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Effect of titanium surface microgrooves and thermal oxidation on

in vitro osteoblast responses
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'Department of Biomaterials & Prosthodontics, Kyung Hee University Hospital at Gangdong, School of Dentistry, Kyung Hee University,
Seoul, Republic of Korea
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Purpose: We aimed to investigate the effect of combined various microgrooves and thermal oxidation on the titanium (Ti) and to evaluate various in vitro responses of human
periodontal ligament cells (PLCs). Materials and methods: Grade II titanium disks were fabricated. Microgrooves were applied on titanium discs to have 0/0 ym, 15/3.5 um,
30/10 um, and 60/10 um of respective width/depth by photolithography. Thermal oxidation was performed on the microgrooves of Ti substrata for 3 h at 700 °C in air. The exper-
iments were divided into 3 groups: control group (ST), thermal oxidation group (ST/TO), and combined microgrooves and thermal oxidation group (Gr15-TO, Gr30-TO, Gr60-
TO). Surface characterization was performed by field-emission scanning microscopy. Cell adhesion, osteoblastic differentiation, and mineralization were analyzed using the
bromodeoxyurdine (BrdU), Alkaline phosphatase (ALP) activity, and extracellular calcium deposition assays, respectively. Statistical analysis was performed using the one-
way analysis of variance and Pearson's bivariate correlation analysis (SPSS Version 17.0). Results: In general, the combined microgrooves and thermal oxidation group (Gr15-
TO, Gr30-TO, Gr60-TO) showed significantly higher levels compared with the control (ST) or thermal oxidation (ST-TO) groups in the BrdU expression, ALP activity, and
extracellular calcium deposition. Gr60-TO group induced highest levels of cell adhesion and osteoblastic differentiation. Conclusion: Within the limitation of this study, we
conclude that the Ti surface treatment using combined microgrooves and thermal oxidation is highly effective in inducing the cell adhesion andosteoblastic differentiation. The
propose surface is also expected to be effective in inducing rapid and strong osseointegration of Ti oral implants. (/ Korean Acad Prosthodont 2015,53:198-206)
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a1 2] B 31 7] 2 (surface modification) 3 S0 7HEE 1L it
53] JETE 39 A9F o ® A3 AR E 9 (roughed
surface)&- - A] 7] 7] 4w} 3% ¥ (machined surface) ] H] ko] &7}
Aog QA W dEHESTFZ S 45 F U] B
Atk AEHE| Al EH-E Fof 8= SLA (sand blasting with
large grit & acid-etched), Plasma spaying 72 ' of| A calcium
phosphate (Ca-P)e} 2-& 24 A & B A =2 295 &
Haje 28 WA QERE TR A 2ol o ¢ theke AP
S0l AA7HA] 2 e 3 9l o H ol e HlwA] Adsti
Zrerek ElebE A 2] WY 1 G 4ksH(thermal oxidation) 7} 271
Ak

Heba o 1 a2 Aok ek 118k 2 2Ea 917] ool
R} B} B8] 2- 5 om Be] AL WA AT
EERe] Holut A B A RS o2l g g

Ak} EleFE(TIO) oW 5|7} gkal Bkl ato] U EHEAH]
Al A 38 5 ATk o] M| B9 g ElEbE AbsheE A
Malr] te] Fakshy, ke, Zetzepitely, 27
sleba] W 5 bt 9l A W S e 3 ek
T @Atsl= EEhE 206 A o2 T8 Akl eks g4
sto] QAR D A XSS ST E RO R s n
AT AA 2, Eehg S o] 83 ASHE A 2T oA 24,
NLAE G UFe GA e FA o] o] Folx|m 2 o] gt T
o A7) v L= A uet Hebw ksl 9
H A Dt Al Eokt ElelE Abshee] oA S
A3 A3 GAksl Ae) Lo Yigh o] AFE] wa,
EJElE& 700°Col| A GAatst A2t Agto] thE XA
Ak} X2 gt Al Goll vl o 2 A H =t FX1E
ANE HonH Fo xR U FPHE SFES B
T}

nlo] A2 Theje] 1R H I} Fojd BHAS-2A 2 2}
AEZFAE %, 77T g4 Qlvhe Eles &
3 E 2] 4> 1.2} (photolithography)©] g ol %] 7] & (wet-etching
technique) 2 3/ H A - g A7) 9] wlo]| AR 1 FHE= QTR
AfrotA L] A 2S4S FEARItHe A A9yt B
Qo thoFel 2719 nlo] A8 9 A H vlo] A8 o] &
A gl whet ZobA o] w3te] A w7t depilo] EIE 9L
thrmlo] 20w T 1R H 7L P H ElebE BHS S0}
AEe] g I on,” Haksl A 2] <} SLA (sandblast-
edacidetched)Z E1Fe} nlo] 2 B3 FH O Foa| £ 2
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w ¥ Be ol xe] B89 F49 2 9GS /30
1% % 910w vlol Az st vhe 2}7ke] S4$ 4 B ¢
Z9E Eo] 2D 4Yd 24 4T 5 U A
Apgih

oA ATEN AR vho| AT H F7)5 A48} A
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2] X o] A LE YA g, vlo]| AR 278 -H ke B9t
HHAA FopA| 2135 £HAT]= HAQ ¢ vlo| A2 0T
Bo] 7)o g AT o] FoA|A] &gt  AFe] B
& theFet 2719 wpo] A2 7B e} AAbs) A 2|7t 53
By EHo] A 24 2 2 FobA T &3} n| X J S A}
Sto] 2|78 JZSHE FH A &oll 7P A3 xHAe 2
21 ke Aot

