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M etal-on-metal Articulation of
Total Hip Replacement

Suk Ku Han, MD

Department of Orthopaedic Surgery, &. Paul’s Hospital, College of Medicine,
The Catholic University of Korea, Seoul, Korea

Metal-on-metal (MoM) total hip replacement (THR) and hip resurfacing have an advantage of low wear rate and
greater stability by larger head size and different characteristics of wear mechanism, tribology, Iubrication or
generating wear debris compared to conventional metal-on-polyethylene THR. Although the mid- or long term
clinical reports of second generation MoM THR were excellent, concerns about local and systemic effect by
metal particles or meta ions were remained. Recently, reports have emerged of abnormal soft-tissue reactions to
meta particles or meta ions and some hip resurfacing implants were expelled from the market due to high
revison rate. This article includes the history of MoM THR, tribology, the biologic effect of metal particles and
ions, the clinical results of MoM THR and the issues regarding the problems associated with hip resurfacing.
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A whz 22 (low-friction arthroplasty) el H]3l # %3k
AIE Kol ALgo] Azl oyt F&-ZEldddl #AA
oA wAstE Zejoldale] A=t npr o} F83 wlFel
ChA] 5 FQdct. 53] ¥ #E X3 & (resurfacing
arthroplasty)-2 L4 AFHH Ax|&<z vs)] diE=
& HES] AA|Fzo] Golsta 77 A @ LA o]
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HA o] Yol =7} At F49] viRE AR 5459
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o1 F A A E-o| A micromotion®]] 93t ¥} %3+ metallosisE
doeE FHZE Ba HYn S5 nR YR tiAA
¥ (macrophage)9} A M E(giant cell)ol] E2]=F o] A4
Ql AlZY lysosomeol] oJalA] 25 o] AU F4 o]
o ZVekaL AEANE Zeate] AFHL T Foo7} 2
A F4-34 BAUe] shRE THE, 28, 2o
e 22 55 4A 55 olo] J3Hd 9 =
Aol frelelol 22T} Q52 Lorlnl AT 79
ARz A B2 metallosis, aseptic lymphocytic

5
S
S

vasculitis-associated lesions (ALVAL), adverse reaction
to metal debris (ARMD) % pseudotumour 522 &3]
w55 o] AU £3s B8 AAWRE BA Ao
2 &Y F5-55 #4AY d3HE XS S elA
= 8% 9 &8 35 o] T2t 2/ A& &=
g frElE 55 ol Ay Gl Ay Agdsto] gYow
2hg, TASTE 22, AAE AEvipzl ARInkgS do
Z g Utk @9, 55 o] 29 AVH =& dd A |
AR5}, #-dAF ¥ (genotoxicity), & LA oL} BlHS
53 "HlolieE A] 718 o} WA (teratogenicity) 7Hsd el
e % o WU oree] 977 Wasit
4574 HEHJATAEEL F5-Zddd #EH
STl v3) rlusk 41 F5 2717} A B
do] 9lo] &FA R A2 SAtolA AHE ZEL 9

=
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Z3t(tribology), &4 ntR UL 9 T4l o A3
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575 #4W ¥ 13- X3&EL 19374 Wiles
(London)ell o] A5 2 ARE-EL o}, 22} Al At H 2o
2 9la] I 7]Fo] &24=EYA, 1950 McKee (London),
19594 Sivash (Moscow), 19643 Ring (UK), 19653
McKee-Farr (UK), Huggler (Switzerland), Muller
(Switzerland) S-o] 7|%3to] ALg3Fct. 22U John
Charnley 72| A v}z (low friction) F4-Z2]od# 3
A Qedded vla AR Az PFAHES], 2
o] 7 dlghE HoldA 1970dd ol Hx} 255l
"o}, A= 19729 McKee-Norwiche 14 24534
WA dFddE XzoA vt YAt 53, sev 5
o] AT A AAE Foo wo] WAste] 149 FA|
Ao A 50%9] Af&E Hstal, 1979 Ring"=
159 FA| A3 32%4 A3l E vetdo] AH8-& Fdst

