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Ltd)ol]l #240 grit®} SiC QrlAE R F3le] dn}
3t rh. o] AokE &4 deviced] LAHAIZ F PR
block€ #1283t chH(Fig. D.

YT Eol7t HEE A& tololrz Fdy] |
(Beuhler Ltd) 2 H@stglon], ¥4 dvlg XY
1y AR €] =EHEE B3 3 #3920,
400, 600 grit?] SiCAuAZ Ant3lgc}, olo] 1ym
alumina(Beuhler Ltd) 2 ¥vlg % AAvld AJHE
FHTrAA 1087 229 ARdgen, 4 Y
& FFAHZ 59 Fog EFEY FE Uz
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Fig. 1. Steel mold for resin block.

Group Control Experimental

1 2 3 4 5
Energy density Unlased 20)/cnd 30)/ent 4o)fed 50)/cnt
Shear bond strength 12 12 12 12 12
Surface roughness 8 8 8 8 8
SEM 4 4 4 4 4
Total samples 24 4 24 A A
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2, e 2 APFo 2 9 cH Table D). 2 B& Ane Az

ARFL (HE HEZ TXF F pulsed Nd FFL moldE o183ty A% 3m, o] 3me
JYAG #olAE A 4me G oA R gEe HeE F A4d HEAQY Hi2Temp2(Whip
20, 30, 40, 50J/cio.2 Z+z} ZAMSFAIL(Fig. 2— Mix Co)2 A=A AAle] wiet vl &8t
3), A} ol A2 & power energy meter(Scien- 8§ ring& 17 o] YA o ILFs
tech 364, Boulder Co)& AME3le =R stgon, #%7](Bego Co., Fornex 35 EUM)Z F=3l4h.
ZAF 2782 Table 29 24} ' FZ29 ring® £33 43 F WAL AASY

3, 50um alumina(Buobond alumina, Dentsply Inter-
national Inc)2 ¢F 80 psi®] ¢# 3ol A sand blas-
tingsl Btk F& AHL #240,320, 400,600 grit]
dArtA 2 depst £ 1um alumina 22 (Beuhler Ltd.)
2 HF drdten, oo FFHFA 1083t
Z&5 AHstdt.

T&H R4 Oxy-Etch ¥27](Oxy-Dental
Products, Inc.) & ©]-83}49 10% H,SO,£& A A 300
maA/ene] AF Tx2 3BT YR, 18%
HCCOA 1083 289 MA & 3t F5438S

AASRRLH, olo] FREANA 1087 28} A
33l E}_"]Ziﬁ.

3 Ed 2% &4

glo] A 2Ald] B X == W3E Hrlstr)
AEte AP olAE ZAIE L, o]o BE

cooe N T 7% QA 9o 187 1'1—44/\12_ x 54
o RRGR Ju— stgom, 253 A7 10830 253 A4
12 RROR 9ok, AlHE 22 7 7] (Surface Roughness
B Tester, Taylor-Hobson Co, Model Form Talysutd,

Fig. 4)°1 YAAZ F cut offx] 0.25mme] ZZA A

POWER SUPPLY | FA44 He AA 7] (arithmetical mean deviation

voRe PECE from the mean line : Ra)$t #th A 3 7] (maximum
peak to vally height i R}E T38trh. 44 3
Fig. 3. Schematic diagram of pulsed Nd : YAG laser. ~ @AAVE ZE @ ZA3 2 d42 40

He—Ne LASER

Table 2. Irradiating condition of pulsed Nd : YAG laser.

Group 2 .3 4 5
Enger density [J/eni] 20 30 40 50
Pulse width [msec] 12 12 12 12
Energy per pulse [J/pulse] 0126 0.189 0251 0315
Peak Power [kwl 0105 0158 0209 0263
Repetition rate [pps] 20 20 20 20
Irradiating diameter [mm] 4 4 4 4
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Fig. 4. Surface roughness tester(Tayler Hobson), Mo-
del Form Talysurf

2 EANEHD.,

‘Ra= 1/Lf§y(x) dx (6))

7l Le cut offXl, ymeENEE THLL
23 profile7tA 9] Aolth,

4) AFS FF Aedxze F3

£ 29 Aol & NVL l0kg/mus I

SFE 8ol A} Comspan®.2 A% A2 cH(Fig. 5). Co-
mspan®] EF-L A ZEALS] AAld] wpgha, weke
ZRE 10%°] ZA% F FFHE devicedl X
Bted 37Cel A AGFdA 780 BAIR[T.

