TS| S5 LYFH0 B o7

Ju
>
>
=
|m
10
ita

1% LR Adol] 2HBE 017

ABSTRACT
THE BONDING DURABILITY OF RESIN CEMENTS

Min-Woo Cho, Sang-Hyuk Park, Jong-Ryul Kim, Kyoung-Kyu Choi*
Department of Conservarive 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 37T for 24 hours. After thermocycling, the bonded tooth-resin block was
sectioned occluso-gingivally to 1.0 m 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 mn/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 1T & 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)

Key words: Bonding Durability, Resin Cement, Variolink II, Multilink, Panavia F 2.0, Rely X

Unicem
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#o 2 o] Fojx| = A|ZA ] (aging by storage in water)
olth, mEAL 714 W2 Fiol ATt nEA AEY vt
o] Z4s 3 7)1Ho] BF (swelling) 5 2814 84
o] Ast= n|Fg HX GEFAIL SEFH AN ARk AT
o whet Jold HAA = WAHAY 7 RaE o] G-



[e]
9,
iy
N
N,
1o

ol

o] lgH»g]_ q,1415

4 ke B P 969

P& gl AbEE e 2 AlEA e uhy

& 5T~B5TY F3olA iAo w

ASE S Amizlid gde
T ‘ﬂr“” §‘r71i o-&

iin

off
P
fr = my
-

jint3

o,

32
o
=2
mi N
Loz
N

R

i
i
o

14
< r-

tlo F
£ o
o rir
oﬂ
N
)
ﬂi‘l‘
co, H g
of X

> l;pl;
kD
e
B
dlo
lo

(L N > ey

(percolation).
Krejeih Lutz”& 443 3o Watd Agles
2 kot Ao} % ke
o, gotdz g
k.
© A7 4% dANAES B F2 e Fold 7t
A R FEE 7] oxAE &

i}
i
ol
o
Bl
o
2,

Table 1. Resin cements used in this study

HMAIHES] FE Y40 Bt o1

=7

EAE] oo e ATALES vlwstn, FAAAEA
#EE Fol 7 e FA YA gkt
A=At

I MEmE o

1.4

i3

S

FAo] gle AT 48709 A 3
Tymol &4 B3 & oM IAA T S
=% FAAEN A (FE-SEM) 2 }%ﬁ}%‘r/}.

2 AFA AHEe YRIAMES 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)©|th.

o|£9 7 T T £FE Table 18 Zon 7zt g7
A Ed] AMgE = gobd FAA 9} 2 £FE Table 29

2,

Ivoclar

Resin cements Type Curing mode ‘Composition o LotNumber
Variolink II
(Ivoclar Vivadent Base Paste : BisGMA, UDMA, TEGDMA, DMA, JO3646
Schaan, Composite Dual barium sulfate, Ba-Al-F-Si glass, ytterbium trifluoride JO1609
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 : bisphenol A polyethoxy dimethacrylate, hydrophobic
Osaka Japan) dimethacrylate, hydrophilic dimethacrylate, N,N' -diethanol-
P-toluidine, sodium 2.4,6-trisopropyl benzene sulffinate, 00025B
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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A AIAMES o§sta] B8 blocks 4obd
E‘{Ml A7 =, 42} 0. 1. 000 50008 €& 34
]

B. Al#g A=
48709 A AU TA Y wFHE HFAL AAT T
A& diamond saw (Isomet, Buehler Ltd, Lake Bluff,
IL, USA)Z drletd AR dobd FHE =2A7T &
R % 320 SiC paperg o] &3 %

%J Eﬂ{‘ block2 Tescera (Bisco Inc., Schaumburg,
IL, USA)E AH3le] 12 X 12 X 6 m’e] A7 2 A &3}
Atk AE B blocks AHLR #180, #320,
#600 SiC paper ©]&-3tod dnlsta 20 - 50 un A
FrlEo® 1027 £9 A (sandblast)dted FAHE
z‘fﬂ/ﬂ-s}od\;}

A ZAL] A Ao whet dobd HAAE A &3 T, 2ol
W Z YRAHEES H43l1 5
t} (Table 3). Rely X Uniceme X X2|Z 3}#] ¥l
A AHMEES A&3toit.

7t AT EE ARg-sto] 12709] Kot HAAZ] & F2A}
7} B 8.3k Variolink II, Panavia F 2.0, Rely X Unicem
X+ LED #53%7] (Elipar FreeLight 2, 3M ESPE,

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

St. Paul, MN, USA)E Ag&sle] 40%7t
(Table 3).

