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ABSTRACT

Objectives: The purpose of this study was to determine color changes and surface roughness of
composites when they were subjected to in-office bleaching.

Methods: 12 discs 15 mm in diameter and 2 mm thick were prepared from two shades (A2 & A4)
of two composites, Durafil VS (DF) and TPH3 (TPH). Specimens were polished and stored in distilled
water for 24 hours at 37°C before being subjected to bleaching, staining, and re-bleaching. Each of
the groups of specimens (DF-A2, DF-A4, TPH-A2 and TPH-A4) were subdivided into three subgroups
(n=4) and bleached with Beyond, LumaWhite-Plus, and Opalescence-Boost. Specimens were then
stained by immersing them in a coffee solution for 48 hours at 37°C, and then they were re-bleached.
Colorimetric measurements were performed at baseline, after bleaching, after staining, and after re-
bleaching. Surface roughness was determined with environmental SEM before and after bleaching.
Data were statistically-analyzed.

Results: None of the bleaching systems notably changed the color of composites (delta-E<2). Cof-
fee staining affected DF specimens more than TPH. Stained specimens showed variable responses
to whitening with no significant color change observed with TPH (delta-E<2] and significant changes
observed with DF. Surface roughness significantly changed with bleaching, but the degree varied ac-
cording to composite shade and bleaching agent.

Conclusions: Three in-office bleaching agents had no significant color changes on two compos-
ites. DF showed more color change than TPH when immersed in coffee. Stained composites showed
different degrees of whitening, with DF showing more response. Bleaching may adversely affect the
surface texture of composites. Dentists should take into consideration that composite restorations
may not respond to bleaching in the same way that natural teeth do. (Eur J Dent 2010;4:118-127)
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INTRODUCTION

The aesthetic appearance of anterior teeth has
become a major concern for patients. Discolored
vital anterior teeth have long been treated with
different approaches, including crowns, direct
and indirect veneers, composite resin restora-
tions, and, most conservatively, bleaching. Both
take-home and in-office bleaching techniques
have proven effective in whitening teeth, with the
latter having the advantage of producing immedi-
ate results.™?

The typicalin-office bleaching regimeninvolves
application of a high-percentage hydrogen perox-
ide formulation to the teeth surfaces, which is ac-
tivated either chemically or by a light source. The
theoretical advantage of using lights is their abil-
ity to heat hydrogen peroxide, thereby enhancing
the rate of oxygen decomposition. The increased
amount of oxygen-free radicals produced thus en-
hances the release of stain-containing molecules
and, therefore, results in enhanced whitening.3*

The literature is rich with reports concerning
the effects of in-office bleaching on natural teeth,
but its effect on tooth-colored restorations is not,
as yet, fully known. Resin composites are widely
used as restorative materials because of their ex-
cellent aesthetic properties. However, their initial
color may change over time as a result of surface
and marginal staining, as well as internal mate-
rial deterioration.>® Staining of resin composites
by beverages such as coffee, tea, and soda or by
mouth rinse agents has been reported to varying
degrees.” In addition to color, surface charac-
teristics contribute significantly to the aesthetic
quality of restorations. Surface roughness has a
detrimental effect on light reflection, resulting in
a dull appearance that stands out from the rest of
the teeth. Moreover, rough surfaces promote bac-
terial plaque adhesion, with subsequent increased
staining.'0™

Anterior composite restorations are typically
made with either microfilled or microhybrid for-
mulations, depending on the class of the cavity.
In the microfilled formulations, ultrafine inor-
ganic filler particles with mean diameters of .04
microns are used. These render such materials
highly polishable, but due to the limited amount of
inorganic fillers that can be incorporated into such
formulations, their mechanical properties are typ-
ically less than those of the microhybrid versions.
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Therefore, their use is limited to non-stress-bear-
ing restorations. In contrast, modern microhybrid
composites have a variety of sizes of fine inorganic
fillers with a mean value of less than 1 micron. Be-
cause of their high inorganic filler content, such
materials are suited for the stress-bearing situa-
tions such as Class 4 restorations.

