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I8 2 ¥ A

TADLE L. e e e e e 5
Sample identification of dental fissure sealant

TaDLE 2. e 10
Curing depth of dental fissure sealant (mm)

A e 3. oo 11

Bonding strength between dental fissure sealant and enamel (mN/mm?)

FIGUIE L. it 13

Fractured surface between enamel and sealant under scanning electron

microscope (SEM)

o gUI e 2. i 14

Interface between enamel and sealant under confocal laser scanning

microscope (CLSM) after demineralization
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i SO =EAolgElo|EE HI3
ARLTANA ) &3 AFA

a3
9ltt o]E H &7 Y8 dlo] == A]olubElo] E(Hydroxyapatite, HA)S X
"AFAAAN Aol BHS FAAIE AT o] FolhTh HAE A}
ol Aol @ FxAol Fo PAAECR AAA 2 LW Ao} wY

of AFst ave RT3 Uk TVles oldetd ¢ £2 avE

A= B 23 A WIE BuA Folnh. AET
AT AYA ] Y= HAE 242+ 5, 10, 15, 20 % 9] #

AR 2 A7 et on, x2S Concise™ o]t

4
TM ;—q ELE].

1. AHEFAAA ] FdZol= thxa+, nHA-5, nHA-10, nHA-15,
2 A8kl 18O 6874:2005(E) el mhe AHE7H4
AzAel 724dE wEARed, SAgHeR  #ode §isln



o, 479 GEET nHA-15, 209] AlelolA FASHOE fel4e] A9
TH(p<0.05).

3. FMAAANGOR ARHE 54 F obd® We BEY A3 ¥
3 ARLTAAA ol AR sHAT ARMATANA e S wh,

AW st $7 sde] EFE el e,

4, Confocal laser scanning microscope2 ©]&3f 4
geHS AEels wl, v HAS] @] wobds

A e T
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= dto]=EAolgElo|EE H}e

AMET AN A &3 AP

Axng : JYA>

QAN hetQ A o3t
o & A

LA £
ool 294AT F9E 4R FHo] Hu Pl oledel AHol
AR Wea-gold AAR A0 98] Wze] $4 o]

Z2L AAFt L 4L A3 HSimonsen RJ 2002). A
Aol Ao 2 dF 499 ayE kAR, wgE oL A
| o5t oA, YA T o] Fol o3 gEhsle] o]k



e 4 Jth(Hansen EK 1993). 22]a, A8 =] Ado)h A4

el
=
=449 adeExE HMd TE 2 299 ajlol 2 4 JtH(Simons EW et

ARAFAAAY GRS BAFH] Aotol AEE AR AR oIt
e A7kt Bl $4E AAAE wEA Best g

'IT
= uAEe]l Aa, vhE Al 2 sl Aol Febou), SEAol

i

gol# F& A7 Umel Ao FulHow okstn Aol HobA

A% &4 F aF 24 wAL weEA Basths ol dATHTilliss

o5

TS 1992). &3, E4AE #H7bsto] AFs 2 2 A a7t 7gs e
AAAE eSO, EAE HAUIStE HAHoA o8 7FA] EAl™o] A7)

HAa(Swartz ML 1976, Zitz A 1981), B4 &g 713t #@skon, 71&
AAART g5 a7t d5HA FhtkMoffa JP 1982). B4E W
ol A3 geHor At FEks ol AME AMAE ALS
7% oy, mAlFEe] Ba & gEgEo] ojxAQl -2 WA JHE
/o] mol A AWM HHoRRE AREHATHSimonsen RJ 2002).
A, ARGFAAA A HrtEo], EAS FIANE F Ade = dig
AT7F Al&E L Tk

20054 Park T 7]& AMEFAYA ] 0.2-0.3 um F7]°] wlo]3
2 3lo| =EA|o}ulElo] E(Hydroxyapatite, HA)S H7F8le] 7]&2] AW 4

=

TAAA Y A FFATIA FowAN, ARdAE T 2 AFs ayot
NS EAH(Park SW et al. 2005). HAE <17kl o} & FxZ o F
Q9 FARET AANFAEL M Qo] F o] B AAAE A=, A
7 FEA g3g XolmHe] AFs AA 5oz AFREH I glrH(Marcacci
et al. 1999, 2 5 2006). HAZ A ofolu FALANY, ~¥= 8 Tl
okl AL ul, HREolA ZEn 2 So] AdE 99 FUEE



