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Effect of the intermediate bonding resin
on the compatibility of two-step total-etching

adhesives with dual cure composite resin
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ABSTRACT

Effect of the intermediate bonding resin
on the compatibility of two—step total-etching

adhesives with dual cure composite resin

Jong-Jin Kim, D.D.S., M.S.D.
Advisor : Young—-Gon Cho D.D.S., M.S.D., Ph.D.
Department of Dentistry

Graduate School, Chosun university

This study was performed to investigate the effect of intermediate bonding
resin used to overcome the incompatibility of two—step total-etching adhesives
with dual cure composite resin.

Two methods for overcomming incompatibility were investigated : Dual cure
activators (Optibond solo plus Activator, Prime&Bond NT Self cure activator,
Exite DSC), additional application of the intermediate bonding resin layer(D/E
resin). Three two-step total-etching adhesives (Optibond solo plus,
Prime&Bond NT, Exite) were used for the adhesion of the dual cure composite
resin (MultiCore Flow). Dual cure composite resin was polymerized with a
delayed light—activation mode.

Nine groups were tested: 1)ON (Optibond solo plus), 2)OA (Optibond solo
plus and activator), 3)OB (Optibond solo plus and bonding resin), 4)NN
(Prime&Bond NT), 5)NA (Prime&Bond NT and activator), 6)NB (Prime&Bond
NT and bonding resin), 7)EN (Exite), 8)EA (Exite DSC), 99EB (Exite and
bonding resin).

Human molar were sectioned to exposed the occlusal dentinal surfaces of

crown with Isomet Low Speed Saw and slabs of 1.2mm thick were made.
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Each two-step total-etching adhesives were applied on dentinal surfaces as a
instruction of manufacturer and dual-cure composite resin was placed on the
dentinal surface using Tygon tubes.

Microshear bond strength was tested at a crosshead speed of 1.0 mm/min.
The data were statistically compared using two-way ANOVA, Tukey HSD
test. Also fractured interfaces were examined under SEM examination.

The results from this study were as follows:

1. In comparison among groups using Optibond solo plus, uSBS of the OA
group was lower than that of the ON, OB group (p < 0.05) and the OB
group was measured with the highest bond strength (p < 0.05).

2. In comparison among groups using Prime&Bond NT, uSBS of the NA
group was lower than that of the NN group but it was not statistically
significant (p > 0.05) and the NB group was measured withthe highest
bond strength (p < 0.05).

3. In comparison among groups using Exite, unSBS of the EA group was
higher than that of the EN group (p < 0.05). The uSBS of the EB group
was the highest bond strength (p < 0.05).

4. In fractured interfaces of the ON, EN group, a large cluster of
globular voids representing incompatibility were examined. In the OB, NB,
EA, and EB group, no voids were examined and mixed failure of the
dual cure composites occurred predominantly.

Because of the incompatibility between adhesives and composites, adhesives
must be selected carefully when core was restored by dual cure or self cure
composites. Dual cure activators used on purpose to overcome the
incompatibility showed mostly ineffective but, the intermediate bonding resin
layer was effective to improved bond strength of two-step total-etching

adhesives with dual-cure composite resin.
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HaAAE 2 @A A2 H2A (two-step total-etching system)$]  Optibond
solo plus, Prime&Bond NT, ExiteE A}&3}% 3, 2429 dual cure activator®
Optibond solo plus Activator, Prime&Bond NT<2|] Self cure activator, Exite
DSCE A}439Y (Table 1, Fig. 20). g2 D/E resin (Bisco, Schumburg,
USA)< intermediate bonding resin® 2 243t th (Table 1). o5 5%3 =23
Y7 o 2= MultiCore Flow (Ivoclar Vivadent AG, Schaan, Liechtenstein)& A}
ettt HFAL EgARe FES AT FRAVIE 500 mW/em’d

Spectrum 800 (Dentsply Caulk, Milford, DE, USA)& A}-&3} it}



Table 1. Compositions of the two-step total-etching adhesives and activators

used in this study.

