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An Animal Experiment for Domestic Production of Metallic Implant

Han Koo Lee, M.D., Moon Sang Chung, M.D., Min Young Chung, M.D. and ?lai Myung Jeon, M.D.

Department of Orthopedic Surgery and College of Medicine, Seoul Nationd] University, Korea
Geung Hwan Ahn, M.D.

Department of Pathology, College of Medicine, Seoul National Univefiity, Korea

Myung Chul Shin, Ph.D. and Kyu Hwan Lee
Material Testing Lab., Korea Advanced Institute of Science and Technology

In Korea, the metallic implant had to be supplied through import channel with many problems. KAIST
succeeded in making AISI 316 LVM stainless steel within the criteria of American Society for Testing and
Materials. With the animal experiment at preliminary report I, the biocompatibility in the muscle was examined.
For biocompatibility test of new material, test in the bone is essential. In this animal experiment using rat tibia, the
biocompatibility of the Kirschner wire of KAIST was compared with that of Zimmer.: The result was as follows:

1. Tissue reaction of the Kirschner wire of KAIST was minimal to moderate.

2. Corrosion was negligible, and there was no definite difference between the KAIST and Zimmer Kirschner

wires.

3. Authors observed the satisfactory biocompatibility of the KAIST Kirschner wite in bone and muscle, and

concluded that the Kirschner wire of KAIST can be applied to human body without serious probléms.

Key Words : KAIST Kirschner wire, Biocompatibility.
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Table 1. The chemical composition of the 316 LVM stainless steel made by KAIST was within the criteria of

ASTM. (weight %)
C Mn P Si Cr Ni Mo Fe
KAIST 0.026 1.33 0.005 0.55 16.6 14 2.5 balance
*
ASTM Gr. 1008 2.00*  0.025* 0.75*  17-20 12-14 2-5 balance
Gr.1I 0.03*

* : Maximum limit

Table 2. The physical character of the 316 LVM
stainless steel made by KAIST was within the criteria

of ASTM.
Tensile strength Yield strength Elongation
(Kg/mm?) (Kg/mm?) (%)
KAIST 62.6 24.1 57
ASTM 49 17.3 40

=g 8w A28 47 HY)E stgoh o2 ¥
AubEAE R 3] AW F918 F5 FuA Ao
AA3F] 8rFHe e 3 AREL ASTM*Fruio &
Hlald 27 3I6LVM** 9 A z& d33871E 9
2 8led o) =i Kirschner wire & A 28l Az} &84
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EAW S AP h=A] Aol 5= A
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AYEFES FLFHWAAM A%= 250—-300Gm. ¢
Sprague-Dawley # ®} 4| 80v}e] & Al4-stgch. FEL
2722 ol J0vtele FUWAAFAYA, 28l
w1 2] q0vle]E F A EAY Ao

2, H¥EH

e | UMz AH QA A7 316LVM 2 2 A 2

= 0.045' (1.1 mm) Kirschner wire 8} & #7]¢] Zim-
mer 3] AbA| Kirschner wire & A}4-3l9.on x| 2| £9] 7+
F&9 BARE BA7} 0.026%, Fao) 1.33%, ol
0.005%, el 0.01%, A8Ee] 0.55%, ZEe°] 16.
6%, 974 0] 14%, Eeue] 2.5%051o0 1 Bey
AAL 2EAN Y JARE 62.6kg/mm?, R FE 24
Llkg/mm?, QA4& 57% 24 2% ASTM FARdq ¢
stgi v} (Table 1,2)02% 67910
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Y Y52 44e ADsdch 93 AU AAE
deen 7 2¢ oAl 32 el ZFUAYE A
27, 4%, 6% A7 13, 13, kel A€ AR ¢
2o P NS HUD FAL Do FA
sS40z www}e A, AAe oe 33
£ ANA 942 ¢ % FHAR ARo= S
$AE, 29, VAN e B sy ¥
4o HeAE 10%FAE2BAEAA U484 2
HY F 5% AREANN BHE SEHAE AR H2
AEo sl om FA 5~6u Y2 At Anl S
—dl2Al #PHE A, A
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s HAe BFY A F7ol
5 4% e AAe ¥ 4 gen 1008 @7
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AR, ¥AF, 74 E AubA A §75 $Ag
Wl, 72+ 7 BF Eo|3 H4]9 o] gl (Table 3,
Fig. 1,2)
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7HAdel AW A A 2 A-Pr AAF A AF,
Al 6ol Az 144, ZAF M4Fd 287 ddon
Z1AE A4Fol Aol 570 A" clzt 13 Sl o1&
< WA PAteA Agsiden AL ZAF A
2%, 65 7474 1384 0] AN2w AAMFAMe A
4 + ¢ (Table 4, Fig. 3,4).