o e
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gich. et A% 14T F45-75 BAY A3HEEE
7] ZA Aol v g7k AL gl S5E A
=

viero 2 A A3 tilo] MgFd 24 &35 #dd
olF 13A X]3HE2] Metasul (Centerpulse, Switzerland)
< JNdsHA = 9leHl, ol 1 Aldiell vla) t] 2t Al 2o
v&508 F&-Zedddl 3Eu AT HEE vlE 87
"} % (volumetric wear)7} €F 20-1008] ZHAsH] = 9aL &=+
Lo A= ZHAsHdeh . eb A, H2 Fla S5 il
A SApollA| Fol AMEEE #EH FHX| e (resurfacing
arthroplasty) 7i 7] S4-Felddd #EHo = 7|
HEov 2 F= A rie B Sje] A o] A
o] Fol F&5-55 WAMO R thA| =t

2. 2535 BEo| 01EsKTrieelegy)

&5 BEUE AT AEEY vRE g2 dutdo g =
710l vldslH Z7](running-in period)=
ul R 7} o] WAYsA Rk 3} Algko] AU o] ol
(steady-state), #&-7< #EH Y vlRE A& (materials),
AAl 718k (macrogeometry, diameter and clearance),
] A] 718}FeH(microgeometry, surface topography)¥ &
(lubrication)Zte] Fo2-g-0] F&-Fe|ddal 2 r} n}
Ro| X 2 Y¢S TP ILYE-IF FE2 4=
(hardness)7} -3l F&-54 2ol Jz=HY 3F
gaFo] oW K2 (corrosion) ol Zsttt, AF-ZLE-&
grdE e Ax HAAdA gdart ol oAl He
d], ©3}EE (carbides)2 FH 2] 7] & (matrix)¥} 7313
Adste] de 7125 suljy o A=r AZIY, ©@skE
o] 7|9 v gL Az ¥4 FFs e, A 55
=& AW A8-E g3l EL2 '@3lE Adio] B, X
H(cast) 0.2 A FxFH o] EH-(polished surface)2] AHZ7]
(asperity)7} 273ttt AA] 718k8He ball#} socket?]
W73} 7h(clearance)o] $R234Hd], 7H=o]#, socket?]
WS w43 balle] 9|F wb3%ke] AolE deitt, 1H59]
sockett| 5 RE7 3 ball &% wE7go] oW F 54
7t A& WA (contact area)> Huj7} €t AW
Azx3e] Aol AAAY 1k=o] FHAstH Azl
2, A%l AT B9 1ol AANA HEHAL
). A& S (contact stresses) A 52| AJ2of u}
I 3 E AR e gt wiEell 1ol 0 4
82 7HAagtt =2 S8 o3-S v A A
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f-

r
F)

T
N,

DN o gy oS
Ay g B
o

o] Z-&- 2 | 9 8-8-7| A (fluid film lubrication)©]
BotaL, =0l AAHE HJF WA o] 2ol AR &2
7174S A8 Ea npR (wear)7} we] ol 7+
o] A7 2ol A A= HZo] dojut upEE(frictional
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forces)o] AR, F&H(torque)o] F7FsHH, A UE2] 3 &
7 zedct. H2o tig e R AxT F e HA
H2 20 umeolt}, 7F50] 150 #m o] o] =H, 53] %
7] running-in periodelA] wlRg-o| FZ53hc}, %é.\— =&
A7 vpR oA B kel FaT W HEo] Lolh
Azolth, H74o] 54 SrhA AE PES F WF(polar
contact) Rt} vpz d& (frictional torques)o] A Ao}, %
7] F&5-FE£BA Y 34 AT (retrieval study) oA Q=
wolsol A e Al Eel Asfe] 8 Adoley

