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ABSTRACT

Bonding of a self—etch and self—adhesive resin
cements to enamel and indirect resin composite

Kwon—Hwan Cho, 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 compare the microtensile bond strength

(MTBS), morphology of interface created on enamel and indirect resin

composite by one self-etch resin and three self-adhesive resin cements.

Composite blocks (Tescera, Bisco Inc.) were luted with resin cements (4

groups - Panavia group—Panavia F 2.0, Kuraray Medical Inc., RelyX group—RelyX

Unicem Clicker, 3M ESPE, BisCem group—-BisCem, Bisco Inc., and Maxem

group—Maxem, Kerr Co.) on flat facial enamel surfaces of 20 bovine incisor teeth.

After storage in distilled water at room temperature for 24 h, 1.0 X 1.0 mm

composite-enamel beams were prepared from the luted specimens. jTBS

was tested at a cross—head speed of 0.5 mm/min. Data were analyzed with
one-way ANOVA and Tukey's HSD test. Enamel sides of all fractured
specimens and interfaces of resin cements—enamel or resin cements—resin
composite were examined using Field Emission Scanning Microscope.

The results of this study were as follows;

1. uTBS of Panavia group (23.34 * 5.13 MPa) was significantly higher
than those of other three groups, and those of RelyX group (18.20 =+
6.76 MPa) was significantly higher than those of BisCem group and
Maxem group (p < 0.05).



2. Failure modes of Panavia group were primarily cohesive in resin
cements (60%) and those of other three groups were mixed (65-75%)
on enamel interface.

3. Panavia group showed tight adhesion and 1-2 gm—thick hybrid layer.
Other three groups showed voids and no hybrid layer on the interfaces
of resin cements and enamel

4. All groups showed tight adhesion and thickness of resin cement layer

was 10 to 25 wm—thick on the interfaces of resin cements and resin

composite.

According to the results of present study, ,TBS of self-etch resin
cement was significantly higher than those of self-adhesive resin cements
to bovine enamel. Self-etch resin cement showed tight adhesion and hybrid
layer on the interfaces of resin cements and enamel, but self-adhesive

resin cements showed voids and no hybrid layer.
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AEAR AMES = g dRIAAEE X o st H2s F4A1717] 98
dutH o2 AMEES A835t7] Aol AHAlE A de AHd3s] Agfsteiop g}, et
A HRIAMES AEe Agste A wel d5F2 (total-etch), AZH-A
(self-etch) & 272 (self-adhesive) HFIAIMER BF A},

A2 AAAANE = 3EAY 29A1 o] AH-2] HAA|2F S o] §dto] AdE A
g3 § HIANHES ARSI o] 23k A EE A7HEAoluy A7FE A A
E o AFPES VERRARY, A5 HHA A ALgo
A% EANAAT EFHUT T FAH AHHm Yt

A7pEA ARAAMEE 28 Ei= 19 A7EE4 Zalol  (self-etch

primer)E °lgstol AdE WHsH =TT (smear layer)e Aol o] &gt}

Aol wig el we. el old @ AWMES ST A% FH AAL
Adel Qe FRol AAAZ o] $REo] x7] st Udlo] @ F 9
q_ll*l’%)

ARRE ARANEE AR} AHRA ARAANESE Ge] AWS A

sA 9 AMEES A de] Ay Ageinm, As} ofd AREY Fehs ofolow
o AMEAR 3 @A BE FERAe] GV ArpA g A E e}
PRI R mREgld A EE dAAMES A8 E3NNTS e
R g watt?. ol2et YA MES] A&7 AL Ak vhgA| sl ksl 3]
Ao steAel Fgo oets Aer RuHm At ey gare] AP

