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Table 1. Initial composition of demineralization solution

T&NE Hrbste] pH 4.3 °] HEF 24393 0, 1, 5, 10

Ion

i

. Concentration
Composition

group 1 group 2 group 3 group 4
Lactic acid (mM) 100 100 100 100
Calcium (mM) 14.76 15.18 15.39 14.99
Phosphate (mM) 7.46 7.21 7.36 7.42
Sodium azide (mM) 3.08 3.08 3.08 3.08
Fluoride ion (ppm) 0 0.981 5.05 9.77
pH 4.3 4.3 4.3 4.3
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ol g3te] WA ¥ AZSS AASE 100 — 150 m FAZ Avpsilct. Anpst
ARLE EHFE 10 7 A 3 Dimple Grinder(Model 656, Gatan Inc,
Pleasanton, U.S.A)E o] &3t 50 — 100 m F72 Al#Ho] HEZE 7|42 dAnl=
=g

Artel AHEES HFAWA  stelA AFeAe HaA 2EAE Eg] § F
AAAvF O R AlHE BEHA g dHEES olgste] o 7 WEY TRTE
Jojrmdd Eefol= FEpa flo 2 9] e AAT F, wAT 2 o
HEs 2A sttt SR delA WA Eues S §, FEEAA A
W4 28 = (Formvar Carbon Film on 400 Square Mesh Copper Grid, Electron
Microscopy Sciences, Hatfield, U.S.A) 2 HHEZ F2S A4 &3 & X oA
AXAIZAE (o148, 2000). Adx® AEs 1= Fha4d94 (JEM 2100F,
JEOL Ltd., Tokyo, Japan) 2.& 200 kV 9] 7F&A oA, x10,000 ~ x300,000 2
&2 #E3A Y. JEM 2100F o AXx¥® STEM (scanning transmission electron
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M
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Fig. 1. Comparison of demineralization depth of enamel by fluoride ion
concentration after application of acid buffer solution. Each point and bar
represented the mean £ SD. Different letters (a, b, c) represent statistically
significant differences between fluoride ion concentration groups in the same

demineralized time group (p < 0.05).
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Fig. 2. Transmission electron microscopic view of normal enamel hydroxyapatite
crystals.

A x10,000 view (scale bar = 200 nm) B: x100,000 view (scale bar = 20 nm)
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Fig. 3. Unaffected hydroxyapatite single crystal. (x50,000, scale bar = 20 nm)

Fig. 4. Longitudinal view of destruction of enamel hydroxyapatite crystal.

(x50,000, scale bar = 20 nm) The black arrows indicate lateral dissolution of

hydroxyapatite crystal wall. The white arrows indicate the central dark line

(CDL) which is not still affected.
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Fig. 5. Cross sectional view of destruction of enamel hydroxyapatite crystal.
(x100,000, scale bar = 20 mm) The lateral wall dissolution (black arrows)

initiates the central dissolution of hydroxyapatite core (white arrows).
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Fig. 6. Transmission electron microscopic view of enamel hydroxyapatite crystal
destruction. (x10,000, scale bar = 100 m) The black arrows show the suspected
fractured site that shows hollow tube appearance of hydroxyapatite crystal. The

white arrows also show hollow tube appearance.
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Fig. 7. Transmission electron microscopic view of enamel hydroxyapatite crystal
destruction. (x30,000, scale bar = 50 nm) Lateral wall destruction and central
destruction communicate each other (black arrows). The hollow tube appearance

was also observed inside a crystal (white arrows).
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Fig. 8. Transmission electron microscopic view of enamel hydroxyapatite crystal
destruction. (x50,000, scale bar = 50 mm) The hydroxyapatite crystals are

fragmented. The outer walls of crystals are being dissolved (black arrows).
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Fig. 9. Transmission electron microscopic view of enamel hydroxyapatite crystal
destruction. (x10,000, scale bar = 200 nm) The hydroxyapatite crystals are

fragmented and irregularly shaped.
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Fig. 10. Remineralization of destructed hydroxyapatite crystals.