1F

2) 287 |

a8 (lubrication fluid)& &8 ZZ(lubricating
conditions)oll w2} m}23} vhwel YL FE Fo W
ot} lambda (A) ratiod HA| =] 7 (film thickness) 2}
E A A&7 (surface roughness) 7+e] B &S Dal=d|, &
Aol A AupE-E FA5h= vl A 33 lambda () ratio
= A3k 2ol vhg ale, ole Axwe) uA He
(microtopography)$} z| 52| er&A] (elasnc properties)
S 24 Fgoz2H Jhesith. fA 2 & (fluid film
lubrication)2 FAZTS o|F+= ZTHES AZ _,‘9‘._.14—7<4 o

@ el G BN ABRARE S
275 FA 9 &8o] FAH ntRIF 24 5]“4 B
Az = %oﬂ Xlld-E]O—] R Hav) |t £33 0 88
(mixed film lubrication)ollA+= #4d BHE7| 2] F&E5
o2 FelHH, 2 5555 BN 27
99 o a5 Y S5 94T B9
A 2 FAE dAe] ST B4 A5 54, #dHe
AA Z18keh(RbE s k=), 2ejal 9o wA] FETH(&E
@ Aol o3l SHAs, TR0 B Yol
T AH) 25553 B (asperities)d] 71 229
H(tips) oAt A o] %101‘4@ SIS mpR o Gt
d3kS vlHt}. running-in period7} AU 29 B &
o] vl;1HEA thEo]X 31 B} o|AACl x| 9 §57])A
o ¥alA Ho] nprr} A dr F45-3% B oA

| sy

259 4738 l5d @ FAIL 0FL k5 @ 2
ol oA o 3 s]dlo] W o] 1 Aozt nug
A5 5 b,

3) AlZelo[g A7

Medley 572 134 A BHOJHE 0|83 F&-F&
HBAH o] AdojA &4 vl & (volumetric wear) U
gk Abo]lE & 0.09-61 mm®, A4 vl & (linear wear)=
1.3-100 pmPo|gta B3t H). v 282 10-509 Alo| &
o] Ayt Az} 7A4et AL 2h50] & %4-(630 um) HFE
7} Z7V8kgict. Chan 9] QoA E vt Aol
ol A mp 7} WQEaL o] I x|} FHAdho] A iR e
7 Hc. gaigt Aol Ul 7] 34 (run-in priod) ol A
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£ 4 upR g2 022 mm’/ Dk AFo]E(0.05-0.85), H
I UPREL 0.40 mm’/ LRk A}o]E(0.02-1.9) o] A ¢t
38 ezt =W Hd vl EEL 0.08 mm’/ Mg Alo]F
(0.03-0.2)E A3t gnt. 542 A7t 448t FA12
e o] 4= H}E% S7kstsint. AlRke] AuH ~‘T‘—
st7t 7F A Zh=ro] A 4 9lo] ekt o R E
=ol uhgtAlsict,

O

4) 0t &+

McKee-Farrar Q13-4 o] nfp@d A4 (friction coefficient)
= F4-Eoldga el vhd As wrt g 230 =
T3 A 730] oF 40 mmol] 3} John Charnley 73 2]
olFHAERT} npa P (frictional torque force)o] 108]
o &3t AN A E AN AFE o| 2= v 2 v}
& ggo] T A g doTle IthA FasHA e
WFHAT. 5 Feloga sz ol 4YF Tl
AZzukgo| wlF ARt AR 1A S AN o
B2 JFS v|A = Bolrt, o]Hdt #AlA B, John
Charnley 73¢] #] v}z Jd3&4 7ido] A3 o]+ 7t
& Q1elo] 2obri} ohje} B5 4740] 22 mmz o}
$7 wpws} 917 aholn, nhw-go] 23] Yk 2
AR PAZIE FAAOZ B 4t}

