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Effects of SLA surface treated with NaOH on surface characteristics

and response of osteoblast-like cell
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Purpose: The purpose of this study was to evaluate the surface characteristics and response of osteoblast-like cell at SLA surface treated with NaOH. Materials and
methods: Three kinds of specimens were fabricated for the experiment groups. Control group was a machined surface, SLA group was a conventionally SLA treated surface,
and SLA/NaOH gorup was SLA surface treated with NaOH. To evaluate the surface characteristics, the surface elemental composition (XPS), surface roughness and surface
contact angle were evaluated in each group. And the cytotoxicity, cell adhesion, cell proliferation and ATP activity of osteoblast-like cells (MG-63 cells) were compared in each
group for evaluatation of the cell responses. Statistical comparisons between groups were carried out via one-way ANOVA using the SPSS software (SPSS Inc., Chicago, USA),
and then performed multiple comparisons. The differences were considered statistically significant at P<.05. Results: SLA surface treated with NaOH (SLA / NaOH group)
was changed to hydrophilic surface. All groups did not show the cytotoxicity to the MG-63. In cell adhesion studies, SLA / NaOH group showed the higher degree of adhe-
sion than anothers (P<.05), Up to 7 days of incubation, the proliferation was showed the increasing tendency in all groups but SLA / NaOH group showed the highest cell pro-
liferation between the three groups (P<.05). At 7 days of incubation, there was no difference in ALP activities between the three groups, but at 14 days, SLA / NaOH group
showed significant increase in ALP activities (P<.05). Conclusion: In this study, SLA surface treated with NaOH promoted cell adhesion, proliferation and differentiation. It
means that SLA/NaOH group is possible to promote osseointegration of implants. (J Korean Acad Prosthodont 2014;52:211-21)
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Table 1. The surface elemental compositions of each group analyzed by X-ray
photoelectron spectroscopy

Group C%) N@®%) O(%) P®%) Ca(%) Ti(%)
Machined 6.10 083 5885 021 - 34.02
SLA 1410 106 5796 - - 26.85
SLA/NaOH 2323 089  51.79 - 573 1835

A _— a7

Fig. 1. Non-Contact 3D Video Measuring images of each group. (A) Machined,
(B) SLA, (C) SLA/NaOH group.

H A 2 7](Ra, arithmetic average of the deviation of peaks and valleys
on the profile from the mean line) S =7 3}t 2t 152 A&7
+ machined o 4] 0.183 £ 0.029 #m, SLA *ol| 4] 2.570 + 0.182
pm ~12] 31 SLANaOH ol A 2114 + 0216 #me] Ra 3t H.¢i T}
SLA A7) 3 NaOH A 2] 2 80 24 18% 7}eke] 72 7] 7has
H A HFig. 1).
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Fig. 2. scanning electron microscope (Hitachi S-4700 SEM, Japan) images of each group ( X 2000 magnification). (A) Machined, (B) SLA, (C) SLA/NaOH group.

0O 0.

Fig. 3. Contact angle of each group. (A) machined group, (B) SLA group, (C) SLA/NaOH group.

Hitachi, Tokyo, Japan) & ©]-8-5 }Oﬂ 2000HH4 ﬂfﬂ HE 2 4%‘5}

< v Fig. 29} Zo] AT olM AR HE glet <+ gloith
SLA 7} SLANaOH #& 2 ko] & Hola ggtont
SLANaOH ol /| 7431 T 9] peak7} SLA 7 Bt} o] 2 Jef &

H o] NaOHel| €] gh7-24] 5 A28 = )ik

@) 21573 7}t

2 A 7 A S ste] e &2t R (ET BAHE
machined 0] 11344 + 9.85 &, SLA ] 120.66 + 671 =,
SLA/NaOH #°] 5.59 + 1.13 comu} NaOH ] x| & E3) ¢+
3 2 FA] FHo] @S 44 99 31, SLANaOH 2] 4§ A =
Zha ol SAAIT 1 o] ofH & AR W AA=
Fol 97 g gt 4 & B oF3 thFig 3).