A: a newly shaped crystal. (x100,000, scale bar = 20 nm)

B: fusion of destructed crystals. (x50,000, scale bar = 20 nm)

C: fusion of destructed crystals. (x100,000 scale bar = 20 nm)

D: a newly shaped irregular crystal around lateral wall perforation. (x30,000,

scale bar = 50 mm)
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Fig. 11. Transmission electron microscopic view of enamel hydroxyapatite
crystals treated with acid buffer solutions with different fluoride ion
concentration and application time. (x10,000, scale bar = 200 nm)

. a specimen treated with O ppm fluoride ion for 2 hours.

: a specimen treated with 10 ppm fluoride ion for 2 hours.

. a specimen treated with O ppm fluoride ion for 4 hours.
. a specimen treated with O ppm fluoride ion for 8 hours.

: a specimen treated with 10 ppm fluoride ion for 8 hours.

A
B
C
D: a specimen treated with 10 ppm fluoride ion for 4 hours.
E
F
G: a specimen treated with O ppm fluoride ion for 24 hours.
H

. a specimen treated with 10 ppm fluoride ion for 24 hours.
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Fig. 12. The effect of fluoride ion on the shape of hydroxyapatite crystals.
(x50,000, scale bar = 20 nm)
A: a specimen treated with O ppm fluoride ion for 2 hours.

B: a specimen treated with 10 ppm fluoride ion for 2 hours.
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Fig. 13. The effect of fluoride ion on the shape of hydroxyapatite crystals.
(x50,000, scale bar = 20 nm)
A: a specimen treated with O ppm fluoride ion for 24 hours.

B: a specimen treated with 10 ppm fluoride ion for 24 hours.

26



3) 2asEdl 4E 24 ®wlel $713 A9 37}

Ag3 A4 Aelel mARY oo EAse] AW Y AllE APAY|L

A4 Aol BYHA e ddE ste e HEE 5 A (Fig. 14-B).

27



Fig. 14. Mineral deposition on the surface of hydroxyapatite crystals.

A a specimen treated with 10 ppm fluoride ion for 2 hours. (x50,000, scale bar
=20 mm)

B: a specimen treated with 10 ppm fluoride ion for 8 hours. (x30,000, scale bar

50 nm)
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[RSESEE-————
400nm

400nm 400nm

Fig. 15. STEM mapping image of chemical elements (Ca, P, F) in hydroxyapatite
crystals. (Ca: green, P: blue, F: red)
A: a specimen treated with O ppm fluoride ion for 4 hours

B: a specimen treated with 10 ppm fluoride ion for 4 hours.
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dol A #FEA sttt (Fig. 2). sHAT 235 A2

ANEE Foll EEA Aol FdF AL Aol #EHJY (Fig. 4). Nylen o2&

O
4z
fany
flo
=
1o
ot
=
rlr
)
B
5
=)
oM
1o
lon
D
aQ
8
-3
=2
ot
iib)
oX,
1o
ok
o
oX,
2
=
I
il
k)
i)

4 of

Aoty H9 T (Nylen et al., 1963). Marshall 52 =% A& Ao] Lattice
image ¢} microdiffraction & ##39E w single [100] plane ¢ 545 74+
574% diffraction pattern o] “ejel weh I Eefo] ZEbd 4 vkal st
(Marshall and Lawless, 1981). o|H Ador= I % AHS o] &3]
Al AFsE7] el Z7ke] A o] beam o tiE %7t BF thE 4 oHbel
fItE 18]l ultramicrotomy & ©l-&% AlHel vl AlH FAVF ¥ FAL 5

grell glolet. olelsh olff& <Qlal tE AFtel Hlste] TF AL o] #FHE=

=

Waeore 249 FddoA F¢F97E |A E3) =
B3kt (Hayashi, 1995). ¥ 52 AFM A7o=®
HAFTE Galj=fn] Jap Alole] FHZ o] yHojA|= RAg s}
2000). ol2XA F&H A3 Aol AHE FA HAA A= A9H Fx=0
oftel= Zlo® ozio] Ropxal itk

olyst FYH Mol ofwdt HI} w=Ael os FAHEH= Al disiM=
gafutet sjAo] sk &si7F FAbsiRISA A WiFelA WA AR E I
2 e = 1A, ofyd oA g3 Fo7F A Fo o]F TEE st
Wi-7E &= 7] AlZske ARNA] G eHA] gkt

