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Abstract
Purpose: Oxygenating agents like carbamide peroxide or H2O2 are commonly used
whitening agents. They have varying influence on the color and surface roughness of
resin-based restorative materials and teeth. The aim of this study was to evaluate the
effect of an at-home peroxide whitening agent applied through a whitening strip on
the color and surface roughness of a nanofilled composite resin and an ormocer-based
resin.
Materials and Methods: Disc-shaped (2 mm thick, 10 mm diameter) nanofilled resin
composite (n = 10) and ormocer (n = 10) specimens were prepared. All specimens
were treated with a whitening strip. Whitening procedures were performed apply-
ing a 6.5% hydrogen peroxide whitening strip (Crest White Strips Professional) for
30 minutes twice each day for a period of 21 consecutive days. During the test inter-
vals, the specimens were rinsed under running distilled water for 1 minute to remove
the whitening agents and immersed in 37◦C distilled water until the next treatment.
Surface roughness and color of the specimens were measured with a profilometer and
a colorimeter, respectively, before and after whitening. Color changes were calculated
(�E) using L∗, a∗, and b∗ coordinates. Repeated measures of variance analysis and
Duncan test were used for statistical evaluation (α = 0.05).
Results: The average surface roughness of composite increased from 1.4 Ra to
2.0 Ra, and from 0.8 Ra to 0.9 Ra for the ormocer material; however, these changes in
roughness after whitening were not significant (p > 0.05). Also, when two materials
were compared, the surface roughness of restorative materials was not different before
and after whitening (p > 0.05). L∗ and b∗ values for each material changed signifi-
cantly after whitening (p < 0.05). �E values (before/after whitening) calculated for
composite (11.9) and ormocer (16.1) were not significantly different from each other
(p > 0.05).
Conclusions: The tested whitening agent did not affect the surface roughness of either
resin-based restorative material. Both materials became brighter after whitening. The
behavior of the materials in the yellow/blue axis was opposite to each other after
whitening. Each material had clinically unacceptable color change after whitening
(�E > 5.5); however, the magnitude of the color change of materials was similar
(p > 0.05). According to the results of this study, with the use of materials tested,
patients should be advised that existing composite restorations may bleach along with
the natural teeth, and replacement of these restorations after whitening may not be
required.
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The esthetics of the natural dentition can be improved by
whitening, and this process can be applied to intrinsically and
extrinsically stained teeth. For brightening discolored teeth, the
use of hydrogen peroxide or peroxide-releasing agents, such as
carbamide peroxide or sodium perborate, has become a popular
treatment modality.1-12

Night-guard whitening is commonly preferred by clinicians.9

The clinical technique for at-home whitening involves the use
of a soft, plastic, night-guard styled prosthesis as a carrier.
Low concentrations of carbamide peroxide (10% to 20%) or
hydrogen peroxide (3% to 7%) are used for night-guard vital
whitening.6,12-15

Canay and Çehreli5 evaluated the efficiency of carbamide
peroxide and hydrogen peroxide, and the results revealed that
differences were not statistically significant among groups
bleached with carbamide peroxide (p > 0.05); however, sta-
tistically significant differences were reported for materials
bleached with hydrogen peroxide. It was found that in compar-
ison to carbamide peroxide, hydrogen peroxide caused more
color changes in the composites tested. In Monaghan et al’s
study,12 composite resins were treated with carbamide perox-
ide and peryhydrol urea in a proprietary base. Monaghan et al
stated that all color change values were less than 2 �E units,
and no visual color change was evident for these composite
resins.

Some studies have shown significant shade improvement
following at-home use of 10% carbamide peroxide gel in a
tray; however, problems, including gingival irritation and tray-
related tooth movement, have been reported. A whitening tech-
nique that uses flexible polyethylene strips applied directly to
teeth without a tray was recently introduced. Studies found that
whitening strips offer ease of use, comfort, and shorter dura-
tion of wear than do whitening tray systems. The strips provide
various concentrations of peroxide distributed uniformly across
the surfaces of each strip.13,14

High concentrations of hydrogen peroxide have been re-
ported to cause surface roughening of teeth causing etching-like
patterns.12,16-19 Surface roughness may increase as a result of
whitening treatment. Surface roughness has been a major con-
cern for researchers and clinicians, since it is associated with
plaque retention, which may lead to gingival inflammation and
caries formation. 9,19,20