Adhesive
Component Lot number
(manufacturer)
Etchant : 37% Phosphoric acid
: 31297
Adhesives
Optibond solo plus : Bis-GMA, HEMA, GDM, GPDM, Etanol, 117376
(Kerr, Orange, CA, USA) Silicon dioxide
Activator
. 416975
: BSA, Etanol, Bis—-GMA, HEMA
Etchant : 34% Phosphoric acid
Adhesi 0407151
Prime&Bond NT adnesives
. . Di—and Trimethacrylate resins, PENTA,
(Dentsply Caulk, Milford, . o 0507000015
Acetone, Silicone dioxide
DE, USA) .
Activator
. . . 050604
: Aromatic Sodium Sulfinate, Acetone, Etanol
Etchant : 37% Phosphoric acid
: F51944
. Adhesives
Exite
) : HEMA, dimethacrylates, phosphonic acid acrylate,
(Ivoclar Vivadent AG, . O J01968
Etanol, Silicone dioxide
Schaan, Liechtenstein) .
Activator
. e e J03640
: Brush is coated with initiators.
D/E resin
Bis-GMA, UDMA, HEMA 0500001449

(Bisco, Schumburg, USA)

Bis-GMA (Bisphenol A diglycidylmethacrlate)) HEMA (2-Hydroxyethyl methacrylate), GDM (Glycerol
dimethacrylate), GPDM (Glycerol phosphate dimethacrylate), BSA (Benzen sulphinic acid sodium salts),

PENTA (Dipentaerythritol penta acrylate monophospate), UDMA (Urethane dimethacrylate)

APTE WA 37HA TR 294 AARA JZFAAC w2 F (O
Optibond solo plus, N: Prime&Bond NT, E: Exite), 22t 2¢tA AF5-24 A 24
= o] 2vA AFRA H2AA TS AFES o (N), dual cure activatorE g7 A}
4 7 (A), 294 AR HZA $el F7F2 intermediate bonding resines 4

43 ¢ B)eE YFo F 9 o2 BEFIH Y (Table 2).
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Table 2. Classification of the experimental groups.

. Activator
Group Adhesive ) )
or bonding resin

ON None
OA Optibond solo plus Activator
OB Bonding resin
NN None
NA Prime&Bond NT Activator
NB Bonding resin
EN None
EA Exite Activator
EB Bonding resin

(2) A1 AA =

(7h) Aet®E A4

AR g A9 AFS 1458 tololrs HE o &3l dud & #EE
1A AT, F+ ol A Isomet Low speed saw (Buehler, Lake Bluff, USA)Z
o] goto] WPHF Aot g AA Aot AHSA A &, Fobd AHA F
AZF 12 mm7F H%& AostArt. Adold ®WE 320-grit silicone carbide

=
paper2 dArtdlo] EF =WE L P4

T 20%7r BEAEa, AW HARE Ado D/E resing =X 3 & air syringe
2= 74 Ea=y
o]y Hidy A= MultiCore Flow (Ivoclar Vivadent AG, Schaan,

Liechtenstein) & AM&3}9 . WA HEAZ 88 Aolza EH 9o W4 05

b
e
9
ke
)
2,
ofj
M
ol

=l
N,
b
J
rot
ot
uf
>,
[\
(@]
PN
)
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BN
>

mm, %° 1 mm% Tygon tube (Saint-Gobain Performance Plastic Co., USA)E

YA Al 7131, MultiCore Flow2] base®} catalystE automix tipg ©]&3 33

AdTd S Adsr] A olTedd HdUder FHAE &

el

Al

)