Aol A7 A ES] Aol tidh A s A4 A E] H]



ate] WA @ oz mauw i gty

et Aol ols AtAld AFI A7HEA g AR GRIAES] A
o #a ATVt WYHUTE Goracei W FALAAAM A FE| A A7pE-A
HAAHMEE Aol AW &35 E¢Z (hybrid smear layer)o] T2 A
ok AR GRAANENE AES JETF A AL o] Fo] A ekgkrhar
itk = Monticelli §'7 A7HHA dAAAMES B25S FEHor da
SAA T Adobd Aol E33F (hybrid layer)o] #2E A gokar, shgel A

gk Aot 2ol E3u HF= AGEAY o] Fol XA dkrhal B skl

@9 Duarte 57 WFAT AHRA AHgH AAANES] AGPES @
& QA EIHE Wad ATOIM, AR AAAMEE Aol ol
SAe) ARPFEE AAAINA ZaAGA, A AAAMEE Qo] oG ¥
Aol AAeel ofs AGPEst F3ol F4HUAtD vt

WAl B BEe Adse] xo) Wl 15 AHEA HRA

HWE (Panavia F 2.0)¢+ 3F9 A7+dz A ZAHE  (RelyX Unicem Clicker,
BisCem % Maxem)® $2kste] | ZA| Wl ES] E7o wlE uAely Atz e 2

FANE = vasih



o TAE 29 AA 16715 AdA oLz ALt AdAgs 159 At
21 HRAHES} 359 A7PEA GRAHES ARl (Table 1), 7V Eatgd

-2
FEES AZsl7] $18ke] Tescera (Bisco Inc., 1L, U.S.A)E ARSI

Table 1. Self-etch and self-adhesive resin cements.

Resin cements Product name Manufacturers Batch Number
Self-etch Panavia F 2,0 ‘uraray Medical Inc, 002574, 001288,
Okayama, Japan 00324A, 00052A

Self-adhesive  RelyX Unicem 3\ ESPE Dental Products,

Clicker St., Paul, MN, U.S.A. 332426
BisCem Bisco Inc., IL, U.S.A. 0800010930
Maxem Kerr Co., CA, U.S.A. 78329

74 BRI SuE
Mg, HRARES]
AZ1sk 650 mWem’e] # ZAEE ol &aigith. B Ao ALgF B3t} A e

o] B Table 29} 2t}



Table 2. Composition and handling of resin cements.

Resin Composition Handing
cements
-Mix equal amounts
Primer A : HEMA, 10-MDP, 5-NMSA, of ED primerI A
water, accelerator. and B.
Primer B : 5-NMSA, accelerator, water, Apply the mix on the
sodium benzene sulphinate. bonding substrate
Paste A: 10-MDP, hydrophobic aromatic with a brush and
Panavia F and alphatic dimethacrylate, hydrophilic leave it undisturbed
2.0 dimethacrylate, alphaticromatic silanated for 30 s.
silica, benzoyl peroxide, photoinitiator Dry with a gentle air
Paste B: MDP, hydrophobic aromatic and flow.
aliphatic dimethacrylate, sodium aromatic  —-Mix equal amounts of
sulfinate, hydrophilic dimethacrylate, base and catalyst for
sodium fluoride, accelator, silanized barium 20 s, apply the
glass (filler load 70.8%, particle) cement onto the
primed substrate.
-Dispense the paste
on the mixing pad.
Eel.yX Base paste (white): methacrylate monomers Press the cllckgr
nicem o . . . lever and hold it
. containing phosphoric acid groups, silanated
Clicker fillers, initiator, stabilizers down,
’ ’ -Mixing time : 20 s
-Apply the cement on
to the substrate.
GPDM, co-monomers (mono-, di-, and tri—
functional methacrylate monomers), -Mix base and catalyst
proprietary self-curing redox activator, through the automix
Maxem photoinitiator (CQ), stabilizer, barium glass dual-barrel syringe.
fillers, fluoroaluminosilicate glass filler, —Apply the cement
fumed silica (filler load 67% wt, particle onto the substrate.
size 3.6um)
-Mix base and catalyst
Bis (hydroxyethyl methacrylate) phosphate through the automix
BisCem (<10%), tetraethylene glycol dimethacrylate dual-barrel syringe.

(<25%), dental glass (<85%) -Apply the cement
onto the substrate.

