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A FAA7E 0 (p>0.05).
3. A=+ 1t0] 2065 VHN, tjzxo] 1895 VHN 183 2w ¢] 1840 VHN, 3+

o] 1686 VHNO = ZAr¥gich tjzF3 12, 33 223 133 2%, 370l A
#2177 e oh(p<0.05).

5, A5E dxdo] 7MY o, 37 17 283 27 £0 2 XA AT

7. @ =T 37o] 435 %® Y =A yYEwew, 1 384 %, EL 372 %,
T 326 %9 £=MZ ZAE AT

oo

8 EAWEL 3wolA 1~309 1.17 ppm, 31~60¥¢ 031 ppm 281 61~90%
0 o]

45 ppme] WEHALH, 909 ol Fol= Ba WEFol Aot gl Aom

9. AIXEA L RPMI Aduiz+3 vuws A3 dizFoA cell viability7F 93.7
% = YEbyt o™, 37to] 844 %, 1uto] 83.7 %, 2w °] 82.6 % °|ATh. EE
[os]

o] 4ol A3 A=Z Bis-GMAA XA FHAMA] NaF E+ SnF.9o E3)
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I. A &

x| o} 9212 Holo] FAbsEA | Aol X e Abol]l o F A 3 [(Cain(POs)s(OH)2
+ 14H" — 10Ca™ '+ 6(HoPOs)- + 2H.0)E & 32 olg @ Abolth, = Aol o3

AAE Aol AL GBI AYE Aow B3I £y 2F 23 £xv) wm=

W SAetEe] QAR Bage Ade 9nE sy ARHE FAAC
24 AAT Aoh} $40] AGE Aokol ¢4 P EHEZ vpebdch B 2ol Lol

| ZHg3sleo] wWakd kst 34 A A (hydroxyapatite crystal)

ol
o FA7lsh ABEW QAN AFS BN L, e AA PAYS F7H

XA EIJUEF FE7AL [CapPO4)s(OH): + 20F =
10CaF, + 6HPO4  + 2(OH) ]o1 ™, hydroxy apatite”} calcium fluoride® 7 3% o]

Aol WAESE S7HAA FA4S A



B34 #8771 H-2 [Cawn(PO4)s(OH)2 + 19SnF2 — 10CaF: + 6SnsFsPOs +
SnO + HoOlZ hydroxy apatite®} stannous fluoride”} calcium fluoride®} stannous
fluorophosphate @ hydrated tin oxide® A& o] 2o WatA & FI7HA A F
AL ot o) e BEAEE W] AR E3IAMS 5~10 m L W
g FFolA AR Y Harris® Garcia-Godoy, 2004).

ELATAEYIHE A MR EFUEFES Y =X H(Knutson, 1948), & 3} 4]
4o =X (Muhler, 1958; Muhler, 1960), AFA &E3}¢lArd 2 = Z % (Brudevold,
1963)°] htt. @A vi=moeld AR Frheh wole AA AEHE 2L AEXE
HE BEJYUEF 2 %, 5354 8 %, AAAESAAAY 1.23 %o Alx=wlo] gt}
(Harris®} Garcia-Godoy, 2004%).
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B #e PAsel WA Ao hF AFHS =
g3E vebd = v (McCann &, 1955). 1950 o] EAT7AEX S
stFA o] i = At (Muhler 5, 1950). &3
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A A 2HLEFAMA = cyanoacrylateA], polyurethaned —18] 3 Bis-GMAZA
2 FE3% Y}, Cyanoacylatedl A A= &3 vpEgo] =11 FAo] Wy o
AL A ko (Rock, 1972), d A Bis-GMAA WG A7 714 @o] A}
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A A= 1960 ) 2 BuonocoreZt @& AF FAWMS o] &ete] v FA Gl
o] AF¥H o AW ArsE AFAZ oz AF7HA AW AEZ ALEH
o] gt} olo} 2 WHog 50 % Qitgd o WS 4l B35 methylmeta
A ske] AW o A

Z9te] AleErs Adste A4S AWE 4 A (Cueto®t Buonocore, 1967;

re
o
N

-crylate L=+ methyl - 2 - cyanoacrylate®Z 1%

Mednick &, 1974). =3 AL FAMANE =X 27] FAHLAA v APE 9
Aol graso] M Fold 2ol AR wFo o} o HHow

