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Abstract - Direct and indirect composite resins have different forms of polymerization. Some materials require a post-
cure system associating light and heat enhancing clinical properties. This study assessed the changes in color and sur-
face roughness of three indirect composite resins after accelerated aging. Twelve specimens (15x2mm) were obtained 
for each tested material. Subsequently, the first measurements for roughness tests and colorimetric spectrophotometry 
(CIE L*a*b* scale) were performed. Specimens were subject to accelerated aging for 384 hours. New measurements 
were then performed to evaluate the resulting change. Accelerated aging produced color change and increased sur-
face roughness in all composite resins. Solidex® resin showed color changes above the clinically accepted value (∆E = 
4.31±0.22), and roughness values (Ra= 0.088±0,008 µm) statistically lower than that of Artglass® (Ra=0.141±0.026 
µm) and Targis® (Ra=0.124±0.02 µm) (p<0.001). All the indirect resins tested showed color change and increased 
roughness after accelerated aging. Solidex® showed color stability above a quantitative level considered clinically ac-
ceptable and lower roughness values compared to the other resins. 
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INTRODUCTION

Indirect composite resin systems have been introduced 
with the attempt to solve problems concerning ceramic 
restorations (high abrasiveness causing the wear of an-
tagonist teeth) and conventional resins (low resistance 
to wear and changes in color). These composites, called 
ceromers (CERamic Optimized polyMER), present a high 
density of inorganic ceramic particles, in comparison to 
the traditional direct and indirect composite resins, in 
addition to changes in the resin matrix. Moreover, they 
are an alternative material for esthetic restorations using 
porcelain and direct resins. 

Color stability is crucial to the success of any type of 
esthetic restoration; in fact, color change is the major 
reason for replacing anterior restorations1. Researchers 
agree that direct restorations using composite resins suffer 
color changes with time2-5. Optical properties change with 
time, especially related to surface degradation6, chemical 
reaction of the tertiary amine accelerator in composites4,7, 
filler movement to the surface, and/or resin degradation8.  
Three types of composite resin discoloration are usually 
described: 1) external discolorations due to accumulation 
of plaque and stains9,10; 2) surface changes that imply on 
surface degradation and slight penetration and reaction of 
staining agents with the superficial layer of the composite 
resin11,12; 3) intrinsic discolorations due to physical-chemical 
reactions in the deep portions of the restoration, such as 
visible light and UV irradiation, and changes in tempera-
ture and humidity13. Physical-chemical stress induces the 
degradation of the composite surface and sub-surface. As 

a consequence, this will allow for the formation of micro-
fractures on the restoration due to the pre-existence of 
micropores on the interface between the inorganic filler 
and the matrix. These microcavities represent a preferable 
pathway for the penetration of stains14.

The composition of the composite resin matrix also has 
an influence over intrinsic discoloration15. The affinity of 
the resin for stains is modulated by its proportion of con-
version of monomers into polymers16 and by its chemical 
characteristics. Changes in the resin matrix because of 
water sorption lead to their discoloration and reduction 
in desirable physical qualities17. An insufficient resin con-
version proportion will contribute to the absorption of 
staining substances. Chemical additives to the composite, 
mainly those that do not suffer reaction, as initiators, ac-
celerators, and ultraviolet filters, may also degrade color 
components18. The characteristics of the filler particles also 
have a straight impact on the surface smoothness of the 
resin19,20 and, consequently, on the susceptibility of the 
restoration to extrinsic staining21. The smoother the resto-
ration, the smaller the capacity of stains impregnating on 
resin surface, due to smaller surface roughness. 

Most ceromers use a post-cure system, with the associa-
tion of light, heat, vacuum and pressure. Post-cure heating 
has been found to enhance surface hardness22-24, flexure 
strength24-27, color stability23, and minimal polymerization 
shrinkage.  It also contributes to the relaxation of the 
matrix-filler interface tensions16, and to the conversion of 
monomers into polymers18. 