TR

C. "M«] e

AR 120 AP AHE 37T FHFN 2443 F
o B3t & deds AlFskA g2 FAT (T = 0),
1,0003]2 (T = 1000), 5,00038F (T = 5000) 2.2 1}
o] d¢3y] (F2427], TaeWon Tech, Sihung,
Korea)olX @¢8-& Adssit. & 489 dele b
T % 5579 & £33 TR, AlHo| F2d vFE
£ A 47 15201 olF AT+ 627t 28l
2E 4 3L 2o ot AFoE AojHE
£ 39t} (Figure 1).

D. vAIAARAE 53

H2d 12 A2y AEE A& dlarnond saw
(Buehler, USA)E o] &3} X|oke] A%< wet 1 m9
FAZ Adstn, o]F O 4 ddsto] ‘I’l‘ﬂﬁﬂ 1
7t S =8 9 AJHE ]5}3}9&‘1} (Figure 2). Hd
g AHS A0 AdRE 24 9% jigel Zapit
(Palladium, USA) < o] 48] £23t ¥ universal test-
ing machine (EZ Tester, Shimadzu, Japan)< ©]-£&-3}
o] 1 m/ming| £E2 A5 E 7fste] wAAFAHZ
T8 233AY. #94F 0.05 leveldlA one-way
ANOVA / Duncan' s test2 S4 4383t

(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, NN - diethanol-P- 00220B
(Ruraray Self etching toluidine, water
Medical Inc, ED Primer II B : 2-hydroxyethyl methacrylate, sodium
Osaka Japan) bezen sulfinate, N-methacryloy! 5-aminosalicylic acid, 00100A
NN -diethanol-P-toluidine, water,
Rely X Unicem
(3M ESPE, Seefeld Auto adhesive none 240594
Germany)
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Table 3 Bondlng procedure of resm cements used |n thls study

HEAIMES] HE hPH0f Bt A7

~ Bonding Pmced'

Variolink 11

. 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

PanaviaF 2.0

. mix ED primer I 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

O T U C RN PN ORI ORI S C RN

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

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

Figure 1. Schematic presentation of thermocycling method.

Sectioned
occluso-gingivally
1o 1mm thick slab

Bonding indirect
composite block

Tooth Preparation

u1BS testing %
crosshead
speed of

1me/min i

: Cross section to
Tximnd

composite-dentin
beams

Figure 2. Schematic presentation of #TBS testing.

E. AAREY FAAE 7
HAAAATEE 28 A —i—%% A B S
0)8] AlHe] AAARE AT w2d HF3
WS #1500, #2000 SiC paperst ZnO 2 o]-&3ld
dAnata A2 3% NaOClol| 3% Agld F gold sput-
tering (SC 502 sputter coater, VG Microtech,
England) s, vAQIGARHE A5 Aotd =
IHA-E gold sputteringdte] FE-SEM (Leo Supra 55,
Carl Zeiss, Germany: Genesis 2000, Edax, USA)<
]3] FAsIAU.
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Table 4& 4%79] A HES]
FARA=E veER 2 9o
Variolink 119 7%, 204 AA 245

A&e A% w4

A

g AHgdhe BHEHRE HRAHNERAN SAIE (T = 0)
Aqd & 2% A& qu,m Mgﬂi 1,0003] —Lr%‘r o]
T AR Fo8 v AT At #EES]
oy (p { 0.05), 5,0003 o]Fde A7t fAth
(Figure 3).

Multilink® 194 A7HEAE Aold H2AAE ALgst
™ 1,0008] €& o] Fo AFAETL FoA A A

Table 4. Microtensile bond strengths(MPa, mean strength = SD) of 12 experimental groups

Variolink 11 51.95 + 12.07
Multilink 37.55 + 12.81°
Panavia F 2.0 22.25 + 12.15%
Rely X Unicem 18.31 + 6.94¢

4032 + 13.41°

26.54 + 9.21° 20.75 = 10.10¢
20.10 £+ 10.227 18.24 £ 8.55¢
17.10 £ 7.41° 17.16 £ 4.62°

* Groups with the same superscripts are not statistically significant.

50

40

8Pa 30

20

T=1000 725000

Figure 3. Microtensile bond strength of Variolink II.

50

40

MFPa 30

20

10

T=1000 T=5020

Figure 5. Microtensile bond strength of Panavia F 2.0.
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Figure 4. Microtensile bond strength of Multilink.

’ l . .
td

7=1000 7=5000

Figure 6. Microtensile bond strength of Rely X
Unicem.
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Rely X Unicem

=0 T=1000 T=5000

Figure 7. Comparison of #TBS for each experimental
group.

