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go]HE o] &3 X ol dutd g
o2 AFFNA Yamamotodt Sato'”, Yama-
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FE BIAY, e AV eg A3 FE
W3t o] thekgt 1913 o] AlgE Yot
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& B3E3 Fo] Al4std B3l Ee $2 o
RS Z/MNAYE B3t v Goodmandt
Kaufman™€ X-4 #4, Yamamoto$ Sato™
© "A ARY # & (microradiography), Ta-
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oanalyzer& °©|&3lo] g oA & ZAIS T B4
2 E¥5E o HgHe B &3 YA
ol FrtslA&< #EBATH FYAE W
£l NAYAG #olA A7} Bapyel sa
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dton] 2o ke® AA Bt} £
AE2 NAd:YAG #olA ZA7L Aof YakA o
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Fo EES EXUS W9 Xof hArA W
stoll isted AFg w9},

azv A F-E oA BIES o8 A
o215 ot &3o] A AFNA pulsed
NdYAG #HelAxet %9 E38S oz
g E9 ZAxe WgE 233 A7E 3
A% Holr} o]o] A2l pulsed Nd:YAG dl©]
Aot #Fo B FES AEslo] HA o W
g2 ZW AEE Jehlle golA A 247
E2 SFES Zohr] st 74U 843
FrAE pH 8 A3 & 8 7] 9212
e HFPo g A 2HoE oA S A}
& 3 77kl B4 P8-S T ¥so Ykl |
Aol Mo FH A=E FHstn FA} A dn
4o WFAd AU WE BEsto thig
AdE QA7 2 AE H3ste ulo|t)

0o. H7%lE & 2y

2 429 8% 7 HAE BA sl
T ARG Xolgt AlH A zfol] ALE
o dgo Alg"E E3ES NaF(Baker
Chemical Co., U.S.A.), NHF(Shinyo pure Ch-
emicals Co., Japan), Elmex gel(amine fluoride,
ICN Biomedical Co., Switzerland), APF
gel(Aldrich Chemical Co., US.A.)°1%t}.

(1) A A=}

a9 ot G MA A ZEE AAG @y
o & HEEE 2E A 3mm A7 8 ¥
A FAE et Wyde] ¥W Ax 23S
=% A 471537 Tmm, E¥°] 50mm)
#Fd 3018 & /MY Eojstct zuwE
FA 3ol FEo Wil FHzZo=zm #6000
silicone oxide |7FA| 2 Avulsled Wz BH S
o] HAl & F y LFoly SAlol= (y-
Al203,03)& FEe] Y=g 3ot



(2) ol S BA A

0.1 M lactic acid, 0.2% Carbopol C 907, 50%
saturated hydroxiapatite?} &8 A F $4] ¥
4 A4 89S pH 5028 AZsta BE A]H
S 7R A 45AT S At

Q) dlelA 24 A HEA 9 A= 54

NEREIEESE FE S NEEDE- 2
E¥o] g Wadel W AL WHE 249

7] f3td mAa Ax FH71(Zwick Co., Ger-
many)& ’*]"9"3}5\’15} Fojd y2d 72 n
A AR E2H719 <) ek g Hekae ¥
o] 1‘|Z¥°] HEE A ohg 20327 500
mg9] FE 7I T ASEvH 2 2000 ¢
vl gl A & AV E AEFdtA Vickers A%
£ &3k H28). Vickers A5v HEE AlH
o] FHolA 434 wiE ZF st HF A EA
g Fadnt 72t 23 21 7dFsh] Yt

ol AlHF Vickers AE7} 2574501H A &
FHA7E He 10%S Holukx] e A&
AR st e 300709 AlHo R 20709 T3
Ao disle zhzh 15718 9] AlHE vl A st
Aoy o|F e FAF AAERE #EHE 4
& Abg-stth(Table 1).