Some studies have shown that the surface finish of com-
posite restorations was not affected by at-home whitening
agents,6-14,21-29 while others reported surface changes after
whitening treatment.3 In Wattanapayungkul et al’s study,19

composite resins were treated with 10% to 15% carbamide per-
oxide for 8 hours/day. They reported that the effect of whiten-
ing on the surface roughness of tooth-colored materials was
both material- and time-dependent. In the study by Wattana-
payungkul and Yap,20 composite, compomer, glass ionomer,
and resin-modified glass ionomer cement were treated with
35% carbamide peroxide. The authors reported that the use
of in-office whitening systems that employ strong oxidizing
agents were not detrimental to the surface finish of materials
evaluated. Tulga et al28 reported that when dental restorative
materials were treated with 35% hydrogen peroxide, they found
the type of whitening gel affected the microhardness of dental
materials.

Table 1 Restorative materials

Color;
polymerization

Composite resins Manufacturer time Lot #

Charisma (nanofill):
Bis-GMA (bisphenol-A-
glycidylmethacrylate),
TEGDMA
(triethyleneglycol
dimethacrylate)

Heraeus Kulzer,
Hanau,
Germany

A2; 40 second 15

Admira (ormocer):
Bis-GMA,
urethanedimetacrylate

Voco,
Cuxhaven,
Germany

A3; 40 second 2420

The whitening agent may have a varying influence on
the color behavior of both composites and teeth or may
even deteriorate restorative materials. Materials with different
monomer systems, such as composites, compomers, or organ-
ically modified ceramics (ormocers) may show different resis-
tance to whitening agents.12-15,20-23 The technology used in
the ormocer-based resin materials is different from that used
in conventional composite resins. While the latter are based
on SiO2 functionalized with polymerizable organic polymer
matrix, the ormocer consists of an inorganic–organic network
matrix formed through polycondensation.17

The aim of this study was to evaluate the effect of a peroxide
whitening agent applied through a whitening strip on the color
and the surface roughness of a nanofilled composite resin and
an ormocer-based resin. The null hypothesis of this study was
that the whitening strip evaluated affected the surface roughness
and color of the tested restorative materials.

Materials and methods
A nanofilled composite (n = 10) and an ormocer resin (n = 10)
were tested for surface roughness and color change after at-
home whitening application (Table 1). For standard fabrication
of the specimens (2 mm thick, 10 mm diameter), a standardized
brass mold with a screw system was used, and the composite
resin and the ormocer-based resin were placed into the 2-mm-
deep brass mold using a spatula. The materials were then cov-
ered with Mylar strips,30 and glass was put on the brass mold
so that the distance between the restorative materials and the
polymerization probe was standardized, and excess composite
was removed with the help of the glass. The halogen light poly-
merization unit (1000 mw/cm, Hilux, Ledmax 550, Benlioğlu,
Turkey) was used for 40 seconds for polymerization of the
specimens in accordance with the manufacturer’s directions.
The polymerization light tip contacted the specimens each time
they were polymerized. The specimens were elevated with the
help of a screw system and removed from the mold with a
light push. The disc-shaped specimens were left in distilled
water for 24 hours for the completion of polymerization. The
standard temperature was 30◦C to 35◦C, and the relative humid-
ity was 30% to 85% during the fabrication of the specimens.
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Initial surface roughness measurements along with colorimetric
measurements were performed.

Color measurements were done with a colorimeter (Minolta
CR 321, Minolta C., Ltd. Radiometric Instruments Operations,
Osaka, Japan) commonly used in dental research.31-35 A poly-
tetrafluoroethylene positioning template was used, because a
change in position could affect the colorimetric determina-
tion.36,37 The positioning template was designed according to
the shape of the colorimeter so that the colorimeter was stable
and repositioned at the exact same spot for each measurement.
The positioning device helped to reposition the colorimeter at
the same position each time the specimens were measured.
The colorimeter was calibrated after every seventh specimen
measurement. The colorimeter used in this study has a 3 mm
measurement tip and measures each specimen in a 3 mm field.

A profilometer (Perthometer M2, Mahr GmbH; Göttingen,
Germany) was used for measuring surface roughness. The di-
ameter of the tip of the profilometer was 2.4 mm, and the accu-
racy was 0.5 mm/sec. Measuring path was set to 5.5 mm. Five
measurements were performed with a cutoff value of 250 μm.
The average surface roughness of each specimen was recorded.
The profilometer was also calibrated after every seventh spec-
imen measurement. Measurements were done on the center of
each specimen.