.ﬂ

9

5) 3l &4

Schmalzried 5" 1Al &4-54% FEHS AL8-3
A X o] 3¢ AFelA] whR oFo] YF- Z o] HhalAd o]
U HA=-a2tu 2 SA617] of HWrhal st it balle] A4
vR-g-2 0,004 mm/ Aol P §4 wpREL2 1.5 mm’/
|, B3] B A% mEES-2 0.003 mm/ Ao, 22
w7 o] McKee-Farrar balle] nfE-&o] 2 vl73 2] ball v} =2
£ 22 #AFHY=T, o= 35, 7 Hu, $871d
2 Aol S5 Aol 7]Igttal & 5 it Sieber 5
2 2At Metasul 5454 HAHS AHE-gH 1184]¢9] 3
F AFgA AZF A4 vlRgo] £ F 19 (running-in
phase) 25 gmo] ¢ o1} 31 o] F(steady state phase)F-E]
5 emE F4-Zg|dd @dHol vls) 208 A2 A%
uRES Bty 97t £4 vfEE =3 0.3 mm’E
v&-Zgdgdl de| vl oon) AL &4 nfE &S
Bustdet, wekA F&5-55 #AHS F5-Fddd
Ao vlaf uf-¢- w2 A vlEE & Hole S 7t
A3 ek, upR AF(wear pattern)2 F 71A] e <]
scratch7b Q1] shbe= Hlw A & A0 2 Yol9f Zlo]7t
Z}7} oF 5 pmo]al Zo]7} 3 mm He AolH, v shut=
717} & A2 7 polished large scratch®] dejo|c},
o= A1 Z1& scratch7t il ¢k scratch®E W= &

&34 BN vhE o) 44L et gl

g
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3. 25 OH=2Yxtet o2

1) 2% ot2Ho| E4(Properties)

A EA] ¥k-3-(cellular response)°l] @S v A= Q402
A wtEHE 2R T, A7), Y, §5, AR 5l
dedl, 2 F N, 271, w2t P Fa8 8ho|t)
Doorn §7& IAWE-IF vfRAS A An|Foew &
23 Ay A& vls 2okolal A7]|7F 20 nmo]sH10-
400 nm)2tal 3}, Maloney 59 IWE-IE nf 2 H
o] &5EE3 14 (globular)e]al =7]7} 0.7£0.3 #m
2t 5k itk =3 Doorn 57l oJstH F4-FE]od
AR B9 e vRHY] A7]& 0.5 #m, A7 vpEA
Hre 1.5x1012, A7F vpREA2 100 mm’2A] Solg
A F54F-3-(granulomatous inflammation)o] 2+ dojt
thal sk gt whAe S&5-a4 dAHS AME A B
kR 7] 0.08 um, A7 vpRA JfeE 1.9%x 1012,
QAT v R LA S mm’E FolgAd AF5HHS-o] AA| Hof
woia Buskglek, o] 44 E (macrophage) 7t &4
M85 & e A7 0.5-10 emQlY], 5554 B4
He| mpr o] 739 okt 7|7t o} XA &4
3P71 QF HaL Kol FFNHeE AAl dojuA Eta
Adsl gt & F (histiocyte) o] AR BAEE T4
AL F4-EEddd 2¢HY 5555 27|
A Ay, 1 o5 Adste ¥ 7HA 7Hd o] Y=, &t
e 54 4AkY] 2717 Fejedgd dxtEe A4 Zo}
A ZAT 3 7 AR 545 44 7 24 27
i FHEE 23T 471 A ool ofF 2
< 4=t o] F22H8-(phagocytosis) ol 3l 3
g == Al ol 2128 (pinocytosis) ol o3l th 21 A| £
2 59 717] wiZell gt digh MEREg 7] o] uh4
T Yo gt = o2 A2 55 gAY sR mE
AEFA o]2oltt, F-AsE F&5YAE 1L-1, 1L-06,
TNF-a 128|321 PG E2¢} 22 cytokineE& A=3lo] &
s 72 ot 2ev AE oA ILE-IF Y
2t AZ2524E ZHA Hof, AR g458S Wst
A71aL, ERAXL SAEE "ol Mo Ad
zHgt, 54545 AEY A3BEEAA AYE F
AU 5&5-Fd g A HET HAT F4-7

ot 1T

FAEAAE FEAE BAT F 9w, 1B

& #AEW AF3H-AE F 304 B 7Tl S AME
std g o] B4 Ad At vl 34 YAES 2
HE-IF e Aol YA 4k8l 27 (Cr oxide)
PRk et YdAte] W =27]E 77 nmeo|leH, o
Fe] AaAEo] B FYxzAd(abdominal lymph nodes) ol
A dAEJ o 27 &4 T /T B8 245 Y
2L Eo] 7t v, a2l vhE 92 oAz A Ege
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U} #)AH(necrosis)tt o] 2t} & Wa]stA o] A7

