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ABSTRACT

Statement of the Problem: A few studies have examined the masking ability of the com-
bined application of opaquer and resin composites on tooth discoloration.

Purpose: This study investigated combining two types and thicknesses of composites with
two opaquers to mask discolored backgrounds.

Materials and Method: In this in vitro research, we used two composite resins, Vitalescence
(Ultradent) and Gradia Direct (GC), and two opaquers: Pink opaque (Cosmedent) and Crea-
tive Color A2 (Cosmedent). Seventy-two specimens were made as disks in 8 groups (n=9),
with 1.0 mm and 0.5 mm thicknesses. One surface of each disk was coated by one of the
opaquers and cured. The 4 mm-thick composite disks from both composite brands were also
made as a reference, representing the inherent color of the material. Then, the composite disks
from the opaquer-coated surface were placed on a C4 porcelain disk as a background to simu-
late a discolored tooth. Color measurement for all specimens was performed using a spectro-
photometer device. The color difference of each test group and 4 mm thick disks of the same
composite were measured using the formula CIELAB (AE * ab). Statistical analysis was per-
formed by using ANOVA and Tukey's Post hoc tests.

Results: Statistically significant differences were observed between the eight groups (p=
0.001). The thickness, composites, and opaquer variants significantly affected the AE*. The
samples with 1mm thickness, the Vitalescence composite, and the Creative Color opaquer A2,
had significantly lower AE* than the 0.5-mm samples, the Gradia composite, and the Pink
opaquer, respectively. The number of samples with desirable AE was significantly higher in
the Vitalescence composite group than in the Gradia composite, and the Creative Color A2
opaquer had significantly more desirable AE than the Pink opaquer.

Conclusion: Most results that achieved acceptable masking ability were obtained with com-
binations of Creative Color opaquer A2+ Vitalescence / Gradia composite in 0.5 or 1mm
thicknesses.
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most challenging issues in everyday dentistry. It re-

Dental discoloration is one of the most important reaso- quires proper diagnosis, a thorough understanding of
ns for referring patients to dental clinics because it sign- etiology, and a precise plan to achieve a successful out-
ificantly impacts individuals' appearance and social come [1].

relationships. Treating a discolored tooth is one of the Both endogenous and exogenous causes can cause
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discoloration. Pulpal necrosis, calcification, genetic and
congenital diseases, and incomplete removal of endo-
dontic materials are essential examples of endogenous
causes. The discoloration induced by exogenous agents
such as colored food and drinks, smoking, and inade-
quate oral hygiene are usually milder [2-3]. When dis-
colored teeth do not show internal bleachi-ng indica-
tions or internal bleaching is ineffective, direct compo-
site veneers can be considered one of the conser-vative
treatments for reproducing natural tooth color [4-6].

Resin Composites are inherently limited in the char-
acteristic of opacification. Therefore, effective coating
of dark colors is a great challenge. When dentin compo-
sites are used to mask the darkness, depending on the
severity of discoloration, a high thickness of the restora-
tive materials is usually required to completely mask the
discoloration in the final restoration. This involves ei-
ther removing a large portion of the dental tissue or ac-
cepting an over-contoured restoration [1,7-8]. Accord-
ing to the previous studies, at least 0.5mm- thick of
opaque shade composite or 1.5mm thickness of final
restoration with layering technique is needed to mask
the C4 background color [9]. Miotti et al. [6] evaluated
the ability of three resin composite systems (IPS Em-
press Direct, Charisma Diamond, and Filtek Z350 XT)
in 1.5mm thicknesses to mask the C4 background by
applying a layering technique. According to their re-
sults, only three combinations of Z350, which had 1mm
dentin+0.5 mm enamel or body shade, could mask the
background. In study of Perez et al. [10], 1.5mm-thick
of two resin composites composed of 1 mm dentin and
0.5 mm enamel shade could not mask severely discol-
ored substrates (C3, C4).

Ghorab et al. [11] showed that 0.5 mm thick of two
opaque shade composites could mask the C4 backgrou-
nd color. However, dentin or body shade composite sh-
ould be used over it to modify the color of opaque shade
composite.

