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ABSTRACT
Objective: This in vitro study was aimed to assess the effect of different surface sealants on discoloration of a nonofilled resin-based composite 
quantitatively, using a colorimeter.

Methods: 40 specimens were prepared using nanofilled resin composite, Filtek Universal Restorative (A2 shade, 3M, USA). Sprecimens were 
polymerized from both sides, polished using polishing discs (SofLex, 3M, USA) and divided by test groups (n = 10 for each), regarding the 
sealant used; Permaseal (Ultradent Products, USA), Biscover LV (Bisco, USA), Optiglaze Clear (GC Corp., Japan) and control group. Samples were 
discolored for 144 hours in coffee solution, and color measurements were performed using colorimeter (ShadeStar, Dentsply Sirona, USA). 
Nominal color codes of specimens regarding Vita Classical Shade Guide, were converted to corresponding numerical values. Level of color 
change after sealant application (∆Vita1) and after discoloration (∆Vita2) were calculated. Shapiro Wilk and Kruskal Wallis tests were used for 
statistical analyses.

Results: Color changes in Permaseal, Optiglaze and control groups were significant (p < 0.001) compared to Biscover, for ∆Vita1 scores. 
Remarkable level of darkening was observed for all groups, for ∆Vita2 scores. Permaseal revealed significantly the highest level of darkening, 
among all (p < 0.001), but no difference with control group. Optiglaze showed significantly lower level of darkening compared to the control 
group (p < 0.001), whereas no difference with Biscover (p ≥ 0.05). Biscover group showed similar level of darkening with Optiglaze and control 
groups (p ≥ 0.05).

Conclusion: Permaseal sealant presented significantly the highest discoloration, whereas Biscover and Optiglaze sealants presented similar and 
lower. Colorimeter might be determined as repeatable method for measuring discoloration in vitro.
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Colorimetric Assessment of Surface Sealants for Discoloration 
of a Nanofilled Resin Composite

Clinical relevance statement:

Discoloration of resin-based composite restorations may 
cause esthetic problems clinically, in long-term clinical. The 
use of surface sealants might be a supporting procedure for 
maintaining the color strability of composite restorations. 
In this study, the effect of various surface sealants with 
a nanofilled composite was assessed in vitro, regarding 
corresponding coffee discoloration for 6 months.

1. INTRODUCTION

Resin-based composite (RBC) materials have been preferred 
frequently for direct anterior restorations, with the 
increasing expectations in esthetics (1). Accordingly, surface 
characteristics of the RBC restoration plays a key role in long-
term esthetic outcome. Polishing capacity of the composite 

material, surface hardness and surface roughness are the 
important factors influencing the the color stability (2). 
Resin matrix absorbs water to compensate polymerization 
shrinkage (1,2). Unreacted free monomers may develop 
due to the insufficient polymerization rate and may increase 
solubility of the resin, microleakage and thereby potentially 
discoloration as a result of decrease in mechanical properties 
(2). Etiology of discoloration may be related to internal and 
external factors. Discoloration is not only related to to the 
polymerization level, but also the inorganic filler content of 
the material and deficiencies in polishing procedures (3,4). 
Type, shape, size, and amount of the inorganic filler particles 
may alter the physical properties of the RBC material. 
Also effective polishing using proper polishing materials is 
essential to achieve a smooth restoration surface, thereby, 
inhibiting the plaque accumulation and the caries process 
(5). Whereas, patient related factors (i.e., systemic diseases, 
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oral hygiene, diet, and smoking habits) may also influence 
the long-term color stability of RBC restorations.

Surface sealants are resin-based materials developed to 
maintain the color stability of the RBC restorations in long-
term. The low-viscosity structure led these materials to 
cover the surface of restorations by penetrating through 
microporosities. Aim of surface sealants is to cover the 
surface permanently as a thin film layer, reduce the water 
absorption of the material, and thereby maintaining 
the color stability (1,6,7). Previous studies regarding the 
effectiveness of surface sealants have been controversial. 
Some researchers suggested the application, whereas some 
reported no meaning in application (6-8). There are a few 
surface sealants of different brands available in the market 
currently and each have individual application protocols.

