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Fig. 1. SEM images of 4 different titanium surfaces «eeeeemmereeemneees 3

Fig. 2. SEM images of MC3T3—E1 cells cultured for 24 hours on (a)
SA70, (b) SA150, (c) SA300, (d) SAmix titanium surfaces = 9

Fig. 3. MTT assay (cell proliferation) of MC3T3—E1 cells cultured

for 24—and 48—hours on 4 different titanium surfaces = 10

Fig. 4. mRNA expression of osteonectin, Runx2 and bone sialoprotein
in MC3T3—-E1 cells cultured for 24 hours on 4 different

titanium Surfaces .................................................................................. 11

Fig. 5. Mean expression levels relative to the GAPDH for osteonectin

and Runx?2 analyzed by scanning densitometry «eeeeeeeeeeees 12



ABSTRACT

Effect of titanium surface treatment
on pre—osteoblast response.

Lee, Jae—Hoon, D.D.S., M.S.D.
Advisor : Prof. Kang, Dong—Wan , D.D.S., M.S.D., Ph. D.
Department of Dentistry,

Graduate School of Chosun University

Surface roughness has been shown to be an important factor in the
successful osteointegration of titanium implants. At the implant—bone
interface, implant surface roughness modulates osteoblast response.

In this study, 4 kinds of titanium(Ti—6Al—4V) discs with different
surface treatments were examined. 1) SA70 ; sandblasted with 70 m Al
2Osparticles and acid—etched(with 38% HCL), 2) SA150 ; sandblasted
with 150 mm  AlsOsparticles and acid—etched, 3) SA300 ;
sandblasted with 300 m Al:Osparticles and acid—etched, 4)
SAmix ; sandblasted  with  mixed—sized  Al:Osparticles and
acid—etched(3 sizes of particles were mixed with the same
proportion). Mouse pre—osteoblasts(MC3T3-E1 cells) were
cultured on these titanium discs for 24 and 48 hours.

Cell morphology was analyzed by SEM(S—4300, Hitachi, Japan) and
cell proliferation was measured by MTT assay. mRNA expression of
osteonectin, Runx2 and bone sialoprotein(BSP) were analyzed by
RT—PCR technique.

Ra values were 0.68+0.02 mm (SA70), 1.04%£0.01 gm (SA150),

_iv_



1.7940.12 m(SA300) and 1.16+0.11 m (SAmix), respectively.

In SEM, pre—osteoblasts did spread well on all titanium surfaces. Morphology
of pre—osteobalsts differed on surface roughness. Pre—osteoblasts
cultured on SA70 were thin, flat and covered the surface. Pre—osteoblasts
cultured on SA150, SA300 and SAmix showed elongated shapes with
irregular extended processes.

In MTT assay, cell proliferation was increased in pre—osteoblasts
cultured on SA70 than SA150, SA300.

In RT—PCR analysis, mRNA expression of Osteonectin and Runx2
was Increased in pre—osteoblasts cultured on SA150, SA300 than
SA70. It was highest in pre—osteoblasts cultured on SA300. SAmix
was higher than SA70 and lower than SA150, SA300.

These results indicate that titanium surface roughness affects
pre—osteoblast morphology, proliferation and gene expression, and
that SA300 (Ra:1.79£0.12um) seems to be the most favorable
surface inducing increased expression of bone specific protein such
as osteonectin and RunxZ2. Further studies are needed to determine

the effect of sand—blasting with mixed—sized particles.
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m) x| w1110 okAa) ) ol AFRLE) g A (Alkaline  phosphatase, ALP) A%
1) type 1 collagen, osteocalcin, matrix gla protein(MGP), osteopontin,
bone sialoprotein(BSP)9} #+&  AE 7| A (ECM) ] AAH1H1920 - )51,
bone  morphogenic  proteins(BMPs), transforming growth  factor—B

(TGF-B)o} 2 Fadate] A4* Folw & vxe Ao I 3l
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A

M
=
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L. Elebg Al Az

Grade V Elebg &(Ti—-6A1-4V)2® A7 10 mm, 74 5 mm¢ E
B Y23 s Ao A2 g8 2719 ALOsYAE 3.2 bard ¥
719kl A3 BALZIAIE 10 cme] ARE Fa BAE 3 38 % HCIZ
2F H-2l(sand—blasted & acid—etched, SA)AAAM ZFWH AH7|7}F t& 4

A 2 WHEAL ERADNE AP F, FRe T Fagd B 2S
o NA3Pa, 135C2 1 27873 2%38191, A4 Azsle] nas)
3 AEAHO R ALEEF T

A (SA 70) : 70 m F719] AlLOsPARE AR & 2F 4] %23k o
A2 (SA 150) : 150 mm F712] AlLOsYAE EAFSH
A3 (SA 300) : 300 pm =719 AlLOsJAS BAFSH 5 A
A4 (SA mix) - Al 7FA A2719] ALOsYPAE 22 Hl&

