—— I2x=
B AT 24 AR AR de 5 AR AHAS AdEE ERct] A& g Fdd =& A TF
Sm P AU 4D FE 24 B AFPEES vimForn BHHos Bdo] mE AAAY FF P Fojra &
ofx| 3 FelA 7HE BATDE A FE FAA L B TR TS Dot A} Fol,
B AFelM e H2Zel Add AA[HAE o T Fdo TS W G7H Aokl tig A
= <) o
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Aeelet] B FaA Algsison, A8As
2 Adper Scotchbond Multi-purpose Plus Adhesive (SM; 3M ESPE, USA), Adper Single bond 2 (SB; 3M ESPE,
USA), Clearfil SE Bond (SE; Kuraray Medical Inc., Japan), Adper Prompt L-Pop (PL: 3M ESPE, USA), G-
Bond (GB; GC Cooperation Toyko, Japan)< ©]-83}% Elipar Free light 2(LED; 3M ESPE, USA), OptiLux 501
(Halogen, Kerr, USA), Flipo (PAC, LOKKI, FRA) Al 7}A19] Fdo =z Fstn A4 EE Hrieh 5 v 22

ANE At

1. Freelight 2% F3al0& o A2 == SMol 7 =90om (28.2245.56), SB(21.68+7.44), SE(20.13+
9.88), PL(14.18+5.88), GB(14.30 ,6.81) £olth. SM2 PL, GBS} felgk Aol7t sidet (p<0.05), SB
SE, PL, GB Ztell& zko]7}F gl3itt.

2. Optiux 5012 &3S ﬂr/}ﬁ% T SMe] 7 =%kem (22.06+7.95), PL(12.94+4.96), SB(12.80+
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o7} g1t
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l‘li‘
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B9l e AR FF P Gohnn o
FolA] 1 BYE A3

o B9 FRel 23 FolunA Folth
. &% M2 ° U

2 AFoA A" HZA = Adper Scotch bond Multi-
Purpose Adhesive (3M EPSE, USA), Adper Single bond
2 (3M EPSE, USA), Clearfil SE Bond (Kuraray Medical
Adper Prompt L-Pop (3M, EPSE,
Germany), G-Bond (GC Coorperation Tokyo, Japan) %2
o, 248 B3gH-e 2350 A3 (3M ESPE, USA) & A}-8-3}
At B Optilux 501, Freelight 2, FlipoE AH&-3Fi T,
Ao AREE Xol= 0.1% thymolell A% E3E X|o} 5 3
AL ool WAE ARl 7 72| T DA ot
Aol 5] F2A e 37HA 9] B & 22 10404 Abgate &
15070e] AlAg A2, A g st

c., Japan),

2. AlEHE
2ol o]gEA] & AR FFTAE AV Ur
Stainless steel mold (#2.5 mm X H1.5 mm)& |83}
olZdy #* &5 (Orthodontic Resin, Dentsply)ell 3Ewj
st SRl A2 Baeiint wgHe wEH WA A
obd A o] 3 mm °]°] HEE #HFEEE Polisher
(Buehler) 9+ #600 grit SiO: papers AH&-ale] Anl & =7
Froll A2 Basidint. FujE Al w2d ol Hel 5%
] ”OP‘] AAAE Az AAdd met Ex3 & 3714
doll =2AA FTFst] 47 10701 AlH-& FHeHAT
%awa EE ($2.0 mmxH2.5 mm)E 5 9d

237 (7350, A3, 3M, USA)= o
A7 instrument® AAZ & FY 7] H|=3 A=
e S31E F8387198), PACE 9 s, LED= 10 s,

