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ABSTRACT

Aims: The study aims to compare and investigate the effect of two bonding systems (total-etch and
self-etch) bonding agents preceding the use of luting cement Variolink 11 Refill (Ivoclar Vivadent
Schaan Liechtenstein) on the microleakage of ceramic crowns. The bonding systems compared are
Excite (lvoclar Vivadent Schaan Liechtenstein) (total-etch) and G bond (GC corporation, Tokyo,
Japan) (self-etch) bonding agents. Materials and Methods: Thirty recently extracted caries-free
wisdom teeth were used in this study. The teeth were cleaned and stored in distilled water until use.
The molars were assigned randomly into three groups (n=10). Crown restorations were constructed by
means of an indirect laboratory technique by a specialist. In group A the crown were cemented with
Variolink Il Refill resin luting cement alone. In group B, crowns were luted with Excite bonding agent
+Variolink 11 Refill. In group C, G bond bonding agent+Variolink Il Refill was applied prior to
cementation. Results: The results showed that the higher value of microleakage with Variolink 11 Refill
cement alone. While the least value was for the G bond+Variolink Il Refill group. The results of this
study revealed that the use of adhesives prior to Variolink 11 Refill significantly different from the use
of Variolink Il Refill alone in cementation of ceramic crown at (p< 0.05). Conclusions:™ The analysis
of results revealed statistical difference in microleakage between the first group (Variolink 11 Refill)
cement and second ,third groups (Excite +Variolink Il Refill) and (G bond + Variolink 11 Refill)
respectively. This may indicate that, the use of adhesives prior to cementation with Variolink Il Refill
luting cement may decrease but not prevent microleakage.
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INTRODUCTION

The use of bonded ceramic restora-
tions in dentistry has increased appreciably
due to the development of adhesive mate-
rials that allow for more conservative
restorative techniques as well as the ability
of achieving excellent esthetic appearance
and adequate strength.®

The cementation technique, which is
a time-consuming and technigue-sensitive
procedure, is key to the long-term success
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of these types of restorations. The strength
and the durability of the bond between the
porcelain, the luting cement and the
enamel/dentin interface play an important
role in the outcome of ceramic crown. @
The clinical success of cemented
restorations has been evaluated by
measuring marginal fit and microleakage
for many years, in spite of the fact that
there is no restoration or luting material
able to achieve a complete marginal seal.
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G4 In the case of all-ceramic restorations,
microleakage has been correlated with the
loss of the integrity of the bondto tooth
structure, and this has been associated with
other problems such as secondary caries,
post-operative sensitivity, pulpal inflam-
mation, staining and plaque accumula-
tion®>® Modern adhesives can be
grouped into two categories according to
their etching technique: total-etch and self-
etch products.”” Total-etch systems have
shown high bond strength to dentin. A
self-etch system contains a simultaneously
acidic and hydrophilic monomer and does
not need to be rinsed away after etching.
Effective demineralization provides suffi-
cient adhesive penetration into enamel and

dentin.® Self-etch adhesive systems were
produced as analternative for total-etch
systems to reduce the technique sensitivity
and application time .©

This study aims to compare and
investigate the effect of two bonding
systems (total-etch and self-etch) bonding
agents preceding the use of luting cement
(Variolink 1l Refill) on the microleakage
of ceramic crowns.

MATERIALS AND METHODS

The materials used in this study are Va-
riolink 11 Refill resin luting cement, Excite
(total-etch adhesive), G bond (self-etch
adhesive) was shown in Table (1).

Table (1): The components and application protocols of the materials used in the study.

