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	 ABSTRACT	 |	 Objective: The aesthetics of dental materials is extremely important for the success of oral rehabilitation. Thus, in the 
present study we evaluated the color stability and the surface degradation of three micro-hybrid composite resins after 
accelerated artificial aging process (AAA). Methods: 24 specimens (n=8) were prepared  for each material: Solidex, Ar-
tglass and Cesead, dimensions of Ø 15 mm by 2 mm in thickness. Samples were subjected to color analysis, before and 
after AAA, in a spectrophotometer according to the CIE L*a*b* parameters, and a sample of each material was selected 
for morphological evaluation under scanning electron microscopy (SEM). Data were submitted to one-way ANOVA and 
Tukey test (α=0.05). Results: Artglass showed higher stability regarding the presence of red and yellow (p<0.05) when 
subjected to AAA and fewer of these pigments (p<0.05) when compared to the Cesead and Solidex, which showed the 
highest luminance stability (p<0.05). ΔE Cesead was the most unstable (p<0.05). All resins analyzed by SEM showed 
superficial degradation when submitted to AAA, mainly in resin Cesead. Conclusion: All materials analyzed demons-
trate color change and surface degradation and Cesead resin showed the worse results.

	 DESCRIPTORS	 |	 Accelerated Artificial Aging; Color Stability; Composite Resin; Esthetics Dental; Morphological.

	 RESUMO	 |	 Avaliação da estabilidade da cor de resinas compostas micro-híbridas submetidas ao envelhecimento artificial acelerado • 
Objetivo: A estética dos materiais dentários é extremamente importante para o sucesso da reabilitação oral. Assim, no presente estudo, 
avaliamos a estabilidade de cor e a degradação superficial de três resinas compostas micro híbridas após o processo de envelhecimento 
artificial acelerado (EAA). Métodos: Foram preparados 24 espécimes (n=8) para cada material: Solidex, Artglass e Cesead, dimensões 
de Ø 15 mm por 2 mm de espessura. As amostras foram submetidas a análise de cor, antes e depois do EAA, num espectrofotômetro de 
acordo com os parâmetros CIE L * a * b *, e uma amostra de cada material foi selecionada para avaliação morfológica por microscopia 
eletrônica de varredura (MEV). Os dados foram submetidos à one-way ANOVA e teste de Tukey (α=0,05). Resultados: A Artglass apre-
sentou maior estabilidade quanto à presença de vermelho e amarelo (p<0,05) quando submetida ao EAA e menor quantidade destes pig-
mentos (p<0,05) quando comparado à Cesead e Solidex, as quais apresentaram maior estabilidade de luminância (p<0,05). ΔE Cesead 
foi o mais instável (p<0,05). Todas as resinas analisadas por MEV apresentaram degradação superficial quando submetidas ao EAA, 
principalmente na resina Cesead. Conclusão: Todos os materiais analisados demonstram alteração de cor e degradação da superfície, a 
resina Cesead apresentou os piores resultados.
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INTRODUCTION
Dental materials such as composite resins has 

enabled dental tissue reconstruction with biofunc-
tional properties, excellent aesthetic potential and 
acceptable longevity using a minimally invasive ap-
proach.1 The composites have become the dentists’ 
materials of choice for most restorations, due to 
their sophisticated aesthetic characteristics in the 
anterior region and due to their adequate biome-
chanical strength when used in posterior teeth.2-5

Choosing an esthetic restorative material is lar-
gely due to its ability to imitate the color of the den-
tal element.6 Using it as a model for obtaining the 
optical characteristics of dentin and enamel is ba-
sed on the concept of natural stratification, a sim-
ple and effective approach to manufacture highly 
aesthetic direct restorations. However, preparing 
aesthetically perfect restorations with direct com-
posite resin is still a challenge for clinicians, becau-
se of the complexity to reproduce in these materials 
the optical properties of natural teeth.4

Besides color, fundamental to aesthetic har-
mony, an ideal composite must have adequate 
physical and mechanical properties to maintain 
its stability and longevity in the long run.7 There 
are many factors in the oral environment that can 
affect the lifespan of these restorations, due to ad-
verse conditions in the oral cavity and the complex 
oral microflora, such as caries, solubility, fractures, 
staining, abrasion. Therefore, one of the goals of 
contemporary dentistry is to develop new solutions 
to solve such problems.8,9

