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Abstract

Introduction: The silorane-based resin appears aiming to minimize
the effects of polymerization shrinkage, but other properties must
be studied. Objective: To evaluate the polymerization depth of two
composites with different organic matrix. Material and methods:
80 cylindrical specimens were prepared using a metallic matrix,
with three layers (top, middle and bottom), 1 mm high and 5 mm
in diameter. The specimens were divided into eight groups (n = 10)
according to the composite resins: Filtek P90 (3M/ESPE); Filtek Z250
(BM/ESPE), light-cured with a LED device with different irradiance and
times (600mW/cm? x 40s, 1000mW/cm? x 40s, 1000mW/cm? x 20s;
1400mW/cm? x 20s). The irradiance was controlled by placing plastic
rings coupled to the device’s tip. Immediately after polymerization,
the specimens’ layers were separated and five Knoop microhardness
readings (initial hardness) were performed on each one of the four
layers (0, 1, 2, and 3 mm). After 7 day storage in water at 37°C,
new readings were performed (final microhardness). The data were
analyzed by four-way ANOVA (resin, energy density, depth and time)
and Tukey test (oo = 0.05). Results: The microhardness decreased
with the depth increasing both in the initial and 7 day readings. The
hardness increased with the highest power densities. The resin P90
had lower hardness values. Conclusion: The silorane-based resin
showed Knoop microhardness values significant smaller than those of
methacrylate-based resin in almost all evaluated parameters. However,
both presented similar behaviors in relation to the curing depth.
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Introduction

The properties of light-cured composites resins
depend on the curing quality, the composition of
resins, and the process used in restorative technique
(insertion, curing, finishing and polishing) [1, 2,
7, 16, 24]. The photo-activation mainly depends
on three factors: 1) minimal light intensity; 2)
specific wavelength to activate the photosensitive
substance (The photo-initiator present in the resin
matrix); 3) irradiation of the material for a given time
interval [26]. These factors together are important
for the reaction reaches the deeper material’s layers
because the polymerization becomes less effective
as it moves away from the irradiated surface,
generating damage to the material’s properties [1,
2,7, 13].

Aiming to reduce the polymerization shrinkage,
researches have focused on the use of silorane-
based monomers [9, 11, 18-23]. These resins have
demonstrated some desirable properties such as
lower polymerization shrinkage than conventional
methacrylate-based composite resins [15]. Several
important clinical properties such as color stability,
crack formation, repair techniques, among others,
have been evaluated with these low shrinkage resins
(6, 10, 11, 14]. On the other hand, although the curing
depth and its relation with the irradiance of the light
sources in conventional methacrylate-based resins
have been analyzed [9, 26] in silorane-based resins
such parameters have been little evaluated.

The silorane-based resin, as specified by the
manufacturer, can be used in larger increments
because of the low polymerization shrinkage.
This polymerization occurs through the s silorane
monomers, which during the polymerization, have
open ring-shape structure, so that with the space
gained from the opening compensates the volume
loss when chemical bonds are formed, differently
from the linear reactive groups from methacrylates.
In general, the polymerization process through
the opening of cationic rings results in a reduced

Table I - Basic composition of the used resin composites

polymerization shrinkage this is given by activation
of the acid cation which opens the ring of the
oxirane molecule leaving the other cation free to
react. The difference between the silorane- and
methacrylate-based resins is that the silorane
polymerization is given by means of cations, while
the polymerization of methacrylates is given by free
radicals approaching [18, 23].

Because silorane-based composite is a material
with low polymerization shrinkage smaller than 1%,
larger increments are recommended for restorations in
posterior teeth. However, the studies on the properties
as the marginal adaptation [6, 22], sorption and
solubility [5], degree of conversion [19] and microleakage
[23] indicate that the thickness of these increments
may compromise the curing depth.

Although the silorane-based resin is a material
with low polymerization shrinkage, further
investigation on the curing depth is needed to
assess better the thickness of the increments of this
material. This study aimed to evaluate the curing
depth of two composites, one methacrylate-based
and one silorane-based, light-cured by different
light irradiances.

Material and methods

The following factors were evaluated: type
of resin (2 levels); photoactivation protocol (4
levels); thickness (4 levels); and storage time (2
levels).

Two different types of composite resin were
selected: methacrylate-based micro-hybrid composite
(Filtek Z250, 3M Espe, Saint Paul, MN, USA - shade
A2) and silorane-based micro-hybrid composite
(Filtek P90, 3M Espe, Saint Paul, MN, USA - shade
A2) (table I). These resins were light-cured using
a LED-based curing unit (Blue Star 3, Microdont,
Sao Paulo, SP, Brazil). The used curing protocols
were: 600 mW/cm? for 40s; 1000 mW/cm? for 40s;
1000 mW/cm? for 20s; 1400 mW/cm? for 20s.