BE23 AP avs JehgE=E Aoz BusAdtilee 2007). HAS A%
3} gyt HASl FAARES Zg3) Qo] &alHo] F7]4 o] FF 3}
pZs

=
7173 Ad oz gold HP3d gHo] nAless AT 71 %

r|r

Ao F7F AN mlo]g = HAE 92 ART Y HAE 29L& 4
AFst adrt o A7 FRHJATH S 2006). Y= HAE vlol =2

™ (Domingo et al. 2001, Arcis et al. 2002), Z&3} 9 59 F7]4d o]
S Z I, 839 Ao xde] vAlFSE Afe &t Holur
(Huang et al. 2003). T3, WHZFd Alo]e] wA¥=2 0.1 umo|B=,
0.2-0.3um®] wlo]2E HART ¢ 2 42°] HAE AH&3st= A5 5

g AFE ave 4= 7 Jde Aotk wEkM, v HAE AW

AR, 23 Agdel MeE Baux ol



I 249 As € 9y

A#g AALTHAA Concise " (3M/ESPE, USA)¢} 357 XL3000
(3M/ESPE, USA)& AH83t9lth Concise™= non-filler @Eje] @A
AALTFAMAN R F FE2 Bis-GMAoH, 3442 TEGDMAZ} £013l
o FER7I= ARGFANA AzAEe] AAlo] mE ZE ALY AlEs
AH&-8F AT

Yer g 92k 2719 HAS A 0] Cain(PO4)s(OH)201 L, H=F 27 o
100-150 nm 91, Medical grade extra pure nano powder

hydroxyapatite (OssGen Inc., Korea)& A3t}



F

APTE ARG AFIFANA ] 5, 10, 15, 20 %O FAME 1}
HAZ Z#gatglon, Ux HAS 5% &3 7S nHA-5, 10% =33 &

S nHA-10, 15% =33 #<& nHA-15, 20% =33 &< nHA-200.2

A Th dEZ2TL Concise Mg A8l T,

Table 1. Sample identification of dental fissure sealant

Sample Sealant HA(Wt%)
Control Concise ™ 0
nHA-5 Concise™ 5
nHA-10 Concise™ 10
nHA-15 Concise™ 15
nHA-20 Concise ™ 20
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= SAstA skt 2 +9 1170 = 55709 2A" dT-x9 7+E
dH3 AP ddo] dEHE (A4 6mm, =°] 4 mm)9 polyethylene tube

g o gsl AWMATANAE HAAAL RE &4 AR Ao )

FES A4 77 W 27E Ader) Y& 37ColA pH 7.4¢ SARA A
(simulated body fluid, SBF)olA B#s3th &AL 1 FHo g ¥ w3
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4) &3 Agd A3 CLSME o] &3 &3d &3

U HAE H7be AdFd4849 H3dd & s
oty 1} sQlth. Hokg-2AlFo] gle wAd FTuTH o HH-Wel A
AE webd gagee] 9% (6 mm x 2 mm x 1.5 mm)E FAsF 2
9= o] MAL AL fissure bur® vHE-88t9 ™ cavo-surface angle

90k 7MEE FAs. AdTy dxzTo A-MITHAAAE AT

flo

Che Sof-Lex'™ disk@ Awl3}3ich,

WAHE @ varnishE ¢ WASZFE 1 mm Eojxl Ao} Ho] 2 | #
&3l A o}E 25 ml9 acid buffer solution(pH 5.0) ¥ % 37%9]
A 4dzE Basiglon b 8 24413 mirh wAGITE 49§ AotE
epoxy-resin®] =< ¥, EXAKT diamond band saws (EXAKT Co.,
Germany)E AH&eto] FHE ¢S AUESF Hote] A5wgow 4

