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Figure 1. Scanning electron micrographs of filled sealant after
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gt 4= 9t} Horowitz9 Heifetz(1970)=, APF
gAsttt Bast AR 1 AIZbEQE BEAE AE5AS W o]E A
o] Hzgo] wrAlsk 9] wj o (Garcia Godoy and Malone, 1983), &
2 EX NS HAigEd e k9o ofFoiu. APFE 1& =¥de=

A3 4% EXFE R Abelo] Fo% W Aot gk AFEe] wu

B4 w4 =X AAdFAdMAe] WEo] AopgAFe dusted
A olgta BaE o] 3 (Horowitz, 1982), Aol Aol As AHEF
A APFE o] 43 B9 w2 =¥yt de ¥HEHn o gy,
APF®] =4 Lxo] osto] porcelain 5 &9 FW ¥4 W3 2 7
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WAL AMAE filledd Q1 Helioseal FoF unfilledd 2 Q-2 A A 2]

Concises AF£3+A . (Table 1)

Table 1. Materials and manufacturer

Marerial Brand Composition Manufacturer
Bis-GMA, UDMA, TEGDMA (58.6wt%)
Filled ) silicon dioxide, fluorosilicate glass Ivoclar
Helioseal F )
Sealant (40.5wt%) vivadent
stabilizers & catalyst (<1 wt%)
Unfilled ) Bis-GMA
Concise 3M ESPE
Sealant TEGDMA

X8 B4 AARE 1.23% acidulated phosphate fluoride gel

a2

k>

=
(pH 3.5)91 Topex®(Sultan Dental Products, Canada)E A}-43}9



2. 47 ¥
7t. APF geloll o1& A7+ AMA9 FA dst

A& 10mm, *°] 2mm9 teflon mold Wl filledd W& F2 A A 2}
unfilled® AAGFAMAZE A A A Ao wap FYg F celluloid
ZHol A = Ao fYdor 4HS VM H 4 W

¥+ (Curing Light XL 3000, 3M, USA)ste] Z+7F 40704 F 8070 Al
AS AstAdn. el gsE Al|> 600, 1000, 1500, 2000 grite]

wn
5.
S
o
)

silicon carbide paper® %2 Aefoll A FH S 2 A7F Fob Antsld
Ark F olEHdE AAsH] Aok, FRF WdA 253 AH7
(Biosonic, Waledent, Germany)Z o©] &

2471 x5 01 mg @A FA4 Jhed AA AeS o] 85k
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2 % filledd

10704, 4 o2 E7ste] Ao e =4 EX8 54 AANE 12, 4

T2 RES B AAG FHEE AAL AT F AAT 58 tap

water®Z 3027 AlH T v, w2 AR &dd AAE Hste] 5T =



Table 2. Sample grouping for experiment

Material Group Application time(min) Nz;?r]?pelres()f
I (control) 0 10
Filled Il 1 10
Sealant 111 4 10
v 10 10
V (control) 0 10
Unfilled VI 1 10
Sealant VII 4 10
VIII 10 10

oz et Ragk> 7l 2ol <tellA HFE el ¢
oz YER o o ghol o,

o Ag Azbe] we

off }42 008 mm, FHZ0°]+= 25 mm=E 3sF3 L,

ATt stylus7F €9 jigEs 7F22 05 mm® HYPsA =2



th. APF gelol o A 274449

dv g B

fH

W oWt @ FAAR

T4 =X 8 APF gelol o3 xHEF Al g WHIE #2357
&, 7 o AJALS W 953 t}g field emission scanning electron
microscope(model S 3000N, Hitachi, Japan)& ©o]&3te] 714 A%

f

20kVp 3tel 100084, 20000 o) wj & = 223k %ot

FgE e A9 AyELS SAS Ver 9.1(SAS Inc., North Carolina)<
o] &3to] EAEA 3tk One-way ANOVA(P<0.05)2 o] &3] APF
g At mE b o] FA 2 3 ARV WEE wasta, AFE

AFE 93] Scheffe's test(p<0.05)= AF-& 3} o).



m. |4+ 23

1. APF gelol] 93 XA A FAMA e FA A3

A A A WH(Table 3; one-way ANOVA, p<0.0001), unfilled®d =¥ <& = A

A= FAL Aoz gt (Table 3; one-way ANOVA, p=0.9158).