Halogene 20 s B¢t #2Akste] 83 & E=2 AASIA

o} ol Al 7H) BLe FF AH§H7] A3} F OptiLux 501
ol $E BE 23712 B9 A7)E 2gsdct

AlA-L 37C SHl 24417 B#e & 5 55ColA 10
24 1000%] thermocyclings A&} t}. crosshead speed
1 mm/min® ZA S22 AlHE template] 2LHAIA univer-
sal testing machine (Instron Corp., Canton, MA, USA)&
Abgate] Ao stEits S5, dobd el HA di A
= o] &ato] AAJAE g2 ALtela
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Table 1. Bonding systems in this study
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Materials Manufacturer Composition Lot number
Scotchbond 3MESPE, USA Primer: HEMA, polyalkenoic acid copolymer, water 20060221
Multi-Purpose Plus Adhesive : Bis-GMA, HEMA, initiator, amine, water, ethanol
SR evenulune outtdeouss OO UU TS UTUTS o, Bl GRA. 'dﬁhéﬁléé'rylﬁt'éé,' deyéﬂ{éﬁdié g copolymer, ................................ Seesosic”
Adper Single Bond 2 3M, ESPE, USA CPQ photoinitiator, ethanol, water Smm silica nanofiller
""""""""""""""""""""""""""""""""""""" Primer : MPD, HEMA hydrophilic DMA, CQ, N,N-Diethanol-p-toluidine, water 51324
Cleafil SE Bond Kuraray, Japan Adhesive : MDP, Bis-GMA, hydrophobic dimethacrylate, HEMA, CQ,
toluidine, silanated colloidal silica
S Liquid A : methacylated phosphric ester, Bis-GMA, initiators based on CQ, stabilizer 237144
Adper Prompt L-Pop 3M, ESPE, USA Liquid B : water, HEMA, polyalkenoic acid, stabilizer
SO O U U RSOOSR UTU TS 4;Méfﬁaéfyl 6X§}éfhj}1ﬁiiﬁ i tateanhydnde ............................................................... T
Urethane dimethacrylate
G-Bond GC, Japan Dimethacrylate component
Phosphoric ester monomer
Table 2. Light curing systems in the study
Light curing unit Type Manufacturer Intensity (approx.)
Elipar Freelight 2 LED 3M EPSE, USA 680 mM/cm’
OptiLux 501 Halogen SDS Kerr, USA 600 mM/cn?
Flipo PAC LOKKI, FRA 1900 mM/cm?
Table 3. Application protocol in the study
Bonding agents Etching Rinsing/Dry Priming/Dry Adhesive Light curing
Scotch Bond Multi-purpose Plus(SM) etchant(15s) rinse(15s) primer dry(5s) adhesive
dry(2s)
""""" Adper SingleBond2(SB)  etchant(15s)  minse(15s)  primer/adhesive dry(5s) PAC 9s
dry(2s) LED 10s
""""""" Clearfil SEbond(SE) ~~ sclfetching/ priming(20s)/dry(3s) ~ adhesive/dry(3s) Halogen 20s
""""" Adper Propmpt L-pop(PL) ~ Mixing, Squeezing(5s mixing)/rubbing(finger pressure +15s/ thorougthly dry
(two times)
................... G—bond(GB) Nomlxmggentlerubbmg(lOswalt,SSdry)
4. EAIXE] +5.56), SB (21.68+7.44), SE (20.13+9.88), PL (14.18

+5.88), GB (14.30+6.81) &olitt. SM= PL, GBS}
Kruskal -Wallis test& ©]-&3l4 3717 Bl & 557/ 2|3k Aol 7k et (p<0.05), SB, SE, PL, GB 7tll& A

o] ol AA T AL EE vlwetda, A< 24 o7} At
Zre] §94 o F+= Mann-Whitney test@ P(0.05 FFollA Optiux 5012 SIS wf SMe] 71 =gk (22.06

AstHon, BAAEZZ a3 Window$ SPSS 10.1& +7.95), PL (12.94%+4.96), SB (12.80+3.35)
o] -&-3131 +4.79), GB (10.00+3.47) o]la, SMeH
ANt (p€0.05), o2 & Zholl= #el 7 gl

, SE (12.43
el Apolzt

. A7+ A Flipo2 F&3sd< ul SMel 7b¢ =sker (26.82+

11.16), PL (15.42+9.35), SB (10.96+3.74), SE (9.39+

1. 97| AotzoM Flo mE Hax e MotEdEd T 3.74), GB (7.85+£2.22) &°|3ith. SM< SB, SE, GB9}
(MPa) H|1 o] & zpo] 7} Aot (p<0.05), Th + Tl 2ol 7k giih

(Table 4).
Freelight 22 $%3l99S w] SMe] 7 E3kem (28.22
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Table 4. Shear bond strength comparison of 5 dentin adhesive systems by
three curing units, respectively(MPa)

Table 5. Shear bond strength comparison among three light curing
units(MPa)

