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1}, &3] 4 A (Demineralizing Solution)

g3 goe =izl Az (Caleium Phosphate; tribasic, Sigma, USA)
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Table 1. The names and main

components of the products used.

Name

Composition

Tooth Mousse™

(GC corp., Tokyo, Japan : TM)
Fluor Protector®
(Ivoclar, North America: FP)

Cavity Shield ®
(Omnii products,
West palm beach, FL, USA: CS)

10% w/w CPP-ACP containing paste

0.1% Fluoride containing 0.99 difluorosilane

Fluoride varnish

2.26% Fluoride containing 5% NaF Fluoride

varnish
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Table 2. Treatment protocol for each group

Group N Treatment
1 18  Tooth Mousse, twice per everyday, for 10minutes each
2 18 Fluor Protector 5 w, once(lst day only)
3 18 Fluor Protector 5 uf, once per every other day
4 18  Fluor Protector 5 ul once(lst day only)+ Tooth Mousse twice
per everyday, for 10 minutes each
5 12 Cavity Shield once(lst day only)
6 12 Negative control

Table 3. Daily procedure of pH cycling(Day 2-15)

Time Treatment
08:00 - 08:30 Treatment (Group 1, 4)
08:30 - 14:00 Remineralization (50% artificial+ 50% human saliva, Group 1-6)
14:00 - 18:00 Demineralization
18:00 - 20:00 Remineralization (50% artificial+ 50% human saliva, Group 1-6)
20:00 - 20:30 Treatment (Group 1, 4, Group 3- every other day)
20:30 - 08:00 Remineralization (50% artificial+ 50% human saliva, Group 1-6)
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5w ve TEO v FAAeR folsAl Y Ee A

F3&S JeEFW Y tHP<0.05) (Table 4 and Fig2).
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Table 4. VHN values of baseline, after demineralization, after remineralization,

and VHN change(AVHN) and the results of Duncan’s Studentized

range test
Group' Baseline VHN o atter o VENatter o Duncan’s

demineralization remineralization test
305.58+15.87 44.24+11.42 57.80+11.44  13.17+ 3.63 A
305.26+20.36 45.48+11.43 69.72+14.21  27.39% 9.63 B
304.54+15.52 46.21+12.06 7719+17.97  28.82+ 9.54 B
306.90+14.41 46.96+12.92 80.33+20.13  32.39+12.25 B
305.24+ 8.04 44.55+ 9.97 83.56+13.94  40.21+ 9.10 C
6 304.51+19.10 4478+ 9.92 59.59+11.96  14.81+ 6.13 A

* 1: Tooth Mousse, twice per everyday, for 10minutes each
2: Fluor Protector 5 ul, once (1st day only)
3: Fluor Protector 5 ul, once per every other day
4: Fluor Protector 5 pf once(lst day only)+ Tooth Mousse twice per everyday, for 10
minutes each
5: Cavity Shield once (1st day only)
6: Negative control

¥ A,B,C. The same letter indicates no significant difference at a= 0.05 by Duncan’s
Studentized range test.
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Group

Fig 2. A comparison of the percentages of surface microhardness recovery, or
SMHR of six regimens

t TM: Tooth Mousse
FP : Fluor Protector, once
FP': Fluor Protector, once per every other day
NC : nagative control

* The same color indicates no significant difference at P= 0.05 by Duncan’s
Studentized range test.
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Fig 3. Confocal laser scanning microscopy images of specimens (x10):

After the specimens’ demineralization, they were treated with various agents,
in various ways; Tooth Mousse, twice per everyday, for 10minutes each(a),
Fluor Protector 5 uf, once (b), Fluor Protector 5 ul, once per every other
day(c), Fluor Protector 5 w0 once(lst day only)+ Tooth Mousse twice per
everyday, for 10 minutes each(d), Cavity Shield once(e), Negative control(f)
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3. SEM(Scanning Electron Microscope)< 9]
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() (k) (D
Fig 4. Scanning electron microscopy images of specimens (a—-f: x 5,000, g-I:
x 50,000)

After the specimens’ demineralization, they were treated with various agents,
in various ways; Tooth Mousse, twice per everyday, for 10minutes each(a, g),
Fluor Protector 5 ul, once(b, h), Fluor Protector 5 ul, once per every other
day(c ,i), Fluor Protector 5 ul once(lst day only)+ Tooth Mousse twice per
everyday(d, j), Cavity Shield once(e, k), Negative control(f, 1)
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Cai et al, 2007). CPP-ACP= b} ¥ =ta} A Altehe] Al zuiesd

oty AE 7+ 7NNAex= AdstE Aol dF5 A Reynolds et al, 2003).
Ty H29] CPP-ACP A< o] &3 in situ A7 4+= CPP-ACPE &
T8 Aoy AR A 2 Aoy ket AN dwe x7] WA Al
2 2ol7t glttE Ao HuE 7% 319 tH(Schirrmeister, 2007).