Thus, to have minimum teeth preparation, using
opaquers and tints is essential for proper coating of the
discoloration [7-8,12]. Opaquers contain varying
amounts of opacifying metal oxides, such as titanium or
aluminum oxide. Regardless of the type of opaquer,
they should be used in very thin layers of 0.1 to 0.5mm.
Some can mask a dark discoloration with a very thin
coat (0.1mm); others may need two or more coats

[1,4,13]. In addition, the color of the opaquer should be
in harmony with the final color restoration [4,12-13].
After using the opaquer, a layer of a translucent compo-
site should be used to remove the resulting opacity and
produce a natural optical view [4,14].

Lehr et al. [15] evaluated the combined application
of the opaquer and resin composite to mask discolored
backgrounds (A3, A3.5, C2, C3, and C4). They reported
acceptable results using 0.5-mm-thick body-shade resin
composite combined with one or two coats of opaquer
for the mildly discolored backgrounds (A3, A3.5, C2).

However, there are few studies about the combined
application of opaquer and resin composite, most of
which are case reports [1,7,12-16].

This study investigated the combined application of
opaquer-composite to mask discolored backgrounds by
utilizing two opaquers and resin composites.

The null hypothesis was that there was no difference
between the two composites, their thicknesses, and the
opaquers in the combined application of composite and
opaquer to mask a discolored background.

Materials and Method

The pink opaquer was selected based on the manufactu-
rer's claim that it is effective in masking gray discolora-
tions and maintaining tooth vitality. The A2-shade opa-
quer was used according to previous studies' recommen-
dations on the color harmony of opaquer with composit-
e [12-13,16]. The studied materials are listed in Table 1.
Groups

The sample size was determined based on the study of
Kim et al. [5], with 95% confidence and 90% test pow-
er, with nine composite disks in each group. One side of
each disk was coated with one of the opaquers. In addi-
tion, disks with a thickness of 4 mm from each compo-
site were prepared without opaquer to determine the
inherent color of the composites. Composites and
opaquers shade was A2 (Table 2).

Preparing samples

The split metal molds with 0.5 and 1 mm thicknesses
and an 8 mm hole in the center were used. The molds
were placed on a glass slab, and the holes were slightly
overfilled with composite to ensure no voids remained.
Another glass slab was placed on the top of the mold,
and a weight of 1 kg was put on it for 10 seconds to
exert pressure. The samples were polymerized from
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Table 1: Materials used in this study

Material Manufacturer Composition Filler Size and Percentage Lot No.
. Ultradent Bis-GMA, UDMA Microhybrid
22’[2alsehs:§2)ce Salt Lake City, Utah, Silanated strontium borosilicate, Si- 0.7um B2
USA lanated silicon dioxide 71.5 % by wt.
Microhybrid
.. GC UDMA
SRl DI Corporation Flouro-alumino silicate glass, silica and e i HALARE
(AZEITERE) Tokyo, Japan prepolymerized filler Hel) o [myie
' 64-65 % by v.
Bis-GMA
Creative color Cosmedent, Chicago, UDMA, 1,4-Butanediol dimethacrylate 10-12 % wt 160401A
Pink opaque Illinois, USA (85%), silicon dioxide filler (0.041),8% :
by volume, pigments (<2%)
Bis-GMA
Creative Color opaquer ~ Cosmedent, Chicago, UDMA, 1,4-Butanediol dimethacrylate 10-12 % wt 153919C
(A2 shade) Illinois, USA (85%), silicon dioxide filler (0.04L), 8% ‘
by volume, pigments(up to 2%)
Super Porcelain Kuraray, Tokyo, Japan Potassium-aluminosilicate DUODD

EX-3 (C4B)

glass, inorganic pigments

Bisphenol A-glycidyl methacrylate (Bis-GMA), Urethane dimethacrylate(UDMA)