Thus, the purpose of this study was to assess the effect of 
artificial accelerated aging on color stability and surface rough-
ness of three indirect composites.  The hypothesis tested was 
that the post-cure process results in a minimal color change 
and low surface roughness after accelerated aging. 
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MATERIAL AND METHODS

Three indirect composites were selected for this study: 
Artglass® (Heraeus Kulzer®, Hanau, Germany); Soli-
dex® (Shofu®, Kioto, Japan); Targis® (Ivoclar Vivadent, 
Schaan®, Liechtenstein), all of them in the color B2 for 
dentin (Table 1).  Twelve specimens (15x2mm) were 
fabricated for each resin, using a stainless steel matrix. 
The material was inserted in the matrix by 2 increments 
of 1mm, and polymerized in specific polymerization units 
following the manufacturer’s instructions (Table 1). The last 
increment was leveled with a glass plate so the excess of 
resin material could be removed.  

The specimens had their surface polished (Sof-Lex®, 3M 
Dental Products®, St Paul, MN, USA), in the sequence of 
higher to lower abrasiveness.  All specimens were coded 
and stored (100% humidity and absence of light for 24h).  
After this period, the first measurements were made for the 
roughness and colorimetric spectrophotometry tests.

Roughness:

The needle of the profilometer (Surfcorder SE 1700 pro-
filometer®, Kosakalab®, Tokio, Japan) was positioned on 
each specimen, and three readings were performed in 
different places of the surface. The instrument presented 
the mean surface roughness values, considered as the 
initial roughness values or control. After the process of ac-
celerated aging, new roughness readings were performed 
following the same method. The values were submitted to 
1-way ANOVA with level of significance at 5%. 

Colorimetric Spectrophotometry:

A PCB 6807 BYK GARDNER® spectrophotometer (Geret-
sried®, Germany) was used for color reading. Specimens 
were placed on the white standard block (Standard for 
45º, 0º Reflectance and Color Gardner Laboratory Inc. ®, 
Bethesda, Maryland 20014) and the first reading was made. 
The observation pattern simulated by the spectrophoto-
metric colorimeter follows the system CIE L*a*b*. Initial 
color readings were performed before the specimens were 

subject to the artificial accelerated aging process and color 
stability was determined by the difference (∆E) between 
the coordinates obtained for the specimens before and 
after the aging process, by the formula:

Values of ∆E ≥ 3.3 are considered clinically unacceptable5. 
The ∆E values were compared using 1-way analysis of 
variance (level of significance at 5%).

Artificial accelerated aging:

Specimens were subject to artificial accelerated aging (Ac-
celerated Aging System for non-metallic C-UV®, Comexim 
Matérias Primas Ltda®, São Paulo, Brazil) for 384 hours, 
by exposure to 4 hours to UV-B light at 50º C (280/320nm) 
and 4 hours of water condensation at 50º C. 

Table 1.  Composition of composite resins evaluated in the present study.

Material Filler size (µm) Filler weight (%) Monomer composition Polymerization Technique

Artglass® 0.7 – 2.0 72 UDMA UniXS® polymerization unit (Heraeus Kulzer®, 
Hanau, Germany): 180 seconds in light cycles 
generated by 2 xenon lamps (450-500 nm)

Targis® 0.03 – 1.0 80 Bis-GMA, TEGDMA Targis® Quick fast polymerization unit (Ivoclar 
Vivadent®, Schaan, Liechtenstein): 40 seconds 
for pre-polymerization between increments.
Targis Power® high-performance polymerization 
unit (Ivoclar Vivadent®): Visible light (8 high-
power cold lamps, 400-450nm) and heat (95º C) 
in a 25 minutes.

Solidex® 0.16 – 7.0 53 UDMA Solidite® light polymerization unit (Shofu®, 
Kioto, Japan): 180 seconds.

UDMA – Urethane-dimethacrylate;  
Bis-GMA - Bisphenol glycidyl methacrylate;  
TEGDMA – triethyleneglycol-dimethacrylate.