R
1. M2

D) A1 A2

0.14 mm 7] 9] grade-2 <=<~E] B} (commercially pure titanium,
¢p-Ti) T 2 Z(TSM-TECH Co,, Lid,, Ulsan, Korea) 2 silicon carbide (SiC)
E Ra < 0.1 me] FH ARV S 25 7| A A 02 Anfet
(smooth titanium, ST), o] - E]E}F WS E E2] 218k (pho-
tolithography; MEMSware Inc.,Yangju, Gyeonggi, Korea) S ©]-8-5}<]
nlo] AR 3T B S FAlTh 7144 & Avtd HEbs Al
H o] ol UV-sensitive polymer (photo-resist, DTFR, Dongjin,
Seoul, Korea)Z EAIZth W Bl AT 9] who]=
2IFH9 Hofo] FAH Photo-maskE 93] A|7]3L o] & UV
gl 1=ZA| A, Photo-mask & 5-2}3F UV o] &J3)] E]E}E Al H
o] FHof| wlo] A2 1 FH O] Rfo] P =5 s3It E|E
Al 9] vlo] AR O FH T ek Z/zlo] Zk7} 000 ym, 1535 ym,
30/10 um 2 60/10 um =2 Z+2} A = ITKST, Grl5, Gr30, Gro0,
Fig 1) 1787} Fof o upe} 4 H ridge®] 27 = 242he] 1

Fig. 1. Field emission scanning electron microscopic images of (A) ST (X 500),
(B) Gr15 (x200), (C) Gr30 (x 200) and (D) Gr60 ( x 200).
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FHo A7)9 Tttt 2 E Heg Al HE &all Y
(2.38% tetramethyl-ammonium hydroxide, TMAH, Dongjin, Seoul,
Korea)ol] @7} UV 3ol =&d H-9 0t S5 A| A vfo] 22 15
H 2 S &7FsF3 L, photo-resist B 2 83 A (OFH E, o] &
228 $a)0 2 At sl AR 1R F4E §
BHE Al S 700Coll 3AI3E B3t B 7] Foll :mEste] dakstEs
Al &3 THST-TO, Grl5-TO, Gr30-TO, Gr60-TO). £H|H =&
el AlH S A8 AR H el 253 71 A o 3027F33] A4
ot SRl 33] AIA e 5, 2ol A 19 A2AIR F A

w2A

2. U

1) A} 248 v 74 (scanning electron microscopy, SEM) #+2-
Field emission scanning electron microscopy (S-800 FE-SEM®;
HITACHI, Tokyo, Japan) & £} H-& #2a}9)th

2) Al 3Eu &

WA R FQ S A LR H ATFH] 9] 2T 2 H-E
Boyzl AZFLAAE, = Q17X 791 i Al Z (human periodontal
ligament cells)E ¥ Fat ATt Aol AR A7) 2242
7573 3] "8 ¢ IRB (Institutional Review Board)?] <5-¢1-& fof A
Aol ek o] § QT BAH ATH S ZA] 10% fetal bovine
serum (FBS; Sigma-Aldrich, St. Louis, MO, USA)3} 1% antibiotic/antimy-
cotic solution (Invitrogen, Carlsbad, CA, USA)S- 3-8 DMEM HJj ]
(Dulbecco s modified Eagle's medium, WelGene, Daegu, Korea)e]
A 37°C, 5% CO: 3}ol] E&s}ith &x]9 Agtx] o] 2|2 135
A2 XY AFH X Fth 222 1.1 units/ml dispose (Invitrogen,
Carlsbad, CA, USA)$} 264 units/ml collagenase (Invitrogen Invitrogen,
Carlsbad, CA, USA)el| A 37C, 5% CO: }el] 14| 7F 52k 2 2] = 9
o} Sl E 222 10% fetal bovine serum (Sigma-Aldrich)2} 1%
antibiotic/antimycotic solution (Invitrogen)<- ¢H3-3+ DMEM HJj %]
(WelGene)el| ] 37C, 5% CO» stof] vl =] Atk vl e 3-5 7]
A 327} 2 ATl AR AT

