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Clinical Relevance

The use of resin-modified glass ionomer cement as an intermediary base provides lower
microleakage, indicating better sealing of the tooth-restoration interface.

SUMMARY

The aim of this in vitro study was to qualita-
tively and quantitatively evaluate the micro-
leakage of Class II cavities restored with a
methacrylate-based composite (Filtek Z250, 3M
ESPE) or silorane-based composite (Filtek LS,
3M ESPE), varying the application of an inter-
mediary base, using a low-viscosity composite
resin (Filtek Z350 Flow, 3M ESPE) or resin-
modified glass ionomer cement (RMGIC) (Vi-
trebond, 3M ESPE) and no intermediary base
(control groups). Sixty cavities were prepared
on the proximal surfaces of bovine teeth and
were randomly divided according to the ex-
perimental groups (n=10). Following the re-
storative procedures and thermocycling, the
samples were immersed in methylene blue for
two hours. The qualitative evaluation was
made using a stereomicroscope, whereby two
observers analyzed the infiltration level of the
dye within the tooth/filling. Microleakage
scores among the groups were compared using
the Kruskal-Wallis test followed by the Mann-
Whitney test (p�0.05). The samples were then
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ground and the powder was prepared for
quantitative analysis in an absorbance spec-
trophotometer. The results were statistically
analyzed by analysis of variance and the
Tukey test (p�0.05). Results from the quanti-
tative analysis showed that LS presented high-
er values of microleakage than did Z250. There
was a significant difference between both
composites concerning the intermediary mate-
rials, with the lowest values obtained using
RMGIC as an intermediary base. Results from
the qualitative analysis showed that there
were no statistically significant differences
between composites; however, there were sig-
nificant differences for both composites con-
cerning the intermediary materials, with the
lowest values obtained using RMGIC as an
intermediary. It is possible to conclude that
using RMGIC as an intermediary base provid-
ed lower microleakage, indicating better seal-
ing of the tooth-restoration interface.

INTRODUCTION

The polymerization reaction for methacrylate resin-
based composites occurs through the conversion of
monomer molecules into a structure of cross-linked
polymers.1 The main adverse effect of this material
is volumetric shrinkage, which contributes to stress
formation along the bonded interfaces of restora-
tions2 as well as to the formation of gaps in the
composite-dentin interface, initiating the microleak-
age process.3 Microleakage is defined as the passage
of bacteria, fluids, or molecules between a cavity wall
and the restorative material applied to it, and
microleakage may cause hypersensitivity, recurrent
caries, and pulpal pathoses.4,5

To reduce the side effects caused by polymeriza-
tion shrinkage stress, an intermediary layer between
the composite resin and the tooth has been proposed3

as an alternative to creating a tooth-restoration
interface without the presence of gaps. Studies have
suggested using materials, such as flowable compos-
ite resins,6 to act as a stress-absorbing layer,
relieving the stress generated during polymerization
shrinkage and promoting more effective sealing to
the tooth structure. Resin-modified glass ionomer
cements (RMGICs) have also been recommended as
a base material, because they replace some of the
composite volume and reduce the side effects of
polymerization shrinkage.7

Recently, a new silorane-based composite resin
has been introduced that has a distinctive polymer-
ization characteristic that reduces polymerization

shrinkage.8 Silorane was so named by the manufac-
turer to indicate a hybrid compound of siloxane and
oxirane functional moieties.2 The silorane matrix is
formed by a cationic ring opening of the silorane
monomers during polymerization instead of free-
radical polymerization of methacrylate monomers.9

Therefore, a significantly lower polymerization
shrinkage and lower stress development occur.10

However, little is known about the effect associating
an intermediate material and a silorane-based
composite.

This current study compared the microleakage of
Class II restorations restored with methacrylate- or
silorane-based resins and different intermediary
base materials. The null hypotheses were 1) there
is no difference between marginal infiltration of
methacrylate- and silorane-based restorations; and
2) there is no difference between the marginal
infiltration of composite restorations when using
different base materials.