Voegel &2 Akl 3|4 o] vha] 33 tha3t 2] 7|83tk Monocrystal 2]
33 = monocrystal & Zekol| A Al ZsEe] central core 7F €A s] I EH
defect 7} Al#-etta sk¢let. Lateral defect o 3t¥ "2 lateral wall o Y4-7F

lateral
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g == B4 [100] plane & wel ¢Hds] sty = W0, 2 7HAE YERdTha
39ttt (Voegel and Frank, 1977). Yanagisawa 52 FAMEQ13 A 482 44
eldo e fafel THFEFH doju= &del 2 7 HHE sk
o]5o] doJu= =AE AFIA L HHHOoZ 7]E3 T (Yanagisawa and
Miake, 2003).

Voegel &°] F33t central core 7} ¢x3] stajd &
Azt 72 lateral defect 7F o] Uojkgolx E8lal T g7t

Ao dojubA] 9ktd Yanagisawa T FHAAAUVA ojnA e} RS TRA AL

olZ 28| Voegel 59 /H& ALE @7 WA Hrh oW AFeIAE UF-shli
Ao odolubA grARr 9 shawk oy AR H&e nAT 5 U (Fig

=

4). o]AF oWl A3 HAN}E Voegel ¢ 7Mide= thE dfE Holn Ut
shAIRE o) gael AT B 2 JHA FEwe V]sst A
A5skA] 92 Yanagisawa w9 ATFHS 7HAAL 2

SAes dojdtial W= Voegel 52 o] 3] ¥AH= Ees 7HA
Ak F 7EA AR AEAA W ultramicrotomy Hol™, ultramicrotomy B O.E
FHAAAnE AHEs AFstA =W, A4 dud wkE ##EE & QA "ok
A st AAH FAERIEA dAR e B 439 Adds THAE
s @ Holth. FAbslRls A A FxE st olslist
Yanagisawa 52 AT vxIAE gREe
A= ultramicrotomy WS AFE-317] w9 A
DA Hol 2 @Adel dis) tE M-S Hss 7 vl " Aew F50] @
offl AgelM = ultramicrotomy W& o]&3skA kil ¥4 HHAE TS v
a9 ES ol&ste] AYske WS ARESV] wiiEel FArERIs|Y A ¢ -
- lateral plane < HwZA Z HAFT Q1 oA AF o] nls

ARG B3 o w2 4 JRE BoFa vk

b4
r>«
b
rO
tote
i
i)
o
(o
—m
£
)
_>‘~l_‘
(o
=)
ol
)

o
.
7

=2
o,
o
ol

O

ol Ao FaHAAn A el longitudinal 3 %1 HFeiRFe] FAkERR1S] A
Ao UE= ' "l o] tF-Eolo]d Voegel 5°] central core 7} WA