Vickers Hardness Number (VHN)

1844 X P
d'_’

VHN =

P : load in grams
d : length of diagonal in gm

(4) #ojA ZAL

Aol ol E ZASEY] Hste] 1,064 9

w4 ) &3 WS Hdl 100ppse] P v
&S zZ'E pulsed NdYAG #e]A( Sunrlse

Technology Inc., US.A)E AF&3t3th AdF
£ 100m], 10ppse] elWA & 2}2F 10, 20%, 30
Z ot ZAVSLY oA ZAF 270] 10 Jem,
?0 Jem?®, 30 Jom’2 ST & atglom, 2 ¥

97t 47 3mme] A¥o] IS HHEYo =
el Wga e 2Aa9tHFig. 1.

Table 1. Experimental groups

No. of specimen

Treatment
Group ——"" .
laser  SEM regimen
1 12 3 0 Jem?,  control
2 12 3 0 j/(,mz NaF
3 12 3 0 J/em®, NHF
4 12 3 0 J/em®, Elmex gel
5 12 3 0 J/em®, APF gel
6 12 3 10 J/em®, control
7 12 3 10 Jem?, NaF
8 12 3 10 J/em®, NHF
9 12 3 10 J/em®, Elmex gel
10 12 3 10 J/em®, APF gel
11 12 3 20 J/cm2 control
12 12 3 20 J/em®, NaF
13 12 3 20 J/em®, NH4F
14 12 3 20 J/cm’, Elmex gel
15 12 3 20 J/em®, APF gel
16 12 3 SOJ/cm’ control
17 12 3 30 J/em®, NaF
18 12 3 30 J/em®, NHsF
19 12 3 30 J/em®, Elmex gel
20 12 3 30 J/em®, APF gel

Cannula

Optic fiber

/ \—-———-— Beam of laser

Enamel core
Acrylic resin column

Fig. 1 Schematic diagram of irradiation of
laser to enamel core,
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Table 2. Hardness in enamel surface of the unlased control and experimental groups before and

after irradiation of laser ( unit © VHN )
G Hardness AVHN

roup Before After
Control 373 + 59 86 + 15 287 * 56
10J/cm? 362 + 59 97 + 34 -265 £ 75
20)/cm’ 372 + 60 89 + 11 -283 + 63
30J/cm’ 364 + 60 131 + 121 -233 + 143

Values are mean * standard deviation

AVHN= difference of hardness between before and after treatment

PR NS £
$2% EXIUY. NaFsh
a5l A7tsel 247 2%,

1.9% 29 wEQon Elmex gel(fluoride
1.25%6)2} APF gel(fluoride 1.23%)& 2}z A%
3| Ak A ES AHESI T

(6) pH <& =%
T 47 fARRE 248 950 F7] ¢

shol 2T R AYE ABL 47 3T F
AT A HA P 83 U3 @3] g4
At on, @3] S Hgste olele] A
ol Q1 Bldo] BHegr) ol4te S =
4E 892 W Aesdck
AT Y e tew 2y”

Gastric mucin 0.2200 96

NaCl 0.0381 %

CaClz 2H-0 0.0213 %

KH:PO4 0.0738 %

KCl 0.1114 9%
(7 B4 Ay & ¥Hzd 39 AE 23

#olA zAtH T BA3 W o g Vickers

& 3Aes
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(8) A g

ojdell A oz RHEE SASY GLM (gen-
eralized linear model analysis)® Duncan’s
multiple range test®& ©]-&3te] EA A f9
4 AAR3A

©) FAF A Hvl Ay B3
/\]34.,] B Fd] Aug JE3lo] T3 W
£ FA AR @v)7 (Jeol, JSM-35C, Japan)
2.2 25 kVelM 10002 #aatsich

. HAPAAN

1. dIOIM A0 (12 HHAO| HH A H
SHFig. 2)

D H2EH Hol A 2AE 4T
o1 92 HAE YA AlHo Fo| AT =
AgE {2 A T glolA A £4 EEEF A
@ WA HedE ¥Pde 59 AE 3
Aot E 29 2o pH ©8 A3 F P
E9 ZAEE tlxFo] 86 VHN, & 10 J/em®
yzlel #olA g A FollA 97 VHN, 20

Jem® ZAHEE 89 VHN, 30 J/em® ZAMZL
131 VHNe. & AZEo, 7t #3731 F9)%
Ztele ST AeldFe] 3 Ax WstEe
30 J/em® ZAbEo] 233 VHNO & 713 2 A 7¢



