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Effect of Er:YAG lasing on the dentin bonding
strength of two—step adhesives
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ABSTRACT

Effect of Er:YAG lasing on the dentin bonding strength of

two—step adhesives

Byeong-Choon Song, D.D.S, M.S.D.
Advisor : Young—Gon Cho, D.D.S., M.S.D., Ph.D.
Department of Dental engineering,

Graduate School of Chosun University

The purpose of this study was to compare the microshear bond
strength (USBS) and bonding interfaces of two-step total-etching and
self-etching adhesive systems to three etch types of dentin either the acid
etched, laser etched or laser and acid etched.

Thirty human molar were sectioned to expose the occlusal dentinal
surfaces of crowns with Isomet Low Speed Saw and ground with 600
silicon carbide papers. The samples were divided into six groups. 1. 37%
H3PO4 +Single Bond 2 (3M ESPE); 2. Er:YAG laser (KEY Laser 3,
KaVo) + Single Bond 2; 3. Er:YAG laser + 37% HsPO, + Single Bond 2;
4. Clearfil SE Primer + Bond (Kuraray); 5. Er:YAG laser + Clearfil SE
Bond; 6. Er:YAG laser + Clearfil SE Primer + Bond.

The samlpes were subjected to uSBS testing 24h after bonding.
Statistical analysis was carried out by Kruscal-Wallis and Mann-Whitney

test (p=0.05). Also scanning microscopic evaluations were made on the
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resin—dentin interfaces of six specimens.

The results of this study were as follows;

1.

The pSBS of group 2 was significantly lower than that of group 1
and 3 in Single Bond 2 ( p<0.05). There were significant differences
among the uSBS of group 4, 5, 6 in Clearfil SE Bond ( p<0.05).

The uSBS of Clearfil SE Bond (group 6) was significantly lower
than that of Single Bond 2 (group 3) in Er:YAG lased and acid
etched dentin ( p<0.05).

Most of failure modes were mixed in acid etched or laser and acid

etched dentins, but adhesive in the laser etched dentins.

. Gap and very short slender resin tags were observed in interfaces of

the laser etched dentin and composite resin.
Close adaptation, formation of hybrid layer, long and slender resin
tags and lateral branches of tags were observed in interfaces of

Er:'YAG lased, acid etched dentin and composite resin.

In conclusion, adhesion of Er:YAG lased dentin was inferior to that of

acid etched dentin when two-step adhesive systems were used. Treatment

of dentin surface using phosphoric acid or self-etching primer improved

the adhesion of Er:YAG lased dentin.
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2UA R T3zl HRA o] A el dE ARSI v oY
st AJ2~ElE A Tl dF2 HZA] 2" (single bottle total-etching
adhesive system)¥t A7FREA - Zefolm HHA| 8] (self-etching  primer
adehesive system)© 2 X 3}ol FF

el Hae P77 flste] AHEe xHE AHds] AelE ook
gk olgh A= &3] AR HFRA =" £3HE Qb AT

Zetolm HAAsgle] mefolnle] HE f71Aw A wHAG e 3

I ool B A ghel] 1193 HHE o] FEE

T e Ao guAd WieR #ojA et e Fido] o] &5aL Utk of g
79 deld F ErYAG #olA (Erbium doped, Yttrium-Aluminum-Garnet)
T Ue gl dolAEA, Hibst 576 o8] Aol A Agow AME
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of Mgt A wAZIAAS e WEY, olHd S HEdeEd
AL o] 7] 9% HA3 gue AFaA @9 EnYAG ol A= A
g dold AW FAPAAATF A Aol A Sassi B ErYAG #olA
v JAFAA "] AW GFS Fi £3tFe] FAS weletdvia ®Bast
31, Giachetti 5'7¢ ErYAG #ol A& ZAbE Aoldo] A ahubo] oFztel
Al E S et vtar BaugtomX ErnYAG #olA = Aobde] tigh &
FaExlel H&el 9 aHE AT F ASS AAFSEAT

ErYAG #ol A= AAlg A de] digh E3tazle] Ag4d = @t vhedet
ATHIL7E AAA T, Ao A= A= Aolek Al vEb AL T Barceleiro
, Dunn 5", Martinez-Insua 5'” % Ramas 57 ErYAG #lo]A=
AHAE Aot gk HIwEXel AdA =+ HAsAval ®Bargk vhd,
Visuri 57& #olAR ZAE ol ARPE}t Felo] wA yelytt