19621 Bowene] Bis-GMA (bisphenol glycidylmethacrylate)# &z 32 7l
3 o] Fo Bis-GMAA H5dex& A3 FEASEE o] AFEET. Aop¢2 S
drstz] s HdE el =45 Hrkste] AWEF AN wAg R Y
A, FELEAE o2 A Y (Chadwick %, 1995; Rawls %, 1983; Tanaka
s, 1987, Young &, 1996; Buonocore 1971).

z71ol= 24 FHe EdtEol AW A HrbH A%
RS WA = dvdes A7 23 wEel AFSHA st =awE w4l
| A ThA] AFEEEAl H A tH(Jensen 5, 1990).
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-man %, 1984) To2 AWLAFAAAL wAE HFAAR AL EH = Gl A
LAzt wEEm, oz 249 AA Ed=E FA YERETHCooly §, 1988;
Swartz %5, 1967; Swift, 1998; Temin %, 1988; Temin %, 1989).

A% ARdFA AN g Gl A e Bl s Ao day
7b odnks dAreh 4w Za7E flvke ke Ay Aol HauHith
Rock 1972 Aol A A A4 A 2ol A B A47F Aobg-AE oA
Esta 23818 Eavh AHrbEel AR5 4o wobAd AWM A e

Folr, AVAFZ =} Wolttn gtk AMA T AN BFE A4

Tl FFE AL fARFH ok ot EHrt dEhd A7 ggE A5

o8 4 wAowm ddete] £4H A Eel Aok A WA MEA Bl

oo
;

2 7F doh(Swift 5, 1990; Kao &, 1991).

, ARG T Aol =47 Mol e Z22 dde wErt vehuA &
otz 3 vl lov(Arends 5, 1988; Swartz 5, 1976; Mills 5, 1993), Cooley
S(1990) = EATHF AWEF AN HAFZI} HFd JFAH] WErh 9l

ga g BT AMETAAANAM BV FEEolE AR AFF=T)

A7 A ke Ayt A} vugs W EAWNE AN 2 Ao =
A ZAE vk (Bjerga %, 1984; Kozai, 2000; Carlsson, 1997). o] ¢} 7ol & A %hf
AMAQL) EAo daldE stak 2+ A& Aol7t de= Aoz FAE A

B3E @ AWITAAAE 7 el mtREE Ao B4V B

Aol @izt Bis-GMAA AW 10 meell 2hz}
0.2 g NaF, 0.8 g SnFs, 0.2 g NaF¢ 0.8 g SnFyo] &%& #H7hsto] XA FdA4



o 4745 2 39

B Ao E 72 g2 Bis-GMA
o2 RE Awwol A&} th(Table 1).
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B35 7217 997 % X9 NaF(Sigma-Aldrich Inc, St. Louise, MO, USA)
9} SnF»(Sigma-Aldrich Inc., St. Louise, MO, USA) %% A}&3} %t}

AEZA AgL2 I1SO 74 10993-50] wgk MTT AlgS 7] ¥ske L-929
AGotMES A EF L3 (Korea Cell Line Bank)oll A & gFwko} A3t}

Table 1. Compositions of Bis—GMA based pit and fissure sealants provided

by Vericom company

Note Chemicals
monomer Bis-GMA, UDMA
diluent TEGDMA
initiator Camphoquinone
co—initiator EDMAB

UV stabilizer
inhibitor

filler

benzophenon derivatives
BHT

Fumed silica(silane treated)




7}, AAAE Ax

Bis-GMAA AHdF+AA4 10 méol 0.2 g NaF, 0.8 g SnFs, 0.2 ¢ NaF¢} 08 ¢
SnF. & #7138t g3t H v (Table 2).

