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Review Article

Metal on Polyethylenein Total Hip Arthroplasty

Joon-Soon Kang, MD, Ryuh Sup Kim, MD

Department of Orthopedic Surgery, College of Medicine, Inha University, Incheon, Korea

Conventional gamma sterilization could induce substantial oxidative degradation during subsequent storage of the PE
component in air and during their use in vivo. This oxidative degradation may induce high wear rates, delamination
and/or gross fracture of the affected PE component. An improved understanding of the effects of cross-linking and
oxidation on ultra high molecular weight polyethylene (UHMWRPE) has lead to the common use of oxygen-protected
packing during radiation sterilization and shelf storage. More recently, methods to deliberately highly cross link
UHMWPE while reducing the material’s potential to oxidize have been develop in the form of highly cross linked
UHMWRPE. We reviewed the manufacturing, sterilization, cross linking methods and clinical results of the new

polyethylene.
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1. SE|of| 23l 2fojH2 M= S

old# (Ethylene)& 270 2] &4 Ao} 47]o] =4 ¥
22 o] Folxl t3l4A(C2HA) T}, Zg]dddle o 7]
o] o4l E4}19] long chain polymer® Ztzhe] g47}
M= AZEo] lom AZte] ghae 279 4 dAE
ZHA AL Qitk, LAt Felelddle] 71A| 4 S shet
z, B2, AR AA (crystalline organization) @ &%
o T bl glck, LA} Eeloldale] v TrE
amorphous matrix®l| crystalline domaino| g% 2%
TZ=2 Fojglor Z}7}e] crystalline domaing 143}
£ PxE F U 48 24 AR ATad 439
Fof| A AMG-H= A Zelolddle] EApE-S 39 k-6
W rk(gram/mole) AEolH HE=4L 125~145°C, HF
2 0.930~0.945 g/cm’olth, kAl Feldddl F
WA FELE A 2po|7t YA FHE HE S L2
el BA Fel 2 ¢E ¥ (extruded rod)stA &

g
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A FHR 5 AFste] HF AFFENZE 714 7k
Akl Ao 713 HAoln, E4-S HF AF e
FEo Yol FH Az (direct molding)3hH= W= AT},

34o] g5 d EFelddd FEF] A% WHOE gas
plasma, ethylene oxide, gamma radiation 5] $Jc}.
FAoll= gas plasma, ethylene oxide¥}o] F=2 Alg
H o} o] HhH-L wat Agto] WA w1 A ofo} wp ol tf
3k AgAde =Y 5 ¢lth. Ethylene oxide H& 4%
3 free radicalgd A& glov} Zgodgdd YR7tA &4
A2zo] ofglgH FA4 FofEo] F& & e Tl A
t}. gas plasma®H-2 ¥ Qg vhH o] gk wx} 2
e feeka 2olne dEont AaA) Bk 9ot
< 30 9 AFSE ZEldEd oy A5
2.5~4 Mrads A&E2] gamma radiationg ¥7|9 =& A|

20 2ge el M A3t At
2. HEAM ZALR} A5}

Zejoldal vhuol /b4 Fa8 G vAE olg
Gt A2 S Y3 AP 2A] SIS

A A2 Tz - o] A7) free radicalo] WAV ==
ojuj AHA7} gl oW A gty Z (free radical) AbA #
Zpe} Agtelo] Abs}(oxidation)7F dojuAl ok (Fig. 1).
53] Zaldgal gholy Alx FH AN 5L A 3t
71 93l A7}st calcium stearateZ} £ 7H7bo] 8 )
o] 213} 2h-g-0] A7 WA H 7 $-olli= HHF o Wi A ]
(white band)7} &2 =7|x= st} ZHalx AL & A5}
ot mAF R Wsh= 7AA B9 AstE o7 A
7] A= Azt Zelolddle] ¥ AtskeE 7
S5 3A|A utR e gk A o] A FoleE™ &
2 (delamination)®} Z87kA] f2d 4 k. =3

1 ofje

Gramma H H
Radiation ", I'I ' 1 Polyethylene
-C2C-C-C- Molecule
] ., I 1
H

I 'I'i-..rH
l |

Free Radicals Main Chain Scission

C-C-C-C- C-C-C-C-

L)
No %/ 2 In Crystalline
\ Zones

Crosslinking Oxidation Residual Free Radicals
-(:-(':-(:-C- (") "
C-C-C-C- C-CCL- L -(;‘-C-