2. M= gt Hot

(WA EZ5AH 7}

Fig. 4] A %], machined 7, SLA T ~12)] 1. SLANaOH o 4]
o] Ml aze] Ayghe o] 244 7Hg<t TR of] &3l 3 7H= ATk o
Z7 ) B W ) BB ol A Al 3 A2 o] 98% o] A 4] =
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97.8
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97.2
97.0
96.8
96.6

Machined SLA SLA/NaOH

Cell viability (% of control)

Control

Fig. 4. Cytotoxicity test of machined group, SLA group and SLA/NaOH group against
osteoblasts (MG-63 cells).

Atk BE FE-2MG-63 Al Zof| el A EE5A4] S 71| A] ek
T}, W3 ) E o] MG-63 A = machined &, SLA 7+ 18] 31
SLA/NaOH -0 A 1} 2k 244] 7} 2 2Fo}2) 9 THFig. 5).

Q) A 5257}
RE A A B2E MG-63 A 2] Al Jef 2 A E 52
confocal laser scanning microscope 2. 225} thFig. 6). ©] o] 1| ]
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Fig. 5. Live/dead assay for machined group, SLA group and SLA/NaOH group against osteoblasts (MG-63 cells).

Fig. 6. Cells adhesion and spread of MG-63 cells on machined group, SLA group and SLA/NaOH group after 1 day.

0.30 * = 07
€ . £
S 025 Q 06 B
: g 1
® 020 z 05
Qa
e} 015 % 04 . = Machined
c ! S b
2 g 03 A
B 2 o
0 0
Machined SLA/NaCOH 3 days 7 days
Fig. 7. Cells adhesion of MG-63 cells on machined group, SLA group and Fig. 8. Cell proliferation of osteoblast-like cells (MG-63 cells) grown on machined
SLA/NaOH group after 3 h. group, SLA group and SLA/NaOH group after day 3, and day 7.
£& SLA 73} SLA/NaOH ]| Hs] MG-63 A 7} machined (3) M EZ 524
oA Bt o] @ol FAE o)l WA HAUTE Ae B 39 283 7Yl 2t ol A MG-63 M E.29] 2418 9 7}3819]
oo ChFig 8). 1 F 7L 71A] B= ol A MG63 Al 9] F-4f o] 32}
Crystal violet assay = =3 Al| 3 F-2 7]—01]/\1 Fig. 73} 2+o] Z7)elath BE Fo|A] 3L 1} 7 of] A L o] ZA oA §2] &
SLA/NaOH oA 7} =& F-2 H =5 B 3(P<.05), 7Hgl 2jo] 7} .13 SLANaOH ol A 718 =& Al £ 5245
Machined -2} SLA 7ol A &= 32 A2 7] 7} 322 SLAT-O)| A T B
2o AT P AHEE BT YATHP<05).

216 CHEHR| ot Hets|x| 527 3%, 20144 72



A7IX2I3 SLA EHO| 28 S¢ U ZRFAMZ| 830l ojx|=

€ 4.0
[
9 35
<
w® 30
D .
o 25 . = Machined
S 20 " SLA
g SLA/NaOH
5 15
2 10
8
0

7 days 14 days

Fig. 9. ALP activity of osteoblast-like cells (MG-63 cells) cultured on machined
group, SLA group and SLA/NaOH group after 7 and 14 day.
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o] 22} Agtate] 74 F <] Z<r Bl eHAF (calcium titanate)-&
gotaL, &3 frAkek olulEto] E(bone-like apatite) = @%‘r%t‘r
3L Bskgivh 12]al o] I3 ARG ofutEfo] EFo| A Al
SO ALP 20| Z71H 3 3 A A o7 Aqgitta Ha
SFoATE”

B AFE St 71E] FEstE M‘: SLA EUdOH
NaOHE A 2jgtoeM 2 e xia W :
How ghgolzl A4 o] SR A}xﬂi«l ’3*4, —“%Xﬁ
Z E3tol of G e 1| x| =A] Lobk 312} 513 T Machined
surface (control group), SLA surface (SLA group), SLA <] NaOH ] 2]
% ER(SLANaOH growp)e] 7} A1 & A 23] 154 & 2
3}3F SLA/NaOH 9] ¥ EAS Hr7tshr] Y&l THAE
(XPS), 771 7 27, T 27} 58 971313