Materials Main component Application protocol
UrethanDimethacrylate
Variolink 11 (UDMA) and Bis phenol Gly-
resin luting cedial methacrylate 2 paste system (total-etch
. cement (BisGMA), inorganic fillers approach).
Luting . g .
Cements (Ivoclar, barium glass filler and Base:Urethanedimethacryla
Vivadent, silicon dioxide filler, te,Catalyst:
Schaan, Ytterbium triflouride, Dimethacrylates.
Liechtenstein) catalysts stabilizers and
pigments.
Adhesives 1.Excite 2-Hydroxyethylmethacrylate . )
(Ivoclar, (HEMA), dimethacrylates, Spsglé/otno d?otl)srt deenr;['zr f]f’orr
Vivadent, AG phosphoric acid acrylate, .1_3y gently
FL-9494 silicon dioxide, initiators and seconds. Liaht cure for 20
Shaan, stabilizers in an ethanol ' segonds
Liechtenstein) solution. '
Apply to entire dried
Methacrviovioxvethvl surface. Leave undisturbed
2.G-Bond (GC . ryloyloxyethy for 10
. Trimellitate (4- MET),
corporation, . seconds. Dry thoroughly
phosphoric ester monomer, . ’
Tokyo,Japan) under maximum air

UDMA, acetone and
camphorquinone.

pressure
for 5 seconds. Light cure
for 10 seconds.

Thirty recently extracted caries-free
wisdom teeth were used . The teeth were
cleaned and scaled with ultrasonic scaler
(Guilin  Woodpecker Medical scaler,
China) and checked under stereomicros-
cope to exclude cracking , then were
stored in distilled water. The teeth were
centrally inserted into PVC cylinders (25-
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mm height x 20-mm internal diameter;
Tigre, Joinville, SC, Brazil) containing
self-curing acrylic resin (Jet; ClassicoArti-
gos Odontologicos Ltda., Slo Paulo, SP,
Brazil). The acrylic resin was contoured 2
mm below the cementoenamel junction
and the samples stored in distilled water
until use. The molars were assigned
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randomly into three groups (n=10). The
preparation of teeth were made with a
diamond burs of 1.2 mm diameter
(Cerinlay Set, Intensiv, Viganello, Luga-
no, Switzerland) to achieve a 6-degree
converge angle using a stationary high-

speed handpiece secured in a clamp a
tached to a surveyor with sufficient water
cooling were used to perform preparations
of metal-ceramic crown on each tooth. As
shown in Figure (1).

Figure(1): Sample with stationary hand piece secured in a clamp
attached to a surveyor.

The preparation will be a shoulder
margin of 0.5 mm buccally with chamfer
margin  lingually, and an occlusal
reduction of 1.5 mm from the tip of the
buccal cusp for each preparation with 4
mm in height were made.“®? All line an-
gles were rounded, the margin was
located in dentine at the level of the
cement-enamel junction. An impression
was made for each tooth with light
hydrocompatible Oral wash(®) (Zhmack
(®)) impression material. Ceramic crowns
were constructed by means of an indirect
laboratory technique by a specialist. The
preparation was cleaned using rotary brush
and pumice in low-speed hand piece,
washed and then dried using sterile cot-
ton."? The crowns were cemented in
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group A with Variolink 11 Refill resin lut-
ing cement on unsealed tooth prepara-
tions, The Variolink Il Refill resin cement
was mixed according to the manufacturer's
instructions and applied to the internal
walls of the crown restorations, seat the
restoration on tooth preparation with slow
even pressure for cementation and light
cured by LeditionlvoclarVivadent light-
curing unit, remove the excess cement
then the margins of the preparation were
then light-cured for 30s at each face. In
group B, Excite+Variolink 1l Refill was
used (E+V). The Excite bonding agent was
applied according to the manufacturer's
instructions, then Variolink 1l Refill resin
cement was mixed according to the
manufacturer's instructions and applied to
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the internal walls of the crown restora-
tions for cementation, then after seating
light cured by LeditionlvoclarVivadent
light- curing unit. In group C, G bond
+Variolink Il Refill was applied (G+V), he
application of G bond on untreated dentin
according to themanufacturer's instruc-
tions. Then Variolink Il Refill resin ce-
ment was mixed according to the manu-
facturer's instructions and applied to the
internal walls of the crown restorations
after seating, light cured by Leditionlvoc-
larVivadent light- curing unit.

