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ABSTRACT

EFFECT OF FILM THICKNESS OF RESIN CEMENT ON BONDING EFFICIENCY
IN INDIRECT COMPOSITE RESTORATION

Sang-Hyuck Lee, Gi-Woon Choi, Kyung-Kyu Choi*
Department of Conservative Dentistry, Division of Dentistry, Graduate of Kyung Hee University, Seoul, Korea

The purpose of this study was to evaluate the effect of film thickness of various resin cements on bonding
efficiency in indirect composite restoration by measurement of microtensile bond strength, polymerization
shrinkage, flexural strength and modulus, fractographic FE-SEM analysis. Experimental groups were
divided according to film thickness (¢ 50 gm-control, 50 m-T50, 100 #m-T100, 150 #m-T150) using com-
posite-based resin cements (Variolink I, Duo-Link) and adhesive-based resin cements (Panavia F, Rely X
Unicem). The data was analyzed using ANOVA and Duncan’ s multiple comparison test (p { 0.05).

The results were as follows :

1. Variolink I showed higher microtensile bond strength than that of adhesive-based resin cements in all

film thickness (p { 0.05) but Duo-Link did not show significant difference except control group (p » 0.05).

2. Microtensile bond strength of composite-based resin cements were decreased significantly according to
increasing film thickness (p ¢ 0.05) but adhesive-based resin cements did not show significant differ-
ence among film thickness (p ) 0.05).

3. Panavia I showed significantly lower polymerization shrinkage than other resin cements (p < 0.05).

4. Composite-based resin cements showed significantly higher flexural strength and modulus than adhe-
sive-based resin cements (p € 0.05).

5. FE-SEM examination showed uniform adhesive layer and well developed resin tags in composite-based
resin cements but unclear adhesive layer and poorly developed resin tags in adhesive-based resin
cements. In debonded surface examination, composite-based resin cements showed mixed failures but
adhesive-based resin cements showed adhesive failures. (J Kor Acad Cons Dent 35(2):69-79, 2010)
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Table 1. Resin cements used in this study

Resin cements Type Curing mode Composition Lot Number
Variolink II Base: Bis=GMA, UDMA, TEGDMA, DMA,
(Ivoclar Vivadent Dual barium sulfate, Ba-Al-F-Si glass, (25526
Schaan, ytterbium trifluoride (26368
Lichtenstein) . Catalyst: benzoyl peroxide
Composite
Duo-Link Dual Base: Bis-GMA, TEGDMA, UDMA, glass filler 0800011229
(Bisco, Schaumberg, USA) Catalyst: Bis=GMA, TEGDMA, glass filler
A Paste: 10-MDP, bisphenol A polyethoxy
dimethacrylate, hydrophobic dimethacrylate, 00319A
hydrophilic dimethacrylate, benzoyl peroxide,
) silanated silica, colloidal silica, D,L-CQ
Panavia I B Paste: bisphenol A polyethoxy dimethacrylate,
(Kuraray, bual hydrophobic dimethacrylate, hydrophilic
Osaka. Japan) dimethacrylate, N,N' ~diethanol-P-toluidine, 0005EA
Adhesive sodium 2,4,6-trisopropyl benzene sulfinate,
silanated barium glass, silanated titanium oxide,
sodium fluoride, colloidal silica
Powder: glass powder, silica, calcium hydroxide,
Rely X Unicem pigment, substituted pyrimidine,
(3M ESPE, Dual peroxy compound, initiator 329836
Seefeld, Germany) Liquid: methacrylated phosphoric ester,
dimethacrylate, acetate, stabilizer, initiator
Table 2. Adhesive system of resin cements used in this study
Resin cements Bonding Type Composition of adhesive system Lot Number
Variolink I1 Excite DSC-Etchant: 37% phosphoric acid gel
{Ivoclar Vivadent 2-step Adhesive: BisGMA, HEMA, ethanol, water, filler, CQ 20092
Schaan, Lichtenstein) .
Total-etching
Duo-Link One-Step-Etchant: 37% phosphoric acid gel 0800002142
(Bisco, Schaumberg, USA) Adhesive: Bisphenyl dimethacrylate, HEMA, Acetone
ED Primer II A: 2-hydroxyethyl methacrylate,
10-MDP, N-methacryloyl 5-aminosalicylic acid, 00257A
Panavia F . N.N' - diethanol-P-toluidine, water
Single-step
(Kuraray Medical Inc, Self-etching ED Primer II B: 2-hydroxyethyl methacrylate, sodium
Osaka, Japan) benzene sulfinate, N-methacryloyl 00133A
5-aminosalicylic acid, N,N -diethanol-P-toluidine,
water
Rely X Unicem
(3M ESPE, Self-adhesive none 329836

