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Fig. 1. SEM photograph showing the close adaptation and long
rod shaped resin tags with lateral branches(LLB) in LP

Fig. 2. SEM photograph showing the close adaptation and short
resin tags in LP-L group s 29
Fig. 3. SEM photograph showing the close adaptation and long
rod shaped resin tags with lateral branches(LB) in GB

Fig. 4. SEM photograph showing the wide gap(G) and fractured

resin tags(RT) at the interface of resin-dentin in GB-L

Fig. 5. SEM photograph showing the close adaptation and

numerous long rod shaped resin tags with LB in AB

Fig. 6. SEM photograph showing the close adaptation and no

resin tags at the interface of resin-dentin in AB-L



ABSTRACT

Bonding of single—step adhesive systems to Er:YAG

laser—irradiated dentin

Myung Goo Lee, D.D.S, M.S.D.
Advisor : Young—-Gon Cho, D.D.S., M.S.D., Ph.D.
Department of Dentistry,

Graduate School of Chosun University

The purpose of this study was to evaluate the influence of Er:YAG
laser irradiation on the microshear bond strength (uSBS) to dentin of
three single-step adhesive systems.

Thirty extracted human molar teeth were sectioned to expose the
occlusal dentinal surfaces of crowns and ground with 600 silicon carbide
papers. The samples were divided into six groups according to laser
irradiation of dentin surface and types of single-step adhesive systems.
LP group: Adper Prompt L-Pop (3M ESPE), LP-L group: Er:YAG laser
(KEY Laser 3, KaVo) + Adper Prompt L-Pop, GB group: G-Bond (GC),
GB-L group: Er:'YAG laser + G-Bond, AB group: ALL-Bond SE (Bisco),
AB-L group: Er:YAG laser + ALL-Bond SE.

The samlpes were subjected to pSBS testing 24 hours after bonding.
Statistical analysis was carried out by two-way ANOVA, t-test and

Tukey post hoc test (p=0.05). In addition, scanning microscopic evaluation
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was made on the resin—dentin interfaces of six specimens.

The results of this study were as follows;

1. There was no significant difference among the uSBS of LP, GB, AB
groups, but the uSBS of LP-L and AB-L groups were significantly
higher than that of GB-L group ( p<0.05).

2. Most of failure modes were mixed in all groups, but more adhesive
failure was seen in the laser irradiated groups than in no laser
groups.

3. Other groups except GB-L group showed close adaptation at the
interface of dentin and composite resin.

4. Rod shaped-long resin tags and lateral branches of tags were
observed in LP, GB, AB groups, but very short or fractured resin

tags were observed in LP-L, GB-L, AB-L groups.

It was concluded that the use of Er:YAG laser would lower the bonding
strength of composite resin to dentin depending on the type of single-step

adhesive systems used.
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Ao ek FEAe] HAES FEA77] ko] 1 FE hd e A2
zglo] s o] QiAo Al AREE AL Atk ZLEvh tEA A EA 2"l v
Al AR =S Fage] Higstal, sAd oig W FoR ke
A desty AAAN 2R Agse 4gor AaEa ol o F
Aol F-gate] vgo] ©d ©Al A7ER-A HAAI 2 s AT A FA A
glo] oje] Alz3| At o3 I3
o] afrfe] goell xEgtEo] 9lo] A A, xepelw] H HAAY RFI} g
Hol| o] Fojx B & Ahg-o] uj$- 7hyAsie}

A7REAL G ZA 2" o] H A7 A el xekE {148 Ha g
s} 37 WHEo] A= “nano interaction zone ol 9]EFTEY. A7pRA] A 2HA)
2Ee BUSS T FAEE A ool o3 Apobdo] ©alwd
A Bl A R debdel] ARt o] Azl s FAH
i AAHoR gfu 7dd AoR wuHa o

A7g Mg glste] AAS AAsy] 9% e golA st aE AT’
oe 72 @l & Er:YAG (Erbium doped, Yttrium-Aluminum-Garnet)
dolAE & A FFadd AAse 2.94 mE AFstr AHAS YA
71 BREALR Qlate], Aol Hie 2EWEE doy|uA AAEinz o
= golArtt AR okdsta FIA ot Y, o] oA HEGIA Hx
o] AAavz Qg AAA, sheFAE H AIAQ] Mg ddan
A AR AbgH T QY mE EriYAG ol AE o] &3 Aol

