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The aim of this study was to evaluate the color stability of composites subjected to different periods of accelerated artificial aging
(AAA). A polytetrafluorethylene matrix (10 x 2 mm) was used to fabricate 24 test specimens of three different composites (n=8): Tetric
Ceram (Ivoclar/Vivadent); Filtek P90 and Z250 (3M ESPE), shade A3. After light activation for 20 s (FlashLite 1401), polishing and
initial color readout (Spectrophotometer PCB 687; BYK Gardner), the test specimens were subjected to AAA (C-UV; Comexim), in
8-h cycles: 4 h exposure to UV-B rays at 50°C and 4 h condensation at 50°C. At the end of each cycle, color readouts were taken and
the test ended when the mean value of AE attained a level >3.30. Tetric Ceram presented alteration in AE equal to 3.33 in the first
aging cycle. For Filtek P90 and Z250, two (AE=3.60) and four (AE=3.42) AAA cycles were necessary. After each cycle, there was
a reduction of luminosity in all the samples (AL). It was concluded that a short period of AAA was sufficient to promote clinically

unacceptable color alteration in composites, and that this alteration was material-dependent.
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INTRODUCTION

Composites are widely used in dental practice,
due to their mechanical and optical properties that allow
the dentist to make restorations that resemble the dental
structure (1).

Several types of composites are currently available
in the market, from microhybrid and nanoparticle-filled
materials, to modern silorane-based composites (1).
Silorane-based composites represent a new class of
dental composites obtained from the reaction of oxirane
and siloxane molecules, which provide these materials
with some advantages in relation to the methacrylate-
based ones: low rates of polymerization shrinkage due
to the oxirane ring-opening during polymerization
reaction (2) and increase of hydrophobicity, making the
material insoluble in water (2). Nevertheless, the greatest
challenge continues to be promoting and maintaining
the exact color between the tooth and restoration (3).

Therefore, color alteration of these materials is the major
cause of restoration replacement in anterior teeth (3).

Composite color alteration is multifactorial and
is associated with intrinsic discoloration and extrinsic
staining of the material. Intrinsic factors are related to
the chemical stability of the resinous matrix and the
matrix/particle interface (3), while the extrinsic factors
are related to the absorption of staining solutions by
the material, due to the patient’s dietary, hygiene and
smoking habits (4).

The affinity of the composite for substances
that cause staining is modulated by its degree of
conversion and its chemical characteristics (5). The
larger the number of unconverted double carbon bonds,
the more susceptible the material is to staining (6). In
addition, composites with hydrophilic organic matrices
favor water absorption, promoting degradation of the
polymeric network, which results in the release of
byproducts, such as formaldehyde and methacrylic acid
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(7,8), and consequently, color alteration (3).

The “useful life” of a restorative material begins
right after its application in the patient’s oral cavity (6).
Although it may be possible to evaluate color and other
parameters related to esthetics immediately, it is difficult
to verify these properties in the long term (9) due to the
rapid development and release of new products on the
market, which turns impossible to conduct longitudinal
clinical studies (8).

Physicochemical actions, such as visible light and
ultraviolet (UV) irradiation, temperature and humidity,
promote intrinsic color alteration in composites over the
course of time (10). Therefore, artificial aging methods
have been used for years as instruments to predict, within
a short time, possible alterations in the mechanical and
optical properties of composites (3,8,11). Accelerated
artificial aging (AAA) consists of submitting restorative
materials, among them composites, to long intervals of
exposure to UV-B rays, humidity and sudden alterations
in temperature. Exposure of the composite to these
phenomena promotes alterations in its organic matrix,
the main factor responsible for color alteration of the
material over the course of time (12).

Several studies have evaluated the mechanical
and optical behavior of composites after artificial aging.
Nevertheless, comparison of studies in which composites
are subjected to AAA is difficult, since different methods
and periods of aging are employed (1,11-13).

There is no standardization regarding the
aging time necessary for promoting color alteration in
composites after AAA. According to Pires-de-Souza
et al. (13), 300 h of AAA correspond to approximately
1 year of clinical use; however, it is not clear at which

Table 1. Composites used in the study.

moment of the aging procedure composites present
color alteration above the clinically acceptable limit
(14). Furthermore, little evidence is available regarding
the aging behavior of modern composites, such as
silorane-based ones. Thus, the aim of this study was to
evaluate the color stability of composites subjected to
different periods of AAA. The tested hypothesis was
that aging time has influence on the optical properties
of composites.

MATERIAL AND METHODS
Test Specimen Fabrication

The composites used in this study are described
in Table 1.