B ARREY RS A8A BEAE N (Ins
tron, Model 4201, Fig. 6)°] & kitS FZ3A,
-2 50kg 9} compression load cell& ©1-8-84 cross-
head speed 1mn/min.oll A &8 -& &3 8 HFig.
7.

5 A4

EAH 448 A58 43t £ 22 (one
way analysis) & A183 ¥ Duncan®| G359 2
= (multiple range tesol &3 ZTL AE W
AL ' .

6) Ax @Anld B

glo) A ZANE T BlZANEe] X|opHe] et 37
% Qate] o B4 Y 2 FF JAEARE &
Ao vAAY G- FAAR AvFoE #
#Fsl et

Fig. 6. Shear test(Instron, Model 4200).

Resin Block #12mm
Metal #3mm
Tooth

8mm

Fig. 7. Diagram of test specimen.
m, AN

1. FHEZ

2% 40709 47AR Hgd A¥o| d=TH
APTY BY 22 & 233} de FAHALY ¥
FAII(Ra) S FARARZIROE o3 Zol =
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Table 4. Surface roughness of treated enamel surface(Ra & RO

Group Sample no. Ra(um) ReCprm)
Mean S.D. Mean S.D.
1 8 0370 0085 3387 0510
2 8 0354 0181 2862 1324
3 8 0489 0110 4151 0.737
4 8 0667* 0259 6490* 2862
5 8 0849* 0262 95" 4855

* Significantly different at the 005 level(P005).

Mode Cut Off Filter Reference | Ignore
ROUGHNESS! 0. 25mm ISO | STRAIGHT | 0%

Type - Unlased

1.5835 ua .
-1.814 un o :
¢ 1.125
Peak To Valley = 3.319 un
Fig. 8. Surface roughness of unlased tooth.

F.3}stgcH(Table 4, Fig. 8—9). 161

1ym aluminum oxide2 AvHE BFEAS Radk g T
£ 0.0491+ 0. 115um Rt&<& 0.49+0.11ymE H
2, 7% ABeAez ¥R 33, REED g |

:Ra=0.370ym Rt=3.387um, 2T @ Ra=0.354m £ R
Rt=2.862um, 3% :Ra=0.480ym Re=4.151um, 4 3 8
! Ra=0.667um Rt=6.490pm, 57 : Ra=0.849um @
Rt=9.504umZ 53]+ 74 A Jeheh. £ 1

2R BEe) e 7 I $AR & 7 4
Qe AZF A, 1, 22 4, 5%, 3TH 5T
Aolol 4 BAGE 02§ ¢ Aol F LATHE. ) —— |
05). 20 30 40 50

Energy Density  J/am

2. Y3 ez Fig. 9. Diagram of surface roughness of treated enamel

Comspan® AH&-3te] 47X PFE AH surface(Ra & Rt)
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T4 A EE HEeo 37Ce] A AgSd 743
2@d ¥ A% AGAEE 23 A o322
Ze 4He AUci(Table 5. Fig. 10).

Hyddd g HE ZF Add=e 12
FT)L 154.23kg/enl, 27 153.50kg/cHl, 3T
195.72kg/c, 4F-& 182.04kg/e, 57 176.52kg
jeno 2 3Fe)A 74g ZA ek

ZAU A Ao wE 2 F9 FAH Fd4&

3 A9, 323 4204 1R ¥ & FF
A= s B H(P0.05).

Table 5 Mean shear bond strength of composite resin
bonded to treated enamel surface and electrolytically
etched alloy surface.

Group Sample no. Msh‘engsthh?ﬁg /gg) S.D.
1 12 15423 3330
2 12 15350 42
3 12 19%5.72* 2956
4 12 18204* 3456
5 12 17652 2094

Significantly different at the 005 level(P<0.05).