Monaghan et al' reported that 30% hydrogen
peroxide bleaching produced a significant color
change in freshly prepared specimens of different
composites. On the other hand, Hubbezoglu et al'®
found that bleaching with 35% hydrogen peroxide
resulted in composite resin color change values of
a lesser magnitude. However, the ability of bleach-
ing to remove acquired stains has not, as yet, been
fully investigated. With regards to surface proper-
ties, some reports indicated that bleaching agents
containing 30 to 35% hydrogen peroxide did not af-
fect the surface texture as revealed by profilomet-
ric analysis.’®" Nevertheless, analysis of surface
reflectance showed significant changes in micro-
filled and hybrid composites.'

The purpose of this study was to determine
color change and surface roughness of two com-
posites, a microfilled and a microhybrid, when
subjected to coffee staining and bleaching using
different light- and chemically activated in-office
bleaching systems. The null hypothesis was that
the two composites will respond similarly to the
different bleaching agents.

MATERIALS AND METHODS

Two commercially available resin composites,
Durafil VS (Heraeus Kulzer, Wehrheim, Germany)
and TPH3 (Dentsply Caulk, Milford, USAJ, were
used in this study. Durafil VS (DF) is a microfilled
composite composed of 40% volume silicon di-
oxide fillers and BisGMA matrix, while TPH3 is a
microhybrid composite composed of 58% volume
barium-alumino-boro-silicate, fluoro-boro-sili-
cate fillers, and a matrix of BisGMA and TEGDMA.
Twenty-four specimens, 15 mm in diameter and
2 mm thick, were fabricated from each material
(12 of shade A2 and 12 of shade A4) using flexible
molds. Each specimen was prepared as one in-
crement and light-polymerized from each side for
40 seconds using a QTH light unit with intensity of
850 mW/cm? (Optilux 501, Kerr, USA). Specimens
were polished with silicon carbide paper and each
group of 12 specimens was subdivided into three
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subgroups (n=4), with each assigned to a bleaching
agent. Specimens were stored in distilled water at
37°C for 24 hours and then subjected to bleaching
using one of three in-office agents. Hydrogen per-
oxide concentration and pH of the bleaching gels
as well as mode of application recommended by
the manufacturers are listed in Table 1.

All subgroups were subjected to an initial
bleaching session, after which color and surface
roughness were measured. The specimens were
then stained by placing them in a coffee solution
prepared by boiling 3.6 grams of coffee powder
(Nescafe Classic, Nestle, Switzerland] in 300 ml of
distilled water for 10 minutes, then filtering it. Im-
mersion in the coffee solution was maintained for
48 hours at 37°C, after which the color of speci-
mens was determined before subjecting them to a
second bleaching session. Color assessment was
performed using a colorimeter (Chroma Meter CR
300, Minolta Co. Ltd., Japan], which was calibrated
before every session following the manufacturer’s
instructions. The colorimeter displayed the differ-
ent color parameters (L*, a* and b*) according to
the CIELab color system, where L* describes the
luminance reflectance, while a* and b* describe
the red-green and yellow-blue color coordinates,
respectively.

The change in color from baseline was calcu-
lated after the first bleaching session [AEW]. after
staining (AE,), and after the second bleaching ses-
sion (AE,). The change in color after the second
bleaching compared to the color after staining
(AE,) was also calculated. AE values were ob-
tained using the Hunter's equation:

AE=[(AL)?+ (Aa)?+ (Ab)?]V2

Where: AL= L, -

Ab=b . -

For surface roughness measurements, the
specimens were examined for topographical qual-
ity using an Environmental Scanning Electron
Microscope (ESEM) (Quanta 200, FEI Company,
Philips, Netherland). Specimens were photomi-

Aa=a

baseline visit abaseline

b

baseline

crographed at 1000 times magnification and the
images were analyzed quantitatively using image
analysis software. A three-dimensional surface
roughness profile was automatically plotted. At
the Z-axis, the peaks or surface elevations were
marked, and the height of each peak was auto-
matically computed. Mean surface roughness val-
ues (Ra) were calculated for each specimen. Ra

describes the arithmetic mean of all values of the
roughness profile (R) over the evaluated length.

Data were statistically analyzed using SPSS
15.0 package (Chicago, Illinois). Regression mod-
els with two-way ANOVA and Tukey's post-hoc
tests were used to test significance for the effects
of composite material and bleaching agent on
color and surface roughness at P<.05. Pearson’s
correlation coefficient was used to determine sig-
nificant correlations between color and surface
roughness measurements.