N
=



307 Ao Ao mast 3 dd FFES 93
Az2tE AJEE 37C THTol 24X Fe BEsA
Table 3. Instruction for two-step total-etching adhesives and dual cure
activators
Adhesive Procedure
1.Etch for 15sec
2 Rinse throughly for 15-20sec
3.Gently air dry for 5sec, do not desiccate
4.Shake Optibond solo plus bottle
5.Dispense one drop of Optibond solo plus and
one drop of Optibond solo plus activator, mix for
3sec
6.Apply mixture for 15sec
7.Air thin for 3sec

Optibond solo plus
(Kerr, Orange, CA, USA)
8 Light cure for 20sec
1.Etch for 15sec
2.Rinse throughly for 10sec
4.Dispense same drops of Self-cure activator and

3.Blot drying
Prime&Bond NT adhesives, mix for 1-2sec

5.Apply mixture for 10sec
6.Gently air dry for 5sec
7.Light cure for 20sec
1.Etch for 15sec
2.Rinse throughly for 10sec

Prime&Bond NT
(Dentsply Caulk, Milford, DE, USA)
. 3.Air dry and Blot drying
Exite .
4.Apply adhesives for 10sec
(Ivoclar Vivadent AG, Schaan, Liechtenstein)
5.Apply mixture for 10sec (dual-cure)
6.Air dry for 1-3sec, evacuate for 1-2sec
7.Light cure for 20sec
@u A At re] 54
28 z2d 15W bladeE o] 43t Tygon tubeE A AT F ZF AlAS AZx3d
1L cyanoacrylate H2HA] (Alteco, Pyungtaek, Korea)E o] &3d] A#HS &< plate
of Rz3st4tt. A]Ho] F2® plateE Universal testing machine (EZ test
Kyoto, Japan)® @} jigel Atk AH jigel F2€ 0.3
- 12 -
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mm F7A9 AL FAES HFTE ST AH UAste] HYPsA A 5
o] Aold FHAA vd=E w72 £ 1.0 mme crosshead speed® Ao
7_1

J2e e 24 ¥ 74 Ao MANY ARFES MPax $Areh )

AN

4) FAAA g g2

WA FARA @7 wEe dd Bgddel Bdw AWe 2eAAHR
AAFY FARA B3 B#EE A8 2 AR stubel FHAFT 12 KV A
& ol A 1E3ZF 700A 9 FAR WE =3

High Technologys Co., Tokyo, Japan)< A}&3to] 7+ o] mtdwe uwjgs o
233,

Zt Ao mAa e AR SAgk g fod ds5e T4 ZE2add
SPSS 10.13F Al two-way ANOVAE o]&35to] Hluw B3P oy, AFT-HSZS
Tukey HSD testZ o] &3}o] o] F o}
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AR ARAE

two-way ANOVAE o]&3to] vl FA4359 S0 7zt Aot ghol 94 ol
Eitom 7t Ayt it mAdd AdAES} % &
£ Table 40 YERY 93l Fig. 1& o8& 2z a2 HoE 3ol 2 gl
H&A 9 Exite®} intemediate bonding resinS A AE3 EBT 9 mlAAG A
G4 E=7F 546 £ 0.80 MPa® 7Fd =4 YEts o™, Prim&Bond NT¢} dual cure
activator® @A AFE3 NATo] 713 @& mAdd AFHPEE Bt (174 +
0.43 MPa)(Table 4, Fig. 1).

Optibond Solo plusE& AM&3 AdTLE 7FHe] vl Al activatorE AF-&3 OAT

< 0.05), bonding resin A}
43 OBwol TATgHoRE 7M1 =2 ARAEE BEAY (p < 0.05)(Table 4,
Fig. 1).

Prime&Bond NTE AH&3 A@daE 119 Ml A] activators AHE3 NA
AAARSE AFES NN RT ¢ 9 A345E Yoy BAH02 F
| ¢le™ (p > 0.05), bonding resine AF-&3 NBwo] BAgH o2 713 %
A7 == vErHY (p < 0.05)(Table 4, Fig. 1).

