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ABSTRACT

Dental implants manufacturers have developed high hydrophilic and rough implant surfaces which in
turn exhibited better osseointegration than conventional ones. Based on in vitro studies, sand blast,
large grit, acid etching(SLA)-treated surfaces with microstructural characteristics may promote the process
of osseointegration, But when the SLA surface is kept dry in the air, it becomes hydrophobic.
Appropriate non-thermal atmospheric pressure air plasma jet(air-NTAPPJ) processes render surfaces
hydrophilic. The purpose of this research is to air-NTAPPJ on SLA surface treatment to improve the
osteogenic functionality, The experiment was carried out through the a cytotoxicity assay and real-time
reverse transcriptase-polymerase chain reaction(RT-PCR),

The results were that the cell viability and gene expression of ALP, OCN, OPN, and Runx-2 of rMSC
enhanced by air-NTAPPJ treated. Thus, air-NTAPPJ application can lead to an improved osseointegration,

KEY WORDS: atmospheric pressure plasma, SLA-treated surface, osseointegration
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1. A|EHQ| SLA Xz|

A8 < EERF(NSC CP-Ti, grade 1V, Japan)< 3
74 10 x 10 mm=Z As}e] sand grit SiC A=
ARRFA] #400, #600, #800, #1200, #2000 THAl ©HA o)

Aew} shlet, ek F 2 B o, o
&, S5l 42 1588 2SI ultrasonic) A5}
ck. a2la BeA"blsing A2E fs) Al
=29 ATE 1 cm, ¥HL 045 MPaz2 AAsI
110 um F7]¢] &Fny YAF@luminum oxide, AlOs
Ak o 2 1 &9 FARHTE Lejal AlEe
St &9 AlFsk eIt BekaE Aegh AlEe 350 €
oA 7 % HCIZ 27 % HS0:5 &3 §dof s
B AAAA g H 158 5 SRTE A
FHE AT AR Al 24A17F FQE A

HzAFHoH, A8 35 A AJHES EO gas®2 ¥
SF3ct.
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(Non-thermal atmospheric pressure plasma jet; NTAPPJ)
B Aol AMgR ZEhze} WA Ferjsta

Zg}zn} vlo] kst HAFRAIE (Plasma Bioscience Research

Center)ol|A] 7list “dvjo]™ Figure 13} 2t
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[———1
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Figure 1, The schematic dagram of non-thermal atmo-
Spheric pressure plasma jet aesigned and manufactured by
PBRC (Plasma Blosclence Research Center, Kwangwoon
University, Korea, Y.-R. Choi, et al, Thin Solid Films (2013),

Fetznt SRS Al AREEE 7IAlE 4SS 7] (com-
pressed air)o|™, gH] A} SLA A 2]E HEH?
(titanium) AJFZE] A2l 3 mm, o] A &
AL 224 kv, AFE 1.08 mA, Zep=n} J?ﬂxﬂﬂ

E24 W, &5 5 L/REoZ ZF A|Ho|| 28 Z¢t vk
’\lZiE‘r.

4. M= st 2 =AM(Cytotoxicity assay) EH7}

2 A ARge Alze gdgE AEFQ] Mouse
fibroblast L929(Korea Cell Line Bank, Seoul, Korea)E
3 Adiste] AR83FT. AMEE RPMI(1640, Welgene,
Korea) HJAS] 10 %(W/V) fetal bovine serum(FBS,
PAA Laboratoris.inc, A15-751)3 1 % penicillin(Lonza,
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Table 1, Primers for gene expression analysis by RT-PCR

Gene
ALP F
R
GAPDH (@]
R
OCN )
R
OPN (@]
R
Runx-2 F)
(R)

