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Table 1. Numbers of the examined dentin sites according to the varlous conditions

Condition
\ Normal

Etching only

Lasing only

Lasing before etching  Lasing after etching

COy

(7 - 140 J/eu) | )

48 15 15

Nd'YAG

(156 - 280 J/or) 9 d

9 9 9

2. Al=glH
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Fig. 1. Magnification x 500

Fig. 2. Magnificatlon x 5.000

Fig. 1, 2. Dentin surface after polishing with 8:m polishing cloth. The smear layer occludes the dentinal tubules.
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Fig. 3. Magnification x 500

" Fig. 4, Magnification x 5.000

Fig. 3. 4. Dentin surfaces treated with 10% maleic acid for 15 seconds showing complete removal of smear
plugs and wider tubules apenings. The absence of smear layar shows relative smooth intertubular
dentin. There Is no superficial presence of peritubular dentin.

Fig. 5. Dentin disc Irradiated with the varlous
parameters of CO» laser.
10 7d/ad, 20 14J/ad, 3: 28J/at,
4: 42)/ah. 5. 56J/ed, 6: T0J/ut.
7. 84J/ct, 8: 98J/ad, 9: 112J/dd,
10:128J/al, 11:140d/ e
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Fig. 6, Magnification x 500
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Fig. 7, Magnification x 5.000

Fig. 6, 7. Dentin surface Irradiated at 7J/at and 14J/ai with COz laser. The appearance of the smear layer over
the intertubular dentin in the central area is very similar to that found in the normal dentin surface.
An inltlal melting of the smear layer over the intertubular dentin in the perlpheral area is ocecurring.

Fig. 8, Magnification x 500

Fig. 9, Magnification x 500

Fig. 8, 9. Dentin surface irradlated at 28J/ai and 42J/at with COq laser. The melting of the smear layer over
the intertubular dentin in the central and peripheral area |s occurring. The obstruction of dentinal
tubules In the intermediate area is obvious. Note the presence of cracks (solid arrow) and melted
mineral globules (empty arrows) in the peripheral areas.

CaP ¥lE HAadobael vlg) Z2skg ont Ay
A2 Aotdol va M7t GALHE 3)
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Table 2. SEM findings of the dentin surface irradiated with CO» laser

o Obstruction of dentinal Smear layer on ) Presence of melted
Energy density pubule intertubular dentin ~ VO0€ AR ol globule Crack
TV et partial ;’ ,l mglrt]ejzn t p none absent
¢, i most ¢, 1 ' present
14]/crf b partial D * melting p none absent
28]/ert most L'ppr:e:z;ing D, c D absent
i present
42)/ et most ¢ ! melting B, C p p
p : absent
56)/cnt most ::.ppiezznsint DC pC entire
70]/cnt most L pljesent pC p,C entire
¢, p - absent
it t .
84]/crf most :: ppr:eZ?:gent pC pC entire
98]/crt most absent entire entire entire
112]/cut most absent entire entire entire
126)/cat most absent entire entire entire
140)/cnf most absent entire entire entire

¢ : center of irradiated spot
1 intermediate of irradiated spot
p : periphery of irradiated spot

Table 3. Changes of Ca/P ratlo of the various treated dentin by EDS analysis

Conditions Ca/P ratio to Normal Dentin Ca/P ratio to Etched Dentin
CO; lasing - +
CO: lasing, then etching - +/-
Etching, then CO: lasing NA +
NA:YAG lasing - +
Nd:YAG lasing, then etching - +
Etching, then Nd&'YAG lasing NA +

- & decreased Ca/P ratio
+ ! increased Ca/P ratio
NA: not available data
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Fig. 10.

Dentin surface irradiated at 70J/at with CO2
laser. Thers are many melted mineral
globules in the central and peripheral area.
Note the narrowing of the Intermediate
area. Magniflcation x 500

Fig. 11. Dentin surface irradiated at 98J/at with CQ2

lager. There are many melted mineral
globules and cracks in the entire surface.
Note the rough surface with many
porositles. Magnification X 500

Fig. 12.

Dentin surface irradlated at 14J/at with CO2
laser and then treated with 10% maleic
acid, Smear layer over the intertubular
dentin is removed. There are dentinal
projections around the tubule orifices.
Magnification x5,000

ARl HeHad 17, 18). 70]/c, 9B]/ci Z 140]/cnt
S A%, 49 Fobdol Aol e Ed% FYP
a7io] BBAATHIY 19)

CaP MIE A4 HelE Aol va F7tes
thE 3).

