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EHAY WiEdE
spray), abrasion(TiO2 blasting =& soluble/resor-

coating(titanium plasma
bent blasting materials), blasting % etching(alu-
mina oxide®} H2804/HC)), anedizing® 5% B<
uh o]l A 5] it} E3] Buser”, Park', K]m“’
= o) A3 o oa) @A FUHoE Bo) A
25 JZAE FAAAYY T sh<l blast-
media®] 98 macro-roughness ¢ 37
HCI/H2804 2kx 2] ol ©] 8+ micro-roughness §7}
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elo|ebg AlRS A& 10mm F74 2mm < A
£ <4 Titanium Grade IV A2 9] Q34 212 A2}
st

Elolely o] W X2l W (Table 1)

1. &7 SLA(Sandblast with large grit and acid
etching)®& A&l T
THE Elolelw Yool 50m AlzOs
sandblast 3 HCI acid etching ¥ A3
Az Ao,

2. ASTM F86 protocol?’ll 2]t nitric acid *1]
-

SLA A28 golety Ao FrHde 2 22 5%
(F3H| = 20-45% 715) nitric acid (specific grav-
ity 1.1197<114 1.285)2 hot plate stirrer(corning
420°, USA)9ll A4 50T #A1¢ &, 2583t g2
2 10%3F ultra pure waterell 10% o]/ A= 3},

3. 30% peroxide A& T
SLA A€ Eolelw d¥el Fr18o2 25%

Table I. Samples and methods of surface treatment

NHaOH(5£-9)(DC Chemical Co, Korea)® 30%
H2O2(57-8-4) (Hansol Co, Korea) & 382 1:1.5
oA AN 80TolA 5% magnetic Ly
(Corning 420%, USA)dA A &, oA 32%
HCl(Wako pure chemical industries, Japan)®}
30%H202 FHH| R 1:1.5 414 K 80CellA F
71302 587 magnetic 2R (Corning 420°%,
USA)ellA A2 gict?

4. NaOH A& +

SLA Mg ¥ Eolety 3 Frideg 10M
NaOH &< (Showa Co, Japan) ol A4 60C dry
oven(Daehanguahak Co, Korea) 24417t # 28} ®

5. Oxalic acid 8] &

SLA 29 glolglw Y3 FrHHoe= oxalic
acid 15g(Chunbojungmil Co, Korea)< 85g9] 55
Fol HoA 15% oxalic acid &€ F dry
oven(Daehanguahak Co, Korea)oll4 A4 80TZ
117 A2 g}

6. €Ag T

SLA Mg ¥ Eolgys did FErHo=
Furnace(Ajeon heating industrial Co. Korea)©ll 4
A 600°CelA sintering{(E227 2T/, A4 600
T AR A 3 A9 349,

2E By F FdaA AX 121CelA 1687
autoclave 313, 307} dry ovenollA A4 37TCE
Azt

Samples

Methods of surface treatment

SLA (control)
ASTM F86 protocol
30% peroxide

50um Al203 blasted + HCI acid etched treatment
SLA + 22.5% nitric acid at 507C for 3min treatment
SLA + 30% peroxide at 80T for 10min treatment

NaOH SLA + 10M NaOH at 60T for 24h treatment

Oxalic acid
Heating

SLA + 15% Oxalic acid at 80T for 1h treatment
SLA + 6007C sintering treatment




2. A8 Uy

1) 84 A Azr] 23-Atomic Force Micro-

scopy (AFM)

AR F 10 x 10 m HelelA deoje) 3RES
CP-1I® (Vecco Inc, USA) & o] & 4L 23 4
A&, scan rate® 2 Ips, set pointi= 2.5nNe|t}.
2432 2D parameter? Ra(average rough-
ness)® RMS(local root mean square surface
roughness) 2 YERo Xt Ragk2 FWe] BE ¢
2o A Folol] gk Ate Higtelw, RMS@< &
2 B9 BAdgE Eolo HEFS Vehirh

2) 59 224 2%
£W 294 242 38 5 24 IS o8
e,

L

AE T gdele] 3FE 1049 0.9%8IEFE
TR FRAAYHEF(FAAS, dEFUI) <
micro-syringe (Perfektum®, Popper & Son Inc.
Japan)E ©]-& 527t dropping¥, ¥IY Q. 7ttt
229 (Nikon Co, Japan) &% 78] (Digidrop®,
GBX Scientific Instrument Co, France) & o] & Al
A Z97 o] F& & FFAk(Fig. P

()

3) ElolelE AlHAA fibronectin F2F &4

z+z} 370 2] ARl 0.35ms/mlS] human fibronectin
(MRTech Co, Korea)< ot 43 trekel weh 44
T EFEE 9

