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Figure 1.

Figure 2.

Figure 3.

Figure 4.

Figure 5.
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Mean shear bond strength (Mpa) for all experimental groups «--«-«-+----------+- 13
Distribution of the failure modes (%) in AdheSE®™ «------rereemeerrrinn. 14
Distribution of the failure modes (%) in Tetric N bond universal® -------------- 14
Distribution of the failure modes (%) in Single bond universal® ===+ 15

Representative SEM(Scanning Electron Microscope) micrographs(x30) of

the adhesive failure mode, the cohesive failure mode and the mixed failure
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Agto] WA= Fl o] th(Nakabayashi, 1982).

gy Aolde He fU)E R o s <ste]l WEdd e &l A|ghE

A2 Aot AAe A flol P £4 AL B4HH) A Aol 27
FUT 1 F AR BT dEACl ol Aokd W3 wAS wedt o)
7] ko] AR dREAeE HE EAS £33 Zlolth (Hasegawa et al, 1989). o2&
A A= smear layerS Al A dke] AolA S B3 A7) FAd, w7 Aold
o] &3]y BRog FEF glo &3y Aolde g @A R H8-H U (Perdigao and

Lopes, 1999). ol gk AaAel F ozt 4§ Azo] FobAd i, AHE 847 2ow,

an

53] ol wel

oy

& A2 (wet bonding)T 7L WzFE 2Ao] gloj x| a1, Aol

g
ol
N

o

|2} =43} (hybridization) Z1o] zFo] 2 1%k A o] AAHEE Ho|th

e e R e B R 7HA] WA o2 BE AE 7hseh “Universal”,

=
“Multi-purpose”, “Multi-mode™ 5% TH&% T @A A7HEA 2 A ~glo] JliE Q]
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Zo] SHEEo] ¥ AFHUEE =T = 7] wit o] th(Dietschi and Spreafico, 1998).
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1. 97 A=

E Ao Aol HAAZ 2-step self-etching systemS! AdheSE® (Ivoclar Vivadent,
Schaan, Liechtenstein)®} universal adhesive®! Tetric N bond universal® (Ivoclar Vivadent,
Schaan, Liechtenstein)¥} Single bond universal® (3M ESPE, St. Paul, MN, USA)S A}F8-3} 911,
M X2 metafilflow® (Sun Medical, Japan)E AF&-3l Tt A52] +4 A& EHFe

table 13 2t}

S Al I (pre-cure) HFEF A
o, 54 T3 Tco-cure)S T At ma} 20%, 30%, 40%, 50%, 602 1HORE

A EiFstel & 18719 AAdS stk

@ A8 A%

Diamond dlSk% /\]'%‘—5‘}'0:] 547“9/] EH*?‘?] %\%]—Pél—% E_%]—%_Q_il%]ﬂ Zﬂ74—8}-0:] }blo]_;é]

WS =FA7]3 #600 grit SiC paper® Anl3H3Ith A e AW AUPE A4S



A% Bool A7k FE AN Agste] Jobd Ewlo] wFHES A4S

Post-it (3M)°ll punchE ©]-&3}4] holes ¥/dataL, Aotd FHel #1A hole] o=
Aol wEHA BEE AL AL F AxAe] AN me AAAE =Tsc
(table 2). AFAF 3" (pre-cure)<> LED light unit(Mr. Light®, Dent Zar, Tarzana, CA, U.S.A.)

480w/ecm?e] FEZ 10x23F A FEet & Aol e U 2mm, =°] 2mme]

Tygon tube® (Saint-Gobain Performance Plastic Co., Beaverton, MI, U.S.A)E $ X271 t&

54 d3 (Metafilflow®, M %-A3)& FHtaL 2027 FxARSHSITE 2 Adold xH
o 2709 54 XS HFs] 7 I F ol FEA dWS HAsT A
T (co-cure)> AFAFTFT (pre-cure)? Z2 WHoR HAA HE F FeH 44