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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Ao gololrs Hadw A0 MR ATs ddste] A@dHs AU 9%
gl gtxel of78e ¥Zl (Lang Dental MFG. Co. Inc., Chicago IL, USA)<
ol-gato] Z} e sHo] mEFHLEE wiEdte]l AAMZAYP Y AlHE Al AeAT
dzlo] Astd ¥ Eo] Fgd AHelA 180-, 220-, 400-, 600-grit silicone
carbide (SiC) paperg ©l-&3o] A #e] WS Avfsto] HAF HPd xdS
A ATt

Aete AAato] AAZAEe] o (7F2 15 mm, AlZ 10 mm, Z°] 4 mm)E
PFA3s ¥ polysiloxane 1A (GC Corp., Tokyo, Japan)& ©]&3}o] Q1AS Al
S3etol 16709 AAa BEs AFedd. AAal 2y obsol Al
(Ivoclar-vivadent AG, Schann Lichtenstein)E =33}3 Tescera (Body A3) &
FeAE 2 mm FAR FHT F, A4 Y& TESCERA ATL 53719 light
Aol a1 23 30x% &<k F Tttt A BRYES TR7IA Aol 5§
A% flol 2 mme] E§ sAsta vl Fd7INAM FSd A

i =
< eIt 1 % BiExle] Aste AAa 2YEE FH719 heat 3 (1327)

Ao thololRE T]2AE olgdle] FAW WA W Avle] REF 747
z sk td. Microetcher (Danville Engineering Inc., CA,
US.AE o] &3ty Hardy) tate B3k WS 50 m YAA7] 9] 4kl 57

FOoR 1027 M= B8t~ & 32% Uni-Etch (Bisco Inc., IL, U.S.A)Z 20
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Clicker/ BisCem *; BisCem/ Maxem = Maxem )l 47§ wjA3+ & Table 29
2rapgol wel Zhzke] YHAIMEES E3kelgitt. =3k 7 o] YIAHMEES W
XAy Ay 5@ xdd 83 ¢ &rhe 39S o] &k gEEA

=
HFda Bz Abolo] = URXAMEES FRAIE 223F AL ko]

ek o]l e AlH T 7 oA 2719 AJEES AESste] (BT 87l) TA
Ao o] &3ttt =7 H&A] (Scotch Super Glue Gel, 3M,

j
USA)E ol 8ste] oladgela #5e] AAS 3F F, Fol TFE Feol
Aol -4 PR 1.0 mm FAZ Avslanh dzkel AR Fol AA
Gelz 2
ARE Amel SEAo] 1.0 x 1.0 mm ARG ALEA. AL e 24

7z} A¥#E cyanoacrylate &A (ALTECO Kores Inc., Pyungtack city,
Korea)Z Al&A#AX]o] Hzsk & wbsA|d7] (EZ test, Shimadzu Co., Kyoto,

Japan)¥] jigell A@AAE 1A o 0.5 mm crosshead speed@ A]Ho] 3}

Pes 543 5, 4749 34 15 913d EHs dYste] 244
b e A T ostubdl] F-&ske] 12 KV z9t stellA WE& 7T00A FAE 1
T B¢ =3l FE-SEM (Field Emission Scanning Microscope. Model no.
S-4800: Hitachi High Technologies Co., Tokyo, Japan)slollA] s}d s w2
sttt wpA g A4 9 (adhesive failure @ W2 WS o dAE 1)

=
d), ¢4 94 (mixed failure: B#a Holl gk Zo] HHAHNET} Ho} =

o



A2 ) 2§34 98 (cohesive faiure: HIAIMES] dpd)= #7313

Zb o] v A Ao Uit FAH AT AT Z=
(ver. 14.0)ol4 one-way ANOVAS} Tukey's HSD AL o] &35+ p < 0.05
gl A AT

Hddol] Bd o] F2E A F, 2 wellA 2709 Al (5 87 o] &3t
Eo Wgd 9 53 AdS wEetr] 9k AHS AlEelth

Eo] 3% AHolA Isomet Low Speed Saws o]&3lo] AlHL FoolA A

o1& wako g Auste] s 7 4719 AHES A s ol FEE A

o A1 600-, 1,000-, 1,200-grit SiC paperg ©|&3te] 7} o Aoty THES ¢

AntyEl WS 32% Uni-Etch® 10%7F A A 8351, 2% 2ol LMY EFO
2 183 g ' 3 gs, B2 1073 AlF3ska, air-syringe® 7PHA 10%3F
Az3FATE ZF AHE stubol] F&ate] 12 KV At dhollA 18 FoF WFS 700

