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371 ol o8] Fu]H Ti-Ag I 2 E2TS
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44 (5.0 mg/ml) 0.05 mi< 7t wellell B31 4 AlZF &
o ket & wjzle} MTT &9 wela, of7]d

dimethylsulfoxide 0.05 m
14-0]_ O]x] OL\:E AN

15 Z} wellol] ¥aL 2% o]
2 55 & ELISA plate reader®
570 nmol| A 2+ AlH 9] 53 % (optical density) &
gote] A X SAEE 277 vl ”7}0}"3‘4
oMl 29 FA S5 Aal AR FEEA
91 MC3T3-E1(Dr. Kumegawa, Meikai Dental
AR TE. 10% FBS(fetal
bovine serum)®} 1% antibiotic-antimycotic(Gibco,
NY, US)e] 371 e-MEM (alpha modified Eagle s
minimum essential medium, Gibco, NY, US)Z Hl
A2 ARESte] AEEGAEA 290 A FLS
COz Wi F7] WAl v slit. Al 10x10%1
mmz AT & 6008 AFE7EA] dAntste] 400,
600, 800°ColA 1 AlZE Bt GAfelstsdar, Al )
FH Al (polystyrene petri dish) 3 Ag o] AlH T}
=3 7|7 A UE AS
gadch, Adze Ay & 747}
2 220 AFsigen, g AlEe
Aot ZE AEE AlE A E-O gas® &%
ot oM Z S Aol AHEE B AHE dET
o7, Al TN, w2, 4 Dol ZHzt /R <] A
A AEZE Asiit. Al oA AEZE wjd
a17] 9Jate] A4 Felste] R Alxe] 27] &
5 1.0X10° cel/m = 4FskSATt. 6-well plate <t
oA, 200 o] MEAEH S SHUA BEF A
A Fo] "oz th v 7] el Al 2 AIE ulf ek
skt Wik &, #e dAn 7 (CK 2, Olympus,
Japan) o2 A X §2-& Qlstar 1.8 mi2] v
= Azt vl 2 ettt wiA S wEketgl o
A SAEE H7Esk7] el et 2, 4 Dol xS
£ stk 4 3 A7l Mgt s AA +
0.05% trypsin-EDTA(Gibco, NY, US)Z A3} A]
HE EA]ol A3kl hemocytometers ©]-&3}o]
Ferdn] 7 et A Al2E S5

University, Japan)<

II. A+ Z2
1.4 &
RE Aol tisiA dAje] Lol uhE o] wst

335

7 sEsin, AR FRd ne o] gt
(Fig. 1). 4 (mﬂﬁdﬂﬂﬂ%%tE%M%ﬂH

Ll LA S
g0 e w8=

Helom dAg] Algte] 7kl

ulg} Mo] AeA) = AgkS A& & 4+ AT} 600
Col A%, Ao 7o) vhek M2 e AL o
7338Fo] EHeldth TiBAMVE HA = JAaS

oL, Ti, Ti2.0Ag, Ti3.5Ag B4 Ap3=40 Ay
=4 So] @7 £ S Bt 800 73‘
%, Tizt Ti-Ag Fa-< 3|42 W, Xz Azt
| S7Fgl whet Wo17F 2H4skith. @, TieAdV
o] £xolA W& 7ML w1, A2l Azt
S7¥eke] upek Ao] AAp FojHh, AbslEErt uf
S wEAG A2 Alzke] w21 A, BEH
gao 7 WalE e 45 BEHUT

<]

N rlo

2. XPS =M Z1t

(]

AP E A B A B Al FEHdA
T, T, Ti'7F A=l EA%e] B2 AT
‘Mﬂ &7t S7Veel wme T & 4k, Tit
= S7bhe AFs BAY. Ti-Ag §59 2%,
TP 9k Tit*e] ZA] vl&o] < 25: 752 WEpton,
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hr 400¢C 600C 800C 400C 600C 800C
Ti
TiTibAl4V
Fig. 1. Appearance of specimens observed with optical microscope.
Table I. Area fractions of chemical species Table II. Area fractions of chemical species
obtained from Ti2p spectra of Ti alloys obtained from Ols spectra of Ti alloys
Untreated 400TC  600C 800C Untreated 400TC  600C 800C
T 272 000 001 001 0* 6193 7715 8256 76.90
epTi TP 6.70 1.91 0.09  0.09 i OH 3562 1753 1473 10.34
Ti" 9058 9808 99.9 99.90 H0 246 533 272 1276
T 0.01 002 002 0.02 0* 6451 6235 5771 52.03
Ti6AI4V  Ti"  1.59 0.01 0.01 0.01 Ti6AI4V  OH 2852 3212 38.68 4320
Ti" 9839 9997 99.97 99.97 H0 697 554 361 4.7
T 33.70 078 042 0.01 0* 7118 8731 89.15 89.20
Ti2.0Ag T 2203 3331 2542 24.36 Ti2.0Ag OH 2844 1224 1080 10.73
T 4427 6591 7417 7564 H0  0.38 045  0.06 0.07
T 36.06 085 003 031 0* 7500 8557 86.86 88.42
Ti3.bAg T 2831 2536 2412 23.60 Ti3.hAg OH 2435 1404 1254 11.50
Ti" 3563 7379 7585 76.09 H0 065 038 060 0.09

336



Table III. Area fractions of chemical species obt-

Table IV. O/Ti and O/(Ti+Al+V) ratio

ained from Al2p and VV2p spectra of TiBAI4V alloys _ Untreated  400C  600T 800
Untreated  400C  600C  800C cpTi 2.24 244 217 3.06
Al 3901 0.08 008 007 TiGAI4V* 1.93 2.96 1.8 1.81
APY 6099 9992 9992 9993 Ti2.0Ag 1.92 1.79 1.78 1.92
TiGAI4V V' 67.87 18.02 1295 10.25 Ti3.5Ag 1.79 1.72 187 179
Vo 0.00  50.86 732 9.36
v 3213 3111 79.73 80.39
. [————
'E g
3 ! LY ]
i = |
1 j im | | |

Fig. 2. Cytotoxcity of thermally oxidized specimens
to LI929 evaluated by the MTT test.