 Table 2.  Means (standard deviation) of color change value (∆E)

Materials ∆E

Artglass® 2.99(1.33)ns

Solidex® 4.31(0.22)a

Targis® 3.01(0.86)ns

ns – no statistically significant difference (p>0.05),  
a – statistically different (p<0.05)

Materials Roughness

Artglass® 0.141(0.026)a

Solidex® 0.088(0.008)ns

Targis® 0.124(0.02)a

ns – no statistically significant difference (p>0.05),  
a – statistically different (p<0.001)

Table 3.  Difference of means (µm) and 
standard deviation of roughness values (Ra) 
before   and after artificial accelerated aging
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RESULTS

Color change

All indirect resins submitted to the process of artificial ac-
celerated aging showed color changes (Table 2).  Solidex® 
showed greater color variation. Such values were above 
those considered clinically accepted (Table 2). Differences 
were statistically significant (p<0.05) compared to the other 
composite resins, which presented color variation within 
the clinically accepted range (∆E<3.3).

Roughness

By assessing the mean roughness values (Ra) before and 
after artificial accelerated aging, it could be observed that 
there was an increase in the roughness of the specimens 
after aging (Fig. 1 and Table 3). 

Artglass® and Targis® suffered the greatest surface chang-
es, showing a statistically significant increase in roughness 
after artificial accelerated aging (p<0.001). Changes in 
Solidex® were not statistically significant (p>0.05).

DISCUSSION

The materials used in this study are recommended for 
use in indirect restorations and suffer some additional po-
lymerization during the curing process. The properties of 
these materials are different from those of direct composite 
resins. This is especially true for polymerization shrinkage, 
which may be better controlled in indirect materials, since 
it occurs outside the mouth.  

Various mechanisms have been suggested for changes due 
to aging. The Accelerated Aging System has been adopted 
to test the color stability of dental resins since 197828 and 
intended to reproduce the weathering effects that occur 
when materials are exposed to sunlight and moisture. Al-
though the manufacturer of the device estimates that 300 
hours of exposure is equivalent to 1 year of service, it is 
not known how an outdoor simulation such as weathering 
would translate to intraoral conditions29. Therefore, even 
though the method mimics situations different from the 
oral environment, it was chosen because the intention was 
to induce property changes associated with moisture and 
heat. The oral environment is severe and this study had 
the purpose to evaluate the chromatic changes of materi-
als submitted to degradation processes. The UV-B lamp 
emits radiation around 300nm. It provides a severe aging 

process, which produces rapid polymer degradation and 
often causes degradation by mechanisms that do not occur 
when materials are exposed to sunlight30. 

The CIE L*a*b* system uses the three parameters L*, a* and 
b* to define color31. The degree of lightness and darkness 
corresponds to L*, while a* and b* are on the chromatic 
scale and ranges from red (+a*) to green (-a*) and yellow 
(+b*) to blue (-b*). Authors have documented that ∆E val-
ues between 2–3 are perceptible to the naked eye24 and 
that ∆E values greater than 3.3 are clinically unacceptable5. 
Hence, in terms of color stability, the present study results 
show that Targis® and Artglass® show a perceptible, but 
not unacceptable, color change. The average color changes 
were of 2.99 and 3.01 units of ∆E, respectively, which is 
in agreement with the results of a previous study8. On 
the other hand, Solidex® indirect resin showed the high-
est color instability with mean ∆E equal to 4.31, a critical 
color change value. 

The variations in values of L*, a*, and b* after artificial 
accelerated aging were specific for each tested resin. Soli-
dex® resin showed a reduction in the value L*, becoming 
darker, and with an increase in the value b*, which makes 
it more yellow after aging. Value a* decreased, causing the 
resin to discolor. Targis® and Artglass® resins showed an 
increase in luminosity (value L*) and a reduction in the 
values of chroma. Artglass® resin showed a reduction only 
for the value b*, losing the yellow tone. Whereas Targis® 
resin did not show a statistically significant difference for 
the value b* after aging, and continued practically with 
the same tone of yellow, but it did lose some tone of red 
with the reduction of value a*. These results are different 
from other reports17, but a different method for accelerated 
aging was used in which the samples were immersed in 
60ºC distilled water for 8 weeks.

