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2t S His] s Eae PR o] EF (ion
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1. SRS AlEAIS

ot Y 9 AL EGHUES H3te] ARk AJH
& I FEAEE Y8t A YEPEE
Ti(grade 2)¥} 316LVM(stainless steel) 0.2 Z}2} &2}
8t Table 1, Figure 1), 2t AJRE A2 5 23
£ M2 A1 E 93k ASTM(American Society of Testing
and Material)77-g o] wie} ¢dv}, F-5eis} 5 Al3E
AAsT.

2, Ti BEI0| TiN, ZiN9| o|2=3

Azt TiAjE o] B o] 2=FHF4 3R]
A& ol=aZF 2 low temperature arc vapor deposi-
tion, LTAVD)¥-& 0|83} TiN#} Z2iNS ohe-a) 2+
0] o] & L7 8} TFigure 2).

Table 1, /913 AJBLI} LiARY QEEtE o] A

u AT AEEATEHE = A% ot 3| AA A H7}h
4% Ti(grade 2) 316LVM Ti(grade 2) 316LVM
er 29y A8 2 A uAE zeks SAERSE
AA 14, 0mm 14.0mm 3 75mm 3.75mm
Aol 2.32mm 2.32mm 6.0mm 6.0mm




g YEYE

1. 49 Ti BAE 239 AlFskaL 360°3)340)
7Fs3k rodol] 314 A 7Tk,

. 343 = (diffusion pump)E ©]-8-8}4] chamber
W7} 2k 100 torr =] 1AF FE7t He
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§3t] AojA depth profiled AT 2 FAE4 35
Qe TiNo|=FF] B4 Tidh N9 2447}
sputtering A]ZF 90R7HA] A€ 50 : 5002 TEF =
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Table 2, Auger Electron Spectroscopy | A= M

Vacuum

Electron Beam Energy
Electron Beam Current Density
Ar Beam lon Energy
Sputtering Rate

107 torr

S5keV

0.,41A/100 X 100um?
4 keV

214 A /min, for SiO2
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€ F3A7 AH 6mme] Elehy -8 AF3 viR
A7 FH3kaL, Al BRo] AL Agh
HFo] o) FAAEE AJHS AU THFigure 5,
6). Al 7Ff| 7] 852 4.8kg.f, ElElT %9 3)A
4 120pm O 2 3}4] 500, 1000, 2000, 4000, 8000,
12000, 20000 3 HAIZ] & 2z A| A2 FAE 4%
Aok zk AlHe] FASA L 2ARE F9e] 25344
Z Fol AZ7](Vulcan 1500%, RSM Co,, Italy)ol| A
2F 100, 1083 E5A17] T 0. 191 7HA] 34
o] 71538t A LA & (Electronic Balance®, A&D Co.,
Japan)& ©]4-3e] 7+ AJH 3 103] ¥HESle] FA &
A% F HAU%E 71533

5. N|IZS U2 Al (cytotoxicity test)

cthe Ao v|sjA Ao vl Wizsla A ER
Ho] ®eta AFo] mME HFHITLAER
HEPAICIC7 A ¥, 28]l S4J0) & uzhsiar tha)
o 2 o] =& Ahde] IR A ELQ] CCD Al
EE Ti, TIN/Ti, ZEN/Ti, 316LVM 4% 7<) 998 A
U3} §7 242} v getalth. HEPAICICT AEE e-
MEM(fetal bovine serum, ©0]&4* Na:HPO;, a-
MEM powder)&, CCD M| £+ d-MEM(fetal bovine
serum, B0]- 247, NazHPO4, d-MEM powder) & A X
W o) 2 2k kg shel TRt el 42lzk il
3 & A X9 viabilityZH A E =4S F718HTh

1) £H € 4379 4Rk A8 S ARE F121C

oA 3087 253

motor l
{ ‘EL : 2
counter
weight
Tiba distilled water
i bar
specimen - teflon tank E weight
[ ]
O A

Figure 5. MIZ{E DI2AIEN|S] 24|=
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2) CO2 WjY¥71(37T, 5% CO2)llA A3l Qe
HEPAICIC7AH|¥£9} CCD MEE ¢H3H(phos-
phorus buffer solution : &0]-&42(800m!),
NaCl(8g), KCl(0,2g), Na:HPO«(1,15g), KH2POs
(0.22))3 wypsin®. 2 A 2|gh Fol] 10m )| Euj
FH Aol v el 2] & H7bete] MxEe 71 1%
101 cell/ml7} ¥ =2 55},