RESULTS

Mean color change (AE) results are shown in
Tables 2 and 3. The initial bleaching resulted in
minimal color changes (AE < 2) in all subgroups
regardless of the bleaching agent used. Tukey’'s
Post Hoc test indicated no significant difference
between DF and TPH3 in both composite shades
(Tables 2 and 3). However, Beyond showed signifi-
cantly higher bleaching results (P=0.009) in shade
A2 only as compared to the other groups.

Staining of the specimens resulted in a more
perceivable color change. In addition, mean AE,
values were higher in the DF subgroups compared
to the TPH3, with the difference significant only in
shade A4 (P=0.001) (Table 2). In shade A2, speci-
mens previously bleached with LumaWhite-Plus
showed significantly higher staining (P=0.025)
compared to the other two bleaching systems (Ta-
ble 3). Values for AE for after staining are preced-
ed with a negative sign to indicate that the color
change was to a darker shade.

The color difference after the second bleach-
ing session from baseline was higher in DF sub-
groups compared to TPH3; however, the differ-
ence was only statistically significant in shade A4
(P=0.035) (Table 2]. The type of bleaching system
used showed no statistically significant effect on
AE, in any of the composite subgroups (Table 3).

In regards to AE3S, which denotes the ability of
the bleaching to remove acquired stains from the
treated composite resins, the DF subgroups gen-
erally showed significantly higher values in both
shades (P=0.036, P<.001) (Table 2). Beyond was
generally more efficient, followed by LumaWhite-
Plus. The least whitening values were obtained
with Opalescence Boost subgroups (Table 3).

Surface roughness results are shown in Tables
4 and 5. Figures 1 through 4 show images of sur-
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face roughness histograms in 3D for some rep-
resentative specimens. With regard to the effect
of composite brand on surface roughness (Table
4), TPH3 subgroups showed significantly higher
values compared to DF in shade A2, after first
(P=0.011) and second bleaching sessions (P<.001).
However, the reverse was encountered in shade
A4. As for the effect of the bleaching agent (Table
5], LumaWhite-Plus subgroups showed signifi-
cantly higher values in shade A2, after the second
bleaching session (P<.001). With shade A4, Opal-
escence Boost resulted in significantly higher sur-
face roughness compared to the other subgroups
after the first bleaching session (P=0.039). After
the second bleaching session, both Opalescence
Boost and LumaWhite-Plus subgroups showed
significantly higher surface roughness values
compared to Beyond subgroup (P<.001).

Pearson’s correlation coefficient indicated
that a positive correlation existed between color
and surface roughness changes for both shades
of composites tested. However, this correlation
was only statistically significant after the second
bleaching session.

DISCUSSION

Color evaluation was performed using a col-
orimeter, which expresses color coordinates ac-

Figure 1. ESEM histogram of a DF control specimen in shade
Ad.
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Figure 3. ESEM histogram of a TPH3 control specimen in shade
Ad.
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cording to the ClIELab color system. Other meth-
ods of color determination have been used in
dentistry, including visual assessment and spec-
trophotometry, with the instrumental methods
generally being considered more precise, as they
eliminate subjective errors.” More importantly,
the CIELab color system is widely popular and was
developed for characterization of colors based on
human perception. In this system color difference
value, AE, is expressed as a relative color change
between successive color measurements. It is
generally agreed that a value of AE 2 3.3 is consid-
ered clinically perceptible.?-22

The bleaching procedures adopted in the cur-
rent study simulated in-office bleaching applica-
tion using different bleaching systems. A high in-
tensity halogen blue light was used to activate the
peroxide in one system, while the second system
used light emitting diode (LED] technology. To as-
sess the effect of light activation on the bleach-
ing results, the third system tested (Opalescence
Boost) required no light activation and depended
solely on chemical activation.

The results of the present study are in agree-
ment with the findings of a recently published
study.? More specifically, they revealed that none
of the bleaching systems notably changed the col-
or of any of the composites tested after the initial