Table 3. Mean weight loss of each group (unit : mg)

Mean weight Mean weight
Defference

Material Group before after £ SD P-Value
experiment experiment o
0.115
I 205.040 204.925
+ (.1857
II 204.280 203.510 0770
Filled ' ' + (.3874
| 0770 <0.0001
sealant I 205.835 205.065 :
+ 0.2761
0.710
v 197.575 196.865
+ (.2942
-0.020
A 164.705 164.725
+ (.3020
VI 165.620 165.610 0010
Unfilled ' ’ + 0.1926
| 0.045 0.9258
sealant VII 165.440 165.395 '
+0.1571
-0.005
VI 164.030 164.035
+ 0.2166

* statistically significant at P<0.05 (using one-way ANOVA)



ANOVA £4& ot 25 e #oA e Aols B filledd A
o

WAL AMA 22 7 7 7Fe] v E ¢35} Scheffe’s testE AF&3}
270 BAs 4454 2o [P0 PP BAS

AT AFAAL, o
A% I, 1, IV Abolel #98 vt Holg mel v, A9z I,

Table 4. Post-Hoc test of filled sealant group for weight loss

Weight comparison Difference between

(group) means (unit : mg) P~Value
I-1I -0.6550 <0.0001"
I -1 -0.6550 <0.0001"
I-1v -0.5950 0.001"
I - 11 0.0000 0.999
II-1v 0.0600 0.976
I - 1v 0.0600 0.976

* statistically significant at P<0.05 (using Scheffe’'s test)

_‘IO_



2. APF geloll 93 AH I AdAMA ] THAZAY] W3

AT AMA ] TRk B AE ARt mE ®9 AA7 9] WEs

Hl 3} 7] 93 one-way ANOVA® A3y APF gel A4 3 filledd A4
AFAAMAANA = 2ol vt FH AR gol FUMsEAa, TAE

o7 fojAol ddtH(Table 5 p=0.0005). 221}, unfilledd = E -+

Al M= =40 A8 wE 25 3ol zolE HolA &okv(Table 5;

p=0.9769).
Table 5. Mean surface roughness values of each group (unit : gm)
Material Group Mean Ra value £ S.D. P-Value
I 0.0862 = 0.02049
Filled 11 0.1348 £ 0.02477
0.0005"
sealant III 0.1356 = 0.03342
v 0.1394 + 0.03479
\% 0.1035 £ 0.01213
Unfilled VI 0.1052 + 0.01489
0.9769
sealant VII 0.1063 + 0.01784
VIII 0.1051 + 0.01112

* statistically significant at P<0.05 (using one-way ANOVA)

ANOVA #42 B3le] 1§ 29 #94 gt Aol E w3l filledd A

HAFHAMA 25Fol A, 2 o8 2He] vl E $]38le] Scheffe’'s testE AF&



Table 6. Post-Hoc test of filled sealant group for surface roughness

Surfacg roughness Difference 'between P-Value
comparison (group) means (unit : gm)
I -1I -0.0486 0.007"
I - 10 -0.0494 0.006"
I-1v -0.0532 0.003"
I - I -0.0007 0.999
II-1v -0.0045 0.989
I - 1Iv -0.0038 0.993

* statistically significant at P<0.05 (using Scheffe’'s test)

3. APF gel°ll 9 & XHEFHNA 9

F
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filler YAke] ZA7l+= ¢ 1-10m= thFstd . 12iy, APF gele] 28§ A

rol W Aol 1%, 4%, 108 P A& dS o, A& Agte] e &

WO sko] Aol zp WA er okt (Fig. 1). Unfilled® X A 471 4 A of] A
= Eao] Hlgte] APF gels 1, 4%, 10& F A 83 A

g vk 3 Wyl B9 A & gvh(Fig. 2).