@ Water drop

Titanium disk

3=Contact angle

Fig. 1. Sessile drop method
Contact angles were measured 9 value.
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(1) Z+ Ao 20049 wash bufferE #7}
adhesive stripo2 QGol& thd, A2olA
A% 158 Bk uikith

(2) ZZ+e] XA fibronectin standard®} sample
ol %2 rabbit anti-Human Fibronectin®
Arpstel gt o] A& A2A 1087
v gt

(3) Zt AJH9] 845 F9 ¥, washing buffer®
A plated AFE HAo] 7R3 paper
towelsell bufferg gol Wt

(4) zt A1A9) sample/standard®} Antibody mix-
ture 1004 E 7130t}

Adhesive strip®. 2 ROl T, 420l A 14|
ZHEF v kit

(5) Zt A He] AE FY 5k, Wash buffer2
A4t
ol & F ¥l ¢l ¥kE, EF 3H A 7
A€ F38c}t Washing buffers 4004%
Arbsta Zk Welldl 715 =5 ot
Washing buffer2 4% plate® A4E HF
o] 7438 paper towelse] buffers golw]
t}.

(6) Z+ A 10049 Goat anti-Rabbit IgG-
HRP Conjugate(QM2)E H7}8ta, adhe-
sive stripS. 2 HolE T, A-&olA] 30%7t
wj gt

(7) 5el #g g vhEgn}

(8) 7zt AN H 1004 TMB/E substrate® &
7}. adhesive stripS-& Qo1& thS, AL A
A% F 5~10% 5 it (2 well] A
Zro] gr mao] E wjx]),

(9) 4 A" 1004¢] Stop solutions 7}, A2
& @0z upyn)

(10) &4], 250nm~450nm3A3AE 7IAl= &3

g2 St

3. EAIEM
1) miAl 29 AA7](Ra, RMS &), &3 25

(34 A%7h), fibronectin &2 ZE A2

2o ja) AERT TEAAE P

i o oX

BRI



79 A gko] ol g Aol & Hole A &
AR T2 a3l SPSS(ver.10.0 SPSS Inc.
USA)E ol & v|E4EA ¥l Kruskal-
Wallis TestZ ¢=0.05 +F2.2 AF3A ).
2) 74%_ 1(RMS #h¢t 29 2334 A
H A&7 (RMS &)< fibronectin &
g, 9 224 (84 d&2hHF fibronectin
2o ﬁﬂ‘r*é% gte}aly| 9js) 23 o] Rk

2 I lf’l
N g

1. 0lM =M AHEZ| E™(Atomic forced mi-
croscopy)

AlH el Ad7 e U2 (SLA)e] 7HE Be 34
ol RMS 296nm3 Ra 216nmE E ¥ 1L, 30% per-
oxide A2 & o] RMS%te] 599nm<t Radt

488nm= 7]’7< %’l\q- /\]f‘lj = .'_1_'__9. 7-%] ]_oj_\__._ ]
NaOH A& 23718) 887} 7+ ArTable

1D).
AFM At 342 SLA H2 £92 2¥3tn
$E EwYolE HileH —r7} A2l 46}1"1 9

3L NaOH AHela Ao 713 Fsioh. Al
S T W HE $40] s & A==
B ol Ut 30% peroxidexd 3 Aol
109.03° 2 7} A LeAfo] Yt} 1 t}&e 2 iz
T(SLAAE] )] 83.10° 2 A-24do] Ve, ASTM
F86 protocolell &l 2] 3 o] 78.16, oxalic acid
Azl g Aol 77.20° 2 Hl&e MY IS
HAH(Table IID).

Table II. RMS and Ra for titanium disks chemically and thermally modified

Samples RMS (nm) Ra (nm)

SLA(control) 296+35* 216+30*
ASTM F86 protocol 519+81* 419+61*
30% peroxide 599+99* 488+92*
NaOH 564+17* 407+82*
Oxalic acid 451+20* 400+40*
Heating 419+36* 342+31*

*Kruskal-Wallis Test of the data demonstrates that differences among treatments are significantly. (1X0.05)

Table III. Static wettability measurements for titanium disks chemically and thermally modified

Samples

Contact angle ()

SLA(control)
ASTM F86 protocol
30% peroxide
NaOH

Oxalic acid
Heating

83.10° £4.69°*
78.16"£1.47*
109.03° £3.29°*
2.96"£5.13°*
77.20° £4.25°*
63.66° £2.45°*

*Kruskal-Wallis Test of the data demonstrates that differences among treatments are significantly.(/X0.01)



Table IV. Amount of adsorbed fibronectin

Samples Amount of adsorbed (ng/mi)
SLA(control) 108.0+1.0*
ASTM F86 protocol 107.1+1.3*
30% peroxide 91.4+1.6"
NaOH 84.3+2.0*
Oxalic acid 69.30+1.3"
Heating 142.3+1.3*