FEHAE 724 of| A] Kokubo 572 NaOH A 2] 9} & x] 2] <] 4
HE FHFA obrd A= oHA] 2 e Hr UE
F3} 227} Z7bekm ElEHEe] W] o] Atk m W a)
931, SBFo|| A 2] 8} A 7to] 271842 w2 7| Na+2 HH&:5)
L TLOHE B3R Abae] ] &o] Z7hae} steleh. & 4
4 ol A1+= Machined 3} W] 515t} SLANaOH <22 Ah2- o} EJ €
w9 V] o] AAFA L B2 TS ST kst el
U)o it QEUE B sl JAsn hEF
Hghiiglo] 348 A% A4H T Bhe) 7 dEUE
FUA D AN 2 g Aol L2 A t7] 5ol
EASE thael vhavt Erle] F2w917] R ow 4
Z}eI}. Kokubo '57¢] 1 A7}she] o] & Hol A& HH
WA ] Aol & 711" Aol2t AZE T o oA
+ NaOH %] 2| 2= G 2| 2] S Al Y 8}A] 3k 2. NaOH A 2] A|7F
T IAZEO. R 24N 32 A 2| g o] AT E T} gkt o]
Tl A= NaOH A %] & Fall 29 I 7142 atart gk 3lo]
OM 2} o] AeA R RRE AL 81 710 T A =] AIRE

= H2slsksit

Wennerberg & £H 27| S A] optical profiling instru-
mentiho] LA} el e] Q1 EHE 2191 & A8 Wk 5 )
15 o 015]. H]—bﬂo]a}i 5 g\ﬁ}\u} ?j]%‘a_}g J.tn‘loﬂ ;ﬂ;d z;ﬁa

& AEAA 28 ADIE SHeke
filometer & AHE-A| Y ZEHE &
& EdE= 24E ) xm.o] ;q]s&gp_g z%ﬂd ﬂzly] 710
%.;g]?ﬂ— 2= Oj\r;]. [q_ﬂ,}q E"/\l-@oﬂ}ﬂ-‘l:_- /\E‘SJ /\].11 ek xﬂ;@zﬂ— yea
W A-TE S48 #18l HIH S 32k 57 7] (Non-
Contact 3D Video Measuring Machine, Video Check IP600, Werth
Messtechnik GmbH, Giessen, Hesse, Germany)S- ©] 8- 031:} T
& 2AAAEN 7 AL v wele] mrA o] ge
zZo] Hu| A A W32 A2st9d o SLA Tl 4] 2570 + O 182,um
12) 371 SLA/NaOH ol A 2.114 + 0216 zm<] Ra S 2.1t}
SLA ] %] T NaOH #| 2] & 0. 2H 18% 7}ake] A&7] AAas

. OFRE7EA] 2 SLA 73} SLANaOH -2 AR A& 1) 7
gollA & 2tol & HolA] 33k} SLA/NaOH ol A A %] ™

mechanical contact pro—

217



A7IX2I3 SLA EHo| 28 S¢ U 2R FAMZ| B0l o|x|= I

e E H.o] NaOHell 23

=
-z
>

we] 2g4L Tl oo A ol 2w, ¢

Wt Y BeH 87 Abolo EAEL

MacDorald 53} Rupp 52 ¢) F2HE] 315
[¢]

3o] freleltha seeh dFREE 49
= 3T

ut
|
=51

ox

o ;.f:
o 2 o,
L

N
—

o,
==

L )
1

o i r% il

Jr = [0 > g
D
o
& B oo e o & &t rlo

rlo o

r
I
F,
:
>
=h

— o

52 " g

o, &

w BB

9 kM

<

K

i

:g‘

2

2z

e
o |
)
N

(
Ty
0

T
=5 3
o

=)
2

(=R

R

X

r U

N e

m)_hl

N

i
RN

=

rlr

=3

g

-

BN

RN

Eloll

o
2
m
A
N
A g
Y
ok
hint2
O,
&
é’
%
_1{}1
o2,
N
N
olr
ol
ol
A

AFo] Ao SLA FHo| NaOH # x| &
SLA/NaOHﬁL%%Xd SH 3] FHo| HS= ¢
3%l o A=
xﬂigowﬁﬁ 3 =742 B 3k