S #15 bladeE A AstGTH AU =

&
)
o
offt
oX,
=)
™
=2
Jf'
i)
—
P
[}
S
g
(on
(¢}
®
o
s}
o
Z’»

g 2457 A ARE AV A FFE 2447 S mEshgic,

<> Ad AT SAHAS A jig ol 3173 F shear bond testing

machine (shear bond tester, Bisco, Inc. Schaumburg, IL. U.S.A.)°l 4] 1mm/min 9] crosshead

FH

seed 2 AW sba) Aokl FWN F54 edxlo]l Feld Wel ARLEE

a

4) dAvjFo=z vd Fg

SARYE 4§ gord gEw

A Fge W) Astel 1 Agow

“

48 n) % (Zeiss, Primo star, Germany)© = 15 ¥ gofsto] AldS e, o4



G HE2 i AIHES =¥ lon Coater(Eiko IB-3, Japan)E ©]-83}%] 30nm

F7Z gold coating ¥+ & FALHAEAW]Z(FE-SEM, HITACHI S-800, JAPAN)S. 2

3. B4 &4

B oagod AW AT 3 AuanEn 3de 2@ AT Adssi
R4 FRO Ad BT A% BAFE A A9 2gawe B
EEA4E T8 7 A% TR AATES FAET A el gE gl
NAER FAFT A9 WA FFA Aol FAFT A Adel mE ol
BEG AVISE Aol T AR AEA A2 1o Aol ]Sl Kruskal:
Walis A4S Falol WA TR WA 0 FFR AV 0 BFE A Ao,
SEm EAEE A WSl 0 Aols BHSGn AR ARAs] A
2to]i= Mann-Whitney U test & AR&ste] A8ttt & ooT2 0.05 & 24

A BE A4S SPSS (version 23.00;SPSS Inc., Chicago, IL, USA)S AF-&&}% ).



Tablel. Compositions of material used in this-study

Material code pH Composition LOT
Primer: phosphoric acid acrylate, bis-
AdheSE® acrylamide, water, initiators and stabilizers
(Ivoclar Vivadent, AD 1.6 Bonding: dimethacrylates, hydroxyl ethyl F53302
Schaan, Liechtenstein) methacrylate, highly dispersed silicon
dioxide, initiators and stabilizers
Single bond 10-MDP, HEMA, silane, dimethacrylate,
universal® SBU 2.7 Vitrebond copolymer, filler, ethanol, water, 04628
(3M ESPE, St.Paul, photoinitiators
MN, USA)
Tetric N bond MDP, HEMA, bis-GMA, MCAP, D3MA,
universal® TBU 2.5-3.0 ethanol, water, silicon dioxide, initiators V03077
(Ivoclar Vivadent, and stabilizers
Schaan, Liechtenstein)
Metafil flow® 2,2-Bis  Propane, Other- bi-functional LX5
(Sun Medical. Japan) methacrylate monomers, Barium/silica-
glass, silica, amorphous, 3-

(trimethoxysilyl) propyl methacrylate

Bis-GMA, bisphenol glycidyl methacrylate; HEMA, 2-hydroxyethyl methacrylate; MDP,
methacryloyloxydecyl dihydrogen phosphate; 4-MET, 4-methacryloxyethyltrimellitate anhydride;

MEPS, methacryloyloxyalkyl thiophosphate; D3MA. Decaniol dimethacrylate; MCAP,
methacrylated carboxylic acid polymer
Table2. Application procedures of self-etch systems
Adhesive Application procedure
AD Apply primer for 30 sec. Disperse primer with a strong stream of air
Apply bonding agent. Light-cure the bonding agent for 10s.
SBU Apply with rubbing for 20 sec. Air Dry for 5 sec. Light cure for 10 sec.
TBU Apply with rubbing for 20 sec. Air Dry for 5 sec. Light cure for 10 sec.

Application procedures of the materials are provided by the manufacturers.



AT A%

L 3T A7 B SAZTH Azt e AGZ33E Bl

EE AFAAE AT H(co-cure) 20 X, 30 X, 40 Z oA AR T 3H(pre-cure) Ol

Hja) EAM R fofsiA A AFALETE 9l S o,

A

3| &A% 3 (co-cure)
20 e AT Hprecure) wol M3 ARAFAEF 13 AER G S

=4 5] 2 tH(p<0.001; Table3, Figurel).