F 2k 2 AL 7

g

o
=5

H A7

|\

Surfcorder SE 1700(Kosaka Lab., Tokyo, Japan)< ©]&3&}o] ElElH
Al #W 71E7](Ra #HE SASAT 2 1F 3719 AHE FAS =
Wol Al | 5314 W AHVE SAT 5, Hdd EFUAE Tl
=AM Hd AE7)(arithmetical average roughness, Ra)x= AA7] =
oANA 7IEdol HA HAA HAdemFEH Hous BE Frde =4
719l AXRG s BA AZVE ARESH. S, AT FAdA S0
BadowiE "ozl Ayt F4 Hat A7l et
3k, FAFAAAN 7 (S-4300, Hitachi, Japan) o2 E|Elg A]¥ 9
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3. A Bk

AF el dxZAME(pre—osteoblast)) MC3T3-El AMXFE 10 % FBS
(fetal bovine serum, Gibco, USA)¥ 100 units/ml €] penicillin, 100 pug/
ml 2] streptomycin®] &-F% 3L L—ascorbic acid’}b #A%¥ a—minimum
essential media(Gibco, USA)E ©o]&3}, 2 x 105 cells/ml& 37 C, 5
% CO2 wiF7]o A vl Fat3d ot

4 FARAEA Y B2

EJElE AlHo]l MC3T3-El AE 1.0 x 106 cells/nl& 24A1%F &<+ 37
C, 5 % CO2 Mig7lolA wist 5 ME F3 JelE FAsH7] flsko]
2.5 % paraformaldehyde—glutaraldehyde® 1 A]%F 313 3}3l, phosphate
buffer(4 C, pH 7.2)2 33] A3 A5 1 % osmium tetroxide 11731
o8 2A%F a1Aetal, FUS dFEHow 33 AHEY. ¢S v A
(50 %, 70 %, 90 %, 95 %, 100 %)l W} BFAZ ANEES
ZA171 the-, sputter coater(E—1030, Hitachi, Japan)S AF&3Fe] 20 mm

W =gt & FAREAAE W] (S—-4300, Hitachi, Japan)©o.® 10—20
kvell A #-#a} 3Tt

9

7

e

5. MTT 4 (2352 #4)

HlFE MEE trypsindt EDTAE o]&ste] vjgF&7]olA el 5, STI
(soybean trypsin inhibitor, Gibco BRL, USA)-&d& o]&3}o] trypsine
etk AlE A4S 48] 98] Promegarle] 4 AlF(CellTiter
96 Non-—radioactive Cell Proliferation Assay: Promega — #G4000)S
ol&stRom, 1 HAL vFI Zrh HEkg AlHel MC3T3-El AX
5000 cells/50 nlE 24713k, 48413 52k 37 C, 5 % CO2 wjF7]olA nj
etar, Zhzke] Al 15 ple dye&9H(3—[4,5—dimethylthiazol—2 —yl]
—2,5—diphenyl tetrazolium bromide)S FH7}stict. whb&AS 37 C, 5 %

CO2 HjSk7]o A 4A|zF B wjokdtar, 100 ule solubilization solution/



stop =& NS AHste] HFEANS 96—well plate® %7 ELISA reader(p
Quant, Bio—Tek Instrument, USA)= 570 mo|Aq 3 =5 S43FA

6. A THELS A WbE

(Reverse Transcription Polymerase Chain Reaction, RT—PCR)

1) total RNA #3g

et AT MC3T3-E1 Al 2 x 106cells/mlZ 37 C, 5 % CO2

Hj k7)ol A 24A13F wiFet & wiX| S A|ASFAL Trizol €9 (Gibco. Cat #

15596—018)% o]&3&}o] total RNAS ®@|aitt. Eletm AlHo| wjst
MC3T3—E1 A&el 1 mle] Trizol N& A3 T AXE &3)r]7]x
A

A
=
Lo A 587 WAL WAoo 0.2 mle chloroforms A g]dle] A&

oA 1587 WA F 4 ColA 12,000 x g& 1587 QA Egsta A
ZS 3|43 3 0.5 ml9 isopropanolS Ay sl Aeox 10827 S
A AT W3 34 Coll A 8%37F 12,000 x g2 94 Haldle] RNAS A
AZ1aL 1 mle] 75 % ethanol® RNA HAES AAHstal 7,500 x golA 5
2 dAEgsith AFds AAG F RNAE SHTol &k,
spectrophotometerE ©]-83fo] RNAS| &3 L5 FASIFT. 2 Ad
M % (A260/A280) 1.80]7¢2] RNAE o] &3}t

2) dAALE A WS (RT)