Various diagnostic techniques have been used to evaluate the 
color stability of RBCs. Colorimeters, spectrophotometers, 
and recently cross-polarization dental photography are 
quantitative techniques which were mentioned previously in 
literature for the color assessment (9).

Quantitative scoring of color change have frequently 
been performed according to Comission Internationale de 
l’Eclairage (CIE) color universe (9-11), which includes mainly 
two color coordinate systems, L* a* b* and L* C* h*. Color is 
expressed by three parameters in L* a* b* coordinate system. 
L* refers to brightness between black (0) and white (100), a* 
refers to color from red (+ a*) to yellow (-a*), b* refers to the 
color from yellow (+ b*) to blue (-b*).9,10 L* c* h* coordinate 
system was reported to be more compatible with human 
eye regarding the color perception. L* refers to luminance, 
C* refers to chroma, and h* refers to hue (10). In addition, 
another color system, CIEDE2000 (∆E00), was introduced to 
improve the performance of gray and blue colors, recently 
(12). However, controversial results are available in literature, 
regarding the sensitivity of CIEDE2000 system (11,12).

The objective of this in vitro study was to assess the effect of 
different surface sealants on discoloration of a contemporary 
nonofilled RBC quantitatively, using a colorimeter. The 
null (h0) hypothesis was determined as follows; the use of 
surface sealants had no effect on the level of discoloration of 
nanofilled composites.

2. METHODS

A novel nanofilled RBC, Filtek Universal Restorative (3M, 
MN, USA) was used in this study. A total of 40 disc-shaped 
specimens of A2 shade were prepared. Disc molds of 12 mm in 
diameter and 2 mm thickness were used for the preparation. 
A polywave LED unit (Valo Grand, Ultradent Products, USA) 
with 12 mm tip in diameter was used for polymerization of 
the samples. The curing unit was calibrated with a radiometer 
before each cure. The specimens were polymerized from 
both sides for 20 s, an irradiance of 1000 mw / cm2. Surface 
abrasions were performed for 20 s on both surfaces, using 
600 grit silicone carbide (SiC) abrasion papers (30 µm 
abrasive particle size), for initial surface standardization. A 

new abrasion paper was used per specimen. Following the 
preparation, the specimens were kept in distilled water for 
one day, at room temperature.

Three different resin-based surface sealant agents were used 
in this study; Permaseal (Ultradent Products, USA), Biscover 
LV (Bisco, USA), Optiglaze Color Clear (GC Corp., Japan). 
The specimens were divided into 4 groups (i.e., Permaseal 
group (n = 10); Biscover group (n = 10); Optiglaze group (n = 
10), and control group (n = 10). All specimens including the 
control group were polished from both sides, using Sof-Lex 
polishing discs (3M, St. Paul, MN, USA) in four different grains 
(i.e., thick, 80 µ; medium, 40 µ; fine, 24 µ; ultrafine, 8 µ). New 
discs were used per specimen for 30 s, under dry conditions, 
at 10000 rpm and the surfaces of the specimens were gently 
cleaned from debris before changing the disc.

Surface sealants were applied on polished surfaces of the 
specimens. No surface sealant agent was applied to the 
specimens in control group. The sealant agents were used 
according to the individual manufacturers’ instructions. 
Polymerization of the sealants were also performed using 
the same LED unit at an irradiance of 1000 mW/cm2. The 
contents and composition of the composite material and the 
sealant agents were resented in Table 1.

Phosphoric acid was used on sample surfaces prior to the 
application of Biscover LV and Permaseal sealants according 
to the manufacturers’ instructions, to clean the surface of 
resin composite.

Regarding Permaseal application, 37 % phosphoric acid 
was applied on polished surfaces for 20 s, the sealant was 
applied on both sides, dried with slight air for 5 s, and then 
polymerized for 20 s from both sides.