Table 2. Compositions of groups used in this study

Groups Contents

Control Sealant

Exp. 1 Sealant 10 m¢ with 0.2 g NaF filled

Exp. 2 Sealant 10 m¢ with 0.8 g SnF> filled

Exp. 3 Sealant 10 m¢ with 0.2 g NaF and 0.8 g SnF» filled




Table 3. Compositions of artificial saliva used in this study

Constituents Concentration(g/ 2 )
NaCl 0.40
KCl1 0.40
CaCl:H20 0.795
NaH>PO4,2H>0 0.780
NaxSoH>0 0.005
CO(NH,)2(Urea) 1.00
o wA T #F

wohE BW Y7t QM BA AR AnEWe FTARUE BRug
g

ff
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o,
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E

M

o] 1 m9 Teflon moldE 2
FU¥ Fo| cover glass® HolA 3FZAL7|(Elipar Freelight 2, 3M/ESPE,

Seefelt, Germany)® 30% %t FxAlstdvh. =88 AWEFANAE A4 A4



o. E9353 3y 54
(1) g Zol

sgole ZEgx Yo ZgdEd dES 23y WA 5 m, ¥ol 11 m¢!
stainless steel E=& 2 F g, oju 7|27} AVA GEE FosHA A

£ FYsL cover glassE Yol 30%7F % ZA}L7](Elipar Freelight 2, 3M/ESPE,
Seefelt, Germany)® FXAtetivh. Ald st vegdd FHE Sd2H
spatula® Fo] Wolth. 579 AHE 22 WHoz A

ToE AAA ZolE 001 m7A Aol 7FF38  Vernier Calipers

(Mitutoyo, Japan)® ZA 3l HT S 3519

(2) 3=

o= 28 Yo ZFded d5S Z3 A4 4 m, =0 1 me Teflon

moldE & F okt ol 7|27} 714 ¥rs AAAE FAL Fol BA cover
glassS 9ol dAA e detde] FFo=w HAA & F 30%7 FEAE AT ol gt

LTD, Tokyo, Japan)E o] €3to] AEZ =AUt =AA ¢4ds= 200 g, &

AAZE 102 20w dto] 24 AdY 5/ AHS FAcA, & 257 % FA45
A g ek

(3) mMzFIEE F

AT AAA A8
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gol Wolmen 1 g

g0l M= shgom, 144
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cover glass® HYlth o]



of Aol A FA o 303 FxAete] b7he] AlHS Al Ze T
Inverted Microscope(Nikon HFX-11A, Japan)® =& ¥ A9 nmEgdd A
A Apolel g g AAMS BREAT A 4 ZHAA FHE FES vF
FH T2 Abole ABALAAM Ham AFAA AYE 5 me Ag=2 FA 6
Aok olek 2 wWRow S/ AR tzaE vtEo] FAT 20709 o=
B gks Atek o (Fig. 1)

(a) (b)

Fig. 1. The photograph of uncured film thickness (a) Unfilled sealant
(b) NaF 2 % and SnF: 8 % filled sealant.

(4) A=

FAF71 2 Viscometer (RVDV-III, Brookfield, Middleboro, MA, USA) well

cone ¢toll AAA 2 mE FYsta, CPE 41 spindlex #F&stgdoh. AL2(25C)%
A 8t A shear rate 0~200(1/sec) F3Foll A HAEZS =AU},
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AAIZL T AstE AEE EEA Al AR 5719 Al e WHoR

Al 23k S T

AlEE (B7+1)TC] HA Aol B ol 22413, (23+1)TColl A 2413 Hasto] 0.1
mg7kA A& A FAE SAAT. AUS wAACIH Bystds FAZ L
A wA md FAs AT FAE Addtm). m #e FA4T F A4
o AR FAeAd FAE ZAste] BV, m)E A oA AAL
B7+D T TFFolA 78 ¢ BAFT F AHS Aol B2 AFHE o B
]

N

o #& AER FES AAste] AFE SAGATIM). BA AxAAH S A

3 Aol dAHA wrtx FAE HbE SAHs HF FAE SAIATHms).
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o] 7] ol M, m; el g7l Ao 28] Al (mg)

274 KBr 9% Atolol 239 vI5d AMAE Yol FAZ o 50 mo] 5%

43to] 4,000~650 cm o]
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FF 48 AAAS) FFEE 2450
Ea