During the entire  experiment,
specimens remained in distilled water at
room temperature. The samples were
immersed into 1% methylene blue solution
for 24 hours at 370 C , rinsed ,dried

specimens and cut the specimens using 1
mm thick diamond gauge disc parallel to
the axial tooth axis mesio-distally of each
sample for measurement of dye
penetration degree. Penetration depth was
measured with digital stereomicroscope
(motic Incorporation LTD. Hongkong) at
40x magnification.

The amount of dye penetration and
microleakage measurement was measured
in millimeters for three treated groups. The
distance between the prepared tooth
surface and the crown's fitting surface was
measured at 3 different locations (mid-
marginal, mid-axial and mid-occlusal). ¥
As shown in Figure (2). Penetration depth
measured was shown in Figure (3,4,5)
respectively.

Mid-
occlusal

IGE

EVAEL

Mid-
marginal

Figure(2): Schematic representation of mid-occlusal, mid-axial, and mid
marginal points of the tooth.
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Figure(5): A dye penetrati ns for G bond+Variolink I Refill cement.

RESULTS Range Test (Table - 4) and Figure (6)
Table (2) showed the mean and standard revealed that there was a significant dif-
deviations of the tested groups. One-way ference between the tested group.

ANOVA (Table -3) and Duncan's Multiple
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Table (2): The mean and standard deviations, minimum and maximum
values of microleakage for the tested groups.

No. Mean SD SE Mean Minimum Maximum
Group 1 10 0.3490 0.00721 0.00228 0.34 0.36
Group 2 10 0.2667 0.00648 0.00205 0.26 0.28
Group 3 10 0.2287 0.00984 0.00311 0.21 0.24

Table (3): One-way analysis of variance of the tested groups.

Sum of Squares df  Mean Square F p—value

Between Groups 0.076 2 0.038
Within Groups 0.002 27 6.358E-5 595.124 0.000
Total 0.077 29

Table (4): Duncan's Multiple Range Test of microleakage for the tested groups.
Duncan's Grouping

A B C

Group 3 10 0.2287

Group 2 10 0.2667

Group 1 10 0.3490

Group No.

Group 1 Group 2 Group 3
Means with different letters were statistically significant at p<0.05.

Figure(6): Means of microleakage in (mm) of tested groups.

Success of any indirect dental

ideal dental adhesive should be able to wet,

restorations depends on many factors,
among them the cementation techniques
and procedures. Dental cement must act as
a barrier against micro-leakage, holding the
tooth and restoration together
mechanically and/or chemically. The
behavior of the cement and bonding
systems is complex and partly depends on
the properties and quality of the
component parts of each system.®® An
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infiltrate dentin and provide a durable bond
between the unhomogenicity of enamel and
dentin and the restoration.™

