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Abstract
Objectives: To evaluate the color similarity, stability and opacity of composites (TPH, Charisma, 

and Concept, shade A2) protected with surface sealants (Fortify Plus and Biscover) and cyanoacry-
late (Super Bonder). 

Methods: Forty specimens of each composite were made and separated into 4 groups (n=10) 
according to the surface protection: GI - without sealant; GII - cyanoacrylate; GIII - Fortify Plus; GIV 
- Biscover. Color and opacity readings were taken before and after Artificial Acelerated Aging (AAA) 
and the values obtained for color stability were submitted to statistical analysis by 2-way ANOVA and 
Bonferroni’s test (P<.05). The values acquired for color similarity were submitted to 1-way ANOVA 
and Tukey’s test (P<.05). The specimen sufaces were compared before and after AAA using Scanning 
Electronic Microscopy (SEM). 

Results: Studied composites did not present the same values for the coordinates L*, a* and b 
* before AAA, indicating that there was no color similarity among them. All composites presented 
color alteration after AAA with clinically unacceptable values. Protected groups presented lower 
opacity variation after AAA, in comparison with the control goup. SEM evaluation demonstrated that 
AAA increased the surface irregularities in all of the studied groups.  

Conclusion: Surface sealants were not effective in maintaining composite color, but were able to 
maintain opacity. (Eur J Dent 2012;6:24-33)
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Color stability is crucial for the success of any 
type of esthetic restoration; in fact, color change 
is the major reason for replacing anterior restora-
tions.1 Researchers agree that direct restorations 
using resin composites undergo color alteration 
over time.2-5 The different types of composite dis-
coloration are usually described in the literature 
as: 1) external discolorations due to plaque accu-
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mulation and staining substances;5,6 2) surface or 
sub-surface alterations involving surface degrada-
tion and reaction of coloring agents with the resin 
composite layer (adsorption);4,5 and 3) intrinsic dis-
colorations due to physical-chemical reactions in 
the deep portions of the restoration.7-10

The monomer degree of conversion also in-
fluences the chemical stability of composites. 
The presence of unreacted-carbon double bonds 
makes the material more susceptible to degrada-
tion,9 thus resulting in a reduction in color stabil-
ity11 and possible release of formaldehyde and 
methacrylic acid.12 Moreover, an insufficient de-
gree of conversion contributes to the absorption 
of coloring substances, inducing composite discol-
oration.9,13,14 It has been observed that composites 
with high water sorption values were more easily 
stained by hydrophilic dyes present in drinks, such 
as wine, coffee and tea.15,16 

Commercial composite resins are manufac-
tured based on the Vitapan Classical shade guide 
(Vita-Zahnfabrik, Germany)17 with the aim of re-
ducing the need to use different shade guides. 
However, changes in color and translucency after 
polymerization, polishing and thermal cycling, 
may vary by brand of composite resins and this in-
formation would be clinically useful.18

Surface sealants are used in combination with 
restorative composites to seal micro-porosity on 
restoration surfaces, thus increasing the marginal 
integrity and abrasion resistance,19,20 which could 
prevent or reduce the absorption of pigments from 
foods in the diet, and reduce staining, contributing 
to the color stability of composites. Another mate-
rial commonly used in Dentistry is cyanoacrylate,21 
which could be used as a surface sealant due to 
its biocompatibility,22 viscosity and easy handling in 
comparison with other materials. Moreover,  cya-
noacrylate does not need to be mixed with other 
components and it is chemically polymerized. 

The aim of this study was to evaluate the color 
similarity of different brands of resin composites of 
the same color before Artificial Accelerated Aging 
(AAA); and the color stability and opacity variation 
of composites protected with surface sealants and 
cyanoacrylate, after being submitted to AAA. Two 
hypothesis were tested: the null hypothesis that 
there would be no significant difference in color 
coordinates between the same shade-designated 
resin composites from different brands, and that 

composites protected by surface sealants and cya-
noacrylate would present less color alteration and 
opacity than the unprotected materials after AAA.

MATERIALS AND METHODS
In this study, three direct A2-shade resin com-

posites, two surface sealants and a cyanoacrylate-
based adhesive were used. Details of these mate-
rials are presented in Table 1.