. of Lol A & Machined surface (T Z+t), SLA surface (SLA
), SLA®] NaOH 7] 2] 3+ W (SLA/NaOH )2} 7} A1 8-S t] ~
A Y2 A Zete] FEFANEL 7S Lol gt F
Trf'ﬂ MG-63 Al = S RA 29 545 7 1 it} o] Al 25

< HEebg 2H %] whgellA & A Ve A8l fs
A Q] M ek R = ETh SRR v MG-63 A 329
SO ALP S = & A 715 A7 A= &
b Aol A = W o] W Al 2 -5 7bet At st

T YA 7|5 AT ol o2 MG-63 A 5 A st

E1 =2 YESHE A9 U= A4 wlFol £ H
B A xEe] Ao zn A F2hs edA 7t B
ST Lai 52 SLA9} 3 o LA & =11 813 modSLA ] 4]
O] M| 3E HZE-& A7 34| 7t e BEA A 0 2 89 u] a
Zpol7h itk B E ek o] B2 Al & F-2to] 7] 34|17k
o 39 A e} BAVE Qth= A& om|gith & 3
< 9 oy of] o) Esta JEHES] & 4*&%@@%
o] A E A7) 2, whEbA HlJ.J 52 4
2 A2} Bl S m)zIh

B 23 o] A3} B SLA 73} SLA/NaOH -] 4 Machined
ol A ok MG-63 Al 327} B Bo] F-2tx| o gl a | A 34 9)

=718 HojFr} SLA 72 SLANaOH ol 4] MG-63 A 3.2
o= Ad e IS 7R e, 7 i 2k Ao+ '
2 glo] BRIk o] A& Al xe] Fej7} 3 YA Bk &
H ol o] ol o gk& Wky] wj Fo|t}.”? Machined 2] 73-¢-
A2 A Y] S 7 2 9

A E B2 53 7)ol A SLA/NaOH —TLOH AV Een
5 B, o] A FH AUAI7E = 24390 A A
32 F-zho] o] & o] Fol Rl & o m| gt} Maclnnedi” SLA o]

OHH
ol

i
50, =
32 2 -

=3
rg

T
HE A AL e SATIN | e A P IYES
G134 9T ol AL 2 YRS - 500 am)E At

macro-roughnessE §-0] 8} 11 AH-21(HCI/H.SOx)ol| 2] 3} micro-
roughnessE -4 3l SLAE= %% o] 1 A& 7](moderately
rough surface, Sa 1.0 - 2.0 m) = 7}A| 11 9l o] F ¥h-g-of A g3k A
2712 74 Ao ArEn

A A vl F 7L A BB ol A MG63 Al 22] 52 0]
AAF S7Felsih BE ol A 3, 7ol A8 F2] ol A 9]
& 9 ol 7} 1gl 1 SLANGOH Zoll A} 73 i A £24
£ BT BRA ) 27] B2 B71e7] A ALP BHE
71914 70614 Al 2 Afolol Aol 7} §141 3, 14ol =
SLA/NaOH 70| 94 9l 2|2 HATHP<05). 344
SLA ¥} machined - A}©] ]% 7|17 TI‘-/] AL BAe 2= Q)
A THP>.05).

=

i E¥o] SHF T A ol d7Eol Bel 3l
1<) SLA F¥ ol NaOH 947] 2] 2 53 53} 4]
T vh= A glgich & A75 Bote] o]d 5}

WA el SLA EAL WA 2N A $H, 3
=2 ]
=

References

1. Branemark PI, Adell R, Breine U, Hansson BO, Lindstrom J,
Ohlsson A. Intra-osseous anchorage of dental prostheses. I.
Experimental studies. Scand J Plast Reconstr Surg 1969;3:81-100.

2. Adell R, Lekholm U, Rockler B, Branemark PI. A 15-year
study of osseointegrated implants in the treatment of the eden-
tulous jaw. Int J Oral Surg 1981;10:387-416.

3. Lindquist LW, Carlsson GE, Jemt T. A prospective 15-year
follow-up study of mandibular fixed prostheses supported by
osseointegrated implants. Clinical results and marginal bone loss.
Clin Oral Implants Res 1996;7:329-36.