Primer segence
AGG CAG GAT TGA CCA CGG
TGT AGT TCT GCT CAT GGA
GAA OCT GOC GTG GGT AGA G
AGG TOG GTG TGA AOG GAT TTG
CAG OOC CCT ACC CAG AT
TGT GOC GTC CAT ACT TTC
CAA GGT TGC AGA CAC TGA AAG
CAT TTC TAG AAG GGT GAC AGG
AGC AAC AGC AAC AAC AGC AG
GTA ATC TGA CTC TGT CCT TG

ALP; alkaline phosphates, GAPDH; glyceraldehyde 3-phosphate dehydrogenase, OCN; osteocalcin, OPN; osteopontin, Runx-2; runt-related

transcription factor 2

walkersille MD, USA 0719)& &§3te] 5 % CO.7}
THEE 37 T F27|(incubator) oA HIFAIZITE 1
T A WY E=k=vh A d/5e] ARl g
AE SAH7H= 1SO 10993-58 AR st
Al HAG g2l [SO 10993128 72 AF=3)
of A¥S Ysk3nt.

AT FA7F 0.5 mm BRIl 1 x 1 AJHS F
ZH](extraction ratio, 6 cm/m)E ko] Az] 2l
o ¥iL 37 Colld 7241k §E81leh. T A9
T 2o 2n Y AFto g MdAste] AlHS ©A] o
2 gk ARE3ILE. SLAA 23 A|HS Eirste] F
B3k 5 7k B 9lol ainNTAPPIE 2% ZARRC
W, Sae) 4e Teistel 1088 Fald,

Cell viability assay kit(WST, Ez-Cytox, Daeillab,
Korea)E AREslo] Adslott. WA 1929 A|EZ vk
A 100 4 (1 x 10" cells/mL)E 96well plateo] &=
ShaL 24A17F B2 5 % COl FFEHE 37 ¢ Fe)
oA vl L F 96 well plateo] 100 4% &
Zohg 9T o 2047 B FeTlol whe Az
o}, EXAkassay reagen)E Zb wellol] 10 44
T3l 4A17F BF vl o ™ ELISA reader (Epoch,
BioTek, USA)E AM83le] 450 nmolr] RS =4

S 8

>
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2 A¥oaE= Rat Mesenchymal Stem Cells (rMSC,
Lonza, USA)S ARE3FSITE SLAAH$]O] air-NTAPP]

g A Fo] AR =FAY9H3-(Real-time reverse

transcriptase- polymerase chain reaction; RT-PCR) 7]
We olgd Ba EA 484 BEe BAsS.
tMSC9]  FAE S AME-S  $I8 primers  runt-
related transcription factor 2 (Runx-2), osteopontin
(OPN), osteocalcin (OCN) ©]™ house-keeping gene
© 2 glyceraldehyde 3-phosphate dehydrogenase
(GAPDI)E  AMEEIlow, 7t fuddel welge
GaPDHS] iAol ko Blmste] LrehRgict 2t
primer sequence= Table 13} Zt},