MATERIALS AND METHODS

Sixty extracted bovine incisors were collected,
cleaned with a periodontal curette, polished with a
Robinson brush and pumice paste under water, and
then stored in distilled water until they were used.
The tooth had part of its root embedded in cold-cure
polystyrene resin (Piraglass, Piracicaba, SP, Brazil).
The specimens were then split obliquely 6 mm from
the dentino-enamel proximal junction using a dou-
ble-faced diamond disc (KG Sorensen, Barueri, SP,
Brazil). After cutting, the incisal surfaces were
finished with 600-grit water-abrasive papers to
obtain a smooth surface.

Specimen Preparation

Cavities were made using a diamond tip #3146 (KG
Sorensen) coupled to a cavity preparation unit on the
flattest proximal surface, simulating a Class II
restoration, measuring 6 mm high, 4 mm wide, and
1.5 mm deep, under irrigation with an air/water jet.
The cervical limit of the proximal box was 1 mm
above the cemento-enamel junction. The burs were
replaced after every five preparations. The cavities
were randomly restored, with one of the following six
techniques.

Group 1—Filtek Z250 (3M ESPE, St Paul, MN,
USA): The cavities were etched for 30 seconds in
enamel and 15 seconds in dentin, using 37%
phosphoric acid (3M ESPE), washed for 30 seconds,
and gently dried with filter paper to prevent
excessive dentin drying. The adhesive system Adper
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Single Bond 2 (3M ESPE) was applied in two
consecutive coats for 15 seconds with gentle agita-
tion, gently air-dried for 10 seconds, and then light-
cured for 10 seconds. The composite was inserted
incrementally (2-mm horizontal increments), and
each increment was light-cured for 20 seconds.

Group 2—Filtek LS (3M ESPE): The self-etching
primer, LS Primer (3M ESPE), was applied in one
coat for 15 seconds with gentle agitation, gently air-
dried for 10 seconds, and then light-cured for 10
seconds. LS Bond was applied, gently air-dried for 10
seconds, and light-cured for 10 seconds. The com-
posite was inserted incrementally (2-mm horizontal
increments), and each increment was light-cured for
20 seconds.

Group 3—Filtek Z350 flow (3M ESPE)/Filtek Z250:
The same restorative protocol described for group 1
was performed; however, the low-viscosity version of
the resin was applied on the gingival wall up to the
dento-enamel junction with a 2-mm thickness before
inserting Filtek Z250 and light-curing for 20 sec-
onds.

Group 4—Filtek 350 flow/Filtek LS: The same
restorative protocol described for group 2 was
performed; however, the low-viscosity version of
the resin was applied on the gingival wall up to the
dento-enamel junction with a 2-mm thickness prior
to the application of LS Bond and light-cured for 20
seconds.

Group 5—Vitrebond (3M ESPE)/Filtek Z250: A
RMGIC was applied on the gingival wall up to the
dento-enamel junction, in a 2-mm thickness, and
was light-cured for 40 seconds. After that, the same
restorative protocol described for group 1 was
performed.

Group 6—Vitrebond/Filtek LS: A RMGIC was ap-
plied on the gingival wall up to the dento-enamel
junction, in a 2-mm thickness, and was light-cured
for 40 seconds. After that, the same restorative
protocol described for group 2 was performed.

A Bluephase 16i light-curing unit (Vivadent, Bürs,
Austria) with an irradiance of 1100 mW/cm2 was
used to photoactivate all groups. The tip of the light-
curing unit was positioned perpendicular to the
incisal surface of the tooth without touching it.

After 24 hours of storage at 378C the restorations
were finished and polished with Sof-Lex Pop-on
aluminum oxide disks (3M ESPE) in decreasing
order of granulation. The samples were thermo-
cycled 1000 times (5628C, 37628C, and 55628C)
with a dwell time of one minute each at each

temperature and a transfer interval of five seconds
(MSCT, 3 PLUS, São Carlos, SP, Brazil).

Dye Immersion

After these procedures, the entire sample (except for
the cervical interface between the restoration and
the tooth) was protected with two layers of fast-
setting Superbonder cyanoacrylate-based adhesive
(Henkel Loctite Adesivos, Itapevi, SP, Brazil ).
Before dye immersion, a 1-mm strip of adhesive tape
(Fix-Baby, Embalando, Fitas Adesivas Ltda, Arujá,
SP, Brazil) was placed around the area that was
infiltrated, and two layers of nail varnish were
applied. Then the tape was removed, the interface
was cleaned with sterile gauze, and the specimens
were totally immersed in 2% neutral methylene blue
solution for two hours. The blocks were then
removed from the dye solution, washed under
running water, and dried. The nail varnish was
removed using a periodontal curette, and the dye on
the restoration was removed up to 0.05 mm from the
surface, as controlled by a caliper.

