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The effect of blasting and anodizing-combined treatment of

implant surface on response of osteoblast-like cell

Bo-Yong Seo", Young-Min Kim*, Jae-Won Choi', Mi-Jung Yun', Young-Chan Jeon', Chang-Mo Jeong', Gyu-Cheon Kim?, Jung-Bo Huh'*
'Department of Prosthodontics, *Department of Oral Anatomy, School of Dentistry, Pusan National University, Yangsan, Republic of Korea

Purpose: The purpose of this study is to examine characteristics of implant surface with RBM and anodizing treatments, and to evaluate the responses of osteoblast-like cell
(MG-63 cell). Materials and methods: Grade IV titanium disks were fabricated (Diameter 10 mm, thickness 3 mm). Anodizing treatment (ASD) group, RBM and
anodizing treatment (RBM/ASD) group, control (machined surface) group were divided. In this study, osteoblast-like cell was used for experiments. The experiments consist
of surface characteristics evaluation by FE-SEM images, energy dispersive spectroscopy and stereo-SEM. In order to evaluate cell adhesion evaluation by crystal violet assay
and observe cells form by confocal laser microscopy. To assess cell proliferation by XTT assay, cell differentiation by RT-PCR and mineralization by Alizarin red S stain assay.
ELISA analyzer was used for Quantitative evaluation. Comparative analysis was run by one-way ANOVA (SPSS version 18.0). Differences were considered statistically
significant at P<.05. Results: In ASD group and RBM/ASD group, the surface shape of the crater was observed and components of oxygen and phosphate ions in comparison with
the control group were detected. The surface average roughness was obtained 0.08 1= 0.04 um in the control group, 0.52 %= 0.14 um in ASD group and 1.45 £ 0.25 ym in RBM/ASD
group. In cell response experiments, ASD group and RBM/ASD group were significantly higher values than control group in cell adhesion and mineralization phase, control
group was the highest values in the proliferative phase. In RT-PCR experiments, RBM/ASD group was showed higher ALP activity than other groups. RBM/ASD group in
comparison with ASD group was significantly higher value for cell adhesion and proliferation phase. Conclusion: In the limitation of this study, we are concluded that the
surface treatment with RBM/ASD seems more effective than ASD alone or machined surface on cellular response. (J Korean Acad Prosthodont 2015;53:9-18)
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AREE L Sl SFVIU JAS o] -3 A AL 5 AEA 2l
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TEo| {EtE Fall Al 2SN = U s, %%*E‘
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S AR B A o FelE AR SRul At 2
ofo] TR CoR &5 =

22 Aol o] g Hriel %i“ o2 #4494 gel 4
A o] | AE 1 ko
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Hol| BAFSF= W (resorbable blasting media, RBM)o| 427} & 041‘/} B
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1. A7 A=

2173 10 mm, 7 3.0 mm =.7] 2] Grade 4 titanium (Dynamet, Santa
Fe Springs, CA, USA) T) 235 A|H 0.2 A}8-3}91 T} ASDE,
RBM/ASD+, 18] 3L T 27 0. 2 o] A 2|6k

ASDT-E 5% HaSOs} 3% HiPOs 71 ) &l 0] eF ol = 7] A A

10

AP A, 5ol & ¥ E rod S A #| 5fod 180voltol]| A 323t &=
Ea R E = e el 3

RBM/ASD-& 71 Al A E AJH o]l 273 0.18 - 0.5 mm2)
tricalcium phosphate $} AF2- 0.8 MPa2] &) © 2 W ukakol| A 527+ &
AHE AIESE 3, ASDuH B e 2o ® =4t AP E
Al stAch

obrdd A2l s
2 ARSI

3] gk sl A TR e AT S g 2To

2. 917 g

1) A
(M mAl Tz
A2l Al e WAl S AE6l] flal, Bl e Al o]
Q—Z—XW] (sputter coater; Eiko IB, Tokyo, Japan)Z- o] -&-3}o] Wl &
Bala, AANEY A A8 v Z(field emission scanning
elechon microscope, FE-SEM; Quanta 200 FEG, FE, Hillsboro, OR, USA)
o & ¥ #d& Pt

SR -2 Qoh7] 9l ahe] o117 2442 encny diser
sive spectrometer; Quanta 200, METEK, Tokyo, Japan) 2 -2 3} t}.