Some authors32 have reported that the physical charac-
teristics of filling resins deteriorate when immersed in 
water because water sorption leads to their discoloration 
and reduction in desirable physical qualities. However, 
composite materials have different levels of water sorp-
tion depending on the type of monomer they are made 
of, and different monomer might also cause the materials 
to vary in color17. 

In this study, two materials contain UDMA and one contains 
Bis-GMA/TEGDMA, and color changes were observed in 
all materials. However, for the polymerization of Targis 
resin, which contains Bis-GMA, there is a post-curing heat-
ing process. Moreover, color change was within clinically 

Figure 1.  Mean values and standard deviation of roughness Ra for the tested resins, before and after 
artificial accelerated aging
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accepted levels, which may have resulted from the better 
monomer conversion into polymer as a result of this heat-
ing. In a previous study33, authors verified that post-cure 
heating significantly decreases the amounts of unreacted 
monomer remaining after the initial light curing stage, 
and that at 50°C there was a 75% reduction in remaining 
unreacted Bis-GMA33.

In the present study, the composites with the lowest filler 
contents had poor color stability, supporting results of 
previous work34,35. The results demonstrated that Solidex®, 
with 53% of inorganic particles in weight (39% in volume), 
showed the greatest color change, followed by Targis® 
resin, which presents 80% of inorganic particles in weight 
(68% in volume). Artglass® resin, which showed color 
stability similar to that of Targis® resin, presents 72% of 
inorganic particles in weight (58% in volume). 

Color change can also be explained due to filler expo-
sure and degradation of polymer material36. Authors have 
suggested that the aging process increased the C:O, C:Si, 
and C:Ba ratios at least threefold, suggesting that some 
inorganic materials were lost from the surface. Besides, the 
process can modify the bonding interface between filler 
and resin (silane treatment). Elemental oxygen is lost when 
barium oxide and silica fillers are depleted, leaving more 
organic material on the surface. Surface deterioration has 
been shown to increase lightness and decrease chroma 
of restorative resins4. The results of presented research 
sustain this assertion. 

Increased surface roughness after accelerated aging has 
been attributed to wear of the resin6,37 or exposure of in-
terior porosities38,39. Composite surface roughness may be 
influenced by the size and composition of filler particles40.  
After the process of aging, all tested resins showed an in-
crease in roughness. Artglass® and Targis® resins showed 
the highest roughness values after artificial accelerated 
aging, whereas Solidex® resin showed statistically lower 
roughness values as compared to the other resins.

Before aging, Solidex® resin had the lowest Ra value lower 
(although not significantly lower) than that of the other 
resins and after aging of the structure, there is a chance of 
exposing the inorganic particles on the surface of the speci-
mens causing an increase in roughness41. Since Solidex® 
shows a smaller amount of filler particles in its composition, 

it might be suggested that this was why it showed better 
results than Artglass® and Targis® resins. The latter have 
greater matrix volume, which may have caused greater 
particle exposure after artificial accelerated aging, leading 
to higher surface roughness. However, microscopic images 
are needed in order to confirm this theory.  Higher surface 
roughness causes more light scattering and loss of gloss8. 
Campbell et al.42 reported a linear relationship between the 
optical scattering coefficient and the filler concentration. 
This was not confirmed in the present study. Solidex® 
resin demonstrated the lowest roughness values, but the 
highest color change values. 

By analyzing the study’s results and conditions, the hypoth-
esis that resins subject to post-cure heat treatment could 
present lower color change and smoother surfaces can 
be partially accepted. Targis presented clinically accepted 
color change (∆E<3.3), but increase in surface roughness 

Other factors are associated with these properties. Further 
investigations are needed in order to draw conclusions 

about the proportion of conversion of this material’s 
monomers, as to analyze its influence over the properties 
studied in the present experiment.

CONCLUSIONS

All resins showed color change and an increase in rough-
ness after the process of artificial accelerated aging.  Art-
glass® and Targis® resins showed color changes within the 
acceptable limit (∆E <3.3) whilst Solidex® resin showed 
the greatest color change among the resins, being clini-
cally unacceptable (∆E >3.3). This material showed the 
smallest change in surface roughness after artificial ac-
celerated aging.
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