Twenty-four test specimens were fabricated
(n=8) using a polytetrafluorethylene matrix (2 mm x
10 mm) by the incremental technique and pressure was
placed on the last increment covered with a glass slide
to prevent oxygen inhibition. The samples were light
activated with a LED device (FlashLite 1401; Discus
Dental, Culver City, CA, USA) light intensity >1,100
mW/cm? and wavelength in the band between 460 and
480 nm, for 20 s, in accordance with the manufacturer’s
recommendations. After this, the specimens were
polished onto 320-, 600-, and 1200-grit wet abrasive
papers (Norton, Sdo Paulo, SP, Brazil), had their final
thickness measured with a digital caliper (Digimess;
Shinko Precision, Gaging, China), and were coded and
stored at 37°C protected from light until being subjected
to color analysis (Spectrophotometer PCB 6807; BYK-
Gardner, Geretsried, Germany).

. . Filler mean Filler %
Composite Composition . Manufacturer
size (by volume)
BIS-3,4-epoxycyclohexylethyl-phenyl-methylsilane, IM ESPE. St
Filtek P90  3,4-epoxycyclohexylethyl-cyclopolymethylsiloxane, di-and epoxy- ~ 0.1-2 pm 55% .
. o . . Paul, MN, USA
functional oligosiloxane, trifluoride ITRE, quartz fillers.
Ivoclar/
Tetric Bis-GMA, UDMA, TEGDMA, Aluminum-silicate glass and 0.2-1.0 um 78.6% Vivadent
Ceram silanized Barium glass, Silicon, YbF;, CQ, Mineral Pigments. UK e AG, Schaan,
Liechtenstein
s L . 3M ESPE, St.
i i _ o ,
7250 BIS-GMA, UDMA, BIS-EMA, silica/zirconium inorganic fillers. ~ 0.01-3.5 um 60% Paul, MN, USA

Bis-GMA: Bisphenol-A-glycidyl dimethacrylate. UDMA: Urethane dimethacrylate. Bis-EMA: Bisphenol A ethoxylate dimethacrylate.
TEGDMA: Triethylene glycol dimethacrylate, HEMA: 2-Hydroxyethyl methacrylate. CQ: Camphorquinone.
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Color Stability Analysis

The observation pattern simulated by the
spectrophotometer followed the CIE L*a*b* system,
recommended by CIE (Commission Internationale de
I’Eclairage). This consists of two perpendicular axes,
a* and b*, and represent the dimension of tonality
or color. The third axis is luminosity L*, which is
perpendicular to the a* b* plane. With this system,
colors can be specified with the coordinates L*, a* and
b*. For color readout, the test specimens were initially
placed on a block with a standard white background
(White Standard Sphere for 45°/0°; Reflectance and
Color Gardner Laboratory Inc., Bethesda, Geretsried,
Germany) coupled to the spectrophotometer, and when
activated, 30 LED lamps of 10 different colors disposed
in a circular arrangement light up with the light beam
incident on the material surface at a 45° angle, using
the primary standard illuminant D65, which simulates
the spectrum of natural daylight. This beam is reflected
back at 0°, capturing and recording the values of L*, a*
and b* of each test specimen.

After the initial color read out, the test specimens
were subjected to AAA cycles in order to evaluate color
stability. The AAA system for non-metallic materials
C-UV (Comexim Matérias Primas Ind. e Com. Ltda.,
Sdo Paulo, SP, Brazil) simulates the forces of nature
predicting the relative durability of materials exposed
to an inclement environment. The test specimens were

Table 2. Mean values (standard deviation) of AL, Aa, Ab and AE for the composites

evaluated after each AAA cycle.

571

fixed to the plates of the appliance and taken to the
condensation chamber facing a light source at a distance
of 50 mm. The functioning program was set for 4 h of
exposure to ultraviolet rays (UV-B) at 50°C and 4 h of
condensation at 50°C. The maximum aging time for
each cycle was 8 h, in order to determine at what time
interval the material would present color alteration
above the clinically accepted level (AE>3.30) (15). At
the end of each cycle, new color readout was taken. The
color stability of the materials was determined by the
difference (AE) between the coordinates obtained from
the samples at baseline and after each AAA cycle. AE
was calculated by the following equation:

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

where, AL=:L, - L;Aa=a, - a;; Ab=b, - b,. The
subscript number 2 corresponds to the readout after AAA
and subscript number 1 to the initial readout (13). AL
is the difference in luminosity, Aa is the difference in
the red-green parameter (-a* = green e +a* = red) and
Ab is the difference in the yellow-blue parameter (-b*
= blue e +b* = yellow) (13). After each analysis, the
mean values for color stability were noted, and when
they attained the value of AE>3.30, the cycle was ended.