3) Bromdeoxyuridine 4| £ 2+ A &

uheg 2 A g u FE Al o] A el A F 10 mme] BlE
F O23s5 Ag&E A2 A &sle] ST, ST/TO, Grl5-TO,
Gr30-TO, Gr60-TOS] 571A] t 2 2 AT 0 =2 o] Fo{ 7] 96-
well EJBHE Al & 0] A 2= e} QIZHA] QI th Al = 96-well
EJEHE F & vletol] 3x 10 cellml 2 & 2 A 2w 0], 37°C, 5% CO:
o] &%= stel] 16417t F<F 1l o] B] ol A uf =] ATt 1 ml
2] bromodeoxyurdine (BrdU) 3£2] A] 2H1000 X conc., Q1AFF3=-8-
9 (phosphate buffered solution; Gibco BRL, Grand Island, NY, USA)e]|
34 = 10nM 5-bromo-2-deoxyuridine, pH 7 4; Roche Diagnostics GmbH,
Mannheim, Germany]-S- 2} wellel] % 718} 1, A £E-2- 37°C ol A
A3 F 1t Al e AT o] 8 gk 4] 7|31 E<F pyrimidine
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A}A|9] BrdU 22 4| £ DNA®] Thymidine ]3] & o 4] 5] o]
E017H "ok viA & A A G F &A1 7} BrdUE A1 & 5 9)
=% 200 ml€] FixDenat (Roche Diagnostics GmbH)E 3 7}5}<]
308 7F A Lo A EZE 13 A7) 1 DNAZS HA A 71T}
FixdenatZ A A g+ 3 3}-BrdU-POD (peroxidasee]] 2 2} monoclonal
antibody; Roche Diagnostics GmbH) -2 -S- 7} welln}t} A 7}5) a1
90+ 3+ Aol Hastqitt. o] Al F<t BrdUol| 23t 3
BrdU-POD7} A 5] $H4%¥ A1 3 DNA<] = o] Soi7ka
A7) FaI1AN ] SJgle] o e B} 717517
Hrh ZE 7] W 4HE 52 96-well plateo]] $79 %], microreader
(ELISA analyzer; Bio-Rad, Hercules, CA, USA)E- ©]-8-3}¢4 370 nm
ol| A 71 &3 (optical density, OD)7} =% =] 21 t}.

4) Gz el A g4 A

AR FRAUA Z ] 2852 sty Y3, ¢zl
ANAE7bE -2l B 4x(alkaline phosphatase, ALP) 29 2225 57 5}
ATh A EZ 4X 10 cell/mle] L= 2 24-well EJEFg F 5ol $1%]
A7) 3L 2% &< vl & 5, = 24 v} %] [osteogenic media; DMEM Hj
] (Dulbecco s modified Eagle's medium, WelGene, Daegu, Korea), 10%
FBS (Sigma-Aldrich), 50 ug/ml a-ascorbic acid (Sigma-Aldrich), 10 mM
B-glycerophosphate (Sigma-Aldrich), 100 mM dexametasone (Sigma-Aldrich)]
oA 37C, 5% COE Al otd 73 14 7 A 5 A uf a1l
ok Al = A4kehE-8-9(Gibeo BRL)E A 2 5ta, EY
Al-EDTA & © 2 223} 2.1, 0.1% Triton X-100 buffer = -8-3
Al71aL, D& SrellA] 253k 2 2] sksith ALP &4 sthol| A p-
nitrophenol A A & 32| &3 = microplate reader (ELISA ana-
Iyzer; Bio-Rad, Hetcules, CA, USA)Z 405 nmol| /] 241 5|91t} 24
2|55 ¥ p-nitrophenol S AFg-31o] B] w3} a1, ZF Al o] A
ElEbs TR N e AE 5 Aol 2 s 99 % vl
< Aa10] LRI

o] gAY

QN 7HX) FQI A EE 4 X 10° cellmle] ' & 2 24-well E] E}E T
o AT Bl AAA7 2 Bttt 1
A EZS ZFSAU A o)A 37°C, 5% COS F-x] 5] 21 7Hujj ok
stk vl E Al 2 QA S8 (Gibco BRL)E A2 = 9]
T}, Calcium Liquicolor (Stanbio Laboratory, Boerne, TX, USA)E- A}-&-
slo] AJH ol 2 2he A i 9] Zhg(extracellular calcium depo-
sition) 9= =% 313 t}. Microplate reader (Bio-Rad, Hercules)=
o] &-3te] 650 nmef| A F-F =7t 57 = et

Gro0-TO <= Abe] 9] it gh< wlashr] flsted U 8/lwity:
2 (one-way ANOVAYS AH8-5191 T}, BrdU 413, ALP 24 413 7}

Cetx| 2 Heks|x] 63H 3%, 2016 78
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FBAAE B SA5he] ol & FRUA BH S NP3
S} 2E B B4 o2 SPSS (170) AL E o] 2 13do] A}
85

FARAbE0|E &

Gate} 2] d gpefdt vle] AR 2R H A7)0 i 11 A
g 8}7E ks 9 ThFig. 1). 221 ST H]5ke] SETO
ol A Elebw A AHgrain)o] 2| ~8b7E 21 E 3l om, A4}
o] A7) A - mE G E 5o B A ThFig 2). ©]
= gatste] o g vhie ©he] 9 o] A AlAehE A
S 2, o3 Ui A o] QIZFAIFITh Al o] 4 22t Zo}
AlEZE] dFS RS < A

Fig. 2. Field emission scanning electron microscopic images of the smooth tita-
nium (ST) and thermally oxidized ST (ST-TO) groups at various magnifications.
(A) ST (X 1,000), (B) ST ( X 50,000), (C) ST-TO (X 1,000) , (D) ST-TO ( X 50,000).
Note that polished texture at nano- to submicro-scale widths appear in (A) and (B).

