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KEYWORDS Abstract  Purpose: To evaluate the effect of staining and bleaching on color and translucency of
Bleaching; finished and unfinished nano-filled resin composite and giomer. Materials and methods: Twenty
Color; specimens (ten finished + ten unfinished) were fabricated from each material, then an initial color
Finishing; and translucency measurement was taken. Specimens were stained in coffee for 48 h at 37 °C, rinsed
Staining; and dried. After which the second color and translucency measurement was taken. After in-office
Translucency bleaching with 40% H,0, Opalescence boost, a third color and translucency measurement was

taken. CIE L* a" b" system was used for measuring color change and translucency. Two-way
ANOVA and paired r-test were used for statistical analysis at P < 0.05. Results: After staining,
all specimens showed clinically acceptable color change (4E < 3.3) with no significant differences
between groups. After bleaching, all specimens showed clinically unacceptable color change
(4E > 3.3) and significant differences between finished & polished and unfinished groups
(P = 0.024). Nano-composites recorded significantly higher translucency than giomer
(P = 0.000) except after bleaching. In addition, the translucency of unfinished groups were
significantly higher than finished & polished groups (P = 0.001). Conclusions: The tested materials
responded similarly to staining and bleaching. High concentration bleaching increased color change
and reduced translucency. Finishing & polishing restorative materials improves their resistance to
color change after bleaching, but it adversely affects translucency.

© 2018 The Author. Production and hosting by Elsevier B.V. on behalf of King Saud University. Thisis an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

* Address: 39 Wezarat Al Zeraa, Doki, Giza Postal Code 12311,
Egypt'_ ) ) The esthetic success of a restoration is directly related to its

E-mail address: iman.sayad(@dentistry.cu.edu.eg. optical appearance (Hosoya et al., 2011). Color and translu-
cency of esthetic restorations are crucial optical properties
(Villarroel et al., 2011). To render a restoration imperceptible,
restorative materials should reproduce both color and translu-
cency of natural dentition and maintain long-term stability
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and resistance to discoloration (Villalta et al., 2006). A number
of parameters affect translucency of resinous restorations such
as thickness (Arimoto et al., 2010), filler particles, opacifiers
(Lee, 2008), and resin matrix composition (Azzopardi et al.,
2009). Color stability is related to resin matrix, size of filler
particles, degree of polymerization and coloring agents
(Nasim et al., 2010). Extrinsic discolorations can be caused
by dietary and smoking habits, bad oral hygiene and adsorp-
tion or absorption of water-soluble stains within the resin
matrix (Bagheri et al., 2005). In addition, resin composites
undergo superficial and microstructural changes after finishing
and polishing procedures (Nasim et al., 2010).

Proper finishing and polishing of restorations enhance their
esthetics and longevity (Jefferies, 2007). Finishing and polish-
ing require the sequential use of gradually smaller grained
abrasives to produce a glossy surface (Jones et al., 2004). Fin-
ishing and polishing composite restorations aims to adjust
occlusion, to create a smooth, uniform, easily cleaned restora-
tion, and to allow an adequate light reflection (Jefferies, 2007).
Moreover, to eliminate the superficial resin layer which come
in contact with oxygen and does not polymerize (Al-Fawaz
and Awilya, 2003). This resin layer has a direct effect on the
staining ability of resin composite (Scheie, 2003).

Size and shape of fillers affect surface morphology of com-
posites after finishing procedures (Da Costa et al., 2007).
Reducing filler size is expected to improve surface smoothness
(Turssi et al., 2005). However, there is a controversy regarding
the color stability of nano-filled composites (Lee et al., 2004,
Cavalcante et al., 2009).

Pre-reacted glass ionomer filled composites (Giomers) are
hybrid esthetic restoratives based on pre-reacted glass ionomer
“PRG” technology in which pre-reacted glass ionomer
cements are used as fillers (Tian et al., 2012). The surface reac-
tion type (S-PRQG) is based on forming a glass-ionomer phase
only on the surface of a glass core layer by an acid-base reac-
tion between polycarboxylic acid and special surface-fractured
multifunctional fluoroboroaluminosilicate glass filler in pres-
ence of water (Hosoya et al., 2011). Staining potential of gio-
mers has not been widely investigated, as well as their
reaction to bleaching agents (Hosoya et al., 2011).