4. Lekholm U, Gunne J, Henry P, Higuchi K, Linden U, Bergstrom
C, van Steenberghe D. Survival of the Branemark implant in
partially edentulous jaws: a 10-year prospective multicenter
study. Int J Oral Maxillofac Implants 1999;14:639-45.

5. Brocard D, Barthet P, Baysse E, Duffort JF, Eller P, Justumus P,
Marin P, Oscaby F, Simonet T, Benque E, Brunel G. A multicenter
report on 1,022 consecutively placed ITI implants: a 7-year
longitudinal study. Int J Oral Maxillofac Implants 2000;15:691-
700.

6. Jemt T, Johansson J. Implant treatment in the edentulous max-
illae: a 15-year follow-up study on 76 consecutive patients
provided with fixed prostheses. Clin Implant Dent Relat Res
2006;8:61-9.

7. Albrektsson T, Branemark PI, Hansson HA, Lindstrom J.
Osseointegrated titanium implants. Requirements for ensuring
a long-lasting, direct bone-to-implant anchorage in man. Acta Orthop

Cetx| Bt AEks|x] 523 3%, 20149 78



HEXA -

=d

45d Yo% FHE B

T

A7IX2I3 SLA EHO| 28 S¢ U ZRFAMZ| 830l ojx|=

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Scand 1981;52:155-70.

Hutton JE, Heath MR, Chai JY, Harnett J, Jemt T, Johns RB,
McKenna S, McNamara DC, van Steenberghe D, Taylor R, et
al. Factors related to success and failure rates at 3-year fol-
low-up in a multicenter study of overdentures supported by
Branemark implants. Int J Oral Maxillofac Implants 1995;10:33-
42.

Jaffin RA, Berman CL. The excessive loss of Branemark fixtures
in type IV bone: a 5-year analysis. J Periodontol 1991;62:2-4.

Sullivan DY, Sherwood RL, Mai TN. Preliminary results of a mul-
ticenter study evaluating a chemically enhanced surface for
machined commercially pure titanium implants. J Prosthet
Dent 1997;78:379-86.

Le Guéhennec L, Soueidan A, Layrolle P, Amouriq Y. Surface
treatments of titanium dental implants for rapid osseointegration.
Dent Mater 2007;23:844-54.

Lee YJ, Lee BU, Kim YS. Current studies of implant surface treat-
ment - in perspective of bone healing mechanism. Implantology
2003;12:12-29.

Urban RM, Jacobs JJ, Tomlinson MJ, Gavrilovic J, Black J, Peoch
M. Dissemination of wear particles to the liver, spleen, and
abdominal lymph nodes of patients with hip or knee replacement.
J Bone Joint Surg Am 2000;82:457-76.

Song HJ. Advanced surface modification techniques for enhancing
osseointegration of titanium implant. J Korean Dent Assoc
2010;48:97-105.

Sanz A, Oyarzun A, Farias D, Diaz 1. Experimental study of bone
response to a new surface treatment of endosseous titanium im-
plants. Implant Dent 2001;10:126-31.

Piattelli M, Scarano A, Paolantonio M, Iezzi G, Petrone G,
Piattelli A. Bone response to machined and resorbable blast ma-
terial titanium implants: an experimental study in rabbits. J
Oral Implantol 2002;28:2-8.

Lee HJ, Song KY, Yoon TH. Effect of different surface treatments
to increase biocompatibility of dental implant. J Korean Acad
Prosthodont 2006;44:594-605.

Buser D, Broggini N, Wieland M, Schenk RK, Denzer Al,
Cochran DL, Hoffmann B, Lussi A, Steinemann SG. Enhanced
bone apposition to a chemically modified SLA titanium surface.
J Dent Res 2004;83:529-33.

Buser D, Schenk RK, Steinemann S, Fiorellini JP, Fox CH, Stich
H. Influence of surface characteristics on bone integration of ti-
tanium implants. A histomorphometric study in miniature pigs.
J Biomed Mater Res 1991;25:889-902.

Bornstein MM, Schmid B, Belser UC, Lussi A, Buser D. Early
loading of non-submerged titanium implants with a sandblast-
ed and acid-etched surface. 5-year results of a prospective study
in partially edentulous patients. Clin Oral Implants Res
2005;16:631-8.