WA 5 pl9 total RNA (2 g RNA, 0.5 g Oligo(dT), nuclease—free
water)= wH| g $ 70 CollA] 5:E7F HbgA17]aL 4 Coll HASIGI). o 7]
o 15 ug®] RT Wk (5X reaction buffer : 4.0 ul , MgCl2 (% &%
5 mM): 4.8 pl , ANTP mix (% &%= 0.5 mM): 1.0 ul , Ribonuclease
inhibitor: 0.5 ul , GHAF &4 1.0 u)3¥ 5 pl 9] total RNAE =3}slal
25 CollA 53z REEAZTE W3S 42 TolA 1A% REEA]7] AL, 4
AlaasE 28438 A1717] el 72 TollA 1583F WAAIZ]aL 4 Coll Bt
a3iet.



FA4E cDNAE FFA7]7] flete] TFas A4 ves A8kt 20
ple] PCR HbgA& th&3 o] F£H|3QIth. Nuclease—free water: 9.8
nul, 10X PCR reaction buffer: 5 ul, MgCl.(¥Z X 2 mM): 1.6 ul,
ANTP (3= &% 0.2 mM) : 0.4 ul, Sense primer (10 pmol): 0.5 ul,
Anti—sense primer (10 pmol): 0.5 ul, Tagq DNA polymerase (5.0
units): 0.2 pl, RT reaction (cDNA): 2 nul. PCR ®¥Fr& 24L& 94 CoA
287 WAAZIL YA, 94 TCeollA 15%/ GAPDH®} Runx2+ 58 T,
osteonectin> 56C, BSPi& 49CelA 7Z}z} 20%/ 72CeA 30% H4S
30 cycles WH&AIA ¢cDNA & FHslar, 72 CollA] 587 whg3te] 4 Te
BHsE Y. PCR #A4L  Gene Amp PCR  system 9700(Applied
Biosystems)< ©]&3}3%t}. £2%% PCR AH&EL 1.8 % agarose gelolA
A7195S  AASEY, ethidium bromideZ @Aste] UV illuminator

(TFX—20, Valber Lourmat Co.)& o]-&3s}o] 3H¢latitt.

Mo
1

EN|

.S A

ZF o+ 7+ vlalE 98] ANOVA(analysis of variance) 2 Scheffe’
testE Al tH(p<0.05).

N



AR AR A77F ARSE FW ARY] @2 o ARG SA 700l 7t
F vk Raghs YERHA, SA 3000 7HF 2 Raghks uERdth SA
mixi < SA1507 Rt 9 gF 23S YEFTH(Table 1).

FAAAEr 3 Moﬂm el 2t AASE F AN FFE 1Y
s

EWTEE #2T 5 AUtk G

719} Zlol 5 71 st RE e 4 ddar, Al e g
Aol e AL AFE = AdA. FHAE FHAA Hol AL F A=
Eree BE oA #EER EdtH(Fig. 1)

Table 1. Surface roughness(Ra) (unit ;)

Surface Treatment Ra value(SD)
SA 70 : sandblasted with 70 (m particles & acid etched 0.68(0.02)
SA 150 : sandblasted with 150 i particles & acid etched 1.04(0.01)
SA 300 : sandblasted with 300 i particles & acid etched 1.79(0.12)
SA mix : sandblasted with mixed—sized particles & acid etched 1.16(0.11)
* Ra : the arithmetic mean value of the surface departures from the
mean plane(average height deviation).



sand kY 14, Tenen 1 00K SE(L)

C d

Fig. 1. SEM images of 4 different titanium surfaces. (a) SA 70, (b)
SA 150, (c) SA 300, (d) SA mix. (original magnification X
1,000; bar = 5 (m)

2. ZZAE F2 9 Fu (FAAAN A B2)

F Ao MC3T3-E1 AE 1.0 x 106 cells/ mlE 24x]7F <t
ksl FARAAARN o2 AlaEe] BAVYE B JEE dHEetHFig. 2).
Wyl AxEe] AZ FHAA EleHE 2WS 9 AUtk SA 707
A A Z2EAlEs gk HREE Egoldlon & HA U HEHE B9
S A9 Y e etk SA 150704 AT 2FAEE FeRE vle
Aol B 22 E7]50] Wo AU SA 70l A A
Hlel AlE7F AFEA AEZE A0 Yol EEy &
Aol g ZojEo Ut HHIATE SA 3007 AP ZIAELE 57
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ol ¥ AAl Wo] yrt silew Axe] Fo] ¢ Hopxa v LA A1FEA

o ok FEaA Ui, MEL Ae H Hold i Heky XU
Qi 9t BAel o To5ol AL SA mixEod AT ZIAEE Ta
Wg Jlm A 27050 Wel Ul S&Yel del Heky mwel & 93
st sl

sandB 1000 1-|. Armm x1 00k SE[LU ||

Fig. 2. SEM images of MC3T3—E1l cells cultured for 24 hours on (a)
SA 70, (b) SA 150, (¢) SA 300, (d) SA mix titanium
surfaces. (original magnification X 1,000 ; bar = 5 tm)