200

Figure 2. ESEM histogram of a DF specimen in shade A4 after
initial bleaching with LumaWhite-Plus.
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Figure 4. ESEM histogram of a TPH3 specimen in shade A4 af-
ter initial bleaching with LumaWhite-Plus.
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bleaching session (AE<2). Also, no significant dif-
ference was found between the two composites.
This confirms that freshly prepared composites
are color-stable. Similar results were found by
Hubbezoglu et al, who reported that color change
in both microfill and microhybrid resins after
bleaching with 35% hydrogen peroxide for a to-
tal of 30 minutes did not exceed 3.3.” In contrast,
Monaghan et al found that in-office bleaching
significantly affected the color of different com-
posites; they reported AE values greater than 3.
However, their bleaching protocol consisted of a
pre-etching procedure using phosphoric acid, fol-
lowed by four cycles (30 minutes each) of bleach-
ing using 30% hydrogen peroxide along with in-
frared light activation. The procedure they used is
much more aggressive than those followed in the
current study, which may explain the discrepancy
between the findings. Much greater AE values (>6)
were reported by other studies that used in-office
bleaching on teeth.?? Comparing the current re-
sults to those obtained in these studies, it is con-
cluded that composites do not bleach to the same
degree as teeth. Therefore, replacement of such
restorations may be a more effective option.
While AE values obtained after the first bleach-
ing session were low, the Beyond system resulted
in significantly higher bleaching values compared
to the other two bleaching agents with shades A2.
This may be attributed to the high intensity halo-
gen light activation used with this bleaching agent,
which may have resulted in increased whitening.
Janda et al demonstrated that composite color

stability depends on the type of light used during
the curing process, and that the use of tungsten
halogen light results in bleaching of composite
color by greater conversion of the camphorqui-
none initiators.® Whether the increased whitening
achieved with Beyond was due to enhancement
of the oxidative process of the bleaching gel or to
added conversion of remaining initiators requires
further investigation.

The second treatment to which the composites
were subjected was a staining procedure which
reflects the conditions in the oral environment, in
which restorations are exposed to coffee drinks.
Coffee was chosen in this study as a staining solu-
tion because it has been shown to have a strong
staining effect on composites as well as on natural
teeth.??” According to Um and Ruyter,? discolor-
ation by coffee occurs by both adsorption and ab-
sorption of colorants by resin-based restorative
materials. The authors explained that this was
probably due to the compatibility of the polymer
phase of the resinous materials with the yellow
colorant of coffee, which served to facilitate this
adsorption and penetration of colorants. Accord-
ing to the coffee manufacturer, the average time
needed to consume a cup of coffee is 15 minutes;
coffee drinkers ingest an average of 3.2 cups of
coffee per day. Therefore, 48 hours of storage
in a coffee solution simulated an average of two
months of coffee consumption.

In the present study, DF showed more staining
than TPH3, particularly in shade A4. The explana-
tion for this finding lies in the composition of the

Table 1. Details about bleaching agents used: manufacturer, concentration, pH, number of applications and total

tooth contact time.

Activating Bleaching material Number of Total material
Bleaching system H,0, % pH
light source dispensing application x time/cycle contact time
Beyond
Beyond Whitening
24
Beyond Technology Corp. Accelerator Gel supplied in syringe 35% 4.0-5.5 3 x 8 minutes/ cycle
minutes
Santa Clara, California, USA High-Intensity Light
WL: 480-520 nm
LumaWhite Plus
LumaCool LED Light Powder and Liquid 24
LumalLite, Inc., 2810 Via Orange 35% 5.6 3 x 8 minutes/ cycle
WL: 380-530 nm Mixed and applied with brush minutes
Way, Spring Valley, CA, USA
Gel supplied in 2 separate
Opalescence Boost
syringes 45
Ultradent Products, Inc., none 38% 7 3x 15 minutes/ cycle
Mixed and applied with minutes

South Jordan, Utah, USA.

mixing tip
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materials. The resin matrix composition and the
amount of filler loading are different among the
two composites. Bis-GMA and TEGDMA are both
hydrophilic monomers, but water uptake in Bis-
GMA resins ranges from 3 to 6%, while in TEGDMA
it ranges from 0 to 1%.% According to the informa-
tion provided by the manufacturers, TPH3 resin
matrix is based on Bis-GMA-adduct and TEGD-
MA, while DF is based on Bis-GMA only, render-
ing the latter more subject to water uptake, with
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subsequent discoloration. In addition, TPH3 is a
microhybrid resin composite with 58% by volume
filler loading, compared to 40% by volume for mi-
crofilled DF. Therefore, the higher staining of DF
might have been influenced by the relatively high-
er volume of the resin matrix.