AD ¢ TBU T &Al5H(co-cure) 50 FolA AFAF3t (pre-cure) w3} &L
A7 SAFANL 2318 FAIFTH(co-cure) 60 Zo| A= A S 3(pre-cure)
HT} =& Zho] ZAHH UL Kruskal-Wallis test = HZA 27 ¥ 333 A719

FEd ARl wmE RE L

o

A wAelge Mo AudgdE:s

td
i

AR §o8 AolE LERATHp<0.001).

2. SAIFTHY FERAL A I E AGEAIZE Hn

Kruskal-Wallis test 2] A3, & H2ZA A 5A5 3 (co-cure) AIZF WSl nf&

AdAFAEE FETd Azl FUHgel wE FAHoE f{oldH
%53 tH(p<0.001).



3. A&A TR/ T FTH A7 B FATHE A mE AGZRBE
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a4
r o

BE HFAY FAF 3 (co-cure) 20 = T 6
fFreah gl oy U aFdA e B fFoRE UERTE (0<0.05). AT

ARATFEIE 24 HYon FAEE 60 & L

rlo

20 2 F& BEF WS v

AL =7 S4%E A2 Single bond universal® 0] %13, A T3 30 2wt Tetric N
bond universal ®, FA% g 40 = 2 50 -2 7} Single bond universal®, Tetric N bond

universal® ©| 1t}

4 ATFRA Fotd AFA A2€ AVAY FE Wl

2 GA A4 Aol HZA|Q AdheSE © 9F @ wHA Aobd HZAQ Tetric N
bond universal ®, Single bond universal® 9] FT3 A7l H FAFE A EH

AG A7 =5 Mann-Whitney U test & &3l &7 #2830t

A4 Ad, SATE 20 2 dolAMe EF fAREHA w93 A A=)
SAHAoH FAAQL FoAE gl AR UHA] tE BRE FoAE
AR fFod AolE  HYOH(p<0.05), I TolAXE AdheSE © 9

A AT =7} Tetric N bond universal ®2} Single bond universal®o] H]3| W% wke-
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5. vbd YA

AdheSE ® o AMAETF T FAFH 60 = wolA HF e &3 wy z

A wy sglov Ve RE pdlAE Bg sty 9FE BE FUrh oF
s3] AdheSE © 9] FAIFF 50 & A 1 7N, Tetric N bond universal “9] §A] 53

40 =, 50 =, 60 2 wollA 7k 17§ 4 Z12]3L Single bond universal®®] &A% 3 40 =,

60 = ol A z+ 1 7] A #F A rk(Figure2,3,4,5).
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Table3. Mean shear bond strength(Mpa) and the standard deviation for all experimental groups (n=6 for each group)

Curing Co-cured
method - L
Pre-cured P Val“e2
p-value
Adhesive 20s 30s 40s 50s 60s
AD 13.6+0.78%4 5.04+0.55* 6.32+0.44°A 9.91+0.62¢4 13.13+0.67%4 15.43+0.94°AC
TBU 14.89+1.06%8 5.54+0.34% 9.11£0.49°B 12.96+1.08® 15.76+0.81%B 16.87+0.10°BC p<0.001
SBU 17.41+0.713¢ 5.22+0.42b4 7.45+0.60°¢ 12.93+0.49¢ 15.14+0.47°8 16.27+0.89%
p-value’ 0.01 0.219 0.01 0.03 0.02 0.88
p-value* 0.04 0.223 0.01 0.01 0.01 0.044

Different superscript lower case letters indicate significant differences between the rows (p<0.01).
Different superscript upper case letters indicate significant differences between the columns (p<0.05).
p-value': H2A E7E F5H A7 2 35 FTH AlZrel w2 ] 1l Kruskal-Wallis test
p-value’: H&A T7E T

p-value’: H2AF F53 A7) 2 FE FS3 Al wE 1] 1l Kruskal-Wallis test

p-value*: ZHA] A|Z~EIZF (AD vs. TBU, SBU) F5 % A7l R 35 #53 AlZtel @& H] 3l Mann-Whitney U test
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Figure 1. Mean shear bond strength (Mpa) for all experimental groups

18

16

14

12

10 m Adhese

H Tetric N bond uni.

m Single bond uni.