Forty specimens were made of each compos-
ite using a cylindrical Teflon mold (14mm X 2mm), 
totaling 120 samples. The specimens were photo-
activated by a halogen light device for 40 seconds 
(Ultralux Eletronic, Dabi Atlante, Ribeirão Preto, 
SP, Brazil - 500nm, 500mW/cm²) and polished with 
water abrasive papers (grit 400, 600 and 1000). The 
thickness of each specimen was verified using a 
digital pachymeter (Digimess, São Paulo, SP, Bra-
zil). After this, the specimens were randomly sepa-
rated into 4 groups (n=10) according to the surface 
protection: GI - no protection; GII - cyanoacrylate; 
GIII - Fortify Plus and GIV - Biscover. 

The surface sealants were applied according to 
the manufacturers’ instructions. After 37% phos-
phoric acid etching for 15 seconds, a thin layer 
of each material was applied to specimens in the 
respective group, using a microbrush, followed by 
photoactivation (15 seconds for Biscover and 10 
seconds for Fortify Plus). When cyanoacrylate was 
used, the product was applied followed by waiting 
5 minutes for it to dry.  

All specimens were carefully identified, stored 
in separate containers and kept in the dark until 
the initial color and opacity analysis were per-
formed.

Color analysis
The color of the specimens was analyzed with 

a reflection spectrophotometer (Color Guide 45/0, 
BYK - Gardner GmbH, Geretsried, Germany) using 
a white block (Standard optical geometry 45º/0º, 
Reflectance and Color Gardner Laboratory Inc. 
Bethesda, MA, USA). The color pattern was evalu-
ated according to the CIE - L*, a* and b* color sys-
tem described by Pires-de-Souza et al10 Initially, 
the color similarity among the different tested 
composites was analyzed using the initial color 
readings to compare the L*, a* and b* coordinates 
of each resin with those of the control group, be-
fore submitting them to AAA.
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After the initial color analysis, the specimens 
were submitted to AAA (C-UV Adexim Comexim, 
São Paulo, SP, Brazil). This system uses light and 
steam to produce the aging of non-metallic materi-
als. It is composed of a network of eight fluorescent 
light tubes of 40 watts with emission concentrated 
in the ultraviolet B region; with radiation concen-
trated at 280/32nm and the exposure temperature 
is automatically controlled according to the pro-
grams established by the UV/condensation cycles. 
For aging the test specimens, the cycle of exposure 
to UV selected was 4 hours of exposure to UV-B at 
50°C and 4 hours of water condensation at 50°C for 
a maximum period of 384 hours, which corresponds 
to 10 years of clinical use.23

After this period, the specimens were again 
submitted to color measurement, using the same 
method previously described. The color alteration 
(ΔE) of the samples was calculated according to the 
formula ΔE=[(ΔL*)² + (Δa*)² + (Δb*)²]1/2.10 Values of 
ΔE ≥ 3.3 were considered clinically unacceptable.2

Opacity analysis
For this analysis, the specimens were submitted 

to the color readings on white and black patterns, 
considering only the L* coordinate, which was cal-
culated according to the formula: Opacity = L*b / 
L*w, where L*b corresponds to the reading of the 
L* coordinate against a black background and L*w 
against a white background. This procedure was 
performed before (initial opacity- IO) and after (fi-
nal opacity - FO) AAA, and the difference in opacity 
between the two periods was calculated in percent-
age.

The color similarity values were submitted to 
statistical analysis using 1-way ANOVA and Tukey’s 
test (P<.05). Data concerning color stability was 
submitted to statistical analysis using 2-way ANOVA 
and Bonferroni’s test (P<.05).

With the aim of comparing the surfaces of the 
test specimens before and after AAA, one test spec-
imen from each group was submitted to surface 
evaluation by Scanning Electronic Microscopy (Jeol 
JSM 7500 - SII, Sony, Tokyo, Japan) at 1500X magni-
fication. For this purpose, the samples were mount-
ed on aluminum stubs and sputter coated with gold 
(300Å to 500Å) in a metallizer (Denton Vacuum, 
model Desk 11, Moorestown, NJ, USA) and their 
areas were analyzed by photomicrographs (15KV).

RESULTS
Color similarity
For the  L* value, which represents the object 

brightness, it was observed that the composites 
TPH (67.2) and Charisma (68.5) were statistically 
similar between them (P>.05), differing from Con-
cept (70.2) that showed statistically significant 
values (P<.05) in comparison with the other com-
posites (Figure 1). For the a* coordinate (variation 
between green - red), it was verified that the TPH 
(6.4) showed the highest mean values, differing sta-
tistically from the other composites (P<.05), which 
presented statistically similar values between them 
(Concept - 3.9 and Charisma - 4.1). For the b* coor-
dinate (variation between blue - yellow), the high-
est mean values were found in Concept composite 
(16.6), differing statistically (P<.05) from the other 
two tested materials, characterized by presenting 
a more yellowish color. The other composites pre-
sented similar performance between them (TPH - 
15.5 and Charisma - 14.7).