oA Eol

o2

02-0ct-08 WD1S . Omm 20.0kV x1.0k  SoOum SE 02-0ct-08 WD1S .0mm 20.0kV %2 .0k 20

(x 1000) (x 2000)

(a) - control

WD14 .1mm 20. ok 5 0z 8 WD14 . 1mm

(x 1000) (x 2000)

(b) - APF 1 min application

_13_



(x 1000) (x 2000)

(¢c) - APF 4 min application

wold Smm 20

(x 1000) (x 2000)
(d) - APF 10 min application

Fig. 1. Scanning electron micrographs of filled sealant after APF gel

application; control group(a), APF gel 1-min(b), APF gel 4-min(c), APF gel
10-min(d)

_14_



(x 1000) (x 1000)

(a) - control (b) - APF 1 min application

WD11.3mm 20 .0kV x1.0k  Soum 5 0z WD14 gmm 2¢

(x 1000) (x 1000)

(¢) - APF 4 min application (d) - APF 10 min application

Fig. 2. Scanning electron micrographs of unfilled sealant after APF gel

application; control group(a), APF gel 1-min(b), APF gel 4-min(c), APF gel
10-min(d)
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V. 1 &

1943\ d Knutson®} Armstrongel] & A9 &4 A A EIUYEFo

E3lUERF, 5354, acidulated phosphate fluoride 59 &4 #| A7} A
ol -2 5 & dwelr] ekl dE A& EHo| skth o WA =X ALY
FHo FHL B3 AHES Xt AHA 9ste] HolA FHH, o] &

o g %ol ¢rA I EH(Rolla G and Saxegaard E, 1990). ©]
do] It 2 Qke] EAjst= w3

Hol AaEE %o Fa o] FEOA oF A o]Lo] U
! o
49 §aE o} 49 dge] solF F, A i

Brudevold(1963)7} 1963l A4 &4 A APFE &703h oldi=,
A B AARD A Ba AAelA Eie WA el ¢ @
o] o]Foxivt= AFZAyEo] BuH . o= APFWol E=Ast= v3)
g E3Favt EFUEFA EActE Ba ooy =3 ANt A
g dA H=d dd EAss 24 3 vA ARE Fake] FAE7

wolth, EFH B4 T4 =F¥A HEE g FAHE B3 g &
HAZE T4 B AAA Hegd e FREAoE JAs= A v
A, A EA AAdAME HEE Zdd dA&Ho=z FAHo 4 7

H}7F o -4 " (William AB and Theodore E, 2003). o]2] % o]+

il
o=
av}
S

il
o)
o
o
2
Mg
)
e
B~
bt
Hd
o
i
o)

(e}
2,
=
>

i
ik
>
>

o
i)
=
30,
=

A Aok 4L dwsts] Aste]l 367U B WM mxa Fi



Aol BA% 1 t}(Ekstrand J et al, 1981; Lecompte EJ and Whitfold

A w2 AAY APFZE 4 B4 AAEY §-4 o
ARk, gekd An 5 Ame] 39

B 1% 1t} Porcelain 850 APFE A £33 72-$ 3Ho

e
AR F v &3 47} porcelain® glass AES F2AAA 7] &3
glass YAS EYA = o] 2o A3l 9 th(Shissel E et al, 1980;
Wunderlich RC and Yaman P, 1988). &3k 1.23%2] APF gelolu} X
o= Qste] EF e 2W WstE dod F dve B A7 A
(Yaffee A and Zalkind M, 1981; Kula K et al, 1983). olol tj3l,
Sposetti 5(1986)> APF9 F+4 A& E3547F 53 dz9Y filler=
wol] A& &= dAX U glass A9l silicon dioxide?} WH-$-3Fo] 484 9
fluorosilicateE @A st7] wWZoleta ®Waust vt E3, glass WA= Abl