. Light source . Light source

Rtz Freelight 2* OptiLux 501* Flipo* Iy ee Freelight 2 OptiLux 501 Flippo
Scotchbond 28.22(5.56)* 22.06(7.95)° 26.82(11.16) Scotchbond 28.22(5.56) 22.06(7.95) 26.82(11.16)
Singlebond 2 21.68(7.44)* 12.80(3.35)° 10.96(3.74)® Singlebond 2* 21.68(7.44)° 12.80(3.35)° 10.96(3.74)®
Clearfil 20.13(9.88) 12.43(4.79)° 9.39(3.74)" Clearfil 20.13(9.88) 12.43(4.79) 9.39(3.74)
Prompt L-pop 14.18(5.88) " 12.94(4.96)° 15.42(9.35)* Prompt L-pop 14.18(5.88) 12.94(4.96) 15.42(9.35)
G-bond 14.30(6.81) " 10.00(3.47)° 7.85(2.22)" G-bond* 14.30(6.81) ° 10.00(3.47) *® 7.85(2.22)"
*: p<0.05, by Kruskal-Wallis test Total 19.89(8.68) 13.71(6.19) 13.88(9.40)

a, b: Values with same letter are not significantly different by Mann-
Whitney test

2. GFx| AofEofM Aol w2 Zelo| MotASIAT
(MPa) |
SM2 Freelight 27} 22.82+5.56 MPa=Z 714 =%k,

Flipo (26.82+£11.16), OptiLux 501 (22.06%£7.95) 0]}
o, SBE Freelight 22 $33S W 21.68+7.44 MPa&
7 =%k, OptiLux 501 (12.80%3.35), Flipo (10.96+
3.74) 01}, SESAE Freelight 27} 20.13+£9.88 MPa
2 7P =9kem, OptiLux 501 (12.43+4.79), Flipo (9.39
+3.74) &oltt. SE+ FlipoZl 15.42+9.35 MPaZ 71
=%, Freelight 2(14.18+5.88), OptiLux 501 (12.94+

I M-,
4.96) ol er, GBoIA= Freelight 27} 14.30 + 6.81

MPaZ 7F =9kal, OptiLux 501 (10.00%+3.47), Flipo
(7.85+2.22) 01U tHTable 5).

Fol we x}o] SBeF GBellMRE frel/dol ila, vh&
AgA M= frolgh Aol 7} gloith. B we FodE v
bl A & SB*‘ Freelight 27} th2 #<lo] ]3] <)t

zko] & B3 OptiLux 5012 Flipozte] zke]7} gIE v,
GBE Freelight 29 Flipo 3t foek Aol & vEbiTh
(Fig. 1).

30

25 Il /;:'/:g:\‘ ~

20(] N

*

15(1 - O Freelight 2
O OptiLux 501
B Flippo

10H ]

S5H1

(Mpa)

Scotchbond Singlebond 2 Clearfil Prompt L- G-bond

pop

Fig. 1. Shear bond strengths among three light curing units
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*: p<0.05, by Kruskal-Wallis test
a, b: Values with same letter are not significantly different by Mann-
Whitney test
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Ftolm | o]of thel Mills &
PAC Rt} @x|ut 353 7|A1 A< camphoroqumoneO]
st g e o r x| wel2tal skt
A zA ol A AAIGE FE Tto] B S 74| 7|8t &
24 F3 LED #9] #sta EAS v|wdls AL oﬁq Q 9
o|t}. Hansen & Asumussen™-2 243k
Ye 87171 oE 3= S37]dA = —?'3?'5‘}71], —E =
e EFA SHHASS B
=EoA Molectron EPM 1000
3t AR A &= Fr 7o) H

ik S, g2al 2o
1728 k3, 7o] 2A7)e

3T A1,
S5 = F= 7] e &
Leonard et al.*?& A| 7t

= halogene|Y

> 2~
T

% g LJ+ X}O] 7}
7JE‘C Molectronoﬂ/ﬂ LED 2t}
© 1134 =3kom x| F}ol| A A
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Oa @ 5 gEd, ol 7 g gelie] BES Aol
% BET AEH] wRolth. 2B B3F AR F5
SOl s BEE wdls A9l § | Pl 28 o o1

McCabe & Carnick®& CQ7F &3l =&
A4 Q1 g o] 410-500 nmo]™H, L peak:E 470 nmﬂb_
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FHd 718 A on FEEr)e & tat B3 2

¥7F dda ok 7 59 &=24 F3 LED o Fre
410-500 nm¢t 450-490 nm, F ﬂoﬂxﬁ B walg T}, o] )
LED 39| % 35e 27 39 58 2% At & FE=E 1
g uj o] LED #9] 53530 éiﬂl JOH 58.2% Hrell
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£ @22 B 66.9%90M, 450-490 nm WHAIHE
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4 9ol AR oz A & Alelt. YAl e, LED %
ol W do| sdzABoA WEHE Nw} Qo o ol

