2 (Stookey, 1998)

1
2.
21
2.2
(Duckworth,
1993)
1 (Reduce enael solubility)
(hydroxyapatite, HA) Ca,0(P04)6(0OH)2 ' 1 ,

(OH)

(Fluorapatite, FA) (Fluoridated hydroxyapatite, FHA)



10

(Posner , 1963; Shellis Duckworth, 1994)

2 (inhibit demineralization)
(promote  remineralization)

(demineralization)
- (buffer system)

pH critical pH (5.5)

(supersaturation)

(remineralization)

(£ )
(Margolis,
Moreno Murphy, 1986)
(ten
Cate Arends, 1977; Gibbs , 1995)
(Shellis Duckworh, 1994 ;

ten Cate Featherstone, 1996)



i

(nterfere ord  bacteria

3
metabolism)
(HF)
(Hamilton Bowden, 1996)
(enolase)

(catalyst)

(phosphoenolpyruvate, PEP) (ATP)

(Kanapka Hamilton, 1971)

PEP-dependent phosphotransferase system

(Hamilton, 1990)

PMF

v

Glucose

GIUCQ \l/ -ATP

PTS ———Pp Glucose-6-P
/ATPase

2% H

2 -P-Glycerate

Enolase\L‘_ 7‘~®+ H

-enolpyruvate \
\L + ATP

Pyruvate

HF <>

+
Lactic acid (H )

+
Lactic acid (H )

H+ATPase

Proton motive force

PMF

PTS = PEP-dependent phosphotransferase system

( Hamilton, 1990)



Streptococcus tans

ATP

(van Loveren, 1990)

1
11
1.2
1.3
2.
21
2.2

H+ATPase (Marquis,1977)

(bactericidal)

(bacteriostatic)

(systemic fluoride)

(water fluoridation)

(milk fluoridation)

(supplemental fluoride)

(topical fluoride)

(professionally applied topical fluoride)

(topical fluoride gel)

(topical fluoride foam)

(fluoride solution)
(fluoride prophylaxis paste)
(fluoride varnish)
(self-applied topical fluoride)
(fluoride toothpaste)
(fluoride  outhrinse)

(self-applied topical fluoride gel)



Dean, Mckay Elvove (1938)
(incorporation)
Moreno, Kresak Zahradnik (1974) Aoba (1997) I'
4,000-8,000
!
(3,000 )
!
(caries experience) (DePaola ,1975; Poulsen

Larsen, 1975; Englander Mellberg, 1976; Retief, Harris Bradley, 1987)

(Fejerskov, Thylstrup Larsen,
1981; Featherstone, 1999)
Ogaard (1988)
! 32,000
(0.2% NaF)
Stephen, Kay, Tullis (1990)
4.5-5 3 1
2
3
6



(plaque ﬂUId)

il ' 1
1
( ) (
2% NaF sol. 9,100 2-3 . 18-27
10% SnF2 sol. 24,250 2-3 . 49-73
5% NaF varnish 22,600 051 . 11-23
1.23% APF gel 12,300 34 . 37-49
0.05% NaF sol. 226 10 ./ 23
0.2% NaF sol. 910 10 ./ 91
0.5% APF gel 5,000 34 ./ 15-20
0.4% SnF2 970 2 .1 2
0.22% NaF 1,000 2 ./ 2
0.76% MFP 1,000 2 ./ 2
0.145% (NaF+MFP) 1,450 2 ./ 29
NaF = APF =
SnF2 = MFP =

( Fomon Ekstrand, 1996)



3 (White Nancollas, 1990)
1
Ca,0(P04)6(0 )2 +2F -> Ca,0(P04)6F2 + 2 OH
2.
10Ca2++ 6P0O43' + 2F -> 0 10(P04)6F2
3.

Ca0POABOHR +20F 4+ 10CaR2+6pol-+20h"

2 ( 0.01 10

3 (100-10,000

)
(Gerould, 1945; ten Cate, 1997)

pH (Saxegaard Rolla, 1988)

pH



(prism depressions)

Saxegaard, 1990)

(Saxegaard

(Chander, Chiao

1989)

Tak Arends, 1982; Wefel

McCann (1968)

Brudevold, 1975)

(Saxegaard

Madsen, 1983; Saxegaard

(Nelson,

Rolla,

16

(perikymata)

Jongebloed Arends, 1983; Rolla

1989)

Fuerstenau, 1982; Rolla, 1988; Saxegaard Rolla,

50 (Arends Schuthof, 1975; Dijkman,

Harless, 1981)

24

(alkali soluble) (Caslavka, Moreno

Rolla, 1988) (HPo/)
2
pH
(Brunn, Moe
Rolla, 1989; Caslavska , 1991)



100 A

50_
2 20
A =
C = 1 pH 6.8
2
= 2
( Rolla, 1988)
pH
(HPO42)
(H9 pH

pH (pH-governed slow-release

reservoirs)

(Rolla Saxegaard, 1990)



JUE

topical fluoride source: plaque fluid
intraoral reservoirs plaque fluid enamel
enamel saliva saliva
2F HPO. HPO.
CaF metastable CaF metastable
2 —»| TcaF, |[—P 2 —P| caR,
Ca' ' protein protein Ca‘ . Ca. '
source: s&urce:ﬂ y source:ﬂu_cI
sha a0 ETiu pecre
daoefiud siva eqrd
eard siva
pH 7 PH 5 —ar—— pH 7
3
pH
( Rolla, 1988)
(calcium fluoride-like material)
(spherical globules)
(cubical crystal)

(Christoffersen

, 1988)

pH



19

.. 1940

4 4 1 3 710 13
(Ripa 1981)
(gel)
. .1960
(Wefel
Wei, 1979) (acidulated phosphate fluoride gel)
1.23
(HF)
(Wei, 1985;