The bonding systems used in this
study were dual cured cements, their
polymerization reaction is chemically and
photoinitiated. ~ This  ensures  higher
conversion rate of curing, leading to better
mechanical properties, i.e the force will be
distributed over a large area, as the whole
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assembly: the crown, the adhesive and
the tooth structure would act as one unit.®®
Treatment with G bond prior to Variolink
Il Refill decrease the microleakage value as
the presence of methacryloyloxyethylTri-
mellitate 4AMET formulated with fillers in
the G-bond system produce nano
particles responsible for the formation of
extremely thin layer of nano interaction
zone containing  insoluble  calcium
compound with dentin characterized by the
exposure of little amount of collagen fi-
brils.*”?  According to the adhesion-
decalcification concept, the less soluble the
calcium salt of an acidic molecule, the
more intense and stable the molecular
adhesion to a hydroxyapatite-based
substrate .*® The application of G bond
(self-etch) to dentin prior to Variolink Il
Refill may resulted in increased resin tag
formation in a bundler appearance. They
are connected with resin infiltrated dentin
surface. Resinous layer was thick, long
coagulated pattern. This may be
responsible for better results concerning
microleakage compared with total- etch
system. This study agree with EIGuindy et
al @ who demonstrated that the use of
self-etch adhesives is very efficient and
reduce vertical marginal gap and
subsequent microleakage.
2-Hydroxyethylmethacrylate HEMA
present in Excite (total-etch) bonding
creates a hydrogel within the hybrid layer
and adhesives. In some cases, the hydrogel
may provide a channel for water
permeation that has the potential to affect
the durability of bonds.®® Total-etch
systems utilizing 30-40% phosphoric acid
are efficient in the removal of smear layer
components, causing demineralization of
the inorganic enamel surface, which is
composed primarily of hydroxyapitite crys-
tals, thus creating microporosities for a
micro-mechanical bond. Etching dentin by
utilizing etch and rinse procedures com-
pletely ~ demineralizes  the dentin
substrate (intertubular and peritubular
dentin), with this process over-conditioning
of the organic (collagen) and inorganic
(hydroxyapatite) components can occur,
causing a collapse and
shrinking of the collagenous fibular
network due to loss of structural, inorganic
support. Following removal of the dentinal
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hydroxyapatite, incomplete diffusion and
penetration of separate adhesive and
primer components can occur, producing a
resin deficient zone. As a result, exposed
collagen fibrils and lack of support by
partially infiltrated resin monomers may
result in a significant reduction in
material-tooth structure adhesion. ¢%?)

This study disagree with Yesilyurt and
Bulucu®® who demonstrated that the
total-etch systems had higher bonding
strength to dentin than did the two-step and
one-step self-etch systems, as self-etch
primer, which has weak acid, dissolves
smear layer, demineralites superficial
dentin, and penetrates adhesive resin. But
when the smear layer is thick, the weak
acid‘s effectiveness is not sufficient and
has a limited adhesive resin penetration.
This may affect adhesion and subsequent
microleakage.

The use of dentin bonding agents
proceeding the luting cement may be
responsible for better results in reducing
microleakage comparing to the use of
luting agent alone for cementation of
ceramic crown. The better results obtained
with the use of self-etch dentin bonding
agents prior the luting cement. This may be
due to the ability of bonding agents to seal
the cut dentinal tubules and protect the
pulp from possible consequences of lea-
kage which ensures adhesion and
resistance to various stresses. By the use of
two different dentine-bonding agents i.e.
Excite and G bond, it was hoped that a
more comparison could be made between
the extent of microleakage and the effect
of the bonding agents used.

CONCLUSIONS

*Self-etching systems provided a
greater reduction in microleakage dentine
than that of total-etch systems.

*Ceramic restorations luted with
(self-etch and total-etch) dentin bonding
agent systems plus (Variolink 11 Refill)
resin luting offer better reduction in
microleakage compared to the use of Va-
riolink Il Refill resin alone.

REFERENCES

202



Al-Shakir NM

1. Rosenstiel SF, Land MF, Crispin BJ.
Dental luting agents: a review of the
current literature. J Prosthet Dent.
1998;80:280-301.

2. Peumans M, Van Meerbeek B, Lam-
brechts P, Vanherle G. Porcelain
veneers: a review of the literature. J
Dent. 2000;28:163-77.

3. Gladys S, Van Meerbeek B, Lambrechts
P, Vanherle G. Microleakage of adhe-
sive restorative materials. Am J Dent.
2001;14:170-6.

4, Alani AH, Toh CG. Detection of micro-
leakage around dental restorations: a re-
view. Oper Dent. 1997;22: 173-85.

5. Hekimoglu C, Anil N, Yalcin E. A mi-
croleakage study of ceramic laminate
veneers by autoradiography: effect of
incisal edge preparation. J Oral Rehabil
2004;31:265-70.

