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ABSTRACT: The aim of this in vitro study was to evaluate quantitatively the microleakage in class V cavities re-
stored with one-bottle and self-etching adhesive systems with and without previous acid etching. Two one-bottle
adhesive systems (Single Bond and Prime & Bond 2.1) and one self-etching adhesive system (Clearfil Mega Bond)
were used in this study. One hundred and twenty sound human premolar teeth were randomly divided into 6
groups, and 20 class V restorations were prepared in the root dentin to test each bonding system. Each bonding
system was used with and without acid etching. Specimens were prepared, dyed with 2% methylene blue, sec-
tioned, triturated, and evaluated with an absorbance spectrophotometer test in order to quantify the infiltrated
dye. Results were statistically evaluated by ANOVA and Tukey-Kramer test. No statistically significant differences
were found among the adhesive systems when no etching agent was used. However, the Single Bond adhesive
system showed statistically significant lower microleakage means than Clearfil Mega Bond and Prime & Bond 2.1
when 37% phosphoric acid was used. Single Bond and Clearfil Mega Bond adhesive systems presented similar
behavior when the manufacturers’ instructions were followed.

DESCRIPTORS: Dentin-bonding agents; Dental leakage; Composite resins.

RESUMO: O objetivo deste estudo in vitro foi avaliar quantitativamente a microinfiltracdo em cavidades classe V
restauradas com a utilizacao de sistemas adesivos de frasco Unico e autocondicionante com e sem a realizacao
de condicionamento acido prévio. Dois sistemas adesivos de frasco tnico, Single Bond e Prime & Bond 2.1, e um
sistema adesivo autocondicionante, Clearfil Mega Bond, foram utilizados. Cento e vinte pré-molares humanos
higidos foram divididos em seis grupos, e vinte restauragées classe V foram preparadas na dentina radicular para
avaliar cada sistema adesivo. Cada sistema adesivo foi utilizado com e sem condicionamento acido. Os espécimes
foram preparados, corados com azul de metileno a 2%, seccionados, triturados e avaliados em espectrofotometria
para quantificar o corante infiltrado. Os dados foram submetidos a ANOVA e ao teste de Tukey-Kramer. Nenhuma
diferenca estatistica significativa foi encontrada entre os sistemas adesivos quando o condicionamento acido néao
foi utilizado. No entanto, o sistema adesivo Single Bond demonstrou menores médias de microinfiltracao compa-
radas as médias dos sistemas adesivos Clearfil Mega Bond e Prime & Bond 2.1 quando o condicionamento com
acido fosforico a 37% foi utilizado. Os sistemas adesivos Single Bond e Clearfil Mega Bond demonstraram o mesmo
comportamento quando as recomendacoes do fabricante foram seguidas.

DESCRITORES: Adesivos dentinarios; Infiltracdo dentaria; Resinas compostas.

INTRODUCTION

The mechanism of bonding to dentin is defined
as micromechanical, where the adhesive resin pen-
etrates into open dentinal tubules and into the
intertubular demineralized dentin matrix®?72. The
initial conditioning of the dentin results in demin-

eralization, and dentin is subsequently reinforced
with cured resin materials!*?°.

In order to simplify and facilitate the bond-
ing procedures and to reduce the time needed
for application, “single-bottle” adhesive systems
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have been developed?>?%. These systems combine
the primer and the adhesive resin in one bottle.
However, these one-bottle systems also require a
prior conditioning treatment of the dental hard
tissues.

Another group of adhesive systems called
“self-etching” were also developed in an attempt
to simplify the application procedure”?®. Theoreti-
cally, no gaps would be left between the primed
dentin and the demineralization surface of the
underlying dentin matrix in an adhesive system
which simultaneously demineralizes dentin and
fills it with monomers which are then polymerized
in situ!”=°,

The most common methods for evaluating
bonding of restorative materials to tooth substrates
measure the bond strength at the tooth restorative
interface by testing the marginal seal of restora-
tions in extracted teeth. The ideal adhesive restor-
ative material would produce high bond strength
values with no microleakage®.