SLA AHgl® AlEL 24 well plated] ©3 1 x 10°
cells/mle] tMSCE H=Eslal 7Y, 1447F 42 wjdsld
o} wigsl & RNAE #Elshal, GFAl Eis(reverse
transcriptase) 2 GAALSIS] DNAE 33T &4
d DNAE FEo= st FAASTFANNSE A
3FIc}, Trizol A2k (Sigma-Aldrich Company, St, Louis,
MO, USA)E 2504 il cell scraperZ w0 F%oH,
37 °Cin 5 % COlA 5 Bt widatdet. 2 F 1.5
UL mlo]lIERHe| ©al 50 uL S22 FEE(Sigma,
USA)S AH7F8F 5 €902 103 inversion 3}ty L
2lal AgeolM 3E FeF EAEkar AAEE(12,000
pm, 15, 4 'OF FHskL 100 uA i A7
sto] A2 wwbedll A ET ATAE ¥ wbe
o isopropanol(Sigma, USA)2 100 # H7}sta &0
2 103] inversiondt ¥ AF2olA] 108 F<F HEX]ElL
LA (12,000 rpm, 158, 4 ‘OF T3 ¥ F5d
< AASIIE. o] wbeoll 75 % ethanolg H7lske]
AR (12,000 pm, 15 &, 4 “O3FAT}, He]¥ RNA
o dNTP, Buffer RT, Oligo DT Z} 3 uL, inhibitor,
RTO Z}+ 1.5 uL® #H7}sts] Omniscript®RTkit (Qiagen,
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Hilden, Germany) 37 °C ©j|4] 90% &<t vh85}a] RNA
E ol AAA 242 AR complementary
DNA(DNA)S §Hdatlct. /3% cDNA 2uLel] A}
primerE 27t 1 UL, 2X SYBR green master mix
(Applied biosystem, USA) 10 pL, HORNA free
water) 6 ULE ZHZ}F AbQlste] HF S 20 wL= sf
gt PCREAL 95 /108 EAJwHA|(activation step)
olr, vhild WAL 95 “C/15%, 60 ‘C/E2] primer
extension®. 2 40 3|d AJP3}FIc).

ABI Prism 7500 machine (Applied Biosystems,z
Foster City, CA, USA)E AMgste] g2 E X519

6. SN

H A543 B8 PASW statistics ver 18.0 (IBM
CO., Armonk, NY, USA)S ARSI diz=r3t 2
o] Gojl2 AZ3 ] 9 EURE-AAS A
3o, 95 %ol AlFrFo g F=7AS AAEHIL

da i nF

1. M=E =M
NTAPPJS 7} 28, 103 % ZARE F 2 AlHoA

AZE=Adel mX|= Gkl sl AT AE=AE
L 1SO 74059 273ke] A|E A=
B MESAo] koL Adsigct. 2 A3 tixr
AT BT AE 542 gle Zoz Rl
™, 10+ &S NTAPP] ZALeLSIES ol Q3|2 A2
g

s
o] B = Uehsdth(Fig. 2).
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Figure 2, The cytotoxicity of sand blast large grit acid
etching(SLA)-treated  surfaces in  Non-thermal — atrmospheric
pressure air plasma jet.

A dAFo] oJshd DBD ZElkznlE o]g3le] g
Ebgol]l 108 = g 3 Ay AE dwido)
fibronectino] Z7}3lgon MEeo] Z2Aw Z7}E9ch
I AWEthHan 5, 2012). AL thr1¢t Zek=n)
2 gebg B9l A2d F osteoblaste] A|ER-Z3}
AL WIEHASS FES A7= AT £ A
(Kawase &, 2014). ¥ dFoN= AlHe] Fepzn)
Ae AZEEA0] JFS FA @gkon] SLA B
Zetzn} A TS Sl JFFs Fes &

It
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Figure 3 The effect of sand blast large gnt acid
etching(SLA)-treated  surfaces in  Non-thermal atmospheric
pressure air plasma jet by mRINA expression,

Significant of differences in comparison with the 7 days
and 14 aays:”, Significant of differences in comparison with
the control and experimental samples. ™ p (0 05,

;

Fig. 3& ¥7] NTPP] ZA} A] RT-PCRS ¥H7}sk 2
Folrh, Fepznl Ay g AlHMA EE FolA|Ee
3k FA QIAbelA air-NTAPP] ¥Hg- Al 712} &
(gene expression)©| 71t o, HjYEA] 7L A
14970 AR o] Flshe del uERTh
(p€0.05). ©] 7Yl ALP(alkaline phosphates) &/d2
7Y HaE uFael] vshe] AdT oA
A F7rtem, 14424 A3 STk AEFol
YERRTHP0.05). ALPS] &4 H7lst 43} S1A 39
of air-NTAPP] ¥hg & ZE3I2 e Qo= A

