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ABSTRACT

Microtensile bond strength of a self—etching and
self—adhesive resin cements to dentin and

indirect composite resin

Jae—Gu Park, 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 microtensile bond strength
(MTBS), failure modes and bonding interfaces of a self-etching and three
self-adhesive resin cements to dentin and indirect composite resin.

Cylindrical composite blocks (Tescera, Bisco Inc.) were luted with resin
cements (Panavia F 2.0, Kuraray Medical Inc.: PA/ RelyX Unicem Clicker, 3M
ESPE.: RE/ Maxem, Kerr Co.. MA/ BisCem, Bisco Inc.: BI) on the prepared
occlusal dentin surfaces of 20 extracted molars. The resin cements were mixed
and applied according to manufacturers' directions. After storage in distilled
water at room temperature for 24 h, 1.0 mm X 1.0 mm composite—dentin
beams were prepared from the luted specimens. ;TBS was tested at a
cross—head speed of 0.5 mm/min. Data were analyzed with one-way
ANOVA and Tukey's HSD test. Dentin sides of all fractured specimens and
interfaces of resin cements—dentin or resin cements-composite were
examined at FE-SEM.

The results of this study were as follows;

1. uTBS of PA (12.92 £ 293 MPa) and RE (10.87 £ 1.79 MPa) was

_iV_



significantly higher than those of MA (6.35 * 2.42 MPa) and BI (7.35 £
2.80 MPa) (p < 0.05).

2. Failure modes of PA were primarily cohesive in resin cements and those
of RE were mixed. Failure modes of MA and BI were primarily adhesive
along dentin surface.

3. Interfaces of resin cements—dentin showed close adaptation with resin
tags in PA and RU, but gaps in MA and BL

4. Interfaces of resin cements—composite showed gaps in all groups.

In conclusion, PA and RE showed higher bond strength and closer
adaptation than MA and BI when indirect composite blocks were luted to

dentin using a self-etching and three self-adhesive resin cements.
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WestE vFe dAMETL A FEEa vk olH g HIAHNEE A
st A B = FEFF Adstr] S F7

Munk 5'7& 2712 @ AAME (Panavia F)9 A7 & d0ARME (RelyX
Unicem)®] Zdobdol thgh mAQld 294 me SAA R #Fo3 zo]& UE
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4, vhd W FREe] gl Hool WAR et gTA 204 A

APAE= Bl E5S AlRe] 918t Tescera (Bisco Inc., 1L, US.A)E A}
5 Aobdel &el] 98l 457 URIAMEES ARESISITE (Table
. #AFAHESE 272 GZAMER] Panavia F 2.0 (Kuraray Medical Inc.,
Okayama, Japan)¥} AF7FE2F g FXIAHES] RelyX Unicem Clicker (3M ESPE Dental
Products, St. Paul, MN, U.S.A.), Maxem (Kerr Co., CA, U.S.A) % BisCem (Bisco
Inc., IL, USA)S AR&EISITh 2 AFel Akgd S533 dxidES] i
Table 2¢} 2t}

Table 1. Resin cements

Resin Cements Manufacturers Batch Number

) ) Kuraray Medical Inc., Okayama, 00257A, 00128B,
Panavia F 2.0 (light)

Japan 00324A, 00052A

RelyX Unicem 3M ESPE Dental Products, St. 339496
Clicker Paul, MN, U.S.A.
Maxem (Clear) Kerr Co., CA, US.A. 78329
BisCem Bisco Inc., IL, U.S.A. 0800010930




Table 2. Composition of resin cements

Resin

Composition
cements

Primer A: HEMA, 10-MDP, 5-NMSA, water, accelerator

Primer B: 5-NMSA, accelerator, water, sodium benzene sulphinate
Paste A: hydrophobic aromatic and aliphatic dimethacrylate,
sodium aromatic sulphinate, N,N-diethanol-p-toluidine,
functionalized sodium fluoride, silanized barium glass

Paste B: MDP, hydrophobic aromatic and aliphatic photoinitiator,
dibenzoyl peroxide dimethacrylate, hydrophilic dimethacrylate,
silanized silica(filler load 70.8%, particle size 2um)

Panavia F 2.0

RelyX Unicem Base paste (white): methacrylate monomers containing phosphoric
Clicker acid groups, silanated fillers, initiator, stabilizers

GPDM, co-monomers(mono-, di—, and tri-functional methacrylate
monomers), proprietary self-curing redox activator, photoinitiator

Maxem (CQ), stabilizer, barium glass fillers, fluoroaluminosilicate glass
filler, fumed silica(filler load 67% wt, partiacle size 3.6um)
BisCem Bis(hydroxyethyl methacrylate) phosphate(<10%),

tetraethylene glycol dimethacrylate(<25%). dental glass(<85%)