Table 2: Studied groups

ﬁ;?#t?:rs Composite  Thickness Opaquer

1 Vitalescence 0.5 mm Pink opaque

2 Vitalescence 1.0 mm Pink opaque

3 Vitalescence  0.5mm  Creative opaquer A2
4 Vitalescence 1.0 mm  Creative opaquer A2
5 Vitalescence 4.0 mm -

6 Gradia Direct 0.5 mm Pink opaque

7 Gradia Direct 1.0 mm Pink opaque

8 Gradia Direct 0.5mm  Creative opaquer A2
9 Gradia Direct 1.0 mm  Creative opaquer A2
10 Gradia Direct 4.0 mm --

both sides for 40 s using an LED light curing unit
(Bluedent LED Smart, Bulgaria) at 800-1000 mW/cm2.
The light intensity was monitored using a radiometer
(RD-7, Ecel Ind. E Com. Ltda, Ribeirdo Preto/Sdo Pau-
lo, Brazil). Then, the samples were placed in 37 °C dis-
tilled water for 24 hours to complete polymerization.
The thickness of each disk was measured using a digital
caliper (INSIZE, Stuttgart, Germany), and they were
reduced to the desired thickness using abrasive discs.
Both sides of the samples were polished for 20 s using
medium, fine, and superfine aluminum oxide disks
(Soflex, 3M ESPE, St. Paul, USA). One sample and the
metal mold are shown in Figure 1.

Two thin layers of each opaquer (about 0.2mm)
were placed on one side of the composite disk using a
small brush and then cured [12].

Porcelain C4 (Kuraray, Tokyo, Japan) was used to
simulate the color of the discolored tooth [4, 6]. For this,
a porcelain C4 disk with a 4mm thickness and 8mm
diameter was provided. A disk with the exact dimensio-

Figure 1: Split metal mold and composite disk

ns was made from wax and placed in refractory plaster
to make the porcelain background. After the plaster
setting, it was placed in a furnace to burn out the wax.
Then, the space was used as a mold to make the samples
and heated according to the manufacturer's instructions.
Color measurement
A spectrophotometer (Color-Eye 7000 A; Gretag Mac-
beth, USA) was used to measure the color of the sam-
ples. The device was operated by an Institute for Color
Science and Technology (Tehran, Iran) technician. Be-
fore analysis, the spectrophotometer was calibrated ac-
cording to the manufacturer’s instructions. Each sample
was placed on a C4 porcelain background and placed in
a color-matching instrument. A glycerin optical fluid
(Cargille Immersion Qil Type B, Cargille Laboratories,
NJ) created optical contact between the disks and the
background. The color of the 4-mm samples was meas-
ured on a neutral gray ceramic background (18%).

The color evaluation was performed using the pa-
rameter of CIE-L*a*b*, where L* is lightness, from
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Table 3: Comparison of AE between the studied groups

Std. 95% Confidence Interval for Mean . . . .
N Mean B e Upper Minimum Maximum P

Vitalescence 0.5mm+ Pink opaque 9 491 .82 4.27 5.54 3.25 5.91
Vitalescence 1mm + Pink opaque 9 263 31 2.39 2.87 221 3.30
Gradia 0.5mm +Pink opaque 9 839 .33 8.13 8.64 7.73 8.93
Gradia Imm +Pink opaque 9 495 42 4.63 5.27 4.40 5.47
Gradia Imm +Creative opaquer A2 9 122 .59 .76 1.67 .76 2.69 .001
Vitalescence Imm+ Creative opaquer A2 9 1.34 .93 .63 2.06 46 3.26
Vitalescence 0.5mm+creative opaquer A2 9 .73 .33 48 .98 42 1.41
Gradia 0.5mm +Creative opaquer A2 9 275 .53 2.35 3.15 1.66 3.60
Total 72 3.36 2.49 2.78 3.95 42 8.93

zero (completely black) to 100 (completely white), a* is
the green-red axis, and b* is the yellow-blue axis.

Color Difference calculation

The difference between each sample on the C4 back-
ground and the inherent color of the material (AE) was
calculated as follows:
AE*=(AL*)2+(Aa*)2+(Ab*)2(1/2)

Based on previous studies, if the AE* value is less
than 3.3, the color difference is indistinguishable for the
human eye [4,5,17]. This means the eye cannot detect
the color difference between the composite-opaquer
combination and the composite alone.

The collected data were analyzed using version 21.0
of the SPSS software. The normal distribution of the
data was evaluated by the Shapiro-Wilk test. The one-
way ANOVA test was used to compare the AE between
the groups. The Tukey post hoc test was used to com-
pare differences between specific pairs of means be-
tween the groups.