Microleakage is cited as the responsible factor
for the development of recurrent caries, marginal
staining and postoperative sensitivity, which are
caused by marginal infiltration of oral fluids, bac-
teria, molecules or ions at the interface of teeth and
restorative materials!'®!3. There is little published
data available comparing one-bottle and self-etch-
ing adhesive systems.

Some authors found that the acidity of single-
bottle adhesives may re-etch the demineralized
dentin?2. Barkmeier et al.! (1999) found that an
acetone-based adhesive system acted as a “self-
etching” adhesive due to the acidity of its monomer
PENTA (dipentaerythritol pentaacrylate). For this
reason, we intend to evaluate these “single-bottle”
and “self-etching” adhesive systems with and with-
out acid etching the dentin.

The aim of this in vitro study was to quantita-
tively evaluate microleakage by means of an spec-
trophotometric analysis in class V cavities restored
with one-bottle and self-etching adhesive systems
with and without acid etching the dentin.

MATERIALS AND METHODS

One hundred and twenty human permanent
mandibular and maxillary single-rooted premolars
were used in this study. After extraction, teeth
were cleaned of gross debris, polished and exam-
ined under a light microscope (Carl Zeiss, Gottin-
gen, Germany) (4 X) in order to discard damaged
teeth. All teeth were stored in distilled water at 5°C
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for three months prior to testing. The root apices
were removed with a diamond disc (KG Sorensen
Ind. e Com. Ltda., Barueri, SP, Brazil) and sealed
with composite resin (Z250, 3M/ESPE, St. Paul,
MN, USA) and a cyanoacrylate adhesive (Super-
bonder, Henkel Loctite Adhesives Ltd., Itapevi, SP,
Brazil).

Cylindrical class V cavities of 1.85 £ 0.05 mm
in diameter and 1.5 mm in depth were prepared
4.0 mm below the cemento-enamel junction at the
buccal surface with a special diamond bur which
had the cavities’ dimensions (KG Sorensen Ind. e
Com. Ltda., Barueri, SP, Brazil). The bur was used
at high speed and with adequate water cooling.
Each diamond bur was replaced after five prepara-
tions. After preparation, the teeth were randomly
assigned into six test groups (n = 20). The cavi-
ties were restored with three different adhesive
systems: Single Bond (3M/ESPE, St. Paul, MN,
USA), Prime & Bond 2.1 (Dentsply De Trey, Kon-
stanz, Germany) and Clearfil Mega Bond (Kuraray
Co., Osaka, Japan); compositions, manufactur-
er’s instructions and batch numbers are shown
in Table 1.

All adhesive systems were used with and with-
out previous acid etching. The adhesives Single
Bond and Prime & Bond 2.1 were used with the
etching agent suggested by the manufacturer and
Clearfil Mega Bond was used with 35% Scotchbond
phosphoric acid gel (3M/ESPE, St. Paul, MN, USA)
for 15 seconds prior to the adhesive application.
All cavities were bulk filled with a microhybrid
composite resin, Z250 (3M/ESPE, St. Paul, MN,
USA) and light cured for 20 seconds with Degulux
Soft-Start curing light unit (Degussa, Huls AG,
Hanau, Germany) with a constant intensity of
620 mW/cm?. All the restorations were made by
the same investigator.

The restored teeth were subjected to 3,000
thermal cycles of 60 seconds between 5°C and
55°C, with a dwell time of 15 seconds. After cy-
cling, the whole tooth surface except a 1 mm win-
dow around the restoration was covered with two
coats of nail varnish (Risque, Niasi, SP, Brazil), and
teeth were immersed in 2% methylene blue solu-
tion (Merck, Darmstadt, Germany) for 12 hours
at 37°C. The samples were rinsed in tap water
and dried afterwards. Specimens were cut with
diamond discs and sections of the root (5 x 5 mm)
including the restorations were removed. The nail
varnish and the superficial stain were removed
from each specimen with a graded series of alu-
minum oxide discs (Sof Lex, 3M/ESPE, St. Paul,
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TABLE 1 - Adhesive system composition, manufacturers’ instructions, pH and batch number.

