone resorption, wear of ultra-high molecular weight polyethylene(UHMWPE) in total knee arthroplasty has been
recognized as a major factor in long-term failure of knee implant. The surface damage and the following harmful wear debris of
UHMWPE is largely related to contact stress. Most of the previous studies focused on the contact condition only at the articulating sur-
face of UHMWPE. Recently, contact siress at the metal-backing interface has been implicated as one of major factors in UHMWPE
wear. Therefore, the purpose of this study is to investigate the effect of the contact stress for different thickness, conformity, friction co-
efficient, and flexion degree of the UHMWPE component in total knee system, considering the contact conditions at both interfaces. In
this study, a two-dimensionai non-linear plane strain finite element model was developed. The results showed that the maximum value of
von-Mises stress occurred below the articulating surface and the contact stress was lower for the more conforming models.
All-polyethylene component showed lower stress distribution than the metal-backed component. With increased friction coefficient on the
tibiofemoral contact surface, the maximum shear stress increased about twofold.
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%(Total knee arthroplasty) dsje] € g9log sz
At 1,2]. 217 #Ho|A UHMWPESY] nimo] wa 24
st @& AT Bt AR, d4 AdF BE Holo 4% F
8 BYAL shuoldf. oz dF &#He F43 UHM
WPE Ato]o] 34A Aiegat W HZ2Ho} 93 vjp
2 A7 a5 iz (Wear particle)d] th3t 22|uleoe I8
8 (Osteolysis) 7} dolupx oj7le] Asje] Heloz =437
m#olt 3,4]. UHMWPES] riuo)] 4L vz g9E2:s
8% =7, ¥4 A&4Y, 3d 2%, UHMWPE %4, a18n
Aeo FEEY & & 573t olel@ a4Fol UHMWPE
of olx}= v} 7]H(Wear mechanism)& FH3}7 938 A4
A8, A EIE ol &8 A, 281 FAHALE oj§F 2
H N 5 B2 dF FEA g

A WY @ Y0 ASEHe 432 AUES gy
42 A (Metal back)e] UHMWPE 4t¢] 8ol 245+
olch. webd F4AABo 2 <ld) UHMWPE 4 &9 F77}
Fopa]n, o|2 s 7]E ATE[4,5]d <8 AFHE Ha
FA(PE thickness = 8~10mm)Rt} 82 %4 (4~6mm)2
A Eo] dA Azl Al Qo). o) A £BH A @
ARedA 297 24T B9 A9 4E 753 & H4E &9
I 37l gFolct. Goldsteine] A7{61o 23l HIq A
ol Foigtel wet A BAJol AAdATY AE WA
20mm olgf7 = 2 Walzh AsiAl gokn ok wehi, HE
8L Y 7 UA=E A AgsYAE FARYG © $A4E
UHMWPEE AMg-37] §js] $&4 AN AZe] e
& 3A e Az AYEY dHE Y F s & 7X 9
olgt # 4 9tk

Bartel#} Wright+{5,7] H&%9(Contact stress)& UHM-
WPES] wird & 4%& v|Az Aoz HIusdrh o=
UHMWPES9] Atreol oA HZE Fd(Tibiofemoral contact sur-
face)ol A ¢l olm¥al oh)e} UHMWPES] &#9 F4£2= %
EH(Metal/PE interface)dflAl9) oy Z2gA Hu Yt 2
Ay AF7RA e =72 3 FZAqAY H2z2ANE
Y AR o} fFAMG F&uo] AAE FHAAMY FExH
23lA) ¥ gl

2 AFqME FEaLHA S ol 85t UHMWPE 419 &9
AR BHE ohal a5 HudA F4 AYEHe] HE2z2A
& nelslel UHMWPESY $4), 2%, o}, 3§ A4 w&
% AEHgA e HEF 3G YT $HAMNE 5 ol ¥
7t UHMWPES] st @gd nX & d8& £43uz sig
T3 FHAANG 2938 2% UHMWPEE® € zdd gis
A& 3Yx vasyd.
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Table 1. Tibiofemoral conformity for PE shapes

Model II Model 111
Model |
(a= 0.50) (@=0.92)
Moderately Highly
? PE Shape | Flat PE Conforming PE Conforming PE |
i
(R=110mm) | (R=60mm) !

