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The success of a restoration depends on the interaction between the adhesive system and the dental

substrate. The aim of this study was to evaluate the occurrence of microleakage in class II resin
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restorations using different adhesive systems light cured in enamel and dentin: conventional and self-

etching acrylic. For that purpose 40 human molars were sectioned in buccal–lingual direction, making

up 80 samples (40 mesial and 40 distal halves). Each sample had cavities class II prepared and the

occlusal margins were kept in enamel while the cervical margins were kept in dentin. The specimens

were divided into four groups (n¼20) according to the adhesive system used. After restorative and

thermocycling procedures the degree of dye leakage was qualified using a stereomicroscopic loupe

(45X). Data were analyzed by ANOVA and Kruskal–Wallis tests (a¼0.05). Results obtained for occlusal

(enamel) and cervical (dentin) margins (mm) were, respectively: GI-11.45, 20.7; GII-15.4, 19.4;

GIII-23.3, 24.05; GIV-31.85, 17.85. In enamel, the self-etching adhesive systems presented the less

control of marginal leakage in the occlusal and cervical margins. Although for the dentin there was no

difference among the adhesive systems used. It was concluded that no adhesive system hermetically

sealed the restorations with cavity margins in enamel or dentin and self-etching adhesives did not

improve microleakage controlling when compared to conventional systems.

& 2012 Elsevier Ltd. All rights reserved.
1. Introduction

Dental professionals aim to perform procedures for esthetic
restorations with longevity and no postoperative sensitivity
[1–3]. Marginal sealing in composite resin restorations is impor-
tant for the longevity and can be affected by dimensional altera-
tions of the restorative material, polymerization shrinkage,
thermal and hygroscopic expansion, C-factor, substrates available
for adhesion, and sealing ability of the adhesive system [4–8].

Microleakage test with previous thermocycling is considered a
low-cost and effective method to evaluate the marginal sealing
provided by adhesive systems, considering the different linear
thermal expansion coefficients of restorative materials and dental
structures [9]. Class II cavities are excellent for this evaluation
because they present cavity margins in enamel and dentin substrate.

Adhesion in enamel has been considered safe and is rarely
questioned [10–13]. However, the same does not apply for dentin,
because the humidity, collagen, cavity depth, amplitude and direction
of dentin tubules may influence the marginal sealing [5,8,11,14–18].
ll rights reserved.

ogia de Arac-atuba – Unesp,
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The most used bonding technique establishes simultaneous
enamel and dentin etching with phosphoric acid. The selective
demineralization of hydroxyapatite in enamel favors the forma-
tion of microporosities for penetration of the hydrophobic and/or
hydrophilic resin components of the adhesive system, promoting
tags formation for retention of composites and control of mar-
ginal leakage [11–13,16]. In dentin, etching with phosphoric acid
makes this tissue very dynamic and unstable. Removal of the
smear layer, smear plug and underlying hydroxyapatite exposes
an extremely organic structure with a mesh of fibrils that are
separated and sustained by the humidity of this tissue and the
water for acid rinsing. In ideal conditions, the space between
collagen fibers is filled by the hydrophilic component of the
adhesive system, generating tags into the dentin tubules and
the hybrid layer in the peri and inter-tubular dentin. This
structure has been indicated as responsible for retention of
the restorative material and control of microleakage in this
substrate [19]. However, perfect interaction is not achieved with
the adhesive system by the total etching technique. Some reports
state that the entire thickness of demineralized dentin with
exposed collagen mesh is not completely filled by the resin
components. This allows degradation of the unprotected collagen,
jeopardizing the long-term marginal sealing [4,20–22].

It is important to highlight that this phenomenon encouraged
researchers and manufacturers to improve the self-etching
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systems, aiming at easy application and the involvement of
exposed collagen with the acidic monomers.

Adhesion in dental substrates is traditionally obtained by acid
etching with phosphoric acid and posterior application of a
conventional adhesive, which contains hydrophobic and hydro-
philic monomers found separately or all-in-one bottle [10–15].
Thus, the resin monomer penetrates into the gaps created by acid
etching, generating excellent interaction between the adhesive
system and the substrate [16]. However, in dentin, demineraliza-
tion by the phosphoric acid may create areas of exposed collagen
that is not impregnated with the hydrophobic adhesive monomer,
which compromises bonding stability [19–21,23–25].