Yo mylar stripg T

e sool= Fahaw ol YEde oF 50

ojrtel & t}A] mylar strips

mFA7F HEE sl 33%% 7| (Elipar Freelight 2, 3M / ESPE, Seefelt,

Germany)Z 30% 3t FZASIAT TTE AR AHES 249 KBr ¢33 ARo]d

33 THA] 4,000~650 cn ‘o] Hod dFelA F4
A7) 9] aliphatic €4 ©] % 23 wavenumber 1,635 cn ¢ &1l 9} aromatic ¥4
0] %(C=C) A% wavenumber 1,608 cm 'e] FHF u]o]A

AL olgdtel FYEE TAAT

. . . . : : -
DA == AiiphaticC= O] ats AromaticC— O monomer” 10
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Abey 371 9]

AMAAZL A4 4 m, ¥ 1 m Teflon moldE "5 &
A& 37 AAANE FY3 To] thA] cover glassE YolA 30%7F Fx
AAE A Zstth Table 3% 22 AT EFHS A xsto] 15 mt 27
9] conical tubeoll VZEFY 10 m H3 AZE AAS HAAA B4 £E5HS ¢
E3lth
2) Ea&vsE 24
Standard solution TISABS o] & 3&}e] sample €4S A Z&UT}. d=8L A}
£37] Aol W optimum results A(Orion No. 900061) filling solutions %4 3}
Jom, DWe TISAB IE 1112 3o mV &S st
BEAAFE AFEEH7] Aol 100 ppmel Fluoride Standard(Orion No. 940907)
Ag FHFl 8454 0.1 ppm, 1 ppm 22 10 ppm®] 4 FFENS A
sto] pHE WASATH 8 NS Z calibrationg & F AldelA §29 §4&
& 244 5% (Orion Model 720A pH/ISE Meter)< o] &3t B45 S4 5%t
o] APolAE 1~302, 31602, 61~902elA 9L B u 1719 A
Aottt EAhol2dFE AFE T wuith xFE & Al HAAAA %
A skt
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(1) $== Az

1°)

HAAZE A8 EFol= 282 ol Teflon molde &8 ¥ 3 X

cover glassE& ©0o] 30&3t Fx2AS A3dE AlHS B

12
-
>
)
il
N
8
<t
o

o AAGFGE. AAL FAY HeE 20 g& WE9 RPMI(Rosewell Park

2

Memorial Institute) 10 meoll A Al#A (50+2)C water batholl A (72+2)A17F &
BAste] £E55S AF59.

(2) L-929 A X W%

L-929 A2 & 37C 5 % CO: incubatoroll A 24A17+ wi kst vh. Al E7F £
AE culture?] FF NS IIFoZ AAT L trypsing HS ALt NEE H] ¢
471258 "ol v AE HBSS(Hanks' balanced salt solution)E& % ©]A]
trypsing® & o] F1 1500 rpmol A 3E FoF YA EFEAT. AxE A=

= AAT F Axst FujE RPMI A9k 10 % FBS A &fo] 124 4

AE NS hemocytometer® countingdte] 1x10%/ml F =9 A EEH 9L

p

fro 180 w0 ¢ RPMI 20 pl 9L, tjzx<tol= AlEF
fro) 180 wot thxaolA &% &= 20 wE BAT. AFE 13 275, 370l

= OAERR 180 wot 2zt ANFTAN S5 §F9) 20 wE A 37

c

i

T 5 % CO2 incubatoroll Al 2447+ wj k31 3 o}
Ay 2] 2 4 9l Ak k% A9l phosphate buffered salines(PBS buffer)ol MTT(3-(4,

5-dimethyl-thiazole-2-yl)-2, 5-diphenyl tetrazolium bromide)E ¢ MTT-S

13



S 4 welldl 20 E H7Fstod 4AZF ot wiYgE AT A HSE AAS
formazang DMSO(dimethyl sulfoxide) 200 w= oA 15-20%3F shaking 3} o]

Fig. 2. The photograph of MTT tests.

A Mg = SPSS Ver. 12.0& o] &8t Adad dxz=ao o], Vs

ZEFA, 4%, A%, E5459 &l 28 E42WEEFLS Tukey HSD, one

way ANOVA testE AF§3t0] 95 %9 A% FtolA Foa5 AAsHAT

14
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EHT=20.00 KV W= 14 mn M EHT=20.00 KV

lopn  —o Photo No.=4 E o

(a) Unfilled sealant(x3000). (b) Unfilled sealant(x5000).

