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AR-2E el Mgl #3 7w 2
T Add AR dges A tjREe 7
U ddE A RTE AMgoly Ao WA 2
7+ FAZAR FH nA st FAN BA =
ZA) 71 W& o] &3t} Aol A o A4 3 3o
t) 5k, Buonocoret 859 Qg oz MTA L
H2g £ Fo] o] o7t AHE A elle
A HFA EWog BT B,
Johansson® ¥} Arana” S $AIZHRE £ oo
AHA o g AM B g Ak Busglch £ Si-
Iverstone”’& AHEAE WA e F4 WFAET o
o) EHHo| Frtelr] wEo Ao ofdt &-3)
=7 g1 27] 2] Aol 4 24A THE<t Eb
o =&d Fol= L= -4 L&A HA W
FA37 Z Aol7t gl en ol A4 Xeld Y
Ho] AN U5 ofnlste RAolgta B mdle
TN e A sl FHA JHE A A
&t} 18, Garberoglio®t Cozzani” 5-219 %
Fo| 1WA NY Follx= A EHS Holal A
AA v 7ol @A 3] EE A BIsk
1, Gangler$t Hoyer'”% 289 o] 2awad g
o] #7144 Fueg 3EHE B A4
3lgte SAak] gtk st em, Collyss' e
o 2 RE] N3 shEAe Hz ot FAyaga
FHo] gEHTE TAE vt st FAWA
o] A slol Q) A& BATk =g Arends
9 ten Bosch?= A1 @ AgA e FFollel A
23|37} dojukA|E AN Ede] Aok
AN 3 37} s dojdr] o Folgkm At ©]
g5 FANAAM Y g A3 stel] #3
g7Ae gatEnitt atolg Holx it

o] AlE# AgdMe F2 B4 Aujd #
3 A7} o] Foj AT

Ba7 AN 3 gof] v Ge] g d8F o
F2%, CorpronEe] F7h oA @3y Zae) &
A8 T3 A Fo|t G 8-, HAE AHEE £ 7
NAEE FAs8td AEA7 Z718E Basiida,
ten Cate$} Arends'= A @@ g oA Wzd 2l
T HAE B =37 F A gl g =4
o 5798 BEasldom, O'Reilly$t Featherstone™
< HeAE FAg A1 &R E FEE e 2t
EANZ S W &N 3 A Sl 37 ol
U B4AE X ASde AN s dowtn
gto] A F gt Sl BAhe] F8AS FQlsk

CHXIEA 262 45, 19964

122
AB7HA @3 YA AN e ad g A
T7F Sient AkR-AE R Bl A X 3 st
& f-eiuete] d7e AR dAon, 53] A4
Blatabg ol et AAA AT AR o] AT &
fe A WEe] H38 §d59 Ba EA)
of ol whel, 83 A7 akel wet A g gt o
ojufe Fe] dE FHstEd v

I. A7NE X Y
1. deili=

WHAERE BH R YAE A 1&FR]FA A
#PWe 7Y, HEE dSEd S WA e Ao
e o]4do] glar, $2Fd o= o] gl ¥ HA
3 XotE APA|otr st MY d Aof= o}
ojolEE TAAR AFE X2 AdEe]ste] A
g & AgAdgel At AN 42 YR
o BT,

MAA =S I FARRAEN B EA] X B FH
H& BolstA 37l st 4FY A EES AF
At Aol AAE X ofe] A #HE thololE = T
AHE o] f3le] ZPA o g ol s
A2 &, A7 12mm, ¥°] 5Smme] 958 =9 4}
g Fdol 2@ THo| FO|EF dta o FA]
2 (Epons'™ Epon Chemical Co., Korea)& ZZd:
of Fhste FNA FHAAL

AYE Y8l 27 3mme]de] BE3 Hol A
oHd wEE 4 UEE, 3201, 6008, 800, 1000
W, 12001, 15009, 2000 ALES] o2 F4= v}
st om HEFH o R Absloldd HErY o T GEislA
Avkgt F 1083 gol 2o 259AE 3
t},
WA g Hajdo g ek S 38%2 QA
(phosphoric acid) &9 (Mono-Lok2™, Rocky Mo-
untain Orthodontics, U.S.A.)& Ab&-3+5ith.