Color stability
Table 2 presents the mean values of L*, a* and b* 

coordinates before and after AAA. It was observed 
that for the control Group there was an increase in 
values of the L* coordinate for all the composites, 
indicating an increase in the luminosity of these 
materials. For the Biscover Group, the same coor-
dinate behaved in the inverse manner, that is; there 
was a decrease in the values, indicating darkening 
of the samples. In the values for the a* coordinate, 
there was an increase for all the composites pro-
tected with Biscover, indicating a greater trend to-
wards the color red. For the other groups, there was 
a reduction (control and Cyanoacrylate) or mainte-
nance (Fortify Plus) of the values for the coordinate. 
The values for the b* coordinate increased in all the 
groups, indicating a trend towards becoming yel-
lower, with the exception of the composites Concept 
and Charisma without surface protection.  

After AAA, all the studied composites presented 
clinically unacceptable (ΔE ≥ 3.3)2 color alteration 
(Table 3). Irrespective of the composite, the highest 
ΔE values were found when Biscover was used as 
surface sealant. Among the tested materials, the 
composite that presented the largest alteration  in 
∆E was Concept (ΔE = 13.0).

When comparing the behavior of the compos-
ites with the control group, it was verified that all 
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Figure 1. Mean values of L*, a*, b* before aging (1-way ANOVA - Tukey, P<.05). Dif-

ferent letters over bars mean statisticaly significant difference.

Figure 2. Mean values of opacity alteration (%) of composites after aging.

Figure 3. Photomicrographs of TPH before and after AAA.
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the protected groups presented mean values of ∆E 
with statistically significant difference (P>.05).  For 
TPH composite, it was verified that the specimens 
with protected surfaces presented different values 
from those of the control group, with statistically 
significant difference (P>.05), except between For-
tify Plus and Cyanocrylate (P<.05). The smallest 
color alteration was verified for the control group 
(TPH - ΔE = 4.9), in other words, in the materials 
without surface protection; and the largest color 
alteration was found in the composites sealed with 
the Biscover sealant (Concept - ΔE = 13.0). The 
color alteration in the composites sealed with For-

tify Plus and Biscover was similar, presenting no 
statistically significant difference (P>.05). 

Composite opacity 
As shown in Figure 2, the control group present-

ed the highest values for opacity when compared 
with the groups with surface sealants, irrespective 
of the composite. It could be observed that the TPH 
composite presented the lowest opacity alteration. 
Moreover, when using cyanoacrylate, the opacity 
remained the same after AAA for Charisma com-
posite (0.04). The Fortify Plus sealant showed a 
very low percentage of alteration in opacity after 

Figure 4. Photomicrographs of Concept before and after AAA.
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AAA for all the composites, the lowest alteration 
being for TPH (0.18) and Concept (0.25). Sequen-
tially, the lowest alteration in opacity occurred in 
TPH protected with Biscover (0.47) and Charisma 
protected with Fortify Plus (0.66). 

Scanning Electronic Microscopy
The photomicrographs (Figures. 3-5) demon-

strated that for the composite TPH, before and af-
ter aging, the groups with surface sealants were 
shown to be very different when compared with the 
control group, showing greater surface regularity 
and being more regular for the Biscover Group 

(GIV). When comparing the images in one and the 
same group, it was verified that AAA increased the 
surface irregularities of the specimens in all of the 
studied groups. For the other composite resins, 
a similar behavior was verified regarding the ac-
tion of sealants and aging, except for the control 
Group, which, presented greater surface smooth-
ness after AAA.

DISCUSSION 
When dental materials are in use, they are sub-

mitted to rigorous clinical conditions, with altera-
tions in pH, salivary flow and temperature. In order 

Figure 5. Photomicrographs of Charisma before and after AAA.
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to simulate the conditions to which resin compos-
ite restorations are exposed in the oral cavity, the 
literature shows that there are different methods 
to simulate their aging to verify the behavior of 
these materials in the long term. Among these, the 
methods of immersion in solutions such as water, 
teas, wine, coffee, mouth washes, among others 
are outstanding.24  There are also cycles of immer-
sion in water at different temperatures alternated 
with light  irradiation,25 and another method of ar-
tificial aging by exposure to light alternating with 
exposure to an environment with high humidity.5,10 
In the present study, this was the chosen method, 
in which the materials were submitted to the ac-
tion of UV light and water condensation in 4-hour 

cycles for 384 hours.  According to Zanin et al,26 
color alteration of composite resins only occurs 
after 300 hours of the aging process.