3) U 457 AlEE AEujeF HAlel 4
AAAZ o, Ahake] v 242 $3) A8
< AFA 717 e d2FE T

4) COz vi%F7](37C, 5% CO2)ol|A] 447t vl k3
F o] hemocytometerE ©]-8-3le] o3l H|E
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6. SE4Y

(1) 2SS X YEHE O

JEAE/Z AHo gt 225+ #E-g 931
Ti, TiN/Ti, ZIN/Ti, 316LVM 4% AHY =&
EAYE 71z} 18 16709 AlEE Tz U3lA
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o] tj &=l v 4Jstaich

AZHE ) 2.g 9J3te] ¥ -FEl ketamine
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2 I8FA eI oY, AleR e A& A8l
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2% G4+ 8 =71 (epinephrine 1 : 100,000)& F&
vh3 shich #3 HER-E oF 13em 71 22370
g F SR EHE FERHEAE P o
lem ZFE 0 2 TiN/Ti, ZIN/Ti, Ti, 316 LVM 0.2
T vHEEle] & 87l E A ¥ 44 2R
Bl &7 E tetracycline@ 12 =¥ 314
t}, Alg A E o lincomycin 600mgS T-SFAFSHL
8150l 600mg¥ 47 2554} dFih

HEZIFE/F AU 3 H A AZ(removal
torque) ZAE $8ke] A 4vle]e] thEFof v
s, Al viglols vleld 45 i YZJAES )
A 871 E 2e]1 ok & vl 17RY a7 E =3
A FEE 93 JEIE A7) FAg e
vl 215kt

(2) YEE/ZS MO YD Zx|ein 2E

YEZHE ujj2] 459U, 0Y Fol] HPFEES 4z
SAIZ e, ZAREAZS 93 dEEE S
8l 2|5 70% alcohol & 114 8}e] 228 3}E H A8}
AT A& diE o AR AFDE #H5d]
HEZE F5E IRIFH US =HAS A3,
SHHE 70% alcoholdl] 687t 1A T2 &
o] 197} 4243+ £ villanueva bone stain&l¢]] 3¢
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100% 1. 100%11, 100001, 100%IVe] Z}F 124)7H4
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o] AgolA 29 FH AR vhe 70T 327
oA 14T AT A2elA ZAsAIA 4
3lEl AHE 243 diamond wheel saw(South
Bay Technology inc,)Z AMHE-3}e] 80-100um 57 &
A4 A vy, 49F7](Omnilap 2000, South Bay
Technology Inc, )& AHE-38lS] 20um F7 2 Hvlgh
F WS Bgsia, JEIE/F AHdgA )
228 A7 FeHAv| A stel A A3

(3) YEHEQ FTMMY &Y

UEHE 2] 90 Fof APF=S SAAA oA
Z2E A/, JIRE AFh 3| AHAAY ZH
< S8 923 AL AEE] A% 7 U=
£ QEIE -9 FAE FZ2ZE 7|3Ro] AAZ
& A2 diamond wheel saw 2 E|ZFE Athsla]
Z}zke] NEE £ FHRFE AN Az
A& Go] AJHe] ARE A3 3 HA A
ZA3E vk w7hz)9] AJ7ES 3A]7t0] {A] s
sk JEAE JRo 5248 EE55-9) L5
QFE 7 U= L FAd Ja FHe =R
Too] BAE v E JZdE JRe) 84y 55
2ol 7193 TR E We) Wl Azte] Hws
& FHO 2 YRR F YRS o] 83le] £E
® FHAE zigol 23 HFigure 7). Hslks
100kg.f9} cross head speed 3mmy/min, & 75917
A3 7] (Autograph, Shimadzu Co, AGS-1000D Series,

Cross Head Directon

/ Dental Resin

—

. —/

Figure 8. 2T AIBTA|Q 24{=




A DDA lBdls Bo ecls, n Bts i

Figure 9 8| MM AlZE T SHsATANE
(Autograph, Shimadzu Co, AGS-1000D
Series, Japan)

