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Abstract

Introduction: The color stability of composite resins is a fundamental
factor in their clinical behavior. Objective: To evaluate the color
stability of composite resins of different colors exposed to a cola-
based soft drink after different storage periods. Additionally, three
methacrylate-based materials and one silorane-based material were
evaluated. Material and methods: Specimens of three methacrylate-
based materials (Opallis EA3, DA3 and T-Neutral; Filtek Supreme XT
A3E, A3D and CT; 4 Seasons A3 Enamel, A3 Dentin and High Value)
and one silorane-based material (Filtek P90 A3) were prepared, light-
cured for 40 s, and manually polished with Sof-Lex discs. Samples
were stored for 1 h, 24 h or 7 days. The color was evaluated by CIE-
Lab system before and after immersion for 10 min in a cola-based
soft drink. Color variation (AE) was calculated from individual values
of L*, a* and b*, being considered imperceptible when < 1, clinically
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acceptable when =< 3.3, and clinically inacceptable when higher than
3.3. Data were evaluated by two-way Anova and Dunnett’s T3 tests
(o = 0.05). Results: There were differences among the resins (p <
0.001), with an interaction effect being also observed (p < 0.001).
Storage time was not significant (p = 0.246). P90 showed a AE
smaller than one unit at all studied times. Supreme XT CT and 4
Seasons High Value showed higher AE, but not above the critical
value of 3.3. The only material that showed AE higher than 3.3 was
Opallis DA3 after 1 h of storage. Conclusion: The silorane-based
composite resin showed smaller AE at the times studied.

Introduction

The resin composites have been largely
accepted as restorative material in Dentistry.
Since its appearance, additionally to the use of
many monomer types, several types and sizes of
filler particles have been tested. These particles
are incorporated to increase their physical and
chemical properties [7]. Despite of the greatest
use in Dentistry, it is known to date that most
of the composites are based on methacrylates
as Bis-GMA, Bis-EMA, UDMA and TEG-DMA
(15, 20].

With the advancement of the composites, the
use of these materials started to increase due to
the improvement of the physical-chemical and
aesthetical properties. Thus, the requirements
regarding to the perfect matching between the
color of the restorations and teeth became even
greater, and, one of the most common reasons to
the replacement of the aesthetical restorations is
the incorporation of pigments which compromise
the aesthetical harmony of the smile [8, 30].

The aesthetical properties are directly related
with the degree of the opacity, translucency and
opalescent effects. At the long term, factors as
color stability, roughness, retention, and surface
brightness can determine the success or failure
of the restoration [3, 12].

The pigmentation of the resin composite
restorations can be caused by several intrinsic
and extrinsic factors. Intrinsic factors are those
involving the discoloration of the resin itself
related to the alterations in the resin matrix
and in the interface of the matrix. The intrinsic
discoloration can be also attributed to the
insufficient polymerization, immersion in liquid
solution for longer periods, quality of both the
light-curing and the polymers. On the other hand,
extrinsic alterations can be attributed to external
events, among them, it is the insufficient degree
of polymerization, water sorption, heating, and

adsorption of food dyes, such as coffee, tea, and
red wine [3, 6, 11, 17].

With the aim of decreasing the polymerization
shrinkage and sorption of pigments, silorane-
based resin composites have been developed [14].
As advantages, silorane-based resin composites
show low polymerization shrinkage, low stress
and good insolubility in simulators of biological
fluids [9]. Additionally, a good color stability in
artificial aging tests in which the material is
exposed to high doses of ultraviolet light have
been reported [12].

It is known that the polymerization process
of resin-based materials is continue and can be
continued for longer periods, even when light-
cured resins are considered [13]. Because of this
continued resin and because resin composites
tend to absorb water at the first hours after its
polymerization, it is common to recommend that
the patient avoids the consumptions of dyes at
the first hours or days. Therefore, the exposure
to dyes coming from daily food intake needs to
be evaluated.

The dyes are present in most of the foods.
Beverages, as cola-based soft drinks, black tea,
coffee, red wine, and fruit juices seem to produce
a greater influence on the color of both the
teeth [31] and resin composites [29]. It should
be highlighted that the consumption of these
beverages is highly popular and the inhibition
of its ingestion for aesthetical purposes is
impracticable to most of the population. This
concern has been the reason of studies on other
modalities of aesthetical treatments, such a
dental bleaching [28].