2. MEZE5}

1) Bromdeoxyuridine *ﬂ.:ﬁ_ 22

ZF Aol 1641 2F AFA F=A Al 25 v F3F BrdU
(Bromdeoxyuridine) assayE Bl XA A =8 ERlsATh =
FE HolHE Céﬁ?lli"&li‘}ﬂ' A7}, Grl5-TO 3 Gr60-TO
T Atolell = 194 e ARl 7} 1A THP>.001). B8 GrlS-TO
9} Gr60-TO <2 ST, ST/TO, Gr30-TO “5-°f] H]5ke] 9] 517 57}
SEATHP<001). EAtsl A2l & Al et e AdaEs 9A ST
o H|ste] o] eHA|l F7FaFATHP<.001) (Table 1, Fig. 3).

o

=

¢

) dHe)d kel aa 2 A9

7% 2}e] ] Gr30-TOS} Gr60-TO & ST, ST/TO 2 Grl5-TO
5ol Bl el sk S7kskel 2w, STTOS} GrlS-TO - i &
Q1 ST Bl 8o fro] S 57FsH S THP<001). 142 4} 2 3]
A GO0TO o] 71 2 dke) g Jb7heal 4 24
= Bom txad RE AL S HEl frol kA =5k

0.5 1 o wxn

1

ST/TO Gr15/TO  Gr30/TO  Gr60/TO

o
B
L

oD [370 nm]
Bromodeoxyuridine assay
o o
»n w

o
-

Fig. 3. Comparison result of the cell adhesion of human periodontal ligament cells
on ST, ST-TO, Gr15-TO, Gr30-TO and Gr60-TO titanium substrata after 16 h of
culture using bromodeoxyuridine assay. One-way ANOVA (n=4).

***: significant difference (P<.001).

Table 1. Comparison of the cell adhesion of human periodontal ligament cells on titanium substrata with various surface topographies and chemistry after 16 h of culture

by bromodeoxyuridine assay (optical density)

Titanium substrata with various surface topographies and chemistry

ST ST-TO Grl5-TO Gr30-TO Gr60-TO Sig."
n=4 n=4 n=4 n=4 n=4
16h 0.356 4 0.005 0.376 + 0.008 0.419 £ 0.009 0.389 4 0.005 0.410 + 0.010 <0.001
T a b b c

1) Statistical significances were tested by one-way analysis of variance among groups.

2) The same letters indicate non-significant difference between groups based on Tukey's multiple comparison tests.

CHehx| s AEks(x] 53H 3%, 20161 78
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THP<001). 142 2} A Gr15-TO, Gr30-TO, Gr60-TO & ST &
ST/TO 3} ¥] 2 A] 2] 3[A| 57 Fo} 33 THP<001) (Table 2, Fig. 4)

% extracellular calcium deposition assay 2 712 v} EF O 2 2 @ 91 &
AR S AT Gre0-TOS] % 7 53 (optical density vale,
ODy} w2t BE A sof Hsted 7P 2 sA S B
Aom FAA 0.2 Fol sk & THP<001). GrlSTOSH Gi30-TO
T ST % ST/TO w3} vl Al frofofA| S7Fskel i, e 4
e‘@ ez ry Blarsto] Al x2e] 243 2 Ayt #2 6t
42] 7} b)) o3 Al Z 7183 tHP<.001) (Table 3, Fig. 5).

R

-

18 - mST Hekk
dededk
= 1 | M.
16 | =sTmO fiie . :
= Gr15/TO " I B
] = 4 - !
141 wemomo

Gré0/TO

(MM/mg protein)

Alkaline phosphatase activity
OD [650 nm]
Calcium concentration (pg/well)

35 =

5 ] h:

25

2 4

15 1

1

05 -

0 - . . ;

7 days 14 days ST ST/ITO Gr15/TO  Gr30/TO  Gr60/TO

Fig. 4. Comparison result of the alkaline phosphatase activity of human periodontal Fig. 5. Comparison result of the osteoblast differentiation of human periodontal

ligament cells on ST, ST-TO, Gr15-TO, Gr30-TO and Gr60-TO titanium substrata
after 7 and 14 days of osteogenic culture. One-way ANOVA (n=4).
**%: significant difference (P<.001).

ligament cells on ST, ST-TO, Gr15-TO, Gr30-TO and Gr60-TO titanium substrata
after 24 days of osteogenic culture using extracellular calcium deposition assay.
One-way ANOVA (n=4).