Adhesive Components Bonding steps pH* Batch
MDP, HEMA, hydrophilic Gently air dry, apply primer, 20
Primer dimethacrylate, CQ, N,N-diethanol | seconds light curing. 00103A
'g p-toluidine, water. n
= pg MDP, BisGMA, HEMA, hydrophobic | Apply adhesive, 10 seconds 2.0 5
S © dimethacrylate, CQ, N,N-diethanol | light curing. o
g o0 Bond p-toluidine, silanated colloidal 00033A
0= silica.
* 35% phosphoric acid Acid etch for 15 seconds, rinse
*« HEMA, BisGMA, PAA, ethanol and | for 15 seconds, gently air dry.
Single Bond water. Apply one coat of adhesive, wait +50 9DD
for 10 seconds, apply another
coat of adhesive, gently air dry
and light cure for 10 seconds.
* 37% phosphoric acid Acid etch for 15 seconds, rinse
] * PENTA, elastomeric dimethacrylate | for 15 seconds, gently air dry.
Prime & Bond resins, cetylamine hydrofluoride, Apply one coat of adhesive, wait 17 50132
2.1 CQ and acetone for 30 seconds, apply another
) coat of adhesive, gently air dry
and light cure for 10 seconds.

*pH provided by manufacturers. Abbreviations: BisGMA: bisphenol-glycidyl methacrylate; HEMA: 2-hydroxyethylmethacrylate;
MDP: 10-methacryloyloxy methacrylate; PENTA: dipentaerythritol pentaacrylate; CQ: camphorquinone; PAA: polyalkenoic acid

copolymer.

MN, USA) in order to remove possible superficial
dye absorption by the restorative material.

Each specimen was weighed and ground into
powder in a mill for hard tissues (Marconi Equip.
Ltda., Piracicaba, SP, Brazil). The powder of each
specimen was weighed again and if the difference
between the initial and final weigh was greater
than 10% the sample would be discarded. The
powder of each sample was individually immersed
in a glass tube containing 4 ml of absolute alco-
hol (Merck, Darmstadt, Germany), for 24 hours,
in order to recover the methylene blue. After this
procedure, the solutions were centrifuged (Tomy,
IC 15NA, Tomy Ind., Tokyo, Japan) at 3,000 rpm
for 3 min. The supernatant was analyzed using
an absorbance spectrophotometer (Beckman
DU 65 - Instruments, Inc., Fullerton, CA, USA)
adjusted with a wavelength of 565 nm. In order to
determine the absorbance, the spectrophotometer
was adjusted with an appropriate wavelength for
the methylene blue, corresponding to the maxi-
mum absorbency for the dye. Standard solutions
of methylene blue in 1 ml of absolute alcohol were
prepared, containing from O to 4 pg of dye/ml.
The absorbance of the standard solutions were
determined at wavelengths ranging from 500 to
700 nm, and the best results were obtained at
565 nm. Prior to determining the absorbance of
experimental solutions at 565 nm, the coefficient

(r) between dye concentration and absorbance of
the standard solutions was calculated, and an r
value of 0.9998 was obtained. To estimate the dye
concentration on the experimental samples, a lin-
ear regression was obtained. The regression equa-
tion is expressed as: y = 0.2714 x — 0.0071, where
y is the absorbance and x is the dye concentration.
The microleakage of each specimen was expressed
as pg of dye/ml, with lower values indicating lower
microleakage. Data were statistically analyzed by
two-way ANOVA and Tukey-Kramer test.

RESULTS

The results of the analysis of variance revealed
significant differences in the microleakage means
based on two independent variables (p < 0.05). The
quantitative microleakage was not significantly
different among groups for the acid etching fac-
tor (p = 0.1462), but it was significantly different
for the adhesive systems (p = 0.0001), and for the
interaction between adhesive systems vs. etching
(p = 0.0208). Tukey-Kramer test was used to com-
pare the microleakage means among the groups
(p < 0.05). Results are shown in Tables 2 and 3
and Graphs 1 and 2. No significant differences
were found among groups when no etching agent
was used before the application of the adhesive
systems. When teeth were previously acid etched,
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TABLE 2 - Means and standard deviations (SD) of dye
concentration (pg/ml) for the adhesive systems used
without previous acid etching.