"

mesh® Z21#L olgste] B HEUNM U FE(Con-
formity)d] utgf UHMWPE®?] R<ko] H5d {8l Model |
(Flat), 44 =7} %2 #8382 Model II(Moderate conformi-
ty), 4AE7} £& #389 Medel H(High conformity)e] 3
712 89 mho] FEHYLH(E 1), BH FEHe WA
th & d&] Y = (Conformity)= thi# 2ol Fogdr.

a=r/R, a . Conformity ratio (1

rioE e ug
R: 732 A4YEe) B3

52 A9 &(Femoral component)& r=55mme] Y7
Ze A2 2429 sden, UHMWPE AQlE3 85
2 @e) FAE 22 6mm, 3mmE, & ¥ ol 43mmz &Y
ot #3349 Y EEFe F2 A4 (Sagittal plane)o A dof
Uz, E3 & dFME o 71X 230 & "N FEN &
E4& BAE] 8 9@ 229 ¥4y plane strain £
842 2383 dYeon(2d 1), 24 dF 4L AB
AQUS 54° T2 19 o] &5t}

UHMWPES] B3-S H2o] viepyd vie} o] wdg =
& AHgEton(7], e AYE s4w 86709 28 A
A Q4 (Rigid element)2, 3 & 4}9)-E(Tibial component) 2}
Sav 1548709 44A A28 242 FAHEUARL, ZE AR
= 73 (Homogeneous) 3t 594 (Isotropic) ¢l Ao 2 714 &}
At

a7 1oA 8 o] FxAL dE AUEY AAE AR,
a2 oY oo 79 8}F(2500N)e] UHMWPEE +3%
o2 ras 2A(0E 2F), €4, ADE & d9 £1d
&% (3125N) 2.2 UHMWPEZ 602 %25 521 (60%
)& Tl 3)[89] AAzRPoz F& AAHY
& 43 nAAzon] UHMWPES 3% 4Ee +4
2 2ZANAG.

%7] A& %A (Contact condition)2.2 UHMWPES Atxel
A4 HZdd= HAZ(Point contact) 2AEL, UHMWPES]
349 4 AR YEFHoE AHZE(Line contact) 27 & *
daglor, F 714 HEZAL ofdAF ()7} 0.082 2§ vt
# 23A& AM3IAT10,11]
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friction interface
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friction interface
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Fig. 1. FEM model of femoral & tibial component (model il) : sagittal plane
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Table 2. Material properties and quadrilinear model for UHMWPE and metal[ 6]

Material Elastic Modulus[MPa] Poisson’s Ratio Yield Strength{MPa] - —
Metal ‘
(Co-Cr Alloy) 200,000 0.30 — -
True Stress Plastic Strain
14.07 14.07
UHMWPE 1,000 0.46 14.07 22.05 22.05
- 27.06 27.06
29.52 29.52

E 3. 35S0l thst %
Table 3. Model input for loading conditions

Degree 0° flexion 60° flexion
2,500 [N 3,125 [N

Applied Load [NJ [N]
(4 x BW) (5 x BW)

Activity Walking Stair Ascent

*BW=DBody weight (62.5kgf)

# U E9

UHMWPE A% mejo me #de %4 = (Conformi
)l e Mg A, ANFez @A EAe ANYEs)
%2 mAdA UHMWPES] 4% Eus hiels o) 2
Uepgth(2d 2-5). AHFES} £ Model A 7Hg we
g0 Bu5Yn, UHMWPE 33 EWE ma 90 349
geo| g3 B¥E moFgow, UHMWPE s% Hwoldel
A2 gge(ay 3) 4% EVdAY 4% $8(2¥ 2) g
C ot RAY ¥e $3 B¥s meFdd. UHMWPES ¥