3. MTT #4] (HxF2 #4)

Z} Elelm A#Ho] MC3T3-El1 AEZS 2447k, 48A)7F E<¢F wjoksta
MTTEXHS o] &3te] AEF2]TE AHHUtHFig. 3). 2447t
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o

_9_



(-

Al
~

- o

Rom, SA 70w HlwES W SA 150w ¥ SA 30072 {9
Al #2990 (p<0.05), SA mixa*S SA 703 SA 15079 F3HA
2 Z289th SA 15073 SA 3007 7HlE o8k xlolrt 14 H XA
eFTHP>0.05).
48A1ZF vl SF Fo A= BE oA 24A%F vl SR A LS 0]
7hglon, 7ke] P SA mixwol A 7Y B2 AEZ2Ao] #HEE A
A L)etars 24412 w Y Fo] Az} vl EA SA 15073 SA 300l A
SA 70xtol HlE] AEZFTAo] FosiAl FAdeH(p<0.05), SA 30073
SA 150 ZFell= Fo gk Zfol]7F QI H A & *tH(p>0.05).

-

Lo
o

BEARdAke]l G778 7P 2 SA 70l A 7P B AR

2
o3

ol o,
(Y

2 i
OIN )

0.06 —

0.05 - -

B 2ahrs

48hrs
002 +—

*
& . *
001 —I — =
D il T T T

SATO SA130 SA300 SAmix

Fig. 3. MTT assay (cell proliferation) of MC3T3—E1l cells cultured
for 24 and 48 hours on 4 different titanium surfaces.
* t Significant difference compared with SA 70(P<0.05).

4. A THEL A e B4 S T3 A TE aE

| S

7+ Elebg Al#Hol MC3T3-E1 A¥Z 24A17F soF wieksta, JAA
Stah AHHrES =3 Runx?2, osteonectin, bone sialoprotein(BSP)2]
o
=

S BAEYTH(Fig. 4). GAPDH mRNA 2dS gixso=z A}
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4-3lod, GAPDH®} Runx2, osteonectin, bone sialoprotein 3Fe] “gt]&<l
9= (intensity) 2Fo] & B &2 B3} tH(Fig. 5).

osteonectin?} Runx2% 3EWH AZ7I7F AZFSF ¥ A #dHo] SA
300N A At ZZAEANA 7P =4 FEEAL 1 o= SA 150
T, SA mixt, SA 70 oA R WA LHEATE SA 70l M AT 2E
Azo|x waHE a3 vwgPS o], SA 30077 SA 15070lA A& =
A EZANAE GdstA A HAEHJAT(P<0.05). SA mixwrollA Ad x
FAEE SA 70wl A ZaAlEAA T FERET o A4 U
21t} bone sialoproteine SA 300olA AE FZTAFEA 7+ EA
AL AR, ] el AL H2d o R W EATh

70 150 300 mix

GAPDH

Osteonectin

RumxZ2

BSP

Fig. 4. mRNA expression of osteonectin, Runx2 and BSP(bone
sialoprotein) in MC3T3—E1l cells cultured for 24 hours on
4 different titanium surfaces. The mRNA were analyzed by
RT—-PCR technique.
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Osteonectin Runx2

140 60

120

ik X
*
*
100
4
80
% 30
80 %
20
40
20 _] 10 _]
0 : . . 0 A . i

SATO SA150 SA300 SAmix SATO SA150 SA300 SAmix

Fig. 5. Mean mRNA expression levels relative to the GAPDH for
osteonectin and Runx2 analyzed by scanning densitometry.
* Significant difference compared with SA 70(P<0.05).
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A3} ABFENA F FHE g Fasl, T G =2
AL7H Zad 99 @k F G2 2o ek Evel E2A
E7h @Al WS Bkl F we 24N ATEe] ABHel
915,6,22). PFHES] W SAo] e =BAEY sl U 2
A ATE ug tstel, TW 540 2TAL FH, Ju), 34, 23 5
of FIEH FFL AL Ao delA Adrkz—21)

MC3T3-E1 AXE o s B
<d o], Bty ®Hel gt 2FAlxe R F2 i 58 dF
sh7]ell AHg AlEdo] 5 HATE22).