Adhesive systems Means + SD

Clearfil Mega Bond 0.0470 + 0.0499*

Prime & Bond 2.1 0.0427 + 0.0839*

Single Bond 0.0314 £ 0.0505

Values with the same letter were not significantly different by
Tukey-Kramer test (p > 0.05).

TABLE 3 - Means and standard deviations (SD) of dye
concentration (png/ml) for the adhesive systems used
with previous acid etching.

Adhesive systems Means + SD

Clearfil Mega Bond 0.0928 +£ 0.0801*

Prime & Bond 2.1 0.0756 £ 0.1021#

Single Bond 0.0073 + 0.0085P

Values with the same letter were not significantly different by
Tukey-Kramer test (p > 0.05).

Single Bond presented a better performance, show-
ing lower microleakage means than Prime & Bond
2.1 and Clearfil Mega Bond. No differences were
detected when microleakage means were compared
for each material used with and without previous
acid etching.

DISCUSSION

The clinical performance of adhesive restora-
tions is affected by other covariables besides dental
materials that are unique in the oral environment
such as the substrate the restorations are bonded
to. The bonding of hydrophobic materials such
as adhesive systems to a mineralized tissue with
little water and few organic components, like the
enamel, is relatively easy to perform and yields
early clinical success, with no evidence of micro-
leakage?72325, However, the dentinal substrate
morphology is more complex. It is directly related
to the pulp by dentinal tubules!®. Dentin composi-
tion is based on water and organic components.
This complex tissue challenges us to develop ad-
hesive systems that can seal the interface tooth/
restoration in vivo.
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ing. Same letters represent no significant difference by
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The restoration margins of this study were
located in root dentin, because the adhesion of ad-
hesive systems to dentin needs to be improved and
the quantitative evaluation of microleakage needs
a standard substrate. For these reasons, restora-
tions were made 4 mm below the cemento-enamel
junction on the root surface of premolars.

The quantitative microleakage evaluation
method was developed by Douglas, Zakariasen®
(1981). This methodology eliminates the subjec-
tive operator evaluation that is used in qualita-
tive evaluations and measures all the infiltrated
dye®1%15, The qualitative method does not allow us
to take into account the variations of dye penetra-
tion pointed out from one zone to another of the
restoration/tooth interface®.
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The one-bottle adhesive systems used in this
study completely remove the smear layer by etch-
ing the dentin with 37% phosphoric acid and for
optimal hybrid layer formation the manufacturers
recommend a moist dentin surface!'?. However,
there are differences in the composition: Single
Bond uses water and alcohol solvent with HEMA
and BisGMA monomers. Prime & Bond 2.1 uses
an acetone solvent with PENTA as the primary
bonding promoter.

Clearfil Mega Bond (Kuraray Co.), a self-etch-
ing adhesive system, dissolves and incorporates
the smear layer into the mixture, as it demineral-
izes dentin and encapsulates the collagen fibers
and hydroxyapatite crystals’.

Single Bond presented the best performance
when compared to the other adhesive systems,
having the lowest microleakage values when used
with previous etching. Our results are supported
by Torres, Araujo?® (2000), who reported a reduced
microleakage value of Single Bond compared to the
self-etching adhesive system Clearfil Liner Bond
I1. This satisfactory performance might be related
to the homogeneous hybrid layer formed by this
system, as shown in a study performed by Prati et
al?2 (1998). According to this study, Single Bond
presented the most homogeneous hybrid layer, 1.5
to 2.5 um thick in peritubular dentin and 4.0 to
6.0 um thick in intertubular dentin. Similar values
were also reported by Ferrari et al.® (1997), where
a hybrid layer 2 to 7 pm thick was found for Single
Bond adhesive system. No statistically significant
differences in the degree of microleakage were no-
ticed by Pilo, Bem-Amar?! (1999) when comparing
multistep and one-bottle adhesive systems. Castel-
nuovo et al.® (1996) reported that one-bottle ad-
hesives showed lower microleakage in cementum
margins compared to their multistep versions.