Fig. 13. Dentin surface irradiated at 42J/at with CO;
laser and then treated with 10% maleic
acid, Smear layer over the intertubular
dentin remains. Note wide opened dentinal

¢

tubules without plugs. Magnification x

6.000

4. Nd:YAG OIX

1) 73781 HolA ZA}

S22 2 10Hz, 1.25W(156)/cr)o A # o)A
ZA} 27t Aol BALA %3, 1.75W(218)/cr)
e o7ty g@3lg AL Hol FHv|sA BHYz,
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ou(ad 2D, 218J/aidl M e AAAee FdglE
TUE &89 AFH3} AL Rk ad 2.

Fig. 14. Dentin surface irradiated at 98J/at with COs
laser and then treated with 10% malsic
acid. The surface of irradlated area is not
affected by acid-etching. Magnification x
500

Fig. 15, Magniflcation x500
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@7 &€ dotdo] Letsl P4d B B
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dotd
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of #elA AR R} FAltg e
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SHEH 1L AEFsE Fo] AR o5 AuA
A T3 dF Dete] AFHATHIY 26). 200]/crt
oA &&H T AAPsE o] AR A2 <
& AwrAQl gdo] AT gete AR o
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Ca/P ¥l Z3detdd vl adigont e
A HE)d Foldd v e Stk ThE 3),

Fig. 16, Magnification x5,000

Fig. 15, 16. Dentin surface treated with 10% maleic acid and then irradiated at 14J/ett with CO» laser. All
dentinal tubules are open with the separated peritubular dentin. The surface of Intertubular dentin

is rough.
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Fig. 17, Magnification %500

ARRAIDE COp % Nd:YAG E[0[K AN THE AOFE EPIQ| tHa}

Fig. 18, Magnification x5,000

Fig. 17, 18. Dentin surface treated with 10% maleic acld and then irradiated at 42J/at with COz laser. All
dentinal tubule openings are enlarged without the peritubular dentin. The surface of intertubular

dentin is rough.

Fig. 19. Dentin surface treated with 10% malslc
acid and then irradiated at 98J/ai with
COz laser. The appearance of entire
surface is very similar to the normal
dentin irradiated at the same snergy
density. Magnification x500

3) 10% maleic acid® -4 Hzl@ AJoldd] #o]H
2A}
FU2AL HolA7t ALY Be A Aol
o #olA zAMg A HAbstgch
SEM4:Z & 156]/croll A AHgA K 2]o)] o8] oz
3R Aol Folde] Fwo] HolA FALF 1A
A AdRZH 28, 29). 218])/cr = 280]/cricl] A

Fig. 20. Dentin disc irradlated with the various
parameters of Nd:YAG laser.

AA ez Fdge FYLY &4 AdAs} 24
& Boln, & #3179 ue)sl #25} oy
A AE7F o W3 297} gudn ¥d 22
(porosity)el Z7|7} S7batg 2@ 30, 31).

Co/P ¥l AH54] X2lg Aolad via] £7}8+g
tHE 3).
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Fig. 21. Dentin surface irradiated at 156J/at with
Nd:YAG laser. The entire dentin surface is
covered with smear layer. Most of dentinal
tubules are occluded. Magnification x500

Fig. 22. Dentin surface irradiated at 218J/at with
Nd:YAG laser. Note uniformed melting and
recrystaliizing surface without crack.
Magnification X600

v.n &
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Me dolA 9k 2] BehA Faatgo g 3
B2& Aol glojob Fh oA FAIRA
(parameters)o]Lut 224 af-9f B EA] wel
Vel 236hgou X 823 gekh #lo]A
9 AR e ¥4, WA wEg A oz
2 AIZHA EAJo] 9l1, 27 9] #3HA EAMd & do
Wat ARG, AAF, FFAT So) ek 8ol
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Fig. 23. Dentin surface Irradiated at 280J/ad with
Nd:YAG laser. Deep crater-like ablation,
melting and recrystallizing surfaces are
found in the Irradiated area. Note minute
crack and exploded dentinal globules in
the peripheral area. Magnification x500

AE Z2o] AL % $-9 2 2 ¥He &
2ol ge & g3tA 727t WaA Had, Wi E
E 2EASY AR 93, £xAdee AR
2 249 Ui @Az 9% Ao ®
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gz B2 PR dor dAmE (k=569
10°W/emC)e] M3 (k=9.34 X 10°W/ cmC)oll v) &
ol - @k Wioe X4, dobd WA £3
= Ao}l (dentinal tubules)e] Y. 7N FA
HofjA Aot & 3o BAglel A% A= F
FAFE BAt 2 AgAeE o$ gokgd
ol golA&e widol} EXe| wel W
HZd o} Adold e g Kol 22 & carbonated
hydroxyapatite®h= F7]18E84E ¥Hd1n don
T-44 5% phosphate, carbonate, hydroxyl ©]-&&
A dddlol A3 F4ddE A1 ok Cop
ol A (7 9.3, 96, 10.3, 10.6im) 3 phosphate
9 FTYdE TEsinE HEd FWdA FeA
F4Ert. 53 96me o E AR 7Y FrE
Holm o £ EULEE HATDY B i
4RA20-32A)ll A LAE A ek A3 2]
Fotd EEH AE9 FUNRYE o&a%r) ol
Fota e Al EE 7} Aol HE Ba] Aol
WHEAA AR glo] WEFIE AL Tride] &
7¥8l7) s &oltt, E/AAAEE B9d gaiMe 2}