Sul YT, Johansson CB, Albrektsson T. Oxidized titanium
screws coated with calcium ions and their performance in rab-
bit bone. Int J Oral Maxillofac Implants 2002;17:625-34.

Sul YT, Johansson CB, Jeong Y, Roser K, Wennerberg A,
Albrektsson T. Oxidized implants and their influence on the bone
response. ] Mater Sci Mater Med 2001;12:1025-31.

Kokubo T, Kim HM, Kawashita M, Nakamura T. Bioactive met-

Cehx| s AEke(x] 523 3%, 20144 78

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

3s.

36.

37.

38.

39.

als: preparation and properties. J Mater Sci Mater Med 2004;15:99-
107.

Kilpadi DV, Lemons JE. Surface energy characterization of
unalloyed titanium implants. ] Biomed Mater Res 1994;28:1419-
25.

MacDonald DE, Deo N, Markovic B, Stranick M, Somasundaran
P. Adsorption and dissolution behavior of human plasma fibronectin
on thermally and chemically modified titanium dioxide particles.
Biomaterials 2002;23:1269-79.

Rupp F, Scheideler L, Rehbein D, Axmann D, Geis-Gerstorfer
J. Roughness induced dynamic changes of wettability of acid etched
titanium implant modifications. Biomaterials 2004;25:1429-
38.

Lim YJ, Oshida Y, Andres CJ, Barco MT. Surface characterizations
of variously treated titanium materials. Int J Oral Maxillofac Implants
2001;16:333-42.

Yanagisawa I, Sakuma H, Shimura M, Wakamatsu Y, Yanagisawa
S, Sairenji E. Effects of "wettability" of biomaterials on culture
cells. J Oral Implantol 1989;15:168-77.

Smith DC, Pilliar RM, Chemecky R. Dental implant materials.
1. Some effects of preparative procedures on surface topography.
J Biomed Mater Res 1991;25:1045-68.

MacDonald DE, Rapuano BE, Deo N, Stranick M, Somasundaran
P, Boskey AL. Thermal and chemical modification of titanium-
aluminum-vanadium implant materials: effects on surface prop-
erties, glycoprotein adsorption, and MG63 cell attachment.
Biomaterials 2004;25:3135-46.

Rupp F, Scheideler L, Olshanska N, de Wild M, Wieland M, Geis-
Gerstorfer J. Enhancing surface free energy and hydrophilicity
through chemical modification of microstructured titanium im-
plant surfaces. ] Biomed Mater Res A 2006;76:323-34.

Kim C, Kendall MR, Miller MA, Long CL, Larson PR,
Humphrey MB, Madden AS, Tas AC. Comparison of titanium
soaked in 5 M NaOH or 5 M KOH solutions. Mater Sci Eng C
Mater Biol Appl 2013;33:327-339.

Gotfredsen K, Wennerberg A, Johansson C, Skovgaard LT,
Hjerting-Hansen E. Anchorage of TiO»-blasted, HA-coated,
and machined implants: an experimental study with rabbits. J
Biomed Mater Res 1995;29:1223-31.

Wennerberg A, Albrektsson T, Andersson B, Krol JJ. A histo-
morphometric and removal torque study of screw-shaped titanium
implants with three different surface topographies. Clin Oral Implants
Res 1995;6:24-30.

Davies JE. Understanding peri-implant endosseous healing. J Dent
Educ 2003;67:932-49.

Brett PM, Harle J, Salih V, Mihoc R, Olsen I, Jones FH, Tonetti
M. Roughness response genes in osteoblasts. Bone 2004;35:124-
33.

Wennerberg A, Albrektsson T, Ulrich H, Krol JJ. An optical three-
dimensional technique for topographical descriptions of surgi-
cal implants. ] Biomed Eng 1992;14:412-8.

Kilpadi DV, Lemons JE. Surface energy characterization of
unalloyed titanium implants. J Biomed Mater Res 1994;28:1419-
25.

MacDonald DE, Deo N, Markovic B, Stranick M, Somasundaran
P. Adsorption and dissolution behavior of human plasma fibronectin

219



o EY % ZEZRAMES 830 olxlE g

ok
kKl

A - AFH - 25 FAE - SEE A7|M2|8 SLA EHO|

on thermally and chemically modified titanium dioxide particles. teosarcoma cell lines representative models of the osteoblastic
Biomaterials 2002;23:1269-79. phenotype? Bone 1994;15:585-91.