Fragments

Three fragments were obtained for qualitative
analysis, named ‘‘left wall,’’ ‘‘gingival wall,’’ and
‘‘right wall’’ (Figure 1).

Qualitative Analysis

The qualitative evaluation was performed by two
previously calibrated examiners under a stereomi-
croscope at 403 magnification. The specimens were
evaluated using the following microleakage scores: 0
= no infiltration; 1 = infiltration within tooth/
material interface, beyond half of the gingival wall;
2 = infiltration within tooth/material interface,

Figure 1. The fragments for qualitative analysis were obtained by the
sectioning of the tooth-restoration block in three parts. The first cut
(#1) was made in the center of the tooth-restoration block in the
mesio-distal direction, resulting in two segments (upper and lower).
After that, the lower segment was also sectioned in half, now in the
gingival-occlusal direction (#2). Obtaining fragments with approximate
areas of microleakage was possible because of the prior standard-
ization of the dimensions of the cavity.
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beyond half of the gingival wall, but not reaching the
axial wall; and 3 = infiltration within tooth/material
interface up to or beyond axial wall (ISO
11405:2003).

Quantitative Analysis: Sample Trituration

To take a reading of the infiltrated dye color,
specimens (dental block þ restoration) were
weighed. After weighing, the specimens were tritu-
rated in a hard fabric grinder (MA-475, Marconi
Equip Ltda, Piracicaba, SP, Brazil) in order to obtain
a powder composed of the tooth/restoration and were
then weighed again. If the difference between the
initial and final weights was greater than 10%, the
specimen was discarded. In this present study, no
specimens were discarded.

Dissolution

After trituration, the powder obtained from each
sample was separately immersed in a test tube
containing 4 mL of absolute alcohol PA for 24 hours
to dissolve the dye that leaked through the tooth/
restoration interface. The solution obtained was
centrifuged at 3000 rpm for three minutes so that
the powder and other elements separated. The
supernatant of the centrifuged solution was submit-
ted to quantitative analysis of the dye present in the
solution with a spectrophotometry unit (Beckman
DU-65 Instruments Inc, Fullerton, CA, USA) using
absorbance reading.

The absorbance reading was taken in an adjusted
unit at a wavelength of 668 nm, corresponding to the
maximum absorbance of methylene blue dye. Prior
to the readings, the spectrophotometry unit had been
adjusted by spectral reading with pattern solutions
at concentrations of 0.1; 0.2; 0.3; 0.5; 1; 2; 4; and 6 lg/
mL to obtain the maximum spectral absorbance
wavelength. Readings of the solutions were made
using the wavelength value to find the maximum
value of spectral absorbance. By using the ABS-
concentration system, the r2 value (0.9999) is
obtained and the equation of the line is (y=aþbx).
The following regression was obtained: absorbance =
0.22759 3 (dye concentration) þ 0.0011. From this
regression, dye concentration can be calculated. A
graph of lines in a Cartesian system of axes was
drawn, using the values of dye concentration in
micrograms per milliliters on the axis of the
abscissas and the optical density obtained on the
axes of the ordinates. The linear regression was
obtained from Y as a function of X to determine the
equation of the line, from which the concentration of
dye was calculated.

The microleakage data of experimental groups was
submitted to three-way analysis of variance and
Tukey test for quantitative analysis. For qualitative
analyses, the Kruskal-Wallis test was used to assess
the differences within the groups. The Mann-
Whitney U-test was used to investigate the pairwise
differences among the different groups. The level of
statistical significance was set at 5%.

RESULTS

Results from the quantitative analysis are presented
in Table 1 and Figure 2. Filtek Z250 showed
significantly lower (69.8%) microleakage means
when compared to Filtek LS. For both composite
resins, the groups with RMGIC used as a base
showed significantly lower (82.3% for no intermedi-
ary base; 57.7% for the flow) means than the other
groups.

