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ABSTRACT

Objectives: The aim of this in vitro study was to evaluate the microhardness and surface
roughness of composite resins before and after tooth bleaching procedures.

Materials and Methods: Sixty specimens were prepared of each composite resin (Filtek
Supreme XT and Opallis), and BisCover LV surface sealant was applied to half of the specimens.
Thirty enamel samples were obtained from the buccal and lingual surfaces of human molars for
use as the control group. The surface roughness and microhardness were measured before and
after bleaching procedures with 35% hydrogen peroxide or 16% carbamide (n = 10). Data were
analyzed using 1-way analysis of variance and the Fisher test (o = 0.05).

Results: Neither hydrogen peroxide nor carbamide peroxide treatment significantly altered
the hardness of the composite resins, regardless of surface sealant application; however,
both treatments significantly decreased the hardness of the tooth samples (p < 0.05). The
bleaching did not cause any change in surface roughness, with the exception of the unsealed
Opallis composite resin and dental enamel, both of which displayed an increase in surface
roughness after bleaching with carbamide peroxide (p < 0.05).

Conclusions: The microhardness and surface roughness of enamel and Opallis composite
resin were influenced by bleaching procedures.

Keywords: Composite resins; Hardness; Roughness; Tooth bleaching

INTRODUCTION

The process of dental bleaching has been a subject of discussion in dentistry because it is
a conservative technique that is effective for whitening natural teeth [1-3], but conflicting
results have been documented regarding its effects on restorative materials [4]. The
bleaching agents in current use are peroxides in gel form, with concentrations ranging
from 4% to 22% and from 25% to 40% for at-home and in-office bleaching techniques,
respectively [5,6].

Carbamide peroxide was introduced as an alternative to the traditional hydrogen peroxide,
and its use has become widespread [7]. Carbamide peroxide is unstable and breaks down
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immediately upon contact with tissue and saliva, first dissociating into hydrogen peroxide
and urea and subsequently into oxygen, water, and carbon dioxide [4,8]. The apparent
mechanism of action of bleaching agents on tooth structures is the oxidation of dentin
molecules, which causes color changes [9]. This oxidation reaction can interfere with the
structural integrity of restorative materials [10].

Several studies have evaluated the effects of bleaching on teeth [8,11,12] and dental materials
[4,10]. However, the findings are conflicting. Some studies have shown that exposing

hard dental tissue and restorative materials to bleaching agents can cause changes in their
surfaces and decrease their microhardness [4,8,11-13]. Other research has demonstrated

only minor changes or no changes in restorative materials [14,15] and dental tissues [4,16].
Rough surfaces are known to be predisposed to extrinsic staining, bacterial adhesion, biofilm
maturation, and periodontal disease [8]. The results of these studies imply that the effect of
bleaching gels may be dependent on the composite material [4,10].

The processes of finishing and polishing, while required to provide a restoration with a

low surface roughness index and to maximize the aesthetics of the restorative material,

may create small defects or microcracks on the restoration surface [17], with these defects
ranging from 15 to 50 pm [16]. Lee and Powers [18] proposed the development of a surface
sealant able to fill the microcracks and reinforce the organic matrix to prevent color alteration
of composite resin restorations. In addition, it improves the staining resistance of the
composite, reducing the surface porosity and providing a more completely cured surface

[19]. However, this sealant is expected to be effective for only some resin composites. In the
current literature, few studies have evaluated the performance of composite resins treated
with sealant material in dental bleaching procedures.

The aim of this study was to evaluate the Knoop microhardness and the surface roughness of
healthy human enamel and composite resins, sealed or unsealed, before and after bleaching
with carbamide peroxide or hydrogen peroxide. The tested null hypothesis was that no
difference would be observed in the hardness and roughness of enamel and composite resin,
sealed or unsealed, from before to after the bleaching procedures.

MATERIALS AND METHODS

Preparation of resin samples

In this study, a nanoparticle composite resin (Filtek Supreme XT, A2E shade, 3M ESPE, St.
Paul, MN, USA) and a microhybrid composite resin (Opallis, EA2 shade, FGM, Joinville, SC,
Brazil) were used. The composition of the materials used in this study is described in Table 1.
Sixty specimens of each composite resin were prepared in a metal matrix 4 mm in diameter
and 1.5 mm thick. The composite resin was covered using a polyester strip and a microscope
slide, compressing the material to prevent bubble formation and to remove the excess
material. Each specimen was light-cured according to the manufacturer's recommendations
using a light-curing unit (Ultraled, Dabi Atlante, Ribeirdo Preto, SP, Brazil) at an irradiance of
650 mW/cm?. Immediately after curing, specimens were removed from the matrix and were
stored in distilled water at 37°C for 24 hours.