Regarding Biscover LV application, 37 % phosphoric acid was 
applied on polished surfaces for 30 s, the sealant was applied 
on both sides, slightly refined with air, and then polymerized 
for 20 s from both sides.

Regarding Optiglaze Color Clear application, composite 
primer and sealant agent were applied on both sides, 
respectively. The surfaces were polymerized for 20 s from 
both sides.

Following the sealant application on polished surfaces, all 
specimens were slightly cleaned from debris with continuous 
water and stored in distilled water for a day. Then the 
samples were immersed in staining solution, inside an 
incubator, at constant room temperature for 144 hours, 
which corresponds to 6 months of coffee consumption 
(13,14). The staining solution was prepared by dissolving 20 
gr of coffee (Nescafe Gold, Nestle SA, Switzerland) in 250 ml 
of 100 °C boiling water (14), and was renewed daily. At the 
end of discoloration procedure, the specimens were rinsed 
and gently dried.

The color of the specimens was measured using a clinical 
type colorimeter (ShadeStar, Dentsply Sirona, USA) with Vita 
Shade Guide mode. Colorimeter was calibrated before each 
measurement using the calibration unit on individual stand 
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of the device. Specimens were gently dried using a tissue 
paper before the color measurements. The Vita Classic shade 
of each specimen was collected for the baseline (T1), after 
sealant application (T2) and after discoloration precedure 
(T3). The collected nominal color codes form B1 to D4 were 
converted to numerical values of 1 – 16, in accordance to 
the Vita Classic Shade Guide Scale. The level of potential 
color change for each specimen after sealant application 
was assessed by calculating the difference between T2 – T1 

(∆Vita1). The level of discoloration was assessed by calculating 
the difference between T3 – T2 (∆Vita2).

Statistical analysis was performed using IBM SPSS V23 
sofware. The normality of the data was investigated by using 
Shapiro Wilk test. Comparisons between the groups were 
investigated by using Kruskal Wallis test and the results of 
the analysis were presented as medium (min-max). ‘p’ value 
of .05 was deemed significant.

Table 1. Compositions, type and manufacturers of the resin composites and the surface sealants tested in this study.
Resin-based 
material

Shade Filler Composition Manufacturer

Filtek Universal 
Restorative

A2 enamel Nanofilled Matrix: Bis-GMA, UDMA, TEGDMA, PEGDMA, Bis-EMA

Filler: Silica filler (20nm), zirconia filler (4-11nm), zirconia/silica cluster filler. 0,6 – 10 microns 
particle size. 78.5 wt%, 63.5 vol%

3M,St. Paul, MN, 
USA

Permaseal - Unfilled BIS-GMA 60%, TEGDMA 40%, 1-dimethylaminoethyl metacrylate <3% Ultradent 
Products, South 
Jordan, UT, USA

Biscover
LV

- Unfilled Dipentaerythritol penta-acrylateesters and ethanol Bisco Inc., 
Schaumburg, IL, 
USA

Optiglaze Color 
Clear

- Nanofilled Methyl-methacrylate (30-40%), Silica filler(10%),
Multifunctional acrylate(50-60%), diphenyl(2,4,6-trimethylbenzoyl)-phosphine oxide(less 
than5%), Photoinitator

GC Corp., Tokyo, 
Japan

Bis-EMA=ethoxylated bisphenol-A dimethacrylate; Bis-GMA=bisphenol-glycidyl methacrylate; TEGDMA=triethyleneglycol dimethacrylate; UDMA=urethane 
dimethacrylate; PEGDMA=polyethylene glycol dimethacrylate.
*The data regarding the compositions of theRBCs were obtained from the manufacturers of the composites.