sty = A= AXA3t}F (Voegel and Frank, 1977). Z# Y central
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core 7} W3 ¥= AlZo] WEEA] monocrystal o wetolgla & AE e}
e @F9EAL central core 7F ¢HH38] dojidk o] % lateral defect 7} XA TH=
AL dAekA] kskth. ol Aol FakslelsA WA e olm A= WiRTt
HlojlEe 71 FH Rokolr lateral defect 9 E%UE Voegel 59| 7]&3t A3 e
Al ek vpeFskAl vrebuar IQlYE g B A SEs
FAU e sAarsldley dEgol ¢ - axis & wWEbA olE F
NeE BHE THA =T sk Aotk o]e thgk o> Dalcusi T2 AN E
A71= 9t (Daculsi et al., 1984). ek FARSIQIS A Aol QWA il
A%l 71 Feo] Agolgtd central core 2 I wrheA Al EE Zlo]
olyz} lateral defect 7} HA A& 1 770 98] &% central core °|A4%H
AA el s Zlo] opdrt F5E & ¢ vk ol FARAAvACwE F1 #
2R 237t JBEHA FAERISA A AA9] a7 @ds] dojur] A
AAF Afolel  Fxte] FAEHWA o] o]go]l <dojdrti 7]&d Haikel 9
FAANE 29 o] F5E & & Ut (Haikel et al., 1983). ol A% o
g0 AR Irdo A AFE R gk, FRbolA AlFE = Fato] pEEQloH,
d¥= Aol #&H3Y (Fig. 4, Fig. 5).
ol A= Voegel T3 Yanagisawa 59 4= tt=A dH
ool A WA Ga7F AlzFtEo] YR &7t AlFtE e Adow dEE v
i gafe] e Serb o g8 X SRRt dx mEA AdgPEHE A
Voegel 9 233 FEAo® dAst= Zolzta & 5 v (Fig. 6, Fig. 7).
FAERISA Aol YReAFE AHor §aiEe Aol dEiAe=
7 e Aol ¥AE carbonate—rich domain o 35 o

_Hi_
ok oo Bl Heksh] wiel F o7k WA i

[100] plane ¥ H 33+ defect & &3P 1 o] defect 7} apatite matrix o ZE3He
o]z A A el octacalcium phosphate 9 &3} AX 5= A A2EAT (Nelson
and Barry, 1989). Ak}l 8]4 A oA central dark line ©] #&5 = o] f= ]
%7} octacalcium phosphate & FAFSE 25 71A7] wj&E<el ZAow FHs1

Qlt}. Octacalcium phosphate = <FARERIS A AL FHEjo)ln A1 8] A 9



AEe TR kel gt gylo] © FHokg Zlow e vk WiFETL
Aboll Fekgh Fxol7] wiitel] Ate] HFIS W el Hla] FEshAl dH =

T A 28y olFe 1 TR Aol ostd
T A2 AL Aol gall AdAel Aol F S EA gka o3y FYF AS
Aol A oFzF Wol Xl unit cell oA Abell 9JFF &af7F dojrb= o= oA QU
(Tohda et al., 1987).

Dalcusi 52 WHd @A dolx= HE dexd Ay e w9 A9 19
AP ANME 100 mo)de] AolEg 7= Aol #EH Ut (Daculsi et al., 1984).
Dalcusi &< W&Hd FAERISA AL Adoly]dd 47 (dentino  enamel
junction) ol WHEFHA FH7kx] dAE5Ael o 11 FRE A

al
shalth. ol AYeM= WFHS EEE UEs AEARES ARSI

)

e Aoz

=

g Zoll 71Eel B F AAY a — axis ¢ b — axis E JFE s H4F
AAo] #EEY] HupE ¢ — axis o H3AI longitudinal 3 e AAHEo0]
#dEEATE ol AYeANE sbd® AA FEel wepx  thkst ol
FAERIEA & Aol wAEHSNL, HF gpHo] ¥ol I ol A vg ¢
T AAARE F AR dEeA HH Eo] BAYA 2 AE5H e 1
A4 Bs g4 F5F 7 A% ojzler Rof oyl AFe Ak ®FA
TAERIS A Aol ARG ks THAA fe AKA I Fxege AE 5
T A1

EAaE o 7HA ukd 1S Esko] Aok #@3E AL AA 9
AFsts S8 2as MFE A T2 regulator HES Fhe
Ao dEA vk Eae Tkl A e A A T 2k (Tung et al,
1992) apatite crystal ¢ FA <St(precipitation kinetics)S FZAA HHEZ
A7 A
A Stk ol HAAE =4 F57F 1 ppm oA 10 ppm 0= F7hgrel wak
&3] zlol7t FHashes AdE HJA, o2 Qi 24U W sRAdANE gIE
AAANEs Gtk ol Ao AP AFeMe 249 AFs a3

