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o] st JFAAE AMEIHE, EFEZE
NaF(Baker Chemical Co., U.S.A.), NHsF(Shin-
yo pure Chemicals Co., Japan), TiFs(Aldrich
Chemical Co., U.S.A), Elmex gel(amine fluo-
ride, ICN Biomedical Co., Switzerland), APF
gel(Aldrich Chemical Co., U.S.A)& AH&3t5
=3

2. ¢ g

1 AE Az

29 3o} GTAR] ATHEE AAS AAF
E FFHTE FAHT F, rubber cupell 300 mesh
silicone oxide paste® €3 £HE Avjet o
1087 283 AAZIZ AHe F7]F] d
ZAAY. 97 AA £H HEHZ diamond
point bur$} disk& ©]&3t] 2¢F 5 X 5mm 7]
2 Adste 37109 AlEE AFsAT Al He
golA e BaES XHYstA] ¥ vz &
389 70l GE 5T dELLE /st
oo, dgFe dolA ZAF 2 whet z+zt
379 olF o2 A&t 2T AF ofd
2 7z 20709 Aoz FAEAT FAEA
oAy AL dstd 4 29 M AlH
< FH sk

(2) A

A& 28 AH-E NaOHE H7Hsted pH 4.0
o2 zAd 0IM lactic acidel 6% carboxy-
methyl celluloseE ZFF9} £33t WHE &
dol) 37TCoAA 347 YT F FHTE AFH
dte] 7] FolA HzsHT

ofl

3

tio

(3) @A =A

golAE 1,064nme] 33, Hi&Y gWet
W 100ppse] HEA WHEESE Zte=  pulsed
Nd:YAG #le]#(Sunrise Technology Inc.,
USA)E AHESAT®. 4972 dold =
A} 244 wret e vl 100m], 10pps
o] qUA 2 Ztzt 10%, 20%, 30259 AP Y
7F A7 3mme] YFo] HES HHEFHOZ A



(4 BEAEXE

dolA 7t ZAME Alge] HEAwe) A 3
mme} Y& masking tape(3M Co, US.A)E &
¢l v} nail varnish® E¥3le AZAZ &
masking tapes "ol A7 3mm ¥F H
gAwnt =239} golA A 2 wet
IR EFT AUE 42 57/ T8 U
o] &-4d we} 29 NaF, 1.9% NH4F, 1.6% TiF4
LM Elmex gel(amine fluoride), APF geldl
1087 A ejstgict

I A AR 24E vEY] F7] 9
Uz 2 AP AEE T A 5t
A A A gd) YT g3 Ao A
on ©3]8dd Helste o] AIRE
ol Zepdol] HEEHTE olite] FUAA
7U7E whEA ATt AFEY 2 04gm
orthophosphoric acid® 40mle] FHFol ¥
4o 15gm KCI& 100ml FHF5o] ¥ &9,
lgm sodium bicarbonate® 100ml FF/ol ¥
& &9 5 3F9 £9& 600ml FFT A
Z83 £9E A x3He, o] §A7} 0.22gm cal-
cium chloride® 100ml &/l ¥ £4& &
et & 60mlel FHTE A7k 1,000mle
ATEIM & Azt oH, AFELA Q] pHE 65
-6.72 A&

6 FgEl 24 9 9 5= 23

35ml ¥4 #2]4 Heoll 0.IN HCIOs £ 1ml
S ¥ y3gAE AJEE 30X, 18, 284 33 4
£R2AA7] 51, w3 F2A] =itk NaOH 20g/18
H7tele] pH 528 ZF"E TISAB(Total ionic
strength adjustment buffer) type II 1mlZ &
A ARe AFsraa’”

omle] 218 2 19miE 25l Ionalyser(
Orion Research Inc., Model EA-940, U.S.A.)ol
2ol HF(Model 9609BN, US.A)E Az
8l3l 1ppm, 2ppm, 10ppme] & B4 EHo R