40. Rupp F, Scheideler L, Rehbein D, Axmann D, Geis-Gerstorfer 42. Lai HC, Zhuang LF, Liu X, Wieland M, Zhang ZY, Zhang
J. Roughness induced dynamic changes of wettability of acid etched ZY. The influence of surface energy on early adherent events of
titanium implant modifications. Biomaterials 2004;25:1429- osteoblast on titanium substrates. J Biomed Mater Res A
38. 2010;93:289-96.

41. Clover J, Gowen M. Are MG-63 and HOS TE85 human os-

220 Cetx| Bt AEks|x] 523 3%, 20149 78



ORIGINAL ARTICLE

od7|xgls T0i0| =0 EM Ol 202 IO| HIK L 05
,=7|K'|E.|9_!' SLA J-l-l_:lol S L _Ig =-L 'ITAM'"-"T"- | |-o0-|| UIXI._ c::!%l:
SGHE AT Pes RUES  HERS
ooy 149 ol kel AL 1 2, Ak ot 4 9] S ROY o) A 4 e,
AA e o o BAE 3, e ek oo o 2| 7h e 3t
2HN: 7129 SLA A S =2 AL S 7R = TH o 2 /) A st NaOHe 2 A 8l ub o] SLA T A 2 EA o o] oS nx&=x &
OF L, BRAAVIES] 24, 3 9 Bae] o]l QS vl A Foprna} AL HUT,

= I 2 Machined surface (] %), SLA surface (SLA ), SLA]] NaOH ) 2] g (SLA/NaOH )9 7t Al g A 28k 7144
SLANaOH -] ¥ 54 = 5 71et7] ¢l TAARXPS), £ A7), 9 A 57 5= ekt 2 o] M z
s E Sl M 2S4S 7P A 8 H7ketaL, WST assay € &kod Al S, Fractin 4= E8o] A £o] #2198 & dA3sth o] FALP
assay S &oto] Al 315 Hrkstdt 7 3t S 54 & 9ol ANOVA F 51| .S 53] THP<.05).
A1} SLA/NaOH 9] &7 559 + 113Gt B8 52 MG-63 A| 9| t8] Al L=A S 714 A eggbﬂr N HR T 7}01] Ai SLA/NaOH T
oA 744 e B2 P 2 19 31(P<05), Machined 73} SLA ol A = BH A A 7|7} =& SLAT A O & A BAY =2 gold 4= gl th
(P<05). Wl F TL7HA] BE ol A MG-63 Al 22| -4 0] At F7hstsieh e ol A 323k 7ol Al22] 4 olA fro & JP Aol 7 BL.gl AL,
SLA/NaOH Tl M 7P w2 A 254 & BT ALP 24 e T ol A = All 2 Abel ol ZFo] 7k LT SFA] iE 149 ofl = SLA/N2OH o] 2] 4 91
2 2 HP<05).

T2 &3te] NaOHE A 2] sh= 384 & &oll SLA & WA F o2/ Al 2o 728 34 9 2318 SN A S EHES] /%
{W%‘ T e 7he & Bl Sttt (W) $A] 2L H F €1 2 %] 2014;52:211-21)

o,

FQRE0]: SLA 31, FASHEE R 3154 MG-63 Al 3; Al Sl

*HRAAA: A F © 2014 Th 32| 3 o)
136-705 A]&A] G 5T kg 571 mefuf el eoreh ¢l X 2 B A 7} € o] 22 AgdllolE B 7= Fe]o} AZAEA-H| G| 3.0 HARI= o] 2ol whe}
02-920-5423: e-mail, koprosth@unitel.cakr o]-g-at4 4= U Th

* A ). 3]G H

626870 7 ' GFIA] Ea o] Pkl et A oSk B ot A R HSfwd
055-360-5130: e-mail, neoplasia96@hanmail.net

HuHsd: 20149 69 29/ YuH 53 Y: 20149 69 30 / L w4 ] L 20141
7€ 1Y

F AR B Aol BLe 71l E

b

i
ofr

Cehx| s AEke(x] 523 3%, 20144 78 221