The aim of this study was to evaluate the
color stability of resin composites of different
colors exposed to a cola-based soft drink after
different time periods. Additionally, three
methacrylate-based and one silorane-based
material were evaluated.



Material and methods

Specimens of three methacrylate-based
materials (Opallis EA3, DA3 e T-Neutral, FGM,
Joinville, Brazil; Filtek Supreme XT A3E, A3D
and CT 3M Espe, St. Paul, USA; 4 Seasons
A3 Enamel, A3 Dentin and High Value, Ivoclar
Vivadent, Liechtenstein) and one specimen of
a silorane-based material (Filtek P90 A3, 3M
Espe, St. Paul, USA) were constructed with the
aid of a polytetrafluorethane matrix (10 mm of
diameter and 2 mm of thickness).

The matrix was placed onto a microscope
lamina of 1 mm of thickness, followed by the
insertion with resin composite. Then a polyester
strip was placed onto the orifice of the matrix
and another microscope lamina of the same
thickness was positioned onto it. Next the resin
composite was light-cured for 40 s with a LED
device (Translux Power Blue, Heraeus Kulzer
GmbH, Hanau, Germany) with light intensity of
1000 mW/cm?. The device intensity was determined
prior to the beginning of the tests with the aid
of a radiometer linked to it. The specimens were
manually polished with decreasing sequence of
polishing discs (Sof-Lex, 3M Espe, St. Paul, USA).
A single operator polished all the specimens and
each disc was used for 15 s. The specimens were
stored into distilled water at 37°C within dark
flasks for 1 h, 24 h or seven days. After each
storage time, the specimens were kept for 10
minutes in a cola-based soft drink. The color was
evaluated by the CIE-Lab system with the aid of
a spectrophotometer (VITA Easyshade 3D Master,
Vita Zahnfabrik, Bad Sackingen, Germany).
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The color variation (AE) was calculated from
the individual values of L*, a* and b*, according
to the following formula:

AE = [(AL*)?2 + (Aa*)?2 + (Ab*)?]'2 (1)

In which AL*, Aa* and Ab* represents the
differences between the readings of the color
parameters obtained from the specimens at the
different conditions evaluated.

The color variation was considered
imperceptible when < 1, clinically acceptable
when < 3.3 and unacceptable when higher than
3.3 [23, 26].

The data were evaluated through one-way
ANOVA and Dunnett’s T3 test (o = 0.05).

Results

The means and standard deviations of the
data obtained from the calculation of AE can
be observed in table I and in figure 1. It was
observed differences among the resins (p <
0.001) and an interaction effect among the resins
and the storage time (p < 0.001). The time was
not significant (p = 0.246). P90 exhibited a AE
smaller than 1 at all times studied. Supreme XP
CT and 4 Seasons High Value showed a higher
AE, without surpassing the critical value 3.3.
The single material presenting a AE greater than
3.3 was Opallis DA3 after the 1 h immersion
in the dye.

Table I - Means (standard deviations) of AE values for the different groups

Opallis Filtek Supreme XT 4 Seasons P90
T- A3 A3 High

EA3 DA3 Neutral A3E A3D cT Enamel Dentin Value A3
1.04 3.85 2.31 0.67 0.45 1.78 0.89 0.81 0.84 041
(0.4)2bc (2.7)Pc (0.4)2be (0.04)2*¢  (0.05)z° (1.3)c (0.4)2be (0.4)2bc (0.5)¢ (0.1)2
0.75 0.70 0.81 1.39 1.27 2.01 2.10 0.86 2.84 0.61
(0.3)2be (0.4)be (0.5)abe (0.6)2be (0.5)® (1.4)c (0.3)abe (0.2)abe (0.2)° (0.2)2
0.91 0.58 1.32 0.99 0.56 1.67 0.80 1.31 2.1 0.36
(0.06)2bc (0.1)be (0.6)2p¢ (0.1)2be (0.1)2® (0.04), (0.5)abe (0.6)2be (0.2)° (0.3)2