Aol AME-E A3]8} & 2AJL Table 13} 2
ot gol 254 CaCly, KHPOs B KCIE 91l &
HAIA F%F 1000mle] BAF3HA 3344 E vhE
Ror, BHUEES F71&2 Aristed F3 1000ml
9] BEATHA SN S A2 A8 g8
pHE A=A 7)0A nige #alEES 7}
gto] kA9 B} e 7002 WHET
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Table |. Compositions of remineralizing solution,

(pH 7.0)
CaClz 1.5mM
KHoPO4 © 0.9mM
KCl 130mM
(NaF 0.05mM)
Deionized water 1000ml
0. AlsiHid

Ao o] 48 AW BT /eI eH, 1 F 5
Me obFd AAE A ¥& HETLE %L, 5
Me 222 Z0 Wadror st UnAl 7070
o AlEe FHAE BHAY ELTHEYEH B
2egade B Fog URglen, 7kt
TAl A7 Thel] e} 7709 TR o] 47 12
A7 1Y, 39, 7Y, 149, 289, 4297t A 33} 49
R iA=

NE2TE A 7t 79 Aot 3R% kgl o
2 6027 HANT & 52y ZRTE 1527 4
stm X #}E AZ7)(Clean Warmer I, AAZAL
Korea)& AZ3ts1t}.

Zt 7o AlB L £7]5 gEste] AX TR fA
He geFd BEsigon 24Atuit A 2E &
doz weatAch dPAIT AHF EYdA A
ARL 528 FRTE 16X FAN F 2348 A
27|12 Azs o).

Table Il. Microhardness values(VHN) of various groups.

EAVF AR HYE| MASIS O[xls YO At AT

1) AR =SS

D MAEZAL Vicker 74 EZ7%7](Matsuzawa
Co., Ltd. Japan)& o] 8-t c}. g zlol] Zulje {a3A
FE¥o) gfate] 200gme] +3 8528 thojolE = ¢
AE 1627 §hQlsta siQlE FHE FAH AL
2 AlZste] AEX(VHN ; Vicker's hadness nu-
mber)2] AHEAEE G om U A 5T 539 ul
B2 & Bl HFASAE Feich

| VHNY A% 342 olds gov) Ade s

719 WdE FHFE ol gt} o FojxlTy,

Vicker’'s Hardness Number(VHN)
= 18544 xP/d
P :load in grams
d : length of diagonal in microns

nHAEZG A U3 FARYE st 7
Zolt} PEA g ERUAE A&t 493 AH
& 93l Student’s t-testE A3}

2) FARAE R BF

7 o] 549 M F FAHE shUE Adgsto
FAAAAN R o2 AFTE &4 AlHS dAA
SEAZI R %81, F5%7](Eiko, IB-3, Japan)
& AHE] Fog M85 & FAPAAE W] 7 (Hit-
achi Co., Ltd. Japan)ol| A 7+t 20Kvpe] 224
o2 WYgERHe AN FeHE HF, HYsIAU
o NAAEEYA Y FER EYGstd FEFIE

o VNG b e Tl
 Group - 0 Fluoride e : “ an}-’FludJ\’ride i ! " Difference

o i Meal’n; S D. ~ Range | M’eanv ' '_\S,,_. D : \_Ra'n\ge’\ i ’
Control 365.6 56 365.5-3738 365.6 56 365.5-373.8

Etching - 1792 8.8 157.7-189.7 1792 88 157.7-183.7

12 hrs 254.9 54 246.4-265.1 1934 72 179.8-207.4 ok
1 day 273.0 57 263.8-284.6 203.4 10.0 186.9-220.7 el
3 days 289.6 83 277.4-308.6 2457 90 230.9-259.3 ok
7 days 306.7 89 2934-317.6 270.8 87 258.9-292.3 K
14 days 316.9 78 301.6-3285 283.1 94 265.1-306.2 ook
28 days 325.1 6.8 310.5-337.1 296.9 6.4 288.4-311.0 ok
42 days 331.6 82 320.8-349.0 3059 81 2905-3216 - ok

s+ significant at the level of p<0.001
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A4 gereg Hmadh
. GPAE
| ONZE=E

7t 2o nHAE &3 Hix, EFUA, F
Z, AUA W9 L FAA 144 & Table I A A8}
A3, 1 FENE Yages s Fig 19
TAI8kA T

olf-#l A& A Fe 2T AEAE 3656
+29 ol en, FAAF YFATe] FEA = 1792
+70 o]tk Student’s t-testE o] & Fo)2t A
drE Eagtagdrol BEAFTFFEATEY F]
Hp<0.00D). E3E AEAE B4AgHEdTd B
SRFFEATY A BF A A vt F7t
oy EAFR-EY TN 2714 o wE F7}
g B3 BA2RgFLYFd e 3dFRE St
&o] AR oM A7to] AFE F F3te] Ao|7t Fof
9t

22 AEAE 100%2 39S o 1242k
ANAZFE BA2TREATL 715%, E2FEF-EdT
& 542%9 AEAE Hyon, 2 FoA e BA4d
FEAFL 90.7%, BEAFIFEATE 837%] 7
EXE Ho ¥ T BF ZURsoy 1 Aot @

o] Zo]EU}. Y&TS VHANS 100%E 3t & W

o] 7t #¢ VHNE WE&E FAlsto] Table I
Fig. 29 JeRHA.