Stains can be removed partially or totally by brushing with
toothpaste, repolishing, and bleaching (Celik et al., 2009).
Bleaching has increased during the last decade with the advent
of new in office and at home bleaching agents (Yilmaz et al.,
2013). Thus, it is common to bleach restored teeth. Esthetic
restorations might show changes due to the softening effect
of bleaching which subsequently affect their clinical durability
(Villalta et al., 2006). Studies by Rosentritt et al. (2005), Rao
et al. (2009) have explained the color changes of resin compos-
ite after bleaching by the properties and quality of the poly-
mer; type and quantity of the filler or type and concentration
of bleaching agents.

Materials with different monomers may show different
resistance to staining and bleaching (Prabhakar et al., 2010).
Therefore, this in vitro study evaluated the effect of staining
and in-office bleaching on color and translucency of finished
and unfinished nano-filled resin composite and giomer. The
first null hypothesis was that staining and bleaching have no
effect on color of finished and unfinished tested materials.
The second null hypothesis was that staining and bleaching
have no effect on translucency of finished and unfinished tested
materials.

2. Materials and methods

2.1. Preparation of the specimens

Two esthetic restorative materials, a nano-filled resin compos-
ite (Filtek Z350XT) and a giomer (Beautifil II), were tested in
this study (Table 1). Twenty specimens, 10 mm in diameter and
2 mm thick, were fabricated from each material using a split
Teflon mold. The mold was positioned on a transparent matrix
band (Mylar, DuPont, Wilmington, Del.) over a glass slide and
it was completely filled with the tested material as one incre-
ment. The mold was then covered with another matrix band
and a glass slide. A 500 g weight was placed for 1 min on
top to let the excess material extrude, compact the material
and prevent void and bubble formation. Afterwards, the
weight was removed and the tested restorative material was
light cured using LED curing unit with an intensity of 1200
mW/cm? (Elipar™ S10 LED Curing Light, 3 M Company,
St. Paul MN, USA). Curing was done for 40 s according to
manufacturer instructions through the glass slide.

2.2. Finishing and polishing of specimens

Top surfaces of ten specimens from each material were finished
using finishing discs (Sof-Lex™ Contouring and Polishing Discs
Kit, 3M Company, St. Paul MN, USA), while the other ten
specimens were left unfinished. Coarse finishing discs were used
for 15 sin a hand piece (MK-dent Germany, CE 0123, REF No.
AM1014), using a low speed motor (STRONG, model no 204,
Seoul South Korea) at 10,000 RPM with moderate pressure
according to manufacturer instructions. Spiral finishing wheels
(Sof-Lex™ Spiral Finishing and Polishing Wheels, 3 M ESPE
Company) were then used for 30 s at 15,000 RPM, followed
by spiral polishing wheels for 30 s at same speed. Specimens
were then washed with distilled water for 30 s and blot dried with
paper towels. An initial color and translucency parameter mea-
surement was taken using a spectrophotometer (UV- Shimadzu
3101 PC, Japan) on a white and a black standard background
plates as a baseline measurement before staining procedures.
Prior to measuring, the spectrophotometer was calibrated on
NPL (national physical laboratory) tiles. Measurements were
repeated three times for each specimen; the mean and standard
deviation of the readings were calculated. The wavelength scan
in the measurements was carried out from 380 to 780 nm.

2.3. Staining method

Specimens were stained by preparing a coffee solution after mix-
ing 3.6 g of coffee powder (Nescafe Classic, Nestle, Egypt) in
300 ml of boiling distilled water as per manufacturer’s recom-
mendation (Hafezet al., 2010). After 10 min of stirring, the solu-
tion was filtered using a filter paper (Hafez et al., 2010).
Specimens were incubated in coffee for 48 h at 37 °C, and then
they were gently rinsed with distilled water and air dried, after
which, a second color and translucency measurement was taken.