Ewe3ith FE-SEM sl A z4 ko] #liA e Hadd 5 55t



LA Al AR E

Madel Badle §RW 7 ol vAQG AFPEY BRAS EFEAAE

Table 33 7t}

AYAE el BAA R FoIF Aol E UERILIT (b < 0.05). 2t & 71 )
VY AFYEE JE0E e Tukey®) HSD W& ol83tel AFAEE A

A3}, Panavia -2 7P =& AT (23.34 £ 5.13 MPa)E UehJo] RelyX i+

o,

BisCem v ¥ Maxcem 3 SASHH o2 Folst Z}o]lE YEFNRI AL, RelyX & &

P Aol A E (18.20 £ 6.76 MPa)E WEeRHo] BisCem 73 Maxcem XUt}
FATAH R A YERGTE (p < 0.05, Table 3).

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

Failure mode No. of
uSBS(meant SD) . . -

Group adhesive mixed cohesive measurements
Panavia 23.34 + 5.13° 2(10%) 6(30%) 12(60%) 20
RelyX 18.20 = 6.76° 3(15%) 15(75%) 2(10%) 20
BisCem 12.08 + 3.74° 7(35%) 13(65%) 0C 0%) 20
Maxem 11.83 + 4.20° 7(35%) 13(65%) 0C 0%) 20

Group (Panavia; Panavia F 2.0, RelyX; RelyX Unicem Clicker).
Superscripts of the same letter indicate values of statistically no
significant difference by one-way ANOVA and Tukey's HSD test.
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A ES] Attt FATA o7 Fogk 2ol UERAAY (Table 3). ol& &

Fdoll gk A7HA A MES] wARE AR A7 A
A HERTT = Ko7 =7 vebgtla Bk Hikita Y, De Munck
3} Goracci 59 AP Ao} A8k th Goracei 5'Ve o3 A=
ztolell #ate] A7 HRAMES 23hE b TERAe] R HEg o
o) Wa] F3lE X9k Pannavia 2.02] ED primer= A7 g AW E] H]3
A gaet w2 Hrw st HEES 4 wetting® & 7] wiZol
Aot HE3gk Panavia w9 F2 AR EE 2 AT FARAERE A
oA 20709 IHAIH T 1270 (60%)7F HIXIAIME delA sbdd 34 344
(Table 3, Figs. 1, 2)& HE$3, Panavia 2.0 dIFAHNES} HFd AdeA 714

e Fate] AT F AU (Fig. 8).

RelyX Unicem Clicker?] 14t group® %7]9] @2 PHS AXAE &3|s=
TS AL AR, De Munk 57 FARAAEN A Ftel oahH RelyX
Uniceme ©@x fZ#x o7 WMz dabstan Z3Zo|v grle 17 #zhE A
otk sgith ol#dt A7E 2 AT RelyX wollAl HRIAHNES} Hga o
AW A de G2 o|Fa gxwt EslZo] AR i, A NES}
Hegd Afololl Aadrel T #EE FARMAEAN A A7 v skolth, Ema 2
o] BHe FE EFY Aol (75%)°] #EHIL A
42 10%45l #ZE ATk (Table 3). ©]9F o] RelyX Unicem Clicker®] A&t
H AZIAA FA= B ATl SAHE RelyX w9 wAIY A E (18.20
+ 6.76 MPa)7} Panavia w®t} SAISA o= WA vebd Aael A A

2]
Hobes Alzabe] Aol A sl Aol E3E AR groupo]l ARSI A o] 7
ol &3} AolEH: et Ajel o oF® A 2. Duarte V& X4

P
o
Wl tigh mARIY A= AAIA A7FEA A ES St
o

21 d e 488
T A= S E R AT AR HAAIHME (RelyX Uicem)e 14k



o] g0 AFAEI} FFHANUtT Bk £ Hikita 50 Wl of
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o 2 Aol sdg A7 A HIAME T RelyX o] Mgl gk 2