Detector = nens Photo No. = 2317
Date :14 Nov 2006

HTAIHES] B LTYo) 2t A7

a (p € 0.05), 5,0008 o]Fd= fFodzrt AAAh
(Flgure 4).

Panavia F 2.0& A7HAE Aobd Zejolol & AL4-3)
=AY gadERzN BEF9AE (Variolink INETH
AT AEAEIL Bol WA vetgtt Eed T A
Aoz AY IVAREY A E R AR GAFS BHoZFaE QAT
EAA =z FoAL AT (p ) 0.05)(Figure 5).

Rely X Unicem< ‘ol H&Aag2 AAA o= X}7}
248 YRANEH 4717 HYAARE F 7P @& 2
BEg Bt a2 S8 o Tl BAHCR &
A e 2ol Z HolFz] &kt (p ) 0.05) (Figure 6).

1o mor g

Phote No. = 2307
Date 114 Nov 2008

Photo No = 2323
Dm 114 Nav 2008

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 m 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. MAES FATAISH0E (FE-SEM) Tt

[y —

_4

HAAR g FE-SEM #2ol| A 214741 A 2F
g Botd HAAE Mgt EEURE % "]“ﬂ
Variolink ITIelA F#7& A2 glxz3 3 ﬂ l T B4
Zo] 8A4HY A 47 tagrt & 3 01 A
(Figure 8a). 1"/}74] AZFEAE Aol A ZLX]
Multilinkd A& &3] EE¥H39n # 7l
B =2 5 33*35401 AR} (Figure 8b).

A2 Aol ZelolWE AM4-8tE Panavia F 2.0

drE s R 2% dAARNEST EAso] B
wHEE o™ HA tage 7Hs1 2A AU (Figure

m-{m

Jf&.?ﬁ’fir
mflr—YLOJHL

g =
=
tag

rir 3‘

EHT = 10.00 kv Detector = Intens

Photo No. = 2110 Kyung Hee
Mag= 100 X WD= §mm Date :7 Nov 2006 rﬂm ¥

a : mixed failure without thermocycling

8c). Aot J &g & AAA] %= Rely X Uniceme &
A5 Y7l tage HEE A 5t (Figure 84).

B
ey
2
lo,
e

2ol A Variolink 119) g8+ a17] A A4

A EZY gajoidel #AHUCH, o] F Agddl o3
AR gyl Ertske A4S UEMAY (Figure
9, 13). Multilink®] 2%, € s17] 2 A|HdM e &
8 gy oidel EES o, gt o HAA Y
A& Hao] it} (Figure 10, 14). Panavia F 2.09] 7
F i A5 43 A 2ol UG (Figure
11). Rely X Unicem®] Aol HaZo] glon I3
A Hgde @7 AMES gyt #FAHIoY, Eed
T G2 L3 g7 Qo] #HEHAY (Figure 12).

EHT = 10.00 kv Detector = inLens

Phota No. = 2127 Kyung Hee
Meg= 100X WD= Smm Date .7 Nov 2006 e

b @ adhesive failure with thermocycling of 5,000 cycle

Figure 9. Debonded interface of Variolink IT (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

Figure 10. Debonded interface of Multilink (% 100).
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EHT = 10.00 k' Detector = inLens
Mag= 100X WD= 5mm

Photo No. = 2151
Date 7 Nov 2006

b 1 adhesive failure with thermocycling of 5,000 cycle

A adhesive



EHT = 10.00 kv Dstector = inLens Photo No. = 2153
Mag= 100X WD = &mm Date :7 Nov 2006

a : adhesive failure without thermocycling

HTAIHES] FEf Li7H0] #Het o7

EHT = 10.00 kv Detector = InLens Photo No. = 2160 Kyung Hee
Mag= 100X Wo= 4mm Date 7 Nov 2006 WT%Q?T‘YT?

b : adhesive failure with thermocycling of 5,000 cycle

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

EHT = 10.00 kv Detector = InLens Photo No. = 2187 Kyung Hoe
Mag= 100X WD= §mm Date 7 Nov 2006 W i

EHT = 10.00 kv Detector = InLens Photo No. = 2185 Kyung Hee
Mag= 100X WD= 6mm Date 7 Nov 2006 VETTR 2

a : failure without thermocycling

b @ failure with thermocycling of 5,000 cycle

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

o
Mag= 1.00KX WD= §mm Date 7 Nov 2006

Figure 13. Debonded interface of Variolink II without
thermocycling (x 1000).