Pre-cured Co-cured 20s Co-cured 30s Co-cured 40s Co-cured 50s Co-cured 60s

Different superscript upper case letters indicate significant differences between the adhesives
(p<0.05).

Different superscript lower case letters indicate significant differences between the curing time
(p<0.001).
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Figure2. Distribution of the failure modes (%) in AdheSE®
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Figure3. Distribution of the failure modes (%) in Tetric N bond universal®
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Figure 4. Distribution of the failure modes (%) in Single bond universal®
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Figure 5. Representative
SEM (Scanning Electron
Microscope) micrographs

failure

mode(A) and the mixed
failure mode(B) and the
cohesive failure mode (C)




2l

ATE BA gk oy

1

9
yal

X1 F A5 3 (co-cure)oll

H

X3}
=

A o}

>

2

A

Aol

=11 %

JWelt} (Chapman et al.,

40 % o©

A AT

-
[¢]

]

A

;oﬂ

——

2007; McCabe and Rusby, 1994; Viswanathan et al., 2011). o] <A7-o|A o] A&

Ao}

st s AlF3(co-cure) T 20 Z, 30

S

ATl M &=

7R 2

gl

S
AL F 3k (pre-cure) ol H]

o}

S
=

SBU 1&

=T

o]

71

o, 5 A5 3 (co-

o

=y

AZ Wi 89

>
B4

3l

YERA T T3

=
=

oM BAHCRE FoAt

71

&A% 3 (co-cure) 20

A Z~El 7 B o A &

24

al

&

o

ebich, A

=
=

AFel oz

=
S

A% (co-cure) 30 % T

It}

_71\_0
glgloevt TBU

30

=
=
o
L
L

2
o7

=

zZF 10 29 20

= thin

ko3
T

AL A F 3k (pre-cure) ¥} H]aL

o]

N

ol
M

& Al F & (co-cure) 40

40,50 =

16

A7HEA A Z A TBU ¢+ SBU 9 7 SAER



=11 %

e ol

= =
- 3L

3

Bk

e

EAE3 50,60

Al AD ¢

211—

A

]

A
2

=]
T

27}

2 9

s

N

o]

HAA R vas ghafZhel] A

1
R

A Z A}

|

B

+ed

J|

ol
Ny
=

of A

A7t

7Feth =

=
S

1 (Maleknejad et al, 2009; Uekusa et al, 2006) 2%+ o]

J|

A

2 TH(McCabe and Rusby, 1994; Viswanathan et al., 2011).

0
_z_o
juze]

~
o}

|

2

21 2. (Dietschi and Spreafico, 1998)

%l

B

A4 A 53l (Chapman et al, 2007).

. Chen

=g

H7F A thel-Mowafy et al., 1999; Kilinc et al., 2011).

[e]
<

ol
.,

91 TH(Chen et al., 2001).

J|

A5E o) E & Yok

Z1 02 (Stansbury and Dickens, 2001), T

5
“

EZ(MHEMA) 5 22 T

17



=11 %

[SA=R=S

3

74$-7} ETH(Holmes et al., 2007). 7|81} 7}

h

Stth(Cadenaro et al., 2009). —L2{1}

Al A OF

wr
=

=
S

7] BAR FTd Aol BF

Ho

Mmoot

EAI7] 7] $

= =
= [}

71%ke] wtemw o

el

SFAET W

|7kl A Q@ TH(Yiu et al., 2005). 53+ 2007 ' Breschi 2] o}z 7 24|

7 A

=

2 QW AlZko] Q7+ | QltH(Breschi et al., 2007). WEhA,

_g

]

o

P =]
T

}3(Tay et al, 2005) -7]-8vi<}

J|

SEED

LER

7Fekel

=
S

0
_z_o

fet.