oha .
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) 3

T4 o] #AA Byl ol AglE BF
Zke] S&, 292 &5 A (modularity) o] F-2]
(corrosion)of] oA A4 5 rh”, HI Hive 9
st 2 E59 34-5% #EH modular neck?] neck
taper junction®|A micromotiono| gy =3k vl o}
F2lo] WAt L skt AAMAE 54 o9 4
2 4 s FFSEA &9k, 24 545545 B4
o gt Ri52 1 FA] 7|Zke] Fdvhe AL oS &
ofof gt} Fxte] &F = (activity) 9} Al wi&7]%s
(clearance function)®= FX|o Q¢S v|XH, FHH
B9 b 1=, 3 AR @A FEE JFS R
o gRle] €% ILE F2v 0.15 #g/LRlH| o7 B
EE TP 2555 BEW I3 A 49
YF IWE T FAAJEY 5-1082 Frlsch 2%
Ex AW ZEAEY collagen-I, osteocalcin &
alkaline phosphatase Aol f-3lt Aoz dHA 5%
o] 29 &= A o] T3, Brodner 570l 23t &
=& UG Aet-Zelddd #EHE vustH
= 319 €5 ILE 571 2447F 1.1 #g/Le} 0.3 ng/L=
A =]o] ofn] gl Aol7t lrhal sint. 22 A &S
o3t thE B 7o) 93t Metasul HEHY] & 3 1d3%
sde] 5 INE Fo 47 1 pg/Lo} 0.7 ng/Lo2 =

i

ol

o

K

I

Lo
]

|

8tA] g=tha 319l 8% IWE FE& McKee-Farrar
TE5-T5 WA AT HAE X3 SAtol| A 0.9 xg/LE E%

E PCA A& 49 1.3 ng/LE 54 =
ot AA AASFY (critical level)Ql 100,000 xg/LET}
AAl G B2 QAo HA4L AI7F HA GEvha B
sttt Q& =59 A7)0l e B g&ol Aol o
M= =7ho] B2 AAoltt. Jin 5”3 Smith F7& ¥
=79 27t AANYE 54555 BE4E Aol fA 25
$-8(fluid film lubrication)o] A= o] rfrE =d 4 Q)
thar B335l iY). 23y Montero-Ocampo$}t Rodriguez™”
£ ¥ 7Y 2717} 28 mmz FolAH F4 B 1|
AE2] (micro-separation)7} A7 dojUrg o2 s &
T Jokar 83t Clarke 99 Hate] o3t & 2l =
Fof e Q1% BEE v A% 2 AF 7 e
Q0F Bruch 94 ZLE} 2F FHole £} ol
UA ol A7) FA 4 2 AF =79 F2go] s Ent
I B3kt oA AF3 30 A8 B&-a5 A4
A Exe] 259A 93 Jf ZLE F=+ 0.66 ppb, &
A9 28 5= 242 1.02 ppb, 0.51 ppbE Al
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Y
>

& 7150l Aolehd 550l Al °ﬂ’~1 A o= Hl
= F IFE vt ILESG AFL2 HlotoA F4
(fetotoxicity)& FstAY 718 2] 99 (terato-genecity)
o] 97 whol 7}A7] Aol Bé-a4 AW A3
A ABEE AW AL A A BaA, 22
B R0 Sfal FHs BAL ASWE 8 399
24 Al "H1E (umbilical cord) oA A F 3 ILHES} FE 9
27t 4% M5 Al ola 98 mae vl olrh F4 Hk
$-(hypersensitivity)-2 AH-&E38H# 3173 o]] EoQle nE &
E£E2 A7 wEe, MiEEHe ol & dy Agtet
o] o= sl AAAAS P‘J”‘*ﬁ}’\]ﬂ , IRk
(hypersensitivity responses)& F28 5= it} QA ol
A= YAo] 71 £33 F4 712 (metal sensitizer) 0] ™,
A \:].9_0 L: _:]:,'_BLEQIF Hi Ao]\:]_zzzm :,_/\ :Li,\ z3