The difficulties presented by conventional resin 
composites have led the dental industry to develop 
new materials, such as indirect resins reinforced by 
fibers, glass polymers, ceromers or laboratory re-
sins. These materials combine high loads of hybrid 
micro filler particles ranging from 0.4 to 1 µm, with 
portions of colloidal silica and multifunctional mo-
nomers. This combination gives the resins similar 
mechanical characteristics to natural teeth, as well 

as increased hardness, lower solubility, excellent 
polish, and better discoloration resistance.7

The color stability of a composite is not only de-
termined by the material composition, finishing 
and polishing of the restoration, it can also be affec-
ted by exposure time in the oral cavity and by the 
patient’s eating habits.6 There are three types of co-
lor change reported in the literature: (a) external, 
due to plaque buildup;  (b)  surface or subsurface, 
due to surface degradation or slight penetration and 
adsorption of dyes within the surface layer of the 
composites; and (c) inherent, due to the physicoche-
mical reactions on the surface of the resin matrix 
and in the deeper layers of the material, caused by 
UV radiation, thermal energy or moisture, the latter 
usually simulated in  vitro studies via artificial ac-
celerated aging.10-12 Over the years, studies13,14 have 
examined the effects of type, size and filler particles 
on the optical properties of composites, and as the 
aesthetic maintenance of restorations is a critical 
factor for their longevity, the objective of this in-
vestigation was to evaluate three different modi-
fied composites (micro-hybrids) for color stability, 
after being subjected to the accelerated artificial 
aging (AAA) process and to surface degradation by 
scanning electron microscopy. The null hypothesis 
tested was that accelerated artificial aging (AAA) 
would have no effect on color stability and surface 
degradation of different modified composites.

MATERIALS AND METHOD
Twenty-four micro-hybrid composite resins 

were prepared (n=8): Artglass (Heraeus Kulzer, 
South America Ltda. Batch: 020117), Cesead 
(Kuraray Medical Inc. Batch: 410db) and Solidex 
(Shofu Dental Corporation. Batch: 060332), for this 
preparation Teflon matrices with a diameter of 15 
mm and a height of 2 mm were used.

The matrix was filled with the resin in uni-
que increments and excesses were removed with 
26x76 mm glass slide (Perfecta Ind. Com. de 
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lâminas de vidro, Ibitinga, Sao Paulo/Brazil), 
which gave specimens plane and polished sur-
faces. Subsequently, the set matrix/resin was 
polymerized in curing oven according to the 
manufacturer’s recommendations for each trade-
mark used in the study, elapsed time of polyme-
rization, the specimens were removed from the 
matrix for further analysis.

Samples were submitted to color readings using 
a spectrophotometer (PCB 6807 BYK GARDNER, 
Geretsried/Germany), and initial color values of 
the samples were obtained. The observation stan-
dard simulated by the equipment followed the 
CIE  L*a*b*  system. This system uses three parame-
ters to define color, light, shadow and saturation. 
Luminosity is the light level and dark object, represen-
ted by the L* value (L*=100 for white and L*=0 for bla-
ck), and a* b* parameters (shaded) represent the red 
+a * and green is -a*, yellow if +b * and -b* is blue.10,15

After the first reading, the samples were placed 
in the AAA chamber (Comexim Matιrias Primas 
Ltda, Sao Paulo/Brazil) for non-metal substances 
C-UV under ultra violet (UV) radiation and con-
densation in different repeated cycles (successive-
ly and automatically).  The AAA procedure is per-
formed in a laboratory environment that indicates 
the behavior of a material under certain conditions 
and it is widely used for development and con-
trol of different properties of materials.16,17 In this 
equipment, the UV-B source was fluorescent light 
bulbs that emitted concentrated ultraviolet light. 
Condensation was produced by exposing one sur-
face of a specimen to a heated, saturated mixture 
of air and water vapor while the reverse side of the 
specimen was adhered to metal plates with silico-
ne, specifically indicated, under the action of the 
condensation process at a distance of 50 mm from 
the light source. The system was programmed to 
expose specimens to UV-B at 50°C for 4 h, followed 
by 4 h of condensation at 50°C, totaling 191 h of 
aging, which is equivalent to 5 years of aging.15

