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ABSTRACT

THE BONDING DURABILITY OF RESIN CEMENTS

Min-Woo Cho, Sang-Hyuk Park, Jong-Ryul Kim, Kyoung-Kyu Choi*
Department of Conservative Dentistry, Division of Dentistry, Graduate of Kyung Hee University

The objectives of this study was to evaluate the durability of 4 resin cements by means of
microtensile bond strength test combined with thermocycling method and fractographic FE-SEM
analysis.

Experimental groups were prepared according to thermocycling (0, 1,000, 5,000) and the kind of
resin cements, those were Variolink II, Multilink, Panavia F 2.0, Rely X Unicem. Flat dentin sur-
faces were created on mid-coronal dentin of extracted third molars. Then fresh dentin surface was
grounded with 320-grit silicon carbide abrasive papers to create uniform smear layers. Indirect com-
posite block (Tescera, Bisco Inc., Schaumburg, IL, USA) was fabricated (12 X 12 X 6 m®). It' s sur-
face for bonding to tooth was grounded with silicon carbide abrasive papers from 180- to 600-grit
serially, then sandblasted with 20 - 50 un alumina oxide. According to each manufacturer s instruc-
tion, dentin surface was treated and indirect composite block was luted on it using each resin
cement. For Rely X Unicem, dentin surface was not treated. The bonded tooth-resin block were
stored in distilled water at 37C for 24 hours. After thermocycling, the bonded tooth-resin block was
sectioned occluso-gingivally to 1.0 mn thick serial slabs using an Isomet slow-speed saw (Isomet,
Buehler Ltd, Lake Bluff, IL, USA). These sectioned slabs were further sectioned to 1.0 X 1.0 mn’
composite-dentin beams. The specimens were tested with universal testing machine (EZ-Test,
Shimadzu, Japan) at a crosshead speed of 1.0 mm/min with maximum load of 500 N. The data was
analyzed using one-way ANOVA and Duncan’ s multiple comparison test at p < 0.05 level.

Within the limited results, we conclude as follows;

1. The bond strength of Variolink II was evaluated the highest among experimental groups and

was significantly decreased after 1,000 thermocycling (p < 0.05).

2. The bond strength of Multilink was more affected by thermocycling than the other experimental

groups and significantly decreased after 1,000 thermocycling (p  0.05).

3. Panavia F 2.0 and Rely X Unicem showed the gradually decreased tendency of microtensile bond

strength according to thermocycling but there was no significant difference (p » 0.05).
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4. Adhesive based-resin cements showed lower bond strength with or without thermocycling than

composite based-resin cements.

5. Variolink II & Multilink showed high bond strength and mixed failure, which was occurred with
a thin layer of luting resin cement before thermocycling and gradually increased adhesive failure

along the dentin surface after thermocycling.

The bonding performance of resin cement can be affected by application procedure and chemical

composition. Composite based-resin cement showed higher bond strength and durability than adhe-
sive based-resin cement. [(J Kor Acad Cons Dent 32(4):343-355, 2007)
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Table 1. Resin cements used in this study
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Tymol Lo Bst T n AR E 4 D AA

FAAAER A (FE-SEM) 2] AHg-atgict.
*H“ ATl A AR HZIAMEE Variolink 1T
Vivadent, Schaan, Lichtenstein), Multilink (Ivoclar
Vivadent, Schaan, Lichtenstein), Panavia F 2.0
(Kuraray Medical Inc, Osaka, Japan), Rely X
Unicem (3M ESPE, Seefeld, Germany)©]tt.
o|£9] 7t TR 7+ Table 13 2om 7t g7l
AR Ed]] AHEE = Aobd HHA Y 1 /= Table 29t
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Resin cements Type Curing mode Composition Lot Number
Variolink IT
(Ivoclar Vivadent Base Paste : BisGMA, UDMA, TEGDMA, DMA, J03646
Schaan, Composite Dual barium sulfate, Ba-Al-F-Si glass, ytterbium trifluoride J01609
Lichtenstein) Catalyst Paste : benzoylperoxide
Multilink
(Ivoclar Vivadent Self dimethacrylate, HEMA, barium glass filler, ytterbium H33577
Schaan, trifluoride, silica filler, catalyst, stabilizer
Lichtenstein)
A Paste : 10-MDP, bisphenol A polyethoxy dimethacrylate,
hydrophobic dimethacrylate, hydrophilic dimethacrylate, 00176A
Panavia F 2.0 benzoyl peroxide, silianated silica, colloidal silica, D,L-CQ
(Kuraray, Adhesive Dual B Paste : hisphenol A polyethoxy dimethacrylate, hydrophobic
Osaka Japan) dimethacrylate, hydrophilic dimethacrylate, NN’ ~diethanol-
P-toluidine, sodium 2,4,6-trisopropyl benzene sulffinate, 000258
silanated barium glass, silanated titanium oxide, sodium
fluoride, colloidal silica
Rely X Unicem Powder : glass powder, silica, calcium hydroxide, pigment,
(3M ESPE, Dual substituted pyrimidine, peroxy compound, initiator 240594
Seefeld Liquid : methacrylated phosphoric ester, dimethacrylate,
Germany) acetate, stabilizer, initiator
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A4 diamond saw (Isomet, Buehler Ltd, Lake Bluff,
IL, USA)E dnrste] A Fobd S =27
FEW-E #320 SiC papers ©]&3te] dAnfet 7 EEF
< g3st9h