After this period, the specimens were polished in a polisher machine (APL-4, Arotec Ind., Cotia,
SP, Brazil) using silicon carbide discs of increasing granulation (#360, #600, and #1200 special
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Table 1. Material, trademark, manufacturer, composition, and batch number of the substances used

Material Trademark

Manufacturer Composition Batch #

Nanoparticle Filtek Supreme XT
composite resin

Microhybrid Opallis
composite resin

Sealant surface BisCover LV

Hydrogen peroxide ~ Whiteness HP Maxx

35% 35%
Carbamide peroxide Whiteness Perfect
16% 16%

3M/ESPE (St. Paul, MN, USA) Ceramics treated with silane, bis-GMA, bis-EMA, silane-treated silica, N275361BR

silica-zirconium oxide treated with silane, diurethane dimethacrylate,
polyethylene glycol dimethacrylate, TEGDMA, and 2,6-di-tert-p-cresol.
FGM (Joinville, SC, Brazil) bis-GMA, bis-EMA, TEGDMA, urethane dimethacrylate and barium 030911
aluminum silicate, silicon oxide nanoparticles, camphorquinone,
accelerators, stabilizers, and pigments.

Bisco (Schaumburg, IL, USA)  Ethoxylated bisphenol A diacrylate, urethane acrylate ester, and 1100010361

polyethylene glycol diacrylate.

FGM (Joinville, SC, Brazil) Hydrogen peroxide 35%, thickeners, dye mixtures, glycol, inorganic filler, 140711
and deionized water.

FGM (Joinville, SC, Brazil) Carbamide peroxide, neutralized carbopol, potassium nitrate, sodium 02091
fluoride, humectant (glycol), and deionized water.

bis-GMA, bisphenol A-glycidyl methacrylate; bis-EMA, ethoxylated bisphenol A glycol dimethacrylate; TEGDMA, triethylene glycol dimethacrylate.

https://rde.ac

silicon carbide grinding paper, Buehler, Lake Bluff, IL, USA). The specimens were cleaned in an
ultrasonic unit (model 2210, Branson Ultrasonics, Danbury, CT, USA) with deionized water for 2
minutes between the use of each abrasive disc and at the end of the process.

Half of the specimens of each composite resin were etched with 32% phosphoric acid (3M
ESPE) for 15 seconds, washed with distilled water, and dried with air jets. The surface sealant
(BisCover LV, Bisco Inc., Schaumburg, IL, USA) was applied and was light-cured for 30
seconds according to the manufacturer's recommendations. The specimens were divided
into 4 groups based on the type of composite resin used and the application or lack of
application of the surface sealant.

Preparation of enamel samples

The study was approved by the Research and Ethics Committee (protocol 01529/2011) of our
institution. Fifteen healthy human molars were selected, from which samples of enamel—4
mm in length, 4 mm in width, and 1.5 mm in thickness—were obtained from the buccal and
lingual surfaces. Initially, the teeth were sectioned in the mesial-distal direction with a low-
speed diamond saw under water cooling using a cutting machine (Isomet 2000, Buehler).
Then, the samples were finished and polished in an APL-4 polishing machine with #360-,
#600-, and #1200-grit silicon carbide paper. The specimens were cleaned in a model 2210
ultrasonic unit (Branson Ultrasonics) in the same fashion as the composite resin samples.
Throughout the experimental period, the resin composite and enamel specimens were
conditioned in a light-proof container and stored in distilled water at 37°C.

Determination of Knoop microhardness

Knoop microhardness measurements were made using a microindentation tester (Microhardness
Tester HMV-2.0, Shimadzu, Kyoto, Japan) with a 25-g load applied for 10 seconds. The specimens
were fixed individually and positioned perpendicular to the tester tip, and Knoop microhardness
values were measured using CAMS-WIN software (New Age Industries, Southampton, PA, USA).
Five indentations in each specimen (enamel and composite resin) were made, and the average
microhardness value was calculated before and after bleaching procedures.