Chi-Square or Fisher’s exact test was applied to
compare the distinguishable changes (AE lower or high-
er than 3.3). A p Value of less than 0.05 was considered
statistically significant.

Results

The Shapiro-Wilk test revealed that data in the eight
groups were normally distributed (p> 0.05). One-way
ANOVA revealed a significant difference between the

Table 4: The effects of different variables on AE

eight groups (p= 0.001). The lowest and highest AE
were observed for Vitalescence (1mm) + Creative Color
opaquer A2 and Gradia (0.5mm)+ Pink opaquer, respec-
tively (Table 3).

Color measurements and AE* calculations revealed
that all three variants, thickness, composites, and
opaquer, showed significant effects on the AE*. The
samples with 1mm thickness, the Vitalescence compo-
site, and the Creative Color opaquer A2, had significant-
ly lower AE* than the 0.5mm samples, the Gradia com-
posite, and the Pink opaque, respectively. Detailed re-
sults are shown in Table 4. The comparison of the num-
ber of samples with desirable (AE*<3.3) and undesira-
ble color differences (AE*>3.3) is shown in Table 5.

The type of composite and opaquer was influential
in the amount of desirable and undesirable AE*. The
number of samples with desirable AE was significantly
higher in the Vitalescence composite group than in the
Gradia composite, and the Creative Color A2 opaquer
had significantly more desirable AE than the Pink
opaquer. According to the data, a borderline significant
difference in the AE* was found between the samples
with Imm thickness and those with 0.5 mm thickness
(Table 5).

Discussion
In the present study, we used a combination of two opa-
quers and two resin composites in two thicknesses (0.5

Delta E
. - . 95.0% Lower 95.0% Upper
Mean SD Median Minimum Maximum CL for Mean CL for Mean P*
: 05mm 419 292 342 2 8.93 3.20 5.18

MIESES <o 253 163 242 46 5.47 1.98 3.09 CO
Composite Vitalescence 240 174 230 42 591 181 2.99 0,001

P Gradia 433 277 400 76 8.93 3.39 5.26 :
oneuer PNk 522 214 498 291 8.93 4.49 5.94 0,001

Pag Creative A2 151 97  1.09 42 3.60 1.18 1.84 :
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Table 5: The comparison of samples with desirable and undesirable AE

Delt E status
Undesirable Desirable pP*
Count RowN% Count Row N%
. 0.5 mm 18 50.0% 18 50.0%
Thickness 1mm 10 27.8% 26 7220 0093
. Vitalescence 9 25.0% 27 75.0%
Composite Gradia 19 52.8% 17 4729 008
Pink 27 75.0% 9 25.0%
Opaquer Creative opaquer A2 1 2.8% 35 97.2% 0.001
Vitalescence 0.5 mm pink opaquer 8 88.9% 1 11.1%
Vitalescence 1 mm pink opaquer 1 11.1% 8 88.9%
Gradia 0.5 mm Pink opaquer 9 100.0% 0 0.0%
. . Gradia 1 mm Pink opaquer 9 100.0% 0 0.0%
HEECIE S Gradia 1 mm Creative opaquer A2 0 0.0% 9 100.0% 0.001
Vitalescence 1 mm Creative opaquer A2 0 0.0% 9 100.0%
Vitalescence 0.5mm Creative opaquer A2 0 0.0% 9 100.0%
Gradia 0.5 mm Creative opaquer A2 1 11.1% 8 88.9%

and 1mm) to mask C4 discoloration. Most combinations
exhibited acceptable masking ability except those com-
posed of pink opaquer+Vitalescence (0.5mm- thick)
/Gradia (0.5 and 1mm- thick). The null hypothesis was
rejected because all three variants influenced the mask-
ing ability of the dark background, the resin composite's
brand and thickness, and the opaquer's color.

As in previous studies, we created a 4-mm C4
porcelain background, which was used as a standard
simulation of the discolored tissue [5,15,17].

The inherent color of each composite was taken
from a 4-mm-thick disk made from each composite, and
it was considered a criterion for comparing the groups
with it [6,15]. The 4-mm thickness was selected because
it has been shown that the composite background has no
effect on the color of the sample at this thickness [18].