a9 A 29 24

A 1kl wlsfA HEd Agst g3/ 5T Ao® Ugha, 179
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ok A" AA, AR g3 Ay uwEoer AzdEd
Kanako(2007) ¢} Maki(2006) 59 d7AH hF29 in vitro CPP-ACP
AT M= stF 23], ZF 1023, = eFol 20Rt &3] AHgsid ot 2

Aol A= sfFoll 4xzHH 23 (A4S A3t wekA CPP-ACPO ¢ 9
AFst a7 e A darsel vE 92A dEudar Aadd. 24,
Aogs A7 A wwel A 2o & 5%, Kanako(2007) ¢
Maki(2006) & A EclA = 2843t A@F3tE Al B ek3laL, Kanako(2007)

1]

&l

o @ATelAE 294N HEEH M A FRE ezt got, 28

A olFE BHEA 4G Aem nIHAY. B AFE 1590

v e 717k ok AgEdomg CPP-ACP 93 =# el )43}
F23E #FEETd = FAVE AAD A 2ok AARE A 7 delA
= CPP-ACP7F AW Aldtotolu; el Bt} Ax2 5o Agate], A

BB HelEam, AR $AL dAs] 4 A4S A 5o w3

7bas Aoz AZAEY, E in vitro Gl s AAl oA HolA g &
A3 CPP-ACP? &35 d=d dA7F AL Aol

T4 vy A= A 300193 FH I S A A ofe] AEEe] 2
3] AbgE o] ko™ (Bawden 1998), 7L &3] oWz 233t @37t on
B2 AdAY A A dsHJAaL, 2ol HE review =
AT = 4 Hel &3 (Clark, 1985; Helfenstein, 1994,
Strohmenger, 2001; Donly, 2003; Petersson, 2004; Seppa, 2004; Marinho,
2007). B4 wid4s 24 ARG dety, =X &4 AA|7E dsta

EIO{t

T
= %

U7l SR Vel HaA gow, A U =¥ ]

ek
o

A~
T A
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shubo] th(Weintraub, 2006). =3 2 B4 o4 =X HE vs] g4
o8 BEAE Wksld], A5 AW AF =FEsto] T4

Fluor Protector®$} Cavity Shield®9] & %42 F w4 zhe] 2%
Ho] Aol oy}, B4 o] 29 AA o] &=7A AeolE Frh Fluor
Protector’= AH4 S w1 9lojA, APF 2Ad Wegdge] E4255S &
7} A 21t (Arends and Christoffersen, 1990). Cavity Shield®: 2 o] )
, =38 HA A3t Cavity Shield®?] $-4 o F o] g

AT77t A9 g1l Cavity Shield®$} Fluor protector®e -2 o v} 7 3}

o

S vud =5 gigley, Cavity Shield® ¢ 7 ZAo] A9 FUF
Duraphat®(Colgate Oral Pharmaceuticals, USA)¥} Fluor Protector"¢] %
#}E MG =S @tk £ Cavity Shield”¢t Duraphat®®] &35
Mg Fd= A gaow, A¥74A wng vwRZE Duraphat®s $-2]
o 2 AFs Zt A Festtta AAH Y. ek FHA o
Uul, Cavity Shield® ™4 Duraphat®e & 1#%S 234 71 g2 7}
vl Bzt skt

Marinho & (2007)e o&t¥ @7 A d, + AL EFolA 5% NaF »#fy
A AFE AL A oF %2 o EE&0o] DMFT7F 46%, dmfs+ 33% ©] 3lth.
B4 vyt =4 Ao ZHE Wug dWiEAA A== Shobha
(1987)8] A9 Seppa (1995, 2004)¢] A+7F vk, + A+ BEF F &
2 AAY E37F vz AY B4 vty A7E oFRF o

o
o
o kel Boruttas & =i wiYHAZE %4 31 A @t e] ghAbel M APF
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Arc gyAolgtan FF . 2y 20031 Marinho 59 reviewol A &
F7hA EAa AEFS HudS u B vy g2 ARY © g34o)
g B3 SAE AAGA EJa, o} F A AR mdelA] %59
WA A sealant®} B2 HUH Y EHE ¥ reviewd A= w A
2 diel= Ba vy R sealant7t B ERAAE B S
(Hiiri A, 2006).