(o2}

Jar Fe]l W wW Y dopAws AFsn

N

|

2 A A vgow Aed 4 Atk ojsh go] #HolAE ol§
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S, o slol ErYAG dlelAe S 543 melna AFAA S
st Ao ol §Hm QoMY dolq ALg A QBol} sgol Hu E

Zo] glomz Bxjo]A Hets a2 A7 st

=
QA Ak Er:YAG d#o]A]o] €3 mA|AbA] (microablation)® <18l A=
B sk Adold nHy =FW AdopMldoer HAAF Hxle] HFHI YR

07t GPOEA MANAE FAF )T Ao® FHn Y,

I B2 AARE F ARRA A g Aotde] A ARAEE vlwg A, ¥
oA AL AoldolA ¥ we AFPYHEE et &ivh. Eg
Celik 5% Er:YAG #lolA=2 Aeld doldo] AZa 4 b7 2
(Clearfil tri-Bond S)° HtAFA == M2 2HAIG Adobdel Hlsf F3lo]
A VEbgth e Basigith. 22y Kameyama 592 EriYAG #@lo] A=
Aelgk ot HolAR AelstA = Adobdel gk 3% T wA A
24 (AQ Bond Plus, G-Bond, Clearfil Tri-S Bond)2] A&7 =+ 3 2HA
o] Fel wet =AY v YEbdtar &gl

g Ramos %7 AZMEA HFAl AREA AHA S ErYAG #elA
AR Aot gk ARAEE Hlwgk Aol A o] #olA FARE
FEgE At #AAE vehdllthar Baslvh 3k v FARAA #

%!

Aol Ao A= EriYAG #olAE FASE Arold Fwo| wAdk Y,






I. Adx=

NE

i

e

—
v}
o2

Y 5

Aol §-4, vpd 8l pEEo] §

iy

FHLoll WAE Ahstel v+ 3070
= AFA otz AREsAT

Aol AR AR 3FFS 9d 9A AU FHAIZE Adper
Prompt L-Pop (BM ESPE Dental Products, St. Paul, MN, U.S.A.),
G-Bond (GC Corporation, Tokyo, Japan) % ALL-Bond SE (Bisco Inc.,
Schaumburg, IL, US.A)E AR&aF3laL, S Zhzbe] JAA| 283 5
3IAF A<l Z 250 (B3M ESPE Dental Products), Gradia direct P (GC
Corporation)} Aelite LS (Bisco Inc.)& A3} t} (Table 1).

Ao} 3R] T3S 9gt F2A]= Spectrum 800 (Dentsply Caulk,
Milford, DE, US.A)& AHE3I5L 500 mW/em’e] 3 g o] 839iuh.

Table 1. Adhesive systems, pH and resin composite

Adhesive systems pH Resin composites Manufacturers

3M ESPE Dental Products,
St. Paul, MN, U.S.A.

Adper Prompt L-Pop 0.8 Z 250

G-Bond 2.0 Gradia direct P GC Corporation, Tokyo, Japan

Bisco Inc., Schaumburg, IL,
US.A.

AlLL-Bond SE 2.4  Aelite LS
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A7) A3te § Isomet Low Speed Saw (Buehler Ltd., Lake Bluff,
IL, USA)E o]&sto] wgwe]l W[dobd Al 2 spre] Folds Adtdh
U5, 1.2 mm spd-el A oAl Adste] taa meke] dus Al Ae it
ZF Aol WP Sol sfdets dobd xS Eol TuE AEielA 600
grit silicone carbide (SiC) paper (R&B Inc., DaeJeon, Korea)= ¢F 0.2 mm

4% Antsigiet.