o olg)2 W24 % von-Mises $4& F7lste 4¥E HA
T, AL} F& Model 18] 74 o] dAde] F=iAA Y
ggon], AMAoz EHoHY 3~4mm F=dA Hd EH&
vl ZAT(2Y 5). NAE HE&eHue] dAo HF 2
7= Bartel (5719 29} Y& Ao|AA, A £
Bolzle] 1-2mmo)A von-Mises $8o] Hul& R Bartel
2(7]¢) Aol 2] 3-4mm AxoNA Hd) $Ho] AAHS
o AA dAEe BBNNE AAFES e Ao A
ZoA nprel o8 So EAs Fa s de ALL3,
14)e & dF dxz dyo] 7hgdirh

UHMWPE?] 4 7t54d ti@ 71539 stz von-Mises
¢80} UHMWPES 87w (9f 14 MPa)ut}t £& %%l
UHMWPES] 44 #Wdo] dojubi=d], I¥ 4, 54 & + 3
=o] wHe AXNAEI} 7HF EE Model 1} 734 UHM-
WPEe] A2 g@s ujRo)A ¢ von-Mises §-3o] UHMWPE
o] #E}5E Yz @tk Model 119} A%, UHMWPES] 4
B gadNE= Hd von-Mises $8(14.3 MPa)& #5735}
SA}stx 7t UHMWPE W59l 4 9] Ho von-Mises $32 21
9 MPa2 UHMWPES 38758 z7sidch. #de U4
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Tibioferroral contact surface
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Fig. 2. Contact stress at the tibiofemoral contact surface for 3
models{model | : flat PE, model |l : moderately conforming PE,
model 1l ; highly conforming PE)

30 .
Tibiofemoral contact surface
—o— model |
L —&— model li
‘s 20
¢ —a— model il
W
2 15
H
3
2 w0
3
1
s
s s
° . .
25 -2 -5 -10 -5 0 5 10 15 20 25
Distance atong the surface[mm]

a8 4. 371X RYS 2US0| hE BRIYSEHNME von-Mises
8%(23 22=0)

Fig. 4. Von-Mises stress at the tibiofemoral contact surface for
3 models(model 1: flat PE, model Il : moderately conforming PE,
model Il © highly conforming PE)

D7 Tibiolerraral contact surface

» | —e—metal-beced PE(dsbonded)
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Fig. 6. Von-Mises stress for components at tibiofernoral contact
surface(type : model It)
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Fig. 3. Contact stress at metal-backing surface for 3 models
(model | : flat PE, model il . moderately conforming PE, model
il : highly conforming PE)

—e— rrpdel |
~8— vodel |
~o—modet il

Depth{mm)
© ® N O WL L W SO

0 5 10 15 20 ) 0 k] 4
Von-Mises stress[MPa]

3% 5. 371X fYe S ofst FE2olgd EH olfoiM
von-Mises 28(Z48 2t==0)

Fig. 5. Von-Mises stresss below PE surface for 3 models{model
|- flat PE, model Il : moderately conforming PE, model I © highly
conforming PE)
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Fig. 7. Von-Mises Stress for components below PE surface
(type : model I}
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Fig. 8. Max. contact stress vs. PE thickness(type : mode! 1)
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Fig. 10. Max. shear stress at the tibiofemoral contact surface
due to different friction coefficients of 3 models(model | : fiat
PE, model Il : moderately conforming PE, model Il 2 highly con-
forming PE)
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Fig. 12. Von-Mises stress at metal-backing surface at 60° flex-
ion degree for 3 models(model | : flat PE, model i @ moderately
conforming PE, mode Ill : highly conforming PE)

Tibiofemoral contact surface

Max. shear stress[MPa)
F-S
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Polyethylene thickness [ mm]
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F=0)
Fig. 9. Max. contact shear stress vs. PE thickness(type : model |)
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9] von-Mises 28