After aging, the specimens were subjected to 
another color reading process by the spectrophoto-
meter. Thus, we obtained measures of color change 
(∆E) before and after artificial accelerated aging, 
which was automatically calculated by the formu-
la:18 ΔE*=[(ΔL*)2+(Δa*)2+(Δb*)2]½. Values of ∆ L*, 
∆a*, ∆b*, correspond to the difference of the values 
L*, a*, b*, respectively, compared to the first color 
reading (initial). ∆E values ≥ 3.3 are considered cli-
nically unacceptable.12,19,20

Morphology of specimens before and after AAA 
was analyzed by scanning electron microscopy 
(XL-30 FEG; Philips, Eindhoven/The Netherlands) 
at an accelerating voltage of 20kV.

Data were submitted to the following statistical 
tests: normality test (Kolmogorov-Smirnov), para-
metric test (ANOVA) and multiple comparisons test 
(Tukey-α=0.05). The NCSS 2007 (NCSS, Kaysville, 
UT/USA) software was used in the analyses.

RESULTS
Table 1 shows the average values for coordi-

nates L *, a *  and b *, before and after AAA. The 
Artglass and Cesead resins showed significantly 
different luminosity averages before and after the 
AAA, unlike Solidex that showed no statistical di-
fference (p>0.05). Comparing the overall average, 
the luminosity measurement of Artglass was signi-
ficantly higher (p<0.05) when compared with other 
resins, which showed that Solidex had higher lumi-
nosity rates (p<0.05) than Cesead.

The coordinate values of a* show that the me-
asurement of the amount of red was statistically 
different (p<0.05) only for Cesead and Solidex re-
sins. Regarding the overall average, the values of a* 
for Artglass were significantly lower than those of 
Cesead and Solidex, which were similar (p>0.05).

The amount of yellow for Artglass was similar 
(p>0.05) before and after AAA and significantly 
higher (p<0.05) after AAA for Cesead and Solidex 
resins. In general, the coordinate b* values of 
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the Artglass composite were significantly lower 
(p<0.05) when compared to the others and in the 
pre-aging time the measurements of Cesead were 
lower (p<0.05) when compared to Solidex.

The color stability analysis (Table 2) indicated 
that only the composite Cesead showed unacceptable 

Table 1 | Mean and standard deviation (SD) values for coordinates L *, a* and b * before and after accelerated 
artificial aging (AAA).

Before AAA After AAA

L* 78.35(0.91)a 78.94(0.53)b

Artglass a* 2.13(0.17)a 2.02(0.13)a

b* 17.64(0.29)a 17.04(1.04)a

L* 74.92(1.18)a 73.41(1.04)b

Cesead a* 4.03(0.29)a 3.66(0.43)b

b* 20.34(0.72)a 23.36(1.38)b

L* 76.55(0.56)a 76.56(0.48)a

Solidex a* 4.05(0.36)a 3.47(0.38)b

b* 21.54(0.92)a 23.53(0.71)b

† Equal lowercase letters in the same line indicate statistical similarity 
‡ L*: Luminosity; a*: Coordinate red/green; b*: Coordinate yellow/blue

Table 2 | Comparison of mean ΔE and standard deviation (SD) of different resins.
Resin Δ E (SD)

Artglass 1.31 (0.90)a

Cesead 3.51 (1.04)b

Solidex 2.12 (0.06)a

† Equal lowercase letters in the same column indicate statistical similarity 
‡ ΔE Color change

color change (ΔE≥3.3). Artglass (ΔE=1.31±0.90) 
and Solidex (ΔE=2.12±0.06) resins showed clini-
cally acceptable results.

All resins showed superficial changes after AAA 
detected by morphological analysis (Figure. 1, 2 
and 3).