Failure mode was mixed failure and dentinal tuble
was observed.

i L . ; .
Detector = inlens Ph = 2136
WD 4mm Date :7 Nov 2006

Figure 14. Debonded interface of Multilink without
thermocycling (x 2000).

Failure mode was mixed failure and small dentinal
tubule was observed.
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AL B2G B AHE o] FgL0H ol Ao}
3 Q129 wAo] 22 0|21 A, A2 Aol

A2 Joldnel ATE F7) okl 3
9% A A0 B TS 4. A5 47
DA} B Tekololg Agshe A4 ARAY 43
A ol i) 29D GEA) D D54 B} 1
F2H D JolAB U ARY 5 A o 5P, B
AZFEAE HAAE FRE HEE T 2RSS )
A g3 G381 WPAA Joldst A ABT,

2 A7E Jobd A B A% me dE
FREI 948 AFS) AYYEES Hlwsle] QHe
H74 stete] £ Fud gk B a7 A4
A Ay

&,
23
2
=
im
o
[¢]
S

15

He 7154 a3 3 wa 5@ &
Y YHAME (composite based-resin cement)$} &
Y HRIAAE (adhesive based-resin cement) & &7
4 e},

297 AA AHEAE HAAE AHE-She Variolink 11¢]
A5 B3R R EC T AgAdd tE g
ZANHERT 953 & nAJAZTYEE BoAF9lE
), o]& A3 Aold HAAe] =X E B U2 AP}
A% AR e 2 FAL B4 /1 de gR
tag7t A7) HEo2 AZET (Figure 8a). B39
B grAAMERAN g2 FA4Y gArdERg
el %lﬂ]x]"ﬂ 7H7] wEel BEld Ado] $4307]
HECR B F Sl ATd ool A8 Est sty
15,0003 e o|Fos SAE (T = 0) Bo} ¢
22%7} #a¥e 238 BAFYT} (Table 4). =3 FE-
SEM<Z &3 jJr‘:}"q wEe 59 dess EE Ay
Y7t dAgE & 4 U (Figure 9).

LA AARAY AAAE AL u &Y Aolde] Y
A 72 W2 s 157t =HA gE £ (hybridoid lay-
er)o] BAStLL, §ul7t BE AASHA god AFA G
A7l o Qs o] Bobgat EAZo] Y 4
Sk webA S8 Al F R doju Ads
o At e WAFE 5ol o] 4. Armstrong
0L Aot HF F FolA 15712 Bastn vAg
VY=g S4e A3, 294 AA ARAE Haae) 2
EE 3 Ee 284 AR HZA o H)sky

el i e s e L A R B koo A B KR e U )

20HA AA ARAE @A N A7 Ao whet A
B3 7} F7kskvha Bask{ch

l_,H w2 rlo e
A%k i N el gt M, Sl

_4

o nﬁbo
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>
l‘lo l‘i o

]

A
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Al
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‘_1'-/\

O:
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& Variolink 119 A% 28459 #ae g3t + 4
*‘3—4 Wgo] ekslE 7] WjEoZ AL ET

Multilinke A7FEAE GRAAHNEZA oA ot
AAAZ AL A4 AEY HEMAS ¥385p7] W&
o FAY YAAHNES UdF UAT G2

o2 B &

FEE dotd FFAZL @3stA Bt (Table 1).
HEMAE A¢lstae B3z A&7 fAk o2 &
g RAHE Bt AT (T = 0)dlA Z2F4=7 #A
Ve 237 5E 1,0003] Ee# o] F 94 A 7
AFReH (p € 0.05), 5,0008 o|Foe FAILET} oF
44%7} ZasE AHE B (Table 4).

BAIT] A7HA 8 Aol A &A= A SR o] vl 2
AeJAolghe A 7= vk A2 A2 3 7ol
E olA7RA BAZF U5 AFLn U, Amstrong
0L 6At A2 Aok AR 7L e 75

AlgA e wl-$ gsicta sk 6 ARAE A
A WAL 5 A v]ste] F& o2 B3
Ha glon, o dAd HAY ol FE o] &HE 5
w ol gk AFoA YFH PR,

Multﬂink/] Aol o] Z A% 23R E A AR

Y Aoz HE grle] B¢ %ﬂ S AETL PYes
-rxé QT’/} (Figure 8b). FE-SEM= &3¢ 3l oA
27] €8 dole £3F AFPEE Bolu E&d o) %
ARA 2P FE Bo o] Ao 23k %
ot} (Figure 10).

g
o)
-
¥,
o
Y,
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