B AR T2 3719 ALOsYAS BAE & 2k B2 A
g 470 o] ElebE 3ol AZRIAESQ MC3T3-E1 AXE wjdsta, &

o) Aolst 2BALY RA, B4, FAA WA FolM ofm

kD
BN
i
Y
e

¢

w5
o YERNEA] Solr i} ekt

ZF HEebg AlEEY 39 54 1W A7) #H(Ra value) SAH 2 FAR
v A Fa] A EQATE mechanical contact profilometer

(contact stylus instrument)®] Y&l  Surfcorder SE 1700(Kosaka
Lab., Tokyo, Japan)& ©l-&3stod W AA7E &A% 23, 0.68 ~ 1.79
me] Ragts EATE FARE ALOsYAe A717F Ad4E EHetg 39S
o Aoy on, FAAER A #FAME BAIIAE AdsE O A
FEE BES F AAT ggw A7) BARIARE @Sk EAReaL A
2 Ag)sk SA mixd 150 m 1719 ALO;YAES EAFSFL A F2
A2k SA 150wt gk o & 39 ARY] ks Btk
Wennerberg 523,24,25)2> =719 FIolA A3 ddo s=4dds
F3l, ¥ AZA7](height parameter: Ra %+ Sa)7} 1.0 ~ 1.5
S-ol AASHA Ak = wgo] AJe™ 2.0 m o]t &
= AdAeE AR ZHAA o]&FFo] FUtet] & WHEE A
3 ske], Ade W A7 MR 1.0 ~ 1.5 mE A 2 A

Ar83 ElElHE Al FollA 70 m A7) ALOsYAE EAlsta A

4o ox o
g
N
it
N
4z o Y L
2 O o

>
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A2)e SA 707L 0.68 + 0.02 me] FH AAIZ o] WMol m A
s ofxb & AR wwWollal, 150 m =719 ALOsAFE WARSHAL AF
A AgE SA 15072 1.04 £ 0.01 m, 300 m =719 ALOsYAE
/\}6‘}2 Ab 521 A2k SA 3007 1.79 + 0.12 me] FW AAYE e
W, AR A717F AdeS w1 AR g2 H AXE Fdel #EH
Atk Al 7EA 2719 dAks 2 HlER Eeete] Ak AF F4 A7
3 SA mixw 1.16 + 0.11 /me] EW AZYE, SA 15077 SA 300
o SAEY] Y AFVE BIAG Al THA 7)o BARIAE 22 v
&2 Zeete] A7) Hups & gk WEe xolal A2 iAke] HjE
& FoA EFste] EAbkE A9l W A-T] gelA oW Apelrt
TRl AR EE, M= T2 A719 dAE 9
sto] FAlel ZARshE W AR e A7) YAE SR SR EAbekE
1?:]4

dr o

o

5]
1°)
o
[-41:[
Iy

87 dvkar AlgETh Mustafa 512)2 A ®WHe] EERE
o EAR ke Z7IRE GEFE vA
3 (fracture toughness), Akl A&H o= 3l = Fo Q5% FF
nz g glom g oY WgEe i Adx uds =
&kl

Fd AR G2 47 29 EERs Al#e] MC3T3-El AlEE ujds
FARAA AR G o v e B A3, BRE dolA ARITAEE

f
I
oo
N
)
20 o
v
=2

111

Fiel 2 FAska vk W AR P w2 SA 70l A ghal
WG o] dxIALrE & HA Q9 BEbs EWE A9 dar Sl
o, W ARV SUHESE dxeAdie deE vtEARE B
gk 22 V)5S WX 9l SA 150 ETE SA 3004 E7]ES o
AA 2=l Ak AEIF AL SA 707 WE wW ARV E 2
o2 5= o HolAA Hebg U 91 e WAo] x3Y FolE]
ANem, AE A7|= SA 70l Hle] thE wolAM AETE T AR o
Fo] H AopAlal FHAA = Fol ARG o= HEbge xv A
717F AT AE7E FAske] A= ol Al FE st GFS v
ks A BoFe dgddxe st

_14_



B

T

=
[e)
yi

4

]

gj_‘_
Lalg

o

o
T
-

it

A o A
g, MC3T3-E1 Al

NME e AyES Hrk SA 15073 SA

-

=
RE

}_

S

/\E1 & Al A

ki3

1t} 3F3ltH29,30).

UEFA SA 7070 A E e A
AHE

1 SA 150+, SA 300°lAl&= SA 70+

fasd

o2 eyttt Martin 519)

=

=

=

=

47]
2

7%

Ha, hHow o 7

F(MG63)
Zko] 7k Wb Al @Skt SA mixt 24413 5o

-
X

}

0]
yal

2]
21)2

i

[¢)

Zrell

SA 707-HTE o

e

oM FE3 =A

=
[}

Kieswetter

o
=
3

ar
=
L
R
A

[e;

22!