Results from the qualitative analysis are shown in
Table 2. There was no statistically significant
difference between composites. For both composites,
there was a significant difference among the inter-
mediary materials, with the lowest values obtained
with the RMGIC base. Table 3 and Figure 3 present
results from the quantitative analysis discriminated

Table 1: Results of Quantitative Microleakage (Standard
Deviation [SD])a

Composite

LS Z250
Mean (SD) Mean (SD)

No intermediary base 0.103 (0.221) Aa 0.021 (0.020) Ba

RMGIC 0.015 (0.024) Ab 0.007 (0.007) Bb

Flow 0.034 (0.023) Aa 0.018 (0.016) Ba

Abbreviation: RMGIC, resin-modified glass ionomer cement.
a Means followed by distinct letters (capital letters in the horizontal and
lowercase letters in the vertical) differ between them (p,0.05).

Figure 2. Results of quantitative microleakage.
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by walls. There was no statistical difference between
the composite resins in the buccal and gingival walls.
In the lingual wall, Filtek Z250 showed lower
microleakage than did Filtek LS only for the RMGIC
group. When comparing the intermediary base,
RMGIC showed lower microleakage than did other
groups for all walls in the group LS and for the
lingual wall in group Z250.

DISCUSSION

This in vitro study qualitatively and quantitatively
evaluated the microleakage of Class II restorations
restored with methacrylate- and silorane-based
composites using a low-viscosity resin or RMGIC as
an intermediary base.

The first null hypothesis was partially rejected,
since there was a difference found with the quanti-
tative analysis when using different restorative

materials. The silorane-based composite showed
more microleakage than did the methacrylate-based
composite. The second null hypothesis was rejected,
since there was a difference in microleakage when
different intermediary materials were used.

In the quantitative analysis, LS showed the
highest values of microleakage, with a significant
statistical difference from Z250. In the qualitative
analysis, there were no differences between the
restorative materials. These results indicate that
both the methacrylate-based and silorane-based
composites showed similar behavior only in the
qualitative analysis of dye penetration. These find-
ings indicate that low-shrinkage composites did not
necessarily reduce the polymerization shrinkage
stress at the tooth-restoration interface.11 Micro-
leakage is influenced by numerous factors related to
the materials, technique, and cavity preparation,
and the interaction between these factors dictates
the exact manifestation of shrinkage for a given
restoration.3

Several studies8,9,12 have reported that silorane-
based composites exhibit lower shrinkage rates and
lower shrinkage volumes than do methacrylate-
based composites because the polymerization reac-
tion takes place by the opening and cleavage of a
cationic ring structure.12 However, a lower shrink-
age rate does not necessarily indicate lower poly-
merization stress, especially if an incremental filling
technique is used.13

Another factor to be considered is the possibility of
the silorane-based composite being more susceptible
to reduced curing of the bottom surface of the
increment.13 This composite exhibits a polymeriza-
tion reaction with a slower onset because more
energy density is required to form sufficient cations
and initiate polymerization.14,15 The irradiance that
reaches the bottom surface of the cervical increment

Table 2: Results of Qualitative Microleakagea

Composite

LS Z250
Median Median

No intermediary base 3.00 Aa 2.00 Ab

RMGIC 1.00 Ab 1.00 Ab

Flow 3.00 Aa 3.00 Aa

Abbreviation: RMGIC, resin-modified glass ionomer cement.
a Median followed by distinct letters (capital letters in the horizontal compare
composites within intermediary base; lowercase letters in the vertical
compare intermediary base within composite) differ between them (p,0.05).

Table 3: Qualitative Microleakage Discriminated by
Wallsa

Wall Composite

LS Z250
Median Median

Buccal

No intermediary base 3.00 Aa 1.00 Aa

RMGIC 0.00 Ab 0.50 Aa

Flow 3.00 Aa 1.00 Aa

No intermediary base 3.00 Aa 2.00 Aa

Gingival

RMGIC 1.00 Ab 1.00 Aa

Flow 3.00 Aa 2.00 Aa

No intermediary base 3.00 Aa 1.00 Aa

Lingual

RMGIC 1.00 Ab 0.00 Bb

Flow 3.00 Aab 2.00 Aa

Abbreviation: RMGIC, resin-modified glass ionomer cement.
a Median followed by distinct letters (capital letters in the horizontal compare
composites within intermediary base; lowercase letters in the vertical
compare intermediary base within composite) differ between them (p,0.05).