OESRERES:

67} o] AlHEH A MEIH S g 5, A FARAAA R A
(stereo scanning electron microscope, Stereo-SEM; Zeiss EVO25, Zeiss,
Oberkochen, Germany)} MeX V5.1 software (Alicona, Grambach, Austria)
£ AHE 3ol HWS 6] 2t 800} Shfdte] Hwl el
3214 o] m| A £ AF=3}S] T} Gaussian filter (cut-off wavelength ke =
31.m)Z o] §3tel, ©9] WAY BEADN(Sa), 7 BSAY
Ao A o] W (Sq), EEW ] Ao ol HAa =

o] A2IRYE AH=5IA

2) Al sZuf

MG-63 4| 3 (osteoblast-like cell; The Korea Cell Line Bank, Seoul, Korea)
=37, 5% C02 271 3}of| 10% 4Bl o} 7 (fetal bovine serum, FBS;
PAA, Pasching, Austria)2} 1% penicillin-streptomycin2- 3 $}5}
Dubecco's minimum essential media (DMEM; PAA, Pasching, Austria)
oA Hi sttt M S Al FHAIA ot LE A
PolM £33} = A S ARSI £3 A= 50
ug/mL ascorbic acid (Sigma-Aldrich, St. Louis, MO, USA), 10mM  f3-
glycerophosphate (Sigma-Aldrich), 100 nM dexamethasone (Sigma-
Aldrich), 10% FBS 2} 1% penicillin-streptomycin-S- 3 33+ DMEM©] t}.

3) Al Ze] F2EA T2
A ) F-2o] 1574 2 542 3 71517] 91 caystl vioks
assay S A 334tk A|H o] E e 24-well plateo]] A E (4 x 10*

et Aets(x] 63H 12, 2016 1€
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cellshwell) S TF5-51e], 37°C ol A 3AIZE B4t vl ok sitt. Q1 akek
F5907 DA Fe AZE Aol AASIT, 1
H A E = 10% ol g2l 3] % 0.2% crystal violet (Georgiachem,
Fukuoka, Japan) © = A 5131, 53 &<k A 2ol FATH Fe &
Aoke Aol T, GAE AL 0% oL 1597 £
%, 96-well plateel] 7] T, T A2 AW E 2} HA7)
(ELISA analyzer; Spectra MAX 250s, Molecular Devices, Sunnyvale, CA,
USA)E o]&-ato] 590 nmol| M FJ =5 SASHATHA L%
n=7).

T3} AL 218 1) 7 (scanning electron microscpe, SEM; HITACHI
S3500N, Tokyo, Japan)&- A}-&-af A 52} ok A2kal 9 o). 2+
7+ A|#H o] E 3+ 24-well plateo]] MG-63 A E(2 X 10* cells/well)
2 9% 3,37ColA 19 S ulalsich Elek s TS at
458N (pH 74) 2.2 3 A H T, 2.5% glutaraldehyde 821 © &
20871 12} AL A3+ T 1% osmium tetroxide 2 23} 113
T 4o A] 70%1 A 100%7FA] 7l 105E271C} 10%2R =714 71 o]
S SR £ gttt A 2P E B
91 w229 & A8 T, FALA A e A 0 2 Bl

(confocal laser scanning microscope; LSM700,
Zeiss, Oberkochen, Germany)-& AF-8-5tef #2511tk Al o] 3¢
= 24-well plateo]] 4| (1 X 10 cellswell) S v}E3}o] 24] 71} 244
7+ Zk vl 9F3l 3, 4% paraformaldehyde = 1057+ 113 6131 T} A
HE Ak E8-9 © 7 A2} B, 4°C of| A cytoskeleton buffer (5 X
10° M NaCl, 15 X 10° M MgClb, 5 X 10* M Tris-base, 0.5% TritonX-100)
ol 5% &< F L1, ©] $-37°C of| A blocking buffer (1 2+¢H5-8-24
ol 5% FBS, 0.1% Tween-202} 0.02% sodium azide Z &3}l 305 %
oF Fagith 1 %, A2 A 3057k 50 mg/mLe] phalloidin-
conjugated tetramethylrhodamine B isothiocyanate £} 20 mg/mL2]
Hoechst33342 (Sigma-Aldrich, Seoul, Korea)-&-90ol] & A 3}a1, &
27 w0l A Av173S AHEe) A o] P2 BASAH