ExiteE A8 A= 1H9 HlL A activatorEs A&
AFE-3 ENw R BAH o2 ¢ £ AFRAEE BAa (p < 0.05), bonding
resing AF83 EBwo] SATAHOR 7t 2974 =E dedEd o <

0.05)(Table 4, Fig. 1).

oA EASGAH R 71 Fe AQALE HAL (p

L M
o, (e

e
flo

o

A& A2 A REE

a7

s
flo

HAAWE A48 AYTE e @ A NNTo| BAMY0R A3 e 2
YAEE WAL (p < 005), ONF ENZ 7ol ENFolA o 5& ARFEE
oo B gow o Aol EAGA AT (p > 005)(Table 4, Fig.
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Table 4. Microshear bond strength (MPa) in each experimental group.

Group Microshear bond strength (mean + SD) MPa

ON 284 + 065
OA 1.95 + o.53b
OB 408 + 057
NN 222 + 060
NA 174 + 043
NB 368 + 050
EN 310 + 062
EA 477 + 063
EB 546 + 0.80"

The same superscript letters demonstrate no significant differences in each group (p > 0.05).

Fig. 1. Bar chart showing the Microshear bond strength of each experimental

group.
6
b —
4

MPa 3

2 —
1 -
0 . . .

ON OA OB NN NA NB EN EA EB
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FAAR Av w3

Zb o AgaEe A Aokd & gdus 1500Wi = ##Eg SEM
micrograph& Fig. 2-199] YeRUSIth 2ebA] 2FR2 JAA S AL L5 F
ON#} EN oA+ olFF Ty Hdalxlze HJaAHd 439 &
HFHAoH o]FTFHY HFENY $3F A= AFHA G (Fig. 2, 3,
14, 15). A 2¢+-A AR 2 H 2 A 2 Prim&Bond NTS A3 NNo| A= &
oA wEE EAA void7t EAEA erskov FAE gy vnto] BEEO
W Al er =add JHHSE BoAFAd (Fig. 8 9).

Dual cure activatorg AF&3 5 F OAS NAT A= H2AE g7t +
HRHJ = ot HHrE Bebdeta ot HEAFol dds] EyE
FE7F woket (Fig. 4, 10, 11). OAT oA = ON-# FAg el o] void7F
H7x= &g o (Fig. 5), EAv ol A= dual cure activatorE Al-&

v} (Fig. 16, 17).
Intermediate bonding resing A &3 FEAME oT5TH EFUIY H
Y gy FEHdo=z H&Y gyt EgE FEU ol HEHYA voidd &

AT FAUE AFHA FU (Fig. 6, 7, 12, 13, 18, 19).
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geol A Ak A obmzel 7] W

oo

o] WA ot} o= Qs 3
FeAl Aol A AFxp ofrleo] s F3 oA 5ol
A @t} Dual cure activatore A &3} A olRlZke] o]l Y3t E Absl s ut-S-
S 293} (ternary redox catalytic system)AlZ Z=tH?. 7] aromatic sulphinic
acid®] sodium salts7} ©]& 93 AF8%+=H oxygen inhibition layerdl ol do}3l
= YT A 93 dEAe vsE g F3S H 3 oxygen inhibition

layerB 4 & oA AFF BFAAU AR opwlo] maHE 3 ot

7,11,12,32)

F3 AF5E ANEEY

e
ot

ol
)

o
rl

o] 21 dual cure activatore 297l AHF-2 HJ2A o} A7t EFE TR 5
AL MA7] 8 AHeHE=d Tay 579 o] 23w Optibond solo

plus Activator®] Ap&o] oFzteo] g7} AT FAFAHS s AAA KA

i Baglom, O'keefe 59 Aol A% Dual cure Prime&Bond NT¢ #}7}
TEE SFAAGY FAFAS Basidrk o] Aol A= activators AFE- g
AT E T OAT S 2¢A A2 HJHAATS AN ONwHUT FA 240w
FrostAl A =rE wokow NAT2 Fo8 Aol flAA ¥ NN« Hth ¢
WS AFJAEE BAT EAw o] fdstA ENTwREY TATA0R ¥ =& 4
GG E=E HAT (Table 4). SEM #z A3 OAwolA = H&Y 37t wo] &
Zhe]lont A5 Al HAAWHA void7t #HEEHALH NAToA = A3 A