ZeAAE AT F Bhol2 FEE Y
t}h 2mle] FA4AF Unix] 0.1mlE #3to
2% ascorbic acid/10% trichloro-acetic acid &
o Imlel] H7Hg & o] Aol 1% ammonium
molybdate 0.5mlE H7}8t3L, 2% arsenite/citr-
ate lmlE H7l, 3t 1580 A3 v,
UV/Vis Spectrophotometer(Uvikon 860, Kont-
ron Co., Switzerland)& 1ppm, 5ppm, 10ppm<
EE QA 4902 734 S 2T ¥ 340nmol
A Hadgey ¢l 358 S48

Hegao] BELhyre 3etAel] ofste AtE3)
Aot AA FFd FAFH BLFE(F ppm)et
212 FAd mE dAS HEda 3¢
i H|Fo| 295g/cm’, WEAW o Fako]
18%z2He 748* Vst olefe) AL o) &3}
o AArstdct.

F(ppm) = 10°X (fluoride weight/enamel weight)
= {(F/(P)} x 018 x 10°
(F) : F concentration in the sample
(P) : P concentration in the sample
d{ym) = enamel weight in pg/
(H% 295 x =Z%H 7.07mm’)

W ol BA¥SE 3um Sum, Tum, 10m,
14um oA ofhe] 3 AR Ao o]ste] A4tsl

93 t:}_42).

Y =a + b logX,
Y BA¥E X yHgE o

(N FAA=

o] ol A Aol ARE SASS GLM(gene-
ralized linear model analysis)® Duncan's
multiple range testg ©| &3l FoAd& HA
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(8) FARAERI A B

Ngel EHE FARAANAoR B
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Bolo] FAPA AP 7 (Jeol, JSM-35C, Japan)
© 2 25kVell A 1,00008 £} 35000 2 St
N N
1. HatAe] 9 F%(Table 1, Fig. 1)

Hakd oA £29 Q9 FEE 10)/em’e)

H o=

Elmex gel#ollA 7.18ug/mm’2 2 7}% Egko

o, 30J/cm’e] APF gel#ol|lA 1.27ug/mm’e 2
744 @ gkth. 10J/em’ 30)/cm’e] Elmex gel#
< A3t G2 AP TS 2T Hsod Q9
E&Fo] 2FAHp<0.01).

AFFAHALE FAE AT 2 10J/cm”e)
AUAZ Ho|AE ZAIG T E3EL £y

Table 1. The dissolved phosphate concentration in enamel of the control and experimental groups

(unit : zg/mm?)

~—

- Energy 10)/emt 20)/cmt 30 /et
Group
Control 440144
NaF 332 £ 140 295 + 0.4 315 * 169
NH4F 274 £ 159 165 £ 1.39 233 £ 144
TiF, 219 £ 079 175 £ 061 273 + 1.36
Elmex gel 718 £ 350 251 + 084 459 + 165
APF gel - 170 £ 1.01 190 = 0.74 127 £ 093
Values are mean * standard deviation
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Fig. 1. The dissolved phosphate concentration with taser irradiation and fluoride application
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Hetao|e] Zolo wg E4FEe Table 2
o} ol WA ol EAgFL Ho|AHE 5
10/cm’e] WA 2 ZAetE & W APF geld
o] 990.7-922.6ppmo. 2 7H¥ ¥k, NaFT2
762.4-612.7ppm, NH4F<-°] 545.6-490.8ppm, El-
mex gel@e] 530.1-407.6ppm®] 1 2™, TiFsT-°]
397.8-3055ppm o2 7bE wgtout 7o
267.8- 102.2ppmE.tHe FATHP<0.01). &2

