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Experimental Study for Developement of New Alloy for Domestic
Total Knee Prosthesis

Dae Kyung Bae, M.D. and Shang Hoon Kim, M.D.
Department of Orthopedic Surgery, College of Medicine, Kyung Hee University, Seoul, Korea
Ju Choi, Ph. D,, Jae Soo Kim, Ph. D. and Chong Keun Lee, M.S.

Department of Materials Sciense and Engineering, Korea Advanced Institute of
Science and Technology(KAIST)

The total knee replacement is an excellent method for the treatment of osteoarthritis, rheumatoid
arthritis, etc. of the knee joint. The tendency of the use of total knee prosthesis is increasing now in
Korea. But domestic production of the prosthesis is not avaliable and all are imported from abroad.
Moreover, these prosthesis are not well adapted to Korean people, and in occation, the custom-made
prosthesis should be needed. So, domestic production of the prosthesis is required. For production of
new prosthesis, in cooperation with KAIST(Korea Advanced Institute of Science and Technology),
developed the new alloy 15—57 for total knee prosthesis. We conducted an animal experimental study
to confirm the biocompatibility of the new alloy. In this experiment, the Zimmer®
was compared with this new alloy as control study.

The results are as follows:

1. Biocompatibility of the new alloy 15—57 is similar than that of Zimmer®

histological study of metal-bone interspace area.

2. Surface corrosion of both metal was nearly absent.

company vitallium

company vitallium in

3. In summary, the new alloy 15—57 is suggested as an acceptable metal for the production of to-
tal knee prosthesis.
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% polyethyleneo| 1} ceramic 2] 4l £ % AA| AT & 37l ¢ 249 ElEE TS b oA
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=g 9= gl felve} ek A MR . e A T
Z70ll o]AAolgtn & 4 glon, =3k W] A
#o] 43l 3z} A 4% (revision arthroplasty) 9]
ALE &3 53 *,]-%J-% (custom-made prosthesis)
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rea Advanced Institute of Sciencé and Technolo-
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1. M3E=

A FEL 3,000~3,500gm 2] WY H5rte 45
o2 & A+gahedet.
2. MElEH
FF s 0ol 4 ALY Ni-W-Crg F
o8 3= A&F 15-57(71a) 3k Co-Cr-Mo

.]
e g
3 34202 St AEARTERAE Zimmer®a} e
A E vitallium ¢ 8 7} 52| tibial plateaud] 419}, 1 TALE 2. 3 9] 2% E C (investment casting mold).

Table 1. Chemical composition of tibial prosthesis(unit: weight %)

Co Cr Mo Ni C Mn Si Fe w B Zr Al Ti
Vitallium Bal. 28.2 5.71 2.14 0.34 0.8 1.32 0.84 - - - - -
15—57 - 15.3 - Bal. 0.054 - - - 20.1 0.001 0.08 1.95 0.55

Table 2. Mechanical properties of tibial prosthesis at room temperature

Vitallium 15—57 A.S.T.M. standard
Ultimate tensile strength 10116kg/mm?* 1.6 108kg/mm?* 67 kg/mm?
Yield strength 62.1kg/mm? 68.4kg/mm? 46kg/mm?
Elongation 18.6% 35.3% 8%
Hardness 45 HRC 34 HRC 32 HRC
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u) 4| =%, Els}E-(carbide: M,,C,&H (& T4 4%
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dxe] wiy e FxAA e ARIES 1,230C2 1
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t}. Zimmer ®a}#) & vitallium & 7] Z2¢T 42L
Ze ulyog L&, Fx3}¢gct. Vitalliume] o
AMelwhd 2 FEA S ARIES 1,230C2 14)7¢
ZoF £43) 2] el(solution treatment)d}t F c}x} 650
CR 1475k A 532 (aging) & s}dch. A1
1557l 4 A G 2] (aging) & &}l & A-& Ll
3lxelnato g5 oju] QlzAAErE ASTM 7152 &
Azjsiglenz vo|4le] dxe]st Hagisds] =