7=+ BisCem w3 Maxem XU EA8A o=
Table 3). Goracci ¥ A71d& gAAWMES] A Ao )3k njAld Astr}
H]ao A RelyX Unicem < Maxem BT} EA|s+¥ oz =

=
shlth 2 Ao dAnA Ao Maxem & HIEH} 14 H

= (
11) ol#lgk 37} Maxem w9 W& AgPdEe 7]osls o= Aztenh

RelyX 3} mlz7FA] &2 BisCem 3 Maxem < HEA I} fIAHE Alo]
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V. 2 &

H AFoAEsE B E22 19 272 dIAHE (Panavia F 2.0)9F 3

T A7Fg 2 #ARIAIHME (RelyX Unicem Clicker, BisCem % Maxem)= 2o

Gstel AAAMES] Fiol W v AGPEs AGANE FEr| w7
sl5te] Al apaheint.

DAE 16709 & AXo &H HFA] Tesceras ©]-&3dte] A2tE Hat#zl
555 YIAHES FFHo| wel 4709 + (Panavia v - Panavia F 2.0, RelyX
- RelyX Unicem Clicker, BisCem = - BisCem % Maxem - Maxem) o .=
Fotol FAstqleh. AlA-S AR SRl 24A1%F wF Bk & 2 o] v

o] 1.0 ¥ 1.0 mme] #ejeke] AlHS Aztetltt. 2 AJHe £9 0.5 mm]

crosshead speed® QAst%=<S 718te] 24T E =A 91, 2 + 7+ 237

=

7)
%= H|2l+= one-way ANOVAS} Tukey? HSD HHH S o] &3}ty FE-SEM 3}
Al EE spdEe) HEgd & oA g A ES] HEd 9 griAuEe}
Fele] AMS Frlkste] vhad 22 235 AU
1. Panavia 9] A4%E (23.34 £ 5.13 MPa)= th2 3719 wHth SA AL
2 E/ YeRa, RelyX w9 AF4E (18.20 £ 6.76 MPa): BisCem w3}
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5.0kV 16.3mm x130 SE(M)

Fig. 1. SEM fractography of enamel side
showing a representative cohesive failure
within Panavia F 2.0 (x 130).

(1) i .
Fig. 3. SEM fractography showing a
representative mixed failure with a thin
layer of RelyX Unicem Clicker on the
enamel (x 110).

Fig. 5. SEM fracbography showmg fractured

angular fillers(F) and resin  cement(C) in
cohesive failure site of RelyX Unicem Clicker
on the enamel (x 5,000).

E 5,0kV,15 6mm X500k /SE(M)

Fig. 2. SEM fractography of showmg
fractured angular fillers (F) and resin
cement (C) in fractured Panavia F 2.0 (x
5,000).

= 50kV‘16‘7mm<X5 00k SE(

Fig. 4. SEM fractography showing smaller
fillers (F) in adhesive failure site of RelyX
Unicem Clicker on the enamel (x 5,000).

2.5:0kV. 15 9mm x130 SE

Fig. 6. SEM fractography showing a
representative mixed failure with a thin
layer of BisCem on the enamel (x 130).
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Fig. 7. SEM fractography showing a
representative mixed failure with a thin layer of
Maxcem on the enamel (x 130).

Fig. 9. SEM micrograph showing tight adhesion
in the interface of resin (R) -RelyX Unicem
Clicker (U)-Enamel (E) and 15 pmrthick cement
layer. Hybrid layer was not evident and a few
of voids (V) were observed in the interface

of U-E (x 2,000).

SEM micrograph showing 10 m-thicl
cement layer in Maxem (M). Numerous voids
(V) were observed in the interface of Maxem
and enamel (BE) (x 2,000).

Figll.

S i Ao i) VAN EN RA § A :
Fig. 8 SEM micrograph showing tight adhesion
between resin(R)-Panavia F 2.0 (P)-enamel (B),
25 pmthick cement layer and 1-2 pmrthick
hvbrid laver (F) (x 2,000).

10. SEM micrograph showing tight
adhesion in the interface of resin (R)- BisCem
(B)- Enamel (E) and 10 pmthick cement layer.
Hybrid layer was not evident (x 2,000).
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