BEHoR RBE oyt FHEFE B
Zastg oy o #sle fldtHFig. 2). F
20)/cm’e] AVAZ Fo|NE ALt BEE
£ T¥XF ZHold %_’t‘i‘}%*% Table 33} %t}
Wk Zold BATFL Fo|HE F 20)/em”
9 qur R i*}ﬁ}ﬁia W APF gelwoljA
1,1565-928.7ppme & 7} ®3ti, NHFTo]
1,0567.0-541.7ppm, NaF+< 763.7-601.1ppm,

Table 2. Fluoride uptake with total energy density of 10J/cm? laser irradiation and the various fluoride

solutions at predetermined enamel depths (unit © ppm’
T~ Depth
. \\\p 3um Sum Tpm 10¢m 14¢m
Group e
Control 2678 * 442 1284 + 543 1198 * 491 1108 £ 443 1022 £ 411
NaF 7624 £266.5 7127 +2271 680.1 *1034 6454 *+181.1 612.7 £1639
NH,F 5b5 1375 5274 11938 5154 £1789 5028 1729 4908 +182.8
TiFy 3978 * 872 3672 + 746 470 £ 672 357 £ 6805 3055 £ 55.7
Elmex gel 530.1 + 445 5009 = 37 4885 t1586 4683 +1181 4076 £118.1
APF gel 990.7 £171.3 9749 +186.1 960.0 £2086 9451 t1281 9226 *£153.1
Values are mean T standard deviation
3 1000 = )
H ¢ ——————
900 *APF gel
; E 800 '
. Q \
: 2 700 ——
=4 '\
° '\
3 600 * NaF ‘
€ = ‘
§ 500 = v B —a NH4 F \
: S 400 — Elmex gel |
o ————
2 300 + 5 TiF4
S
. 200 J-\
100 =+ ' * Control
0 ¢ ¥ ' {
3um S Tum 10m 14im

Predetermined enamel depth

Fig. 2. Fluonde uptake with total energy density of 10J/cm? at predetermined enamel depths
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Elmex gelito| 536.3-459.6ppm, TiFsz-°] 296.0
-2405ppmelQ e, o] F TiFszo| 78 ¥t
o 279 267.8-1022ppmE.the TiF &
AL ska BF Fchp<00l). ¥HFd FHe i
FE Zolrt F/1d5E yWEEW B4
Hashe A4S Holw 53] NHF oA Tr4
A2 B Hp<001)(Fig. 3). & 30J/cm’e]
A2 @ o] Zﬂ%: At E3lEE =¥3
Table 49+ Zo}, Hgd 2lo]

E2%FL FoIAE F 30)/em’e] A=
ZA18F9E W APF geldolA 1956.4-1,322.9
ppmSE 7 ¥$ka, NaF#2 1,704.3-1,255.0
ppm, TiFszo] 1565.8-459.2ppm, NHFo]
824.0-695.3ppm, Elmex gel7*°] 703.2-644.6
ppme] Y23, o] & Elmex geldto] 7} wgto
v 279 267.8-102.2ppmETHE 2% =it}
(p<0.01). Y&z gHog HE olrst &71a
F = tgr-ﬂ-xh,ﬂ H/\ag- o 1—_/;\_3} 7:]5}:._. H

Table 3. Fluoride uptake with total energy density of 20J/cm? laser irradiation and the various fluoride

solutions at predetermined enamel depths (unit © ppm)
. Depth 3um 5um 7im 10gm 14ym
(zroup

Control 2678 £ 442 1284 £ 543 1198 £ 491 1108 + 443 1022 + 411
NaF 763.7 +189.2 70908 1432 674.3 £1149 636.6 £1875 601.1 £165.4
NHF 1,057.0£225.0 8223 *106.2 675.1 £211.1 5566 +276.4 5417 £2375
TiFy 296.0t 66.0 2736 £ 548 2628 £ 509 2513 £ 479 2405 £ 460
Elmex gel 536.3+£190.8 5009 1287 4942 £1388 4764 +2181 4596 £199.7
APF gel 1,156.5%£230.6 L1111 %2460 1,0386 %259.3 9883 2542 9287 £264.0