*Kruskal-Wallis Test of the data demonstrates that differences among treatments are significantly. (/X0.01)

Table V. The correlation coefficients and significance probability of correlation analysis

Correlation coefficients

Significance probability

Surface micro-roughness

Surface wettability 0.051 0.842

Surface micro-roughness

Fibronectin adsorption 0.434 0.072

Surface wettability

Fibronectin adsorption 0.042 0.867
3. Fibronectin &&fat V. =2 gl 9ot

Fibronectin &2#-2 600C X2l g o] F4
142.39 ng/ml 2 7} ¥9on | oxalic acid A
70| 69.30 ng/m = 714 ke, =T (SLAA
2])3} ASTM F86 protocoldl &1+ 28] Fo} 247
108.06 ng/ml, 107.17 ng/ml 2 v]53 3] &
B (Table V).

4. EAEM

EHAAZI(RMS 33 2 2SN (A HE
zH), 9 A27] (RMS 3= fibronectin 28, &
A 224 (32 HZE71)3} fibronectin &2 ZHzte)
ABAF B E a=0.05 $3A 25 £

o] ¢11tH(Table V).
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g Ay 2 E AT e dzte Az W
mzt {0.05 FEAA Felg Alo]& Bt 89
ARl F7F BH A gsiA vE A&7}
7Yt @49 3 Ao] 7P A& AAY] ¥t
£ B9laL, 30% peroxide el Ao] 713 & AA
7] & Btk AN g AL AR g B9
BZF(SLA)Ol H 296nm=z 7Y & A&7 #s
Bl 30% peroxide #2}9] Bt 599nmH A7) ¢} 2}
o7} ¢F 0.3um oJU2 m|A A&E7] ol H{T}
AR Hzzt 2oz B W DoAe 713 =4
o A% @& Ho F:3Uth NaOH A #& 33
W2z 270 Brbed Anol 2¢4< ual w
30% peroxide X2 ¥& 109.03° 2 SF34E EH
th A F7F 29 A2l B9 224 & By
AE wWol ¥ A § 3EE 2o FAG.
Fibronectin &2 &2 @X8) oA 7 Eker,
Q318 o F7F A kA 95L& o =7 (SLA) A



=W e 52 23S 1ot 30% peroxide A
212t NaOH A2} & AHL fibronectin A-&A|
fibronectin &4 o X3¢ phosphatet NaCl#
sodiumel] ol&fl A2 HZ A dojvp= HCAZ]
in vitro M= FLsA B4 =] fibronectin
ZAS A AL RE A stgoy, 48 2 o
E A AN A fibronectin F&Z0] 217} 91.44 ng/nl
9} 84.36 ng/m 2 ©}E Xz T H|& 5EI 2
& Aol & HolA F3ot.

0.3um oj2) u]A FH AAY] Aol B A&
Az dadAzE glo] 2, vlsd £ A7)
2 Ro|¥ 30% peroxideZ # 2 A2} NaOHZ A
23 A HEY A FF7he] 109.03 % 2.96 & =
B3 2ol & B, 7MY & ARV AolE B
2T (SLA) 30% peroxide X2t A 1ke] W
REA Aozt b ZW A 29 Z¥ &4
Aol et A7) wjEe|t), E3 w4 AR7) Aol
o} o gt AR T Q& fibronectin F2F S|
7} Utz Wl ol§ Ateld] AAFAAE glo] B
et T8 LA SHM M F2 2SR
2l NaOH #2] 9| fibronectin F2#2 7H¢ A&
EH R4S B2l 30% peroxide A8l FHUIE &
&3S By 2= £ 33497 fibronectin &
gato] AABAE A& R 2t FAAMAME
8 A9 B2H 254, 89 AFAS fibro-
enctin 23, % 2547} fibronectin 2% A
ol9] AR E AF A F9°) AUt BHF
o2 Azzte] A@Ao] Attt

ALOsZ sandblast = AF4 2] (SLA)E A& A&
HEE 19979 93] =HHAL,* Martin 5%
Al 95 titanium plasma-sprayed (TPS) &
A e Bol U ZolAM £ alkaline phos-
phatase 84 ¥g& Bz Bu 3t
Cochran $2¢l | & AR 4 A+ 23 9% 4
5% Eg9vty B3 o] SLA EHxdd gt
Aol AZH AT ALHL SLA BH A2 U
RS AFe o1 e, AEAo) wA Wk
hy7t SLA A2 ¥ F7F 9 Al 3pgolH,
7t Bl 22o] glojely Y AT
g HoldE FEE YA, iR & o UL Fo}