2.4. Bleaching procedures

All specimens were subjected to bleaching using 40% H,O,
Opalescence boost (Ultradent Products, Inc., South Jordan,
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Table 1 Tested materials used in the study.
Material Category Manufacturer Composition Batch
no
Filtek Nanofilled resin 3 M ESPE, dental Matrix: Bis-GMA, UDMA, Bis- EMA 6, TEGDMA, and N500218
Z350XT composite product, St. Paul, MN, PEGDMA
USA Filler: Non-agglomerated nano-particles of silica 20 nm in size,
and nano-agglomerates formed of zirconia/silica particles
ranging from 0.6 to 1.4 um (78.5% w/w, 63.3% Vv/v)
Beautifil IT Giomer nanohybrid Shofu Dental Matrix: Bis-GMA, TEGDMA, UDA 020852
restorative S-PRG Corporation, San Filler: Aluminofluoroboro-silicate glass, Al,Os, size from 0.01 to
technology Marcos, CA, USA 4.0 average 0.8 (um) DL- camphorquinone (70% w, 68.6% V)
Opalescence  Bleaching system Ultradent Products, 40% H,0,-potassium nitrate-fluoride 84

boost Inc., South Jordan,

Utah, USA

Utah, USA.), which was applied on one surface of the speci-
mens 3 times, each time for 15min. The specimens were
washed with distilled water for 1 min and blotted dry between
applications. At the end of the bleaching procedures, speci-
mens were washed under running water for 1 min and a third
color and translucency measurement was taken.

2.5. Color and translucency measurements

An integrating sphere of 60 mm diameter was attached and
installed in the sample compartment of the spectrophotometer
to measure diffuse transmittance & diffuse reflectance of the
sample with the use of beam switching software. The integrat-
ing sphere opening was 18 mm diameter on reflection side. The
sample beam was at incident angle of 0° and the reference
beam was at 8°. The CIE L* ¢" b" parameters for each speci-
men were calculated in several steps via special software
(MatLab) for the determination of color changes and translu-
cency (Lee et al., 2007). Color is measured in three coordinate
dimensions: L" value refers to “lightness”; the higher the L
value, the higher the lightness (a value of 100 corresponds to
perfect white and that of zero to black); “a™ shows red color
on positive values and green color on negative values (+a* =
red; —a” = green); “b™” shows yellow color on positive values
and blue color on negative values (+5b" = yellow; —b" = blue)
(Johnson and Kao, 1989). CIE L*a"h" values were recorded
and color changes (4E) were computed according to following
formula (Villalta et al., 20006).

(AE* = [(AL")? + (4a*)* + (4b")°]"%) for each specimen.
While the translucency parameter (TP) was calculated accord-
ing to the equation (Johnston et al., 1995).

TP = [(Lyy — Lp)? + (aty — ap)* + (biv — bp)?]"/? where W
refers to color for each specimen against the white background
and B refers to color of the specimen against the black back-
ground. Higher TP values represent greater translucency.

2.6. Statistical analysis

Data were statistically analyzed using Minitab 17 statistical
package for windows (Minitab Inc. Pennsylvania, USA). Nor-
mality of the data distribution was checked and parametric
tests were chosen since the data were distributed normally.
Two-way ANOVA was used to test the significance of staining

and bleaching at P < 0.05. Paired ¢-test was used for compar-
ison between groups when significance was detected.

3. Results

According to color changes in esthetic restorations, three dif-
ferent intervals were used: AE < 1, imperceptible by the
human eye; 1.0 < AE < 3.3, appreciated only by a skilled per-
son, clinically acceptable; and AE > 3.3, easily observed, clin-
ically unacceptable (Vichi et al., 2004). Mean and SD for
color change results are shown in Table 2. After staining, all
specimens showed clinically acceptable color change (4E <
3.3) and no significant differences were recorded between
groups (p = 0.083). However, after bleaching all specimens
showed clinically unacceptable color change (4E > 3.3). The
color change was significantly higher in unfinished groups than
finished & polished groups (p = 0.024). No significant differ-
ence was evident between restorative materials (p = 0.995).