Considering the results, the first null hypoth-
esis of the present study was rejected because a 
lack of standardization by the manufacturers was 
noted, concerning the composite shades of differ-
ent commercial brands. The L* coordinate was 
influenced by the shade designation for all resin 
composites (P<.05), a* coordinate was different 
only for TPH and b* for Concept. These results 
indicate that the differences in lightness by the 
brand were correlated with the shade designa-
tion. Thus, the dental professional may find some 
difficulty when choosing the material for clinical 

Material Manufacturer Mean particles size Composition Batch number

TPH SPECTRUM
DENTSPLY (Petrópolis, 

RJ, Brazil)
0.8µm - 77% of 
load by volume

Bis-GMA, boron aluminum silicate and 
silanized barium, pyrolytic silanized 

silica, camphorquinone, EDAB, butylate 
hydroxytoluene, dyes and minerals

330568

CONCEPT ADVANCED
VIGODENT (Rio de Janeiro, 

RJ, Brazil)
0.4µm - 67% of 
load by volume

Bis-GMA, UDMA, ester of methacrylic 
acid, barium silicate and aluminum 

silicate
003/06

CHARISMA
HERAEUS KULZER (Gruner Weg, 

Hanal, Germany)
0.7µm - 64% of 
load by volume

Bis-GMA, TEGDMA, barium fluoride 
glass, silica dioxide

10204

BISCOVER
BISCO Inc (Shamburg, 

IL, USA)
20-50% Bis-EMA, 20-40% urethane ac-
rylate ester, 20-40% polyethylenoglycol

400008665

FORTIFY PLUS
BISCO Inc (Shamburg, 

IL, USA)
0.4µm - 17.3% of 
load by volume

Amorphous Silica, Bis-EMA (10-40%), 
UDMA (20-50%)

500009569

SUPERBONDER
HENKEL Ltda. (Itapevi, 

SP, Brazil)
  Cyanoacrylate ethyl ester 711598

Bis-GMA - Bisphenol A glycidyl methacrylate; EDAB - Etil 4-N,N-dimethyl amine benzoate; UDMA - Urethane dimethacrylate; TEGDMA - Triethyleneglycol dimethacrylate; 

Bis-EMA - Ethoxylated Bisphenol-A-Dimethacrylate.

Table 1. Tested materials.

    TPH Concept Charisma

L* a* b* L* a* b* L* a* b*

Control
Before 67.1 6.4 15.4 70.1 3.8 16.6 68.5 4.1 14.7

After 69.0 4.8 18.2 76.2 2.4 8.5 72.8 3.0 8.8

Cyanoacrylate
Before 64.9 6.4 16.1 69.0 3.9 17.4 65.8 3.9 15.9

After 65.2 5.4 24.3 69.9 3.3 20.7 66.2 3.9 19.1

Fortify Plus
Before 64.7 6.6 17.0 68.0 3.7 17.0 65.5 4.2 15.7

After 64.2 6.0 25 66.9 3.7 24.9 64.9 4.1 21.9

Biscover
Before 64.4 5.9 17.8 68.2 2.9 17.4 65.4 3.5 16.5

After  62.2 7.1 28.9 65.5 4.9 29.9 62.8 5.5 27.5

Table 2. Mean values of L*, a* and b* coordinates before and after AAA.

  Control Fortify Plus Biscover Cyanoacrylate

TPH 4.9 (1.7) a, A 8.0 (0.8) b, A 11.4 (0.9) c, A 8.3 (2.9) b, A

Concept 10.2 (2.0) a, B 8.0 (0.7) b, A 13.0 (0.8) c, A 5.8 (4.0) d, B

Charisma 8.2 (2.3) a, B 7.9 (0.7) a, A 11.6 (0.7) b, A 3.3 (1.5) c, C

Table 3. Mean values (standard deviations) of Delta E (2-way ANOVA and Bonferroni’s test, P<.05).