J|

]2 (Van Meerbeek et al., 1993)°] <&

o] 71A4

=

S

A (Gwinnett, 1993)7}

¢}

pH 2~3 HEZ AD 9| pH 1.6 o H]3] <

1
R

TBU ¢ SBU

o7k Foj5o] EATY FA7E kol th(Wang and

M7=

] o
=

1,

J|

o
Gk

Spencer, 2004). A 7FEA]

0.5~1.0um

[e)
3

2.5~5um ©] TH(Reis et al., 2005). L& EAZF9o] F7) 9k

8l

olo
jant

3=

¢}

oxygen inhibited layer(OIL)7}

o=

X

SRA7E AESHA

18



t} (Finger et al., 1996; Vankerckhoven et

H 2

al., 1982).

Aol uwh=, total etch oA A =A<

Kim 9

2] oxygen inhibited layer (OIL)<]

=}

TR

R

se =g

AaE e

A o]

FATHKIm et al, 2006). ¥ 1A 4]

J|

HI

M

@2

4

fl(Feitosa et al., 2013) A¥}x o=

deor 9

s

degree of conversion 2| &

}S1S wl oxygen inhibited layer <]

J|

| St} (Unterbrink and Liebenberg, 1999).

i

L)

Unterbrink 2]

A=

A}

ek

2mm O =,

=

=y
T

IR

el

]

Nlo

ol

T =% =] O
35S

E U Z(el-Mowafy et al., 1999)

159 v

0r o
o T

8314

He 5ol

=
=

self-cure activator

o

TANTHeR

iR A==t

F2 oHKim, 2010).

7}3]

=
o

1
R

o] FALH

19



A X1 7}2] degree of conversion ©]

ol
W

3

TBU ¥} SBU ¢ H]

—r

AR

e

dl, TBU ¢ SBU 9

HoA=

uge]

A

o] 12 acid-functional monomer =, HEMA 9} %

ol

YUEF 2 (Moszner et al.,

= [e)
AL s

bo] mo e

J|

&

1

el

A

=

2005),

Zb=T(Inoue et al., 2005). E3gk SBU o 3$H-% Vitrebond copolymer

ol
M

=
=

YESHA

copolymer monomer

e

TH(Cardoso et al., 2014).

A

wr
=

g4 o|Qith AD & A}

a3 7}

]

A

oA &

b

]

oA 1 7He] Al

)

b o,

J|

Sh7} s gel A

@

=N

20



row
o o
%0 IS W:C
— — ‘.._.N#l o} .
= °c T
) J:Alo X ﬁ! NM ;oT T
o0 s = T —~ o}
- B A o % o T
FF L mugﬂLV@L
ok i <0 . o ~ = Mﬁr; = Tor 1r
i ol o 5N = 5w o ol
T © = N s # i W
I i - TN =y i o
= D oF B ) N e o Do
X oy W ~ K E KE . 3! =o of”
XE il —_ o _—
N e M _ﬂm o T & Y U T B
—_ = TG = T
§w104gqmwmawg§w
W Y o} o B ~ 2 T go X T
A FoE » oo O W T T )
a8 —_ o W o R £y
_ W o B N S Je T 2 o
agqaw;@mwﬁ o ox
zT o ,ﬁ HL g \@v = ol N :.L B ﬁm <
Wo o~ ) - A ) n| @rﬁ [
o oM oo = 9 R A) 5 & <0
r s ZT jans 70 m \_&u iy
Oﬁ = o o Mlurﬂ \@l 1 ,mv_ﬂ s o
ax ¥ o e S B ST Kl %o
o I = < L = o+ o
0 B L, e : T X %0
G+ ox P - oo y o 5 <%
_ = o 2 o o 3 = o et o N <V
sl Po® N A} U X 5 LT
™ B e = oo frogs ‘Ul xﬁ £
W Mo & A o SRR
To _ Zo K T ‘UQ OT_ N PN
M Of = 0 :.L He On* ) o# J ﬂwl Nluﬂ _HVU
T w o o ol o i B e <V
w b = 2 = 3% - ErE o3
o I S TR = T —~ ™
I . Awuwg S T
Tog o o o oM T = &
<0 —_ ~al N Nlo . X X ol el
©oE OB T SN N oF e
o u],_ = in X _@l wo _uﬂ LWO °
R W T b LT E
H._ﬁ Juﬁ E ) T ‘.A| ﬂ,..,l Enﬂ %o iﬁ ‘_ww‘_ _
< T ¥ B o - f T 5
—_ o ™
R = 7o
© =2 T o s 2
— = ~ 17ro _z_o
NJJ N X0
;Of

Ty

F. "

o = 3
Ol

.....”w.n.........