Japan)& ZA&kaL, AJH AAE vle] F4os
HE 2cm EojZ A Qo] YXJES} Fel= g
2 2852 718k tHFigure 8, 9), ] X HEQ} &

9] FE)7} HxE dojul= 7IAHE Y 3 A A S
Zvzb 7157 F 7+ #3ke] A}o] & paired ttest®E B
S =1

I, A7y
1. Oj2A1 B

zt Al iz Wink g S Brtetr] flete] Hx
2 %0.1ug Ax9 FA 7ATo] FHE 3| AFE
v w3t 23} Tie] A9 ek 1,000cycle, TiN/TiE
8,000 cycle, ZIN/Tix 6,000cycle®] 1.1, TiN/Ti,
ZIN/Ti, Tie 2 B A Vepstth 27 m]to] &34
3 TiN/Ti, ZiN/Ti9] v} ) 5of) sk FAIGAE
718 AP e g Frhsten] 1 FAIZAY (ug
[cycle)E Y= 7187])= 2 #3bl) 9% &3

—A-Ti -o—TiN/Ti ——ZN/Ti /‘*
08
:! 0.6
P
® 04
ok
0.2
0 ]
0 2.000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000 20,000
# A F
Figure 10, 2 A|ME <] CiD[R|T0f| ME 272 Bist
Table 3, HEPA1C1C7 NI R0 OBt SaHts T}
wjj kA (cell/ml) 490 W oF F-(cell/ml)
Ti 1% 104 (268+5) % 10+
TiN/Ti 1x10* (257£5)x 104
ZrN/Ti 1% 10° (256+14) x 10
316LVM 1% 10" (25727)x 10¢
5 B 1x10* (274£28) x 104
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Table 4, HEPA1C1C7 AIZO| CiSt 3t AlHZ It SHSHs| 24
Ti TiN/Ti ZIN/Ti 316LVM =
Ti po.1 p)0.1 pr0.1 0.1
TiN/Ti pr0.1 p0.1 py0.1
ZrN/Ti p0.1 0.1
316LVM pY0.1
< 1 9 KFigure 10). o] zpo]ofl FAITA F-9]/d0] YIAUTHTable 6).
2 EYHIBE 3. S84y Ay
(1) HEPA1G1CT A|ZO St Sadiits (1) Zxja 2

vl okAF v e of RE FollA 33 AT F
7}2 Bl & Ql9lo v (Table 3, Figure 11) 312]€
AR ZHol whE zfo] W tlxTte] pold] F
AgHA F-2do] fITHp) 0.1)(Table 4).

(2) CCD MIZ0f Lt 5Bt

v oFA I} v e u] BE FojA] B3] NS Z
7} 213 4 Y JaL(Table 5, Figure 12), A€
1

AHe] ZFel B Aol(p)0.1) B thET(p)0.05)

@ 4 45459 A7

Ti YEFEL] ZH$ HIAFRIME 25 A9
st Az A glo] FHE o ofste] A A
AEPon] FARNNE Ak v 5
Z 25 2J3te] A2 =1 I ATKFigure 13-ab).

TINTIY ZHE Q] 3¢ D AFRME A7
A o] v Ao efste] AFA|A] =AU en, 53
9 AF e G A 3497 tiEo
QE eV} MM ot Ag AR HE e

Table 5, CCD M Z0j| Gt SQEtE ¥t

Hj &FA (cell/ml)

4% vl oF E(cell/ml)

Ti 1% 10% (35%£2)x10*
TIN/Ti 1x10% (37£4)x 10% .
ZIN/Ti 1X10¢ (35+4)x 10
316LVM 1% 104 (39£4) x10*
=T 1x 10t (48+6)x 104
Table 6, CCD MIZ0|| TifTH I AlHZ 1o SHEZ #4
Ti TiN/Ti ZrN/Ti 316LVM =7
Ti p»0.1 p20.1 p0.1 p»0.05
TIN/Ti p)0.1 P0.1 P)0.03
ZrN/Ti po.1 p»0.05
316LVM p)0.05
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d e

Figure 11, B{ 2=l HEPA1C1C7 MZ(HiS: x40)
(a; Ti, b; TIN/TI, c; T2, d; ZrN/Ti, e; 316LVM)