RESULTS

Table 2 presents the mean values for AL, Aa, Ab,
and AE for each composite.

Tetric Ceram, after the first 8-h aging cycle
presented a AE mean value of
3.33,whichis above the clinically
acceptable limit. For Filtek
P90, two 8-h AAA cycles were

Composite  Cycle AL Aa Ab AE necessary for the AE mean to
Tetric attain a value above the clinically
Ceram 1 -0.38 (0.13)  -0.55(0.11)  3.25(0.53) 3.33(0.51) acceptable limit (AE=3.60).
7250 composite was the one that
1 -1.11 (0.46) 1.12 (0.15) 2.59(0.29) 3.06 (0.36) required the highest number of
P90 AAA cycles (four) for the AE
2 -1.37 (0.39) 1.35(0.20) 3.01 (0.51) 3.60 (0.50) mean to attain a level above
the clinically accepted value

1 -1.11(0.47)  0.04(0.12)  0.62(0.72)  1.38 (0.66) (AE=3.43).
Comparing AL among the
studied composites, there was
1250 2 -2.57 (0.60)  0.05 (0.23) 1.24 (1.50) 3.21(0.48) a reduct'ion in tl}e Vglues of L*
3 -228(039)  0.24(028)  1.09(1.59)  2.94(0.53) after aging, which is reflected
in negative values for AL,
demonstrating loss of luminosity

4 -2.56 (0.65)  0.49 (0.24) 1.04 (2.06) 3.43 (0.62)

after AAA cycles. When the
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variation of the coordinate a* (Aa) was compared, Tetric
Ceram presented a tendency towards a green tonality
after the first AAA cycle (-0.55), whereas Filtek P90
tended towards red, which became accentuated in the
second cycle (1.35). Z250 remained practically stable
irrespective of the number of AAA cycles.

When the variation of coordinate b* (Ab) was
compared, it was verified that all the composites
presented a trend towards yellow, more accentuated for
Tetric Ceram (3.25), followed by composite Filtek P90
(3.01). The least alteration in this coordinate occurred
for Tetric Ceram, whose maximum Ab value reached
1.24 after two AAA cycles, and remained at 1.04 after
attaining clinically unacceptable levels of AE.

DISCUSSION

Several studies refer to the effects of AAA on the
color stability of dental materials (3,8,11,13). In spite of
the differences among the materials, these studies use
non-standard equipment and methodologies for aging,
which results in conflicting findings among them. Thus,
there is no consensus among researchers about the length
of AAA time that is equivalent to a certain period of
clinical use of a composite restoration (11,15).

Ferracane et al. (10) verified that, in the oral
environment, composites present degradation of the
surface and subsurface of the material, generating
microfractures through which staining substances can
penetrate (16). Several studies that have evaluated long-
term alterations of the mechanical and optical properties
of composites, used equipment able of promoting such
alterations in a short period of time (10,11). Generally,
the aging cycles used are predetermined according to the
directions of the manufacturer of each aging equipment
(13,15). However, it is not known at which moment in
artificial aging the material begins to degrade and present
alterations in its properties. According to Hahnel et al.
(1), artificial aging leads to a significant decrease on
dental composite properties. Moreover, the aging time
promotes further degradation than the aging medium.

The AAA cycles applied in this study (8 h) were
the shortest possible so that one could determine, as
precisely as possible, at which moment the material
would present color alteration above the clinically
acceptable level (AE>3.30). This value was initially
suggested by Ruyter et al. (14), according to whom, the
color alteration of a restoration became perceptible to the
naked eye. Many studies use this value as a standard for
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determining unacceptable color alteration in composites
(13,17,18).

In the present study, Tetric Ceram presented the
highest Ab values already in the first 8-h aging cycle.
This trend towards yellowing could be justified by the
presence of residual camphorquinone in the composite
(11). Even when used in small amounts, with percentages
ranging from 0.03 to 0.1%, itis a yellow color compound,
which presents degradation in the course of time,
promoting color alteration in the composite (19). In
addition, tertiary amines (accelerators) form by-products
derived from light activation, which cause yellowing of
the material under the influence of light and heat (20),
factors present during the AAA process. However, 2250,
which also has camphorquinone in its composition,
presented the lowest variation in Ab. This difference
between the two composites may have occurred due
to the presence of TEGDMA in the formulation of
Tetric Ceram. The monomer TEGDMA has greater
predisposition to water sorption than UDMA, increasing
the solubility of the polymer (21). Greater water sorption
provides the composite with lower color stability, due
to the increase in free volume of the formed polymer
and, consequently, greater space for the water molecules
to diffuse into the polymeric network, contributing to
degradation of the material (6).