Material Organic matrix Inorganic matrix We:ght Median size of the particles
(%) (wm)
. Bis-GMA, UDMA and . . -
Filtek Z250 Bis-EMA Zirconia, silica 78 0.6
Filtek ) Quartz, yttrium
P90 Silorane fluoride 76 0.47
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These different power densities were established
by connecting 19, 9, and 5-mm plastic rings to the
optical fiber’s tip so that irradiances of 600, 1000 and
1400 mW/cm? could be achieved. To assess and certify
the irradiance a radiometer (Curing Radiometer Model
100 P/N - 10503, Demetron Research Corporation,
Demetron, Orange, CA, USA) was used.

To construct the composite specimens, metallic
matrices measuring 1 mm thick were used having a
central orifice with 5 mm in diameter (figure 1).

Figure 1 - Metal matrices used for the construction of
test samples (1.0 mm thick and 5.0 mm in diameter)

The bottom matrix was placed onto a flat base
of bovine dentin with a polyester strip interposed
to avoid the adherence of the resin to dentin. Each
matrix was filled by a single 1 mm increment (Matrix
thickness) with the aid of metal spatula for resins.
On the first matrix filled, other polyester strip was
positioned, and with the aid of a glass plate, a pressure
was exerted up to the leakage of the excess material
and obtaining of a smooth and flat surface. On the
bottom matrix, other matrix was positioned and its
orifice was filled with resin composite using the same
operating steps described above. Each specimen was
composed by three parts, a lower, middle, and upper
one, each one having 1 mm in thickness and 5 mm
in diameter (figure 2). On the upper matrix (third), the
curing was performed with an angle of 90°, between
the tip of curing unit and the matrix.

Figure 2 - Discs superimposed after photoactivation

The matrices of each specimen were separated,
and five readings were carried out (load of 50 g for
30 s) in each one of the four surfaces represented by
the depths of O, 1, 2 and 3 mm (initial hardness).
The Knoop hardness impressions (initial or
immediate hardness) were performed on the lower
surface of each disc and on the upper portion of
the specimen.

The Knoop hardness values were obtained with
a Shimadzu microhardness tester (model HMV-
2000, Kiyoto, Japan). After the recording of the
initial hardness, 80 specimens were stored for 7
days in dark bottles containing deionized water at
37°C. After storage, new microhardness readings
were carried out (final hardness).

Data were analyzed by four-way ANOVA having
as independent variables the type of resin, curing
protocol, thickness, and storage time. Multiple
comparisons were analyzed by Tukey test. A global
significance level of 5% was adopted.

Results

Significant differences were found between the
resins (p < 0.05). There was the interaction effect
between resin, irradiance, depth and time (p <
0,05). The composite resin P90 had lower mean
values of Knoop microhardness than those of
Z250. The Knoop microhardness values increased
as the irradiance increased. The light-activation
protocol with lower values was 600 mW/cm?,
and the protocol with the highest microhardness
mean values was 1400 mW/cm?. The greater the
depth was, the lower the Knoop microhardness
values regardless of the group. The final Knoop
microhardness values (after 7 days of storage)
were statistically significantly higher than those
of the initial Knoop microhardness values
(p < 0.05). There was no statistically significant
differences in the Knoop microhardness values
of the groups photo-activated with the irradiance
of 1000 mW/cm?2, at different times (20 seconds
and 40 seconds) (p > 0.05). The means and
standard deviations of Knoop microhardness
values obtained immediately after the curing of
the specimens is shown in table II. The means
and standard deviations of Knoop microhardness
values obtained 7 days after the curing of the
specimens are shown in table III.
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Table Il - Means and standard deviations of the Knoop microhardness values (in KHN) (immediately after
photoactivation)
Material Irradiance 0 mm 1 mm 2 mm 3 mm
600 mW/cm? - 40 s 64.75 (2.27) 56.97 (2.01) 47.36 (1.86) 34.31 (3.13)
7950 1000 mW/cm? - 40 s 74.49 (1.47) 67.57 (1.52) 63.80 (1.64) 54.50 (1.87)
1000 mW/cm? - 20 s 79.91 (4.02) 75.94 (2.34) 65.04 (3.57) 53.29 (3.23)
1400 mW/cm? - 20 s 91.20 (1.09) 82.25 (2.83) 70.40 (4.35) 62.91 (2.48)
600 mW/cm? - 40 s 34.57 (1.89) 30.15 (1.79) 22.12 (1.34) 10.89 (1.25)
POO 1000 mW/cm? - 40 s | 49.30 (1.40) 41.82 (1.35) 32.70 (1.44) 23.75 (0.90)
1000 mW/cm? - 20 s | 55.30 (2.18) 48.67 (2.36) 36.29 (1.62) 24.77 (2.38)
1400 mW/cm? - 20 s | 64.32 (1.64) 58.36 (0.88) 46.89 (2.38) 29.52 (1.53)
Table Ill - Means and standard deviations of the final Knoop microhardness values (in KHN) (7 days after photo-
activation)
Material Irradiance 0 mm 1 mm 2 mm 3 mm
600 mW/cm? — 40 s 92.25 (2.68) 83.28 (2.47) 69.29 (1.37) 56.83 (3.28)
7950 1000 mW/cm? — 40 s | 100.16 (4.43) 97.98 (2.92) 91.82 (2.85) 85.62 (3.87)
1000 mW/cm? - 20 s | 104.79 (2.42) 95.94 (1.57) 85.99 (2.23) 77.92 (4.93)
1400 mW/cm? - 20 s | 129.60 (3.60) 111.50 (1.65) 101.01 (1.22) 91.08 (2.86)
600 mW/cm? - 40 s 54.90 (2.17) 53.58 (4.36) 49.17 (4.11) 44,21 (1.94)
P90 1000 mW/cm? - 40 s | 66.93 (2.75) 63.76 (2.95) 56.01 (2.63) 53.99 (2.53)
1000 mW/cm? - 20 s 81.47 (3.06) 73.29 (4.22) 65.58 (2.17) 56.98 (1.76)
1400 mW/cm? - 20 s | 85.60 (2.42) 81.59 (1.14) 71.22 (1.17) 60.47 (4.37)
Discussion compromised by the use of larger increments would