2) Jobd EuAe e T BF
24708 AAS BAYR Helste] WAN2HE] FR} dAolAE o7 o}
AR 7o) g} Tt o] 67)) o BRAGCH, 2t Y 4rhe] 4%

< W33 (Table 2).

i)

0

¢

Table 2. Group classification by adhesive systems and laser
etch of dentin

Groups Adhesive systems Laser etch Is\le?rﬁlg)lfes nlli(e)t'sgrfements
LP Adper Prompt L-Pop No 4 20
LP-L  Adper Prompt L-Pop Yes 4 20
GB G-Bond No 4 20
GB-L  G-Bond Yes 4 20
AB ALL-Bond SE No 4 20
AB-L.  ALL-Bond SE Yes 4 20

(1) LP 3 LP-L
LP & A FALe] Ao uwleg} Adper Prompt L-PopsS A 83k o]t}
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Reservoirel E°] e &4 Eato] applicatorel] HAAE =3 AJopd
FHol 16%3r s 7tetiA EART Air AlFAE JRAY] 398 &
o] 9F2 wo] H& 3 th, dHol| WEAYE &Astal Spectrum 800 &
ZAbsE AT

LP-L < Er:YAG #@°]A-<¢ KaVo KEY Laser 3 (Kaltenbach &
Voight GmbH Biberach, Germany)9] o|FXREE o]&3lo] Aotd 1™
AgskaL, LP ¥ F9e WP o2 Adper Prompt L-Pops 283kl
Ab&FQI T,

Jobd el tigh EriYAGS FAl= KaVo KEY Laser 39 2=
(A 100 mJ, =3 6 Hz)E 5, deolA d=d2x 20608 ol&
3t spot A7]& 0.6 mm, focal distance= 1.0 mm, & =X dolE& &9
5 mle FIEER sl AlH EE WegoR A scanningdhHA] A

e wdeA A et

N
>
N
t
—
o
B
N

mlo

BN

2
i
%

—

=5

(2) GB ¥ GB-L

GB & AxAre] AHo] wlgl G-BondE H&3 o|t}. Aold ®w
G-BondE #H&sta 10x7 71d4 tL, air AlRAR A Azxsia
Spectrum 800 FZAME 1027 ZAMs9 T

GB-L o& LP-L o3 U3 oz ErYAG #olAZ Aobd ¥HS
Aet &, GB w3} v R Aol EWe] G-BondE A-&sti 10%3t
FzAFsE AT

(3) AB &3 AB-L

AB & A|xALe] Ado] wlg} ALL-Bond SEE 283 wolt}. 27]9
oA Ztzh 120 &HE &7]o gk § 10x37F Bed® Zifste]
gk EgUe] H=s sglrh Zobd iEwlel ALL-Bond SEE 10%3F £4

2HA AEe 5 air ARARE ZPPA A28 Spectrum 800 FFAP|E



ErYAG glolds Aold gu
gk 5, AB T3} mpEsbA® Abobd Fwo] ALL-Bond SEE 2 &8l1
10%37r Fz2A8ES o)

3 EFeER HF

A2A7F 485 74 wo] Adotd wwe] WA 0.7 mm, ¥%° 1 mm9
Tygon tube (Saint—Gobain Performance Plastic Co., U.S.A)E AAZ] T2,
LP «¥ LP-L & Z 250 (M3 A2), GB ¥ GB-L & Gradia direct P
Mz A2), AB T3 AB-L T2 Aelite LS (Mx A2)E 747} A8k 20%7F
FxAbelGTh 2H2e] Adke Ale] wetH=S Aokl R 5
= AFste] @ 2 25 20709 B &Skt (Table 2). A4t

=

o 2447 EoF 1

Ll
N\
o
ol
ok
N
Y
N
N
)
o[N _l
3

» ARG 2RRES Z4% RS B2

ARAEE SAs7] A, S F2E Tygon tubeE #15 blade®
AR, 2+ AJHE T8 HHAZ AFHR (testing apparatus)ol] H-
ZA|71 3 A& AAE universal testing machine (EZ test, Shimadzu

Co., Kyoto, Japan)®] jigell azgAZth. -] &zl shito] g i9
of 0.3 mm F79 148§ HAF (Tomy International Inc., Tokyo, Japan)
S BPstA Az, Fopd FHle]l HAAZ F HetEle] sdd A 29
0.5 mm2] crosshead speed®@ HwslFS 7}8}3it)

ZF o] AlEoA ddE g 208189 FEJAEnE  (Olympus
LG-PS2, Tokyo, Japan)stellA] #zate] 424 (adhesive), 834 (cohesive)
2 Z3  (mixed) FEE FR{st] 71533}