3 shgdan, Bertrand 5V Aobde] dlelAE 2AMG @b zAMSHA @i

of AFAES vAFES MAATIE Ao Basa v Van Meerbeek
YL EnYAG #olA 2AF 3 Qatom o] Aele Aobdd] fiE AR A
24l (OptiBond FL)9F #F7pi2] Zglolw HZA| (Clearfil SE Bond)e] =] Al
A AFAEE FYANAT L 9T, Eguro 7% ErYAG #olA 2Ab
37% QAo =2 15%3F F7H4 Q1 4F A gl Clearfil SE Bond®] w] A<
A 3% Bertrand %', Bertrand

H4E&2 S sE5E
H = glo] A= AbAlE ool gk A=l s o2l A7 1A
AARE ErYAG ol A& o] &3 A7t Addd=ol wA= F3kel of
M= obA A ATt B Ao Ak wEpbA B Ao R4S Aot

A x4 ErYAG #olAE ZAbsHA v o, dolAE AMS o, #H ol A
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2@l -2, 3l g FREo] gl HZol WAE A - skttt A 307K

Ao AlgE Amns 204 94w dEA HZA] 2"l Single Bond 2
(3M ESPE Dental Products, St. Paul, MN, US.A.)¢} 29A A7FE2 =)
A 2~¥ ¢l Clearfil SE Bond (Kuraray Medical Inc., Okayama, Japan)S A&
har, Hrelxle Ao A" FA3AL AlEQ] Z 250 (BM ESPE
Dental Products, St. Paul, MN, U.S.A.)¥} Clearfil AP-X (Kuraray Medical
Inc., Okayama, Japan)E A}-&3}t} (Table 1).

HAA e Batgre Fee 93 #FFA7IE Spectrum 800 (Dentsply
Caulk, Milford, DE, US.A)& A3 500 mW/em®®] ¥ =g o] &3}
AT

Table 1. Adhesive systems and resin composite

Adhesive system Resin composite Manufacturers

Single Bond 2 7 950 3M ESPE Dental Products, St. Paul,
MN, US.A.

Clearfil SE Bond Clearfil AP-X Kuraray Medical Inc., Okayama, Japan




= 2AYR ARl AAsY. £ AAa1E WAd 20 mm, Eo] 45

mm¢| F9 % CBC ¥ol A F, 2t A mguo] Aue] Fyo] 5%

o,
>
=
_\‘1_4
o,
S
(i,
401'

Isomet Low Speed Saw (Buehler Ltd., Lake Bluff,
IL, USA)E ol &3te] mwgwel Mgl & shgel Jobd Ewlo] =
12 mm shel A TA deeie] sz meke] Aw

mm
o AT 7 AAA RFASe] e Hdobd WL o TH

H Aejel A 600 grit silicone carbide (SiC) paper (R&B Inc., DaeJun,
Korea)Z °F 0.2 mm A X <Av}slgdoh

2) T EF
7N ARE A E Austel gobd wwel Mg A8 A%
Azgle) FRel we bt el 6719 Foz TRstGon, 7t P9 47)

of ddS wjA skl (Table 2).

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

Group Adhesive systems Etch types of dentin No. of No. of

samples measurements
1 Single Bond 2 Acid etch 4 20
2 Single Bond 2 Laser etch 4 20
3 Single Bond 2 Laser+acid etch 4 20
4 Clearfil SE Bond Self-etch 4 20
5  Clearfil SE Bond Laser etch 4 20
6  Clearfil SE Bond Laser+ self-etch 4 20




1) 1+
18 A ZA e Ao wel Single Bond 25 A 83 o]t} Scotchbond
etchant (3M ESPE Dental Products, St. Paul, MN, US.A)& Ato}d WS

15%7F A2 Aglsk & water AHAE 10%37F Al H 3L air AAHAZ A
d

272 Er:YAG do]#A <2 KaVo KEY Laser 3 (Kaltenbach & Voight
GmbH Bismarckring Biberach, Germany)& ©]-&3fo] Aol 3ol of A A
glata, 17§93 WH o R Single Bond 25 4 &3t1 F2AM8ESich

Aotz o] W3 ErYAGS FAE= KaVo KEY Laser 39 etching
mode (A 100 m], =3+ 6 Hz)E A€ % dolA A=32~ 2060

1

o] &3}lo] spot sizer= 0.6 mm, focal distance= 1.0 mm, & =X o|& 3

—
ol

mle] FYHER sto] AlHe] BE Wow HA scanningshdA A

el e B R o A

FH

(3) 3

372 ErYAG #o AR old wwg o AAgsta thA] Qlitoez KA
A2 ¢ ¥ Single Bond 2& A&3 wolth 2w LS WS o] &3t
KaVo Key Laser 3% Aold WS oAHAAg s F tvhA] Scotchbond
etchant® 15%7F 2F8-2] A 2]l Single Bond 25 A -83e] 10x%37F FxAF
skt