To solve this problem and facilitate the bonding technique,
self-etching adhesive systems have been developed which are
capable of etching enamel and dentin, without the need of
phosphoric acid application. In addition, this adhesive system
does not allow formation of demineralized areas not impregnated
by the resin components [20,21,25,26]. When these systems are
applied on enamel, there is significant damage in tags formation
and bonding [9,12,16,27–30,]. However, in dentin, the behavior is
similar to the conventional adhesives [9,12,27,31,32].

Otherwise, self-etching adhesives consist of self-etching adhe-
sive monomers, cross-linking monomers and additional mono-
functional co-monomers. Thus, strongly acidic adhesives
monomers containing dihydogenphosphate phosphonic acid or
carboxylic acid groups are the most efficient adhesives available.
These monomers promote the formation of a strong and durable
adhesive layer by free-radical copolymerization with the other
monomeric components of the adhesive. At the moment, serious
problems of water-based, highly acidic self-etching enamel-den-
tin adhesives, in particular single-bottle conventional adhesives
arise from the hydrolytic instability of the methacrylate mono-
mers used [33].

adhesive systems and immediate sealing of the tooth/restora-
tion interface, the stress generated by polymerization of the
restorative resin materials and the dimensional alterations fre-
quently occurring in the mouth may compromise the marginal
sealing and longevity of composite resin restorations [17]. There-
fore, laboratory analyses are required to test the effectiveness of
adhesives. Thus, thermal and/or mechanical challenges are car-
ried out to test the interface at its most vulnerable point, namely
its longitudinal stability [5,9,11,12,27,31]. So, thermal cycling is
for the main purpose of failure acceleration.

Considering that enamel and dentin are involved in bonding,
studies should compare the behavior of different adhesive mate-
rials in these substrates to obtain enough information, so that the
clinicians may perform restorative procedures safely. Thus, the
null hypotheses tested were that: 1—self-etching adhesive sys-
tems do not avoid the occurrence of microleakage in enamel and
dentin margins, and 2—self-etching adhesive systems are not
better than conventional systems in controlling marginal micro-
leakage in enamel and dentin.

This paper is intended to qualitatively evaluate the control of
microleakage in class II cavities, with occlusal margin in enamel
and cervical margin in dentin, restored with composite resin and
different acrylic and light curing adhesive systems (two self-
etching adhesive systems, one one-bottle conventional adhesive
system and one two-bottle conventional adhesive system). Dye
penetration after thermal cycling will be used to evaluate leakage.
2. Materials and methods

Forty intact recently extracted human molars were stored in
0.2% formalin at neutral pH. The project was approved by the
Institutional Review Board, FOA, Proc. 600/2004.
2.1. Specimen preparation

Forty human molars were sectioned in buccal–lingual direc-
tion, making up 80 samples (40 mesial and 40 distal halves).
Afterwards, standard class II cavities were prepared using
a # 245 bur (KG Sorensen Ltd.—Barueri, SP, Brazil) mounted
in high-speed handpiece under water/air spray. The cavities
presented 3 mm in buccal–lingual direction, 1.5 mm in mesial–
distal direction and 6 mm in occlusal–gingival direction.
The cervical margin was 1 mm above the dentin–enamel
junction.

The eighty samples were randomly divided into 4 experimental
groups (n¼20) that received the adhesives presented in Table 1,
followed by the composite resin Filtek Z-250 (3 M ESPE, St. Paul,
Mn, USA).
2.2. Bonding procedures

The prepared cavities were submitted to prophylaxis with
pumice and water, rinsed and dried. Then, the adhesive system of
each group was applied according to the manufacturer’s instruc-
tions (Table 1). The specimens were positioned in an acrylic resin
model to allow positioning of wooden wedges and circumferen-
tial flexible pre-contoured Hawe Neos matrices (KerrHawe SA,
Bioggio, Switzerland) to simulate the clinical conditions for
restoration with composite resin.

The cavities were restored with composite resin hade, using three
horizontal layers. Each layer was polymerized for 40 s with quartz–
tungsten–halogen light source with an intensity of 500 mW/cm2

(Ultralux-Dabi Atlante, Ribeir~ao Preto, S~ao Paulo, Brazil).
After the restorative procedures, specimens were stored in a

humidified chamber at 37 1C during 7 days followed by finishing
and polishing using diamond burs (# 1190F KG Sorensen Ltd.,
Barueri, SP, Brazil), silicone tips (Enhance-Dentsply, Calk, United
States of America) and aluminum oxide disks (Pop-On—3M ESPE,
St. Paul, MN, USA).