S M FAEHE

A Z3FE(1 X 10° cellsiwell) -, 39 F<t vl Fata, QA&
ol © 2 A2 3} T} XTT assay kit (Cell Proliferation Kit II, Roche
Applied Science, Mannheim, Germany)S- 7 7}5}e] 2A] 7t o] v 45
St} AAH formazan crystalsS- dimethyl sulfoxide 2 83 A| 7]
12, 96-well plate 2 -89-S 7] 11,450 nmol| A TG =5 =% 31
CHZh %3 =)

6) Al 2] Zap A A A 7}

w3}l Fofsh= o2 kel mRNAS| B H =g Lot
17 98] JHAAL =38 A A 2 ¥H-S(reverse transcription poly-
merase chain reaction, RT-PCR)=- A] 33} t}. A|H o] &3] 24-

CHehx| o Aets(x] 63H 12, 2016 1€

well plateo]] A (0.5 % 10* cells/well) S v}E3s}to] 7L 74 vl oka}
31, RNAE =391t} A4 RNAE TRIzol® reagent (Invitrogen,
Carlsbad, CA, USA)Z A}-&-3}o] £-2]3}9] 11, One-step PreMix kit
(iNtRON Biotechnology Inc., Seoul, Korea)S A}-8-5lo] cDNAS
31415193 T, PCR master mix (Doctor Protein Corp., Seoul, Korea) 2}
578 & primer S 31 75} PCR (Takara, Shiga, Japan) = A 7]
o} 2}9] A A of| A H.o] &= ethidium bromide 2 < A5}, 1.5%
agarose gelol] 719 =& AP35}

D AZS B2EHH
SEER  EECEERESEDOEREREE
Alizarinred S stain ¥ & ©] -85} T}, 24-well plate]] A| X5 o}

= 8
X 10° cells/well)a} a1, 219 <% v Fat AT Al 25 Ql4kehE-&-
N 0 = 33 Al A 5}, 20 ‘ol A T0% S &2 1A 7F 5 117

T, SRTE A A8 A 2ol A 152340 mM 9 alizarin red
S (Sigma-Aldrich, Seoul, Korea) 2 A| 3 A 3, & 8- & | A 3h
B AT A A Al 2] A 7S 10% cetylpyridinium chloride
(Sigma-Aldrich, Seoul, Korea)ol| 4| 1A]7F &<t &34 71 =, 96-
well plates= 74 540 nmo| A FBEE SAFATHZA 72
n=7).

8) AN

A 272 S22, aela Fsy 2o Hlugr7tE 98 54
2] 2] &= SPSS Ver. 18.0 (SPSS, Chicago, IL, USA)S- A}-8-3}] one-way
ANOVA=E B4 319 0™ Tukey test= AFE EA319tH 2 &
Ao A F-2] 5 5%} 1%l 4 43 3t
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A 2 2]o] w2 o] vAF2E FF] $lste] A A
123 AR 29 & SFh Fig. 19] C, Dol A Yk
U= vhe} o] ASDt2 14k} S o] &-8fo] A 3| 2ol A]
Fatehie-S do S ), Bt B 54 1A
G7%ol Uehstom, eelm e A4 7](Sa)= 052 + 014 m, =
59 Ao ol o} 71 A F-2] x| zlo] ko] A 2|(Rt)= 644 +
1.51 ym = LFE}SETH RBM/ASD-2 Bl e 2 27 0.18-05
mm =7]9] tricalcium phosphateE- ©]-8&-8fo] A A Zlo] 15
um, Z73 10 - 50 yum F=2] EE0] JE B BH S TE
=, A E g 27 Sa gk 145 £ 025 um, Rt &
1376 + 269 ym = Z W 3}-E & 5 A A TH(Table 1). Fig. 12] E, Fol|

R

2]
e

g

¢

N



TAE| T SSAst ME|E AZRUE FHO| SZ FAL HEO BH30]| 0]xl= HE

X 100

X 500

ASD group

.

RBM/ASD group

Fig. 1. FE-SEM images of each group. (A) Control group ( X 100), (B) Control group (X 500), (C) ASD group ( X 100), (D) ASD group ( X 500), (E) RBM/ ASD group

(%x100), (F) RBM/ ASD group ( X 500).