Seefeld, Germany)

71



g7 AMES] Variolink II$+ Duo-Link,
71 AlMES] Panavia F9 Rely X Unicem] 4
7 "R ARMES AR, 4749 ARMEE film
thicknessel @&} ( 50 #m (control)2] tlZ&T¥} 50 #m
(T50), 100 #m (T100), 150 #m (T150)¢] Adro=z
tHro] 16709 o= BRI

B. Al A%
A< diamond saw (Isomet: Buhler Ltd, Lake Bluff,
USA)E ARt Ale] #|3ul+4] 64719 wEHS |

FAE A AT Jold S =FA7] 2 #320 SiC paper®
ToZFo| PYAHEE WS Avkelt.
8|

block o2 A28l a1, -2 #3204 #600 SiC paper
7HA A o2 dnfel o 20-50 m YA 2719] ALOs
2 10%7F sandblast Agst 253k AAH7|oA 187t
R o=

Az A Aol whe} Ao HHAA S A89 £ 3

o}
£ 7 A2 ANES 48343 35 U blockS 4

el
2

AT Rely X Unicem< “dobd W A2 glo] AJHE
£ A% Ag319t. 2T E metal stripe AHESHA]
3 HAek vh | gl A= 50, 100, 150 #m 7719
metal strip= #%] blockZt Fold Ato]e] ok 717g21e]
o X712 F&AATE. 2 HZ blockS H& 4EE
dHstA sb71 sl 0.5 kefe] 9E& 7HIESE st%lx, 2
2kl A EE microbrush® A AE ks 40%3F 359
gt & 52t 4 st A7} SRS Sttt

C. 1AL A% A= 54

Ag A AL 37CY SHRF 24M7 B BAsA
° ™ non-trimming versionS.=Z UJAQIA A3 & =
= e Al AFsAT . A% diamond saw
(Isomet: Buhler Ltd, Lake Bluff, USA) & AM-3to] A]
HE Xo} A&=S we} 1 mm F79 slabl & Zetslal o]
g ] 4 Adsie] 1 mm’e] @A 2te g A
A Attt AE Al nAdY A9 BE 3%
< 9% jigel cyanoacrylate adhesive (Zapit:
Palladium, USA)& AH&-ste] 23 = universal test-
ing machine (EZ Test: Shimadzu, Japan)lA] 1
mm/min®| crosshead speed® 14 7l8] 23 A=
£ 439t (Figure 1).

o

Toodh Preparetion
i'" A re—
WTES begt
[ W4 FTETL
apeed of
immmin
Y

Secticaned
oCChso—pr vnky
o 1 thick slab

Roswfing liviliredct

COmposie: overlo?

Cross Section i l l I I | l L
al

13

Eams

Composie-dantin (
|

Figure 1. Schematic presentation of #TBS test.
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Zy Y7 A/ ES] film thicknessdl] W& ©
F=E Table 49 2t B3 9213 Eﬂﬁ A
Variolink I+ 2E film thicknessol|A &

Table 3. Two-way ANOVA result between factors of resin cements and film thickness

Source Sum of squares df Mean square F Sig.

cement 7441.126 2480.375 45.769 .000

thickness 1346.888 448.963 8.285 .000

cement * thickness 1646.262 182.918 3.375 .001
Error 8833.45 163 54.193

Table 4. Microtensile bond strengths for experimental groups (MPa * SD)

Control T100 T150
Variolink I 36.42 + 8.04™ 35.30 + 9.03* 28.44 + 13.14* 17.12 + 5.49™
Duo-Link 23.78 + 7.45* 19.79 £ 7.83" 18.17 + 6.66*™ 14.99 + 5.15%
Panavia F 13.93 + 3.62* 16.16 + 5.53* 12.86 + 2.92* 12.49 + 3.07*
Rely X Unicem 13.15 £ 1.93* 15.15 + 4.13* 16.05 £ 7.20* 13.78 £ 3.53*

Groups with the same superscripts letters indicate no significant difference (p 7 0.05), according to resin cements (small

letters) or film thickness (capital letters).
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Table 5. Polymerization shrinkage, flexural strength and flexural modulus of resin cements