(4) 4=

42 Az el Aol wel Clearfil SE BondE 483 o|t}. Clearfil
SE Bond®| Zzlolm S FwHd &l AM Adobd Wl A&38ka 203+ 7]
o o, air AlAAZ ZgolmE 7P Al x5 T Clearfil SE Bond9]
HAAE 58 Eo AN dobd mWol| A&, air AAAR 7HHA &

of gobd EWo] FE3 ANES & vhe 1023 FRAFAL,

(5) 5
ErYAG dolA= Aotd FHS A 8d F Clearfil SE BondE 4§
3 otk 27 T3 KaVo Key Laser 32 “Jold WS o A e

% (Clearfil SE Bond®] H&A|wS 283t 10237 FxAs o)

(6) 63"

672 ErYAG #olAZ Aold WS o AAgstar oAl A7k =z
ojm &= FAHg g $ Clearfil SE Bond& Tolt}, 2w F U
KaVo Key Laser 32 Jol& ®HE o AAe s & 473 5LsA Clearfil

)
oo
ot

SE Bond®] =Zelolm & A7bE-2 A gk ths Clearfil SE Bondg % -§3Fal
10%3F F2AEFA Y

3) B¢y A%
4247 ded 7 wel Aokl Tl WF 07 mm, %o 1 mme

Tygon tube (Saint-Gobain Performance Plastic Co., U.S.A)E ¢ XA 7]

o

S 1, 2, 3TAAE xR A29 Z 2508 EZAstYa, 43, 5, 67 Al =
Mz A29] Clearfil AP-XZ FA3to] 2027 FxAF v, Z4zbe] dos
o]

Aol WS gobd EHlel BF 579 BgUAe AAAA @ Py R
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, B o] F2E Tygon tubeE #15 blade® Al
AstAth 2 AlHE 98 JAFAR A FAA (testing apparatus)oll F-2FA]
7l % XN ¥AXAE universal testing machine (EZ test, Shimadzu Co.,
Kyoto, Japan)®| jigel a8AIZ . 5o B3 shi-of ngF-9le 0.3
mm F74¢ WAL HAF (Tomy International Inc., Tokyo, Japan)Z 3 33}
A A, Aetd mHe] "WAAZ F Ete o] sdE wizbA] 7 05 mm
o] crosshead speed® A &alsS 713}t

7y el AgelA gdE e 20u1&e FEAAER A (Olympus
LG-PS2, Tokyo, Japan)slellx ##3sle] HAA  (adhesive), 3HA

(cohesive) H &34 (mixed) IHE =2 731 7| &350

g, FAAA AN A REL 99 AWAZ

AR 674e] - st BT AE FAAAEANF BES 98 AgHA



= X ARE Isomet Low Speed SawS o] &3le] Huksldt}. Acrylate 3

AAS H#Zsar, Isomet Low Speed Saws o] 83Fe] AlHol FUo A &,
A BEFo g ddste] g W 2709 AHES A AT A AlHY dd
H ¥HE 600 grit SiC paper®Z Avlsta =3+ A2 7] (JAC-Ultrasonic
1505, Kodo Technical Research Co., LTD, Whasung, Korea)oll A 30%7F A
5ttt

6N HCIolA z} Al S 583 &3sta 563k &2 A1HE ths, 25% A
ofdiit BEFEHAA 1671 Gk stith. 7 A2 stubol] F-2s}o]
S 700A FAZ =gtk FE-SEM
(S-4800: Hitachi High Technologies Co., Tokyo, Japan)< ©]-&3le] 7 ++¢]
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1. nA A A7t et apd At

Al 279 #HA7 % Single Bond 2%} Clearfil SE Bond® 23+ 72} ++
of Aopdel wigh Al AgFAES HdA ZEARA R TS
Table 3¢ YEFWTE

Single Bond 2& AF&3E oA Aot el AHwbHd wE vl
Kruskal-Wallis A4S AAstF o, 279 AR EE 102 3704 B
FASA o= A YERgT (p<0.05 Table 3). Clearfil SE BondE A}-&
oAl Aol o] Ayl wE Hlals AT Hudd dFE T o
AT EAER B R
43 5 B 6o AddEs A4 SATA R {43 AolE e
t} (p<0.05, Table 3).