3. A =S

ZxA2 & vkl i APAHL wg 7y
< whgeoz o] EAstdct. 24w (direct me-
chanism) & 743 H&EH-49 F HA2E Hol: A$

Table 3. The result of metallurgical examination for
corrosion. There was no specific findings to corrosion
in both groups.

KAIST Zimmer

Tarnishing - -
Pitting corrosion - -
Stress corrosion cracking - -
General corrosion - -

Fig. 1. Microscopic finding of KAIST wire. There
was no corrosion at the metal surface.

Fig. 2. Microscopic finding of Zimmer wire. There
was no corrosion at the metal surface.

£ A F2 A (direct osteolysis) o)} &g EH oz
2Rl TH WM o HLAHARE, 2
ATE, AF2AF 2 FYYFo2 TASdey 2
Zldle Af4d R 23738 24598 397 @t
. F54404 fER B g Wgos Roly

Fig. 3. Radiologic findings of the groups that
examed after two weeks of pin insertion. upper): Kaist
wire, lower): Zimmer wire.

Fig. 4. Radiologic findings after pin removal. upper):
Kaist wire, Six weeks. lower): Zimmer wire, Six weeks.
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Z 4%d dAANE FAsdc) 714 24 (indirect me-
chanism) 22 & 74 A3 = YF A %
AR AAE RN, 2FANE, HIFIAEX YL F
Axe A7 $A9 4ud FH A% (metabolic
activation) ¢ #A3lgon =8 =FH X} HIHNE

Table 4. The result of radiological examination.

There was a few cases of the fracture or the insertion
failure of the pin

9 gAe] F53 F719 A+E T A ¥4 (remodeling)
28 §oste BANR =IZTAEGH Y Fale) glo)
HEAZEAT YA A+ T F5 (resorption) 2
TFEHAes TH 9 HFYAe] e Al FA
kg Fury F o) AF& 3 (metabolic activation with
fracture repair) &8 ¥ #Fsigct. 2 A} FAdd)
A AR gl A s JAF R AAFA oA
E718 wtg zels) gdon A4 AR F99 F 9
& z2d A AGLAA BRAA Adsich Y A4

Item . o
Duration Fracture Failure of insertion g WsE AYAAANE T FolAH AY BHAHA 94
Type sten F YAHL JNAFL Lol A2FFAA 13H0F
o _ 1 128 A Yegen, o0 F 7HdMe $5E WA A
KAIST AW _ _ & F A¥Ao) sldeh ol FAde) FNAL EH3e
oW 1 Agde F2 Fogutgo] AXsgn FAle] T4
€ Ave At AT SIWGAA TP o] A
2w 1 - ek, 2 F 1#H6A v ATH o AHFPAH] RAch
Zimmer  4W - 3 A4FEe) 109 DAt AeFT 1AF AN F
6W 1 - AMyPAe) Reow, zZt I F3] 4¥dA FF |4
Table 5. The result of pathological examination. There was no specific difference in both groups
Item . o
TypeDurai:ion Remodeling Resorption I&iﬁﬁi&?::;ﬁ: No metabolic activation
ZIMMER 2w 12/13* (7/13)** 0 113 113
4w 10/10 (4/10) 0 0/10 0/10
6W 11/14 (4/14) 0 1/14 314
KAIST 2w 12/13 (7/13) 0 313 113
4W 12/12 (2/12) 0 1712 0/12
6W 12/13 (5/13) 0 0/13 113