Test Polymerization Flexural Flexural
Resin cement Shrinkage (% = SD) Strength (MPa #+ SD) Modulus (GPa = SD)
Variolink [ 3.33 £ 0.30° 43.42 + 4.33 2.65 + 0.33°
Duo-Link 3.79 + 0.74° 33.94 + 1.18 2.32 +0.18°
Panavia F 2.05 + 0.49 17.77 £ 0.8% 1.60 £ 0.26"
Rely X Unicem 3.16 £ 0.26° 13.52 £ 0.63° 1.20 £ 0.12

Mean values for each test with same subscript were not significantly different (p » 0.05)

E9] Panavia F¢ Rely X Unicemel| ®l8} #-2]3HA &&
2% 225 vehllev(p ( 0.05), Duo-Link® 7
Controldl A5t felet & A% =8 YeiiS ® v
2] oA = A7 gk (p ) 0.05). Variolink 1 €]
A5 T507HA = A= £94 de Aozt gl
T100, TI50o.2 245 o4 de Z2Z4EY 1as
YebitHp ¢ 0.05). Duo-Links film thickness?} 7}
s A% e JxAQ a7t el e Control
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| tigt FE-SEM #Hzel| A metal strip= AF
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FA7E 25-30 pm A= Aoz FHAHN L,

T50, T100, T1507S A Z aF 79 AHEZS 2F
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(Figure 2a). Duo-Linke] Z-f-ol= ddgt £33} 37
resin tagZ7} & @4 =] UJAATF, One-Step= AHE-3H A
2 3159 FAE 10 #m ol sk2 gFktH(Figure 2b). 2t
7F §218 Aol Zeo|wE AHE-Sh= Panavia FolA&
350l YA AMEZZ EAjEo] BN resin
tage 7Haa A7 4= Ut (Figure 2¢). A7F 82
g9l Rely X Unicem?] 450l &30l BEH3IN L
resin tage "5 AAY A9 #EHA FUTHFigure
2d).

shehae] #aol A Variolink 9 Duo-Linke AlHE
FAN FANASFE E4F et HwA &3
) o] vepgton ol& <lsf el HE HxIE
spe] Aotd ol wEE e Aeo] UENTHFigure 3a,
3b). Panavia F¢ Rely X Unicem®] 7Z-$-ol& AIHE F
Al dagle] T2 J2AT spielAe HFA 3ty Fe
Hojow dR Aoldde] =2H F5E UTh
AR E F&E Yo o= Qg 7]

25} (Figure 3c, 3d).

o>

5
o, ot
ol w

Jo

b >
ofl
S

>,
1z
>,
A,
~
>,
o
9,
i
=2
=
o
ml
N,
=
rlo
i)
toly
i

to, L
o

-,

w

2 o
o8k
oX

oy ©
Y
A3
b
e
i
in k|
o
o
=
n
ol

o
o

ik
(¢3 10
S o (=

4 3
o,
ox m M kK

IR
Y oF,

b,
o
o,
lo,

ok
o

r

>,

ofo
=}
(M >
rlr tm
o

1011
—E ox d

OIN'
o oX oX
fu ol
=
™ mE

oft = Ugi
> j}; > i)

re 4
e
oo 4,
= 2
=L o

&

o
=
>
lo
gk
ofo

(E ORI g )

]:]_.29)

2 Aol A e HA A T2 w29 Aol H A E AL
3t Variolink I ¢ Duo-Link, A7} 52 ¥
Panavia F, 27} A2 w¥419] Rely X Unicem$ AH-3151
on o5& A A& ey dEAY FF=2 ERed



& AJMES] fim thickness7t ZHY =&t HIX 522 H& 220 0/X= g 22t A7

e e e DS

b. Duo-Link

a. Variolink |l

== = ——r o gk
ity o Eeglll et B —_———

¢. Panavia F

Figure 2. FE-SEM images of resin cement/dentin interface (x

1000). Composite-based resin cements(a, b) showed adhesive
layer, uniform hybrid layer and well developed resin tags.
Adhesive-based resin cements(c, d) showed uncertain hybrid
layer and slender resin tags (CO: Composite overlay, RC: Resin
cement, AD: Adhesive layer, HL: Hybrid layer, D: Dentin).
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Figure 3. FE-SEM images of debonded interface (x1000).
Composite-based resin cements(a, b) showed mixed failure at

¢. Panavia F

top and bottom of hybrid layer. Opened dentinal tubules, resin
cement and adhesive layer could be seen. Adhesive-based resin
cements(c, d) showed adhesive failure at hybrid layer. Partially
opened dentinal tubules and void formation could be seen (RC:
Resin cement, AD: Adhesive layer, DT: Dentinal tubule, HL:
Hybrid layer).
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