EHT=20.68 KV W= 9 mn = 0 KX EHT-20.68 KV

oun  p— Photo No.=4 2um

(c) NaF 2 % filled sealant(x3000). (d) NaF 2 % filled sealant(x5000).

Fig. 3. SEM micrograph of the sealants materials(x3000, x5000).
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EHT=20.60 kV D= 14 mm

topn  ——o Photo No.=4

(e) SnF» 8 % filled sealant(x3000). (f) SnFy 8 % filled sealant(x5000).

WD= 14 nn
Photo No.=4

EHT-=20.88 KV W= 13 nm

1on  — Photo No.=4

(g) NaF 2 % and SnF» 8 % filled sealant(x3000). (h) NaF 2 % and SnF» 8 % filled sealant(x5000).

Fig. 3. SEM micrograph of the sealants materials(x3000, x5000)(continued).
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]
i)
oty
o
2
Jm
o,

(1) =% 2ol

T Aol 27l 7 E=A UER e (p<0.05), LI 1, 33 el

ASA Fo2= 819 THp>0.05)(Table 4).

rlr
of

AE+ 179] 2065 VHN, tizwo] 1895 VHN 281 27 9¢] 1840 VHN, 3
o] 16.86 VHNLo 2 ZAIH AT, oz 1, 37 183 173 23, 3wollA
27 YEFS THpP<0.05)(Table 4).

(3 ns+d 2F F

2

" F g

o
N
rle

I

=y
-

fd
rln
>
ot
=
=
=
N
=
)
=2
Ho
o,

AF7F L A e (p>0.05)(Table
4).

Table 4. Means value of depth of cure, hardness and uncured film thickness

G Depth of cure(mm) Hardness(VHN) Uncured film thickness(um)
Toups ) .
Mean + S.D. Mean + S.D. Mean + S.D.

Control 10.02+0.03" 18.95+2.14 32.3+4.7°

Exp. 1 10.09+0.10" 20.65+2.15" 39545 7

Exp. 2 10.15+0.06" 18.40+1.99" 31,8437

Exp. 3 10.08+0.04" 16.86+1.79° 31.043.8"
a, b, ¢

: same letter means no significant difference at the level of 0.05(One

way ANOVA test & Tukey grouping).
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(4) 3%

Shear rate 100 sec 'olA HE:= tlz 725 cp, 1 449 cp, 2 354 cp, 3

T 51.3 cp2 YEFSUH(Fig. 4).

80

70 ] - 5 g — 5 s =& [ n ]

60
‘S 504 V—V—V— VvV —V—V— V¥V —V—V—V
o
; ¢ ¢ o 0 0 0 o 0 0
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Fig. 4. Viscosity of control and experimental groups.
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Table 5. Means value of water sorption and solubility

Water sorption(ug/mn) Solubility (ug/mr)
Groups
Mean + S.D. Mean + S.D.
Control 36.6£22.3 3.0+0.57
Exp. 1 23.4+4.69 5.4+2.78
Exp. 2 22.8+1.39 5.0+2.87
Exp. 3 23.7£1.19 1.9+1.24
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Fig. 5. FT-IR Spectroscope of control.
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Fig. 6. FT-IR Spectroscope of NaF 2 % sealant.
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Fig. 7. FT-IR Spectroscope of SnFs 8 % sealant.
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Fig. 8. FT-IR Spectroscope of NaF 2 % and SnF> 8 % sealant.
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(7) E2%=
Al gt 3ol A BAES 1~309ol+ 1.17 ppmel o™, 31~604el 0.31
ppm, 61~90L el 0.45 ppme] WEH Atk 90U o] FHE = AlFko] A el uef
5

A e AEEA 2709744 AL wE

Table 6. Means value of fluoride release(ppm)

Group Time(day) Mean * SD
1~30 1.17 £ 0.02

31~60 0.31 + 0.14

61~90 045 + 0.09

91~120 0.13 £ 0.07

Exp. 3

121 ~150 0.11 = 0.00

151~180 0.11 + 0.00

181~210 0.18 = 0.04

210~240 0.15 + 0.01

241~270 0.14 + 0.01
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Fig. 9. Monthly release of fluoride from experimental group 3 immersed

in the 10 m¢ artificial saliva.
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3 ME=SA

AE=EA AdL RPMI A0

BN

T3 Bwe Ay fZTo A cell viability
93.7 %= YEkom 330 844 %, 1+0] 837 %, 2w °] 826 %= FALEHA L

W, e AP iz ol FA7 LA tHp>0.05).