1 &

Had BHe gesil dvkd AlgelM e At
HANAN FAE Ao Holg nAsHA F3 &4
g #AE 5 UAA(Fig. 3-g)

2) FHAE WAL

FE YPaT HARI g3Ho] dujHer
AR ol Sle FAFEE BAon, WELF
e FE uAFe] B e AE AR 5
ATt (Fig. 3-e)

3 oS T
12A1ZKE © 2719 F4FEE Hola 3lou A

CHRIIHR 262 45, 1096H

10OFluoride

W Non-Fluoride |

Control Etching 12hrs  1day 3days 7 days

-
~

4 days 28 days 42 days

Time
Fig. 1. Time-dependent changes of microhardness
values(VHN) in fluoride containing solution
and non-fluoride containing solution.

Table lll. Percentage gain of VHN in fluoride contain-
ing solution and non-fluoride containing

solution compared to control (ground
enamel).
- Percentage(%)
Group T :
Fluoride  Non-Fluoride
Control 100 100
Etching 490 49,0
12 hrs 715 54.2
1 day T4 55.6
3 days 79.2 67.2
7 days 839 74.1
14 days 86.7 774
28 days 889 81.2
42 days 90.7 83.7
100
% .
!é 80 b T iiiieevecesaanserens Qorreroresnnnonsnsenns a
3 70
g 60
i 50
40 ——
E
20
10
01 3 7 14 28 42
Ttme{day)

Fig. 2. Percentage gain of VHN in fluoride containing
solution and non-fluoride containing solution
compared to control(ground enamel).

o2 WAYAT Welgkel 48P Eele] A
Qojgon AP P4 o7l Azsd
t}.(Fig. 3-1a)

19 BAe A4 Bdo) FAMYAENL
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Fig. 3. Scanning electron microphotographs of human bicuspid enamel etched for 60 seconds with 38w /w% of
phospharic acid solution and immersed in fluoride(a) or non-fluoride(b) containing remineralizing solution
for various periods. ; X3000.
g)ground normal enamel, e)acid etched enamel, 1)12 hrs, 2)1 day, 3)3 days



O
r
[

ZAIgt, 017|% CHXIEA 26 45, 199644

Fig. 3. continued
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M
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Mg|stoll 0jxl= FEo Lot

Fig. 4. Comparison of marks were pressed down in Vicker's hardness tester. Left ’:‘lrhm.ers'ed in fluoride containing
remineralizing solution. Right ; Immersed in non-fluoride containing remineralizing solution. a)1 day, b)3

days, ¢)7 days, d)42 days.

AAH o 91 de F4E Ut (Fig. 3-2a)

39T AN BE 9 ﬁ7] 7F o Skt o
FAREIV} 22AHG 1 B} § A0
P& E3vh(Fig. 3-3a)

79T WFAFY FHE dolE F e AERE A
B} A HEo] et o REAHOR 7Y A
ag2o| vEh}r] A)2ek9th.(Fig. 3-4a)

4YT: FA B ¥ & st e FEYEE
o B¥E v Holya FYHgALFY FHE
78387 olg et (Fig. 3-5a)

VYT A EFol o Frlsle] HEF WS
A ot.(Fig. 3-6a)

2297 3 Bdo] & A
t}.(Fig. 3-7a)

ol %

PIe 23

ERYHHIHEAE

22 WRARA] ot ARSAYIE stgou
AN SERTI 98T F s EAY Wake @
Ae 4 gldot.(Fig. 3-1b~7b)
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(9]

5) PINAESS &) vm

nAAEEEE Erkd 2 79 AT QR 3§
UE Agslad hele FE FAAAWZ R
gojsled EagHEATY EAFIFEATY &
&9 A7|E v|ng AP 14dIZAME 2 A7t H
o}, 3UTRE zlo|7t Bo| FolE o AlFte]
ABRGSFE 2ol o Bo] ZUTHFig. 4).
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A A AN FHAEA AHEH L e
BaWo xole] A EHo] A7 ARHES
< Aelsld 1 Wl 7IAAY fAGe e IS
Z27H718E S40t?,