Ogaard, Seppa Rolla, 1994)

(smooth surface)

(xerostomia)

Ripa (1986)



20

<0.7 2 / 2 / 4 /

Tinanoff, Wei Parkins (1974); Bruun stoltze (1976)

I
(Ripa, 1984)

Hattab (1987)

30 stookey (1986)



17.4

8-12

1985 LeCompte

30

30

» I ?nauJan

1 1 « « Titles

(fluoride retention)

Doyle LeCompte (1982)

49.2-88.56
PTD 10-20 (
Whitford (1982) 9-13
47 LeCompte Doyle (1982)
10-25 3-7
1
Dovle
10
7.7
1.6



3 ( eatherell
, 1977)
1 (enamel matrix formation)
2. (enamel maturation)
3. (post-eruption)
(dentino-enamel junction)
(Koulourides Walker,
1979)
(Bruun, Munksgaard stoltze, 1975; Richards
, 1977)
(Brudevold, Gardner Smith, 1956; lijima Katayama,
1985; Grobler Louw, 1986) 4

(enamel biopsy)

(Bruun

, 1975)



3.
4,
F ppm
20,000
10,000
1,000 - X
100 -~ ( T T T T 1
0 K 20 30 £0 50
Deptti, pm
4 0-50
( )
=3.18 A =174 m =101 V =0.32 < <01

lijima Katayama, 1985)



(dentin) (dental pulp)
96
4
(hydroxyapatite crystal)
0.03 X 0.04 X 0.2 (hexagonal)
(enamel rods enamel prisms)
(cylinder-like structure)
(key-hole-shaped) 4-6
9 (Meckel, Griebstein
Neal, 1965 Orams , 1976)
rod sheath
96
! 85 15
(pores)
Bird (1940)
(Ca/P ratio)



2
( ) ( (
2.3 1.7 96
2.8 4.9 92.5
( Bird , 1940)
I
!
3 1
(<01 ) (0.6
795 1,582
533 915
( Grobler Louw, 1986)
(Motimer, 1970)
intercrystallite spaces) (Ripa, 1966)

Ca/P ratio
)
36.1 2.07
36.0 2.06
)
37 )
2,858
1,282
2
(larger

Skaleric (1982) electron paramagnetic resonance



26

(lower degree of crystallite arrangement)

Cevc, G., Cevc, P. Schara (1980)

Shellis (1984)

(mean prism-junction density)

(mean volume fraction of interprismatic enamel)

(diffusion)
(loosely bound water) (Joyston-Bechal, Duckworth Braden, 1971)
Linden, Bjérkmar Hattab (1986)
(enamel permeability)
(Ethylenediaminetetraacetate, EDTA) (Chlorhexidine)
(diffusion coefficient) 30
150
1



Saxegaard Rolla (1988)
3
24
Joyston-Bechal, Duckworth
4
ten Cate (1988)
1 4
20
(artificial caries)
1 4

(reduce enamel solubility)

Villena Cury (1997)

1 (minute gel)

Braden (1973)

12



(microhardness)

1
,  Wefel Wei (1979)
1.23
70 4
2
Wei Hattab (1988)
1
enamel biopsy 3
0.7
2
Nupro®
2
2 4
15
4 Minute gel® Nupro® 2.8 2.4
Hattab (1988)
10-16 40
Nupro®

Minute gel®

28

90-100

etch-

24

Minute gel®

Wei, Lau

0.7



29

Wei Brown,
Donly Tom (1994) Minute gel® N
Nupro® 1 4
Minute gel® 1 4 1
Nupro® 4 1]
1
1 4 Modesto
(1997) 3
2
1.23 pH 7 3.7 1.9
1 4 1
75 Caslavska (1975)
3 |
pH
1 4 1
Guimaraes,
Modesto Vieira (2000)
(scanning electron microscope) 1
2 4 1
2
1.23 0.6 (highly
acidulated phosphate fluoride gel) 1 4
Garcia-Godoy (1995)
1 4

polarized light microscope



30

10 1 4
( 37-40)
1 4 Hicks, Flaitz
Garcia-Godoy (1998)
Hicks
4 1 1
20
4
2 Silverstone,
Featherstone, Powders (1989) ' polarized light microscopy image
analysis
1.37 30
1 4 (!
4
3
1 4
4
1 4
1 4
1 4 etch-
enamel biopsy
4
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1 ten Cate

2. Villena

3. Wefel

4. Wei

5. Wei

6. Brown

(1988)

Cury (1997)

Wei (1979)

Hattab (1988)

(1988)

(1994)

APF gel 1 4

APF gel 1 4

Tl .ixotropic (APF) gel

1 4

Minute gel® Nupro®

112 4

Minute gel@ Nupro@

1,2 4

Minute gel® Nupro@

1 4

>

70% 4

1, Nupro"> Minute gel°

Minute gel ° > Nupro® ( )

Minute gel 1 =4

NuproS 4 > 1



7. Modesto

(1997)

8. Guimaraes

(2000)

9. Garcia-Godoy
(1995)

10. Hicks (1998)

11. Silverstone

(1989)

"'} polarized light microscope

H polarized light microscope

H polarized light microscope

image analysis

2% NaF gel pH 7

1.23% APF gel pH 3.7

super APF gel pH 1.9

1 4

2% NaF gel

1.23% APF gel

0.6% highly APF gel

1.23% APF gel I

1.23% APF gel 1

1.37% APF gel

30

, 1 4

NaF gel 4 > 1

1.23% APF gel 0.6% highly APF

gel 1 4

co
co
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