Values are mean * standard deviation
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800 {-
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Table 4. Fluoride uptake with total energy density of 30J/cm? laser irradiation and the various fluoride

solutions at predetermined enamel depths {unit : ppm)
(;r?up\\Dg[h 3m Sm Tum 10im 14
Control 2678 + 44.2 1284 * 543 1198 * 49.1 1108 = 443 1022 = 411
NaF 1,704.3 £216.0 15054 2838 1,457.2 +2380 1,353.2 £2806 1,255.0 £2426
NH4F 8240 *+4315 7414 +3605 7532 13222 7234 2925 6953 +2780
“TiFs 1,565.8 +759.6 1,189.8 £7124 9423 5643 679.7 4369 4592 £335.2
Elmex gel 7032 £2420 6844 2518 6714 £2659 657.6 £295.5 6446 2780
APF gel 1,956.4 £5825 1,746.3 £6034 1,6079 £5188 1,467.1 +5686 1,3229 £7215

Values are mean T standard deviation
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—
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Fig. 4. Fluoride uptake with total energy density of 30J/cm?® at predetermined enamel depths.

*p(0.01
ol E3] APF gel@# TiF, T M 23 (Photo. 1, 2).
2 B Hp<0.0D)(Fig. 4). NaFZell A 10J/cm’e] #olA & ZArer W
A B B dAE] F&Ho 9)a(Photo.
3. FAPRAEN A A 3), 20/em’e] Hol A& 2AME WA FHA
273 7 AEae] Al EHE FARHR = A0 R dAZtE T2 E FEHY 4 e
gniZeg A A3 WzFe ywakd B3 ™ (Photo. 4), 30)/cm’8] #|01 A & ZA}& M+
e AP og TEzE A4S Bl AN Hak e gdo| #FEAUHPhoto. 5).
2 mHe vla] RO 9le FAE EYr NHFZ M 10]/em’e] #0121 & ZAleh
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§ BUE gESN A 799 gl Hatd
2 2+g]0] 9] 1 (Photo. 6), 20]/cm™e] Blo] A &

e 9 Eve 238 9A7 22E 4
o BEE 5 ‘OEK Photo. 7), 30J/cmu 2| 1
A AlS

11 A tH(Photo. 8).
TiFs2ol A 10J/cm®e) #olAH & ZAber et
iﬂi o gugd gyt A B YAEo
2 ole] 7t A %e o] 913 (Photo. 9), 20]/cm’
l oA & A WA FHS NHFFH
ALet AR s QA RAE RS #EY 5
(Photo. 10), 30]/cme] oA & ZA}3
! AHE TEE 3 2k dele B
AZFE 0] Abalslo] A A tH(Photo. 11).
elioll M 10)/ecm*e] aﬂom ZAbSH
—9: °l7<1 ZAlel 9% oz Hol
o Hske Kol 1 gon &
o] Qfpwt JHEM 21 tH(Photo. 12). 20
Jjemre] Ho|AE zAE HHgE RS #d
fé}vﬂ 29 iAHEo] ®BAH glow(Photo.
), 30J/em’e] HolAE ZAME Wy FHL
2] fﬂ AR ZHg Holnd YAlRoke] Pxe
ZEA EA4359 HPhoto. 14).
APF geliol A 10J/cm®$}t 20]/cm?e] & o] A
ZAbgt Hekd HH 22 AEe] AAH
9l i(Photo. 15, 16), 30J/cm’e] #o]AE =
o HEd B 78 g4 d33skd dst
k) 9 rjr(F’hoto 17).
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HIol = A2 U A+ s ol F
12|51 Uch.

glol A Aol od X|FzF o] FapEof U
& AN Bocham Y& A7l ol
A= 7} 10)/em” F7FE W) (S LEE 14T
AT A%ty 391, Katodt Nagasawal”'&
IOW=E 127F ZAMA] 67T sttt ot
L3 Goldman 5 FH|FHo|HE A&t
4,000]/cm?e] A 2 ZAA 10T A& 257}
ettt Eusigith BAEeE A4
16-55C ¢ =A% aAE Feg?