Table 3. Hardness in enamel surface of the unlased and lased groups before and after NaF

application. {unit s VHN)
‘ Hardness ,

(Group AVHN

Before After

Unlased 368 + 62 224 = 45 ~-144 = 32
10J/cm’ 361 = 5.7 195 + 4.0 -166 = 6.1
20)/cm’ 36.7 = 6.1 20 *+ 44 -147 * 58
30]/cm” 36.7 = 6.0 199 + 38 -168 * 58

Values are mean * standard deviation

AVHN= difference of hardness between before and after treatment

Table 4. Hardness in enamel surface of the unlased and lased groups before and after NH.F

application. (unit @ VHN )
Hardness
Group AVHN
Before After
Unlased 367 + 59 220 = 37 -14.8 £ 63
10)/cm® 367 £ 60 255 + 58 -112 * 89
20]/cm’ 367 *+ 6.0 271 *t 39 96 * 41
30)/cm’ 360 t 56 217 + 42 -142 * 45

Values are mean * standard deviation

AVHN= difference of hardness between before and after treatment

287 VHN2.2 71 3A
tol froldt atole YA

7o) 22, VHN %10 J/cm oﬂWH #ol A&
ZAH8E #& 195 VHN, 20 J/em®™ ZAMES 220
VHN, 30 J/cm‘ ZAFEL 199 VHNS 2 Al &5
o] BlZAbFo] 7H Bhom, 10 Jem® FAE
o] 7p woron} 7zt F7kel #298 Aol gl

o Mg AdFe] ¥ Ax WEeke v RAMEO)
144 VHN2.2 714 BA #4281, 30 J/em®
ZAb#o] 287 VHNSZ 714 2A ﬂ* Adgo
v Zb 7o) #93 Aole A tHp>0.05).

3 NHF =X79 H3d 39 As

AT 4 HAE AT T AlHA HolH =
Abeta NHFE =X3 Ad 73 go|AE AL
Al okm NHEFET =33 Ad79 Aads
Hebde] 390 Ax 9 st § 49 2o
H 8 34 & Habdel 39 25 E v 2A}
7o) 220 VHN, Z 10 J/em® o2 ¢] o] Aq &
ZAF & 255 VHN, 20 J/em® ZAMES 271
VHN, 30 J/om® ZAFEE 217 VHNO. 2 741*51
o} 20 J/em® ZAMEO]l MV E=Ska, 30 J/em® &
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Table 5. Hardness in enamel surface of the unlased and lased groups before and after ElImex gel

application. ( unit + VHN )
Hardness
Group AVHN
Before After
Unlased 385 *+ 47 244 * 3.7 -141 * 50
10)/cm® 367 * 6.0 216 + 3.7 -151 * 42
20)/em’ 367 + 6.0 216 * 4.1 -15.1 + 49
30J/cm® 368 * 6.2 257 + 10.1 -11.1 * 95

Values are mean * standard deviation

AVHN= difference of hardness between before and after treatment

Table 6. Hardness in enamel surface of the unlased and lased groups before and after APF gel

application Cunit © VHN )
Hardness
Group A4VHN
Before After
Unlased 367 £ 60 294 *+ 65 -73 + 28
10)/cm® 377 + 51 34.7 £ 92 -31 £ 10.1
20J/cm’ 372 + 56 298 * 6.4 -73 *+ 63
30J/cm’ 363 + 6.0 283 + 6.0 -81 * 55

Values are mean * standard deviation

AVHN= difference of hardness between before and after treatment

AbZEo] 7H viskout Zb #3te] #2913 Aol
gtk HEdFTe gW Ax wHIlske
J/em® ZAF#o] 96 VANC. 2 714 = A 7kAs)
AL, ¥ ZAMEe] 148 VHNC & 7} 34 #a
sty Z F#7he] {9 zele gt
(p>0.05).