Evaluation of surface roughness

The surface roughness was measured using a profilometer (model SJ-401, Mitutoyo, Kawasaki,
Japan), which had been calibrated prior to the readings. Each of a total of 3 measurements was
obtained after turning the specimen 120°, using a cutoff of 0.25 mm, and the arithmetic mean

was calculated of the measurements taken before and after the bleaching procedures.
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Bleaching procedures

After the initial readings, 5 enamel samples and 10 specimens of each sealed and unsealed
composite resin were subjected to bleaching with 35% hydrogen peroxide or 16% carbamide
peroxide, with the control group exposed to distilled water.

The bleaching procedure with 35% hydrogen peroxide (Whiteness HP Maxx, FGM) involved
the application of 0.1 mL of the product for 15 minutes, followed by 2 additional applications
in the same session. Between each application, the specimens were washed with distilled
water and dried with sterile gauze, yielding a total of 45 minutes per session. One session
involving 3 applications of the product was conducted per week, at O (baseline), 7, and 14
days, according to the manufacturer's specifications. After each bleaching procedure, the
samples were washed and were stored in distilled water at 37°C until the next session.

Bleaching with 16% carbamide peroxide (Whiteness Perfect, FGM) was performed by
applying 0.1 mL of the product to the samples once a day for 4 hours; this was repeated for 14
days. After bleaching sessions, the samples were washed and stored in distilled water at 37°C
until the next session. The samples of the control group were kept in distilled water during
the 14 days of the experimental period. The surface roughness and microhardness values were
evaluated again after the bleaching procedures.

Statistical analysis

The data regarding microhardness and surface roughness were tested for normality using
the Shapiro-Wilk test and analyzed using 1-way analysis of variance and the Fisher least
significant difference test (o = 0.05).

RESULTS

As shown in Table 2, bleaching with carbamide or hydrogen peroxide did not significantly
alter the microhardness values of the composite resins, with or without sealant application.
The Opallis composite resin, regardless of sealant application, showed an increase in
hardness after storage in distilled water (the control group), which constituted a significant
difference from the other groups (p < 0.05).

In the analysis of surface roughness, in general, the bleaching processes did not cause
statistically significant alterations (Table 3). The exception was for the unsealed Opallis
composite resin, for which bleaching with carbamide peroxide promoted an increase in
surface roughness (p = 0.027). The enamel samples stored in distilled water showed higher
surface roughness values than the samples bleached with hydrogen peroxide (p < 0.05).

Table 2. Mean values of Knoop microhardness before and after bleaching with carbamide peroxide, hydrogen
peroxide, and distilled water (control) for all materials used

Materials Before bleaching After bleaching with After bleaching with Control
16% carbamide peroxide 35% hydrogen peroxide

Opallis 83.5+4.5° 80.4 + 6.6° 80.5+4.9° 91.2 £ 4.32

Opallis + BisCover 24.5 +2.5° 95.4 +2.6° 95.6 +2.3° 28.1+0.8°

Supreme XT 92.9 412 93.1+2.22 93.0 £1.5° 95.0 £ 7.6*

Supreme XT + BisCover 28.1£2.9° 28.4 +1.7° 29.5 +3.8% 28.4 +£2.3%

Enamel 423.9 + 30.5% 200.0 +23.8° 163.6 + 54.9° 398.6 + 0.0°

Data shown are mean * standard deviation.
b owercase superscripts indicate statistically significant differences (p < 0.05) between values in the same row.
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Table 3. Mean values of roughness before and after bleaching with carbamide peroxide, hydrogen peroxide, and
distilled water (control) for all materials used

Materials Before bleaching After bleaching with After bleaching with Control
16% carbamide peroxide 35% hydrogen peroxide

Opallis 0.037 + 0.007° 0.048 = 0.029* 0.032 + 0.003° 0.035 + 0.004°

Opallis + BisCover 0.030 = 0.007¢ 0.032 + 0.005% 0.030 = 0.004* 0.026 + 0.004*

Supreme XT 0.028 + 0.005* 0.029 + 0.004* 0.029 + 0.002* 0.027 + 0.005%

Supreme XT + BisCover 0.027 + 0.006* 0.029 + 0.005* 0.029 + 0.003* 0.026 + 0.005%

Enamel 0.059 + 0.017*° 0.067 + 0.013* 0.048 + 0.008° 0.071+ 0.008°

Data shown are mean = standard deviation.
2 owercase superscripts indicate statistically significant differences (p < 0.05) between values in the same row.