**%: significant difference (P<.001).

Table 2. Comparison of the alkaline phosphatase activity of human periodontal ligament cells on titanium substrata with various surface topographies and chemistry after
7 and 14 days osteogenic culture (¢4M/mg protein)
Titanium substrata with various surface topographies and chemistry

ST ST/TO Grl5-TO Gr30-TO Gr60-TO Sig.
n=4 n=4 n=4 n=4 n=4
7 days 0.261 + 0.006 0.337 £ 0.042 0.342 + 0.018 0.493 £ 0.071 0.503 £ 0.027 <0.001
™ a b b c c
14 days 0.878 £ 0.073 1.033 £ 0.010 1.107 £ 0.044 1.264 £ 0.034 1417 £ 0.145 <0.001
™ a ab b,c cd d

1) Statistical significances were tested by one-way analysis of variance among groups.
2) The same letters indicate non-significant difference between groups based on Tukey's multiple comparison tests.

Table 3. Comparison of the extracellular calcium deposition of human periodontal ligament cells on titanium substrata with various surface topographies and chemistry
after 24 days of osteogenic culture by quantifying the calcium concentration per 24-well (#g/well)
Titanium substrata with various surface topographies and chemistry

ST ST/TO Grl5-TO Gr30-TO Gr60-TO Sig."
n=4 n=4 n=4 n=4 n=4
24 days 2365 +0.127 2.881 +0.133 3273 +0.168 3.375 £ 0.170 3.842 + 0.105 <0.001
™ a b c c d

1) Statistical significances were tested by one-way analysis of variance among groups.
2) The same letters indicate non-significant difference between groups based on Tukey's multiple comparison tests.

202 CHEHR| ot Hets|x| 53 3%, 20164 72
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k|

AZIR| FRAH A ZZE 16 A1 ZF 1 <F 5 BrdU A & 2 #4(BrdU 16 Bromdeoxyuridine A X7 2F A1 & & A A &2 M L5249
h), QA FRANAHEE 7, 144 S vl &k = Gzl Qlak HE 2 golsly] 93t v ot Al T2 A ]01] DNA&H o]
e et o A ﬁJ}(ALP7days,ALP14days) AT F 851, DNAZH & Al L2 Sphaseoﬂ/\1 Joj A €t o]
QIUNAIEE 24 =24 | T A2 Zg H2 A9 23 rq1 DNAH/\J o Z Q 3} ThymidineS th4l&te] BrdU (bromod-

(Ca24days) 5 47H 2] AP AES

4.2 Al 1A, 2zt mE

days, ALP 14 days, Ca 24 days)+= A} & 7tol] £-2] 3¢

A8 THP<.01) (Table 4, Fig. 6).

Apggte] o) AR
A 5~BrdU 16h, ALP 7
oA E

coxyurdine) A}8-5}e] A EEAS A7 F, ELISAZ: AL4-H
BrUS 573 3to] Al Z] 47 7122 71k 2 Ao 4
= 164121 A W) % 5 BrdU 57 & A] 2 3ho] | EE] viabily
HEg Flsto] 4 g0 EHY AAA TS BRI B
Qo] Ash, thxel vle) A3k AP E B LE A
T 5 BU RGN 7914 9 Z742 LR ATk Tble 1),
webd] QAL Féle] Eleky EHel A A e PPH9

Table 4. Pearson correlation coefficients between the results of the bromodeoxyuridine a, o]o) whet M EAAA B A XS] A STERSE AL S
assay, alkaline phosphatase activity and extracellular calcium deposition of G238k & 9k e iRl e A EA 2 A 29
L — AU R AT B 5% s o
ALP7 days 0555+ = = ERs}e] 7)oz Prid? B Ao el Qi
y! - _
ALP 14 days 0.713%* 0.915%* Bl gih 9 Alxe 2432 A9 24392 A iw dakst
Ca 24 days 0.844%* 0.880%* 0.941% Agd e %@%#01]/‘1 ) 279l &kl ST} B wéte]
** Correlation is significant at the 0.01 level (2-tailed). AT BF -9 814 Z7}8FS tHTable 2, Table 3). ©] = E] B}
N0 5 5019] 9081 Ael ) B ERAS) B35 2L 5
A B C
0.6 - 16 1 ° 4.2 A
L]
.t. ° . i " 0®
g\ e o g“ 00 © ° % o® °
) © b4 °
© s o o ° = ° o °
~ 041 , % h 1.1 4 o® ° ?\’]3'1- s ®
5 ° % o & ** © .
< ™ - O :
= P < b >
0.2 T 1 0.6 T 1 2 L] L]
0.34 0.39 0.44 0.34 0.39 0.44 0.34 0.39 044
BrdU 16 h BrdU 16 h BrdU 16 h
D E F
16 - 42 - 4.2 1
° o o ° °
(2] g ° g °
) ° ® ° °® ® ° o®
© n. o ° o - . © 31 4 ... ..
¥ 14 (%4 §3.1- L e° a . , @
° O @
4 ¢° O 5 O .
<C ° 1 °®
] L]
06 T ) 2 - , 2 r \
0.2 04 06 0.2 04 06 0.6 11 1.6
ALP 7 days ALP 7 days ALP 14 days