In both shades tested, whitening of the stained
specimens was greater with Beyond and Lu-
maWhite-Plus. This may suggest that light-acti-
vated bleaching had a greater whitening effect on

Table 2. Means and standard deviation values for color change (AE) for all subgroups of the two composites in shade

A2.
. Regression Regression
) . Bleaching . .
Variable Material ¢ Mean AE SD analysis for analysis for
agents
g materials bleach agents
Beyond 1.97 0.45
Durafil VS Luma 1.07 0.47
Opal XB 0.56 0.014
After first bleach 0.976 0.009*
Beyond 1.28 0.056
TPH3 Luma 0.84 0.12
Opal XB 1.47 0.3
Beyond 2.95(-) 0.29
Durafil VS Luma 3.40(-) 0.24
Opal XB 2.02(-) 0.73
After staining 0.15 0.025*
Beyond 2.04(-) 0.36
TPH3 Luma 2.82(-) 0.18
Opal XB 2.54(-) 0.13
Beyond 2.02 0.58
Durafil VS Luma 1.78 0.03
Opal XB 1.38 0.79
After second bleach 0.302 0.986
Beyond 1.14 0.65
TPH3 Luma 1.43 0.27
Opal XB 1.72 0.02
Beyond 3.1 0.98
Durafil VS Luma 2.73 0.47
Between staining and Opal XB 0.93 0.24
0.036* 0.007*
second bleach Beyond 164 0.23
TPH3 Luma 1.8 0.26
Opal XB 1.42 0.05

*: Significant at P<.05
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stained composite. Generally, the mechanism of
color change in resin composite when exposed
to vital bleaching regimes includes oxidation of
surface pigments, oxidation of amine compounds
(which are responsible for color stability over
time), or breakdown of poorly polymerized resin
matrix.' These effects could have been enhanced
by the use of light-activation during the bleach-
ing. However, the benefit of using light-activated
bleaching on tooth structure has been widely de-
bated.?-*" Therefore, it may be concluded that the
use of light might be more beneficial in bleaching
restorative resins than tooth structure.

It has been generally accepted that a rough
restoration surface is more susceptible to stain-
ing in the oral environment because it provides
increased surface area compared to a smooth

surface.®? Several methods have been employed to
characterize surface roughness. These included
contact stylus tracing profilometry, non-contact
profilometry, atomic force microscopy, and scan-
ning electron microscopy.®?* In the present study,
ESEM was combined with image analysis to pro-
vide both qualitative and quantitative assessments
of surface roughness. This technique is considered
the most significant and most frequently used.
Composite resins have been controversial.
Wattanapayungkul et al found that bleaching with
35% hydrogen peroxide was not detrimental to the
surface finish of composites,” while Moraes et al
found that bleaching using 35% hydrogen or carb-
amide peroxide resulted in significantly higher
surface roughness in microhybrid, but not in mi-
crofilled, composite resins.®® Silva et al found in

Table 3. Means and standard deviation values for color change (AE] for all subgroups of the two composites in shade

A4,
. Regression Regression
. . Bleaching . .
Variable Material ] Mean AE SD analysis for analysis for
agents
8 materials bleach agents
Beyond 0.66 0.22
Durafil VS Luma 0.82 0.17
Opal XB 0.73 0.14
After first bleach 0.496 0.519
Beyond 0.6 0.16
TPH3 Luma 0.54 0.26
Opal XB 0.84 0.36
Beyond (-)4.44 1.52
Durafil VS Luma (-)3.43 0.55
Opal XB (-)4.06 1.49
After staining 0.001* 0.587
Beyond (-)2.12 0.33
TPH3 Luma (-)2.02 0.34
Opal XB (-)1.68 0.49
Beyond 0.91 0.21
Durafil VS Luma 1.55 0.52
Opal XB 3.71 1.8
After second bleach 0.035* 0.114
Beyond 1.31 0.49
TPH3 Luma 1.49 0.35
Opal XB 0.64 0.26
Between staining and
Beyond 4.16 1.09 <0.001* 0.002*

second bleach
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an in situ study that bleaching using 35% hydrogen
peroxide paint-on whitener had no significant ef-
fect on surface roughness of posterior composite
or on microfilled composite.” In this study, sur-
face roughness was measured at baseline then
after the first and second bleaching sessions;
the results correlated well to the color changes
obtained. It was interesting to observe that the
different shades of composites behaved differ-
ently in terms of surface roughness in response
to the different bleaching treatments. In the A2
shade, TPH3 showed significantly higher surface
roughness than DF, which is explainable when
one knowing that DF is a microfilled composite
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with smaller filler particle size compared to TPH3,
which is a microhybrid composite with variable
size fillers. In contrast, with A4 shade, the reverse
was encountered. DF had significantly higher sur-
face roughness, an observation that could not be
explained within the scope of this study but indi-
cates that different shades of the same composite
might behave differently under the same condi-
tions.