* : Include cases with mild, moderate and severe degree of remodeling
** . Include cases with moderate to severe degree of remodeling

TS T

Fig. 5. Low-Power view of pin tract across the
physis. (Zimmer wire, Six weeks) Note innermost
fibrous tissue zone and underlying bony sheath.
(Hematoxylin-Eosin, x 40)

Fig. 6. Low-Power view of pin tract (KAIST wire,
Six weeks). Note inner fibrous and outer bony sheath
round the pin (Hematoxylin-Eoxin, x 200).
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Z APl U TH AAFAAE 2FTAA 13
A% 128, 4FTFAA 124 P&, 65Tl A 13:0%F 12
Ao Z APl ALY NAFEH Xo]E ¥ 5
dddet F FFE ZIAE R AAF 2R 1HAAE
A=A dsten T AL A ARYF A A
dAsgan A4FAdAA dedsF gtk o F
W32 AdFFAd ZAF AeFTAA 13, AAF
AeFTAA 1871 #F=Ren F2 AYGAE, =3
7 % ARt EY FA o] dHes dF ANA X
o A3 o (hair)e] #asglc}(Table 5 Fig. 5,6).

] &t

&3 W) FFeed] o g ¥glo] AA
F914 F&4E A gAe o8 F&3] LA, NiEHo
gtow, 2 AAAFA A AT e AT
oJA 2 i}, Scales'®ol oJshd UMW F44 F&2
2A02E FAF AW A 4] dojokzi E
g A do] HFsjosty 1 el ® 7EAe] A F ¥ o}z
I 244 2 2y 29E F glejok o g2
o @7 AgE FEoR2e A el AHAH
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o] ZzAWAN ¢4 F & o 7A AsA Yol
vx a2 42 434 F YAMo) Relxn EH FF
2] ZAto] BHeole ARALe} Ax F Ayt Role
7 AsE Urdoen 2 43y A dAHe
2 &ate] 3w Bub-gel s dnth =3 F

49 AAFle] AP AFede FLARYANTY =
A kgl 9len FAYY H e JHAZ, £T7Y
AE, ARAZF] Rolx A3 FAYY Aol 3
Atz A e] Rl dglen 2 AdFAE AT A
2 ggsdd.

AAREAH ) & & "l TS g4 R ¥dn)A
A74 Fol¥ &£7el Bo)xA] ¢go AYrYF Fely
AL ddtn SdEY A dARYEFEeR
st dds A

olejdt AAFUYLFH FHAAe] A A
B4 EHo] iz uEr S AR HE F 5L
o A2 877 W FEAYA R A4y e
old A F&7A sted Aok FUAANE F2
Ego] @ Aoz ejxlrn

4 £

ARAEL AAFIL F59 FAHE sl g5
71 ddl oSt Qe 31I6LVM 2e bl 2734 9
AAH L uEEHYFoEA WA TxaE o4
st} ojw] QlAle] H45 3 9le Zimmer 3] ALA] 2} A A
AP L& vlm, BAsY b 2L FES ddh

1. AAAPAFT AN AN BF AE YA
FTEEA YATYEL TH5LE AEsdd

2. ¥AA =3 Zimmer Al 9} §9€ W zlel7t ¢l
Kt

3. A FEAY 1 3 8 AA AAE FHste v
Fol Rol gxadr|edME 6 LVM 2sdad 2734
L ANFQ§ FH22 QAA fo] s g
Rk
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