6. Cox CF, Felton D, Bergenholtz G. His-
topathological response of infected cav-
ities treated with Gluma and Scot-
chbond dentin bonding agents. Am J
Dent .1988;1:189-94.

7. Kanca J. Improving bond strength
through acid etching of dentin and
bonding to wet dentin surfaces. J Am
Dent Assoc. 1992; 123:35-43.

8. Kaaden C, Powers JM, Friedl KH,
Schmalz G. Bond strength of self-
etching adhesives to dental hard tissues.
Clin Oral Investig. 2002; 6:155-60.

9. Agostini FG, Kaaden C, Powers JM.
Bond strength of self-etching primers to
enamel and dentin of primary teeth. Pe-
diatr Dent. 2001; 23:481-6.

10.Rossetti PH, Valle AL, Carvalho RM,
De Goes MF, pegoraro LF. Correlation
between marginal fit and microleakage
in complete crowns cemented with three
luting agents. J Appl Oral Sci.
2008;16:64-9.

11.White SN, Ingles S, Kipnis V. Influence
of marginal opening on microleakage of
cemented artificial crowns. J Prosthet
Dent.1994;71:257-64.

12.Garbin CA, Silva SBA, Mezzomo E.

203

Cements and cementation. In: Mezzomo
E, Suzuki RM. Contemp oral rehab.
S&o Paulo:Santos; 2006; 791-839.

13.Abdelaziz K ,Shamaa A and EI-Bab E.
Influence of different luting materials
on the adptation of electroformed metal-
ceramic crowns. Dent News.2006; Vol.
X111, No.llI.

14.Diaz-Arnold AM, Vargas MA, Haselto
DR. Current status of luting agents for
fixed prosthodontics. J Prosthet Dent.
1999; 81:135-41.

15.Anusavice KJ. Philips' Science of Den-
tal Materials 11th ed. W. B. Saunders
Company, Elsevier Science. 2003:301-
9.

16.Braga RR, Cesar PF, Gonzaga CC.
Mechanical properties of resin cements
with different activation modes. J Oral
Rehab. 2002;29:257-62.

17.G-bond brochure. Advanced 7th genera-
tion single component adhesive. GC
America Inc .2006.

18.Yoshiok M, Yoshida Y, Inoue S, Lam-
brechts P, Vanherle G, Nomura Y, Oka-
zaki M, Shintani H and VVan Meerbeek.
Adhesion/decalcification mechanisms
of acid interactions with human hard
tissues. J Biomed Dent Res. 2002; 59:
56-62.

19.EIGuindy JF, Mostafa DH ande El
Agroudi. Margin assessment and frac-
ture resistance of adhesively luted ce-
ramic crowns. J Amer Scien.2010; 6.

20.Yiu CKY, Pashly EL, Hirashi N, King
NM, Goracci C, Ferrari M. Solvent and
water retention in dental adhesive
blends after evaporation. Bio materials.
2005; 26: 6863-72.

21.Van Meerbeek, B. , J. De Munck , Y.
Yoshida , S. Inoue , M. Vargas , P. Vi-
jay , K. Van Landuyt , P. Lambrechts ,
and G. VanherleBuonocore Memorial
Lecture. Adhesion to enamel and dentin
Current status and future challenges.
Oper Dent.2003; 28 :215-235.

22.Swift Jr, E. J. Dentin/enamel adhesives:
Review of the literature. Pediatr Dent.

Al-Rafidain Dent J
Vol.14, No.2, 2014



Effect of Bonding Agents on Microleakage of Ceramic Crown

2002;24:456-461. peripheral and central dentinal tissue: A
23.Yesilyurt C , Bulucu B. Bond strength microtensile bond strength test. J Con-
of total-etch dentin adhesive systems on temp Dent Pract.2006; 7.

Al-Rafidain Dent J

Vol.14, No.2, 2014 204