Mean and SD for translucency results are shown in Table 3.
Statistical significant difference was exhibited between nano-
composite and giomer (P = 0.000) except after bleaching (p
= 0.459). In addition, significant difference between finished
and unfinished groups was recorded (P = 0.001). The highest
TP values were recorded with unfinished nano-composite at
baseline and after staining groups (10.24, 9.6) respectively.
While the finished and polished nano-composite and giomer
groups after bleaching recorded the lowest TP values (5.64,
5.73) respectively. Giomer groups showed significant differ-
ences in TP after staining and after bleaching compared to
baseline TP values. The highest TP value among giomer
groups was recorded with unfinished group after staining
(7.6); the lowest was finished and polished group after bleach-
ing (5.73). While nano-composite groups showed significant
differences in TP after bleaching only compared to baseline.
The highest TP value among nano-composite groups was
exhibited with unfinished group after staining (9.6); the lowest
was finished and polished group after bleaching (5.64). Base-
line TP values of the tested materials were always higher than
their corresponding stained and bleached groups. The highest
TP values recorded at baseline was ranked as follows: unfin-
ished nano-composite (10.24) > finished and polished nano-
composite (9.14)> unfinished giomer (8.34)> finished and
polished giomer (7.56).
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Table 2 Descriptive statistics (mean (SD)) and test of significance for color change (4E) values after staining and after bleaching of

the tested materials.

Material Finishing & polishing
After staining P-value After bleaching P-value
Finished & polished Unfinished Finished & polished Unfinished
Nano-composite 1.09(0.09) 1.15(0.11) 0.769 4.26(0.46) 4.75(0.22) 0.629
Giomer 1.03(0.17) 1.18(0.06) 4.34(0.30) 4.84(0.51)
P-value 0.083 0.408 0.024" 0.995

* Significant at P < 0.05.

Table 3 Descriptive statistics (mean (SD)) and test of significance for TP values at baseline, after staining and after bleaching of the

tested materials.

Variable Baseline After staining After bleaching
Nano-composite finished & polished 9.14(0.33)*® 8.84(0.41)" 5.64(0.26)
Nano-composite unfinished 10.24(0.40)* 9.60(0.29) 6.83(0.23)°
Giomer finished& polished 7.56(0.16)4 6.84(0.27)° 5.73(0.28)"
Giomer unfinished 8.34(0.30)° 7.60(0.31)¢ 6.55(0.21)°
P-value for material 0.000" 0.000" 0.459

P-value for finishing & polishing 0.001" 0.001" 0.000"

* Significant at P < 0.05. Different letters indicate statistical significant difference.

4. Discussion

Spectrophotometers and colorimeters have been widely used in
measuring discoloration as they eliminate subjective errors
(Joiner, 2004). Most of the color measurement devices utilized
in dentistry use AE from the Commission International de
I'Eclairage CIE (L*a"b™) color system to determine color
changes because it is suitable for determination of small color
differences (Khokhar et al., 1991). Its greatest advantage as a
tool for representing and characterizing color is its uniformity
and color values on the three axes are distributed closely with
respect to the human perception of color (Pruthi et al., 2010).
In this study, color and translucency are measured with a spec-
trophotometer and color change is expressed in AE units which
is the sum of change for each of L, a, and b parameters as cal-
culated mathematically between successive color measure-
ments. There is a controversy in the clinically acceptable
level of color change. Ideally, the stain removal process would
be considered perfect if 4E is equal to zero (Nahedh and
Awlyia, 2013). This means that the restorative material has
returned to its baseline color before staining.