Table 1. Surface roughness by stereo-SEM in each group

Table 2. The percentage of components in each group's surface

Group Sa (um) £ SD Sq (um) = SD Rt (um) = SD Element (%) Carbon Oxide Phosphate Titanium
Control 0.08 £ 0.04 0.09 + 0.02 1.95 £ 0.11 Control 221 6.27 0.74 90.77
ASD 0.52 +£0.14 0.68 £+ 0.19 644 + 1.51 ASD 2.66 43.09 734 4691
RBM/ASD 145 £ 025 1.85 £ 033 13.76 £ 2.69 RBM/ASD 3.03 48.60 7.63 40.74

Sa: Average roughness, Sq: Root Mean Square roughness, Rt: Distance between
the highest and the lowest point.
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Fig. 2. The results of the energy dispersive spectrometry. (A) Control group, (B) ASD group, (C) RBM/ASD group.
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Fig. 3. The degree of cell adhesion by crystal violet staining assay after 3 hours incu-
bation time (n=7 in each group). *P<.05, **P<.01.
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2 foleh & AE BYTHP<05) (Fig 6)
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£3}lof] Fof sl H3} F A T = Q] osteocalcin, osteonectin,
osteopontin, collagen type I, ALP 5! GAPDHel| tf ¢+ & A =5 &
o} 117] 9130, mRNA 32310] 1719 52 24193, 7 23}
+ Fig. 79| A4 H.oJ =11 9) T} Osteoclacin, osteopontin, collagen type
124 # 2% 959 SR EE HelF 91ev, ALPE
RBM/ASDel|A] 71 & A =8 BolF2 )tk

6. Mzg=tErt

A ZE3ke] mpx) e GA o)A, 2 A 2GS ol ] 99
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gxo

Al <
At 2o YA F F Aloldl&= A o= F
o)A 9lE Ajo]E B om(P<01), ASDT-Z} RBM/ASD-EL 7t

ol EAIHA o2 Fo] g Aol & Hol 2] e kTthFig 8).

Fig. 4. Adhesion pattern images of MG-63 cells by SEM (X 40,000 magnification). (A) Control group, (B) ASD group, (C) RBM/ASD group.
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Control
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Fig. 5. Confocal laser scanning microscopy images of MG-63 cells ( X 400 magnification). (A) Control group (incubation for 2 hours), (B) Control group (incubation for
24 hours), (C) ASD group (incubation for 2 hours), (D) ASD group (incubation for 24 hours), (E) RBM/ASD group (incubation for 2 hours), (F) RBM/ASD group
(incubation for 24 hours).
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Fig. 6. The degree of cell proliferation by XTT assay after 3 days incubation time GAPDH -

(n=7 in each group). *P<.05.
Fig. 7. The Results of electrophoresis after RT-PCR. Osteoclacin, osteopontin and
collagen type I were to show a similar expression levels in all three groups,
ALP showed the highest expression levels in RBM / ASD group.
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Al HIZ2| EESO| 0fX|= Hek

=0
HEI
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EH: & A+ += Tricalcium phosphate 9} 2HS AF8-3F BA| AL & =281 4 2] 8 & A ZHE RHY 54 & EX5t 2, SEFAM EY w5 37}
stazt et

M= & W 2173 10 mm, F7] 3.0 mm 27| ] Grade IV E}o| Ebg T 235 Al 0 2 ALE-319) o1, oF=544381 4] 2] (ASD), A A
(RBM/ASD), U] 2 (machined surface) . 2 1}50] T A 2] 8191 th TH A 2] Z FE-SEM, of| L 2] BAHE337] o} ALA Z} A v] 24 S A
EAE HIIsta Tk Al e 2232 Hrlelr] Y8 S RAAM EE o] 83 crystal violet assay S F-3) A £H-2H-E H kst A E e =
A& AHgeted AR A 2FA S Hrkelr] 98] XTT Al @&, A2 E3ke dAA SHEaLAMeS AHg-sh e A
7 317] €13l Alizarin red S stain & ©] -8-5}9] t}. B] w541 -2 one-way ANOVA (SPSS version 18.0)2 5-2] 45 5%l A 717 813ith.

: ASD* 2} RBM/ASDol| A, &3} Boke] W F o] vebgto, g7} vl wste] 2hae} Q14 o] o] A= Ut T HA T AV
Z 70l 4] 0.08 + 0.04 ym, ASDT-I| A] 0.52 + 0.14 um, RBM/ASDol| 4] 145 + 025 imS B th A £ 8823 o ], ASDTZ} RBM/ASDT-0] Tt
o vlal) Al L] B2 =7} wokom txate] A EFA oA 71 =2 gh B3 ThP<05). RT-PCR A g o] A, RBM/ASD 0| TH 2 #EE T} &
LPE 1.9 THP<.05). ASDI-Z} H] w3 -S w] RBM/ASDE-S A L2k} 22 A ol A 2 3+-S H G ThP<.05).
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