5) SAEA
zZy 7ol mAAY A== =4 package SPSS  (ver. 14.0)9l A

two-way ANOVAS®} t-testE o]&3dle] Hlul 431 o0 ALEHAL Tukey

post-hoc A7& o]&3ste] p=0.05 FFTolA] EAsH3AT

ZF TR E AR E 58S AT AEAZ BEd sdstA Ao A3
CBC HWol wj&3 ¥ [somet Low Speed SawE ©o]-&3&lo] wghH o] Wk
o}l @A A shig AWsHA Adelint. Zzke] dyolA WSO Aot
FHE Bo] FFE el 600 grit SiC paper® dvkal3ith,

Zt 5 1709 2olE wiAslar Table 29F 2-& wWho] wal 72+ £ A

29 Fiel 24413 st BAg & CBC W] AW
of & APIHE Isomet Low Speed Sawd o]&3ste] Ausldich
Acrylate &4 (ALTECO Korea Inc., Pyungtaek-City, Korea)e} #ZE
o ol&dte] AE& AFSaL, Isomet Low Speed Saws ©]-&3ate] Al
o] Tl 2, d4 WFom ddste] 3 wF 2719 HdAS AAEdH
7} AMe AdE ¥WS 600 grit SiC paper® Anpsli z2Swt A7)
(JAC-Ultrasonic 1505, Kodo Technical Research Co., LTD, Whasung,
Korea)oll Al 30%3+ A& 33t

6N HCll A Z Al S 53 @3]star 537F 22 AF3 o3, 2.5% A
b A HEFENNA 1521 gk stk Zb Al stubdll F-Zsto]
12 KV At stellA 12 St M5& 700 A F7A= =g3klvt. FE-SEM
(S-4800: Hitachi High Technologies Co., Tokyo, Japan)< ©]&3to] 7zt

o] Aopdyt Hetelxl Aol A9t avER BEsI
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Lo v Ade Aol b okt

Er:YAG dolA=R Zgolds #HAZS fF5Fo uwE Adper Prompt
L.-Pop, G-Bond ¥ ALL-Bond SE9 mAAdAW As7tro HFxet 253
Z}i= Table 3ol YEFWATE

oAz EUAYE A & & (LP &, GB &, AB ) 18]aL #o]A
2 guAes o+ (LP-L +, GB-L +#, AB-L ) ¢ A= Hlue
two-way ANOVAZ o]&3}9 1, AS 7AAL Tukey post-hoc WHE 9]
g3otlth LP i, GB & % AB 9] AFALE (toll= FATH R fodd
zholE YERA ke, LP-L 3 AB-L w9 A4 EE GB-Latol
Hlaf A o2 A YEbst (p<0.05, Table 3).

b AAA = gelA AR e wE AFAFEe] Hlas
t-tests ol&3k3lth LP ¥ LP-L & % AB w3 AB-L
ele FATAOR Fodk zfol7t YERA FUAIN, GB & GB-L

Ao R e AFAEE e (p<0.05, Table 3).
mAAE ARAEE 543 & FAAAN G S Ssto] AT 7 7o

A S D 23 9-AS Table 39 ZTASGTH HolA THAFHE

o] IZHLE TS golHE EWAHE S LP-L +, GB-L +, AB-L & &
FoAE R 234 34 (60-70%)S FFHAAN LP o+, GB i, AB
TR o 2e H2AA 9d (25-40 %)= BEE AT (Table 3).



At

(1) LP v LP-L +

LP 2 Zdopdst Hauxle] Aol 183k g2te] fzbe vt 53
oA Aotd Fog ekl dXe 27t ##Hda, dxleH e S
o Al #-2 =4 (lateral branches)7} ##E A}t (Fig. 1).

LP-L & Aoldy Hgd#zle] Aol 11dg Hzho] AFHATG. 1
HAu By dol Fotd ZFor yrte dxElaE LP FolMRu ofF
FA AFEAL, dAEH 2 Sl SA7F A ekt (Fig. 2).

(2) GB «¥ GB-L

GB o2 oldz H3texe] AdelA s Hate] @AY, 53
Aol Aobd Fow wfreFe X1 dxleH L HFEAA, dH LY
Sl A & 5A #EEAY (Fig. 3).