HEMA: 2-hydroxyethly methacrylate, 10-MDP:10-methacryloyloxydecyl
dihydrogen phosphate, 5-NMSA: N-methacryloyl 5—aminosalicylic acid,
GPDM: glycerol dimethacrylate dihydrogen phosphate; CQ: camphorquinone.
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Az Z%o] AAs AT, £ 4 ALE WA 20 mm, ¥o] 45 mme] FHE

>

CBC " (Complete Blood Count bottle, Sewon Yanghang, Busan, Korea)el =
5 4 A9 wgHoe] AWl o] HEs XS viEekgitth
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(Danville Engineering Inc., CA, U.S.A)E o] &3} 50 m YA=A7]9] At &5
ngo® 1027 A= B2y 3k 5 air-water syringe® 10%3F A& 2 Ax

sholrt.

3 T EFe SN FH
20708 AHHRS FARE S/ AdEete] 4709 el wiAelal Panavia F 2.0
yX Unicem Clicker (RE %), Maxem (MA ), BisCem (BI %) #|XIA|
AES Egate] H3ewl s Aol Wel F2 s3It Panavia F 2.0 ED primer II
o] &4 At BE &7 TF wHleto] 93 §, Aobd e By HE o] &)
o =¥3sfa 30%3F WA I F air-syringeE ©]-83}9] primerE 7}H A

AZ3A Y. £8A ) Panavia F 2.09] base®}t catalystE &% Euistal 20%7t



23839 th. RelyX Unicem< RelyX Unicem Clickerol] A base®} catalystES &=

Shx]of] Hufdla 20%7F 23359tk Maxemd BisCem< auto mix dual-barrel

4) HAQE AR = A JHF S 32
e e] e Al S ZF el 3 Al (B 12718 AdEiEke] WA

2]
A A= Akl olgsiltt. Al fwolyt AwE & FAl (Scotch

1O

Super Glue Gel, 3M, U.S.A)E o] &3t olmaddgdx EFo Ha st Eol
TaE AHol A Isomet Low Speed Saws o|gsle] wg-xjeutskor F7
A8y &5l &3t

1.0 mmz Aasiolct. dad AlHS Fo] dA Izl o
HAHAE o]&ste] &3t oAl 1.0 mm FH o=
E Ao Aol 1.0 X 1.0 mm¢l R g AHES A skt AztE AlH
& 24N ZFERE Sl Bakekaitt

7} A|HE cyanoacrylate H&A (ALTECO Kores Inc., Pyungtack city,
Korea)2 Al&&Xo] Hztal & whzAld7] (EZ test, Shimadzu Co., Kyoto,
Japan)9 jigdl A EAAE nASL EF 0.5 mmY crosshead speedZ A]Ho|
g wj7bA] dFstEs 7hsklv

nA1Y A EsE S8 5, 4 w9 EE 34 HA Adetd £S5 dH"s)
o] 24413 ESF Hx3E 5 stubol] F-ASke] 12 KV A stollA W& 700A
Az 18 Fot =39 FE-SEM (Field Emission Scanning Electron
Microscope. Model no. S-4800: Hitachi High Technologies Co., Tokyo,
Japan)& o]-&3dto] AGLS HEEUT. FASFLE A) Aot WE w24



A HAZA 34 (adhesive failure), M) Aopd o g2 =9 YRAAET} o}
RAE EFAA A F O HRIANAES] 3 34 (cohesive faiure)=2 733
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ol gato] fFolRE (=0.0594 4 HAL &)
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3ol ghate AlA T, Zb oA 2719 Al (BT 87)S o]gske dxl
AHESH Aold 9l EdHX AWE FARAAARZ R #zEer] 98] AlHs
Al =3kl T

3ol e AlES S AL dESS of&ste] HAstaL, Eo] ¥
49 AEYA Isomet Low Speed Saws ©]&3slo] AJHS| Foo| A & 4 W
goz dAdste] g w3 4719 dHEES AZE. 7 o] duE W Eo| ¥

% el A 600-, 1,000, 1,200-grit SiC paper =22 Au}sld

FHL 32% Uni-Etch® 10&3F F-24AgstaL, 2% AFotd U EFS
2 18z g a9 g gs, 2 1081 AlAHSEAL, air-syringe® 7PH Al 10331
Az 2 AlES stuboll F-2ske] 12 KV A9k shellA 17 F<t WaS 700
T35t} FE-SEM 3&loll A zF 9] #ZAHES} Aolad 9 H3lg
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L.z} o] mAQlY A=

SR dobdel FHA A4 ¢
A= Table 3¢ YER AT

7k o] dobdel ek mAldd AFAEE one-way ANOVAR Hlulgh Az, 2%
A 4] ARIAME wet AR fo7 AolE yERHSIE (b < 0.05).
Zh i gre] mAlEE AgAEe] vaE 918 Tukey®] HSD WS o]&3ke] ARA
& AR A3k PA 23 RE ¥ MA 23} Bl with SAHH0R & A

= YAt (p < 0.05, Table 3).