21



b
f -
No = z
! - =5 FE
pu o MEo R BT .
v — M g 3 Lo
: W i o = oy oM
oy e o K . T
: o+ RS -z
N R i : -
= g 5 o7 2 :
R N = o) M :
S X AT LA : :
| Eo w OE HA_I o) I ~
= , oy < B = 5
% o N A =
) 2 N S P T ) .
N - o & = o M -
> [\ Nfo < Moo g X 5 oAﬁ
ol o o S il ﬁo W : wm
R oF 5 S ﬂ R - H .
0 = ¥ .
W M__ R Y = = U_Mo gl m < .
il o £ o X g > > - ﬂ
o ol M.L % A} ﬂm. 2 W iy am !
: : b g : il 2o X W bk
oﬁ : . [ T < ey o
mwm Mo . i @a ot 3 ADn £ :
= TR < ﬂw woS w i . X w
% : : - iy /KV B % ~ H,N oy
W = X all i " | < =
W N S _ ol =5 5 X o - )
oD T g F 5 e S
: r 5 - R MX! my O el - M
B w w P o2 W . :
o b L oo AR : ]
N <0 &o eW ﬂXF E > s :
- LS R wm % S
N 0 N T p.f L i
- E -
- i ™ % 3 i
‘ "
o
<t

F.. ...h.ﬂ....

o = T i
Lall il

ALY

22

H 8 th(p<0.05).



MM TN
I <
= o @
~
o ,£
olo MM N
o = o
ﬁo
‘ﬁ% ;&H it
"o WO
T ‘_ur
~ 2k
GO S
= <
=0 JJ o
3 .
I mim
T .ﬁ
N N AP
X oome X
T = o
T v T
Nro —_ ol
on X el
T %3
X 3
X =
o
| <
=R
- 3 W
<) _
= T on
w X
= e o
B3 X b
oI | |
R0 A0
o KR R
X Ne

F Y

R
=4
A LY
R

23



Fa 3

Breschi L, Cadenaro M, Antoniolli F, Sauro S, Biasotto M, Prati C, et al.: Polymerization
kinetics of dental adhesives cured with LED: correlation between extent of
conversion and permeability. Dent Mater 23(9): 1066-1072, 2007.

Cadenaro M, Breschi L, Rueggeberg FA, Suchko M, Grodin E, Agee K, et al.: Effects of
residual ethanol on the rate and degree of conversion of five experimental
resins. Dent Mater 25(5): 621-628, 2009.

Cardoso SA, Oliveira HL, Miinchow EA, Carrefio NL, Junior AG, Piva E: Effect of shelf-
life simulation on the bond strength of self-etch adhesive systems to dentin.
Applied Adhesion Science 2(1): 1, 2014.

Chapman JL, Burgess JO, Holst S, Sadan A, Blatz MB: Precuring of self-etching bonding
agents and its effect on bond strength of resin composite to dentin and
enamel. Quintessence Int 38(8): 637-641, 2007.

Chen RS, Liuiw CC, Tseng WY, Hong CY, Hsieh CC, Jeng JH: The effect of curing light
intensity on the cytotoxicity of a dentin-bonding agent. Oper Dent 26(5): 505-
510, 2001.

Dietschi D, Spreafico R: Current clinical concepts for adhesive cementation of tooth-
colored posterior restorations. Pract Periodontics Aesthet Dent 10(1): 47-54;
quiz 56, 1998.

el-Din AK, Abd el-Mohsen MM: Effect of changing application times on adhesive
systems bond strengths. Am J Dent 15(5): 321-324, 2002.

el-Mowafy OM, Rubo MH, el-Badrawy WA: Hardening of new resin cements cured
through a ceramic inlay. Oper Dent 24(1): 38-44, 1999.