240

kg/cm’

T+

1807

-
N
(=]

—

Bond Strength

(=8
o

# i 1 1 1

20 30 40 50
Energy Density J/cw’

Fig. 10. Diagram of mean shear bond strength of com-
posite resin to treated enamel surface and ele-
ctrolitically etched alloy surface.
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3. ®X #ojd oA

D Xeot#

7R 2 dolA ZAE YT XA
2 37% QA SAo 2 1R FAAN Fo MW
dF3e AA dvjFe FF FYoh.

122 43d FRdAE drtg HEd
Foio] ¥ I (Fig. 11-a), 18 F4A HFA
A2F 9 AF ZH49 24 Fido] #F HAN(Fig.
11-b).

27 (0)/en) A AE EolA ZAte] ¥ mAE
Fdo] #F I (Fig. 12-2), 1% F4A] 28§
wAg Fgol #FHAN(Fig. 12-b).

32 (30)/e) AN e TFEo] I #olA A
#25 A2 (Fig. 13-a), 18 ¥4 2280 F7HE
7Y F}e Hyen, REdoz FIAREAA
HEd AF9 u A FFol &2 H U (Fig. 13-
b.

47 @/l e HadHe wster mAg
Td Fdol TF HJL(Fig. 14a), 1¥ FAA
3T Bu #de sk EUketR ey, 4gd &F
FHe 7@ $AT AFe FEFH o] #F
Ak (Fig. 14-h).

52 (50]/crt) ol A3z gl o] A ZAPH A Q1 ¥ (scale)
Fte] 3G Fgo] BAHUAL(Fig. 15a), 1%
BN 9HgA 4&F F99 4% 7E9FH 4TEY

&F9 gg Fo] FHsyH(Fig. 15h).

2) 8449

Fa9 AVsietd R Az, $£A4 23
ZERWAME &4 gamma primeds] FA=E
uAE 88 ot FFAHALH, FAY AT
2 Aol e wAE FF 2H FA Pl
#2= A} (Fig. 16).

3) BF Fx= 3% nEH

AF A% 23 ¥ wEdEg FFH A,
ool dAzre A, AR AA S w2 #H A
B4 A4 vde EFE 4L By, F2

F4 W29 bonding agentd] B§a A9 ZAARHY

A dojyttt. SbAE XjolAAde] Fol H A
&9 FAF £Fo] BFHAR(Fig. 17, BF
Holde FAE did #HFeo] IAFH FEE
B4 (Fig. 18).
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BEHE Xsd otadyHA ez JFAF o F,
et U g RAHe FAYE FHAN7] At
Qo] Anl, AR HE®, FI AEA A
-2 o) tpekdt A7t o) FRL, F4W A
24y ZAL A% F4 FuA Wi EEA
A7 AgEHReH W, HWFE B ol
A3 Bis-GMAAIS A2 esterdle] HEA
Aol ML & dAFoAde Xdel oA
=g 2std #HolAE =AM Fo w¥ste}
P48 F4A9%y HE Zxg wEs Bkt

o)A (lasen) = X H&o] AT 25 F(Light
Amplification by Stimulated Emission of Radiation) £}
HEZA0-Pg ¥ Aeg 196099 HughesdF
ALS] Maiman®°] F¥] #o]A 9 wxle] JFFe
24, Fx9 FolA FAe 8L HA HAUh
ol 5L N, IRz AF5E
& 7+ A4 (coherence), B FH5, & T
Mgz G4 (monochromaticity), A $ el
2 A& 249 § = A A (directionality), R &
29 457} 58 13 % (brightness) 522 H¥9]
FHPRg 453 S48 B9 o} F&A (focu-
sing)e] Fol ouA] &Hxrt Fov2 I, 7
€, 3%, 8 Fof oejRolfA g o]&Hn
9] c}, 22

golAe AE = o ¥ee 4, 49,
F3iet 2 A7) A 502 F2 dEH A
ZAF BY9E £33 ndE VEY FoEN,
Ax zF9 272, dId o4& FAg AdH
F%, g5 A3 A¥E & F Y44, FolAE
z)otef] AV S, F47, AE, WAL T @A)
dojtt}. & F4rof o3t Xojo] o] A1,
Axd oty FzF FE NF =3 Z A X
go] AgHH, WwAlgE R o3 Fo &3
?J7]E f{].q_.m.&—%)

Gordon®& #olAe] XA et 2Hg& g%
golgt 3R, PeckT¥L X0} ARAN x7]
ol 283 ¥art dojvtx, Fr)d 384 Wit
Y oiv} hydroxyapatite 23 # ] 4# HIE A2
B3Es FASYR on, Stern$E ol

_91..