o] T o Azl 7)He] F}2kg(extracellular
matrix mmerahzatlon)ﬂ- TT@X]' ‘Q—UL:].'/] —(5_—9—?15_".— —g—v“i
golwal QIth(Emanuela %, 2014). £3] ALPE = &
4 2710 dES e v 7Yd oE 27 H|as)
o 71 E2 o] YERTH
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ALPe]| o]o] OCN(osteocalcin)& & FAo| %79
Ak Fagh A4S sHAl HW Pl Fa%
ABABAE 7HAL QohWalsh 5, 2000), tzTHT}
TARE fFoAk e SUHE UERHLeH, 14Yele 5
3 T2 2ol HATHp(0.05). OPN
chondrocytes, osteocytes, osteoclasts’s 2] THFSF A E
oA YERAT} Integring ©]&3to] RGD9} ZAgatod]
Az AsAY o]Fo] Fagh JTS o 7St
?13]4 (hydroxyapatite) FJolM= T3k Age gt
tHSonoko &, 2013), tZ73} H|uEle] OPNS -9
2k e S7HE UEhle]l & d49 sa3 ARE &
olgt 4 A}t Runx 2(runtrelated  transcription
factor 2)7= 3o} AX E3}e] HAAFIAH(transcription
factor) o)™ (Komori %, 1997), OCN3Z} OPN3}7| 7
d, 149 gene Y] dE2THT FoA} = F7)
2 Uepic

A ATtellx] A2thi719h =tz Aels Hels
AlRe] FHe| HEZto] nxejrel| Hlste] Aol 3
F4E 7F AL shltkSeo &, 2013). o]#gh
T A 7R AE e F2 AEe] B

& 8% 9= sk <Al (Choi 5,
2013), E 7 ZA¥} SLA X2l® ZTH] air-NTAPPJ
g Al AEZY ST7E 9 FAG wEbA air-
NTAPPJell ok Msce] &3} £ avel AxdA

o,

L

osteoblasts,

Avke A2g Eebpl A2 mRdepiEos A
A 2 % qloka ks,
7 =

2 ATE sl AejR Heby B 354e 5
stazl 53] 2Fet7|E et =2 v A E(NTAPP)E
TEA A o8 2 M zEs)

Brleglod, 1 ARt ge

1) SLA 2|23t d=HE T g3 7] NTAPP] %
ARFES W 1929 AEE AMSElY S48 Uit
A Azgde E=A et

2) tMSC AMEHslel| F5F7] NTAPP] FAF Al ALP,
OCN, OPN, Runx-2 25 Wgofo] ol ANEE3}
£ Ex18k5ih.

opge] AT GHFIINTAPPIS SIA AHPd AZ

Eololel RER0| it A=2rip|gt Satxolel 1 19

Ve BHd zAge W AZBY L BE
53 nE ek} Azelel fa3bl B4
5 gle Aow pEE

Hags

Albrektsson T, Wennerberg A (2005). The impact of
oral implants - Past and future, 1966-2042, J
Can Dent Assoc 71:327-327d.

Choi YR, Kwon ]S, Song DH,
Kim KN, Kim KM (2013).
of biphasic calcium phosphate scaffolds by non-

Choi EH, Lee YK,

Surface modification

thermal atmospheric pressure nitrogen and air
plasma treatment for improving osteoblast atta-
chment and proliferation. 7hin Solid Films 547:
235240,

Elias CN, Oshida Y, Lima JHC, Muller CA (2008).
Relationship between surface properties (roug-
hness, wettability and morphology) of titanium and
dental implant removal torque. J Mech Behav
Biomed Mater 1:234-142,

Emanuela PF, Juliana CS, Paulo TO, Clodomiro AJ,
Marcio MB, Adalberto LR (2014). The effect of
plasma-nitrided titanium surfaces on osteoblastic
cell adhesion, proliferation, and differentiation. J
Biomed Mater Res Part A 102A:991-993.