ol I
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AHEl 7-1. Rt tibia, 13days. F$} 22 9] 74} ¥ spot-
ty metalic substance deposition(H-E Strain, X 40).
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AtRl 7-4.Lt tibia, 13days. &
Strain, % 100).
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. Rt tibia, 15days. 4] 8 -Ze] <& Sajs
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AFEl 7-3. Lt tibia, 13days. F8)Z2A¢ 34} %
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40).
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o AAGHAE Agsdnh. A2 HRE oA E
3 o}o}$)(supine position) 2 3}y Fgool] A5}
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$¢ udFdn, ARAEY 29E FPahL ol
Hk2(foreign body reaction)-g- A 4+ 9l
A 4Fd e 529 AxsF Az 4L
F4E nel Fgom, 2719 HA4E 2ol
|42 AAs A ATl A 455
+ sk 48 6% ol ¥ 4E 450
, A4 w8l g o) EAlut
14 aEagch. AEE, AUE 1557 4
Zlmmer®x]»xl] % vitallium A]--g-:f-oﬂ A FAR
g opkel Afol® vehileh. 3 o 2Fel4
Wl A9 gges, slag A4EYY
‘5‘ HilEg R —r‘/’i-l—, Al gHE15—57 4%-:7"

o

32

e

>

lo
iy
AE
ii.
=
.H..

iimb—)ﬁ-"r]r
te o

opp 0io ol

[ T
).

o

2 e B Ao do M @ % f n
R

T‘:_ W
940l ugkod, o EYLE 4 ATV

AR A Jepgeb (A2 D).

o

=
é.mh_a:

-976—

Zimmer®ALA] F- vitallium g A 215572 #|
28 7AFAEANA F-43 4Hcorrosion) & F-7}+2]

25 A=A okt
1 E

A FYE FEol Al ARlsA sy &4
of ojsf F3j4t 3 dFukgo] vehd u-rri"—’%'°|
A D4 Yol 7l Azt o] 453 4/23
o] F&& #A ). vlolls Sl A oo] ¥
53 Al 2t F5YAlel s 4 28-S 5 H
o AFZ2L o FAHAAZ o] F43o 4
g Afodle AdA Z(giant cel) = Jehde},

Eg AW F444q pHE implant 2] 2.4
(corrosion)ol] o 38 ojxltl. = pHI2 o] Aol 4 =
B4 BAle] AL glod, aCld pH 3ol 4 & oxi-
de protectiono] glojz H4le] Azt A =
Murray "+ healing woundei} 44 ¢] pH7} 553 %
2 s 2asta glo. olelgt Aol st
ainless steel®] 79 )W 9] salt solutiond] 23]
A7) 4 H-4l(galranic corrosion)o] do]rie}¥. La-
ing" & o] B9 Al ARIA WS ZANS
(tissue reaction)o] @k A17tsh WA BAL 74x=
2 A A5 implant$] =), Tok FA 3 im-
plantke] 754, implante] %41, Saj 2 4
Zoll AQsHe ABRA 3ol BAADTL
ZAYEE 492 el A, £4S(injury
reaction) £, ¥-Ful-2-(reaction of repair) A=,
H4lo]l of &t yl-S(reaction to corrosion) W], &<
8] z}el] 4§} Hb-S(reaction to metalic particle)© 2
LRaEh €48 P A Holk o
24 &4Re 9¥EA 9 B St g3, F
ak4) o Z 4] E(acute and chronic inflammatory ecll)
o] 2jsf X 4|(phagocytosis)o] dojutrd, A} (dead
bone)-& s}F & (osteoclasis)ol] 2)s] A4l sciz
shodch. 4708 A 4H4 Wshiibrosis) & o
2712, ol ALAESl BADLZH ABE re-
place ok SHgic. olel BEH AH4 A Zlac
tive fibroblast) ¥ A wj A £7} implant F¢]el] Fo)
A se, TAERe] F4F Hn, g wAZ
Af4 4 Z{fibroblast) 7} 4 %5 o] implante} %)
Apolof] 4] Z A (collagen tissue)o] A==, HF
(vascularity) = HA} H&3tT FEAE 455 o]
lamellar repair 7} <4 =lc}i §}oict.

mkeF implant 7} 2kxd ] F-3f (inert) hehwd -4 ol
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gk gkg2 A et & B4
"i.“ﬁ 4ol gt Alg A4S