& ZEHE sl BEHA.

B A7dA Ax @nF F3FA, gelAe] A
Aol thet g F2 X3 £§ L FTEFY
A% A W

go) A el A A g 282 AHGE & oA
57, A 9 W 445 ot g2 A
vebdth X GGoA= £y, o=, CO,
Nd : YAG #@°]A Fo] o|&Ho fov, i,
SFEE HolAE &¥o] LA AHfEEoRZE F
g, H29 dF 5 E AHEH F2 CO,
golALl Nd - YAG &lo]|HE o]&3le 77t 2
P Yok CO, #HolAe Mo i Hdeygo]
§71 el vzd HEHME Ao} EHA
L3R5, o g FF&e]l AA MEs
ZAE F3E 5, €3, gAdE 4Eo] A
AH ML BERAFE B FEAL 73]
ozl ¢, Hdelxez HWoF FHd Fx¥ &
gt Ho] Atk Nd ! YAG #HolX e FFFEE
VA, gof o Ad¥gdo] UL, B FEAE
AL £ gden, Aled R zwHE xHE
AALE WAZB ez ALE5Y o8 7MsAel =
. B dAFoMe HeNe HolANE Bx 34
o2 3% pulsed Nd : YAG #o|AE o] &39L
o, AW FFFLEE AN Adtd =AL
AL Hed HER =23t

HolA 2] mAM) & XA 2% AT £
AEe 239 &4 Ao U g F gl o
% 8.3tk Boehm™& CO, & o1 Aol 2§ X472
<X ¥3E 3% A 12J/enid) A 1.6C, 22)/
aiol A 3CASEE BIusiys, ILAEFEVS
Nd : YAG #HolAE B3 A =AY 73.1
Jero] A AEex X7t 6.42C8e™, A9
Aotore By ¢dolgte FFFLLE 49|
243 gitEng g5Jeifoll A RARAL X4
gk &40 A glg et ddh

HEKX 37 YFAAG A3 T4 XA E
X% &, 359 Nd:YAG #HolANE zALEIY
Hygd e 2x9 guAEe HeE 23¢
23, pulse® 2X10 %ec?] giant pulseE 140]/cil 2
ZAMA] B &EE 1.4X10°Co] €A, 4
A7) HAE Yol 12umEtT Pen, A0Q-
switched pulsed| A& 140J/cii2 A4 pules RAFA

i,



Y 2x7F 170C, 22 AEE 1.2mzE Jd&3
glolAe) A fAMSHA WA ARstA o
S PG Tk ¥ QTN ARl A
20~50)/cnioll X Aol ¥t dEHE AR Fe
Ao 2 AR EY, HAg Yol M= gA
o ol-§ 7teatEleEr ALE

glo] A ZAbe] 23 XA YA Fohel AL
ot H&aA Yrt. SternB?L Abge] Ao} ¥
g3 BUE SEMoE §ES A, Hzxd 89
de £F 2 2&R0t £330, 2F FYr} ie
AFAIIe 271 @oa {1, #HolAE =AL
st Hgd Byo] §iHe A} ¥
2271 234 21 B3 34l LobeneS®
< H{ZFE 239 W Wyt e SUHA
Aot 3E T, YamamotoS®e HZo] L350
A F-22 ke AFE ojgA =2 ity
Z7Htha s, KurodaS®Ee Hgdd 10¢
Jente] e AR Ax 8 ZAM] g-tricalcium pho-
sphate 9] ZA o] AAHAL, 2] TA]o] $-&
He w2 dux 2EgME &% vz
4ol F7hetn dH ey, HBBRAXEL pul-
sed Nd : YAG #lol& =AMA) s)/eril ©)8he] ZA}
A EolA Watde] F7tgtia gt

golA Al & AL X 2xo] WHEE
AHR7] 95t FHA BEARVIRa)S A
ARZIROVE &3 A9, ZAMIEA YxE 20
Jpemol X 2E9 ZHAE BYov} 30)/c o] ol A
ZA} YR Bx FZrlo) e B 227 F
74etget. B8 YA Ho) A Ra=0.397um Rt=
3.387umE VENEAL, 40)/crio) A} Ra=0.667um Rt—
6.490pm, 50J/cniefl ) Ra=0.849um Rt=9.524um=
9 FF a=0.0Z% 2§ Aol& BT