After polishing, the specimens were stored and thermocycled
for 1,000 cycles using a thermocycling machine (Ética
Equipamentos Cientı́ficos S/A—S~ao Paulo, S~ao Paulo, Brazil).
Each cycle consisted of one minute at a temperature of 572 1C,
and one further minute at a temperature of 5572 1C. After
thermocycling, the specimens received 2 layers of nail
polish, except for the restoration and the 1 mm surface around
it [11,27].

Thereafter the specimens were immersed in 2% basic fuchsine
solution at 37 1C for 24 h [9,11,27,34]. After this period, the
specimens were rinsed in running water during 2 min and dried
for 24 h at room temperature.
2.3. Microleakage analysis

The specimens were sectioned in mesio–distal direction at the
center of the restorations to obtain two similar dental fragments.
Twenty analysis were performed in each group, since the frag-
ment that exhibited greater dye leakage was evaluated and the
other was discarded (n¼20).

The degree of dye leakage was analyzed with the aid of a
stereomicroscope Stemi SV 11 (Carl Zeiss Company—DSM-940A,
Oberkochen, Baden-Württemberg, Germany) at 45� magnifica-
tion according to scores previously established for enamel
(Table 2) and dentin (Table 3) margins.

Data were statistically analyzed by the non-parametric
Kruskal–Wallis test and multiple comparisons test at a signifi-
cance level of 5%.



Table 2
Scores for microleakage evaluation in enamel.

Score Degree Marginal leakage

0 Absent No dye leakage at the enamel/restoration interface

1 Moderate Dye leakage at the enamel/restoration interface until the

dentinoenamel junction

2 Severe Dye leakage at the enamel/restoration interface beyond the

dentinoenamel junction

Table 3
Scores for microleakage evaluation in dentin/cement.

Score Degree Marginal leakage

0 Absent No dye leakage at the dentin/restoration interface

1 Moderate Dye leakage at the dentin/restoration interface including the

cervical wall

2 Severe Dye leakage at the dentin/restoration interface including the

cervical and axial walls

Table 4
Kruskal–Wallis test applied to the means of scores obtained in the occlusal

margins (enamel—po0.05).

Group Median Sum of ranks Mean of ranks*

G I (conventional two-bottle) 0.000 114.50 5.73 A
G II (conventional one-bottle) 0.000 154.00 7,70 A
G III (self-etching) 0.000 233.00 11.65 B
G IV (self-etching) 0.000 318.50 15.93C

n Same letters indicate statistical similarity.

Table 5
Result of the Kruskal–Wallis test applied to the means of scores obtained in the

cervical margins (dentin—po0.05).

Group Median Sum of ranks Mean of ranksn

G I (conventional two-bottle) 1.000 207.00 10.35A
G II (conventional one-bottle) 1.000 194.00 9.70A
G III (self-etching) 1.000 240.50 12.025A
G IV (self-etching) 0.5000 178.50 8.925A

n Same letters indicate statistical similarity.

Table 1
Experimental groups according to the adhesive system, composition and application method recommended by the manufacturer.

Group Product manufacturer Composition Application method

GI Adper Scotchbond Multi-Purpose

Plus (3 M ESPE, St. Paul, Mn, USA)

ScotchEtch Conditioner—35% H3PO4 silica thickened. Etch for 20 seg. Rinse with water spray for 45 s.

Primer—2-hydroxyethil methacrylate, polyalkenoic acid copolymer,

water.

Apply Primer for 20 s, Mild air stream

Adhesive—Bis-phenol A diglycidylmethacrylate, 2-hydroxyethil

methacrylate

Apply Adhesive. Gentle air stream. Light cure for

20 s

GII Adper Single Bond (3 M ESPE, St.

Paul, Mn, USA)

ScotchEtch Conditioner—35% H3PO4 silica thickened Etch for 20 seg. Rinse with water spray for 45 s.