Aol o] FAs Ao uE Single Bond 29} Clearfil SE Bond®] H]
W= Mann-Whitney W< o] 83l AAT GO, 1343 43 183 23
I 5ol AFAE Froll= SASA Aolzt fldAN, 373 6] AR
L rell= AR AeolE YERHATE (p<0.05, Table 3).

MARY AGFEES SAG T FAYAANAL Fohe] BEA 4 7

Tl ST |

Lo

AR, S84 2 234 34LS Table 39 EA8TE Single Bond 25
ARE-SE oA 1t e 3 Ol EFA 9 (70-75%) 0] HEE AA|RE 2
T2 dFE JAFA F4d (70%)0] #E=H A Clearfil SE Bonds AR&-gh
oA 4w} 602 - EE 9 (65%)0] HEHAARE, S i
I AFE 9 (65%)0] #ZE ATt (Table 3).



Table 3. Mean microshear bond strength (MPa) to dentin and

failure mode
Group pSBS(mean + SD)  Median Failure mode N of
adhesive mixed cohesive NEasrarents
1 24.29+ 9.65" 1969  3(15%) 15(75%) 2(10%) 20
2 11.12+ 340 1029 14(70%) 6(30%) 0( 0%) 20
3 20.68+ 9.83" 2298  5(35%) 14(70%) 1( 5%) 20
4 2281+ 6.19 21.92%  4(20%) 13(65%) 3(15%) 20
5 1154+ 6.06 955" 13(65%) 7(35%) 0 0%) 20
6 1521+ 564 1478 6(30%) 13(65%) 1( 5%) 20

Gl, G4 Add etch, G, (B Laser etch, G3, G6: Laser etch+acid etch.

Gl, G2 and G3 used Single Bond 2. G4, G5 and G6 used earfil SE Bond
Superscripts of the other letter indicate values of statistically significant
difference by Kruskal-Wallis test, median test and Mann-Whitney test.
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AA B Aol Az oA Aopd UL JAAYTF F
Single Bond 29} Clearfil SE BondE& 283 273 5w 9] A A A=
7F dolAE ARESHA e 1w 4o AR LR AT A R A U
Ebwtth  (p<0.05, Table 3). ol#ld 7 ZAi}E Kameyama 523 de
Oliveira 5°V¢] A7 A3l A8k}
oA FARAAAN Y LA dle]A® oA e 2a 3t 5
obd M Eoh# o] AW ko] wEHAow T3tFE AFEHA A%
oo dlEH s HolAE AFEEA v el Hlal obF &l b=
o w veyton, A1 SAE #FEA Fdtt (Figs. 2, 5). ©l
213k A2 o] dotdrm i8] HAFehA Xl WMEo®, o=
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2 Zatolmo] o) Aol el ©3rh dojuta el ARt =EEow
A gEE o] doldE & HAEFEE EaFe FA40 @ vAVAAd H
Zg o] A7 wWiEow AZHET Ceballos W& @A 2AL F AR
A 2]gk Aol Single Bond 25 483 AlAAA HE ) Aolde] A
ARE wep E3kFo] #FHAL, A g ¥ 1e F2 HE 1o

©H
ZNAFS wel SA7F FEE AL sk 2 Aol 3ol A R dvlA

4

33 B o)A Single Bond 2% #@olA ol H o] FFol #@AGlo]l S1AHS

3ol AT ghell FAA SR Aol 7t AUAIRE, Clearfil SE
BondE AH&3F Lol = 6w ARAETt 4 B SASA R Ay
bkt (p<0.05, Table 3). HgH & Aol Aotde] Fdg Ayl o
£ Single Bond 29} Clearfil SE sk Ay 179 47
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Fig. 1. SEM photograph showing the Fig. 2. SEM photograph showing the
hybrid layer(H) and many taper resin tags wide gap(G) and few short and slender
with lateral branches(ILB) in Group 1. resin tags in Group 2.

3 15.0kV 14.5mm x2.50k SE(M)

5 15.0kV 15.0mm X2:50k SE(M)’ I

Fig. 3. SEM photograph showing the Fig 4 SEM photograph showing the hybrid
hybrid layer(H), slender and long rod layer(H) and many long rod shaped resin
shaped resin tags with LB in Group 3. tags with lateral branches(LB) in Group 4.

5 15.0kV 15.1mm x2:50k SEm) : 6 15.0kV 22 5mm x2.50k SE(M)

Fig. 5. SEM photograph showing the small  Fig. 6. SEM photograph showing the hybrid
gap(G) at the resin—dentin interface and layer(H) and few slender and long resin
short and slender resin tags in Group b. tags in Group 6.
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