For achieving the desirable esthetics, the esthetic restora-
tives should be able to maintain intrinsic color stability and
resistance to surface staining. However, with aging, restora-
tions acquire external stains and develop internal discol-
oration. This may be explained by the biphasic nature of the
material (composed of matrix and filler particles) which facili-
tates inclusion of external stains in its structure (Pruthi et al.,
2010). Coffee which was used in this study is a commonly used
beverage that has a strong potential to stain teeth and restora-
tives and have been used in many studies (Villalta et al., 2006;
Celik et al., 2009; Hafez et al., 2010; Tian et al., 2012). Accord-
ing to coffee manufacturers, it takes an average of 15 min to
drink a cup of coffee; coffee drinkers consume an average of
3.2 cups of coffee per day (Hafez et al., 2010). Thus, storage

for 48 h in coffee simulates an average of two months of coffee
intake (Hafez et al., 2010).

The findings of this study showed that coffee induced clin-
ically acceptable color change in all samples as AF < 3.3
(Table 2), this was in agreement with the studies of Fontes
et al. (2009), Topcu et al. (2009), and Al-Samadani (2013).
However, other studies (Villalta et al., 2006; Hafez et al.,
2010; Tian et al., 2012) found that coffee had induced severe
clinically unacceptable staining of resin composites and gio-
mers. This discrepancy can be explained by the different stain-
ing methodologies followed in these studies. Some studies
immersed the specimens in coffee for several weeks and others
changed coffee daily with a freshly prepared one. Coffee may
stain by adsorption and by absorption of its colorants onto/
into the organic phase of composites (Hosoya et al., 2011).
The increase in fluid uptake was found to be due to incorpora-
tion of hydrophilic monomers in the resin matrix. Bis-GMA
and TEGDMA are hydrophilic monomers, but fluid uptake
in Bis-GMA resins increased from 3 to 6%, while in
TEGDMA it increased from 0 to 1% (Bagheri et al., 2005).
Although Bis-GMA and TEGDMA are present in both tested
materials in this study, their color change after staining was
clinically acceptable. This low staining susceptibility can be
attributed to low water absorption rate or low resin content
and satisfactory gloss. Another possible cause is the presence
of UDMA which is more stain resistant than Bis-GMA or
TEGDMA because of its low water sorption and solubility
(Khokhar et al., 1991). This can also indicate that freshly pre-
pared nano-composites and giomers are color stable. This
could be attributed to the uniform surface texture retained
by nano-filled resinous materials even after finishing and pol-
ishing. Thus, coffee may have not caused intense staining
which is expected with rough surfaces.

The interaction between bleaching agents and restorative
materials is of clinical significance and should be focused on
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Canay and Cehreli (2003). The bleaching procedure followed
in this study simulated in-office bleaching using Opalescence
boost, which is a chemically activated system with high hydro-
gen peroxide (40%) concentration. The first null hypothesis
tested has to be rejected as staining and bleaching affected
the color of nano-filled composite and giomer. The second null
hypothesis was partially validated, as staining and bleaching
affected the translucency of finished & polished and unfinished
giomer compared to baseline translucency. However, the
translucency of finished & polished and unfinished nano-
filled composite was affected by bleaching only compared to
baseline values.

On the other hand, after bleaching clinically unacceptable
AE values was gained. This increase in 4E values was mostly
due to the marked increase in brightness (4L values), which
is a measure of illuminated reflectance (Mohammadi et al.,
2012). A possible explanation for this color change after
bleaching could be the low stain ability of the tested materials,
indicated by low AFE values after staining. Thus, bleaching with
a high H,O, % agent caused this marked lightening to the low
stained specimens. This is consistent with reports that Bis-
GMA based restoratives have shown color change in response
to bleaching agents (Canay and Cehreli, 2003; Villalta et al.,
2006). Other studies (Pruthi et al., 2010; Poggio et al., 2012)
found that bleaching agents have returned AFE values of some
of the tested materials to a clinically acceptable level even after
severe color change due to staining. They attributed this to the
superficial cleansing by bleaching agents. However, the find-
ings by Rao et al. (2009), came in accordance with the current
study, who found high AE values for all tested materials after
bleaching. They attributed this to the high concentration H,O,
bleaching agent which may cause chemical softening of
restorative materials (Yap and Wattanapayungkul, 2002). This
also came in agreement with Nahedh and Awlyia (2013), who
found that Opalescence Xtra Boost (38% H,05) did not return
the tested restoratives to clinically acceptable AFE values. They
suggested that a short and intense attack from a strong oxidiz-
ing agent would be less effective than a longer treatment with a
lower H,O, % agent.