Different letters (capital letters in the column and lower cases in the line) indicate results with statistically significant difference (P<.05).
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use, which would be important mainly in the case 
of repairing restorations. When compared with 
complete replacement of a restoration,  repair 
presents advantages such as less wear of sound 
dental tissue, as well as lower cost, hence this has 
increasingly been the option of treatment over the 
last few years.27

Concerning the color alteration results, the 
hypothesis of the present study should also be 
rejected, since all composites showed values 
considered clinically unacceptable (ΔE ≥ 3.3).2 
The highest ΔE values obtained for composites 
protected with Biscover can be explained by the 
“polished mirror” aspect, which this sealant gives 
the surface.24 As the method of color evaluation is 
based on the emission of a light beam that returns 
from the device, this “mirror effect” might have 
promoted a greater return of the luminous light.24 
Furthermore, Biscover has 20-50% of Bis-EMA in 
its composition, which is the main component of 
the organic matrix and leads to this material being 
more susceptible to staining and degradation by 
AAA.24 The composites protected with Fortify Plus 
sealant also had high color alteration values (ΔE ≥ 
3.3). The explanation is the same as that present-
ed for Biscover, since Fortify Plus also has higher 
amount of Bis-EMA (10-40%) and UDMA (20-50%) 
in its composition, thus likewise, it is susceptible 
to color alteration.24

Another factor that affects the performance of 
sealants is the thickness used over the compos-
ite. According to Lee et al,28 the thicker the layer of 
sealant applied on composite surface, the greater 
is the susceptibility to modify the composite color. 
In this study, only one layer of sealant was applied 
on the composites. However, due to the flowable 
characteristic and moistening ability of these ma-
terials, it was not possible to standardize the seal-
ant thickness. The same limitation is found in the 
clinical situation.

The performance of cyanoacrylate was better 
when it was combined with Concept and Charisma 
composites. This protection provided smaller color 
alteration of such composites than the other sur-
face protectors, however, the values continued to 
be clinically unacceptable (ΔE ≥ 3.3).2 

There are some factors that can influence com-
posite opacity:29 1) the inherent translucency of 
the materials components; 2) the load particles 
increase the light dispersion at the matrix/particle 

interface, which produces opaque materials if the 
refraction index of the composite components are 
different; and 3) the translucency of the composite 
depends on the size of the load particles. Compos-
ites with very small particles will produce supe-
rior translucency and better esthetic results. This 
would be the justification for the behavior of the 
composites studied in the present work.

When analyzing the initial opacity results of the 
composites (before AAA), it could be verified that in 
all groups, the highest opacity values were found 
for TPH, which presents load particles with a mean 
size of 0.8µm in a percentage of 77% by volume. 
Thus, there is less passage of light through the 
body of the composite, resulting in greater opac-
ity. Concerning the other studied composites, al-
though Charisma composite (0.7µm) presents a 
larger particle size than Concept (0.4µm), it was 
shown to have a smaller amount of load particles 
by volume (64%), which justifies the lower opacity 
values. In this situation, a larger amount of light is 
able to pass through the material.8 After 384 hours 
of AAA, the performance of the composites as re-
gards opacity remained unaltered. Nevertheless, 
it is interesting to notice that proportionally, Con-
cept (the composite with smaller particles size) 
presented a higher alteration in opacity, probably 
because of the incompatibility of the refractive in-
dexes between matrix and particles, as previously 
described.29

The use of surface sealants promoted a lower 
alteration in opacity in the composites after AAA, 
due to the lower surface degradation.11 Moreover, 
the sealants have a small amount of load par-
ticles in their composition,28 which contributed to 
the stability of composite opacity. Therefore, the 
hypothesis that composites protected by surface 
sealants would present less color alteration over 
time should be rejected. Moreover, it was expected 
that  cyanoacrylate would present a performance 
similar to that of the surface sealants, and would 
therefore be a quick and low cost alternative for 
daily clinical practice.

AAA acted as a degrading factor on the surface 
of samples, which can be seen in the photomicro-
graphs (Figures 3-5), in which one observes an in-
crease in surface roughness in all the groups. In 
the control group of the composites Concept and 
Charisma, however, this occurrence was not veri-
fied, as these groups apparently presented an im-
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proved surface after AAA. This improvement could 
be justified by the greater water sorption that oc-
curred during the aging process as a result of the 
smaller size of their load particles and the absence 
of protection, differently from that which occurred 
in the composite TPH.28

CONCLUSION
Based on the results obtained in this study, it 

may be concluded that:
1. Surface sealants were not effective in main-

taining color stability of composites, but promoted 
lower opacity variation after AAA procedure, in 
comparison with the control group. 

2. Concept and Charisma composites protected 
with Cyanoacrylate presented the lowest color al-
teration, although the results presented clinically 
unacceptable values. 
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