The whitening procedures were performed on top of the
specimens by placing the 6.5% hydrogen peroxide whiten-
ing strip (Crest White Strips Professional, Procter & Gamble,
Cincinnati, OH) for 30 minutes twice each day. The whitening
procedures were performed for a period of 21 consecutive days.
During the test intervals, the specimens were rinsed under run-
ning distilled water for 1 minute to remove the whitening agents
and immersed in 37◦C distilled water until the next treatment.
The distilled water was changed daily for all specimens. At the
end of the 21 days, surface roughness and color measurements
were remade.

Color is a complex subjective and objective phenomenon.26

The CIELab system can provide statistical data of the speci-
mens. It consists of a standard receptor, standard light source,
and coordinate system. It is based on three basic colors: red (x),
green (y), and blue (z). This three-dimensional system has been
used since 1976 and is accepted as the most valid analysis sys-
tem.4 L∗, a∗, and b∗ coordinates were recorded before and after
whitening. These coordinates were used to calculate the color
change (�E∗

ab) of the restorative materials after whitening with
the following formula:

�E∗
ab =

√
(�L∗)2 + (�a∗)2 + (�b∗)2

The �L∗, �a∗, and �b∗ values in this formula are the differ-
ences between CIE L∗ a∗ b∗ parameters of two specimens. The
value obtained with this formula represents the value of total
color difference. Evaluating the total color change, information
to be interpreted clinically was gathered.4-8 Douglas et al32 re-
ported in their in vivo study that the predicted color difference
at which 50% of dentist observers could perceive a color differ-
ence (50/50 perceptibility) was 2.6 �E∗

ab units. The predicted
color difference considered color mismatch (clinically unac-
ceptable color match) as 5.5 �E∗

ab. In this study, perceptibility

Table 2 Color parameters before and after whitening strip exposure

Material Whitening L∗ a∗ b∗ �E

Charisma Before 79.2 (1.7)a 4.1(0.1)e 1.7 (0.3)a 11.9 (1.5)f

(Nanofill) After 88.7 (1.6)b 5.1(0.1)e 6.7 (0.8)b

Admira Before 74.8 (1.7)c 4.0 (0.1)e 4.8 (0.3)c 16.1 (1.5)f

(Ormocer) After 90.5 (1.6)d 4.9 (0.1)e 3.5 (0.8)d

Different letters show statistically significant differences within the variables

before and after whitening.

Table 3 Surface roughness values before and after whitening strip
exposure

Surface roughness (Ra [μm ± s.e.])

Before After

Charisma (Nanofill) 1.4 ± 0.2Aa 2.0 ± 0.3Aa

Admira (Ormocer) 0.8 ± 0.2Aa 0.9 ± 0.3Aa

AaNo significant changes detected (p < 0.05).

threshold was accepted as 2.6 �E∗
ab units, and the clinical

acceptability threshold was accepted as 5.5 �E∗
ab units.

The color and roughness of the specimens were evaluated
before and after whitening strip exposure for each restorative
material. Both the surface roughness and the color difference
results were evaluated by repeated measures of variance tech-
nique (α = 0.05). Coincidences were eliminated by Duncan
test.

Results
L∗, a∗, and b∗ values before and after whitening were deter-
mined, and the magnitude of color shift was calculated (�E).
Mean L∗, a∗, b∗ and �E values are displayed in Table 2. L∗
values of both groups increased significantly after whitening
(p < 0.05). Even though a∗ values of each group increased, the
changes were not significant after whitening. The b∗ value of the
nanofill composite group significantly increased after whiten-
ing, whereas the b∗ value of ormocer significantly decreased
(p < 0.05). According to the Duncan test, �E values for both
restorative materials were not statistically different (p > 0.05).

Mean surface roughness of tested restorative materials before
and after whitening is displayed in Table 3. According to the
Duncan test, the surface roughness of two resin-based restora-
tive materials did not change significantly after whitening. Also,
when the two materials were compared, the surface roughness
of the restorative materials was not different before and after
whitening (p > 0.05).

Discussion
The results of this study are specific to the experimental design
and the materials used. Results from a color measuring instru-
ment can be changed because the illuminating light sent from
the device can be scattered, absorbed, transmitted, reflected,
and displaced in different directions because of the translucent
optical properties of the restorative materials.36 The colorimeter
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used in this study was a small-diameter color measuring instru-
ment. When using an instrument with a small aperture for both
illumination and collection of light, the amount of reflected light
is reduced, causing an inadequate L∗ value reading.36,37 In this
study, the high color difference values after whitening proce-
dures may have occurred because of the significant changes in
the L∗ value of the specimens.