Figure 1. The level of discoloration for surface sealant agents, regarding ∆Vita1 and ∆Vita2 scores.
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3. RESULTS

A good intra-observer agreement was obtained regarding the 
kappa values of 0.92 and 0.94. Initial color of the specimens 
were ranged between B2 to D2, and no significant changes 
in color were observed for Biscover group at T1, T2, and T3, 
in terms of ∆Vita1 scores. However, significant color changes 
were observed for the specimens in Permaseal, Optiglaze 
and control groups compared to Biscover group (p < 0.001). 
Level of color changes in Permaseal, Optiglaze and control 
groups were only 1 unit, and statistically similar (p ≥ 0.05; 
Table 2).

Table 2. Comparisons between the surface sealant agents, regarding 
VITA1 and ∆VITA2 scores

∆VITA1 ∆VITA2

Permaseal 1 (0 – 1)a 12 (8 – 13)c

Biscover LV 0 (0 – 1)b 5 (4 – 5)ab

Optiglaze Color Clear 1 (0 – 1)a 4 (2 – 5)b

Control Group 1 (0 – 1)a 8 (7 – 8)ac

p* <0.001 <0.001

*a-c: There is no difference between the groups with the same letter, for 
each column.

Remarkable level of darkening in color was observed for all 
specimens after coffee discoloration for 144 hours, in terms 
of ∆Vita2 scores (Graphic 1). Permaseal group revealed 
significantly the highest level of darkening, among others (p < 
0.001), but no significant difference was observed with control 
group (p ≥ 0.05). Optiglaze group showed significantly lower 
level of darkening than control group (p < 0.001), whereas no 
significant diffrerence was observed with Biscover (p ≥ 0.05). 
Biscover and control groups revealed statistically similar level 
of discolorations (p ≥ 0.05; Table 2).

4. DISCUSSION

The null hypothesis (h0) was rejected, because the surface 
covering agents have affected the level of discoloration of 
the composite material used.

Flexible aluminum oxide discs were used for polishing in 
this study, which were considered gold standard materials 
for obtaining the highest surface smoothness on composite 
surface (15-18). It was aimed to obtain the optimum surface 
standardization by using the polishing system in four grains, 
and also to increase the accuracy of color measurements by 
eliminating the microgap formations on surfaces (14,19).

Coffee was used as staining solution in this study to simulate 
daily routine in vitro, with regards to the previously reported 
high effectiveness in discoloration of RBCs, because of the 
yellow colorants (19,20). The absorbtion and adsorbtion 
of colorants through the organic phase was described as 
staining mechanism of the coffee (20) and high discoloration 
of resins was reported after storage in coffee for two days 

period, previously (21). It was determined as the most 
effective agent for discoloration of RBCs (22). Mundim et al. 
(20) reported 15 days of storage in coffee simulated the 1 
year consumption. Rajkumar et al. (14) reported 15 min as 
the average consumption time of a cup of coffee and 3,2 cups 
per day. With regards to the previous results, the specimens 
were kept in coffee solution at room temperature for 144 
hours, corresponding to the consumption of 6 months 
(14,21).

A contemporary nanofilled RBC was used in this study for 
all sealant groups. Less color change was reported to be 
expected for nanofilled composites, because of presenting 
smoother surfaces with less stains, as a result of smaller filler 
size (16,22-24). The inorganic filler content is silica, zirconia 
and silica/zirconia cluster fillers with 78,5 wt % and 63,5 vol 
% (Table 1). Also triethyleneglycol dimethacrylate (TEGDMA) 
has enhancing effect in degree of polymerization, elastic 
modulus, and surface hardness (18,24,25), and urethane 
dimethacrylate (UDMA) has lower rate of water absorption 
(14,17). Regarding our results, these resins and hard filler 
particles in high concentration might have influenced the 
resistance to discoloration of the specimens. Whereas, only 
a single RBC was used in total and thereby resin composite 
was not an effective factor on color change for this study.