A4 A i glov MFAY S walg AYE Ao Aojuhua 1

o
olN
N
N
>,
N
rlr
m°"

F(Varughese and Moreno, 1981)& 3= Zlo=
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S50 &3] %o V|9 Zlo|7] el 2319 AdS AFste] Sk avetal

AFste] P A F OMHNE FEEol #RAATtm HITh giRE
AFolds 2 Wa Al Fride] FAste]l @I7F AA dojud Wi

VAR FE Agse] ool #EHETy St ol AFI= FANEHE
e Eaoleol WMEd UhE HFse] WA 23E dAsta FU|H 9
A4S FEsh7] witolgtx AztEn} (Silverstone, 1977). o]#1dt F7]2 ] 2
wel A HEAE Rold AT isotropic zone OE WSt A&EA LF2 54

wade suge]l #AAYTE UuA shbt $4 EWF AGHA F7olch

o]gidt 2 ® =9 Z=7l= WHZA EWo dicalcium phosphate dihydrate £}
2312184 (fluoroapatite) 2] FHzre] &3] 24 wHHIZFo] Friske dGo=E

Mellberg &< =47F A m stA Aste] =34Ql34 e FAsto] Abel sk
g7t gt F3E sARE oy 94 v o] SV AEFAQ

Aol WA YRR olEg oAste] A Wi AFslele 239

saturation & =9 A]F3} A w2 AFESE Ao] o}y 2} degree of saturation ©]
G2 23 g Yea B4 IS HUlsts Aolojx TAAYE HH BT FH9
77 dojd A2 AFsr dojuA = &9k, 18y 10 ppm 9] EAo]&S

AL3 ForeE EAAHORE  isotropic zone ¢ WdA WEIF wl$  E=9kth

ZAsH o7 AW BT 1-5%, 53 WA 7MEAAEE 5%, AAA = 25%
A5 Ae F3ts A s, F7180] & Hel upel Aol AA|EHE H]Eo]
A PR FE WA Aol HgAsAA WEE Holi, ®ITE HAadAn

A& Fzte]l &S| BAFH Frjdo] HASHAM AMFe FIrt gHAsho]
isotropic zone ©] Z7}sl= <FAFS Helth Isotropic zone & Darling %l

M= BauEgd=Y =& SR |V stelx B A 5%RT 42 3

isotropic zone ©°.%, 5%KXHT} W& F7lo] Q= ALE ok EFdzr #AzHYw

39t} (Darling, 1956). Silverstone % ©]#]3t isotropic zone ©] A|%3}7}
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Qojupe s 4 Wae A WFA EW Fom 743 43S
al

Fed, ok BFHo 24 HA7l o]g)d isotropic zone & AXH 24

wEHA 1 B =4 el Thed we SARAHE A A B4
ool #FEA F5S Hasgltt (Margolis et al, 1986). o= AFstel] 9lof
Agdol SAEAEY a3t as onlske Zlolvh EE AEie] pH =
5.69 & E}doj} Aol 6.7, 7.35 Bt} w*Fko ) (Moreno and Margolis, 1988)
Aot -2 i dE T P & 98-S AA s S mutans © 28] sucrose 7t
el H o] lactic acid 7F @AEW ol d Akl oldto] pH 7} 4.3 7hx] Holxltk
(Nikiforuk, 1985). oleigt A+ AI}E &t & ATeld= pH 4.3 ¢
AR S AP RN ARESSITH