E3#% blocks Tescera (Bisco Inc., Schaumburg,

IL, USA)E A8l 12 x 12 X 6 m*e] 27| 2 A28}
Aok AFE B blocks a2 #180, #320,
#600 SiC paperg °]&ste] dAvlstar 20 - 50 un 4FsHL
Frlgo 2 1027 W A2l (sandblast)ste] H2HE
A5t}

xﬂ ZAL] Ao mha} Fobd HHAAE A &gk §, X|olk
Holl 7} PAAMES A&k B8 A blockS 27
t} (Table 3). Rely X Unicem< A A& 3HA] 21

4 AuEg A,

FAYMES AHgale] 12708] Aol HHA7 F B2A
} 8.3} Variolink II, Panavia F 2.0, Rely X Unicem
M= LED #3587 (Elipar FreeLight 2, 3M ESPE,

N

Table 2. Bonding system of resin cements used in this study

St. Paul, MN, USA)E
(Table 3).
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C. A9 dedh

A2 1270 Ao AlEE 37C S/l 2487 F
P B ¥ dests AdaA @ SAE (T = 0),
1,0008] (T = 1000), 5,0008] (T = 5000)°.2 1}
7ol 48] (32427, TaeWon Tech, Slhung
Korea)olA] @85 Alddstsitt. & 439 desle b
T % 55CY e w22 FAEH, AlHo] Fxd| 72

AIZEE Zh2E 15%0H o]F Al 6271 A8 E ]l
BE s B z2ade ste] AAFo R AojHE
= 319t} (Figure 1).
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Az 127) Ad7o AHE AL diamond saw
(Buehler, USA)E ©]&sto] X|ote] A%2 wtet 1 m9]
AR Adata, o] & thA] £ Adste] @Ao] o |
m?7} H =5 2 AlEE AT (Figure 2). At
d AAe AR AR S E S8E A9 jigel Zapit
(Palladium, USA) < o] &3] F-2gt & universal test-
ing machine (EZ Tester, Shimadzu, Japan)< ©]&3}
o 1 m/min®] $E2 A& 7heto] nARIGAR
TE 439, fd4F 0.05 levelolAl one-way
ANOVA / Duncan' s test2 £ 24313t}

Resin cements Bonding Type Bonding system Composition Lot Number
Variolink IT
(Ivoclar Vivadent Total etching Excite DSC : Etchant : 37% phosphoric acid gel J03640
Schaan, Adhesive : BisGMA, HEMA, ethanol, water, filler, CQ
Lichtenstein)
Multilink Primer A : water, initiator J04346
(Ivoclar Vivadent Self etching Primer B : phosphoric acid acrylate, HEMA, methacrylate
Schaan, Lichtenstein) modified polyacrylic acid stabilizer J03234
ED Primer IT A : 2-hydroxyethyl methacrylate, 10-MDP,
Panavia F 2.0 N-methacryloyl 5-aminosalicylic acid, N,N' - diethanol-P- 00220B
(Kuraray Self etching toluidine, water
Medical Inc, ED Primer II B : 2-hydroxyethyl methacrylate, sodium
Osaka Japan) bezen sulfinate, N-methacryloyl 5-aminosalicylic acid, 00100A
N.N' -diethanol-P-toluidine, water,
Rely X Unicem
(3M ESPE, Seefeld Auto adhesive none 240594
Germany)
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Table 3. Bonding procedure of resin cements used in this study