1B g cKFigure 13cd). FelXE v g9 o) AR Ea 1 F9d) S5
ZN/TIYZHES] B¢ AFEFNME =49 Z2E5 HE o2 923 JeEo] dFHAG
7hA glo] F A2 o3t A AR HYlev, +2 (Figure 14-a,b).
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Figure 12 2= CCD M|Z(HIE; x40)
(a; Ti, by TIN/TI, ¢; EiZ=2, d; ZrN/Ti, e; 316LVM)

316 (WM ZJES] AS d=gteg) 9FF o @ w4 90gF 9] &7
FAEY AW Apolo] dzFo] A=} YA TIYEHES] A AABRNE A2 YA
(Figure 14-c,d). vl s ol o3t J=AET} AgE o] YU, F
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Figure 13, Di&f 45 0| FBIBOIH ATIE, 7, 25 x40)
(a,b; Ti, ¢,d; TIN/Ti)

AV AT QJEZHFES] Aol BE 2|Ho] n]Ads Al TiIN/TiOlZghE o] A9 A% mul oj)e} )2
B0 sisto] AY AAHgoH, B4Ae BAH  ERONE WBTA slsjel YTAETE Y A7
o A4 AT o8 ANA e FFE B HE 228 BRI AMTEL F919) 443
& tHFigure 15-ab), )3e] 7 W7} ol u) gaze] e vt
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Figure 14, Dj2| 45242 9] FSIHOIH AITIZL x7, ; x40)
(a,b; ZrN/Ti, ¢,d; 316LVM)

)91cKFgure 15<.d). Q% 2320 ofato] e} X7)5)o] 1o
NI ZRES) AS 1) ATe) AuEd gy o, FALNE QTIES Ae] BE 9|He| T
2 ge) FulA 7198 A0 Kol A n o FAES}E A sl o8] B2 2o A

220



Figure 15, Of/Al 90| FSIBHEI AT 7, 9; x40)

(a.b; Ti, c,d; TiN/Ti)
ou 19 wet &5 Fe2A e JFHes O o] MAE dxAEo] 45U v|3] v 7aFH
ool 45U o) vlste] WA e AU Bt FIE Holovh AT HEIH YT AL
(Figure 16-a.b). M AL ZE JZFES] 9 H S me} A%

316 LVMYZFES] B9 A FI7 QZFE Ao WA 7 T ek Figure 16-c.d).
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Figure 16, 04| Q0I5 9] HBIHO| A AR, x7, 9; x 40)
(a,b; ZrN/Ti, ¢,d; 316LVM)

(2) YEEQ| FTAHY = PEE429+11,7N.cm, TINTIQZHEE 64,1
uf Al 908 3 Ti, TiN/Ti, ZtN/Ti, 316LVM Q) ZHE +18, 4N cm, ZIN/TiQJZPEE= 48 3+13 4N, cm,
9] IAANAYHS A2 ZHE d Ti 316LVMY ZZE = 272917 9N cme] 3| A A S

222



Table 7, 4 JERIE 2njo| S A

Mean®8 D,

Ti 42,9%+11.7 N.cm

TiN/Ti 64.1£18.4 N.cm

ZrN/Ti 48,3113 4 N,cm

316LVM 27,9179 N.cm

Table 8, 3 ABF Q| STA ME Aojof TPt EHEA Ea
Ti TiN/Ti ZeN/Ti 316LVM

Ti P 0.05 p20.05 P20.05
TiN/Ti P0.05 p»0.05 p>0.05
ZrN/Ti p0.05
316LVM

HATHTable 7). 7 T7te] o) & BAGH R &
A% A3N(Table 8) TiN/Ti?e] TiZ Rt} #2417
O (p(0.03), ZIN/Tit? Tit ¥ TIN/Titt ZF
o} zolelE frefdel faL(p)0.05), 316LVMT-&
g A ol v fd A B FHAAEE
B tKp(0.05).