Margolis &< X|oF 219 #Ao] whesh &3]9] o] oyl A oA
=zl He Aol i 9 x7|&H e}
714 Aol FAlel dojvb= 239 AFstrt viEy = dA4dolgta st
(Margolis and Moreno, 1985). HFdAu|HA A= =49 dgo] s
etk oy Fapdztdn g 1 a3y gEsiAl yYeElA = 49kt ol
Margolis &9 7MaAd =23 E&qelx =35 JPA7IHetE G35 FAo]
A= ehdk =23 dANE #AE= Zlo] ofya REACE AFI dAYE
A dojur] wiEel mAlgh A S #Esks FaAAAN Gt AE I Aol vt
Bt YEhA oe ¢ Q7] wiEelth sHARE A E FHAAdAn g o R
s H9, BRSO AA Bt BAE AXEA @42 Aol Hlsho
FabslelslA A4 gelSEE 2 =ga ARy AA Atele wides &

FABRL Sl AE #ES 5 U (Fig. 1D).

O

Ir

o
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o>
o
i
ol
i,
1o
P>
ok
o
OHﬂ
ﬁ

Daculsi 5+ 2% sodium fluoride £ A& 3 & thx 3 ¥ usR =

o
A7l roo] f AXI rounded HE RS EdAEn Ao AT
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(Daculsi et al., 1981). | AN = EAS HASHA] &2 A 5ol nld B4E
X8t Ao AFo] A Y AL rounded HE FAFSE £2AS A5ttt (Fig.
12, Fig. 13). ol A@elA = Daculsi 52 AEH thZA A Ao} -2 0]
dojub= Ak o fFARSHA g3 89 Kol 249 adE #Rlsila, =49
L% Daculsi s°] AHEg ZlHT AR AFEo oML o]9 @ @t
Nae FAstdnt. olyd FAERISA AAe] A7|et Bk ®wsk= F71E9
Ao o3t Foxr FATL £ Gt o AFPeAE olgA oy AFA
AIE Ao T4 AEAS FAAdEn A S o) &ste] A #ET ik
olyg FrAE  FarsRIE A Hlgt dRel FEHE VHE ACAHH
3] Mo] obd tE FHe FUHEE FHHE A dHTE f =
theFstA #EE T ol Fr1Ee ARl FuEnk WA 7= Aol oy
AR AR Atol7b FYEA GEF sk 7IAIAQ 9dER st AoE #EES
(Fig. 14).

olgfgt A4 el IR HAY AAI AA AbolE oloFa Qe Fr1Ho]
detetA " FF9 FrIERIAC diste] ool AH & Stk Margolis £
Moreno = solubility diagram & &3to] &4 3 DCPD 9| &al& Uehi o]&o]

wWhs 2% singular point 2L S.0.r, of AFelA WFAo] DCPD = uhalwA

4
2
L)
(o]
e
N

WAool e A slcty d9itt (Margolis and Moreno, 1985). LeGeros =
A2 o ® 5= calcium phosphate ¢ @B ZA] amorphous calcium phosphate,
brushite (dicalciumphosphate dihydrate), monetite (dicalcium phosphate anhydrous),
octacalium phosphate, whitelockite (tricalcium phosphate), calcium hydroxyapatite
ol Avkal slom, M vuE FHEe WARE Zhsetdal ekttt (LeGeros,
1991). FA3FQIZ Al AFA el 3H7H o)A dicalcium phosphate dihydrate U
amorphous calcium phosphate & WA = 4 Q1o Mg oo & 3}
Jo}

el =4 ol2o] EAstd Aoy FAelM CaF,, =334 & I8,

N

tricalcium phosphate 2.2 WAE 4 Qltia 3FSIth. 3 92 2] 317 of A

E4 o]2o] EASIA ¢S uWolE octacalcium phosphate, dicalcium phosphate

dihydrate, ©49 3$F&go] AL agpatite o= FIAAITGT Y. ¢ 53 d T
™

AR %7]° octacalcium phosphate precursor 7}
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N