Han I, Vagaska B, Seo HJ, Kang JK, Kwon BJ, Lee
MH, Park JH (2012), Promoted cell and material
interaction on atmospheric pressure plasma treated
titanium, Appl Surf Sci 258: 4718-4723.

Kawase T, Tanaka T, Minbu H, Kamiya M, Oda M,
Hara T (2014). An atmospheric-pressure plasma
treated titanium surface potentially supports initial
cell adhesion, growth, and differentiation of cultured
human prenatal derived osteoblastic cells, J Bio-
med Mater Res Part B 102B:1289-1290,

Kim H, Choi SH, Ryu Jj, Koh SY, Park JH, Lee IS
(2008). The biocompatibility of SLA-treated titani-
um implants, Biomed Mater 3:025011.

Komori T, Yagi H, Nomura S, Yamaguchi A, Sasaki
K, Deguchi K, Shimizu Y, Bronson RT, Gao
YH, Inada M, Sato M, Okamoto R, Kitamura Y,
Yoshiki S, Kishimoto T (1997). Targeted disrup-



20 cCHex|oixiESE|R| 423 M1S 2015

tion of Cbfal results in a complete lack of bone
formation owing to maturational arrest of oste-
oblasts, Cell 89:755-764.

Le Guéhennec L, Soueidan A, Layrolle P, Amouriq
Y (2007). Surface treatments of titanium dental
implants for rapid osseointegration, Dent Mater
23:844-854.

Lee EJ, Kwon JS, Uhm SH, Song DH, Kim YH,
Choi EH, Kim KN (2013). The effects of non-
thermal atmospheric pressure plasma jet on
cellular activity at SLA-treated titanium surfaces,
Current Appli Phys 13:S36-41.

Lee HW, Kim GJ, Kim JM, Park JK, Lee JK, Kim
GC (2009). Tooth bleaching with nonthermal
atmospheric pressure plasma, J Endo 35:587-591.

Rupp F, Scheideler L, Olshanka N, de Wild M,
Wieland M, Geis-Gerstorfer (2006). Enhancing
surface free energy and hydrophilicity through
chemical modification of microstructured titanium
implant surfaces. J Biomed Mater Res A 76A:
323-334.

Seo HY, Lee EJ, Kwon JS, Im SY, Kim KM, Kim
KN (2013). Effects of non-thermal atmospheric
pressure air plasma exposure on SLA-treated
implant in relation to cellular activity., J Korean
Res Soc Dent Mater 40:309-314,

Sonoko N, Manisha C Y, José LM (2013). In Vivo
overexpression of tissuenonspecific alkaline

phosphatase increases skeletal mineralization and

affects the phosphorylation status of osteopontin,

J Bone Miner Res 28:1587-1598,

Sul YT, Johansson C, Wennerberd A, Cho LR,
Chang BS, Albrektsson T (2005). Optimum surface
properties of oxidized implants for reinforcement
of osseointegration: surface chemistry, oxide
thickness, porosity, roughness, and crystal structure,
Int ] Oral Maxillotac Implants 20:349-359.

Walsh S, Jefferiss C, Stewart K, Jordan GR, Screen J,
Beresford JNB (2000). Expression of the deve-
lopmental markers STRO-1 and alkaline pho-
sphatase in cultures of human marrow stromal
cells: regulation by fibroblast growth factor (FGF)-2
and relationship to the expression of FGF rece-
ptors. Bone 27:185-195,

Yang GL, He FM, Yang XF, Wang XX, Zhao SF
(2008). Bone responses to titanium implants
surface-roughened by sandblasted and double
etched treatments in a rabbit model, Oral Surg
Oral Med Oral Pathol Oral Radiol Endodont
106:516-524.

Zhao G, Schwartz Z, Rupp MWEF, Geis-Gerstorfer J,
Cochran DL, Boyan BD (2005). High surface
energy enhances cell response to titanium sub-

strate microstructure, J Biomed Mater Res A
74A:49-58.