o A" F e, ol APFWel Qb 59 AFo] E3hE o] glof &

1o
1=
(2

A DA = fillere] ol W} unfilled® ¥ filledd AW A4

Az +FEY. AFHo2 unfilledd AALEFANAZ 554 o] Fo &

_17_



olz st mAFE B FAEo] =opd F dvn

A A T 55, €8F AT, vt AYA o =94 o] "o
A A Aozt dASHA, ol HsHy] $ste] fillers H7FE
filledd AWAFHAAAZE 2AH AT AHE T A Aol fillerS 3 7Fel
el E21490 A2 MAE AT (Bowen, 1982; Silverstone, 1982), & &
dol "olA filledd AMAZE WAl FE9 F7F B FAEo] Wold Ao
gt T dFHsden, ofF FHety] Hsted B2 Aol A filledd

AAASE unfilledd AMA e AFATE, FAL, VAFE AL v
k

_

Wk a B2 gRtE A3 BuE v Rock 5(1990)2 filled®d AW

AAA R unfilled®d AHETFAMA L] FA&o] EFS Hasal

-

Hatibovic-Kofman % (1998) unfilled®d XHAFANA 7 vl Al FFo
AoIA o vt Huednr. 2y, Waggoner?t Siegal(1996),
Simonsen(2002)2 filled, unfilled® *|HEFAAA ko] 5 HFE 1
ArEs, Aol doA Zol7k gl dlow, A F(2005)% AHF-4
WS AbREt] AWEF AN AlE I 7 A A SRS o] & o
o)A unfilled®d XA TFAMA 7} filledd AHLEFA A v G+
AFEE B vA FEo UM fFetA Fes Bausdu. d@A=
unfilled® ¥ filledd X HEFAAA Fho] & I F=, 7
Zroll & Apol7b Rlvkar Rrops ol A Al 9}

B A9l APF gel& 443 F AW AAA

Lo,
=3
s
(e
oty
il
17
o



4 745, 2E filler JAbel ofsto], FA9 Aok xW AR
T7tE F Atk APFol 9% AHIAFHAMA ] FA 2 xH AA7] w3}
2 Ao A unfilled®d AHAFAMAANA = HELH(VA)I} APF
gel& 1W(VI), 42 (VII), 102 (VII) F A8 g Apole] FA
oje whgh zpolrb HolA 9okt

2 g AA7] W FASH R &
= =Dl Hlste] APF gels 1%

a2y filled®d 21 & A A o] A

(ID, 420D, 102aV) 3+ A&+ APl A FAZ ZFaskada, 241 AH
7= wokxloem, ofs FAGH R fFoAo] AT & AT Ais,
APF 2G4 A Hexa Sdfs ofolewrme] B WsE dolive= Al

) A+ Aot dA sk (Yaffe and Zalkind, 1981; Kula et al,, 1986; ¥}
Z, 1997), filled®d AHAFHAMA ] FA = APF geloll &aiA zHaepA vt

unfilled® AL AA o] A Has dojupA] Fevhes Al A+ 4

hob 92 @rhKula K et al, 1992). =&, APF gel 44 F Bgeao
9 AR FASATE i A7 Anst YAsA(Kula K et al,

1985), APF gel A& % filled®d AHATAMAL] FH 7

-1

M
~
N

<7tk
o= Kula 5(1992)¢] A+ Ay} dX g}, Filledd A #|ol 4 APF gel
= A8 5 T 39 AHY ®EE dojd AL APF7E A A9
fillerell 2tg-3to] fillere] €& oyt &all& oF7|AS A= Algdr. & A
TFol AF8H filled®d XA LEFHAAA LY filler= APF geloll 23%¥ &3} 4

29 db8-3 4= 9l silicon dioxideZ} AWk A E ¥ H o] 9o filled¥
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AMA e APF A4 $F &3} +4¢ silicon dioxided] RE-g-o] doji} FA

Z Atz ¥y, ®E£3H McLean 5 (1985) phosphoric
acidell 93k AR 3 F Ca, Al Sio] F8¥S Hd3th. APF gele
T4 84 = phosphoric acidg 233t ow, o= filledd AHATFH
Aol Eok el filler= Wol AMEH AL = Al Si w3 WS-38to] filler
o getoly s 4o F Uv 2 Aol AFEE filledd AL
AAA = silicon dioxide €] ol% filler= fluorosilicate glassE *Z33tH,