}9- 92  octacalcium phosphate 9] 7F5Edl7F FX A apatite A7 0]
thal &Sl (AF Y et al, 1999; 254 et al, 1997). HFH 22 A 9
Hoz ¢ldle] 1 HATFAQ octacalcium phosphate & WH7+Fx=2 3kt
7Fs/del A7 Ea gloy (Nelson and Barry, 1989), Al W&d 3874 oA
octacalcium phosphate 7} @€ ths s SAE obd FHEZR k& AHolth
(Rey et al., 1990). & 17 vto2 A7H Aojo] EAst= F7]do] HgsA ojdd
AAAE &gt = S kAT AlA U4 YElt= calcium phosphate 2
FE7F vheFstar, 7o Wkt wEl dA W JheAdo] s Ao R HobA
ol Ay #AE= F7]Zo] DCPD Y octacalcium phosphate 52 HEZ

EAT PsHe FEATA @ 5 vk ole@ R/AS FuBAN Aol

oX,
o
ot

oft
o
k%)

o,
d

FAE7] Ao AFAR EAsks Y FTol HFHEJS TFsAAE Ak AT A
2 ¥ calcium phosphate 2742 SAS Boh J&3s] 2437 Asix= X-ray
diffraction, FTIR ¢ 7P o] o] %9 A or= Frtxojof & ol

A FRAAANG Aol BEEE FUEY FRE RS
W] st AU AR AelE S48k Zlolth. Yanagisawa o 2l&t
AL =3RRIE| A o] AR
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Abstract

Artificial caries formation and change of configuration of
hydroxyapatite crystals in dental enamel by fluoride ion in

lactic acid buffer solution

Gu Yong Han, D.D.S., M.S.D.
Department of Dentistry, The Graduate School, Yonsei University

(Directed by Professor Chan Young Lee, D.D.S., M.S.D., D.D.SC.)

The initial enamel caries lesion is a dynamic process in which both
demineralization and remineralization occur simultaneously. Through a number
of different mechanisms, fluoride promotes remineralization of the carious
enamel to delay the initial carious lesions and contributes to the healing of lesion.
It is important to understand the lesion formation process and the exact
mechanism of action of fluoride for healing of early carious lesions. Especially
it 1s of great interest to study the destruction process of the single crystal of
hydroxyapatite and the fluoride effect on hydroxyapatite crystals.

In this study, thin enamel specimens were demineralized under acid buffer
solutions having different concentrations of fluoride ions with O, 1, 5, 10 ppm,
respectively. Demineralized enamel specimens were observed with polarized
light microscopy and photographed. The characteristics of artificial caries
formation were analyzed quantitatively by measuring the demineralization depth
using Imagel] computer software. Secondly, thin enamel specimens were
demineralized under acid buffer solutions with or without 10 ppm of fluoride ion.
The powdered enamel was obtained from demineralized enamel specimens and

the changes of hydroxyapatite crystal shape were observed by HRTEM (high
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resolution transmission electron microscope). The following results were

obtained.

1. When examined by polarized light microscopy, the demineralization depth of
artificial caries lesion was reduced by the fluoride ion dose—dependently in
acid buffer solutions from 1 ppm to 10 ppm (p < 0.05).

2. When hydroxyapatite crystals in which artificial caries was formed under an
acid buffered solution were observed by transmission electron microscopy,
the dissolution of the outer wall of the crystals occurred before the internal
dissolution, causing an internal destruction. Once internal dissolution started,
it progressed faster than the outside and the shape of crystals changed into
hollow tube.

3. When examined by transmission electron microscopy, mainly observed
phenomenon was that hydroxyapatite crystals were destroyed, but new
mineral deposits and mineral recovery of damaged parts were also observed
as a remineralization process.

4. When observed by transmission electron microscopy, hydroxyapatite crystals
to which fluoride was applied tend to be destroyed at a slower rate and their

grain size was larger and more rounded shape.

From the above results, it was found that demineralization progression is
slowed by fluoride’ s increasing mineral deposition on the surface of
hydroxyapatite crystals and it was also observed that the dissolution of the
outer wall of the crystals arose before the internal dissolution, causing an
internal destruction. Once internal dissolution starts, it progressed faster than

the outside.

key words : enamel, hydroxyapatite, transmission electron microscope, fluoride
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