4) Elmex gel ¥

AF 2 HAE g3 F AjH FolA
ZA8LAL Elmex gel& TE3 A3 o]

ZAV8A] &3l Elmex gelwt =¥ 38 A&7
ﬂg] ‘6‘ tﬂﬂ-21_,] _:Lfl_\iﬁ 735 ol ﬂ%%}_
2th pH &8 33 T gzl g Axs
ZAbEol 244 VHN, % 10 J/em® o421 ¢] g
A& ZAS 7€ 216 VHN, 20 J/em® ZAVE
€ 216 VHN, 30 J/em® ZAH2E-S 257 VHNO.2

mlm

ggﬁ
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AZs o] 30 JJem® ZAVZOl 7HF ESEE, 20
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230 J/cm’ ZA}ol 111 VHNCO.Z 7} A A
7“ &1, 10 J/em® ZAFEe] 151 VHNOZ
7V 27 Hastd o 2 27kel fol @ atol
E AATHp>0.05).
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(4VHN)

300 o

Control NaF

Fig. 2 Hardness in enamel surface of the
unlased and lased groups before
and after fluoride application.
4VHN=difference of hardness be-
tween before and after treatment

*ip 005

O Cont:
0O NaF B Einey
(4VHN) NHF W APF
300 -
250 o
—

200

0j/em? 10)/cm? 20)/cm’ 30)/cm®

Fig. 3. Difference of hardness in enamel
surface of the control and experi-
mental groups before and after
irradiation of laser.
AVHN=difference of hardness bet-
ween before and after treatment

Table 7. Difference of hardness in enamel surface of the control and experimental groups before

and after irradiation of laser Cunit © VHN )
G Energy
oW ; P "
P 0 J/em 10 J/em® 20 J/em® 30 J/em®
Control -287 T 56 -265 * 75 -283 = 63 -233 £ 143
Naf ~-144 £ 32 - -166 = N -147 £ 58 -168 © 58
Elmex gel -141 £ 50 T -151 * 42 J 151 £49 | -1LL * 95 }
NH.F -148 £ 63 -112 + 89 =97 £ 41 ‘] -142 + 45 J
APT gel =72 £ 28 -31 = 101 -73 £ 62 — -81 = 55

Values are mean standard deviation

outside brackets are significantly different at P<0.05 level

298 VHN, 30 J/em® ZAFZE2 283 VHNLS.2 7
Zgo} 10 J/em® A2 T T & 2 Tl F
Aol & EATHp<0.05). MelHFe] 8W Ak
B gL 10 Jlom® ZAMEO] 31 VHNe & 714
A Zasgen 10 J/em® ZAbrol BE &
7 Fo g Aol & B tHp<0.05).
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7} 4 2(p<0.05), APF gelite] NaF, Elmex
gel®, NHF Tl thal feldt Aol Bt
(p<0.05).

% 10 J/om® olUx 9] ol HE AN A5
A AT ywEdd 3 A dsle 4 BA X
Zob gol A FARRE AT foldt Aol
7} 943, APF gel3 NaF, Elmex geld,
NHFZ] thal 93 zpo]E B hp<0.05).
Z 20 J/em® AlUR9 HolHE ZARE A A
A% Hekd g As Wgle 74 B4 EET
3 Yol A uk ZAMgE A F3hel|, APF geld-ol
NaFZ# Elmex gel#oll sl #9)& Aol & B
AtHp<0.05).

2 30 Jem? oA 2 dolAE FAME AL
Azl A& Hyd 3U Ax ¥ges 4 Ea T
FFo] golAg FAR Ao s, APF
gel¥°] NaF &3 NHF Tl tisf #-2 & zpo] &
HATHp<0.05).

3. AL TIA S0 A

2T 2t A AlE ZHE FAF Az
du|Zdoz #Ag A dxFdy YPE2E B
2 AAHoZ Aol o3t 2 FAE
(Photo. 1).

golHE ZANSHAl 9% NaFT, NHFT,
Elmex geli*, APF gelv*
S5 AHE Ho|n W
4= A HPhoto. 2~5).