S gloj Ao 9fdt xHE g tisl A Kan-
tola¥= WA DE7} 20]/cm’ o] A4 W 7Y
o] WAt 851, Borggreven 542 gt
7k HolAE 10J/cm” ZAA o= T o] 1Ay
312 gsttha ko, Tomita™s @47k~
#lo] 21l A=) 7} 15]/em” o] A w) T eo] 1
Ebdtly 8itt. Tagomori®t Morioka &= 30
J/em® o] 42 & pulsed Nd:YAG #lo]|H & A}
st Hekd B HZE 5 WA S8 24
3 gdo] Aty Buatglth wE, Stern &
2o pulsed A ol A AFEA] 50]/cmPo)
el oudAle M, Be} F?E pulsed NdYAG
g0l A ALl 50/l N ARie) FLF
2 ol g 9L waaich Wg e a%
3 NA:YAG #olAe 50-60)/cm’ol A, o=
ehAb7b A~ glo] A AREA] 40]/cmel| A 2] €]
2 ¢ g2 & B Ga sheith mekA] 2
oM AW g9} dof o3t X9 &
= Hagsr A3 oy BuEe FE3
30J/em® ol&te] oA & A&t )

B Ao N Adgae A&E ol Al
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st F2HU W
220 gold 2| Fotg ol &8t
vk Ee AT FARE FYA HFA 2o
B 4 23, 983
S5 82 YR g Y & Jong Q
FEAELE FAsr] Mol HEFA FHE A
npgto] o]2j gt ALE HAJOE Fo|LE B
At
2| o}-2-4] oW EH/} A 2 A8 o
A2 B4 EE NaFe H3dd =XA &
stz 2310134 S g4 deidon
W NHFE el thakel 2aldegS dA4s)
1 B3Ee] HARAFE fola sle AR
Buda Yot TiRE 24499 e Ti
ol 2o] WA zt8-ste] Hakd FA TiO:
o] WA wukg dAste 5 FAkERlE A T
BHEAE FAste] Abo] di3 falxet 77w
g mE Aoz deld ot
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e
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o

AA A fdHT g RAog BaEd
o™ Flmex gel& X|o}-$4F o¥t 9 Aola
#FuZ Ao EAQA Aoz FHA vtk
gA B ApoldE 2ot F WA} 2
o g AMRE e 5EFe B3EL Y
t}.

glo A ot B3pEol WEA glo|A A 7]
8 o ol A Tagomori® Morioka™, =9t <
Peo ol E ZAME ¥ APFE ZXS 397t
APFE 3% ¥ go|X & ZAG AFRT A
of¢-4 dut gt g Ackn Stk B AT
AN E Aot oENE Eol7] Ael WA
dolx g 2AG ¥ BeEE EXeih

#lo] A ZA} o x| Fel] upE Yitge ¥t
£ U7l etz Zgold o T F1EY
2zeg 23so A7t en, Tagomori®t
Morioka™ &= #o]# ZAIE APFE %3 2%
7} APFE =¥38 & #lo]# ZAtgh 7§ Hlst
of Z+{r3} Qo] £& o] Aol YikAe] e
. NaFy APFEtE WAt el £4 goba st
Aok Fox 7€ 130)/em’ o|UA 2 eatrbe
glo] 2] ZALA] Ak 2l E sted X b ZARTO] H]