52 7 e 2L sltke etk o A7) 23 450-
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ghe AL ot
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nm)9 g F90] gt 7= A WEY 7
Aot

B Ao yehd 4958 3 o, 2ol N 64
i TAIH e Aot AFAA LEDETH PACH =% AlA
A 4&de o, TFTFFHOE Qg nAlFEe] A4 R
2 o FEnt, ol A A
B BAE gadda &
Freelight 24+ LED %4]0]
719 BF3 wAS oEst

A7sh A2 AT ALLH

o

B3}

¢

AFelA e HZo e AAEFAAE Yo m T
T Bdor TS W F7A ot g 2
vl Frhete] QoA Aot A ARA o BE3 Alawle] H4
3 Aester B2 FuAk Aldsigion, A=
2 Adper Scotchbond Multi-purpose Plus Adhesive (SM;
3M ESPE, USA), Adper Single bond 2 (SB; 3M ESPE,
USA), Clearfil SE Bond (SE; Kuraray Medical Inc.,
Japan), Adper Prompt L-Pop (PL; 3M ESPE, USA), G-
Bond (GB: GC Cooperation Toyko, Japan)< ©]-&3}]
Elipar Free light 2 (LED; 3M ESPE, USA), OptiLux 501
(Halogen, Kerr, USA), Flipo (PAC, LOKKI, FRA) Al7}4]
o] Fdow F¥etn AHAJAES HUIg H vt &
235 AUt

1. Freelight 22 $&3dd< W SM o] 7H¢ =skor
(28.22+5.56), SB (21.68+7.44), SE (20.13+9.88),
PL (14.18£5.88), GB (14.30+6.81) &o|ith. SM2
PL, GB9} #<J& ztol7h sileut (p(0.05), SB, SE,
PL, GB ztel& Ao]7} 1Tt

2. Optiux 5012 F@atAS Wl SMo| 7HF Eskon
(22.06+£7.95), PL (12.94+4.96), SB (12.80+3.35),
SE (12.43+4.79), GB (10.00+3.47) ol 1, SM
T fref gk xfol 7t et (p<0.05), THE o Tl
o7} ct.

3. FlipoZ T89S ul SMe] 718 E9ken (26.82+
11.16), PL (15.42+9.35), SB (10.96+3.74), SE
(9.3943.74), GB (7.85+2.22) «°]tt. SM2 SB,
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Abstract

THE COMPARATIVE STUDY FOR THE SHEAR BOND STRENGTH OF
DENTAL ADHESIVES CURED WITH VARIOUS LIGHT SOURCES

Nam-Ki Choi, Seong-Hoon Cho, Seon-Mi Kim
Department of Pediatric Dentistry, School of Dentistry, Chonnam National University and Dental Research Institute

The objective of this study was to compare the shear bond strengths of five dentin adhesive systems cured
with three different light curing sources.

Seventy five noncarious permanent teeth were collected and stored in an 0.1% thymol solution at room tem-
perature after extraction. The tested adhesives were: Adper Scotchbond Multi-purpose Plus Adhesive (SM)
Adper Single bond 2 (SB), Clearfil SE Bond (SE), Adper Prompt L-Pop (PL), G-Bond (GB). And three light
curing unit systems were used: Elipar Free light 2(LED), OptiLux 501 (Halogen), Flipo (PAC). For the shear
bonding test, the labial and lingual surfaces of permanent teeth were used. To obtain a flat dentin surface, the
labial and lingual surfaces of the teeth were sanded on SiO2 with number 600 grit and then divided into 15
groups of 10 surfaces each. All samples were theromocycled in water 5C and 55C for 1000 cycles.

The results were as follows:

1. When cured with Freelight 2, the shear bond strength of SM was significantly higher than that of PL, GB

(p€0.05), whereas no significant difference was found among those of any other bonding agents.

2. When cured with Optilux 501, the shear bond strength of SM was significantly higher than those of any
other bonding agents (p<0.05), whereas no singnificant difference was found among those of andy other
bonding agents.

3. When cured with Flipo, the shear bond strength of SM was significantly higher than those of SB, SE, GB
(p€0.05), whereas no significant differences was found among those of any other bonding agents.

4. For comparison according to three different light cure unit system, except SB and GB, each three dentin
bonding agents showed no significant difference. For SB, only Freelight 2 was significantly higher than the
others, with no significant difference between Optilux 501 and Flip. For GB, Statistically significant differ-
ence was found only between Freelight and Flipo.

Key words : Dentin bonding system, Light curing system, Shear bond strength
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