10 J/em?e] dlol A& A wekd e
o|xut ZASH ¥ (Photo. 6)2 APF geld
(Photo. 7) B.5F & eta &<y e A d e
g oo, Yae YA 238 HAY + 9
At

20 J/em’e] golA & ZA Wad 3L d
o]xut ZALSH A&7 (Photo. 8)7 APF gel
(Photo. 9) .5 tta 9] HHd &
T £ Yo, HolA AL vl &
4 dHE B

30 J/em’e] #lol A& 2Ag Hegd THL 8
ol A vt AL A% (Photo. 10)3} APF geld
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(Photo. 11) 25 T3 37 WH&d &
Fog Qg HEe Ads YepdAh
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at

B ARA ALEE BE3EL Ko} 54 o
T e Ac® 4 NaFeh NHSF,
Elmex gel 1813 APF gel& AH&8t%it} NaF
= ygdd ¥ 23 gad B JdAs
PP d2iA dew, NHF = Haae o
o] B3l Zgg A3, NHyw o] 2l o8
Wby 2 Balge AR JEsE foldh &
t}. Elmex gel& A op$-21% o izt gobd 3t
T Ao A olw APF gele SR A
AolA Bt QMg HE gy oz P4
¥ g2zige Wkl W AMsgE F
WAL AL Aboll o3 YA &3] & Hols
ozR AopgF o EIE UshiEH,
Wei %_37)54 1‘3%_% ﬂ-é‘]_%l?i 38'43)0 \:J}\ jdz_}.g
%718 247 ggEy £ FaAdntn
st om, Featherston 57 Gelhard 5%
24 =xA Wbl AN Ftdnn
gt

gol A} B3Ee HEXH XA Yamamotost
Sato'?, Wzt £ Goodman® Kaufman™,
Boehm 5°'& B4 X% golA A #o]
A iz} Z7tol et YH3Ad B4 3ol 7t
H1 59 2370 Zagn st 28y &
A =3x8} Fol A FAL Al7]E v 2 E Tagomori
9} Morioka™, ¢t '] Bamdl 23t o]
A7 Herd&sor Ba g s&ste Y
8t WalE dos|ng HoAE AR F &
}ES SXF A9t BE EXF HolHE
ZAM 72§20} X|ope-4] ot E3b Avta
gt vhebd B AgelMz Ko} 4 o
13E Sdstelr] e eolHE HA RAG

T B35S =¥l

Moz Atgste dolxe 7€ dfe
g ZZA|A WUz 2 P BEd doy
A& AbgatE Rolma ZAF 9o £
19E W o FA "y} B HolAE &
ApehE TR o)A Apuh 7 Azl ] 2
go] Vehtal grolok g}, #jo] A FAte] o} &
A4 229 wgo] g dFdM Boehms"
o gazka ol A oAzt 10 Jlem® 7}

g o 2 2EE 14T 3= Ao 35
o Goldman & 4000 J/em® A=) #lo]
A @& zopel] ZAtE A4 e 10T 4

Zai} o] W B&E 72 gervin dsich
Adrian %€ 188072330 J/em®llA A4 Hhg
o] vebdtha shlom, White £ glo|A
o] g ALgo g 9% Aot BRIy o}
AN8E AT Fald &S T4 ¥n AP
2 oty dtdrh AzAd gF dFEE
Lentz 7 YAG #lo|A2 37 AzF 4 10
Jem® ol&te] A2 ZANYE o, ofFd ®
871 dojux gkevtn 9 e™, Geeraets$
Berry™'e AgA 02 eh7d] 2ARA e 3
Lol Ao ¢l8] 2HEe] gt s