slod Aol F7 8 (ZFH Q)Y &&Fo] 7R
Acia &%t Bahar®t Tagomori & XH
2ol dPEFAAA oA ZALFE APFE
TXF AL APFYE =X 3 7390 Bl5lo] 2
#3 Q9] £230] 30% AE AHUon, B
stake weotthn 3hdch Sognnaest Stern™®' &
10-15)/cm’®] Nd:YAG #Ho]A ZAMA] 2]
B&5o] Hol YAt FdTn &l
Yamamoto®} Ooya™ 10-20)/cm®e] oui =)
A WA S Heltta sl on], Morioka £
e ghatrta golAE o] 48 A} 34J/em’ o]
el atadel F7bEIRoy ohix] dET}
EEFE Aol &8 7 F Ud3 &3l
o]V 27 AF AWzl 30)/cm” o] 4] &
AZbA glo]A ZARAL WAt ol Frbet o
40)/cm’D} 50]/cmol| Al X|o}$-2] & ool &3}
AolQutn Yz, B9 FPe 40]/em’T 50
J/eme] pulsed Nd:YAG #lo] A ZAIE APF &=
A Zge E&o| 713 Aol R opg-AF o
whol] Aot H3dh v gl B Aol
e 30J/cm’ ool AAE ZAMSIA| ol
g} A7 Blwsly] gy BE BHE EX
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ABSTRACT

Effects of Pulsed Nd:YAG Laser Irradiation and Fluoride Compound
Application on Acid Resistance of Bovine Teeth

An-Hee Lee, D.D.S., M.S.D., Woo-Cheon Kee, D.D.S.. M.S.D., Ph.D.

Department of Oral Medicine, College of Dentistry, Chonnam National University

This study was designed to determine the most effective concentration of fluoride and levels of laser irradiation
for the remineralization of decayed teeth. After irradiation with a pulsed Nd:YAG laser and the topical application of
fluoride, phosphate and fluoride concentration in enamel were measured. And then the changes on surface enamel
using an scanning electron microscope were observed.

Samples by extracting heaithy, permanent, mandibular bovine teeth with no caries were obtained. Among them 371
healthy samples were selected and artificial carious lesions were made. 20 samples were assigned to each experimental
group.

After irradiations with a pulsed Nd:YAG laser with total energy densities of 10]/cm’, 20J/<:m2 and 30J/cm2 for each
group. On the teeth, 296 NaF, 1.9% NH4F, 1.6% TiFs, Elmex gel(amine fluoride) and 1.23% APF gel were applied.
After pH circulatory procedures, concentrations of fluoride with an Ionalyzer (Orion Research. Modet 901, U.S.A.) and
phosphates with a UV/Vis spectrophotometer (Uvikon 860, Kontron Co., Switzerland) were measured. By etching the
teeth in layers and measuring fluoride concentrations, a profile of fluoride penetration according to depth could be
developed. And also the changes on the surface of the enamel using an electron scanning microscope were observed.

The comparative analysis yielded the following results ;

1. Phosphate concentration was low in all groups compared with the control group except for teeth treated Elmex
gel, irradiated with 10J/cm” and 30J/cm” energy densities. Teeth treated with APF gel and 30)/cm’ irradiation had
the lowest phosphate concentration.

2. Among all groups, fluoride concentrations in tooth enamel were highest in APF gel and NaF groups irradiated at
30)/cm’. The APF gel group had the highest fluoride concentrations across all energy densities.

3. In the APF gel group, and the NaF group, the greater the energy density of the laser, the higher the fluoride

concentrations in the enamel.

. In all groups, the concentration of fluoride in the enamel by depth tended to decrease with depth.

. Under the scanning electron microscope, under the condition of irradiation with 20J/cm’, enamel crack was detected
for the first time. In the NH4F group, spherical deposits were found on the surface of the enamel, and in the TiF;
group the surface of enamel was covered with an irregular, thin membranous mass in places. In the APF gel and
NaF groups irradiated with IOJ/cm'“), spherical and irregular particles covered the teeth. When these groups were
irradiated at 20)/cnt’, they were covered with amorphous crystals.

T

These results suggest that one could obtain more effective anticariogenic effects without damage to teeth when less
than 20J/cm’ energy densities and APF gel are used.
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