Fig. 1. WAk zAtol] o3t Zejold =l 7= ¥s}

goddle crystalline el o}l QU+ free radical>
Fe AXA 2kslE {2 5 9ok wekA Az 3 Al
12 A7|17F B (ong shelf period) A& EH Ak3}
7} X o] Feloddle] Bl S Ao 42 7}
Aol b Hbdoe| ATt Qe B A= free
radical& FWH| free radical®} A ZA33}o] 3x1Pg A ¢l
wzp Agto] dojut mprof et AgdS ZHA "k, o
RHA o2, wap Aol St Atk Folsal uh2
wzt Aol ZolE W Atske S7st wEtA] 3 7] =
S 4 EjollA g WA A= EEledgrle] AkslE &
WA A EA SA45 o3t AIFIARE ATt gl S el
Ae Abd 2ARE 23 23S FEAA tRES A
Al71H, 2te] 2-FAd o] ZolEaL WA o] AgAE 7t
AA Fet, whdof wx} AgHe & 7= (yield strength)
Y o1 % (ultimate tensile strength)+= 23} Al7]&
o] Yok,

3. 1% WAt 28 E2o 23l (Highly cross—linked

polyethylene)

ux Ag-g FEstes WHele peroxide chemistry,
ionizing radiation, electron beam radiation o] 12
™ free radical& W50 FH | Fejodd Aot &
sto] mat A3 sHA| Aok, upd 241 vEL 37 30
W o] AE-E| o] vl a A Qg WhH O 2 2447k A
2 A A8 L8| wiEell 2= thdt &4 7HsAd ol A
o}, ¥l e electron beam 7]& 9] B Bt} 5 .000H) o]
e S5 2 AR wiEell Lol o3t &4 7Hs A
ol A7l= vk, wat Aj F Holgl+ free radical&
AAT = Bl FeHE 831 (125° Collx 135°C)
A & 718t remelting A, {3 HAHT}E 2
L= g 71938} annealing®yi o] 94t} Remelting
HL free radical& ¢33 A|ASIATF Z2lo ]
23 A (crystallinity and stiffness)g °F3} A|7]&=
10 1 annealing®dH-L free radicalo] A% &
o] Yot wat A whgS r=e § AlS
< &9 free radical& AYA| A Hol,
AtolEnt 7hA FetzutE A%S dtoE 4ks)
ojubA] 947 Eoh. dA| FDA 518 2 A&
A= &L Marathon (DePuy, Warsaw, IN),
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Longevity (Zimmer, Warsaw, IN), Durasul (Centerpulse
Orthopaedics, Austin, TX), Crossfire (Stryker Howmedica
Osteonics, Allendale, NJ), XLPE (Smith & Nepew
Orthopaedics, Memphis, TN) o[t} o]52] Az HA L
WAL ARG W (e B electron beam), -8
&) W (annealing, remelting) 5l 2}o]7} AT (Table 1),

wat Aol A WAk &l vt w2
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Az o) ulg} vl g2 vha g5l At} a8y bedding-in period¢] head penetration dataZ A| 2|5}
Agol S7ketd Felodale] 84 54 Al = AL wRE-S Axkget, Dorr ' % 59 § Durasul
(ultimate tensile strength), 94 (ductility), <14 linere} A=Al g dd#d 2ol (2.5-4 MRad,
(toughness), 3] & 7= (fatigue strength)= ZH43}7] o oxygen free)E H|ugk A3 55% vl &S Hys)
o, Zelogrle E|d EAS BESIHA d3FHe 2o, D Antonio 5”& Crossfire linere] 73 60% 7+
2 Z839 FAAEE FEATIA e AR S4FY (=T 2.5Mrad, nitrogen contained vacuum
n2E AT = w2t S 7] S ARG v package)& HiLstth. 53 Engh 5'9& Marathon
AR g5gFoll tisiA & o} &=7to] ok, liner(4.1-7.2 d FADAIA 95% wiR ZHA (= Gas
plasma, non cross link)& H1138}9It}, Highly cross-

4. 0= wxt A ZC(0f Zale] 4 At linked polyethylene liner?] mlRE thza2] 2ol 2]

Z5o wal wear simulator testo|A &= vl 7ZHA-80]
1= wxt A Zolde] ) A nir 2t o)zt F R en, QT vz glolue] A
vl sk dizwel AMSE 71E9] Zelodwle] 2] ¥Wo] T 88 Wyt "ok F wa Aol tE F
ute} 23~95%74A] ThFsiAl Bl Eal gl e w(Table 2), el txTo R ste] 1% wat A ZEoddl
hip simulator wear test®] v}R ZtagolE XA Xg  F Hjadd Feole Aupdo R 255 FYHA(FT
t}. olg @ Aholt EH(creep) WA 9F head = wa AY Eeodd)e txFo & Aour} @
penetration¥ tjzwe] o]y Az W] xto] Wl A|g wlRE xfo]E Ho|A ok,
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=
=
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=

o2 A &t creep2 FE F 07HY ool LAY A w@A ZelddAE AHEE 2 ndd 5
ot wa Aol Arelle A JFE LA Q7 Wl & F B iR dFE Fe Qo R A%, A, Al
T F 14 7HA9 vpEg zpol= u7t itk wEhA A% A7 (body mass index), #2}te] A, thE = F
A= wak A Eeddde JA vEs 27 Z7], JEE A A 5ol T8 AR dEA gton,