Aiming to minimize the characteristic of
polymerization shrinkage of the resin composites,
changes in the components of the organic matrix
have been proposed, highlighting the replacement
of the methacrylate-based by the silorane-based
monomer, so that, after curing, the composite resins
having polymerization shrinkage less than 1% [17].
However, the polymerization shrinkage of silorane-
based resins must follow the ADA guidelines [1]
which suggests that increments with a maximum
of 2 mm thickness, so that a better quality of
polymerization is obtained, thus improving the
degree of conversion, and to minimize the deleterious
effects of polymerization shrinkage [3].

As the silorane-based composite resin is
a material with low polymerization shrinkage
potential, the manufacturer suggests its use at single
increments over 2 mm thick. However, clinically,
larger increments could be responsible for failures
in restorations and secondary caries, particularly
in the cervical region and class II preparations,
among other problems. Another factor that could be

be the curing depth, as it depends on the passage
of light across the thickness of the composite resin
increment. It is known that a proper polymerization
is a crucial factor in obtaining physical properties
and for the clinical performance of composite resin
restorations [19].

The microhardness values found after
microhardness testing showed that silorane-
based resin obtained statistically lower values
than those found with the methacrylate-based
resins for all protocols. The decrease in the depth
of polymerization of silorane-based compared
with methacrylate-based resin may be related to
the chemical differences of the monomer and to
differences in the type and distribution of inorganic
particles. The degree of conversion of methacrylate-
based resins is measured by the amount of double
bonds between carbon molecules existing after
the completion of polymerization [26]. However, in
silorane-based resins these bonds do not exist, then
another type of test should be applied to assess
the degree of conversion of these resins. Palin et
al. [20] performed a specific test to evaluate the
degree of conversion and obtained that the silorane-
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based resin showed statistically lower values than
those of the methacrylate-based resin [20], which
corroborates the results of this study.

According to the ADA [1], the hardness
recommended for the resin composite is of 55
kg/mm? in Knoop hardness. When evaluating the
silorane-based resin hardness, the values obtained
in specimens undergoing high irradiance after one
week of storage could be considered satisfactory
according to the ADA’s recommendation. However,
in the other protocols observed, the values
obtained for the silorane-based resins were
lower than those recommended. Additionally,
in all photoactivation protocols, the hardness
values were statistically lower than those found
for the methacrylate-based resin, regardless of
evaluation depth.

In an attempt to increase the degree of
conversion during polymerization, the increasing
of the irradiance has been recommended [12, 21].
Even with this strategy, it is noteworthy noting
that the silorane-based resin requires a minimum
curing time of 20 seconds due to the cumulative
character of the initiator system of this resin that
cannot be offset by higher intensities, because
it generates heat which plays a key role in this
reaction, favoring the acceleration of the opening
of the rings [18].

In the comparisons between the mean Knoop
hardness values analyzed at both times (initial and
7 days), it was found that all samples exhibited
an increase in hardness. This fact may have
occurred because the resins, after completion of
photoactivation, undergo a complementary process
of polymerization and reach a greater numbers of
crosslinking and higher degree of conversion by
one week and consequently improve its mechanical
properties [4, 25, 27]. This behavior can be observed
in the results of both composites evaluated.

Conclusion

Based on the microhardness tests, the silorane-
base resin showed smaller hardness values than
those of methacrylate-based resin. The increasing
in irradiance resulted in higher hardness values
for both resins. Acceptable hardness values were
found in methacrylate-based resin at all depths
and irradiance.
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