AAZ NN A4H FLEQ) 92 S Hululs s
2 84l ek A AAA 2 A8 24 4
AL q]}\}i)j 3],134 =& 374_13]&].___4 ]:ﬂ—/\gl:]]\:_‘:_ 10,000
o 2jolt}, o1F Al By A E Fylule o oulh o 2 =
A M Eu7ieE-3-(delayed cell-mediated responses)o]c},
A FENkg-e B4 A0 2 A T TS o] B
238tA719 cytokineEo] FElEo] M2} FAHL &
dstEE dde AFE AT, H2Y 2R Rustre
&5 EE A38AE AAS Al 4L 2F oA UE
v SAA 244 wsks lest vt 22 2AE
= (small postcapillary vessels) FHOZE YIS0
of 9, F&-Eeloldal BT el Ahy Belut Ew
(pseudosynovial surface)2] A4 #H % (substantial
ulceration) &7o] #FA YoM, olzjgt HARZS F
4 A=A 397 #HE ¥ (aseptic lymphocytic
vasculitis-associated lesions, ALVAL) 23l B3} 9},
2% Fulurge Axfsls whHe Al wEule A}
(skin patch test)9}, 2§ Aol Y3 WP AAHlymphocyte
transforming test), BZT o]F A AA(lymphocyte
migration inhibition test)7} $Jt}. I 7 uH-S A= Ao} g
Aol AlZro] gol AejaL, Fxte] HAR|A o w2t A7}
gebd g g7 vl | ol of g0l QL AEA AP
=< @ F8ol B ojEwol e AAoltt. 3 v
FRIgk-g-o] AAEL A E Zefsh=A] o2 AYEY A
H3-S =A% gdsA] gt a2 2 3

AE 3555 BEAARIES 7 @A olA 2 4+ 3L

ot S77F ol el T

A7k Gleh 4 kg2 ol 4ls) 2 9ash gl

Jb rue
N ooE M |o ¥ -

l‘l(‘

01

3) et /& =(Cancer risk)

FLEQ} IE R AAE FEAHAA & Fatdol
ASHATH FwEe o] dARbEo] FES 7IZHset AA
zZ3 Yo A3 2 714 e g o] fitd = 9
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= 8 el #alol FFEHL . JdedEd #d
H oo #3 Hx Ru7eE A Hi=E Zq——r'-—;c-,‘—(mdhgndnt
fibrous histiocytoma) 22 F%-74 AFAA A&
3.5 dsteiet. o] Ru g e F 25719 ?l‘c‘f?ﬂfa
I AdE ol B3 7 Harso] =T, o] F 210
4% (sarcoma)©] T}, Mathiessen 5”& 13d AX|3
< 5 Ny E]—L&J WA Eo] ST sk AIE Yethal
R}, =3, Langkamer 5% 2409 o} AR
2 FF T 40417} AP AR F9ol HAs A=
25 A ¢l A dFL AIRS 7 Qolng IHE.- 2L
dkol o127} ol et Bt g}, Gillespi 52 @ H
I gz HAEo] dd AX e T 1d AH A F
Zbst R ou 2@ o] FHE = 1 RIETF FUVelA| kil
o2 Y A WETt ST18HA ol B A E
A Aol okar sk, 2&-w5 e addd
I3 o A S ol B =2 g5k ot #oly],
= Lls

FH Visuri 7L w5-wS ead

cho] odub ek} nl=gtk obd T4 NS Hda
Hastdet, 284 ¢(hematopoietic cancer)2] BHAIR1
=7t dAA e g E7]E AR $AIA Y frelde jio
AL skgleh. AEHoR udd AXEE §F 55 v
TEE Lo 7 vy vl gkshy fE Akl Ths A
o] glemg o5 FE3] aefslor & Ao g A7} 3t
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