Table 7. Means value of cell viability(%)

Numbers of

Constituents Measurements Mean * SD
Control group 12 937 £ 6.2
Exp. 1 12 83.7 £ 9.0
Exp. 2 12 82,6 + 9.8
Exp. 3 12 844 + 96
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Fig. 10. The result of MTT tests.
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8 EAWEL 1~30¢e 117 ppm 283 31~60¥ 031 ppm, 61~90% ¢

0.45 ppmeo] WEEHAoH 2704 712 AS WE=FH A
9. A=A ANdS RPMI A xa3 vludt Ax o) Z7Fo) A cell viability 7}

%E JES O™, 3uo] 844 %, 1ol 837 %, 2u0] 826 %= XAFE S

7
o BE AgE xa Zhel fo A7 gl vH(p>0.05).
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Abstract

Physical properties and fluoride release of denta pit
and fissure sealants including sodium fluoride and
stannous fluoride

Eun-Mi Choi

Department of Dentistry
The Graduate School, Yonser University
(Direct by Associate Professor Kwang-Mahn Kim, D.D.S., M.S.D.,
Ph.D.)

In order to prevent dental caries effectively, high concentration of NaF or
SnF»> has been applied to Bis—-GMA type sealants 2 % NaF as the experiment
-al group 1, 8 % SnF> as the experimental group 2, both of 2 % NaF and 8
% SnF2 as the experimental group 3, and nothing as the control group.

The microstructure, cured depth, hardness, uncured film thickness, viscosity,
water absorption, solubility, conversion degree, fluoride release and cytotoxicity

were used to evaluate the preventive effectiveness of added fluoride.

1. The experimental group 2 was shown fluoride power was distributed evenly

in contrast, the group 1 and 3 were shown sodium particles during
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observing the microstructure.

. In the cured depth test, the experimental group 2 was the highest (p<0.05),

but there were not significantly different among other groups (p>0.05).

. The hardness of the experimental group 1 was 20.65 VHN and that of the
control group was 18.95 VHN (p<0.05). The hardness of the group 2, how

—-ever, was 1840 VHN and that of the group 3 was 16.86 VHN (p>0.05).

. There were no significantly differences of the uncured film thickness among

the experimental groups and the control group (p>0.05).

. The viscosity of the control group was the highest. Those were decreased

in order of the experimental group 3, 1, and 2.

. In water absorption and solubility test, there were not significantly different

among the experimental groups and the control group (p>0.05).

. The conversion degree of the experimental group 3 was shown 43.5 %, the
highest. Those were decreased in order of the group 1 of 38.4 95, the cont
-rol group of 37.2 9%, and the group 2 of 32.6 %.

. The amounts of fluoride release were 1.17 ppm during 130 days, 0.31 ppm
during 31~60 days, and 0.45 ppm during 61~90 days. As time went by,

the amount was getting decreased until 270 days.

. In cytotoxicity test, the cell viability was 93.7 % in the control group, 84.4

% in the experimental group 3, 83.7 % in group 1 and 82.6 % in group 2,
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but there were not significantly different (p>0.05).

From these experiments, there was no difference of physical and chemical
characteristic when mixing of NaF or SnF: with the Bis—-GMA type dental pit
and fissure sealants. There were anticaries effects for a long time by released
fluoride. Thus, it is predictable that the use of fluorides, such as NaF and Sn

Fy, are able to apply to the fit and fissure sealants.

Key words : Pit and fissure sealant, Sodium fluoride, Stannous fluoride,

Physical property, Fluoride release, Cytotoxicity
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