Figure 3. Results of qualitative microleakage discriminated by walls.
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is affected by the distance between the resin
composite and tip of the light-curing unit and by
the thickness of the resin composite.16 Consequently,
a low degree of conversion of silorane-based compos-
ite has been associated with a decreased mechanical
strength of adhesives.13

The higher microleakage means of LS obtained
using the quantitative analysis could also be ex-
plained by the adhesive systems. Restoration with
Filtek Z250 was performed using the total etch
technique and a single bottle adhesive, whereas
Filtek LS required its own self-etch bonding system,
which may explain the results. It has been well
documented17 that self-etch systems do not perform
as well in enamel as total-etch systems. Additionally,
the adhesive system of Filtek LS showed a bond
mechanism similar to that of a one-step self-etching
adhesive, since adhesion to the tooth surface is
realized using the ‘‘ultra-mild’’ (pH.2.5) Primer LS,
which superficially interacts with the smear layer.13

One-step self-etching adhesives combine condition-
ing, priming, and application of the adhesive resin
and do not require mixing. Consequently, they are
considered to be more user friendly. However, they
present major shortcomings, such as reduced imme-
diate bond strength when compared to multi-step
adhesives18 and increased interfacial nano-leak-
age.19

The results for the qualitative technique showed
no differences between the composites. The qualita-
tive microleakage evaluation takes into account only
a few points, whereas quantitative analysis evalu-
ates the entire interface. It is possible to infer that
this total evaluation could not detect differences
between the restorative systems. Additionally, the
quantitative method seems to be more suitable for
detecting differences, since the entire interface is
evaluated and considered in the final result of the
sample. As a disadvantage, the quantitative tech-
nique is more time consuming and specific equip-
ment is required. The results of this current study
disagree with those of another study20 that reported
that different methods of microleakage evaluation do
not differ in the final results.

On the other hand, the results of qualitative
analysis showed no differences between the restor-
ative systems. A possible explanation could be
related to the higher failure of the LS adhesive,
which was detected mainly by quantitative analysis.

In the quantitative and qualitative analyses, both
composites showed statistically significant differenc-
es when considering the intermediary materials. The

lowest results of marginal infiltration were obtained
with RMGIC. The use of RMGICs as an intermediate
layer for restorative materials has been suggested
and largely applied. Previous studies21-23 showed its
benefits in lowering microleakage due to its thermal
expansion, which is similar to that of dental
structures; its bacteriostatic function; molecular
bonding to dentin and enamel; and a low setting
shrinkage.23 The other intermediate material used
in this current study was a flowable composite,
which has been purported24 to be able to diminish
the stress during the polymerization shrinkage and
to promote better sealing to dental structure as a
result of its lower elastic modulus. However, the
present study did not find this absorbing behavior,
and the microleakage values found were similar to
those of the control group. Flowable composite
presents lower filler content and higher resin matrix
than do traditional composites22 and generally
presents with a higher polymerization shrinkage
volume, which has ranged from 3.6% a 6%, whereas
traditional composites shrink around 1.9% and 2.3%.
Increased volumetric shrinkage may indicate the
potential for higher contraction stress at the restor-
ative interface as well as the likelihood of bond
failure.22 These characteristics may explain the
results obtained in this present study, which are in
agreement with those of Oliveira and others.25

Finally, a qualitative analysis was performed that
discriminated the microleakage by wall (Table 3). In
general, the patterns of microleakage were similar
on all of the walls, showing that stress distribution is
concentrated in both the gingival and surrounding
walls, independent of the composite resin used. The
results of the present study corroborate with the
study by Oliveira and others,25 which demonstrated
a high stress concentration in the gingival wall,
surround- gingival angle, and the surrounding wall
close to the angle, in a photoelastic model study. The
association between the high concentration shrink-
age stress and the inadequate polymerization at the
bottom surface of the composite resin is a crucial
factor for increasing the microleakage in this area.

CONCLUSION

Based on the experimental results from this study:

1. The silorane-based composite was not able to
reduce marginal infiltration.

2. Regardless of restorative material, a RMGIC
intermediary base showed lower results of mar-
ginal infiltration.
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