Previous studies reported different values for clini-
cally significant color difference (AE*) from 1.7 to 3.7
[8,11,19-21]. According to Mioti et al. [6], B. G. Perez
et al. [10], Kim et al. [5], and An et al. [4], a AE of
equal or higher than 3.3 was considered distinguishable
from the clinical point of view.

To mask a C4 porcelain background, about 0.5mm
[11],0.5 to 1.0mm [5], and 0.8 to 1.4mm [4] of the
opaque composites are needed. Therefore, we prepared
the samples with 0.5 or 1-mm thicknesses of universal
A2 shade resin composite and two layers of opaquer.

In the current study, Vitalescence (Ultradent, USA)
and Gradia Direct (GC, Japan) were used. Their selec-
tion was based on their availability and ability to mask
tooth discoloration [4, 20-24].

Thickness, as one of the variables, showed a signifi-
cant effect on masking ability. Samples with higher
thicknesses showed significantly higher masking capa-
bility, which is in accordance with previous studies [4,
20, 25-26].

The type of composite significantly affected the ma-
sking capability, so the Vitalescence composite showed
better performance than the Gradia composite. Accordi-
ng to previous studies, an increase in the content and
size of fillers and irregularity in the shape of fillers lead
to a decrease in translucency [27]. Also, regarding the
matrix composition, the Bis-GMA composites exhi-
bited higher translucency values than the UDMA and
TEGDMA [28-29]. The better performance of the Vital-
escence composite cannot be justified with the above re-
sults due to the presence of some BIS-GMA, slightly
smaller size, and lower filler content than Gradia (Table
1).

In line with our results, in the study of Hirata et al.
[30], the composite with higher filler loading showed
higher translucency. More information is needed on
how different factors affect the optical properties of
composite resins, including the details of their composi-
tion and components.

In line with our findings, previous studies reported a
translucency parameter (TP) of 16.9 for the Gradia
composite [24] and 5.7 and 6.2 for the Vitalescence
composite [18, 21]. The higher TP values for Gradia
show its reduced capability to effectively mask the dis-
colored background.

In the present study, the highest effect on the color
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difference was because of the opaquers. The Creative
Color opaquer A2 showed lower AE* than Pink opaque.
In three out of four groups with Pink opaque, the AE*
was undesirable, while all groups with the Creative
Color opaquer A2 had desirable AE*. These findings do
not agree with the manufacturer’s claim stating that
Pink opaque (Cosmedent) has a high capability in mask-
ing discolorations, especially over Grey tone (C4 back-
ground). One explanation is that, although the pink
opaquer may have a strong masking capability, the re-
sulting color is far away from the inherent color of the
overlaying composite because of the resulting high val-
ue and prominent color in the final restoration.
Opaquers with high opacity do not always provide the
best results. Excessive opacity may negatively affect the
final color of the restoration [12-13]. The use of white
opaquers increases the value too much and makes the
appearance of the final restoration lifeless [1]. Accord-
ing to the manufacturer's information, there is no differ-
ence in the chemical components of the used opaquers
in the present study (Table 1). However, the better per-
formance of Creative Color opaquer A2 in the present
study was in line with the positive findings of case re-
port studies regarding the selection of opaquer color as
close as possible to the color of final restoration [12,14].

In a study by Lehr et al. [15], Creative Color
opaquer exhibited positive results in masking discolored
backgrounds despite having higher visual translucency
than the other opaques. However, further research is
needed to compare the optical properties of the opaques.

Nonetheless, the present study had some limitations,
including using only one discolored background, not
applying different shades of composite by layering
technique, and not considering the effect of the optical
properties of the opaquer.

Future studies with different combinations of resin
shades, layering techniques, and a human observer's
visual comparison of the relative translucency between
the composites or opaques are recommended.

Conclusion

Within the limitations of this study, the following was

concluded:

1-The combined use of opaquer and resin composite to
mask C4 discoloration was affected by the brand
and thickness of the resin composite and the opaquer

shade.

2-Masking C4 discoloration can be achieved by using
two coats of opaquer and 0.5 or 1 mme-thick resin
composite, depending on the composite and opaquer
used.

3- Most results that achieved acceptable masking ability
were obtained with combinations of Creative Color
opaquer A2+ Vitalescence/Gradia composite in 0.5
or 1mm thicknesses.
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