Resin cement

Bonding Procedure

Variolink II

. etch for 15s, wash and blot dry

. apply Excite DSC for 10s, light cure for 10s
. mix equal volume of base & catalyst

. lute and light cure for 40s

Multilink

. mix Primer A & B 1:1

. apply for 15s and wait 15s

. dry with water & oil free air
. mix Multilink paste

. lute and wait 5 minutes

Panavia F 2.0

. mix ED primer IT A & B 1:1

. apply and wait 30s

. gently air dry

. mix equal volume of paste A & B

. lute and light cure for 40s

Rely X Unicem

DO — Ot & W DN HIOL B W N (A wbdo

. mix Applicap capsule by Rotomix for 10s
. lute and light cure for 40s

Sectioned
occluso-gingivally
1o 1mn thick slab

Bonding indirect
composite block

|
UTBS testin * |
9 Cross section to
crosshead . ity
speed of [T
lpllen/min i composite-dentin
beams
Yy

Tooth Preparation

Figure 2. Schematic presentation of #TBS testing.

Thermocycling method
: dwelled for 15s at each bath and interval for 6s
© 0, 1000, 5000 cycles

UW]OV} ?EL AE AE Ao e 34 42 AT
(T = 0)9] AHe JHAHS FAAHsI] =28 2
M-S #1500, #2000 SiC paper$} ZnO #%& o] &3}

Anfatar A2 3% NaOCloll 3% Ag]gt 3 gold sput-
tering (SC 502 sputter coater, VG Microtech,
England) atla, MAIQIAAREE A5 oldS
IHH S gold sputteringdle] FE-SEM (Leo Supra 55,
Carl Zeiss, Germany; Genesis 2000, Edax, USA)<
o] &3] HAsA L.
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Table 4. Microtensile bond strengths(MPa, mean strength &= SD) of 12 experimental groups

T=20 T = 1000 T = 5000
Variolink II 51.95 £ 12.07* 42.40 £+ 16.44° 40.32 £ 13.41°
Multilink 37.55 £ 12.81" 26.54 + 9.21° 20.75 £ 10.10*
Panavia F 2.0 22.25 £ 12.15¢ 20.10 * 10.227 18.24 + 8.55%
Rely X Unicem 18.31 £ 6.94 17.10 £ 7.41° 17.16 £ 4.62°

* Groups with the same superscripts are not statistically significant.
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MPa 30 Lo
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Figure 3. Microtensile bond strength of Variolink II.
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Figure 5. Microtensile bond strength of Panavia I 2.0.
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Figure 4. Microtensile bond strength of Multilink.
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Figure 6. Microtensile bond strength of Rely X
Unicem.
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Figure 7. Comparison of #TBS for each experimental

group.

HTAIHES] FE LfTof 2t A7

A3 (p € 0.05), 5,00038] o]Foll= Foat7t SAATH
(Figure 4).

Panavia F 2.0 A7H-218 Aol Zalon| & ALE3S
T AHY dIANNERAN 5FEXE (Variolink 1Dt
AN AFHETE ol WA YEst dd £ A
A2 AJAEr} Fas e s BoFae YA,
SAACE Fo4d2 gl (p ) 0.05) (Figure 5).

Rely X Unicem< Aobd J2#A & AXA ¢+ A7t
AAY HRIAEH 471A] HAAE Z 7P @ A
PAEE o3t 2o Eedh o] $of] BAHCE
o) e Abol & HAAFA] &3ttt (p ) 0.05) (Figure 6).

lo

Figure 8. FE-SEM photograph illustrating the resin/dentin interface (X 1000).