2 B4 g4 EXAVE 2

rr

S -0 BAVE B4 vty A= A
£ 5% &= %319, Haugejorden and Nord(1991)¢} Seppa(1991)& w2
TEY =4 vy AYE 52 w9 sty A R B3 "ot S5
BHA 5 A 35191 vk, Duraphat® 9t Fluor Protector®2 H] gk 200 719] 914
ATFEL 3% 29 Duraphat”] %3k o $FaAY, F oubg 4zt A9 A

ol7}b &5 H s th(Kolehmainen L; James, 1998). 12y 23 A

A

S o] A& Fluor Protector®”} @A t] @& ¥weo BAs 439, €

G i FEe P4 AvstA W Duraphat’®th o &
=2 ol

5t 3F A tH(Seppa, 1982; De Bruyn H,1988; Seppa, 1994). 1@ o= &

33 Fluor Protector”7} Duraphat®®t} o UJ<& g34= 1

rO
Y
rir
Py
flo

o

Ao R QFE A EeAa, o= dwd A A EAVF B4 vy 4o
gt £ oo F 7]Ho] olyetiE AL A A gl wEl A Duraphat® 9}
Fluor Protector® o o] o] ¢ @y zolgts wata AZo o}z 7}

A wakA Eehgleh

o AFdME CSE 13 AAT 5o 4F¢ TMH FPE =3 4 &
TE-4x)el wls) b e ARE Zde Boow o A= F

o

Moz HoPrhP<005). oldel A ArZelAE LEE w9



Duraphat®c] © $438 Al#3 &2 Mol A, Fluor Protector”®$t A <]
9% g¥E wHelga s, obg o= o] f FATFAE AR

2 =7 226 9 ¥ CS7F FP

15
t}al ® 35kl Seppa®t Tolonen(1990) % ¢
23] =¥ HET ¢ 42 535 HoFH B

doll 33 Zxst= Aol ¢ adHolEts WX Hiso]  UATK

1o
rO
-1
il
H
rO
=~
ol
H
]
~
[-40

31
¥
AL
=
—
rV‘
=
r
(1
rlj
e
N

Pettersson 1994; Castillo 2004). o] £ % ®2lo] ] 43l o274

Ae BH sy, & FHoAE @A wol 2ol 9, Jdfohd H7)A
A ydel FE AFEcAE Aed Pwel @ 5 dvk. A= 249 v
A A G FH AGe 1 94 9P obETelNE d 43 BE

7} FHFI Y (JADA Councilon Scientific Affairs, 2006). spA| %k o™ 3124

o2 EXE EA, B4 vy 2 37 ARto]l Aol whel ki)
v JtE Al A7) AQ =7 FQ st (Seppa, 1984).

B oodto] AnES 23w, Fluor Protector” (FP)E AU A3 3
o< FPE 137 Agg 2wy A#s 2347 5804, CPP-ACP

J(TM)®F FPE Wl A A e 4vwvre @3t g3/ "ojx=u, o
Al JEzke] FAA Aole Ut B HAAS AT weo] 3772 v § =
= 4 fdToAy WA wrds 27 ¢4 HAE AR S W ==
d o} $2=(ECC; Early childhood caries)°] & 7

=AY, AR E Y3 2Hor B vy4E @ JF FdsE A

o
=
4
A,
ot
it

il
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B 1del @W AFA 33 4T Folsts Ao mnE AL A
oz AAsArh Tev 1 ade Ba AR 13 BEsE And
okt o AFaE AR

1
So B4 w4 AR §F-0e wBAL FYHA ek

w9 CPP-ACP Atolell 4 oo A< ayrt ol Hixdv

=
=
)Y
e
o

>
2
R
B>

Ea7F dvhar BAEa, wavh EA4 A

B

CPP-ACPE wW=zA = o] &3 ZAg3sto], casein phosphopeptide
—amorphous calcium fluoride phosphate(CPP-ACFP)E & Al gt} (Rey

-nolds, 2007). 7 W E4& o] ZAHE B Zdaa ¢ o9 A

o
i
=3
g
-3
b
0,
tot
ot
)
o
9\
ige
O
=~
5
e
K
i)
il
X
i)
Dy
i
rir
poy
tlo
ol
B
ol
H

mol®] &4 o]&o] dastth(Ca Pr F= 5 3t 1). whebA B3} 13 & @

ol A7l A= A, o ol ol AFEE T AT ade] =

Aolm, o]yt Z#} AL CPP-ACP7I i3] AFd v 98S & +
= Aot CPP-ACP= =49 o] =¥ 4] Ca. P. OH(F) ol=&= Ao}
Fdel FEor Eketa, T4 7IH, A SA A, BEQ1EA A4S F
Hapo] Mgd mHsr Wi AFsE SIAZE 5 A (Cross 2007).