V. &8 % 2t

RENEe S35 vided g A ugete]
Aol wpe vz A AHPZHES] BE
AT YRS AT A7 HA. Ef
Zo| 3 AolQle T2 P&t Y JZHE
FH Aolo] 723, 715 H o2 HHAY HEL o]
FILGlE U E v, 2HEE A dzE
7h ZhA ok & E21H, HESHE JEEL 1 7]
wet F54, ek 2 WEAA, 3 1A
A=, B 28, B2 H2AE, I3 FARE
AT, SRS e BETE, 5 HE3)
T REY ve gz F 1YY A%ES F
ket o gl #HA QA Fo] IZErRHY =
VEM] F UZIE-F AW g 79 Fo Y
Y FURE ¥0]7] Y5te] YZJE 27], F87
A7), AETZR F QEEE I EF A7) o
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Folz] $i1 om0 QI RE uld] F RS 32
& Z0]7] 93t AT TVE Lo eAAFE W)
FARH whETAl mEEte givt 3 JEE
o] SIAHM e A G e FHEAT
AHA) PAE L glong ree g A
B34 QMg aS 3 1WA alBU)eq &
S e A7) 21 E o] gk

AF7HA) A H AT 71AE JHo] 43t E)
el Alehdo] JEUE AEE 7P Bol AM-H
I glo), Bl 23 WollA] F-2lef 93t njA
g E2l3 Aol o3 wi2A| shEe] ¥ele] 7
T 3] 2R Sy niE YAER Q3
ol&9] frE|7} FARA O HaH A5E o ¢
AL F2AF AH A Al ARG o1 &
ATH!® whebA AEFE] BAlE 7]AA dEo]
45 Elelrg ARS8l 1 B AAAEEE
=0)7] 93 EHE Ao g v)Esh= W Eo)
theFstAl A=) ko AEEA Aleledl &3
TiN, ZiNF} 72 2shE 91832 Eebgol| H]shy
Uimhi s B-Al o] mig- #al, GFuVHALOS),
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-Abstract-

Surface characteristics and biocompatibility
of bioinert nitrides ion plated titanium implant
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Even though titanium(Ti) and its alloys are the most used dental implant materials, there are some problems
that Ti wears easily and interferes normal osteogenesis due to the metal ions, Ti coated with bioactive ceramics
such as hydroxyapatite has also such problems as the exfoliation or resorption of the coated layer, Recent stud-
ies on implant materials have been proceeding to improve physical properties of the implant substrate and bio-
compatibility of the implant surfaces,

The purpose of the present study was to examine the physical property and bone tissue compatibility of
bioinert nitrides ion plated Ti, Button type specimens(14mm in diameter, 2.32mm in height) for the abrasion
test and cytotoxicity test and thread type implants(3,75mm in diameter, 6mm in length) for the animal experi-
ments were made from Ti(grade 2) and 316LVM stainless steel, Ti specimens were ion plated with TiN, ZrN by
the low temperature arc vapor deposition, and the depth profile of the TiN/Ti, ZtN/Ti ion plated surface was
examined by Auger Electron Spectroscopy, Three kind of button type specimens .of TiN/Ti, ZtN/Ti and Ti
were used for abrasion test, and HEPAICIC7 cells and CCD cells were cultivated for 4 days with the specimens
for cytotoxicity test, Thread type implants of TiN/Ti, ZtN/Ti, Ti, 316LVM were implanted on the femur of 6
adult dogs weighing 10kg-13kg, Two dogs were sacrified for histological examination after 45 days and 90
days, and four dogs were sacrified for the removal torque test of the implants after 90 days, The removal
torque force was measured by Autograph (Shimadzu Co,, AGS-1000D series, Japan), Abrasion resistance of
TiN/Ti was the highest, and that of ZrN/Ti and Ti were followed, The bioinert nitride ion plated Ti had much
better abrasion resistance, compared with Ti. In the cytotoxicity test, the number of both cells were increased
in all specimens, and there were no significant difference in cytotoxic reaction among all groups (p)0.1), In
histological examination, 316LVM showed the soft tissue engagement in interface between the implant and
bone, but the other materials after 45 days noted immature new bone formation in the medullary portion along
the implant surface, and those after 90 days showed implant support by new bone formation in both the corti-
cal and the medullary portion, The removal torque force of TiN/Ti showed significantly higher than that of
Ti(p(0.05). The difference in removal torque force between TiN/Ti and ZtN/Ti was not significant(p)0,05),
and that of 316LVM was lowest among all groups(p(0,05).

These results suggest that bioinert nitrides ion plated Ti can resolve the existing problems of Ti and bioactive
ceramics, and it may be clinically applicable to human,

Key words; bioinert nitrides ion plated titanium implant, abrasion test, cytotoxicity test, removal torque test
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