CHEHA| 2

Fig. 6. Scatter-plot results from the Pearson's correlation analysis. Significant correlations were present for (A), (B), (C), (D), (E) and (F) (P<.01) (n =20).
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ojo|32IRE ¥ Hitst 23t ElEtE EHY

SOM|EZ5 EXIE T

23S Vepith Bl 4] 3
A7 dakel o= 24 qiro] 94 ?i 201 2= et E
Ehg EH ] 700C 2 500T oA 242 AAtstE Al 6kl s
700C Q48 A2l re] AEH o] Z7hE Lk 00C it
3} A2 A] Helbg EH A Zob 23kt 53 4ol _7}9
A7 EaEAThIsE AR A= T700Ce] 4 g 2=
A& &3 ikt A2l @ Blebs 9ol Al X &3t :‘%%E}E
Z7MATke e A7 ET 4 8Rcka B 4 o

B Aol A AFE-E Z/Z10] 7F153.5 um, 30/10 um 2 60/10 ym <1
nfo] AR 1FHEL o] 5 2 60/10 um vfo] AR 1FH FH T
o] 7} w8 -5 2] Fola| EA] <3 (osteoblast maturation) = =
e B ol =] AT ES VT E AR HATH
B Aol A, mlo| AR 1 FH/G 4} ERk 31 AE TS
Grl15-TO, Gro0-TOw-0| t 2+ 58 STTOw 2} B wate] 2] 3t
AER 2 Z71E Freshg] ol (Table 1), 2] Qa7
S En, A2 ZE3H Y oM e vte| AR 1FH/IA
o} BH BAS 2 WE A9 75| STY STTOZ 1) wal
of gk Zop EE3}t F7HE F=5kSA th(Table 2, Table 3).
Uk o] 271 Ejehy Evlo) P

Tk A 2] E e ehgol] Hlall Al 23 2 SotAl

23, 398 5 A BEA GFF ALY FE
$402 340 ool ol 2210 HR 2
812 Fal Wehet Z7HAI 0 RA, BUBE, A TP,
SO ZE3 F A 2 S A |A] ZE E
717 7 Aoheh 3SRk 531, GEOTO A g 2o )2
g} AT gl vlal) AEH, Bop ER3), 2HE 5 BE
AN g B £ S el e 2 A 8
A A g B ok ol Ak} R 60 am 27} 10 um 2
olo] mlo]| AR I FH EH AJAto] xﬂg% 13} =34 kAt
7P ERAQ HEbs 23U S =S AAks, Elebgel
6010 E3} 10um 210] o] lo] AR IR HE o] g A A
29 Fop EEehE TP oW APEN} A Ageke
Aok

Sol A RN S Fole] Bl 23, del 4 Q4
T B4 B A XS] A3 AR EY BE AHE It
Y E QEWAaﬂzﬁﬂﬂ%~ﬂQ-ﬂﬁﬂﬂmng
6).5
o

F

£-3], Brdu 16 h¥} Ca 24 days 7+2] =2 33771 &2l =91
o, o] EEw £ Al X2 o Vﬂ EshEgst
Joll WA et BAZY 2ATE on| gt &, A2 2]
ok o] g A 232 Fr sk, o] & ZobM| 2 E Y
Z33HA a3 S n| At Ho] B o A o A
et Zlojth B AFE Sall EA4kst 2 nlo| A2 aFE &
3 EH o :‘%O}*ﬂiﬂb 71 ) ER1E o, B S
AR HAo] Gitsl & 9 nlo] AR T H A7) A
T ehe AHE A7 B stk T3k Al o A o] %

A% 58 2d< o83 % L 484 Y71 Bkl o

>~
o

}

SE

=

£ Ao A 700C Fatst Al 2 nlo] A2 17 H 53} E
Bl EH A2 B 294 3 so] T EHAT &
&, 60 um 23} 10 ym 2l o] 9] vlo] AR 7o) GAks} A 2] g
B3 Elely BHo] /1 R o7 A xH A 28 S =
AN AR © o) 33 A o & thekel A A
715 7 & T GAks B, B ThaFek 7] 9] v njo]
A23F8 ¥W 9 nlo]| A2 378G Ak} B3l o] 4] <]
WE Fote] nfo] AR FH o} HAbs} FukA 2] <] *owl
kS e S N u I S, 7 29 A2 S
Eis AMX] Eﬂroﬂ 3t 71201 13 wat I g 5lelet 4%
I AT oo = Eekal, & AFtellA
ek nlo| A2 27 H 7] 9} b8} Al e 2312 v}
19&2—‘?& Atsl 5ok 19 ElebE YETRE R 712
gt ol 7198 4= 915 Aol

ORCID

Richard Leesungbok http://orcid.org/0000-0002-8381-723X
Su-Jin Ahn http:/forcid.org/0000-0003-2128-1561
Suk Won Lee http:/orcid.org/0000-0003-2726-3567

References

1. Albrektsson T, Wennerberg A. Oral implant surfaces: Part 1--re-
view focusing on topographic and chemical properties of different
surfaces and in vivo responses to them. Int J Prosthodont 2004;
17:536-43.