Flg. 24, Magnification X500

Fig. 25, Magnification x8&,000

Fig. 24, 26. Dentin surface irradiated at 156J/at with Nd:YAG laser and then treated with 10% malsic acid. The
smear plugs occluding the dentinal tubules are partially removed. but the smear layers over the
intertubular dentin are still remained after acid-stching.

Fig. 26. Dentin surface Irradiated at 218J/at with
Nd:YAG laser and then treated with 10%
maleic acld. There are generalized cracks
and partial shedding in the uniformed melting
and recrystallizing surface. Magnification x
500

oI7b vl B Fotde] AA RS A9} 9l
Ao e dolde Az dad, 4729 #1, &
A X oks} @A o} Aol = A&l 7} i,
€ ok ol gndtely AZFPY L
T8 353 Ao 98] g,

BolAE o8 Aoks-Ade tHacid) AF
o AFE 5 UEE HojAR Xt BUE WEA]Y)

=

Fig. 27. Dentin surface irradiated at 280J/ai with
Nd:YAG laser and then treated with 10%
malsic acid. There are generalized cracks
in the melting and recrystallizing surface.
Magnlification x500

E Aolth. Stem¥ Sognnaes™ W& Rujgo|A
(6934nm) 2 X)o} YHA-& 71E3d F3} €3
e AgEE FUE ¢ don Hasigd.
Yamamoto®} Ooya®s NdYAGH ©|A) (1,064nm) &
o e £€(F 1IGW/ cnd) L8 AREA Waga
< 4621 4 3L ol 29 Ao v 7}
T Buatgh sAgt 27) AFoNA ARG 28
Spdolut 7h B gL X o} Az u)ekai)
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Fig. 28, Magnlfication xb00

Fig. 29, Magnification x5,000

Fig. 28, 29. Dentin surface treated with 10% maleic acid and then irradiated at 156J/at with Nd:YAG laser.
The irradiation changes the smooth acid-etched intertubular dentin surface into the minute rough one.

Fig. 30, Magnification x500

Fig. 31, Magnification %500

Fig. 30, 31. Dentin surface treated with 10% maleic acid and then irradiated at 218J/cf and 280J/at with
Nd:YAG laser. Deep crater-like ablation, uniformed melting and recrystallizing surface are found in the
irradiated area. Higher energy density causes wider affected area and porosities of the surface.

FrHBE Yot B8 A el WS A4S &
JU0W/em’o]H & Agstgn wipd Zalzn)
(plasma) A ¥} 2| (pulp) £42 st o]

CO; & o] &8 A7oM Yolx g2 gaxoz WA
go] 7l BE A B} e oidR] 58 AH
A HAck HEd, Weord, Aol g P F
71%E4dL carbonated apatiteo]® o] AEL
9.0-11.0im A& H FHA 28 FFUE AvER
COp #olA o] M o] 7lA1BA] GGl &)
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- ABSTRACT -

Effects of Acid-etching, COz and Nd:YAG Lasing on the Dentin Surface

Jae-Hak Lee D.D.5.. M.8.D., Ph.D., June-8ang Park D.D.5., M.5.D.. Ph.D.,
Myung-Yun Ko D.D.S., M.8.D., Ph.D.

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

The purpose of this study was to examine dentin surface changes of extracted sound third molar specimens which were
etched with 10% maleic acid and irradiated at 7-140 J/er with CO; and at 156-280 J/crf with Nd'YAG laser.

The results were as follows.

1. Dentin surfaces etched with 1096 maleic acid and then irradiated at below of 42]/cxt with CO- laser showed the retentive
morphology for resin restoration.

2. Dentin surfaces irradiated at below of 42]/cri with CO; laser showed the increased acid-resistance.

3. Dentin surfaces irradiated at 218-280)/ctt with Nd:YAG laser showed the retentive morphology.

4, Dentin surfaces irradiated at 218-280]/ctt %ith Nd:YAG laser and etched 10% maleic acid and then 218-280]/ca with
NA:'YAG laser showed the increased acid-resistance,
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