Feitosa VP Watson TF, Vitti RP Bacchi A, Correr-Sobrinho L, Correr AB, et al.:
Prolonged curing time reduces the effects of simulated pulpal pressure on the
bond strength of one-step self-etch adhesives. Oper Dent 38(5): 545-554, 2013.

Finger W)J, Lee KS, Podszun W: Monomers with low oxygen inhibition as
enamel/dentin adhesives. Dent Mater 12(4): 256-261, 1996.

Gwinnett AJ: Quantitative contribution of resin infiltration/hybridization to dentin
bonding. Am J Dent 6(1): 7-9, 1993.

24



Hanabusa M, Mine A, Kuboki T, Momoi Y, Van Ende A, Van Meerbeek B, et al.
Bonding effectiveness of a new 'multi-mode’ adhesive to enamel and dentine.
J Dent 40(6): 475-484, 2012.

Hasegawa T, Manabe A, Itoh K, Wakumoto S: Investigation of self-etching dentin
primers. Dent Mater 5(6): 408-410, 19809.

Holmes RG, Rueggeberg FA, Callan RS, Caughman F, Chan DC, Pashley DH, et al.
Effect of solvent type and content on monomer conversion of a model resin
system as a thin film. Dent Mater 23(12): 1506-1512, 2007.

Inoue S, Koshiro K, Yoshida Y, De Munck J, Nagakane K, Suzuki K, et al.. Hydrolytic
stability of self-etch adhesives bonded to dentin. J Dent Res 84(12): 1160-1164,
2005.

Kilinc E, Antonson SA, Hardigan PC, Kesercioglu A: The effect of ceramic restoration
shade and thickness on the polymerization of light- and dual-cure resin
cements. Oper Dent 36(6): 661-669, 2011.

Kim JS, Choi YH, Cho BH, Son HH, Lee IB, Um CM, et al.: Effect of light-cure time of
adhesive resin on the thickness of the oxygen-inhibited layer and the
microtensile bond strength to dentin. J Biomed Mater Res B Appl Biomater
78(1): 115-123, 2006.

Lim W, Messer LB, Palamara JE: Bonding of resin composite precured or postcured to
primary dentin. Pediatr Dent 36(4): E111-117, 2014.

Maleknejad F, Moosavi H, Shahriari R, Sarabi N, Shayankhah T: The effect of different
adhesive types and curing methods on microleakage and the marginal
adaptation of composite veneers. J Contemp Dent Pract 10(3): 18-26, 2009.

McCabe JF, Rusby S: Dentine bonding--the effect of pre-curing the bonding resin. Br
Dent J 176(9): 333-336, 1994.

Moszner N, Salz U, Zimmermann J: Chemical aspects of self-etching enamel-dentin
adhesives: a systematic review. Dent Mater 21(10): 895-910, 2005.

Nakabayashi N: [Bonding mechanism of resins and the tooth]. Kokubyo Gakkai Zasshi
49(2): 410, 1982.

Perdigao J, Lopes M: Dentin bonding--questions for the new millennium. J Adhes Dent
1(3): 191-209, 1999.

Reis A, Grandi V, Carlotto L, Bortoli G, Patzlaff R, Rodrigues Accorinte Mde L, et al.

25



Effect of smear layer thickness and acidity of self-etching solutions on early
and long-term bond strength to dentin. J Dent 33(7): 549-559, 2005.

Stansbury JW, Dickens SH: Determination of double bond conversion in dental resins
by near infrared spectroscopy. Dent Mater 17(1): 71-79, 2001.

Tay FR, Pashley DH, Suh BI, Hiraishi N, Yiu CK: Water treeing in simplified dentin
adhesives--deja vu? Oper Dent 30(5): 561-579, 2005.