asto] AlAS AZesit. d9ek AlAS confocal laser scanning

microscope(CLSM) (LSM 510, Carl Zeiss Meditec AG, Germany)< ©]
o Am AT wREY 23 FFel g B Algsigith. CLSM
F9S 938 S 0.1 mM Rhodamine B solution®2 1 A7F &<¢F 94
stal SRR FAY ¥ AxzAZY. CLSM2 543nm 7] 33
(excitation wavelength)& 2Zt+ He-Ne # oA <9 560nme] long pass

barrier filterE AR&-3lo] E3d WAV e HIAAA &3S YepdTH



5 A &4

SAS 9.0 version2 Atgsldor, FZo], AdHdE Fo da v
HA® @] wal Aol7h AEAE  Kruskal-Wallis test® 243131t}

(P value = 0.05). 71831, DUNN procedure® A} AA T}



m 2 3

AAGFANA ] TFHole WERTFS FF 587 mmE 7HF Ehow,
2 nHA-5+ 5.32 mm, nHA-102 4.64 mm, nHA-15 4.58 mm,
A-202 4.33 mm Qlth Y HA o] ol wA frasisioy, &
2k 1A tHp>0.05)(Table 2).

THAol= 1SO 6874:2005(E) Aol e AHETHAMAZA 9 7]EA

5o
vl

)
A%
a2
Ho

Table 2. Curing depth of dental fissure sealant (mm)

1 2 3 Mean
Control 5.87 5.98 5.76 5.87
nHA-5 5.39 5.27 5.29 5.32
nHA-10 4.51 4.72 4.69 4.64
nHA-15 4.55 4.53 4.67 4.58
nHA-20 4.62 3.97 4.41 4.33

_10_



1 Y o SBF&do AAAZ F AFAEE SAHZ A, F73ko]
fzToAE 10.78 mN/mm?, 2A¥FoA= nHA-5, 10, 15, 200] z+zt
13.62, 14.54, 15.91, 15.92 mN/mm® gt} U= HAS] &eko] #AXHA]

ARAEE S7HIYA nHA-20004 Hdats Yelgii o, SAEA f
o) zt= LA THp>0.05).

4 F F ARAEE SAY A, Tl dxTdAE 8.44 mN/mm?,
A9l = nHA-5, 10, 15, 20014 z+7+ 10.08, 12.57, 14.07, 15.61

mN/mm’> 4t} U HA9l dgko] AXHA ZAIPTE= =750 00
nHA-20°14 Hate Jderddch fzE9 nHA-15, 2022 544
o127k AATHP<0.05).

L F23 4 720 APES WuHe W, 2e GelA 1 Fol
H 2o ge oo BANE Kot ddltip>005). FaE AY%

_11_



Table 3. Bonding strength between dental fissure sealant and enamel

(mN/mm”)
1 week 4 weeks
Median Range Median Range
Control 10.78 8.98-14.68 8,44a’b 6.75-9.84
nHA-5 13.62 10.86-19.14 10.08 8.07-12.89
nHA-10 14.54 12.22-17.71 12.57 10.27-14.39
nHA-15 15.91 12.57-18.85 14.07" 10.69-16.63
nHA-20 15.92 13.15-22.38 15,61b 12.51-16.89

a . statistically significant at critical value

b : statistically significant at critical value

_12_

3.44 by Dunn procedure

3.90 by Dunn procedure
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(b)

)

Fig. 1. Fractured surface between tooth and sealant. x 200, x 2000 ;
(a) Cohesive failure in nHA-10, 1 week. (b) Adhesive failure in

nHA-10, 4 weeks. (¢) Mixed failure in nHA-5, 4 weeks.
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s

4. &3] AGZAI CLSMZ o83 &3d

r

M A S acid buffer solution(pH 5% E3IJA|71 &
B solution® 2 @Mste] CLSM 95 otd, 234 32 H2 A& 9

ATk nHA-20T A xR HEZE 23571 A7 oy oh(Fig. 2).