APF geloll ¥ 33 phosphoric acid’} glassoll & H A<l &S v x glass

po
lo
fu
>
Al
i,
)
c?
=

AAe] gfFy A7), APF9Fe] w3 Sxo kel
M= FA 2 E9 AA7] Asted 9Fe vF 5 U, filler7b Bol o
¥ A, filler YA 277 F42, T3 APF9} fillerob o] w8 £ Z

= APFol 984 o B2 fillere] 24o] dojd & don, ¢ @& F

B R EW AR/ 7k #EE Ao AmA

=

e

Aol A Unfilledd AE AT AA A APF gel 48 5, 54 %
ARVl Frold vEg Zpolrh k= A, filler 9]0 Ao 714

APF gelo] Eo]d wal S v XA &5S ¢ 4+ Avt. Bowend

=]
2

ol

rr

Cleek(1972)2 &4 ol2o] &g #e fsdS doZd + Utk B
skdar, 53] #xl 71d 3 filler Aol o] AW ol A ol

SRt & AT ARelME, FH FA A 3W AV S 94
2 filler?} APF9] wWkgo 28t fillere] "eoleta AlmHm, 7[Ad+
APF gelell 9]g Sold whgk W7t 1SS FAF A dv4ds 538 &
Ao A & 4 Uv}. 2822, APF gelo]l 93l A filledd X E 4 AA
o] filler =% filler-matrix ZA7} 8 FF& wHow 7dos ol
ek o S WA A s & 5 AT

T T
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APFe] Add Tl dd Byl Was 923 dd A7, A4

o APF& 43 At 2880 (Kula K 5, 1992), =4 A& A3l

A S Fa3th o) APFO} fillerzbe] W SEE ua 4 glon,

sl E Ao A= Unfilled® Filled®d XH G A MA Al HS APF gel
of 1, 43, 10 P Agstdrh. A8 Alzbel Wik 7|52 APF geld] H4&

A A3 Ao A4 Azl g e mwl wWste] AolE ol

A3k 108 70 AB] APF gels A3 & 7ws

ol FA R HEAH AAVIY] WEe= FATAHOR Foo flrh o=
APF gelell 2]3sto] 18 ol filledd AAA 9] filler’} W33 Aoz A)
74k 9k olE Fstol, £ Aol AMEE Filledd AAAY fillers
APF¢} whg- &£=7F mf g wE AL & 5 Ak FAEAAW A A
% Filled®d A AAo] APF gel& 1+, 4%, 108 7+ 283 Aol dix
ol Hste] A vl mwHo]l BEEJAAN AP to A AH
71 Bt Fx27F A8 AZbel HlEste] SUkeA e A2 2 ATl A
AL filled® AHETFAMA Y] A9, APFY HA& A4 A 175 A

ot

s AMA EW 9 F F UASS L 5
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gelu B AT ARE BRE AWEGTAAA N detstatr)ed = ¢
7b 9tk olE AWGFAAAuT ZFHE  fillere] Yxbe F
=i, o2 gldto] &
s & A7l wWiol Filledd AWHAFHAAA ] H7tE = fillerd] 2
10%°]3t¢] fillers 2§t AAAAAFE 60%0]de] fillers Z§st=
AAA ] ol27]7kA] vFetH, A7l Fym - 5 Aol o] 277k
sttt fillere] FRHE= A AAlvic} ksl
ATh Kula 5(1992)2 th& filler 4A5 X33t A&