a. Cross—sectioned image of Variolink II. The thickness of resin cement was approximately 30 um, hybrid layer was
10 um, and the adhesive layer was likely thick. Uniform resin tags could be noticed. b. Cross-sectioned image of
Multilink. The short and uncertain resin tags were formed. Hybrid layer was not certain. The thickness of resin
cement was approximately 50 um. c. Cross-sectioned image of Pavavia F 2.0. The thickness of resin cement was
approximately 30 um, slender resin tags were formed and hybrid layer was not certain. d. Cross-sectioned image of
Rely X Unicem. The thickness of resin cement was approximately 15 um and hybrid layer and resin tag were not
formed. Notice slightly detached interface between resin cement and dentin. (RC : Resin cement, AD : Adhesive
layer, HL : Hybrid layer, RT : Resin tag, D : Dentin, R : Tescera composite resin)
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2. TALES FAKHAEOIE (FE-SEM) 2

HAA M gt FE-SEM &2 A 28] AA| AR
g Aold HAAZ Algste By gAAHED
Variolink [Io|A 7% A& #1233 s/ #49 &4

ol 45 dx G tagrzt & FAEA UAT
(Figure 8a). 19HA] A7F-A1E AJold &A1& ALg-sHE
Multilinkell & £430] EEH39 1 27 tage & 5
A =2 ZA P gt (Figure 8b).

AZFEAE Aol Zefolm E Aot Panavia F 2.0
dre PRI R E4F0] dAANESH EAlEo] &
Z2A FREATY (Figure

et e #l tage 7k

EHT = 10.00 kv Detector = InLens
Mag= 100X WD = §mm

Photo No. = 2110
Date :7 Nov 2006

a : mixed failure without thermocycling

8c). Aotd H&AARY = AAA &= Rely X Uniceme &
A&7} YA tage FEEA| &34} ( Figure 8d).

vpet o] #Hael| A Variolink 112] G538 3171 A AlH 4
A 99 g o] BAEHUCH, o|F et o3
HA s Fel S7kehe Ak ‘/}E}‘—H‘}iq (Figure
9, 13). Multilinke] 4%, &8 sl7] A AJHdM= &
Y gpjfitol B lon, Awdt o] % HAA A
F& 2ol FUY (Figure 10, 14). Panavia F 2.09] 7
T+ e AT J2A gy Pt Bl FA (Figure
11). Rely X Unicem® 7Z-f-oll= 330l glom dcdt
A v g /‘]“"E«] o7t #FEHA o, s
T A e g ofdol AEHAY (Figure 12).

EHT = 10,00 kv Detector = InLens Photo No_ = 2127
Mag= 100X WD = 3mm Date :7 Nov 2006

b @ adhesive failure with thermocycling of 5,000 cycle

Figure 9. Debonded interface of Variolink II (X 100). A : adhesive, D : dentin

EHT = 10.00 kv Detector = InLens. Photo No. = 2134

Date :7 Nov 2006

Mag= 100X WD= 4mm

a : mixed failure without thermocycling

EHT = 10.00 kV Detector = InLens Phaoto No. = 2151
Mag= 100X WD = 5mm Date :7 Nov 2006

b @ adhesive failure with thermocycling of 5,000 cycle

Figure 10. Debonded interface of Multilink (X 100). A : adhesive
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EHT = 10.00 kV Detector = InLens Photo No. = 2153 !i‘ﬂ Hee EHT = 10.00 kv Dstector = InLens Photo No. = 2160 Kgm Hee
Mag = 100 X WD = 8&mm Date :7 Nov 2008 vy Mag= 100X WD= 4mm Date :7 Nov 2006 aTveraiy

a : adhesive failure without thermocycling b : adhesive failure with thermocycling of 5,000 cycle

Figure 11. Debonded interface of Panavia FF 2.0 (X 100). A : adhesive

EHT = 10.00 kv Detector = InLens Photo No. = 2167 Kyg Hee EHT = 10.00 kv Detector = InLens Photo No. = 2185 Kypg Hee
Mag= 100 X WD= §mm Date :7 Nov 2006 VaTvaraiiy Mag = 100 X WD= &mm Date :7 Nov 2006 TETve Ty

a : failure without thermocycling b : failure with thermocycling of 5,000 cycle

Figure 12. Debonded interface of Rely X Unicem (X 100).

EHT = 10.00 kv Detector = InLens

P B AR PR b Sk e R IE 2 =)
Figure 13. Debonded interface of Variolink II without Figure 14. Debonded interface of Multilink without
thermocycling (X 1000). thermocycling (X 2000).

Failure mode was mixed failure and dentinal tuble Failure mode was mixed failure and small dentinal
was observed. tubule was observed.
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