B3 #7e] 23S P 2428 HAg
T4 2%, A AA 9 &R 29y, 28x
HR B8 yygAztel AF¥goez B 4 gl
on, BA Vet 5§ #39 sl Feg
AWEE, A% 28 HFA0 HE} A=}
744 @A dERG i) e

A% 499 9U9& 4 249 wat EF3
A A8 PFALe @2, AR F
o] g% ®Fgoz F&HA Ay we o

51
2ol i3 oy, 59 FH, 35U

- T A

)
S Ty 1 H
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HEAdde Add wE bonding agentd] 3
&4, aEl3 pasteEFAle WA L] JEF
28 Y}, MeiersS®, Zardiackase"-2 HdE A
Heg FAAR Pr|7es FAF} F 1L F=
AFAAoI Y F45HZ9 bonding agents} 3
AARY A dojdrin Buasigen], E =F9)
23 dA3Kct.

T8 Y EF 439 Bd AFAEE
Aund, #33 48 P20 AR Fxs
oF 84~170kg/eri, BF A AA 9 HF HEE
340~600kg/enl, A FAE F4709 FF3 F
& oF 280kg/eioz # A3} RAE PFAte
A3 Zx7t 74 2A Jeht gloh e Zardiac-
kas59L 3 ¥FAF Ni-Crdl ATS 5
Biohond plus® Comspan®Z HEAA 170.58kg/
e ERL, AT WY EHom R
2§ VerabondAlHE X PanaviaZ FE¢
3% 169.6kg/ent 014e] A& =&, ComspanSE
AAE A$ 179.0kg/cnl & ARTA RuBP 2,
£3572e Aoz RAE 547 43t
B ASZ S} PanaviaZ A 2 147.23kg
feri, Comspan®2 H#e A4 173.71kg/ei A&
= Rerk X A=

golA Al 93 XA HA Az B¢
ATE AHEHA, Libermans & B3 A CO.dl
olA g AN F AW FANIA ¥n FF
F=g Ao, BAE Y¥FA AF FzEY
UotXg BAgHo 2 Fo¢ A7 gEE B
1343, Cooper®e Aotdd] CO, #olAHE &
g BS, HolAE BAA ¥ AR HE
FE7} AR 2A YEde Rasiged, 8%
W, FEEOe 3 PFAd Nd:YAG HAE
ZAE B$ ZA VA S F7)o) et A3 =7t
Z7189 2. XNHF Comspand] FF ALdZ=w
ZA U A A% 50]/cri o) 4] 262.48kg/enf ol A 7+
g2 A% 7z g 1YL 2udych

E dArdie 28 PFAdd vAES #
291 VerabondE Comspano 2 7 3&}e] 154.23kg
el AE A} B2 E A, FHoJA A A
e XE ZAPNUA Y= 30)/cnicl A 195. 72kg/crd
o2 4 & JF AxE ngen, Y 2
e} ZAMLA] AxolA zlolE HYT.



Ni-CrA 39 33 23 1,345C0A4 FA
qW ARE e 47% Cre T gammal$
A AU HAE ZE 72.7% CrE §RF
alpha2-§A 2 o] Fo = o|n, Ay w2} 590
T A alpha&H ¢ gammaT &A S E4 W&
(Peritectoid Reaction)ol] &l3le] 73 AAE e
NiCre] gamma prime’de] ¥& €} ®

Simonsen3?& Ni-Cr-Be@ &3 #%9] Hige
A7y By Aee] o3l FAG BH T
ZAbolel berylliume] ¥ %% interdendritic eutec-
tic?} intradendritic gamma prime’o] WAHUZES
2R doAE /e U fEojzta 3yt
E =FdA Arigezoz 2N 55 &
W] AA @uF FFA) oo £AF AT
ZAbole] A 233}, gamma prime’de] BT EE
54 Fde 3 5 AU