GB-L 2 Aotda RS Ao 2 k=] #FHAL, 5
oA Aotd Ho=m yrte #HxlH1e By gdd S Hehdido
(Fig. 4).

(3) AB ¥ AB-L

AB w2 oAy Bz Aol st Hzheo] BAH AT E39)
oA Fotd FHom wrfReFe] 11 #H 17t v #EE g
9] SHellA g2 SA7F HEEAT (Fig. 5).

AB-L & oAy B3#zle] Aol A 114he A zfo] #EEQo Y

S Ko A Aold o8 Urle HrE s 3#FE A gt (Fig. 6).



Table 3. Microshear bond strength (MPa) to dentin and failure mode

Failure mode No. of

Group SBS(mean £ SD) - - -
adhesive mixed cohesive measurements

LP 18.69+ 5.57° 3(15%) 14(70%) 3(15%) 20
LP-L 15.69+ 5.18° 6(30%) 13(65%) 1( 5%) 20
GB 16.73+ 10.09° 4(20%) 14(70%) 2(10%) 20
GB-L 10.32+ 2.04° 8(40%) 12(60%) 0( 0%) 20
AB 19.63+ 8.57° 2(10%) 13(65%) 5(25%) 20
AB-L 16.52+ 6.10° 5(25%) 14(70%) 1( 5%) 20

Superscripts of the same letter indicate values of no statistically
significant difference by two-way ANOVA, t-test and Tukey HSD
statistics.
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Ege e Aol gk F2a g Reke] dxd et de e S
b #ZHAT (Figs. 1, 3, 5). 2 AFolA 285 3T
d @A HFA 5 Adper Prompt L-PopEe pH7F 0.82A4 H2Ao] 73l
752 A& Aol ' s, G-Bond$t ALL-Bond SE¥ pH7F 2 o]4to.
FAAgel mekgk 272 A& A] sd frk (Table 1). wepA i A51¢]
o] A& ALsHA] @& wollA &l Al HAA ~He] pHE Aolde] A
FAE e FA Fe ASE UERETH
B oA Adper Prompt L-Pop¥} ALL-Bond SEZ AF&3l Ao}z
A el AR W AEe 3 AgshA g2 o o] A FAEHA
o2 o3t AolE YERA] Skth (Table 3). olelst A= - A9
FAPARE R Al A7 A Adper Prompt L-Pop¥ ALL-Bond SEE A}
&35 Aot A #olAR xW AYd I AHEsA & o RFelA A
old 3 H3dxle] AWeA gk Fato] HFHS Fato] 1T F U
t} (Figs. 1, 2, 5, 6). Wanessa Y& Er:YAG #lo] A9} shupol= W& A
A3k Aot thdk Adper Prompt L-Popd AW =S H7eE Az}, #o]
AR AMAG I MR AAG o] AP el FAITARD AFel7t vt
L ske] 2 AFe] Ao} fAbs it
oA A dojAE mwHAEd LP-L 3 AB-L 9 AF4=
GB-Laol nla] A4 o2 A ettt (p<0.05, Table 3). @ &

HU



=)
ZA 9 HEMAZ} $% &vjzx zdao'?, mebd HEMAZL £3H5%] ¢
v SdEA HFA= A F8(phase separation)”7} UEY= Ao 2 Ha1
I B o] AlgH G-Bond: HEMAZ ¥3tel# oe @ o
HHA 2~ o2 A o] HEMAS ¥3%3 Adper Prompt L-Pop¥} ALL-Bond
SEAIM Bt we AdAEE Yenle olf7t € & A’

2 Aol A thE HAAI2=" 2] G-Bonde EriYAG #lo]A 2 oA
= ®WAE o (GB-L ¢ deolA= A st &2 o (GB ¥H)Et
o= g2 ARAEE YA (p<0.05, Table 3). HgH FARH

M E GB-L w2 Adobdat Htexle] A 2 3
=ol #FHAL FFAZIAAM Fopd Fo2 Wis ddEas BF v
AARE (Fig. 4), GB & obay Hgezle] AelA]
sk g2 v Rkl 11 dxH et A E Y] SelA &S SA7)
H9t}t (Fig. 3). ol2ld A7 Kameyama 579 A7ZA7el Ax51lt)
Kameyama 5'9& Er:YAG #@lo] A& zAMg doldel] tg G-Bondel A%
Free dolAE A @2 ARt A H R 9 Yetytha &
RaL, ol2gk o= EriYAG dolA = Aobd 39 ofefol] IAHE Ze
doll oa H2d dFA7E FE3 AFSE 5 gl7] wielgta saih