The resin matrix of composites might become
chemically degraded by the concentration or re-
peated application of peroxide. In addition, if the
bleaching agent degraded the coupling agent of
resin composites, the resultant roughness would

Table 4. Means and standard deviation values for surface roughness for all subgroups of the two composites in shade

A2.
Regression . .
. . . Regression analysis
Variable Material Bleach Mean SD analysis for
. for bleach agents
materials
Control 126.1 5.3
Beyond 137.6 13.2
Durafil VS
Luma 131 13.1
Opal 127.5 6.5
After first bleach 0.011* 0.39
Control 150.1 9.7
Beyond 125.6 6.5
TPH3
Luma 143.3 6.6
Opal 138 5.7
After second bleach  Durafil VS Control 126.1 5.3 <0.001* <0.001*

*: Significant at P<.05

Table 5. Means and standard deviation values for surface roughness for all subgroups of the two composites in shade

A4,
Regression . .
. . . Regression analysis
Variable Material Bleach Mean SD analysis for
. for bleach agents
materials
Control 106.7 2.1
Beyond 107.2 2.4
Durafil VS
Luma 109.2 2.1
Opal 114.3 2
After first bleach <0.001* 0.039*
Control 100.5 53
Beyond 102.6 8.1
TPH3
Luma 100.2 4.9
Opal 106.1 5.9
After second bleach Durafil VS Control 106.7 2.1 <0.001* <0.001*

*: Significant at P<.05

April 2010 - Vol.4
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be exaggerated.® In the current study, it was ob-
served that the type of bleaching system had a sig-
nificant effect on roughness. The bleaching agents
used differed in pH and duration of application.
The low pH of the LumaWhite-Plus bleaching sys-
tem could have been the reason why significantly
higher surface roughness was obtained after the
second bleaching session with shade A2. It ap-
pears that the effect of pH was, on the other hand,
surpassed by the effect of the duration of appli-
cation of the bleaching agent. When Opalescence
Boost bleaching, which has a neutral pH but a
longer gel contact time (45 minutes), was applied,
it resulted in significantly higher surface rough-
ness compared to the other bleaching agents (24
minutes of gel contact time) after initial bleaching
in the A4 shade. However, after re-bleaching, no
significant difference was found between Opal-
escence Boost and LumaWhite. Both had higher
values than Beyond and the control groups. Nev-
ertheless, it was surprising to find that Beyond,
having an acidic pH and the same contact time
as the LumaWhite-Plus, resulted in significantly
lower surface roughness, even when compared
to the controls, particularly after re-bleaching. It
has been postulated that peroxides might induce
oxidative cleavage of polymer chains and, there-
fore, any un-reacted double bonds are expected to
be the most vulnerable parts of the polymer.*” In
case of Beyond, the high intensity light used dur-
ing bleaching might have resulted in greater dou-
ble bond formation in the resin matrix, rendering
it less vulnerable to the detrimental effects of the
peroxide.

Whether greater bleaching results would au-
tomatically reflect on increased roughness, the
results of the current study indicate that it is
material-dependent. Beyond bleaching, which
showed superior results after initial bleaching, did
not result in a rough surface; in fact, a significant-
ly smoother surface was observed. On the other
hand, LumaWhite-Plus resulted in significantly
higher surface roughness with both shades, indi-
cating that despite its ability to remove stains, it
might render the composite surface rougher and
more susceptible to future discoloration. The sig-
nificantly positive correlation between color and
surface roughness after the second bleaching
corroborates the fact that successful bleaching
of discolored restorations might increase surface
roughness of resin composites.

CONCLUSIONS

e Durafil VS was more affected by bleaching
and more subject to staining than TPH3.

e [n-office bleaching may remove surface
stains from composite restorations, but it will not
whiten unstained ones.

e The two light-activated bleaching systems
were more effective in removing surface stains
from composite than was a chemically activated
one.

¢ Increased surface roughness of composites
as a result of bleaching appears to be dependent
on the bleaching agent used as well as the com-
posite material type and shade.
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