AHIES] mARIY AdAEe] Aok #

l:,

P

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

Failure mode No. of

Group pSBS(mean £ SD) - ' '
adhesive mixed cohesive measurements

PA 12.92 + 2.93° 2(10%)  7(35%) 11(55%) 20
RE 10.87 + 1.79° 3(15%) 12(60%)  5(25%) 20
MA 6.35 + 2.42° 13(65%)  7(35%)  0( 0%) 20
BI 7.35 + 2.80° 12(60%)  6(30%)  2(10%) 20

PA; Panavia F 2.0, RE; RelyX Unicem Clicker, MA; Maxem, BI; BisCem
Superscripts of the same letter indicate values of statistically no
significant difference by one-way ANOVA and Tukey's HSD test.

1) A YA
n A A E SH3 T FARRAAN A S Fole] B 74 o] HF
A, T34 2 2R HEE Table 39| EAIGAT A AAHESE Aola A o

TGS PA TAlA S84 3d (55%)¢] =3 #EHAem (Fig. 1), 34 #
oA HUIAHMES} thFet =7]e] vpdE HAefry $EEAY (Fig. 2). RE oA
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34 I (60%) MA o3} Bl oA A2 34 (65%<F 60%)°] di+-
ZE o (Figs. 3-6), MA 9] ydWelA wAg A7]9] Pyt &g #3y]
Ak (Fig. 5).
2) HAANES} Fold € HFaHz e HEAAH
PA & H5&#23 Panavia F 2.0 #ZAHE AH| A oF 5 me] v]efFst 3t
=o] #FEIL, Panavia F 2.0 dXIANESE ol AddA = 114 23
7 o]
RE 2 5373 RelyX Unicem @ HAWE Ao o 70 me] 2 1+
o] #2E N3, RelyX Unicem BNZAHES} Aold AWM= 71dsk Hzbap A&
o] Fe AEH 7 SR AT (Fig. 8).

MA & E&# 33 Maxem #XAHE AHo| A °F 60 mme] & 7+=o] Az

3 7]

A A7 BEE A (Fig. 7).

2

HRom, Maxem #HZAHES} Ao}zl Ao = BEAEAQ 1-2 me] v]eksh
Fb=o] #ZEE QY (Fig. 9).

M
S
i

Bl ¥ BisCem #HZIAIHES} Aol AHANM = oF 15 me] 443 3+
ZE R om, 7k Ateold -2 dXEH 27 A #EEHAY (Fig. 10).



Della Bona®} van Noort'We] <ite] <ostd AdAr:= Ao 3 Ade
(cohesive resistance)e #H7Fst=d 7 a3l vbA, AgHAE Ade] &

e Brbsksl aabAolgtal itk 7ol AR IE AR APl HlE]

2 AFA PA o] wAIQIA A EE 12,92 £ 2.93 MPa® 2E T
A 7P =4 WEbsaL (Table 3), 20709 Al 5 55%°A A sha 3t
Aol A vefet Ar1e] sbdd derF I E Y (Table 3, Figs. 1, 2). %3
HoAte] #n A A 7oA Panavia F 2.0 sIXAIHNES}E AJold Ao A=

A HZa A vare] a7 A $EEAT (Fig. 7). olHg A
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e dxlel b #EE o] (Fig. 8) PA o ®bg g vAIZIAA AFS ol FA

a
ot

FaL QIAIRE, RE el A A2 wAlQld 297 10.87 £ 1.79 MPazX] PA
o] AgAmel FAgAcE Fo3 AfolE WERNA Skt (Table 3). RelyX
Unicem Clicker= 28 g&o = Q3 #& el oFst x7] pH (2.1)Z 34
Fopd el HUAES Ak R AW, B Aol Ay RE
b &3l RelyX Unicem¥ PA F 2.09] “go}

Aol F W5 A EE G2 AT E BRuygg’?
Al-Assaf 5'V& 2ro}do] A43 Panavia F RelyX Unicem®] ©3|H$E
=74% A3 Panavia F= 51.99%, RelyX Unicem 45.03%% UElJo] S AISH
Aol zpol7t glrkar &Gl Ed Mazzitelli 5'7¢ RelyX Uniceme x%¢to] ¢l