ﬂ_mo

)
3

e

=
o

1, PGE.¢} TGF-B8¢ AL ¢

a9

£

N
)
A=

o}
H

i
N

s
) X_l

il

B

o

o
E

=
BR
o
=
)

el

—_—
fi%e)

2 (phenotype) 2] W&ol Aaslo] Jojupw]

B

(signaling) s}

o)
b
XV
=

)
el
)

jzel
0

M

o]-&-3ll A

A A} (transcription)

o] H-s}oll A
Runx2(Runt—related transcription factor 2)13)

hyA
s

. ZEA

#4Q)

s

37FA19] isoformo] QA=tl, A3l AF A

ol 4]

)
—_
fite)

=

0

X

,ﬂl

)

=

ool 2

2|

A

=24

SHAl =4
AA 7 A FdE T SA mixarol A Abgk

g

o

oA

-
Xt

_15_

-
X

A3% Runx29]

-

R

-

R

3

Kos
15073 SA 300+l A A& A Z A

3000l A Apeh A2z Al

o



HEITAEE SA 7074 Ak AxIAERTE E3AR, SA 150707
SA 300el A At AxaEAERTE WA T E A
= G4 HAAM ZTAEAA EHHo] =] F3t, AE-714 e BE
28 wgdd A Tl #HAgse de¥ A (glycoprotein)?l  osteonectin
oz TEHd=d, SA 300

aL, SA 15073

ol
W
o
t
g
[‘-81-‘4
i)
32

A FE& FEoR WHEAT SA mixwolAl A AZRIFA T
SA 70ell A A HEEAERTE E9kAITE, SA 15073 SA
At dzsAlznvhs A 2@ E A BSPe Ul oA 79 Wi
To= HdEd=d, SA 300wl ozt SmEiAl A wAEUT. ol=

ElebEel W AZVI7E A2SAE 2d9de] ¥l 8% 9= v

H

= AE BT 294y sk

BoAgol Az, SA 15073 SA 3007l Ae ARTAE7F Ad o
2 9 AR SA 707N A AxRTAEL vlE T FA P gE s
o] o A vegen 1.79 £+ 0.12me] W AAZE Bl SA 300
oA = A B aw ] wdo] b =4 JER

_16_



A2 g8 3719 ALOsYAE FAREE & 2F H2
of AxFAES MC3T3-El1 MEE vjsle] o] T A S
AZe] vhgo] nxE Qg3FS vl Bzl s E Ao A FALEAEN

B, MTT ¥4, 994 FFas Qa0 24 5 5o b ge 2

>,

_N‘_v‘

Ak

ot
A

n &
or

=]

BN
ox MH 2

25 Atk

1. Hetg AlHe THAAY(Ra)ZFS SA 70°] 0.68 + 0.02¢m, SA
1503-°] 1.04 £ 0.01zm, SA 300:°¢] 1.79 £ 0.12im, SA mixi-°]
1.16 £ 0.11mo) T}

2. FAFAARE 1 Ao A SA 702 HHT A EXE0] YA HA e

= 2

o AEe] R o] ¥ Helal, SA 1507, SA 3007, SA mixartoll A
= o] Wol e} Y MEZE 1A 0] H
o M FFHAl 1 FolEUTh

3. MTT EAoA 2447F Fo= SA 709 Hlgl SA 150, SA 300, SA
mixw ol A o)Al AlETA ] TAFJTHp<0.05). 48A1FF F
SA 70+l B3] SA 150+, SA 3000lAl F8HA AEZF20] 7AaE
A3, SA mixiolAE SA 707R Y 2F7F F71EFATHp<0.05).

ais

4. A THaLANIS BA oA osteonectin? Runx2+ SA 3000l A
gk AxFAEANA 7 A SEEA, 1 o2 SA 1507, SA
mixit, SA 70779 AR SA BFEHATHp<0.05). bone sialoprotein

7 RN
yl ol A 7o) Hj=3 o m E A

1o,
i
B
ul
o,
o
1o,
=5
g
Y
i)
N
_}l_‘
2
N
il
>
Hd

O
A
ey
o|N
i
Ho
>
D)

2,
o
ftlo
=)
k)
=3
=)
)
1
N
N
-
o|N
N
ok
-

fl
2
N
M
Y
Hd
o,
oN
1

s, A2 dEe Frkeke A
osteonectin, Runx2¢9} & I A wwzo] 7p3 HFHEA Hdd £
1.79 + 0.12 mo FW AA7] S ®2l SA 30070k vpdks =7]¢]



askele Abm sl

A

_18_



VI 2 =3

Zarb GA, Albrektsson T. Osseointegration—A requiem for the
periodontal ligament? Editorial Int J Periodont Restorative Dent
1991;11:88—-91.

Albrektsson T, Zarb G, Worthington P, Eriksson AR. The
long—term efficiency of currently used dental implants: A review
and proposed criteria of success. Int J Oral Maxillofac Implants
1986;1:11—25.