#lo] 2] FAbgko] wE Xjo} FH<] WHlo] o)
e Stern Ve a7t golA® 13
J/em®e] A2 05%37F ZAMA Ao} BW|
@37} dojur] W Eo] B4 EXE A AHE
e A$E olutt A& oquAE Ag-stoqof
Flg= 1A 5}9& o1}, Yamamoto$} Sato'E X o}-$-
A2g dug BHod Ho|HFg XASIE
Aol = ”“’1 z2 o g zHgo] eREA] o
sua st ol A8 E B Ao 2AN W A
W g3 o] A UA ] g B2 & Stern F
Bol Hawtad @iyl gold AMgAl 50
Jem?® o]de A ol ¢k o] A&utd |abrbs
#olA el A$ 60 J/em® oldelM AW FEE
gasgon Wi &% dA43¥ NAYAG
dolA ZAA 50~60 JemdlA meh FUe
pulsed N&:YAG #o]A ZA] 50 J/cm’ o] 4l
A Aw FEe #Fsd o 1PE 2
J/em® o] el A oA & A #E-g FAFACH
o9} e AgtEe] A Ao wet & Aol
e ok 27 AxA ] gjaaso] gl A
7 #go] AlsHAl JElA] e 30 J/em® ol dt
o] AR & Algste AgaAt

dolA e el P TH wgol BE B
fsietd 27k pdose ¥4 4uE 8

Hajo] AgA o WL B4 %
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- ABSTRACT -

Effects of Pulsed Nd:YAG Laser Irradiation and Fluoride Compound
Application on Surface Hardness of Incipient Carious Lesion
in Enamel of Bovine Teeth

Jun-Bong Kwag, D.D.S., M.S.D., Woo-Cheon Kee, D.D.5., 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 energy density of laser
trradiation for the anticarious effect. For this study, surface hardness in enamel was measured before and after
irradiation with pulsed Nd:YAG laser and the topical application of fluoride,

Of the permanent mandibular anterior bovine teeth, healthy, carious free ones were used. Three hundred specimens
were made. Specimens within 25~45 Vickers hardness numbers were assigned to 20 control and experimental groups
; each containing 15 specimens.

After forming artificial carious lesions, 10 J/cmg, 20 J/em?, and 30 J/sz energies were irradiated on the enamel surface
of each experimental group. Also NaF, NH,F, Elmex gel{amine fluoride) and APF gel fluoride compounds were applied
topically.

Next, all the specimens were placed into the pH circulatory procedures for eight days. Vickers hardness numbers
were measured using a microhardness tester. Surface changes of the enamel were observed using an scanning
electron microscope.

The comparative analysis yielded the following results ;

1. The reduction of surface hardness of the enamel surface was less in all groups with fluoride application than in
the group without fluoride application.

2. The APF gel group with 10 J/cm2 irradiation showed the lowest reduction of surface hardness.

3. The reduction of surface hardness of the enamel surface in the group of laser irradiation without fluoride application
not showed any significant difference according to the energy density of the laser.

4. Under the scanning electron microscope, in enamel irradiated with 10 J/cm2 showed appearance similar to acid
etching surface. In enamel irradiated with 20 J/em’, fine enamel crack was detected. In enamel irradiated with 30
J/em®, severe enamel crack and fusion of enamel were detected.

These results suggest that one could obtain the best anticariogenic effects without damage to teeth in the group
of application of APF gel after laser irradiation with 10 J/em’.
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EXPLANATION OF PHOTOGRAPHS

A scanning electron microscopic photograph of artificial carious enamel surface untreated and
unlased.( X 1,000

A scanning electron microscopic photograph of enamel surface after treatment with NaF and
unlased.(X1,000)

A scanning electron microscopic photograph of enamel surface after treatment with NHsF and
unlased.( X 1,000)

A scanning electron microscopic photograph of enamel surface after treatment with Elmex gel
and unlased.(x1,000)

A scanning electron microscopic photograph of enamel surface after treatment with APF gel and
unlased.(x 1,000

A scanning electron microscopic photograph of enamel surface after laser irradiation of 10)/cm?.
(X 1,000)

A scanning electron microscopic photograph of enamel surface after laser irradiation of 10]/cm’
and treatment with APF gel.(x1,000)

A scanning electron microscopic photograph of enamel surface after laser irradiation of 20]/cm2.
(X 1,000)

A scanning electron microscopic photograph of enamel surface after laser irradiation of 20]/crr12
and treatment with APF gel.(x1,000)

A scanning electron microscopic photograph of enamel surface after laser irradiation of 30J/cm2.
(X 1,000)

A scanning electron microscopic photograph of enamel surface after laser irradiation of 30J/cm2
and treatment with APF gel.(x1,000)