Silverstone'®& 30~40% Q1o g [8ZF 34
gt Ao) 7Hg Aol gyt FAFEE v
Aok 3R, B Ao e HEAEHE 38% <
Agdoz 187 48t AR F vehde
WA EHe| Hajokate] thste] SilverstoneS'&

o rL
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Head”7} E}9o] =28 Wedo) dataxls AL
HAg o] F MR ESA Yol WA &3] 2 A
N3EE Hrksle wieg ogHm glow,
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MRS ANSEN FHREAY WHFE M
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Hoge vAAE o] ol st

A3 ste] HrhH S HFAEHe] #EE 98
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FHe WMl A3 #F@elr] Astd FARA
|4 & o]g-3tgh.

Adx9 Hgd AR EE AL Aol 4
3, Y9 Roje} ER|E® Zhzhe] X olFFut
2o Aolatw Zhzke] 29| wet had) Yehbe
o AdA el mAZdEE AXRRG AR
2 255 F78a 2 579 AolNE A9
upel FEet Apol & Holz|ut A sletite] Aol ¢l
0 B AgdaE Padr)e 2@ 9
gatetel Al 147 E APEECR Nyl oen
300gme] & 713t welE vlAg FHol WA
ot 200gme] & A=stAct HPA R wAA
= 5% 4% ol AAWUFA A8 A vAAE
= 366.6t5622M 799 3722, HE5P9) 3672, 0
o] 363291 AL AFE BT

Collys5'e 24XZHEe A3]ghgoo] 2794
otg AFsA S W B4t e A¢9 gle A%
BRA AR Sttt stdlen B 4
HoN& F A BT Azlo] AHEFE nHAE
% Z7ksle] dX g 494E Byt

H50e BAE WP BHIERFS TAEX
dto] AZEZAS FAAAA AR FAsgoy
BEHPAAEY 7t gt sk ey &
AEAIY AT B4V 88 43318 A
A A MANAE} A x7]) o EAFFE
7ol Hdte] WEA F7HE Ao Hol A FEdo]
AEel E7tel sld@ria Yzte,

CHXILER 2634 45, 1996L

Gangler®} Hoyer'®%& %7) -2 ahao] 214 3 8}
He 333 ARAE ygd o] AMstEE
QL 7NEAR o g 71dE zteva siylen,
ARAE Wgd 2 AM3ee Y8 P
Faglel B3l ZEa <o HAL A3} A4
oz M + dvtn }en, Arends® ten
Bosch®& nlA| A% 2718 AM 339 2A= A}
&8 4 ATt ek 2Eu B ApeM e Ba
FREA TN FAHFARHA AM332 9F
& 5 Qe ETRY W e A& QIS
= B8 A g wel AR F7HE B
ol WHAREHAAM 9 ojn 3}8HAQ T2 W3}
o 1%tk FH ] old Wit A7) o] das)
2le} Qe

E47F XA Hase AL Edolgsrr)
Aerdst ne=dwr t2A Jepdoh 100
ppme|8te] HFEe] Ehrl 4818 Mo 2hg-g
Bfee FA71(0H)E Bart A $sta E351913)
A (Caio(POs)eF2)0] BAE M, o= 44181l 3] A K}
¥ d ARTEE 7HeN ofvEle|EQ &
214, g8t A& 7F3AIA Aol th3t xjo}e] S
=7} ZAgo?,

EATAER ol&FHe EA43FE £93Y
500 ppm 4] nFEe BAE HFHAEH 2§
AZ 7 Sole B8 (CaFy)e] AP L Al 2]
Aoxe Qlate] Fohte). ojgA dAH B3l
e 702 P oA MA3] Ho} Bax
o Agn 9 stAE) 2 o] slejAa
AA AAS7] i Zoll 24A 7l Al A glojAl
GRs),

ol & s}gt oz el 4 )3 2)9} 2on o
Hg-o] vyl E B4 FEE 200-300 ppmeo|th.