Finished groups showed significantly less color change
compared to unfinished groups after bleaching (P = 0.001).
It is known that resinous restoratives exhibit an oxygen inhib-
ited surface layer when cured in air. The surface obtained by
using a Mylar matrix is rich in resin organic binder. The use
of matrices eliminates the presence of an uncured surface layer.
On the other hand, the surface beneath the matrix may not
have the same degree of curing as the resin composite bulk that
has not been exposed to oxygen during placement (Ergucu
et al., 2007). Thus a possible explanation for this finding is that
using a Mylar matrix had resulted in surfaces with lower
degree of polymerization (Gordan et al., 2003). Monaghan
et al. (1992) stated that breakdown of poorly polymerized resin
matrix was one of the causes of color change in bleached com-
posites. They also found that the oxidation of surface pigments
and amine compounds has a role in color change. A second
explanation may be that the organic matrix-rich surface layer
of unfinished surfaces, cured with a matrix, stain by adsorption
and absorption. This would cause swelling and separation
between matrix and inorganic fillers (Nahedh and Awlyia,
2013), which makes them more vulnerable to bleaching.

Translucency is the ability of a material to allow light to
pass through and thus allow the appearance of the underlying

background (Yu et al., 2009). It can be described as partial
opacity or a state between complete opacity and complete
transparency (Yu and Lee, 2008). A higher value for the
translucency parameter (TP) represents greater translucency;
if the material is completely opaque, TP value is zero (Yu
and Lee, 2008). TP has been used in several researches to eval-
uate resin composites translucency (Arimoto et al., 2010; Li
et al., 2010). Giomer groups showed a significant decrease in
TP after staining (P = 6.84, 7.60) when compared to corre-
sponding baseline measurement (P = 7.56, 8.34). While the
nano-composite showed no significant difference when com-
pared to baseline (p > 0.05). This can be explained by the
higher fillers content (78.5% w) and lower size (0.6-1.4 pm)
in nano-composite compared to nano-hybrid giomer fillers
content (70% w) and size (0.01-4.0 pm). Studies showed that
the smaller the fillers size and the lower the organic matrix per-
centage, the lower the opacity level and the less staining poten-
tial (Fontes et al., 2009; Mitra et al., 2003).

In the present study, bleaching caused significant reduction
in TP values in all groups compared to baseline and after stain-
ing values (P < 0.05). This reduction may be due to increased
reflectance indicated by the high AL values. Yilmaz et al.
(2013), found that bleaching did not affect translucency of
resin composites. They attributed this to low concentrations
of bleaching agents used. In the current study, it was interest-
ing to observe that the TP of unfinished groups was signifi-
cantly higher than their corresponding finished and polished
groups at baseline, after staining and after bleaching. This
could be explained by that Mylar matrix produced smoother
surfaces with higher gloss than sof-Lex discs finished surfaces
(Ergucu et al., 2007).

Using one staining solution was a limitation in the study.
Immersion of esthetic restoratives in a single type of staining
beverage does not reflect the actual staining potential of human
dietary behavior. In addition, food and beverages ingestion is a
dynamic process that does not allow sustained static retention of
stain in the oral cavity (Ren et al., 2012). However, selecting an
immersion period of 48 h in this study was to prevent precipita-
tion of sediments with long standing in stagnation. Staining by
long immersion has no resemblance to clinical realities, as clin-
ically the exposure to stain is intermittent and the action of sal-
iva or other fluids can dilute the stain.

5. Conclusions

Considering the limitations of this in vitro study, the following
could be concluded:

1. The tested restorative materials reacted similarly to staining
and bleaching.

2. The high concentration in office bleaching agent produced
an increased color change and reduced translucency of the
tested restorative materials.

3. Finishing and polishing restorative materials improves their
ability to resist color change after bleaching, but it
adversely affects their translucency.
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