, Ba, Li, Al, Si 5o Z+%
&2 ¥y o

filled®d XHAFHAMAE APF gels A &sto] W AAHV|E ¥lug 4
I, fillere] THol webr] Eael o TWH AR Aot Y-S B
sk w3, g3 HA9NE B AW filler AL FHol uwhe,
B4 A8 F A Wl Aok dg F dE5E Rasddd. a8y, &

al
B 87 Alolo] 5

0

|

o =3
H3 FAY w2 AR WEE #BEeA] XIva Husd=d, o=
ojdel Aot @2 § (200600 AFolA AT AHD T} &
Gl el TE filler YA A7I= AL Al AaL(0.01-6/m), ol = 2

sto] filler7t AAEAdE FAY xH A7 wsgrt

oA Tge] miste] AA wEE 5 du 2 Aol AFE T filledd AW E
T A WA = filler® silicon dioxide¢} fluorosilicate?} 40.5wt% 3= o] 9l
o, I A7l= FA AAEuATH LA 1-10m T ol § 5
(2006)8] Aol AE¥E AAA R filler YA A7 7F F SFAFoldla
ol <¢lsto] APFel o3 FA9 Ay BW AH7IY F77F &olstdd

S Aoz ArEy, YRR, gRE AU THAAE glassS 7R o

2 G filler® T B Ade] TFE BF Fai) Aol o) HA

FAY a2 xH AR TS Jdoy, 2 AEE filler YA
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a0 R0l wel 2ot & Qdn ARAD o2 AZEs] A

£ FHs 279 filer® THSE F F filledd AWATH A S
B A6l A gatel ol MmalnE A7/t Bastee Arw
Teh & AT in vitro ATE @A Ao At Kula 5(1992)& E} o]

2ol Zad F e 7heAdd st daekdh ol wiete], F7hA
?l in vivo A& T3] EfAo] fillers X33t A 5 A5 AW
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v.2a £

Zobx 3 o Joll A XopgAFo oS EAow ALLHE acidulated

phosphate fluoride (APF)¢} XWHE AL HAMA= 2 37 538t A4
AN gl #HEste] Algsta AT, APF7F AAG A AAe] ¥
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Abstract

Changes in the microsurface of sealant caused by

Acidulated phosphate fluoride

Yoon Beum Han

Department of Pediatric Dentistry
The Graduate School, Yonsel University
(Directed by Professor Byvung Jai Choi, D.D.S., PhD.)

Sealants and topical fluorides are known for their preventive effects
of dental caries, and they are frequently used together to enhance the
effects of caries prevention. Recently, filler particles have been included
to improve the physical properties of sealants. However, application of
acidic fluorides, such as acidulated phosphate fluoride(APF), to filled
sealant may cause changes on the microsurface of sealant, resulting in
conditions favorable for bacterial inhalation. These surface changes may
lead to discoloration, secondary dental caries, or even dropout of sealant,
decreasing its longevity and reducing its preventive effectiveness.

The purpose of this study was to evaluate the changes on the
microsurface of sealant caused by the application of acidulated phosphate
fluoride. Filled sealant and unfilled sealant were used, and each was
divided into control group and three experimental groups. Three
experimental groups of filled sealant and unfilled sealant specimens were

immersed in APF gel for 1, 4, and 10 minutes, respectively, while the
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control groups were not immersed. Then, weight loss of each specimen
and changes on the surface roughness were measured, and each
specimen was examined under the scanning electron microscope. The

results of this study were as follows:

1. In filled sealant groups, there was significant weight loss and
increased surface roughness in experimental groups, which were
immersed in APF gel for 1, 4, and 10 minutes, compared to the
control group(P<0.05). However, there was no statistical difference
among the experimental groups.

2. In unfilled sealant groups, there was no significant difference in
weight loss and surface roughness between the control group and
experimental groups after the application of APF.

3. Under the scanning electron microscope, more rough and porous
surface was observed in the experimental groups of the filled
sealant compared to its control group. In contrast, the surface of
the control and experimental groups of unfilled sealant presented

similar roughness and porosity.

Based on these results, we could conclude that combined use of
filled sealant and acidic topical fluorides may cause changes on the
microsurface of sealant, which can lead to discoloration or dropout of

sealant and secondary dental caries, decreasing their preventive effects
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of dental caries. Therefore, special cares need to be given in clinics,
when sealant and acidic fluoride are to be used together for preventive

purpose.

Keywords : Sealants, Topical fluoride application, Surface changes
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