ARG A5 seld B Be dold ARFES vrhitka wasta ol

Y

o, o]d we} RelyX Unicem Clicker= FZAtol]l &Jdl WA radical T #HHe-9l
ot o] Frtdo = Aol Q4 methacrylate®t 7149 & Tt AF-17]
o] B M=ol AA=et AlwolM el Hed= (adaptation)7t FHEH A=
Aoz Mg EH
HodAel MA 9] vANE AddEE 6.35 £ 2.42 MPag uehlo] &
aoll w3 7Hg WA UERsttl (Table 3). o2t Ay ool tigh 472
AR ARANES] vAQY AFAEE sk A7l Maxemol
Panavia F 2.03} RelyX Unicem®t} A o2 v A} eE YeR)va
B3 Goracci 579 A7 AFe} AXEGTE B Ao FAAAL @A Azl
A MA o] RHFFE Aotd WS weh dAMEZE s e 2 gpdo] o
F& (65%) ¥#EEA3(Table 3, Figs. 4, 5), Maxem¥} “Fo}d Alojo A &
Al 1-2 me] vk 7h=ro] #EHAT (Fig. 9).
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dihydrogen (GPDM)ol| o]&] o] %] =] A 7Y Maxeme %7] pHell thal A Z3]|A}

of Au7F Qo FA A dFAZE A Ze] vig AdSA (wettability) & A
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=]
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—

3

B A 35 £ 2.80 MPaE YElfo] PA
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¥ 424 74 (60%)°] #EE AT (Table 3, Fig. 6). o]# st Aup= Aol
3k 27z YRAAHE S mAelA At E Bl uo A BisCem©| RelyX Unicem
Bty SAGHom W2 AR EE YRl BisCem® A HdA 57%2] 3=
A o] yebdtla Badk Mazzitelli 5'7¢) A7 Ao} Ax)adr).

T-o] FAHAAN A A A Bl & BisCemd}t Aroba Aol A
°F 15 me] w43 =3 k= Apolo] FH2 wlH VL A AEHAS (Fig.
10). A7FEF B AAIAES] QA esterst Aobd o]l AL 93l o] 232 9
2 daw Y. a2 BisCemd A& Bo] ¢lal @A Bis(hydroxyethyl
methacrylate) phosphateol] ]3| AoldS F251H, T3k BisCem? %7] pHE
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Fig. 1. SEM micrograph of dentin side showmg
a representative cohesive failure within Panavia
T 20 (x 130).

B 5.0k 16.0mm x130 SE(M)

Fig. 3. SEM rrncrograph of dentm 51de showmg
a representative mixed failure with a thin layer
of RelyX Unicem Clicker on the dentin
surface(x 130).

v 15 6mm x5.00k SEM]

Fig. 5. SEM micrograph showmg remmant a
few small sized filler(F) and cement(C) on the
dentin surface and fractured Maxem (x 5,000).

A5 KV 15 5mm X5,00k SE(M)

Fig. 2. SEM rrncrograph showing remnant
fractured filler(F) and cement(C) on the surface
of fractured Panavia F 2.0 (x 5000).

C 5,0kV 15.6mm x130 SE(M) S dooum

Fig. 4. SEM micrograph of dentin side showing
a representative adhesive faillure of Maxcem
along dentin surface (x 130).

f’ 5.0kV 15.6fnm x130 SE(NI) ~ " 400um

Fig. 6. SEM micrograph of dentin side showing
a representative adhesive failure of BisCem
along dentin surface (x 130).
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Fig. 7. SEM micrograph showing gap((®), about
5 pum wide, between the composite resin
(R)-Panavia F 2.0(P), and close adaptation with
numerous short and long resin tags between
the Panavia F 2.0-dentin(D) (x 600).

Fig. 9. SEM micrograph showing wide gap(Q),
about 60 wpm wide, between the composite
resin(R)-Maxcem(M), and discontinuous 1-2 um
Wid)e gaps(g) between Maxem—dentin(D) (x
600).

160RVAS 8 Y00 SEMIE 3 b R gl e 000U

Fig. 8. SEM micrograph showing wide gap(Q),
about 70 wpm wide, between the composite
resin(R)-RelyX Unicem Clicker(RU), and close
adaptation with a few short resin tags between
RelyX Unicem Clicker—dentin(D) (x 600).

54

4,5 0KV 18 S XA00 SEA

Fig. 10. SEM micrograph showing gap(Q),
about 15 um wide, and a few short resin tags
between BisCem(B)—dentin(D) (x 600).
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