2 AgA TMS FPE 53 A A3 4309 4 TMoly FP @5 A
A =1, 2, 33 vl AFs 7 g ol Atk TMRE A2 gk 173
© TAACE Fog Aol7t Uoew FP @5 Foadsde FAA A
ol gldoey, %t o =& AxY FUHE dEdAA. @ =49
CPP-ACP® 9§ Al AF3}t 53 H(synergistic effect)= A2l gl

R

B7tE F vk ol CPP-ACP9 E4zted s EA7F vk B
7129 oe] dFE9 Adsol FEHA EXAd. olgd A7 2
dome 7t A B RS A3 B vk Aol ARE T dtu etk
AA T Hel A dojus A Adcts del FAC U7 WEd A
Ao Al ZdFelM e MY =axdow FAAst] dAF] =4
T8 FEHIL FAHE A Fo Jdovt # AP = in vitro AF

4w gekdw, B2 wise] m"ue] CPP-ACPS AWate] A4

Al FES walste] A%s wabel Axol A vehd oz Az
OoEG 0N AeEIdE P AN AT we ©s FeaA
o g% dF Al CPP-ACP E% A7HS 159K SojA Azt
DRI P4 ADHEL 0 FE AL Aol AET

FP: ©X %ol wloly} 4Zaw Assol 9 @Ak el A
g e A&An g S48 YAFOR e o d o] 47

2
X
i
23
(o
w
e

in vitro 23X HA7HOR ofHEe]Y scapelZ

A S ol Yol & AlA HA g A EAVE WHEAHOZ
o] FAE "ol XWoe] FAHHJOER o]Fo =XEHE FAVF A
A JEFsHA et FaEA Kot 7Y AFsRus W A
EYE B Ao®E Azdn. vd vf3 m"EES A Ast vty E Al

Exgckd TMY BE3 470y CSE 13 =x3 570 HlsiA o &
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w5 o] RES HAste] AFE st o] Fasttha Azhd
A ol ELRE FH

AAH R oY AA & weict HFd =B
A Hez oo AAde Aw FEAsh g AZEd BdA in vitro

2] dAE AdeA sHRe H§ s

Confocal Laser Scanning Microscope (CLSM)S. 2 #3343} & €3] %9
FAE dFSAY. IV Bol HAeFE H& A TY FAC FUrE
FdE UE A=, 94 CSateol &3 Fo] 7 ekgkoen, I vgol
th& Fluor Protector MY & A2 g & (2-43) oAl CPP-ACP ©&
= 5T dxzay A Y FAE g35S YEUdY. ofF BE

A F+e FAF A2 @Av) 7 (Scanning Electron Microscopy, SEM) 2 2 A]

rr

Aol EWS #AW A3} CS ol 4 HWle] vMnegow, g5 A
obel e 743 wol MAFA 2Fol A9 ggom, Wy A4 A%

b oulg An zWa. vzt E 22 w4 wEel us) CPP-ACP

G4 Ewe AP Ede] B old) B ATES 2 (static
condition) 31 1 Z4stol WAl B} AR} AEAoR wEHE
T4 WA BAE Awsed FAL QA oldF FAE TR

93 ten Cate®} Duijsters(1982), Featherstone % (1988)-& etz ol 3%
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AE B A ATER SATS dotry] Hsto s H A
A A = AEe ARz F ALE FAHS L Ao s AR
3} A== #7353, Confocal Laser Scanning Microscope (CLSM)%}
Scanning Electron Microscopy(SEM)< o] &3lo] &3 Axef W=ad %

W A gy ge ARG A

1. CPP-ACP 915 wd ofx, AY 1024 23 AX3 1+ =4 U

2w 63 o AGE Eabrh wseklar, Al ARE aarh gl

2. B& vy E A 2 CPP-ACP 1 g w5 AAT oy &
Az AFstsd SAHoE FoT Aok AJAT(P<0.05). A #
3} AEE Fluor Protector®® 13 A& 27, A9 2% 3, Fluor
Protector®Z 13 83 Y 234 CPP-ACP d1E ®Wgate] 23

4t = 02 FobHlou, Al HEdel SAAH R 7o atol= gl

143 Cavity Shield®Z 13 A3 570 744 A%

S EAHow %3 zto]7 At (P< 0.05).

w
k
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ki
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i
[
il
oot

oty
"
Hiy
32
o
2
)
il
=

4. 2E 23S Confocal Laser Scanning Microscope (CLSM)E %3

Bt Fo] WA #W olE FAT Ay HA Cavity Shield< ©]