Furuse et al. (15) evaluated color alteration
and brightness in silorane and dimethacrylate-based
composites after different periods of accelerated artificial
aging (24,72, 120 and 192 h). According to the authors,
composites generally present a reduction in the values
of L* and a*, and increase in b* after aging, however,
it was observed that the silorane-based composite
maintained the value of b*, which means greater color
stability over the course of time, when compared with
dimethacrylate-based composites. Nevertheless, these
findings do not corroborate the results of the present
study, as the composite that presented the least variation
for the coordinate b* was Z250, a dimethacrylate-based
composite.

A reason for such results could be the variation
in filler size (0.01 to 3.5 um) of Z250. Larger fillers
present a different degree of degradation than that of
smaller fillers (18). Considering that color perception
is directly related to the reflection of incident light on
the composite, the greater the variety in particle size,
the greater scattering of light beams and the greater the
color stability of the material (18).

In addition, dental composites with a low



Color stability of composites submitted to aging 579

concentration of fillers present greater color alteration
(22). However, the results presented in this study do
not confirm this information, considering that there was
greater color alteration for the composite Tetric Ceram,
with a higher percentage (78.6%) of fillers in comparison
with the other composites. The same occurred to Filtek
P90 which, in spite of having a lower concentration of
fillers (55%), presented intermediate behavior as regards
color stability.

According to Palin et al. (23), silorane-based
composites showed good chemical stability when
exposed to aqueous media, with low water sorption,
low solubility and low diffusion coefficient. This could
explain the good results for the material obtained by
Furuse et al. (15), but not those obtained in the present
stud study, since only two aging cycles were sufficient
to promote color alteration above the acceptable level
for Filtek P90.

Kopperud et al. (24) detected the presence of
iodonium salt in the initiator system of silorane-based
composites. lodonium salt becomes active when exposed
to light sources with wavelengths close to 300 nm;
that is, in the UV spectrum of light, the same present
in the AAA system used in this study. lodonium salt
is then decomposed into excited iodonium, reacting
with the tertiary amines present in the formulation of
the composite, making it an efficient photoinitiator
for polymerization (25). When these free radicals
react with the remaining tertiary amines, occurs the
subtraction of a proton, generating a new amine radical
(25). The photo-chemically induced color alteration
is attributed to oxidation of the accelerator amine,
although discoloration by oxidation of the unreacted
methacrylate groups is also considered (15). Therefore,
ifthe use of iodonium salts increases the quantity of free
amines, and considering that the photo-decomposition of
camphoroquinone increases with the addition of amine
(25), this could be understood as less color stability for
silorane-based composites, according to the results of
this study.

Despite the limitations of this study, the
results allowed to conclude that the color alteration
of composites begins as soon as the stimuli for their
degradation are performed, and that these alterations
are material-dependent, therefore accepting the tested
hypothesis. Different periods of aging promoted different
results for the optical properties of composites; however,
further studies using different equipment and aging
methods should be conducted in order to obtain the

correct relationship between time of clinical use and
degradation of composites.

RESUMO

O objetivo deste estudo foi avaliar estabilidade de cor de
compositos submetidos a diferentes periodos de envelhecimento
artificial acelerado (EAA). Foram confeccionados, em matriz
de teflon (10x2 mm), 24 corpos-de-prova de trés compdsitos
(n=8): Tetric Ceram (Ivoclar/Vivadent); Filtek P90 e Z250 (3M
ESPE), cor A3. Apds fotoativagdo por 20 s (FlashLite 1401),
polimento e leitura inicial de cor (espectrofotometro PCB 687,
BYK Gardner), os corpos-de-prova foram submetidos ao EAA
(C-UV, Comexim), com ciclos de 8 h: 4 h de exposi¢des a raios
UV-B a 50°C e 4 h de condensagdo a 50°C. Ao final de cada
ciclo, leituras de cor eram realizadas e quando o valor médio de
AE atingisse indice >3,30, o ensaio era encerrado. Observou-se
que Tetric Ceram apresentou alteracdo de AE igual a 3,33 ja
no primeiro ciclo de envelhecimento. Com Filtek P90 foram
necessarios dois ciclos de EAA (AE=3,60) e para Z250 quatro
(AE=3,42). Observou-se que a cada ciclo ocorria diminui¢do na
luminosidade de todas as amostras (AL). Concluiu-se que um curto
periodo de EAA ja ¢ suficiente para que compdsitos apresentem
alteracdo de cor inaceitavel clinicamente e que esta alteragdo ¢
material dependente.
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