= ATelA mAde AR Es ST F FSdAd G Fsto] 9

A

%

™
e

i
i

4

2
AL
ol
)
&2
rlo
M
2,
I
%
Anj

o

=)
rlo
X
Bl
oX,
i)

2y
<
1
I
o
N
o,
r o

2=t} (Table 3).

Brulat 5% Er:YAG #@lo] 4} shulol= W2 2FA|g Aoldoe] ek o
ol wA " A~¥ (iBond, Xeno IID9] FHgAe g £344 a4
(65-80%) YEFEAIRE, A4 HHE ErnYAG dolA ZAbE AlA
(20-30%)°] W2 2FAgE AH (10-20%)°14 Bt ¥ F7bE Jvka a3k



T3l Kameyama %% G-BondZE AF&3F 7S go]A =S A8 Aol 3}
ZAVSHA] = Aobd EFol A diiE £33 o] yEReal skl 2 A
T A3t frAbetAl e
H AFE 313511, Adper Prompt L-Pop¥ ALL-Bond SEE AF&3k A
ol A #olMZ FAAS v THAY}A RS T AFUEE F
A'tA o2 Fogk xfolE YehA BRAT, G-BondE AHESH oAM=
oA E o] &3 Aotd e FHAY e AFAEE AstAl7I= Ao ek

o wmd AMAA AA #ol Ao o|F Aopde] mWAE HaA

%

¥

ZAY SJdE ddd v dEEA dFJE o] SA]7F #
webA EriYAG #le|AE ol &3 21 A= 9 oA HHAA S T+
e gobdst Bgeael ARAEsh Aol TS v = A= Ao

EF skt



V.2 £

o] A= Er:YAG #HolA=Z W Ak dold ) AHelshx] &2 Aol
of 3FF9 v A A 2ES H85te] A Ee AWIHE nug
O ZM Er:YAG @lo] A7} o]e]d FA| 2wl Agte v x| JFS Hrts
At

24709 WAHE xR AoldS =FAZ] T 1.2 mmY FAY 2=
RoFol dAS AlFsle] F2ALE 672
Mol Adper Prompt L-Pop (LP ), G-Bond (GB ) % ALL-Bond SE

(AB B AH A w0 delds muAU® ¥ A%AE 474 A48

&Y
=
=
o
ol
ol
¥
=
>,
)
rlo
o
o
o
i)
=5

2]
LP-L + GB-L i+ % AB o2 EFaith LP 3 LP-La2 Z 250<,
GB 3% GB T2 Gradia direct PE, AB o3 AB-L 2 Aelite [SE
Tygon tubeol| T#38}e] Joldol] HAs|AAth A ztd 7} o£2] A|AL2 vAA

L
-L

h=]
7} 9] AJ#S universal testing machines ©]&3ld] AWZATUE=E =
At & 7 AJHA v e FshlA AN Aol A dEESIY. 7

S Gobd AWME BEs] A8 671 " dFAE o835t

=
th 6749 FOoR RRSm BFgANE FEF o, FAAAANS B

32

s
%k Al S AlFskslth
7t o] ATt AnAdAel AAs wusk A% vy e AnE
At

1. LP &, GB i % AB w9 2% Ftoll= BAtH o2 /23 2ol =
el =] @gkon} LP-L 3 AB-L ¢ AFdA T GB-Ltol H]3)
FAgH R =A YERST (p<0.05).



H AR, o)A

s

A (65-70%)°]

X
)

0

N
e

Loll
&

mi

S

s

obdy B Aol 2

)

3. GB-L

4 ore we wmakel 71 7

S

RSl

-
it

2 e, ol A=

oAM= F#

ki3

Raba k=

-
it

ZE QAL o] A &=

B I EE TR

7

&

=
=

& 45 elA

o

N

)

22

o



)31 7]

. Miyazaki M, Onose H, Moore BK. Effect of operator variability on
dentin bond strength of two-step bonding systems. Am J Dent
13:101-104, 2000.