AE B opZop RO RAE FYAA WED FL
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ASTM F86 protocolel] &3 20-45% nitric acid
2 Ag Fees Ay e AEe 29 228 g
BANN7] A8 golr] Bohe elolgtge] F4E
Fasgtaly) g oA £ A AUAE
S7HA FAE AERE 714 & A7 &
70 g 4 92, 30% peroxide A& Pan B
o &3] elelelg EH TiO2%S 71 AlA, AA
of A% % AN Ca/PH ¥H3-3t4 hydroxycar-
bonated apatite(HCA)E& THEoM FE3E &7
AA BR olFoMEI} B & GFAHY 27] ¥
£ By BEEUL, NaOHZ X% Lenka 5
ol Ao oty AAH AFA Hydroxyca-
thonated apatited< YHE°], o] Fof 9ls)A] F3-2
Yo 7tk Sk EAge BE ALV S
F7H71a, FE UAE 7§ ddAw
2E A8 WYL fibronectin 223 AR TA 7}
At

Zyzye] ghetd | A A 2|7} eloleby W] &
2|3 2% Wz} AFIATE stk 21 e #sAT)
2 2tk 9 AuR e Wk 9Q1e 47 YA
R AZ7) 33 B89l electron spec-
troscopy for chemical analyses(ESCA)E ©]-8-38}]
FHe| sietd Wzlw 23 vlwdts Zlo] og
A 2t}

TG A 21Y =HojA H Az} EfolelE EHO]
v of A7l ofA o] £ EAE W
A17171 w &l in vitro’delA &4 € fibronectin
FAatge Aot AAH R 7] oMM RS EF
A& F7MIA 27 IR Z1dsheA = in vivo
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1. SLA 2|2 Elolehwe] F7F £1 A2ie

v.g B

o)A

XU A7, 29 284, fibroenctin &2 3FoliA]

BE Al Fo| £ Aol & BHTHP0.05).

. F7F E9 A9 glolelw Al A W A
A7)(RMS #hek ¥ A3 (BA 1E7), A
A A7} fibroenctin &2t 22]2 9 2
/9% fibronectin &33F Alole] &A= ¢
AHP)0.05).

. In vitroZdell A ~7§51 fibronectin &2t#<] x}o]
7 AAA 02 QAA JFUE AY F 27
oo FFAE F7MIA 271 A 7]
A=A in vivo'dd] 1ol Fashltt,
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ABSTRACT

EFFECTS OF VARIOUS SURFACE TREATMENTS FOR
TITANIUM ON SURFACE MICRO ROUGHNESS, STATIC
WETTABILITY, FIBRONECTIN ADSORPTION .

Hwa-Sub Shin, D.M.D., M.Sc., Young-Su Kim, D.D.S., M.S.D., Ph.D.,
Sang-Wan Shin, D.D.S., M.P.H., Ph.D., M.Sc.

Department of Advanced Prosthodontics, Graduate School of Clinical Dentistry, Korea University

Purpose: This study aims to get the fundamental data which is necessary to the development
direction of implant surface treatment hereafter, based on the understanding the surface
structure and properties of titanium which is suitable for the absorption of initial tissue fluid by
researching effects of additional surface treatments for sandblasted with large grit and acid-etched(SLA)
titanium on surface micro-roughness, static wettability, fibronectin adsorption

Materials and Method: In the Control groups, the commercial pure titanium disks which is
10mm in diameter and 2mm in thickness were treated with HCI after sandblasting with 50um Al2QOs.
The experiment groups were made an experiment each by being treated with 1) 22.5% nitric acid
according to SLA+ASTM F86 protocol, 2) SLA+30% peroxide, 3) SLA+NaOH, 4) SLA+Oxalic
acid, and 5) SLA+6007C heating. In each group, the value of Ra and RMS which are the gauges
of surface roughness was measured, surface wettability was measured by analyzing with
Sessile drop method, and fibronectin adsorption was measured with immunological assay. The sig-
nificance of each group was verified by (SPSS, ver.10.0 SPSS Inc.) Kruskal-Wallis Test.(@=0.05)
And the correlation significance between Surface micro-roughness and surface wettability,
surface roughness and fibronectin adsorption, and surface wettability and fibronectin adsorption
was tested by Spearman’ s correlation analysis.

Result: All measure groups showed the significant differences in surface micro-roughness, sur-
face wettability, and fibronectin adsorption.(p<0.05)

There was no significance in correlation among the surface micro-roughness, surface wettability,
and fibronectin adsorption. (p>0.05)

Conclusion: Surface micro-roughness and surface wettability rarely affected the absorption
of initial tissue fluid on the surface of titanium.

Key words: Surface treatment, Sandblasted large grit and acid-etched(SLA), Surface micro-roughness,
Surface wettability, Fibronectin adsorption, Sessile drop method
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