Kim YG, Hwang JW. Controversy in dental implant. Koonja Publ
2004. 4. Schwartz Z, Lohmann CH, Cochran DL, Sylvia VL, Dean
DD, Boyan BD. Bone regulating mechanism on implant surfaces.
Proceedings of the 3rd European Workshop on Periodontology,
Implant Dentistry 1999;41—54.

Cooper LF. A role for surface topography in creating and
maintaining bone at titanium endosseous implants. J Prosthet
Dent 2000;84:522—534.

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

Suzuki K, Aoki K, Ohya K. Effects of surface roughness of
titanium implants on bone remodeling activity of femur in rabbits.
Bone 1997;21:507—-514.

Hansson S, Norton M. The relation between surface roughness
and interfacial shear strength for bone anchored implants. A
mathematical model. J Biomech 1999;32:829—836.

. Zinger O, Zhao G, Schwartz Z, Simpson J, Wieland M, Landolt D,
Boyan B. Differential regulation of osteoblasts by substrate

microstructural features. Biomaterials 2005;26:1837—1847.

_19_



10.

11.

12.

13.

14.

15.

16.

17.

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

Buser D, Nydegger T, Hirt H, Cochran DL, Nolte LP. Removal
torque values of titanium implants in the maxilla of miniature
pigs. Int J Oral Maxillofac Implants 1998;13:611—619.

Mustafa K, Wennerberg A, Wroblewski J, Hultenby K, Lopez BS,
Arvidson K. Determining optimal surface roughness of TiO:
blasted titanium implant material for attachment, proliferation and
differentiation of cells derived from human mandibular alveolar
bone. Clin Oral Impl Res 2001;12:515—525.

Marinucci L, Balloni S, Becchetti E, Belcastro S, Guerra M,
Calvitti M, Lilli C, Calvi EM, Locci P. Effect of titanium surface
roughness on human osteoblast proliferation and gene expression
in vitro. Int J Oral Maxillofac Implants 2006;21:719—725.

Kim HJ, Kim SH, Kim MS, Lee EJ, Oh HG, Oh WM, Park SW,
Kim WJ, Lee GJ, Choi NG, Koh JT, Dinh DB, Hardin RR, Johnson
K, Sylvia VL, Schmitz JP, Dean DD. Varying Ti—6Al—4V surface
roughness induces different early morphologic and molecular
responses in MG63 osteoblast—like cells. J Biomed Mater Res
2005;74:366—373.

Lumbikanonda N, Sammons R. Bone cell attachment to the dental
implants of different surface characteristics. Int J Oral Maxillofac
Implants 2001;16:627—636.

Brugge PJ, Jansen JA. Initial interaction of rat bone marrow cells
with  non—coated and calcium  phosphate coated titanium
substrates. Biomaterals 2002;23:3269—3277.

Galli C, Guizzardi S, Passeri G, Martini D, Tinti A, Mauro G,

Macaluso GM. Comparison of human mandibular osteoblasts

_20_



18.

19.

20.

21.

22.

23.

24.

grown on two commercially available titanium implant surfaces. J
Periodontol 2005;76:364—372.

Guizzardi S, Galli C, Martini D, Belletti S, Tinti A, Raspanti M,
Taddei P, Ruggeri A, Scandroglio R. Different titanium surface
treatment influences human mandibular osteoblast response. J
Periodontol 2004;75:273—282.

Martin JY, Schwartz 7, Hummert TW, Schraub DM, Simpson J,
Lankford J, Dean DD, Cochran DL, Boyan BD. Effect of titanium
surface roughness on proliferation, differentiation, and protein
synthesis of human osteoblast—like cells (MG63). J Biomed
Mater Res 1995;29:389—401.

Isa ZM, Schneider GB, Zaharias R, Seabold D, Stanford CM.
Effect of fluoride—modified titanium surface on osteoblast
proliferation and gene expression. Int J Oral Maxillofac Implants
2006;21:203—211.

Kieswetter K, Schwartz Z, Hummert TW. Surface roughness
modulates the local production of growth factors and cytokines by
osteoblast—like MG—63 cells. J Biomed Master Res 1996;32;55—63.
Shi GS, Ren LF, Wang LZ, Lin HS, Wang SB, Tong YQ. H:0:
/HCl and heat—treated Ti—6Al—4V stimulates pre—osteoblast
proliferation and differentiation. Oral Surg Oral Med Oral Patho
Oral Radio Endod 2009;108;368—375.

Wennerberg A, Albrektsson T, Andersson B. Bone tissue
response to commercially pure titanium implants blasted with fine
and coarse particles of aluminum oxide. Int J Oral Maxillofac
Implants 1996:11:38—45.

Wennerberg A, Hallgren C, Johansson C, Danelli S. A
histomorphometric  evaluation of screw—shaped implants each
prepared with two surface roughnesses. Clin Oral Implants Res
1998;9:11—-19.