D AFEY u : Cap(PO)s(OH)2 + 2NaF —
Ca(POs)eF2 + 2NaOH

2) A : Ca(POs)s(OH), + 20NaF —
10CaF2 + 6NaiPOs + 2NaOH

ol | 23t g ot 3), )43} o] F&
Aor 4884 7 uhg-ste] B3l Mg e
I E B 2 g9 Qite] 23 Hhg-sle] 5)2
7 o] g BN g BEg?,
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3) CaF; — Ca*' + 2F
4) Cap(PO4)s(OH)2 + 2F — Caw(POs)sF2 + OH
5) 10Ca™ + 6PO + 2F — Cay(POy)eF2

AT e 0.05mMe] AFsxe BEAE A8t
o 2719 HHd oM AR dAS
BAS ¥ 2YAAELS YHA Ghort 74l
e FYALE] AAREY ole Ak a4
dAgE AL FEFA HE el e fAL
g Hkgo] dojd §= AU&S ovlsle Rolgta A7t
dr}

23] Wde] Y23 gl F83 BA w5 #
A ten Catest Arends¥t 1ppme] B-AE ¥aa)
 A3589E A A9 28X ¥ wry 2
vie] A2 387} Doyt R om, Featherstone
e Bholed $EI ¥ 44E B #adtn
AN st= 7R st Th Amjad$}t Nancollas
P 2257 005mM/(1ppm) ol sl A 24
19 AFg 38 wWadcta ok 12y Var-
ughese$t Moreno™& 0.0025mM/1 (0.05ppm)e] 4
FroME A F7H7F ATk 496 e Meyer
9} Nancollas™& AX 3| gd] =8-S F& i F
%7} 0002mMel A 0.1mM7HA g3 3ttt 2 A ¥
A E 0.06mM/1 & BEE BAE Hrletd 239
AL BT 5 e o= Amjad®} Nancol-
las® 9 Th2 Ailoln] g FASHE X
Ao},

Gardners} Nancollas®= 4133} oA B4
7} oW AAES HA6] olHrn siyen &
AFNME BAFFFEAAM = AFAER AFH
€ E4& AE & AU

Jeansonne$} Feagin®™& A%-2¥ #Hgdel 24
3] glo] A HEA T4 BIUER Abge] 7}
F et ger] B AFdME TAERE
o 714 HHFo g AMgEHe EIEFS AME-
At

AR WEgERTY AN 7130 disid]
Johansson®& 24~484| 7F, RetiefE™& 74, Arar_las)

£ 4~16% 9 &2 71 A4 g stdtn 39

o}, ol &2 BA SUA THERE Boo] AN

337t dolrra skl on A &e FAAAE
N7 B e 7 WelA e ANIse Ha
g 4~859] AIZHE AFTR St & AN e
EogfrEd T 29394 riAdEe dETe
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IN VITRO STUDY ON THE EFFECTS OF THE FLOURIDE
ON THE REMINERALIZATION OF ACID ETCHED ENAMEL

Jin-Han Kim, D.M.D. Ki-Soo Lee, D.D.S., M.S.D., Ph.D.)

Department of Dental Medicine with a major in Orthodontics, Kyung Hee University, Graduate school

Remineralization of acid-etched enamel across the time has been one of the curiosities in the context of the orthodontic
biomechanics(Arends J. et al, IRL Press, 1, 1985), nevertheless, is so far controversial. It was the aim of this study to
observe the remineralization patterns of acid-etched enamel across the time and whether the existence of fluoride might
carry out any modifications.

The intact buccal surfaces of the first bicuspids which was extracted for orthodontic treatment were ground smooth,
and etched with a 38w/w% phosphoric acid for 60 seconds. The surface was observed by the scanning electron
microscope and surface microhardness was measured after immersion in the fluoride or non-fluoride containing
remineralizing solution for 0 hour, 12 hours, 1 day, 3 days, 7 days, 14 days, 28 days, and 42 days.

The following results and conclusions were drawn ;

1. Surface microhardness increased in both fluoride containing and non-fluoride containing solution group with time lapse.

2. In fluoride containing solution group, the surface microhardness sharply increased at the 12 hours group, on the other
hand, surface microhardness increased at 3 days in non-fluoride containing solution group.

3. The difference in microhardness value between two groups manifested gradual decrease.

4, Scanning electron microphotographs disclosed that the fluoride containing solution group generated spiculate sub-
stances in the 12 hours group, which was increased in number and size with time lapse. 7 days later, spherical
composure was began to be produced. The spiculate substances so much increased in number that the etched enamel
surface looked like flat in 42 days. :

5. In non fluoride-containing solution group, there was no surface change at 42 days, perceivable in scarming'electron i
microphotographs which could be defined as remineralization though the surface was a little rougher than the incipient
etched surface.

These results demonstrate that the action of the fluoride is exceedingly pertinent in the remineralization of acid-etched
enamel and the remineralization process goes uninterruptedly with time lapse.
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