2. Long M, Rack HJ. Titanium alloys in total joint replacement--
a materials science perspective. Biomaterials 1998;19:1621-
39.

3. Jansen JA, van de Waerden JP, Wolke JG, de Groot K. Histologic
evaluation of the osseous adaptation to titanium and hydroxya-
patite-coated titanium implants. J Biomed Mater Res 1991;25:973-
89.

4. Gaviria L, Salcido JP, Guda T, Ong JL. Current trends in dental
implants. J Korean Assoc Oral Maxillofac Surg 2014;40:50-60.

5. Wong M, Eulenberger J, Schenk R, Hunziker E. Effect of surface
topology on the osseointegration of implant materials in trabecular
bone. J Biomed Mater Res 1995;29:1567-75.

6. Junker R, Dimakis A, Thoneick M, Jansen JA. Effects of implant
surface coatings and composition on bone integration: a systematic
review. Clin Oral Implants Res 2009;20:185-206.

7. Balasundaram G, Yao C, Webster TJ. TiO. nanotubes func-
tionalized with regions of bone morphogenetic protein-2 increases
osteoblast adhesion. ] Biomed Mater Res A 2008;84:447-53.

8. Buch F, Albrektsson T, Herbst E. Direct current influence on bone
formation in titanium implants. Biomaterials 1984;5:341-6.

9. Eisenbarth E, Velten D, Schenk-Meuser K, Linez P, Bichl V,
Duschner H, Breme J, Hildebrand H. Interactions between

Cetx| 2 Heks|x] 63H 3%, 2016 78



MZZ - Ol - o147 - 844 - O] - ol

e

rdo

ofo|32a2E 5! @Met =2 E|EHs EHO| ZOMERSt SRlET

cells and titanium surfaces. Biomol Eng 2002;19:243-9.

10. Kataoka Y, Tamaki Y, Miyazaki T. Synergistic responses of su-
perficial chemistry and micro topography of titanium created by
wire-type electric discharge machining. Biomed Mater Eng
2011;21:113-21.

11. Feng B, Chen JY, Qi SK, He L, Zhao JZ, Zhang XD. Characteri-
zation of surface oxide films on titanium and bioactivity. J
Mater Sci 2002;13:457-64.

12. Raikar GN, Gregory JC, Ong JL, Lucas LC, Lemons JE,
Kawahara D, Nakamura M. Surface characterization of titanium
implants. J Vac Sci Technol 1995;13:2633-7.

13. Boyan BD, Hummert TW, Dean DD, Schwartz Z. Role of ma-
terial surfaces in regulating bone and cartilage cell response.
Biomaterials 1996;17:137-46.

14. Garcla-Alonso MC, Saldafia L, Vallés G, Gonzalez-Carrasco JL,
Gonzalez-Cabrero J, Martinez ME, Gil-Garay E, Munuera L. In
vitro corrosion behaviour and osteoblast response of thermally
oxidised Ti6Al4V alloy. Biomaterials 2003;24:19-26.

15. Saldafia L, Vilaboa N, Vallés G, Gonzalez-Cabrero J, Munuera
L. Osteoblast response to thermally oxidized Ti6Al4V alloy. J
Biomed Mater Res A 2005;73:97-107.

16. den Braber ET, de Ruijter JE, Smits HT, Ginsel LA, von Recum
AF, Jansen JA. Quantitative analysis of cell proliferation and ori-
entation on substrata with uniform parallel surface micro-
grooves. Biomaterials 1996;17:1093-9.

17. Lee SW, Kim SY, Rhyu IC, Chung WY, Leesungbok R, Lee KW.
Influence of microgroove dimension on cell behavior of human
gingival fibroblasts cultured on titanium substrata. Clin Oral Implants
Res 2009;20:56-66.

18. Zhao G, Zinger O, Schwartz Z, Wieland M, Landolt D, Boyan
BD. Osteoblast-like cells are sensitive to submicron-scale surface
structure. Clin Oral Implants Res 2006;17:258-64.

19. Zhao L, Mei S, Chu PK, Zhang Y, Wu Z. The influence of

CHehx| s AEks(x] 53H 3%, 20161 78

20.

21.

22.

23.

24.

25.

26.

hierarchical hybrid micro/nano-textured titanium surface with
titania nanotubes on osteoblast functions. Biomaterials 2010;31:
5072-82.