_21_



25.

26.

27.

28.

29.

30.

31.

32.

Wennerberg A, Albrektsson T. Suggested guidelines for the
topographic evaluation of implant surfaces. Int J Oral Maxillofac
Implants 2000;15:331—344.

Owen TA, Aronow M, Shalhoub V, Barone LM, Wilming L,
Tassinari MS, Kennedy MB, Pockwinse S, Lian JB, Stein GS.
Progressive development of the rat osteoblast phenotype in
vitro: reciprocal relations in expression of genes associated with
osteoblast proliferation and differentiation during formation of
the bone extracellular matrix. J of cellular physiology
1990;143:420—430.

Martin JY, Dean DD, Cochran DL, Simpson J, Boyan BD,
Schwartz 7. Proliferation, differentiation, and protein synthesis
of human osteoblast—like cells (MG63) cultured on previously
used titanium surfaces. Clin Oral Implants Res 1996;7:27—37.
Jayaraman M, Meyer U, Bithner M, Joos U, Wiesmann HP.
Influence of titanium surfaces on attachment of osteoblast—like
cells in vitro. Biomaterials 2004;25:625—631.

Lincks J, Boyan BD, Blanchard CR, Lohmann CH, Liu Y, Cochran
DL, Dean DD, Schwartz Z. Response of MG63 osteoblast—like
cells to titanium and titanium alloy 1s dependent on surface
roughness and composition. Biomaterials 1998;19:2219—2232.
Lossdorfer S, Schwartz 7, Wang L, Lohmann CH, Turner JD,
Wieland M, Cochran DL, Boyan BD. Microrough implant surface
topographies  increase  osteogenesis by reducing osteoclast
formation and activity. J Biomed Mater Res 2004;70:361—369.
Huang W, Yang S, Shao J, Li YP. Signaling and transcriptional
regulation in osteoblast commitment and differentiation. Front
Biosci 2007;12:3068—3092.

Ku CH, Pioletti DP, Browne M, Gregson PJ. Effect of different
Ti—6Al—-4V surface treatment on osteoblasts behaviour. Biomaterials
2002;23:1447—-1454.

_22_



MN&EZE 0l2 olsA

o = =
%0 KT Gl . .o o) N
= | 5 30 = OH 70 o __ o g o)
= ) ~ KT Ar = ol 83 1l o0
ol T % E K B no Ma e} 5 o
@ < | K il gy o 20w
> 3| = = ok 0 uo = Ar il 80
» A I | ] = 6] pdl
5] ® |3 O Ki o B ) = ==
R0 S = - oo R mo© —~ o
Sl | @ § i 2 W o %0 IR
Mmoo E € S o x KR 0 v
B R 5| B ] DR TR = = @
o | H o K < - n= i) 0 L
F | © | 2 o L B T - amw D x
i o Al 1o o n I .. ws) = __AO
3 || A KS oL WHw ™ &S wx o @
e ofl z S 2™ z ar Ol oF —~ s M s &R K o S\
o | r S5 o W . e X B 0o bRM RO i
o | Zls » log sl = 0 o g 2 o RERHO - m
S £k — < | < %) 5 .rao____nl_nr..&:ll m s 1 = or = i
Y87 BE S sy R 2 ilol
D = - [ —_ ok K o] = — —_— o A =
Wiw | Y 5 € B 20 IR R I R - s © =
o) Ar w IS © | _ U = R 0o & Wl oo ol &r wr o+ N
- _ X = 9 S B 2 o) 0ol 30 0l Kwz I} < 1 Fa) o -
o) o B g mi aRAR - GRy 252 2 = X
5 T & gl gw S REBOSWpSSDESH R K
ol 04 e m hn G n_u K5 ok a3 % ._u_.NI___. @ =) Mﬁ G = = K = II_
Rz | L D2 o g, s zo¥R =Z2m -
= =<3 T I oa o TRET 5 WagZ’ g
= 3| @D K0 oo O DU DR
w9 M| S o) 03 D% om ar %mom_ﬁ Epr_ﬁ_1_.w_ﬂo|_|
o\ m | K | o |m R4 gmmﬁm&wrmw_éaﬁm}
I H& E.o m a.oﬁ_ B0 = o oo . L ._”_.._.E ~ - S O g or
S o KM= of 8l i RE < 0 OF X i) 4r &
i . or o ¥ RN eEDOSRKRMB KR
= &0 < _.a_A_| = W e . o o < S < ~
i if3] ol
ol X0 _.A_v 3] i._




	Ⅰ. 서론 
	Ⅱ. 실험 재료 및 방법 
	Ⅲ. 실험결과 
	Ⅳ. 총괄 및 고안
	Ⅴ. 결론
	고문헌