Other factors may influence the accuracy of the colorime-
ter used in this study. Unlike the flat-surfaced specimens used
in this study, natural teeth have variable surface texture and
anatomic variations that may influence shade measurement. The
disadvantages of using a colorimeter to measure tooth color are
that the instruments are designed to measure flat surfaces, and
small aperture colorimeters are prone to significant edge-loss
effects.36,37 As resin specimens with flat surfaces were used in
the current study, additional in vivo studies are needed before
a conclusion for clinical performance can be made. The au-
thors of this study aimed to minimize the color measurement
errors, making all color measurements under the same condi-
tions with the help of a positioning template. A color measur-
ing device that eliminates “edge-loss” should be used in future
studies to minimize the influence of measurement errors on the
results.

One of the purposes of this study was to investigate the effect
of the whitening agent on the surface roughness of the test ma-
terials. Therefore, the initial surface roughness was minimized
with the use of Mylar strips to determine the effect of only
the whitening agent on the surface roughness. It was reported
in a previous study that these strips provide smoother surfaces
than rubber abrasives and graded abrasive disks when used on
composite resin materials.31

It has also been reported that surface texture might affect the
accuracy of color measurements.38 Mylar strips were applied
to minimize scratches and the waviness that could affect the
accuracy of the color measurements; however, the fact that
only Mylar strips were used on the specimen surfaces can also
be considered as a limitation of this study, since routine clinical
polishing procedures were not used.

The null hypothesis of this study was partly rejected, since
the surface roughness of materials tested did not significantly
change; however, clinically unacceptable color changes oc-
curred after the whitening strips were used for 21 days. The
color change of both materials was over the clinically accept-
able limit (�E > 5.5). The changes mostly occurred in bright-
ness of the materials: they became brighter after whitening
procedures. The nanofill composite had a tendency to yellow,
whereas ormocer had a tendency to blue after whitening. In the
current study, the measured before and after surface roughness
values of the ormocer were lower than the nanofilled compos-
ite resin. It should also be noted that even though the materials
used in this study were different in structure, the effect of the
whitening agent with respect to their total color change and
surface roughness was similar.

Previous studies where hydrogen peroxide was used as a
whitening agent reported different conclusions.18,21,22,28 Wang
et al used 35% hydrogen peroxide on nanofilled composites,
and they detected significantly increased surface roughness.
The different results of this study could be attributed to the
higher concentration of the whitening agent.18 de Andrade

et al’s23 study confirmed this hypothesis with the results of their
study. Different concentrations (16% and 35%) of the same hy-
drogen peroxide agent were used on a nanofill composite, and
surface roughness was reported to be significantly higher in the
35% group than in the 16% group. Rosentritt et al22 used hydro-
gen peroxide agents on different composite resin, compomer,
and ormocer materials. Application of the whitening materials
resulted in an increase in surface roughness. They reported that
replacement of restorations was required for esthetic reasons.
�E values were determined to be between 4.0 and 9.0 �E
units. On the other hand, Kim et al29 reported negligible color
and surface roughness changes of three restorative composite
resins after 6.5% hydrogen peroxide whitening strip applica-
tion. Yalcin and Gurgan14 used the same whitening strips on
five tooth-colored restorative materials (ormocer, compomer,
flowable composite, hybrid composite, and packable compos-
ite), and they reported clinically perceivable color changes of
all materials after 2 weeks. Similarly, in the current study, both
materials’ color change was clinically perceivable. Both mate-
rials became brighter after whitening with a peroxide whitening
agent and had a slight tendency toward red. Nanofill compos-
ite had a tendency to get yellower after whitening, whereas
ormocer had a tendency toward blue.

According to the results of this study, patients should be
advised that existing composite restorations may get brighter
along with the natural teeth, and replacement of these restora-
tions after whitening may not be required. However, a com-
parison with an in vivo study comparing the color changes on
natural teeth and restorative materials after the whitening agents
were used should be performed to see whether there is a color
mismatch between natural teeth and the restorative materials
after whitening.

Conclusion
Within the limitations of this in vitro study, the following con-
clusions were drawn:

1. After whitening treatment with a 6.5% hydrogen peroxide
whitening strip, noticeable changes in color occurred for
both restorative materials (�E > 5.5).

2. Brightness of both resins increased significantly after
whitening (p < 0.05).

3. Restorative materials showed different behaviors after
whitening with respect to the blue/yellow axis, and the
nanofill composite had a tendency to yellow, whereas or-
mocer had a tendency to blue after whitening (p < 0.05).
Nevertheless, no significant changes in surface roughness
were found between the restorative resins tested (p > 0.05).
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