Gittens RA, McLachlan T, Olivares-Navarrete R, Cai Y, Berner
S, Tannenbaum R, Schwartz Z, Sandhage KH, Boyan BD.
The effects of combined micron-/submicron-scale surface
roughness and nanoscale features on cell proliferation and dif-
ferentiation. Biomaterials 2011;32:3395-403.

Gratzner HG. Monoclonal antibody to 5-bromo- and 5-iodo-
deoxyuridine: A new reagent for detection of DNA replication.
Science 1982;218:474-5.

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 relationships in expression of genes associated
with osteoblast proliferation and differentiation during formation
of the bone extracellular matrix. J Cell Physiol 1990;143:420-30.
Feng B, Weng J, Yang BC, Qu SX, Zhang XD. Characterization
of surface oxide films on titanium and adhesion of osteoblast.
Biomaterials 2003;24:4663-70.

Lee MH, Oh N, Lee SW, Leesungbok R, Kim SE, Yun YP, Kang
JH. Factors influencing osteoblast maturation on microgrooved
titanium substrata. Biomaterials 2010;31:3804-15.

Lee MH, Kang JH, Lee SW. The effect of surface microgrooves
and anodic oxidation on the surface characteristics of titanium and
the osteogenic activity of human periodontal ligament cells.
Arch Oral Biol 2013;58:59-66.

Im BJ, Lee SW, Oh N, Lee MH, Kang JH, Leesungbok R,
Lee SC, Ahn SJ, Park JS. Texture direction of combined mi-
crogrooves and submicroscale topographies of titanium substrata
influence adhesion, proliferation, and differentiation in human
primary cells. Arch Oral Biol 2012;57:898-905.

205



ORIGINAL ARTICLE

2X: theksl A7)0 nlo]|ar 2R B YA E HEE THd G Ae s e Ba 1
ol w2 thekek Al EYE S Aol sk A B = BA S A sk
TE U W Grade 1 E|Ebg U222 AW 02 A Zelgich. L2 21 E o g3ko] Blebs A9 vlo] 22228 27]8 Z/20] 00 m,

|
2
Lo,
=5
2
i
ox
o
=1
o,
ol
IS
0,
)
B
ol
0,
=
X,

H
:ué’
o
_>4
B

15/3.5 um, 30/10 im, 60/10 um = 717} A3 3kl eh. % 23 Elebg U 2SN S AT ZE LG ‘_rL(ST/TO Grl5-TO, Gr30-TO, Gr60-TO)<]| 700°C
of| A 3X 15 OJ A2ral A 2] b o, AP ] AP S ALR3ke] EHEA] S 9 718 T} Q1 7ER] FRI i Al & 8l 9F3F & BrdU (Bromdeoxyuridine) 41
o, 4aed QAR 84 S A A2 e A AE S B AZHF, A XS E 2335 Hrbeldth SAI R EE daslE

b 3} 1] o] =23 A 14 (SPSS version 17.0)2 AF-8-31%

A1} G 2kslE Svkg nlo) iij.-?—ﬁﬂ A9 A3 FHGrl5- TO Gr30-TO, Gr60-TO)E 2 ¥ &3 t 2 (ST T E4tsl A 2] A & T(ST-TO)el|
Hl3tel BrdU 49, Gel g QA7he il il 84 AR, ALK S B4 A 09 Rl f9l30] 37 SRS Uehiglet 58], Ge0-TO
T2 27 2 Grl5-TO, Gr30-TO, Gr60-TO T 5ol Bl 7174 S8 Al £7 2 2 —Lo]-xﬂ ZEs/ZB52 Ve

AE: Z AT A WA, itst A2 g rlo] AR 2T E B9 HEbw U —g—om]g%i}oﬂ & 7}A W ol o] Bkl ¥ Q). B ol Tol| X T
AR nfo] AR 2T H A7) 9 Gakst Ae] 202 whe] AR AR H-G418 B3 29 Hely ZSTE N 712 9o 7] 0 A
o} (] $F] 2K & 8} 8] %] 2015,53:198-206)

©, rkﬂ

FQEH: Blehs; vhol 2270 GAVe) A £ 2 FobA L8}

* W RIX]ZE: 0] 219

134727 84 -5 2 892 (995 149) A/ A7) 2 A o] 3
go] x|z A8l w2l

02-440-7519: e-mail, ysprosth@hanmail.net

HAudrd: 20154 6¢ 18Y /Y& F53 Y 2015H 7€ 13/ A & U 20154
74 15Y

(© 2015 t &) 2} 2.4 8}3]
€9 ©] F& A olo|g B A= |0} AZAFEA-H] G E] 3.0 TS o)A 2o ula}
o] 314 4= YT

# 0] Tt g A A o] A9 S ol e El 7] 21 HARY 9 (NRF-20100021268).

206 CHEHR| ot Hets|x| 53 3%, 20164 72