Adhesive—Bis-phenol A diglycidylmethacrylate, 2-hydroxyethil

methacrylate, diurethane dimethacrylate, polyalkenoic acid

copolymer, camphorquinone, water, ethanol and glycerol

dimethacrylate 1.3, 10% by weight of silica nanoparticles

Apply Adhesive. Gentle air stream. Light cure for

20 s

GIII Clearfil SE Bond (Kuraray Medical

Inc., Sakazu, Kurashiki, Okayama,

Japan)

Primer—10-methacryloxydecyl dihydrogen phosphate;

2-hydroxyethyl methacrylate; hydrophilic dimethacrylate;

decamphorquinone; N, N-diethanol-p-toluidine; water

Apply Primer for 20 s

Mild air stream

Bond—10-methacryloxydecyl dihydrogen phosphate; Bis-phenol A

diglycidylmethacrylate; 2-hydroxyethil methacrylate; hydrophobic

dimethacrylate; dicamphorquinone; N, N-diethanol-p-toluidine;

silanated colloidal silica

Apply Bond. Gentle air stream. Light cure for 10 s

GIV Tyrian-SPEþOne Step Plus (BISCO,

INC., 1100 W. Irving Park

Rd.—Schaumburg, IL USA)

Tyrian SPE Activate Tyrian SPE (Mixture of Primer A and

Primer B) and apply two coats, with slight

agitation for10 s: air-dry for 10 s

Primer A: Thymol blue, ethanol and water.

Primer B: 2-Acrylamino-2-methy propanesulfonic acid, Bis{2-

[metacryloyloxy]ethyl}phosphate, 2,4,6-

trymethylbenzoyldiphenylphosphine oxide and ethanol.

One Step—Adhesive Apply two consecutive coats of adhesive for 10 s

each; air-dry for 10 s; light-activate for 10 sBisphenol-A diglycidyl ether dimethacrylate and Bisphenyl

dimethacrylate (15%–40%), 2-hydroxyethil methacrylate (15%–

40%), dental glass (1%–10%) and acetone (40%–70%)
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3. Results

None of the adhesive systems tested completely eliminated
microleakage in both substrates.

In occlusal margins (enamel), the Kruskal–Wallis and Dunn’s
multiple comparison tests demonstrated better behavior of the
two-bottle (GI) and single-bottle (GII) adhesive systems in com-
parison to the self-etching adhesive systems (GIII and GIV). Thus,
different letters indicate statistical significant values and same
letters indicate statistical similar values (Tables 4 and 5). Tests
also demonstrated that GIII and GIV exhibited the worst perfor-
mance in microleakage control (Table 4).

In cervical margins (dentin), the Kruskal–Wallis test demon-
strated statistical similarity among the experimental groups
(Table 5).
4. Discussion

The results of the present study accepted both null hypotheses
since it was demonstrated that the self-etching adhesive systems
did not avoid microleakage in the occlusal (enamel) and cervical
(dentin) margins. Additionally, these systems were not better than
single- and two-bottle systems with complete etching for micro-
leakage in enamel and dentin. These results are in accordance with
those of Opdan et al. [2], Arisu et al. [12], Brandt et al. [27] and
Osório et al. [11].

Probably, the poor performance of self-etching adhesives in
enamel is related to the little micromechanical interaction of their
resin components with enamel. Microscopic observations exhibit
scarce and short tags that are probably insufficient to control
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microleakage at the adhesive interface [11,16,35]. The alterations in
enamel generated by the acidic primers of self-etching systems are
worse than those obtained with phosphoric acid etching (GI and
GII). Similar observations were reported by Peumans et al. [28] and
Van Meerbeek et al. [29], who assessed the clinical performance of a
self-etching adhesive system and stated that it can be improved if
the enamel is previously etched with phosphoric acid.

Some studies report that removal of the superficial enamel
layer with abrasive disks or diamond burs improves the perfor-
mance of self-etching adhesive systems [36,37]. Such findings
were not confirmed in the present study, since the self-etching
systems presented the worst performance for microleakage con-
trol. The presence of the byproducts calcium, phosphate and
water at the adhesive interface, generated by acidic dissolution
of hydroxyapatite by the self-etching primer, may have impaired
bonding between the composite and the enamel and its main-
tenance during thermocycling. Although Shinohara et al. [38]
demonstrated that the enamel etching with a self-etching adhe-
sive system is similar to that obtained with phosphoric acid, the
results of this study do not confirm these observations and are in
accordance with the results of Hanning et al. [39]. The present
results also reinforce the statements of Brackett et al. [30] that
suggested caution for use of this material.