Repeatability of colorimeter measurements were confirmed 
by obtaining good intra-observer agreement (k= 0.92 and 
0.94). All surface sealants were polymerized for 40 s in our 
study, therefore curing time might not be considered an 
effective factor. Although all specimens were produced using 
A2 shade of Filtek Universal Restorative (3M), the measured 
colors were B2 or D2, which were 2 and 1 unit(s) different, 
respectively, according to the Vita Classic Shade Guide Scale. 
However, as the statistical analyses were performed according 
to the color differences (∆Vita scores), standardization in 
color initially was not mandatory for this study.

Regarding the ∆Vita1 scores, all groups showed significant 
color changes after surface sealant application except 
Biscover group, which showed only one unit of discoloration, 
according to the Vita Classic Shade Guide Scale (Table 2). 
The surface gloss obtained after surface polishing might be 
responsible for this slight color change, as light reflections 
might create deceiving effect on surface during the color 
assessment (10). However, no color change was observed 
for Biscover group which might be interpreted that, Biscover 
sealant might have prevented the unwilling reflection effect 
of polishing, whereas Permaseal and Optiglaze sealants could 
not. Therefore, with regards to our results, surface polishing 
as well as surface gloss might be considered effecting factors 
on digital color measurement of RBCs.

Regarding the ∆Vita2 scores, the specimens in all groups 
were discolored significantly after coffee discoloration for 
144 hours (Graphic 1). Coffee was considered an effective 
agent on discoloration of nanofilled RBC, supporting the 
previous results (23). The specimens in Permaseal group 
[12 (8 – 13)c] and control group [8 (7 – 8)ac] statistically 
discolored similarly, however, Permaseal showed a greater 
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level of discoloration mathematically (Table 1). Permaseal 
also showed the greatest level of discoloration among other 
sealants. Permaseal contains bisphenol-glycidyl methacrylate 
(Bis-GMA) resin and more staining potential was reported for 
the RBCs including (Bis-GMA) resin than UDMA, previously 
(14,17). Furthermore, hydrophilic TEGDMA resin might 
have also increased the water uptake of the Bis-GMA based 
Permaseal (25) and thereby, both factors potentially affected 
the greater staining in coffee solution (26).

In the present study, the specimens in Optiglaze [4 (2 – 5)
b] and Biscover [5 (4 – 5)ab] groups showed similar and the 
lowest level of discolorations mathematically (Graphic 1). 
The color stability of the specimens in Optiglaze group was 
significantly better than control group. In addition, Biscover 
group showed similar level of discoloration with Optiglaze 
and control groups (Table 2). With regards to these results, 
Optiglaze might have revealed a slightly better performance 
compared to Biscover, although no significant difference was 
determined between. Thus, our study agreed the results of 
Sahin et al. (26), who reported Biscover less stain resistant 
than Optiglaze. On the contrary, our results have conflicted 
the previous results of that, Optiglaze could cause increase 
staining because of debonding of nanofillers form resin 
matrix and thereby, forming void formations on the surface 
(17,27). However, positive effects of nanofillers on prevention 
of discoloration were also reported (23).

In this study, all surface sealants were applied on well-
polished resin composite surfaces, which might have caused 
debonding problems during discoloration process (28). This 
prespective should be considered for further studies. Only 
one type of resin composite and staining solution were 
used which might also be interpreted as a limitation of this 
study. Also, clinical factors such as occlusal relations, the 
effect of saliva, diet, and toothbrushing, should be taken 
into consideration. Therefore, the conclusions of this study 
should be verified with further clinical trials.

5. CONCLUSION

Within the limitations of this in vitro study, the experimented 
surface sealants might be considered effective on discoloration 
of the nanofilled composite, in terms of coffee discoloration 
for six months. Specimens with Permaseal sealant showed 
the highest discoloration, significantly. Specimens with 
Biscover LV and Optiglaze Color Clear sealants showed 
similar and lower level of discolorations. Colorimeter might 
be determined as a repeatable method for measuring the 
level of discoloration in vitro. The conclusions of this study 
should be verified with different staining solutions, RBCs and 
further clinical trials.
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