A7VE Age g EH ol metallic silver e 2 &4
gto] #AE T} Table Vi 2+ A9l &l survey
spectrum A @& T8 A4 F%E (atomic con-
centration) & ©]& 0?"4 O} 2gste Ti ¥
(Ti+Al+V)9] 94 ¥= v&S g Aol
cp-Ti O/Ti ¥7} 2.17-3.06, Ti6AI4V =<
O/(Ti+Al+V)<] H]7} 1.80- 2.96, Ti-Ag Al &=L
O/T1 H|7} 1.72-1.928 YeRQIT. Ti AkslE9

%, TiO2E= O/THIE 2, TeOsE 1.5%2 ¥ & &
Jtl, Ti-Ag 52 TiO2%} Ti0s7} £ o] &
e 4 st

tlo ¥ ox r\

3. MROotMZe| MEZZ=YE (MTT test)

dakste T 741 Faol Aot S M=
3 7] el Afropl £ 1-929¢0 of
%*é% MTT 8= &stod 571& 47 &
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Fig. 3. Result of cell proliferation of MC3T3-E1 on
the thermally oxidized specimens.

C: control, T: cp-Ti, V: Ti6AI4V, 2A: Ti2.0Ag,
3A: Ti3.bAg, 4: 400TC, 6: 600C, 8: 800C
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o fe|# 2 B2 S Edlo] Li¥E titania’} Ti
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Alell O1seoll Tzt #42] A3} cp-Ti 2 Ti6AI4VE]
%, 272 TiOz2, TiO, Ti20s:Ti(OH)2, Ti(OH)s,
Ti(OH)4: Ti(H0)E A4 & = = 07 :0H :H209]
Heo] ek 52—82'10—43-2—12MDP. oldl| wkelo
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.
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o] A9} alumina 2 titania & Alo]<] vAg &
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ojzjof & Ao|tt.

B ATl e oln] A=t Aol cp-Ti Hrt
5 Ao ey 1 9 Ti-Ag Al §55 AF
Tog /\].&L ].o:] 1;<};<4 ozt ]7& Eo}-,] xgzq]xqal
A= BrvetaAt skt MTT 449 A3 B& A3
T2 AfolE YEES 90%5 A3 act. et
A Aslaete] AE Ty FFoRRE £25 o]
& A frobA ol e 5

ol gle Aeg &
o} cpTiE A9 e e AJATA A, AL 524
I} w2 600T GAE AlHECA }
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ABSTRACT

CYTOCOMPATIBILITY OF THERMALLY OXIDIZED TI-AG ALLOYS

Ho-Joong Kim, D.D.S., Ph.D.**, Keun-Taek Oh, Ph.D.*, Zi-Whan Ee, M.Sc.***,
Kyoung-Nam Kim, D.D.S., Ph.D.*, Dong-Hoo Han, D.D.S., Ph.D.**

Dept.[Res. Inst. of Dent. Biomaterials and Bioengineering, Col. of Dentisty, Yonsei Univ*.
Dept. of Prosthodontics, College of Dentistry, Yonsei University™*

Biomaterialskorea, Inc.***

Statement of problem: In its preceding work, change in surface characteristics were
investigated in consideration that both microtopograpy and macroscopic configuration of
implants surface are two of the most important factors, in that they can construct agreeable envi-
ronment by raising surface energy, to affect osseointegration and biocompatibility explained by
cell proliferation.

Purpose: This study focused on examining cytocompatibility of dental implants materials Ti-
Ag alloys, of which mechanical and electrochemical superiority to cp~Ti or Ti6Al4V were verified,
in comparison with that of cp~Ti, and TiGAI4V.

Materials and methods: In this regard, MTT tests for L-929, the fibroblast connective tis—
sues and cell proliferation tests for osteoprogenitor cells, MC3T3-E1 were performed on cp-Ti, Ti6AI4V,
and Ti-Ag alloys following thermal oxidation according to appropriate heat treatment tempera-
ture (untreated, 400, 600, 8007C) and heat treatment duration(untreated, 0.5, 1, 4 hr).

Results: The MTT tests on fibroblasts L-929 resulted in cell viability of over 90% in all exper-
imental group entities, where, especially, the 100% of the viability for Ti-Ag alloys specimens account-
ed for the slightest adverse effect of ions release from those alloys on the cell. In MC3T3-E1 pro-
liferation tests, the population of cells in the experimental group was roughly increased as exper-
imentation proceeded, after two to four days. Proliferation showed highest viability for most of spec—
imens, including Ti2.0Ag, treated at 600C.

Conclusion: In conclusion, it is the heat treatment temperature, not the duration that has con-
siderable effects on thermal oxidation of specimens. Ti-Ag alloys treated at 600C proved to have
the best surface morphology as well as cytocompatibility when compared with Ti or Ti6Al4V for
short-term biocompatibility tests.

Key words : Dental implants, Ti-Ag alloys, Surface characteristics, Thermal oxidation, Osseointegration,
Surface topography, Cytocompatibility, Cell proliferation, Cell viability
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