(a) (b)

(c) (d) (e)

Fig. 2. Interface between tooth and sealant observed under CLSM
after demineralization; the middle and red lines present the
demineralized areas: Left—enamel, Right-sealant x 10 ; (a) the

control group, (b) nHA-5, (¢) nHA-10, (d) nHA-15, (e) nHA-20.
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AVLTAAAE $4 2ol e mPwel AWdTo) 4850 B
g

(Simonsen RJ 1991). %2l

g
o
1>
ol\
o
2
ol
ol
rlr
p;{-
B
L
r o
ol
oL
o,
)

3= 19 T 83%0A 159 FTo%E 53%% $Fdittn &e A ¢orny
gegtgol 19 T 8%olA 549 33% < Aol EAZ} "}l Hicks S
ATAAA 7 2 & FESE dF tag®E QlE] A EFH

ol dWtEdE BTm Yok (Hicks MJ et al. 1982, Going RE

= =
= =
= =olde= =gl ASMARE, &40l MAFAY FIHE FHo] SHd vt
ittt =3, B8 FElthe TS ololekmn AWME AAAE vAT
f

Zo] A3 fAo] o

AT

Ao} BxA e AFIE FEFE 5 U= EZE  calcium phosphate,
casein phosphopeptide—amorphous calcium phosphate, HA S°] At}
(Itthagarun 2005, Rynolds EC 1998, 2003). ©] & HAE Zolu o}
BxAI o] vzl w2 AAATAAS 7RI A AE Qe A
of FEAo H7tetd wiR:, 7AA dEde AN, dvids FA8
I AR AR ERARAAE YA, 28 EAEA A A4S 7K
THDomingo C 2001). AHAEFHAMYA ] wio]aZ HAE /M H3L
20059 Parkell oJsf Al@=| o, nfojax HAC o] F7tel weh 2

HFAE7L F7ho] AR Suakis L& BAolBhE U 372 wHE
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319 7] W&o, U HAZS AdHI+H

al
A 7V =4d0] ket 29T v FdE Aoz 93

AHeE AHI T AAAE Concise™™ (BMESPE/USA)® non-filler & B o]
oF. FAEL Bis-GMAZ 44 A3} v &5 A7, £ AHdTol 4
A RAET F JEE 5845 9 4 37 93 F=7F =2 Bis-GMA
SFEA el s A A SFA(TEGMDA)7F E3tE o] vk AL H A o &=
filler eI} non-filler FER7} A+=dl, non-filler FE7} Y= HACS =%
of &olsta, Y HAS Zejeto] Fazgo] glo] Uiz HAS gt
e B ¥uts AoR AZste] APARE A9k A9

Y+ HAE FAMZ 5, 10, 15, 20% @7}k 4 ATt AFT+L o7
T HA7FSHA &S Concise™ ollth AR EFPH|ES A7
o] & 5% 4 FUrElE, 256% oldo] A e XHATFHAA
S50l wl¢ ol Aol HFstA X,

THAoIANGAME FA F4<0 1SO 68742 2005 /N e whet A%
3 AWEFHAA 0 71EAA AL FAsiTh Ao dixaelA
5.87 mm, HFA#}L nHA-207NA 4.33 mme = YeEY, U HA g

Tasts FFe FAT 5 Agdon, AN

“©
<
kr
)
=

H
A Foake (e EE TolA el 1.5 mm oo w S

I

A7 E 1 FLA dx&F 10.78 mN/mm?, 23T nHA-5, 10, 15,
202 z+zt 13.62, 14.54, 15.91, 15.92 mN/mm°& H¥rx o g HA 3heko
7t vEste] SUFeAth 4 TR E v =g o] YElsEE,
NZzTFS 844 mN/mm?, 249+ nHA-5, 10, 15, 202 zZFzZ+ 10.08,
12.57, 14.07, 15.61 mN/mm’ez Z7telglon, dzxoy AT
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nHA-15, 202 BASH fox& BT

g3 foAE glolA, Azt e AP Ee] WilE gle ASE AIRF
Aok 2y, Agr)zke) Aelvh g B Ao AAE nHe u, Azt
Pz @A dsiAE o F7Izke o

c}.