Rhodamine dye T35 (€3 3)o] 7Fg gkskomn, 1 th3o] thE Fluor
Protector® BlU S Hgd #5(2, 3, 47)%0]9 i CPP-ACP ©% o
T x4 M FAL 35S YERW ST

H>

5. RE AYLS FA A% dAvAL 53 Aol Ade xUe BRI
A Cavity Shield® o] 7134 Zwo] mjzelgon e3w xolo &=
H

S by ol w9 Fol ol As glo] 4x £UD

WAtk wh7A 2 B4 w4 fEel Ms] CPP-ACP dauwts o5 A
g e xwd §A FWe] Aol Ax wWol FAH e, &
g Fdol FRAY UumA 5L 2 3, 40w s v za

N

o]l A= CPP-ACP div 2AAI 22 @77k in vitro A9
ol A Asg3 axrt AL glom B4 wpyArRy AFs gyt gy
& g AU I EA vyde &% vbs ael FasiA oy W

O @37 AnEeA ke, CPP-ACPY E4 wly4e 4

MU AsE 22 uigdnr
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Abstract

Comparison of the remineralization effect bewteen CPP-ACP paste

and fluoride varnishes by using pH cycling model

Ji Won Hwang

Department of Pediatric Dentistry
The Graduate School, Yonsel University
(Directed by Professor Jae Ho Lee, D.D.S., PhrD.)

In this research, we tried to compare the remineralization effect of
Tooth MousseTM, which contains 10% CPP-ACP, and two kinds of
fluoride varnishes in vitro.

We produced enamel specimen by using incisors of bovine, assorted
healthy specimen by measuring the initial surface hardness, artificially
induced initial caries by demineralizing for 48 hours, and selected
specimens which will be used for the final test by measuring surface
hardness again, and we divided it into separate groups. We used two
kinds of fluoride wvarnishes, which are Fluor Protector® and Cavity
Shield® and divided all specimens into 6 groups. Two groups where
either of varnish was applied only once (exp. group 2 and 6, 18
specimens per each), a group where CPP-ACP paste was applied twice
per everyday (exp. group 1, 18 specimens), negative control group
where nothing was applied(exp. group 6, 12 specimens), and a group

where Fluor Protector was applied for every 2 days(exp. group 3, 18

_4‘]_



specimens). In order to simulate the condition within the mouth as
maximum, we repeated both demineralization and remineralization for 15
days by using pH cycling model. After the 15 days of pH cycling were
done, we evaluated the remineralization effect by measuring final
surface hardness and comparing the alteration on each group. We
compared the thickness of demineralization level of each group by using
confocal laser scanning microscope (CLSM), demineralization grade of
enamel surface by using scanning electron microscope (SEM). Finally,

we got the following results.

1. Group that applied the CPP-ACP paste for 2 times a day,
morning and evening for 10 minutes each, everyday (exp. group 1),
showed similar remineralization effect as well as negative control group

(exp. group 6).

2. The groups that applied fluoride varnish (exp. group 2-5) had
statistically significant difference in terms of remineralization rate
compared to the group that solely applied CPP-ACP paste (exp. group
1) and the negative control group(exp. group 6) (P<0.05). The
remineralization level of the group that applied Fluor Protector® on every
other day (exp. group 3) was higher than the group that applied Fluor
Protector for only once (exp. group 2), and the remineralization level of
the group that applied Fluor Protector” once and combined CPP-ACP
paste twice per everyday (exp. group 4) was higher than exp. group 3.

But there was no statistic difference among these 3 groups.
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3. The Cavity Shield® exp. group (exp. group 5) had the highest
remineralization effect and had statistically significant difference from

other groups.

4. The result of the surface demineralization depth of the lesion after
remineralization, measured by CLSM, showed that Rhodamine dye
penetration thickness of Cavity Shield® was the thinnest, the next ones
were groups that applied Fluor Protector” (exp. group 2, 3, and 4). The
application group of CPP-ACP only (exp. group 1) and control group

(exp. group 6) showed the thickest demineralization layer.

5. As a result of observing specimens’ surface through SEM, surface
of Cavity Shield® group was the smoothest, it mostly blocked the gaps
of demineralized tooth, thus it had almost no pore and showed small
and dense enamel crystal. The groups that solely applied the CPP-ACP
paste (exp. group 1) compared to fluoride varnish had big and many
pores on the surface as same as control, and showed an obvious
demineralization. Other groups showed smooth and small form of

crystal as it went through group 2, 3, and 4.

Keywords : fluoride varnish, CPP-ACP, remineralization, pH cycling

model
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