Considering the proximity between enamel and dentin, two
technical difficulties are presented during the adhesive procedure.
The first one is the humidity in enamel near dentin, since humid
dentin is necessary for the application of adhesive systems after
phosphoric acid etching. The second difficulty is the contamina-
tion of enamel etched with phosphoric acid when the primer is
applied on dentin. Even considering such difficulties, the two and
single-bottle adhesive systems exhibited better performance for
microleakage control when compared to self-etching systems.
The presence of a functional copolymer of methacrylate of
polyacrylic and polyalkenoic acids in the conventional adhesive
systems (GI and GII) increases their resistance to the harmful
effect of humidity in an environment with high relative humidity
[40] and satisfactory amount of resin component in these adhe-
sives. Thus, this copolymer that completely fills the micropores
created by acid etching may eliminate the two technical difficul-
ties previously presented, which ensures good performance for
these materials even in humid enamel.

No adhesive system avoided microleakage in the cavity margins
in dentin and statistically similar outcomes were observed in all
groups, which is in agreement with other authors [9,11,12,27,31,41].

The self-etching adhesive systems were developed to improve
the performance of conventional systems, presenting a technique
with easier application and complete involvement of the demi-
neralized area. However, the results of the present study demon-
strated that no adhesive system eliminated the occurrence of
microleakage.

The low pH of self-etching adhesive systems (1.4 for GIII and
0.5 for GIV) allows dentin demineralization and its involvement
by the resin components in a single step, allowing formation of
the hybrid layer [32].

However, the hybrid layer formed in these conditions may be
insufficient to create a stable and strong bonding to support
thermal and mechanical stresses [42]. This statement was
observed in the present study considering that demineralization
by self-etching adhesives may destabilize the collagen and
decrease the adhesive resistance. In addition, the hybrid layer
may not present enough resin material to establish a strong
bonding interface between the dentin and composite resin,
increasing the probability of dye leakage [19,24,25].

Furthermore, the poor performance of self-etching adhesive
systems in dentin can result from the acids in these adhesives,
which promote dissolution of the smear layer, smear plug and
dentin, avoiding complete opening of the dentin tubules
[11,24] and allowing little monomer penetration into dentin.
Additionally, this interaction without rinsing of the etching
agent generates a hybrid layer impregnated with calcium
and phosphate ions associated to the unstructured components
of the smear layer and smear plug, which results in a hybrid layer
more susceptible to degradation during storage and thermocy-
cling [42].

The microleakage observed in the cervical walls using adhesive
systems with total etching may have resulted from inability of the
primers to involve the collagen fibers exposed after acid etching that
did not penetrate into the demineralized area, which makes this
interface more susceptible to degradation. The residual water may
also have influenced polymerization of resin components of the
adhesive systems [43], damaging the involvement of collagen fibers
by the resin components of the adhesive system and generating
gaps at the dentin/composite resin interface [20–22,26,43].

The literature shows that the 2-hydroxyethil methacrylate pre-
sent in the conventional systems collaborates with expansion of the
collagen fibers, decreasing their collapse [44]. However, this mono-
mer decreases the partial pressure of steam, impairing the removal
of residual water. In this condition, the hydrophobic monomers do
not penetrate into the areas with residual water [45], leading to
the occurrence of leakage. Even with their development, porosities
are still observed in the hybrid layer with no resin component in the
hybrid layer base [45]. Additionally, damage may have occurred in
polymerization of the adhesive or low molecular weight oligomers
may have retained water in the hybrid layer at the adhesive/hybrid
layer interface [4,5,11,19,23].

Based on these results, both null hypotheses should be
accepted, since they do not confirm the statements of Osório
et al. [11], Hashimoto et al. [46] and Haning et al. [41], who
suggested the use of self-etching adhesive systems. The similar
behavior in dentin between the total etching and self-etching
adhesive systems associated to the supremacy of those systems
with total etching in enamel indicates that the adhesive systems
with total etching should be considered as the first alternative,
mainly for extensive occlusal restorations [30].
5. Conclusions

Considering the conditions and limitations of the present
study, it was concluded that:
1.
 No adhesive system hermetically sealed the restorations with
cavity margins in enamel or dentin.
2.
 Self-etching adhesives did not improve microleakage control-
ling when compared to conventional systems.
3.
 Systems by self-etching systems should be carefully indicated.
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