Tulunoglu O, Uctash M, Alacam A, Omurlu H: Microleakage of light-cured resin and
resin-modified glass-ionomer dentin bonding agents applied with co-cure vs
pre-cure technique. Oper Dent 25(4): 292-298, 2000.

Uekusa S, Yamaguchi K, Miyazaki M, Tsubota K, Kurokawa H, Hosoya Y: Bonding
efficacy of single-step self-etch systems to sound primary and permanent
tooth dentin. Oper Dent 31(5): 569-576, 2006.

Unterbrink GL, Liebenberg WH: Flowable resin composites as "filled adhesives":
literature review and clinical recommendations. Quintessence Int 30(4): 249-
257, 1999.

Van Meerbeek B, Braem M, Lambrechts P, Vanherle G: [Adhesion of composite to
dentin. Mechanical and clinical results]. Ned Tijdschr Tandheelkd 100(11): 489-
494, 1993.

Van Meerbeek B, Perdigao J, Lambrechts P Vanherle G: The clinical performance of
adhesives. J Dent 26(1): 1-20, 1998.

Vankerckhoven H, Lambrechts P van Beylen M, Davidson CL, Vanherle G: Unreacted
methacrylate groups on the surfaces of composite resins. J Dent Res 61(6):
791-795, 1982.

Viswanathan R, Shashibhushan KK, Subba Reddy VV: Short communication: pre- and
co-curing effect of adhesives on shear bond strengths of composite resins to
primary enamel and dentine: an in vitro study. Eur Arch Paediatr Dent 12(6):
308-311, 2011.

Wang Y, Spencer P: Physiochemical interactions at the interfaces between self-etch
adhesive systems and dentine. J Dent 32(7): 567-579, 2004.

Yiu CK, Pashley EL, Hiraishi N, King NM, Goracci C, Ferrari M, et al.: Solvent and water
retention in dental adhesive blends after evaporation. Biomaterials 26(34):
6863-6872, 2005.

26



ABSTRACT

Comparison of dentin shear bond strength of self-etching
adhesives by using different curing method and prolonged

co-curing time in direct resin filling

Baewoon Joo, D.D.S

Department of Dentistry
Graduate School of Yonsei University

(Directed by Prof. Byoung-Duck,Roh, D.D.S., M.S.D., Ph. D.)

This study is to evaluate and compare the shear bond strength of 3 self-etching adhesive (one 2-
step,AD ; two one-step, TBU and SBU) to dentin when the adhesive is light cured before the
application of flowable composite resin (pre-cure) or light curing together with the flowable
composite resin (co-cure) with different light-curing time(20s, 30s, 40s, 50s, 60s). Total 18
experimetnal groups were used and for each experimental group, 6 specimens were used to

measure shear bond strength. The following results were acquired.
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1. In comparison with dentin shear bond strength within the co-curing groups, as increasing time
of the light-curing, all adhesives groups increasing with produced significantly higher bond

strength (p < 0.001).

2. When compared with the dentin shear bond strengths “pre-curing” and “co-curing” groups, the
co-curing groups of 20s, 30s and 40s of all adhesives decreasing with produced significantly

lower shear bond strengths (p < 0.001).

3. When compared with the dentin shear bond strengths among all kinds of adhesives used in this
study, except for the co-curing 20s and 60s groups there were no statistically significant
differences, but the rest of other groups were statistically significant difference was observed.
The co-curing 20s groups have shown the lowest SBS, and the co-curing 60s groups have

produced higher or similar bond strength to dentin as did the pre-curing groups (p<0.001).

4. In comparison with dentin shear bond strength of different self-etch adhesive systems, the
shear bond strength of AD groups (2-step self-etch adhesive) were significantly lower than
TBU and SBU groups(l-step self-etch adhesives), except for the co-curing 20s groups

(p<0.05).

Based on the results of this study, when directly filling the cavity with composite resin in
clinical situation, “pre-curing” the self-etch adhesive helps to reduce the time to get higher bond
strength than “co-curing” the adhesive and composite resin. The co-curing method requires the

light-curing time more than 50 secs at least.

Key words: self-etching adhesives, shear bond strength, light-curing time, co-curing
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