Fig. 11. Von-Mises stress at the tibiofemoral contact surface at
60° flexion degree for 3 models(model | : flat PE, model il : mod-
erately conforming PE, model Il : highly conforming PE)
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Fig. 8. Vertical deformation at tibiofemoral contact surface for
flexion degree{type : model (I}
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Fig. 14. Von-Mises stress at the tibiofemoral contact surface at
0, 60° fiexion(type : model Il)
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Al AHE AU EY Retrieval 74 AYET} Fe 4
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&% vt O 2dsd Hs gol A= Yz, o2 ¢
& PES} Metal-backing Alo}d] At §-go] WAl ZHAH
A ofzie] &8 Bd4 HAdol Jebwtth

a9 63 72 Model X S&AA R} U= 73 (Metal-
backed component)s} UHMWPE=Z%9F B §3 (All-polyethy-
lene component)o]l W@ jMAFo|ct. F&Tho| AE £
9] A9 3497 UHMWPE Alole] A4k wa &3 ¥

€ vlu3ly] Y8 F4%3 UHMWPE Atol7h @48 2%
7259 dds AgHA @n AAY FA AFzAL F
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A& & 7 $(Debonded)] §#Ho] UHMWPE A% HEHol A
H HAFoz F718le 4mm Fx ol A g $H¥& Ko
FAUIL ol F HxHoz ZArdte AL HoFgd. F4uy
UHMWPE?} ¢4d3 238 Aoz 71¥¥ 22 (Bonded)9 7
S #HA 1.5mm A= AAE JE2AE £ §3(Debonded)
7 FAISE BEE Ho|thrl ¢ 2mm BT ol dA HdjgEE
HelFglon UHMWPE olgiZ oz 45 aA #ase 73
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Bonding & A¢E 7HA A7) W HE S A543 vid
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Tibiofemoral contact surface
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Max. shear stress[MPa)

t=008 f=016
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Fig. 15. Max. shear stress at the tbiofemoral contact surface
at 0, 60° flexion(type : model |)
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stress) 8] kS ¥ ZAx, B HEFAGA H HE: A
@3He 18 1094 B 5 UKol Model [ oA whdA 57}
0.08¢ ¢ Hdl AFgHo| 2.8 MPaoj A abdA 47} 0.162
2 ZF71d we} 5.0 MPaz Frisidch Hdl$y AAxz ®
HEode A FHWEo 7 of 2mm HolH YA dolytt)
Model II, % ovpa#A 7} F713tel we} Ho AdgHo] o
20 FA JElTh g5AAH EHAMY Ho gy
& #E FERUHGE db @AY FAS %S BAgFY
ot ol g olEA e Frlz A% g2 AW UHMW-
PE B®9 #9(Surface cracking)®} 23 u}2 (Delamination)
E AN 5 9de AoE 58 2 o

09 22 A7 60=(A9E 224 A= AA
3oz UHMWPE 4% H9dA ®rgtolhyzt UHMWPE W&
dA #F34 =7t 0% durd & Y& BAFHG (2
11-15). UHMWPE9] 45 FH= 3% FHGA9 von-Mises
(Y 11, 12)& BAs B9, Model HlojA Hdf 282
UHMWPES] 8729 §AgE 2718 BojF2]gl, Model 13}
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ol ololon 6059 ZA$ 0.3lmm= of 2uje Hrj) W3S H
o Folch AE EHd MY SHEFANM(Y 14) FF A=}
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% Z7}18t9t}h. Model II, III= Model [9] 2o} GAlst 2
2 24rch o9} o] FF Axy} 6052 B AS ANHoE
gEAERY g2 A& BodFoes UHMWPEY 44 H
o gAoA 9 rly 7heAe] ARE ¢ F Utk FEEFY
FE o|Re AN HYAY FF ZE7} 0~30% Afojo|BZ,
60z 9 3txe F&= Fed A oz UHMWPEY &
A 7sE 29 4 Atk a8y, H251dd o) dEFER
0 @ AT A o o8 #de] AEE F glen
2 gE83THYg $8o] Yoa A vl HE Ag on
A= ged. d4, JdFeRd AX#FEF 35" 50709
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