. Nunez R. Competitive analysis of self-etch adhesives. Dent Research
& Appl 1:12-14, 2007.

. Clerfil tri-S Bond. Technical product profile, Kuraray, Osaka, Japan,
2005.

. Oliveira DC, Manhaes LA, Marques MM, Matos AB, Microtensile bond
strength analysis of different adhesive systems and dentin prepared
with high-speed and Er:YAG laser: A comparative study. Photomed
Laser Surg 23:219-224, 2005.

. Tay FR, Carvalho R, Sano H, Pashley DH. Effect of smear layers on
the bonding of a self-etching primer to dentin. J Adhes Dent 2:99-116,
2000.

. Hibst R. Lasers for caries removal and cavity preparation: status of
the art and future directions. J Oral Laser Appl 2:203-212, 2002.
Hossain M, Nakamura Y, Yamada Y, Kimura Y, Nakamura G,
Matsumoto K. Ablation depths and morphological changes in human
enamel and dentin after Er:YAG laser irradiation with or without
water mist. J Dent Laser Med Surg 17:105-109, 1999.

. Wigdor H, Abt E, Ashrafi S, Walsh Jr JT. The effects of lasers on
dental hard tissues. J Am Dent Assoc 124:65-70, 1993.

. Mehl A, Folwaczny M, Haffner C, Hickel R. Bactericidal effects of 2.94
ug Er:YAG-laser radiation on dental root canals. J Endod 25:490-493,
1999.



10.

11.

12.

13.

14.

15.

16.

17.

18.

Bitter K, Volk C, Neumann K, Kielbassa AM. Bond strength of fiber
posts after application of Erbium:Yttrium-Aluminum-Garnet laser
treatment and gaseous ozone to the root canal. J Endod 34:306-309,
2008.

Visuri SR, Gilbert JL, Wright DD, Wigdor HA, Walsh Jr. JT Shear
bond strength of composite bonded to Er:YAG laser-prepared dentin. J
Dent Res 75:599-605, 1996.

Oho T, Morioka T. A possible mechanism of acquired acid resistance
of human dental enamel by laser irradiation. Caries Res 24:86-92, 1994.
Schwartz F, Sculean JA, Georg T, Reich E. Periodontal treatment with
an Er:YAG laser compared to scaling and root planning. A controlled
clinical study. J Periododnt 72:361-367, 2001.

Barceleiro MO, Mello JB, Mello GPS, Dias KRHC, Miranda MS, Filho
HRS. Hybrid layer thickness and morphology: The influence of cavity
preparation with Er:YAG laser. Oper Dent 30:304-310, 2005.

Celik EU, Ergucu Z, Turkun S, Turkun M. Shear bond strength of
different adhesives to Er:YAG laser—prepared dentin. J Adhes Dent
8:319-325, 2006.

Kameyama A, Aizawa K, Kato J, Hirai Y. Tensile bond strength of
single-step self-etch adhesives to Er:YAG laser-irradiated dentin.
Photomed Laser Surg 27:3-10, 2009.

Ramos RP, Chinelatti MA, Chimello DT, Borsatto MC, Pecora ]JD,
Palma-Dibb RG. Bonding of self-etching and total-etch systems to
Er:'YAG laser-irradiated dentin. Tensile bond strength and scanning
electron microscopy. Braz Dent J Spec No. 19-20, 2004.

Van Meerbeek B, De Munk J, Mattar D, Van Landuyt K, Lambrechts

P. Microtensile bond strength of an etch & rinse and self-etch



19.

20.

21.

22.

23.

24.

25.

26.

adhesive to enamel and dentin as a function of surface treatment.
Oper Dent 28.647-660, 2003.

Martinez-Insua A, Domingues L S. Rivera FG, Santana-Penin UA.
Differences in bonding to acid—-etched or Er:YAG-laser-treated enamel
and dentin. J Proshet Dent 84:280-288, 2000.

Bertrand MF, Semez G, Leforestier E, Mulla-Bolla M, Nammour S,
Rocca JP. Er:YAG laser cavity preparation and composite resin
bonding with a single component adhesive system: relationship
between shear bond strength and microleakage. Laser in Surg Med
38:615-623, 2006.