Table 1. Highly Cross-Linked Polyethylenes

Trade Name Company Cross Linking Method Rad. Dose Free Radical Removal
Marathon DePuy Gamma 5 Mrad Remelting
Longevity Zimmer Electron Beam 10 Mrad Remelting
Durasul Sulzer Electron Beam 9.5 Mrad Remelting
Crossfire Osteonics Gamma 10.5 Mrad Annealing
XLPE Smith& Nephew Gamma 10 Mrad Remelting
Aeonean Kyocera Gamma 7.5 Mrad Annealing

Table 2. Percent Wear Reductions in Early and Midterm Clinical Studies of Highly Cross-Linked Polyethylene Acetabular Liners
Compared with Previously Used Polyethylenes

M.anufacturing Processfor Study Sterilizgtion Process for Wear Reduction(%)
Highly Cross-Linked Polyethylene Comparison Polyethylene

i Martell et al.® Gamma-R, Inert 42
ColcHrradiated gnd Krushell et al.2 GammaR, Inert 58
Annealed(Crossiire) D’ Antonio et al.* Gamma-R, Inert 60

\ Sychterz et d.® Gas Plasma 45
Cold-Iradiated and Bitsch et al 2 Gamma-R, Air 73
Melted (Marathon) Engh et al 2 Gas Plasma 95
Warm-Irradiated and Digaset al.? Gamma-R, Inert 54
Adiabatic Melted Bragdon et al. GammaR, Air 83
(Durasul) Dorr et al.® GammaR, Inert 55
Warm-Irradiated and Manning et al.* GammaR, Air 90
Subsequently Melted Hopper et al.®» Gas Plasma 44
(Longevity) Digaset al.? GammaR, Inert 31
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Fa9 Aog wu Hu e, e v
] A LA EelAEd B ope), ax
A A% ZElod Al E npR gl S Fot v T
1 9ldzto] 540l ke s Bro} G20l A
(upper rim, equator)°l| 7}7F A F 23 2EF2of 2]
gt 7] miRy 92 4o f3dE & Yded 53
remeltingZgolddle] 739 Zddd9 fracture
toughness7} ZFassto] 7] Adsfo] Acleo] & 4 It
3}t neck-socket impingement & @& of9s}7] ¢
3 & E =FE AT A5 At H o= gtoly A7}
gkol %] 53] locking mechanism ¢ ol|A] fatigue
cracking 7}Fs A= o,

H| T3] whEEo] €17k 0.1 mm °l skl A9 = &8le

SEA HASHARE, o] AARE 2T A5 = &3le
-9 FE s EASHA Aok Crossfire, Duralsul,
Marathon A|&F¢] 1= nzt 23 Zgldgd gojuye
B5 7] FAlA A7 vpEEo] 0.1 mm o]3s}o]iL
”7—}5} “‘%3}]94 TS glon i Ads A ®Bast

QTP e i wa A% Eeldgde] o
2 9z =7]E 1 micron o]al7} tjF-Eo|u], A E Hjok
oA cytokineo] F7FE o] glo] 7] FAl A mh R YA}
o BESHAR]] GFsol et -8 =3 Al7|=aL glom
w0l B = 88l AL A 1 mm Bk FHg
= gop A A4 1% wA A Selolgd eholy
oA Ag & &8l SHZE 147 Bar o glor, o]
A9 stem-cement interface?] v}& 2 z}H(debris) ol <
gt =82, e 2 ZEldgal gholu o] FAlE of
d Ao 2 I},

o}i&l:o

i Bl oox AN oy

—_

4 B

A n@H AR FzelA Fejodd ntre #R1
5, Az 3R 3, dEE 7 27], 973 94, 34
o &FE, AF T o] /A alell o FFS e
1= wzp A% ZEdddle 7] 94 FA 24, 7]
of Zejolddllol vlsj viE&o] AASHA s, A4z
g Zgel o] AL FolEo] AUES] sl ol o A
A8 Fed FaAZ AR 7|dEHa gn. a8y s
wat A Zeloddle g2 Z-ol FHekgk do] o
vz v7h89 4 919 neck-socket 1mp1r1gement
o Fol & 7]&ofok 3t oAl wal A = WY
2wk QAtel] g AYA Y ABE3H kgl tisiA =
7] A #Fo] F gsirt
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