The utilization of a brief etching time (15
seconds) and the adhesive application in a moist
dentin environment can explain the good results
of Single Bond!°. The low microleakage means re-
ported following wet bonding may be attributed
to the fact that the demineralized dentin collagen
does not collapse when kept wet; as opposed to
what happens when it is dried with air blast. Moist
dentin keeps the porous collagen network, which
permits greater infiltration of adhesive monomers
than the air-dried dentin surface with collapsed
collagen!9:20:28,

It is known that dentin dehydration increases
the contact angle between the adhesive system
and dentin, decreasing the surface wettability

and making the adhesive infiltration difficult?*.
Acid etching the dentin with highly concentrated
acid gels for a short time results in the success-
ful removal of the smear layer'!. The lowest micro-
leakage means were found using Single Bond with
previous acid etching, although differences were
not significant.

The present results found for Prime & Bond
2.1 were not expected for a one-bottle system that
removes the smear layer to form a hybrid layer. It
showed statistically significant higher microleak-
age means than Single Bond, and was statistically
similar to the self-etching adhesive Clearfil Mega
Bond. Barkmeier et al.! (1999) reported that in
their study the acid etching of dentin did not im-
prove the bond strength values for Prime & Bond
2.1. The authors state that this system has shown
the ability to bond to unetched dry dentinal sur-
faces. The monomer PENTA, which has a low pH,
acts as a self-etching agent when in contact with
the dentin surface. The idea of self-etching adhe-
sives is attractive because theoretically they can
minimize the potential for voids or discrepancy
between the mineralized surface and the adhe-
sive penetration. However, when dentin is previ-
ously acid etched, self-etching adhesives systems
may not infiltrate into all demineralized den-
tin, leaving gaps that could favor microleakage.

Kalin et al.l! in 1998, using low temperature
scanning electron microscopy, showed that the
dentin surface appeared to be partially covered
with liquid and demonstrated “lake-like” areas of
the adhesive Prime & Bond 2.1 after the applica-
tion of the first layer. At higher magnification, the
adhesive showed only superficial penetration into
the collagen network. After the application of a
second layer, the dentin was covered with a thin
layer of adhesive. According to the authors, the
“lake-like” areas observed after application of the
first layer of Prime & Bond 2.1 may be attributed to
the pronounced collapse of the collagen network.
Another explanation for this phenomenon could be
that acetone-diluted adhesives contain insufficient
resin to cover the whole surface area in one coat.

Prati et al.?? (1998) described the presence of
a visible but extremely thin hybrid layer in super-
ficial dentin and much thicker in deeper dentin
for Prime & Bond 2.1 used with previous dentin
conditioning. The acidic pH of Prime & Bond 2.1,
the presence of a nonhomogeneous hybrid layer
shown by this adhesive and the incomplete mon-
omer infiltration in the demineralized collagen net-
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work may explain the adverse performance of this
adhesive system in this study.

The adhesive system Clearfil Mega Bond acts
simplifying clinical adhesive procedures by com-
bining the acid etching of dentin with the priming
step’. The acidic part of the primer is neutralized
at some point by calcium and phosphate ions re-
leased during demineralization. Demineralization
is therefore self limiting, since the high concentra-
tion of these ions tends to limit further dissolu-
tion of apatite®. In self-etching adhesive systems,
the primer is not rinsed off after its application.
Therefore, the adhesive should be gently air dried
after its application to allow the evaporation of
the primer’s solvent and avoid undesirable effects
on the polymerization of the bonding agent ap-
plied after the dentin priming step!6. These fac-
tors might be the reason for the little microleakage
presented by Clearfil Mega Bond when the man-
ufacturer’s instructions were followed. The mean
values found were not statistically different from
Single Bond used with previous etching. The lowest
microleakage means were found using no etch-
ing agent before the application of Clearfil Mega
Bond, although differences were not significant.
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CONCLUSIONS

* No significant differences in microleakage val-
ues were found among the adhesive systems
when no etching agent was used.

» Single Bond showed statistically lower micro-
leakage means than Clearfil Mega Bond and
Prime & Bond 2.1 when 37% phosphoric acid
was used to acid etch the dentin.

» Single Bond and Clearfil Mega Bond adhesive
systems presented the same behavior when the
manufacturers’ instructions were followed, the
first used with previous etching and the latter
with no etching.
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