E dFqe Add gelAE 2A ¥ ¢
Aol A Bo] o] &EE 37% Aoz B,
Ni-Cr-BeAl 591 VerabondE 18% 4+ AH§
&l AV|getH o2 BAA2F F Comspani}o]
A% Z2E 23 29, HF Z=rt s0)/end A
AU E 1Y, ¥zAEHY FF 2z vE L
22 ETH %9 $F a=0.0594 FA%HL
2 fo% zolg HAh

goj A wiatsl e o2 A8 F3 o G
4ge £ & Joune, AR L £AF BHIEHI|
A3t ABAA AHEE F UA=E WS T
AAQ A7} s ofot ki, RALE F-SlolA]
Agd YAEREH F42FH e ANF 42
WA 4= 9lojo dhn, AFH &8¢ A
gozx A&y d7rt BastelE e

=2

[

v. &

oA ZAlo] BE Ao} WFAA W3} L
2guATY R FEE 2387 ok 47
A2 ¥FA A pulsed Nd : YAG 8l o] A & 20~
s0f/enfe] dlUx] WEE AN ¥, A} WS
37% Qioz RAAIA XH-E AR dAvlFez
G, FHANZ XY B 22 E £HF
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EXPLANATIONS OF PHOTOMICROGRAPHS

SEM of the unlased(@) and the etched enamel surface(b). (3X1200)

SEM of the enamel surface irradiated by pulsed Nd : YAG laser with the energy density of 20J/cti(a)
and the etched ename! surface(b). Note the enamel surface showing microcracks(a) and the etched
surface showing the definite microcracks(b). (><1200)

SEM of the enamel surface irradiated by pulsed Nd : YAG laser with the energy density of 30J/cmi(a)
and the etched enamel surface(h). Note the enamel surface showing cracks(a) and the etched surface
showing partial microcracks of enamel prisms at crack interfaces. (X1200)

SEM of the enamel surface irradiated by pulsed Nd : YAG laser with the energy density of 40J/cri(a)
and the etched enamel surface(b). Note the enamel surface showing more cracks than that of group
3(2) and the etched surface showing cracks around enamel prisms and partial losses of enamel prisms.
(X1200)

SEM of the enamel surface irradiated by pulsed Nd : YAG laser with the energy density of 50J/cni(a)
and the etched enamel surface(b). Note the enamel .surface showing scale appearances of difinite
cracks(@) and the etched surface showing cracks severely and more losses of enamel prisms than
that of group 4. (X1200)

Surface of the electrolytically etched Verabond alloy. Note that interdendritic eutectic and intradendritic
gamma prime phases are removed in the electrolytically etched alloy surface. ((a) X600, (b) X5000)
Enamel surface after testing. (@) X30, () X2000)

Alloy surface after testing. Note the fracture surface showing the aspect of interfacial fracture between
bonding agent and composite resin of metal sides
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— Abstract—

A STUDY ON THE EFFECT OF PULSED Nd : YAG
LASER IMPACTS TO THE ENAMEL SURFACE AND
BOND STRENGTH WITH COMPOSITE RESIN

Jong-Man Park, D.D.S, M.S.D., Tae-Seong Bae, M.E.,
Kwang-Yeob Song, D.D.S., M.S.D. Cham-Woon Park, D.D.S., Ph.D.

Department of Prosthodontics, College of Dentistry, Chonbuk National University

The purpose of this study was to determine the optimum range of laser energy density to the enamel
surface of permanent incisors when they are irradiated with the pulsed Nd : YAG laser. Laser impacts on
each experimental group were made at energy density of 20~50J/cif by 20 pulses of the pulse width 12
msec.

The author investigated the enamel surface with the scanning electron microscope(SEM) and the surface
roughness tester, and measured the shear bond strength between electrolytically etched Ni-Cr-Be alloy casting
and composite resin.

The obtained results were as follows :

1 The surface roughness of enamel after laser irradiation showed the significant difference level from the
energy density 40J/cri(P{0.05).

2. The mean shear bond strength of etched-metal resin-bonded specimens were 15423+ 3330kg/cnl at unlased
enamel surface and 195.72+ 2056kg/crf at lased energy density 30J/cr, and showed a significant difference (P40,
05).

3. SEM photographs showed the irregular microcracks and the structural changes of lased enamel surface.

4, SEM photographs of the fracture surface after testing the shear bond strength showed the aspect of interfacial
fracture between bonding agent and composite resin at the metal sides.
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