< Aolt}t. 28} AAE implantF
A4 23E 2AH w7 34 T4
% 4+ A

ek Sl g 4L ofd AxEl s
electrolytic inflammation ¢ 8 F&sgos, o)
A 7)8behA db-goll 2§ T4 o F 3 (sterile in-
flammatory process)& 2| e]gbc}. qk-2-0] 704t A
$+= vwlarx T84 (avascular) o] A -4Z7 (fibrous
tissue) o] implant 9} bone A}o]oll AJAJ=)nd, A5} A
-r-% o] AfrzAo] FAYA, A Eztals}t 7‘121

I FFHor so] 2AMZI PopAs, F&
(metal salt)9] 2}.& o]x}z} T AlA =9 Aﬂi‘_é_l——*.—oﬂ
HolAl slet. F49lald] oigk w32 implant 9
abRel s Are, FAWel] FH9 FEUAE
F4)5] 3 %ol wHsynovial membrane)ol] s #}o]
Al s A dsalidolyt oh& )ak(organ)ell &3] Al
Ak sheict.

Dr. G. Meachim'” 2 metal implant 3$}2] %3
datell el s)EdtHA HIE doslEe gqlow
AA d, B, 494 F& o)A AAE (pri-
mary or secondary neoplasm), 4|, & Z(hemato-
ma), ¥4 (fracture), 535 4E 3 4 (postoperative
scar formation), v implant®] 7}54] ct}H,
static foreign body 4} 2] implant$] physical effe-
ct, A5, implant 2 %e] fe] 2 Lalg 9=}
7b Aedgheta stgich. =el4 implante] g =
Yub-5& 2457 Hal A 244 FA 8qE of
Yzl implantel] cf3} o} F&A o}, 229 &
4, AlEEA Aol HrlkE ook ek sy
t}.

Zierold', Galante® 5-& o2 7}z biomaterial,
Z- stainless steel, vitallium, titanium alloys, poly-

Aol 4
AR g
2 A4

=
4e< 5

methylmetacrylate, ultra-high molecular weight po-
lyethylene 5¢] ZAul-2-2 B 323}n4), stainless
steel & =FF o] implant7} loosening=] = 4] im-
plant F$jell %ol vh(synovial membrane) 3} §-4}3k
zto] A= ul, o| R FrlE 4] (corrsion) 2
AEo} walRetn sl = F99 F 24
AE K AFo] YA T 4544 Z(fibroblast)2} £
A 4| £ (phagocyte) ] &3lo] WWdle, TAAHEE
F49 A Aliron salt crystal) ¢ 78 + Yoz
stqiet. Vitallium g AH89l& sl A £42 A
o] ot T AN E7} F4od (metal salt) & -
¥ 4% god, AdAEY 2L A g
sgirh. Titanium & 14818 o 2 oHE T4k o}

72 B T2 A6l titantumo] WAE Y FAu)
& oE 5 vlE Ada slgic

A2 AYANAE oo fAHE ohE QN4
225k Auch AQAEE Buo| Herod, 2
49 F4L A9 gigdel. 2oy T4 B4
(surface corrosion)e| ¢igic}m dtelalE 4|77k
o) 872 ulmy Fsrormz 4USES Az
FAkt 2719 Q4 dFa @A A4 AAFo)
oh. EJE o] Aol Al akxl efeklak Al
9 F44 pHZ4, implant 294, A$]Hdl4 9
ZAel A spEA, AFHAH AAEE ol
Algshe ol F& Aoz Y.
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4= ‘Zl—“l A2 28 E P Yo},

5. AlAUEE 15—57 3 Zimmer®}a| £ vitallium
o AANTAL FAg 2 gtk

6. o]4re 4¥E F& AL bk gou
Al S 15 573} Zimmer®AlA| £  vitallium ¢
AAATAY F QA FA40] f2g zte] &
Ebi =] g¥gten], weld AN WFF 15—570] <l
TERAY Az Agdsivia gGos]e), o] F
¢ Aol 48417171 17 AA1HQ) AT, A
dto] W agt Ao Hrisict,
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