l voide] AL #&AT 4 gl FFEH Fyvre] #AHAY (Fig. 4, 5, 10,
11). EAv oAM= g4y g23 gyrt g4 325 q0 (Fig. 16, 17). W

o] AHel A AE A voidg Aol #EEA 4 HE E8 activatore] AE

Dual cure activator® AFS S w X "o dg ZAFgHo] F3x= HdUd2
activator & ol o3 H2HAle] g Mo A4, it 29A AR
2l H2ZA 9] dual cure activatori &1l activator®d 7}s] W (bottle) HENZ &
HE5 31 ZFAY activator AL 1112 ETsA] ALLst=d o] FAAA Hrtd
activator el ols) HAA= A FHol Adeo] AEH= wzl GFA Y Yol

Fadn gadon gule g Frhwth A48 A @Al gash §o)
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H
A% TS o7y g g AFddS oFstA7]7] wjiEolgtal B skl
Optibond solo plus Activator?} Prime&Bond NT self cure activatorts @4+ 9
B2 aasa gaAet 1119 vl A Abgst=d olw FAAY 4
o Ast 4= 9t} (Fig. 20. a, b). 3# Exite DSCE 4" Fej7} ol activator
=

b 29E BYAE AR A A f Yol wWAHI] wEeol Exitette AMEE

a3t vugs ol FATACE o & Z2¥4%E Bt (Table 4, Fig.

20. o). 2R AFH 45 T3l HFA FH dHE & © AL FUHL

ouA AR QA vAduA FHAAE A4

Zy= 2 37] 98] acidic functional groups 2zt o]

o] #R GEFEA)Z AR 3=d acidic functional group™ & E A7 A5 o] A
Azl Eo] EAeA B’ o)AY HAAW T o] HHEH Az
A (air-dry)= Sl HA3s] AAHA XS o, ATl FALE wo] H=
A AZF Bol fA FLHA HIAWUA B HAZFU i @ o]d

T dAX gAY A5 A2V e HEF gile] &
A= o Sy} 2o AA7 42 2 w3 overwetting® |
=

of M3 AANA EPL Wol= B Fo] o] A

=
tq‘
F5o] o] A

Az ol AFaA B o) AY ol 7pA dale] o) AFE B HF
SHlA =9 olF T2= Ageta HAFT FWolA water blister®] Aol #
o g C}5671319)

Water blisterg Ao = tt2 E2= 584 (osmosis)o| . HA&A e w3
o & oxygen inhibition layer’} @AW 1 o] ZolA & A v T
A g e dzl dgA o] kR doldlA " olw FHF AN
o} 29 ¥x Ao T AFEgor A AFoJA HZFow Eo] o Fdo]
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Fig. 2, 3. SEM micrograph of representative fractured dentin surface in ON

(X 15,000).

& 4 G
o BN

ON 3.0kV 11.9mm x1.50k SE(M) ' 30.0um

Fig. 4, 5. SEM micrograph of representative fractured dentin surface in OA.
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Fig. 8, 9. SEM micrograph of representative fractured dentin surface in NN.

NN 3.0kV 10.9mm x1.50k SE(M)

NA 3.0kV 11.0mm """ 30.0um [ NA 3.0kV 11.0mm x1.50k SE(M)

Fig. 12, 13. SEM micrograph of representative fractured dentin surface in NB.
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Fig. 14, 15. SEM micrograph of representative fractured dentin surface in EN.
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Fig. 20. Dual cure activators used in this study.
a. Optibond solo plus activator
b. Prime&Bond NT self cure activator

c. Exite DSC
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