FIGURE 1 | A: Resin Artglass before accelerated artificial aging (AAA). B: Resin Artglass after AAA. 
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DISCUSSION
Resin restorations are continuously exposed to 

coloring and degradation agents due to daily intake 
of pigmented food and beverages, and adverse con-
ditions in the oral environment.5,6 There is no una-
nimity about the incidence of failures that lead to 
replacing the composites, however, today the main 
cause of changing resins, direct or indirect indica-
tion, is the change in color. As a result and becau-
se of the aesthetic excellence sought by patients, 
composite manufacturers continuously seek to im-
prove the optical properties of these materials to 
enable the adequate reproduction of natural teeth 
characteristics.17,21

The size and number of internal particles and 
differences in the chemical structure of compo-
sites can affect light scattering and affect these 

materials color stability .14,17 The breaking of che-
mical constituents can also change the color of 
resins in time19,22, a situation reproduced in the 
study through artificial accelerated aging, which si-
mulates the effect of ultraviolet UV-B, responsible 
for photochemical degradation and moisture, whi-
ch coupled with other factors can lead to polymer 
degradation.

The results of this investigation support the re-
jection of the null hypothesis that there would be 
no influence of AAA in color stability and surfa-
ce degradation of different modified composites. 
Evaluated by the optical luminosity L*, the mate-
rials showed variability from the point of view of 
this factor, in which the Solidex resin demonstrated 
highest pre stability (L* 76.55±0.56) and Cesead 
the lowest after aging (L* 76.56±0.48) . Luminosity 

FIGURE 2 | A: Resin Cesead before accelerated artificial aging (AAA). B: Resin Cesead after AAA.

FIGURE 3 | A: Resin Solidex before accelerated artificial aging (AAA). B: Resin Solidex after AAA.
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is an important property for modified indirect 
composites to meet the necessary aesthetic requi-
rements of a restoration, therefore it is expected of 
an ideal composite to maintain this characteristic 
over time.

AAA causes internal discolorations in the  re-
sin,  therefore  the change  in  color of the composi-
tes after UV irradiation has been associated with 
changes in chemical activators or initiator system, 
and in the resinous matrix. Therefore, the degrada-
tion of the residual amine and the oxidation reac-
tion of carbon double bonds result in the formation 
of yellowish compounds.12,21 In this study, the effect 
of aging on the Artglass resin did not significantly 
affect the amount of yellow, unlike other materials, 
and Cesead and Solidex showed higher b* values 
after AAA.

The total color change, that is, Delta E (∆E) chan-
ge is related to changes in the resin matrix, as well 
as to changes in the matrix/filler set. Indirect resins, 
micro-hybrids, have a differentiated matrix/filler 
system to prevent the discoloration of resins, whi-
ch attributes polyglass or ceromer characteristics 
to these materials. In this system, AAA promotes a 
color change in the composites, due to the erosion of 
the matrix and exposure of the filler particles.

In this study, three different intervals were used 
to determine color changes: ΔE<1 – imperceptible 
to the human eye;  1.0<ΔE<3.3 – visible only by a 
skilled and clinically acceptable individual; ΔE>3.3 
– easily observed and clinically unacceptable.12,19,20 
Considering these intervals, only the Cesead resin 
showed unacceptable color change (ΔE=3.51±1.04), 
the other two, Artglass and Solidex, showed accep-
table and similar results.

According to some authors, composites with 
lower load particle concentrations have higher 
ΔE values, contrary to what was observed for the 
Cesead resin, which had the highest filler amount 
(82% silica and quartz glass, and 18% resin and 
additives), which showed a higher color change, 

results that were also previously observed by other 
authors.17,19

In addition  to  discoloration, other dama-
ges were observed in the materials investigated. 
Scanning electron microscopy images revealed 
the presence of cracks, especially in the Cesead 
resin, and deterioration of the organic matrix 
with the non-adhesion of filler particles, which 
produces pores and provides  higher color chan-
ge, results that have been also found in other stu-
dies.10,12 These failures could vary with different 
filler particles23 and may be potentialized in the 
oral environment due to its greater destructive 
capacity, which combines physical factors, such as 
temperature fluctuations and changes in pH, and 
mechanical interferences, such as shear stress and 
compression strength.24

Although the Solidex resin had the highest co-
lor stability  and Artglass had clinically accepta-
ble  results, it should be noted that all composites 
analyzed showed color instability when subjected 
to AAA. Therefore, in light of the limitations of 
each material, it is up to the dentist and the dental 
prosthesis technician to use the proper materials 
according to their indication.

All materials analyzed exhibited color instability 
and surface degradation, however, only the Cesead 
resin demonstrated clinically acceptable results.
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