Az A< 20054 Park 5o A7 A3t vluwsiR A, Park 59 23
= gixTol #7 8.60 mN/mm®, 2A¥TL HA-5, 10, 15, 200 z+z}
9.14, 9.49, 9.68, 10.08 mN/mm”o|lc}. £ A7 4 F73} W wsfry
1 zpel7b Z+zb 0.16, 0.94, 3.08, 4.39, 5.53 mN/mm” o]t} %= 2ita)
w 7kzb 1.86%, 10.28%, 32.46%, 45.35%, 54.86% & U= HAZS H7}

32

(b

Sholl whet A2} =7t 10.28-54.86% S 718FS ).
AFARE] Z7E AWete A 7He GEAA AN T 7R

o4+ AZdE  doh A WA= U= HANA &9 Zgol2o] Aot

9} AFE 79 o]l ATL o]F9 7] wlFEo|thLucas et al. 2003). 8-Fo)
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MATANA ] A7kl BAS BRATE AT ool ATk HAE A
ol Ao} @ 2xAe] Fa FAAToR AAAHNY 2 GaE Ao} wY

2
M

1. AHEFAAA ] FdZol= thxa+, nHA-5, nHA-10, nHA-15,

=
AzAMel 7I2dds wEAReY, EAgddeR #ode sy

2. ARG AAA Y] AFAEE Y HAY ko] Zold42 Z71519 0
o, 459 Y EZTFI nHA-15, 202 AlojoA BAEEH oz fFolXdo] AN
TH(p<0.05).
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3. FMAAEY Ao AYYE 54 ¥ A" WL A A3 ¥4I
3 ARLTAAA ol AW shAT AWMATANA e S v,
AR sHAst $7 Aol BEE Pel vhebaeh

4. Confocal laser scanning microscopes ©]-&3l 4
RS B2EAS W, e HAS Fao] Folds
Al HEFREE

of AGA AWMATAAA Y HAZ VMRS W, 2RAES F
hrgla, @eAFAgel A debgth ojd dug B AALFANA
of the HAS #H7be 49 ARGFANAY dolif o2k Johg-4 58

FaAA AokgAFo] d G3E BY 5 YL AoE A=A
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Abstract

The Effect of Nano—sized Hydroxyapatitie
on the Demineralization Resistance of

Dental Fissure Sealant

The dental fissure sealant is a dental material that fills the pit and
fissure with high dental caries susceptibility and prevents dental
caries. The effect of dental caries prevention is excellent. However,
dental fissure sealant can fall out for various causes, such as
occlusal force, contamination during the procedure, and difference in
the thermal expansion coefficient between sealant and teeth, which
may result in secondary dental caries. To improve its physical
property, hydroxyapatite(HA) was added to the dental fissure sealant.
HA is a major component of bone and teeth in the human body and
has favorable biocompatibility and remineralization effect on the
surface of human teeth. In addition, improvement in physical
properties 1s expected by using nano technology.

The purpose of this study was to investigate and compare the
curing depth, bonding strength, and demineralization resistance of
dental fissure sealant containing different concentration of nano HA.
Four experimental groups were prepared by mixing Consice " with

M

5, 10, 15, 20 wt % nano HA, respectively. Consice™ was used as
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the control group.

1. The curing depth of dental fissure sealant decreased with the
increasing percentage of nano HA and satisfied the basic standard,
ISO 6874:2005(E). However, there was no statistical

significancy(p>0.05).

2. The bonding strength of dental fissure sealant increased with the
increasing percentage of nano HA. There was statistically significant
difference between the control group and nHA-15 and between the

control group and nHA-20 in 4 weeks(p<0.05).

3. According to observation under the scanning electron microscope
of the fractured surface after bonding strength performance, three
types of adhesion failure were observed; adhesive failure between
enamel and dental fissure sealant, the cohesive failure within the

dental fissure sealant, and mixed type.

4. When demineralization layer was observed under the confocal
laser scanning microscope after 4 days of acid demineralization,
thinner layer was observed in the group with higher nano HA

concentration.

In this study, the bonding strength and demineralization resistance

of dental fissure sealant increased when nano HA was added.
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According to these results, addition of nano HA to the dental fissure
sealant not only improved demineralization resistance of dental
fissure sealant, but it also improved the caries prevention effect by
reducing the chance for falling-out of sealant and, therefore,

secondary dental caries.

Keywords : Nano hydroxyapatite, dental fissure sealant, bonding

strength, demineralization resistance
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