DISCUSSION

In the present study, it was observed that bleaching with carbamide or hydrogen peroxide

did not significantly alter the microhardness of composite resins, regardless of sealant
application. These findings are in alignment with previous studies that showed that
microhardness values were maintained for composite resins bleached with carbamide
peroxide or hydrogen peroxide [20]. However, other studies have reported a decrease in the
microhardness of composite resins submitted to dental bleaching [21-23]. These divergences
can likely be explained by differences in the bleaching protocol (including time of application
and treatment), bleaching agents, and restorative materials used [24].

Regardless of the type of bleaching protocol (carbamide peroxide or hydrogen peroxide), the
materials sealed with the BisCover LV surface sealant exhibited lower microhardness values
than the unsealed materials (Table 2). The sealant is mainly composed of resin monomers
and therefore contains a lower quantity of inorganic matrix in relation to composite resins
(Table 1) [4], which may have contributed to the relatively lower microhardness values of the
sealed materials. The maintenance of the microhardness values and surface roughness of the
sealed materials after the bleaching procedures could indicate that the sealant remained on
the composites, showing that the material could withstand bleaching procedures, as well as
the decrease in pH caused by such procedures.

The results also demonstrated that bleaching with hydrogen peroxide or carbamide peroxide
promoted a statistically significant decrease in the microhardness of the enamel samples
studied (p < 0.05), for which reason the null hypothesis of the study was rejected. Some
studies have reported a loss of calcium [9,11,25-27], alterations in surface morphology
[28,29], changed in chemical composition [30], and a decrease in enamel microhardness
[25,28] in teeth subjected to bleaching procedures, the last of which was observed in the
present study. These findings could be explained by daily exposure to bleaching substances
with pH values ranging between 5.2 and 5.8, which could initiate a descaling process
involving the loss of minerals such as calcium [31]. During the bleaching process, enamel
demineralization is associated with the oxidation mechanism, the pH of the peroxides, and
certain components of the bleaching agents. The formation of free radicals occurs during
the oxidation of peroxide. These free radicals act nonspecifically and can degrade both the
organic and inorganic matrix of the substrate, causing enamel loss [32].

Moreover, the absence of saliva causes the recovery of minerals not to occur properly,

resulting in a structural decrease in microhardness [33]. However, these results should be
interpreted cautiously, as the remineralizing role of saliva is expected to reduce the adverse
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effects of low pH when the teeth are in use in the oral cavity [26]. Thus, the more that studies
can simulate intraoral conditions, the lower the risk of the hardness being reduced [34].

The Opallis composite resin exhibited an increase in surface roughness after the carbamide
peroxide bleaching protocol (Table 3). This result resembles those of studies that
demonstrated that the use of hydrogen peroxide (30%—35%) or 10% carbamide peroxide for
more than 21 days resulted in changes in the surface roughness of this restorative material
[14]. Gladys et al. [35] found that for composite resins, the surface roughness is determined
mainly by the presence of filler particles found above the resin matrix. The carbamide
peroxide protocol, because of its higher frequency of exposure and longer exposure time,
may have altered the resin matrix of the composite resin, whereas the inorganic particles are
inert, even in an extremely acidic environment. Thus, it is suggested that the matrix erosion
occurs with the consequent displacement of inorganic particles, which is supported by the
finding that some composite resins are more susceptible than others to different bleaching
formulations and that certain applications may be especially likely to cause surface roughness
changes [4]. Furthermore, the lower quantity of filler and the presence of more organic
matrix in the microparticulate resin makes the material particularly susceptible to the erosive
action of bleaching agents (Table 1); this causes the exposure of particles and porosities
previously included inside the restoration, along with the possible formation of cracks, which
may explain the increased roughness of this resin. However, the findings of most studies in
the literature align with the results of this study, in which we observed little or no change in
the surface roughness of these materials. Longitudinal clinical studies and clinical follow-up
evaluations should be conducted to evaluate the long-term performance of these restorative
materials after aesthetic procedures involving bleaching agents.

CONCLUSIONS

Based on the results of the present study, it can be concluded that enamel microhardness was
influenced by both dental bleaching procedures used. In addition, bleaching with carbamide
peroxide increased the surface roughness of the unsealed Opallis composite resin.
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