Equal superscript letters indicate no statistically significant differences (p < 0.05)
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Figure 1 - Graphic representation of the results obtained after the calculus of the color variation: A) Opallis; B)

Filtek Supreme XT; C) 4 Seasons; D) Filtek P90

Discussion

The color stability is an important property
which can play a determinant role in the clinical
behavior of the resin composite restorations. This
aspect is among one of the most used criteria of
clinical evaluation in Dentistry: the United States
Public Health Service (USPHS). Initially proposed
by Ryge [24], this system of evaluation establishes
the color and the marginal discoloration as two
determinant factors of in vivo longevity of the
restorations.

ISO 7491:2000 resolution has been commonly
employed in the analysis of the color stability
of resin-based materials [27]. According to this
resolution, resin composite specimens are exposed
to a xenon gas lamp with illuminance of 150 klx
for a period of 24 h. The color is evaluated before
and after the light exposure through the visual
scale or colorimeters. However, this artificial aging

method not even reproduces the clinical conditions,
once the restorations performed within the oral
cavity are exposed to limited amounts of light
with wavelengths at the ultraviolet area. For this
reason, this present study assessed the color after
the exposure of different resins to a cola-based soft
drink, which can be considered as more clinically
relevant. When spectrophotometers or colorimeters
are utilized for color analysis, one can calculated
the color variation (AE) objectively, through the
CIE-Lab color system (Commision Internationale
de I'Eclairage, L*, a*, b*). Other systems or color
spaces such as Munsell's could be employed [16].
However, the CIE-Lab system is the most employed
because it allows the comparison of the results with
those of the clinical visualization [18]. The CIE-Lab
system defines the color tridimensionally, because
the parameter L* corresponds to the luminosity
degree, a* corresponds to red or green (+a* =
red and —-a* = green) and b* yellow or blue (+b*



= yellow and -b* = blue) (16, 22, 23]. It has been
considered that a color variation lower than 1 is
not clinically perceptible [26], it is acceptable when
it ranges from 1 to 3.3 and unacceptable when it
is higher than 3.3 [23].

The color of a resin composite restoration
can be affected by chemical differences among
the components of the resin phase, such as the
monomers and the photo-initiator system [4, 10,
25]. In this present study, the silorane-based resin
exhibited a AE smaller than 1 at all time periods
studied. These data are in agreement with those
of another study evaluating the color stability of a
silorane-based resin after the artificial aging with
exposure to light and xenon at 150 klx for 192 h
[12]. One possible explanation for these data can
be the different chemical composition of the resin
matrix compared with the methacrylate-based
resins. It has been reported that silorane-based
materials have good chemical stability when exposed
to aqueous environment [9], in addition to a low
solubility and water sorption [19]. Conversely to the
results of this study, other research assessing the
color of a silorane-based resin found a mean AE of
18.6 units after 384 h of artificial aging [21].

Together with the silorane-based resin, resins
composed of different opacities were evaluated in this
present study. The color of a resin composite can
be influenced by the features of light transmittance
[2]. The transmittance means the luminous energy
fraction which can surpass a determined material
thickness, without being absorbed. It is measured
as percentage, relatively to the amount of energy
and wavelength of the incident light radiation [5].
This optic feature is closely linked to the opacity of
the material. Supreme XT CT and 4 Seasons High
Value showed the highest AE, without surpassing
the critical value of 3.3.

Despite the fact that only one material displayed
a AE higher than 3.3 units at a post-polymerization
time of only 1 hour, caution must be taken when
one interprets the results of this present study. AE
values higher than 1 were observed many times,
meaning that even 24 h to seven days after the
polymerization, it can still have color variation
capable of being perceived visually if marked
exposures to dyes would occur. Thus, after the
construction of resin composite restorations it
is necessary to instruct the patients that: 1) it is
important to keep adequate oral hygiene habits;
2) the esthetics of the restorations can be longer
maintained if some restriction of the consumption
of food containing dyes were taken [1].
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Conclusion

Given the results of this study, it can be
concluded that the time was not significant and
the silorane-based material showed the smallest
AE at the time periods studied.
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