Dunn W], Davis JT, Bush AC. Shear bond strength and SEM
evaluation of composite bonded to Er:YAG laser—prepared dentin and
enamel. Dent Mater 21:616-624, 2005.

Bertrand MF, Rocca JP. Er:YAG laser and conservative dentistry.
EMS-Stomatologie 1:104-115, 2005.

Han SH, Kim ES, Cho YG. Enamel adhesion of light- and
chemical-cured composites coupled by two step self-etch adhesives. J
KACD 32:169-179, 2007.

Moon YH, Kim JR, Choi KK, Park SJ. The Effect of thermocycling on
the durability of dentin adhesive systems. J KACD 32:222-235, 2007.
Seon EM, Kim HC, Hur B, Park JK. The effect of different bonding
systems on shear bond strength of repaired composite resin. J KACD
33:125-132, 2008.

Monghini, EM, Wanderley RL, Pecora JD, Palma Dibb RG, Corona
SAM, Borsatto MC. Bond strength to dentin of primary teeth
irradiation with varying Er:YAG laser energies and SEM examination

of the surface morphology. Laser in Surg Med 34:397-401, 2004.



27.

28.

29.

30.

31.

32.

33.

34.

305.

Kameyama A, Kawada E, Amagai T, Takizawa M, Oda Y, Hirai Y.
Effect of HEMA on bonding of Er:YAG laser—irradiated bovine dentine
and 4-META/MMA-TBB resin. J Oral Rehabil 29:749-755, 2002.
Aizawa K, Kameyama A, Kato J] Oda Y, Hirai Y. Influence of free
hand vs. uniform irradiation on tesile bond strength in Er:YAG-lased
dentin. J Adhes Dent 10:295-299, 2008.

Mine A. Effect of Er:YAG laser irradiation on bonding, structural and
mechanical properties of dental hard tissues. J Okayama Dent Assoc
22:123-137, 2003.

Tay FR, Pashley DH, Suh BI, Cavalho RM, Itthagarun A. Single-step
adhesives are permeable membranes. J Dent Res 30:371-382, 2002.
Yoshida E, Uno S. Void formation along the bonding interface between
a smeared dentin surface and all-in-one adhesives. Dent Mater
23:643-649, 2004.

Hayakawa T, Kikutake K, Nemoto K. Influence of self-etching primer
treatment on the adhesion of resin composite to polished dentin and
enamel. Dent Mater 14:99-105, 1998.

Tay FR, Pashley DH. Aggressiveness of contemporary self-etching
systems. 1. Depth of penetration beyond dentin smear layers. Dent
Mater 17:296-308, 2001.

Wanessa C, Michelle SZ, Delfino CCS, Pecora JD, Palma-Dibb RG,
Corona SAM. Adhesion of a self-etching system to dental substrate
prepared by Er:YAG laser or air abrasion. J Biomed Mater Res Part
B: Appl Biomater 86B: 321-329, 2008.

Brulat N, Rocca JP, Leforestier E, Fiorucci G, Nammour S, Bertrand
MF. Shear bond strength of self-etching adhesive systems to
Er:YAG-laser-prepared dentin. Lasers Med Sci 24:53-57, 2009.



8 5.0kV 22.6mm x2.50k SE(M)

Fig. 1. SEM photograph showing the close
adaptation and long rod shaped resin tags
with lateral branches(ILB) in LP group.

9 5.0kV'21.1m x2.50k SE(M). » " 20.0um
Fig. 3. SEM photograph showing the close
adaptation and long rod shaped resin tags

with lateral branches(LB) in GB group.

12 5.0kV 25.4mm x2.50k SE(M) b
Fig. 5. SEM photograph showing the close
adaptation and numerous long rod shaped
resin tags with LB in AB group.

8.5.0kV 22.6mm x2.50K SE(M)

Fig. 2. SEM photograph showing the
close adaptation and short resin tags in
LP-L group.

Fig. 4 SEM photograph showing the wide
gap and fractured resin tags(RT) at the
mterface of resin—dentin in GB-L group.
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Fig. 6. SEM photograph showing the close
adaptation and no resin tags at the interface
of resin—dentin in AB-L group.
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