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Clinical Relevance

Exposure to bleaching agents can result in changes in the tooth-restoration interface.

SUMMARY

This in vitro study aimed to evaluate the
nanohardness of tooth enamel, composite res-
in, dental adhesive, and enamel hybrid layer

exposed to 35% hydrogen peroxide-based
bleaching agents and analyze the tooth-resto-
ration interface using scanning electron mi-

croscopy (SEM). This study used 40 crowns of
bovine incisors, which were embedded in ep-
oxy resin. A 2 3 2 3 2-mm cavity was prepared

in the medial third of the flattened buccal
surface of each tooth and restored (two-step
etch-and-rinse Adper Single Bond 2 + nano-

composite resin Filtek Z350 XT). The speci-

mens were polished and divided into four
groups (n=10), corresponding to each bleach-
ing agent used (TB: Total Blanc Office,
pH=7.22–6.33; HPB: Whiteness HP Blue,
pH=8.89–8.85; HP: Whiteness HP, pH=6.65–
6.04; PO: Pola Office, pH=3.56–3.8), applied in
accordance with manufacturer protocols. The
nanohardness of the substrates was measured
before and immediately after the bleaching
procedure and after 7-day storage in artificial
saliva with an Ultra-Microhardness Tester
(DUH-211S, Shimadzu). Loads used were 100
mN for tooth enamel and composite resin and
10 mN for adhesive and enamel hybrid layer.
For SEM analysis, epoxy replicas were pre-
pared through high-precision impressions of
the specimens. For nanohardness, the statisti-
cal tests two-way analysis of variance and
Tukey (p,0.05) revealed that the agent with
the lowest pH value (PO) was the only one to
decrease the nanohardness of enamel and the
enamel hybrid layer immediately after its
application; however, after 7-day storage in
artificial saliva, the nanohardness levels of
these substrates returned to their original
values. SEM analysis revealed small gaps be-
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tween tooth enamel and adhesive after the
exposure to all bleaching agents; however, the
most evident gap in the tooth-restoration in-
terface was observed immediately after appli-
cation of agent PO. No bleaching agent used
changed the nanohardness of the composite
resin and adhesive layer.

INTRODUCTION

Hydrogen peroxide is the main agent used for dental
bleaching, and it is a strong oxidizing agent with low
molecular weight. It is able to disseminate through
tooth enamel in the inter- and intrarod enamel
regions, which are composed mainly of proteins,
until it reaches the amelodentinal interface.1-3 As it
disseminates into the tooth structure, free radicals
resulting from the decomposition of hydrogen perox-
ide oxidize the macromolecules of pigments, promot-
ing the cleavage of chemical bonds; turning the long
molecular chains into smaller molecular chains,
which are not pigmented; making the teeth visually
clearer; and thus reestablishing their optical prop-
erties.4,5

Many patients undergoing dental bleaching treat-
ments have teeth with restorations, and since the
tooth-bleaching mechanism involves chemical pro-
cesses, this could change the physical and mechan-
ical properties of both dental tissues and restorative
materials; therefore, it is important to study the
effects of bleaching agents on these surfaces.

Nanoindentation is a method used to measure the
mechanical properties of both dental tissues and
restorative materials. Unlike the conventional mi-
crohardness testing procedure based on visual
information, the nanoindentation test uses a load
displacement curve6,7 to calculate the mechanical
properties of a certain material. Because it uses low
loads equivalent to milli-Newtons (mN), this test
allows for the evaluation of mechanical properties in
extremely thin regions, such as the tooth-restoration
interface.

The studies analyzing the effects of bleaching
agents on the adhesive interface evaluate mostly the
bond strength on dental tissues previously exposed
to peroxide; however, little is known about the
effects of bleaching agents on existing tooth-restora-
tion interfaces, and this study analyzed the effects of
bleaching agents on this interface through the
nanoindentation test.

In the attempt to contribute to a broad under-
standing of the effects of bleaching agents on an
existing restoration, the aim of our study was to

evaluate the nanohardness of tooth enamel, compos-
ite resin, adhesive, and enamel hybrid layer by
performing nanoindentation tests and to analyze the
tooth-restoration interface through scanning elec-
tron microscopy (SEM) to decide whether the
composite resin restorations should be replaced after
the dental bleaching treatment. The null hypothesis
tested was that the different bleaching agents,
regardless of the bleaching technique and pH value,
would not cause nanohardness alterations on the
composite resin-tooth interface.

METHODS AND MATERIALS

Forty freshly extracted bovine teeth were cleaned
and stored in distilled water at 48C until use. The
teeth were observed under an optical stereoscope at
503 magnification (MiView USB Digital Microscope,
Chinavasion Wholesale, Guangdong, China) in order
to visualize the absence of cracks in the buccal
enamel surface and were cut at the cemento-enamel
junction to separate the crown from the root portion.
The crowns were embedded in epoxy resin and the
buccal surface of each specimen was polished with
600-grit silicon carbide (SiC) paper (Buehler Ltd,
Lake Bluff, IL, USA) under running water in
polishing equipment (160 rpm, Buehler Ltd) in order
to expose and flatten the enamel surface. The
opposite surface of each specimen was also polished
to obtain a parallel surface, which is essential for the
correct measurement of nanohardness.

After the enamel surface was flattened, a 2 32 3 2-
mm cavity was prepared in the medial third of each
tooth using a high-speed diamond bur (No. 1090, KG
Sorensen, Cotia, Brazil) and manual cutting instru-
ments (#14/15, #26, SS White/Duflex, Rio de Janeiro,
Brazil). The burs were replaced after preparation of
10 cavities, and the size of each cavity and its depth
were measured using a periodontal probe.

For the restorative procedure, each cavity was
etched with 37% phosphoric acid (Villevie, Joinville,
Brazil) for approximately 15 seconds for enamel and
10 seconds for dentin. The cavities were washed with
water spray for 15 seconds, and the excess water was
removed with absorbent paper and air-dried. Next,
the two-step etch-and-rinse adhesive Adper Single
Bond 2 (3M ESPE, St Paul, MN, USA) was applied in
two layers, according to the manufacturer’s recom-
mendation, and each layer was vigorously scrubbed
in the cavity with applicator brushes for 15 seconds,
permitting the solvent to evaporate.8 The adhesive
excess was removed using a dry brush, and then the
adhesive was light cured for 10 seconds (Elipar
Freelight 2, 3M ESPE) with a power density of 1000
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mW/cm2. The intensity of the light was monitored
with a radiometer (LED Radiometer, SDI Ltd,
Bayswater, VIC, Australia).

The cavities were restored with nanofilled com-
posite resin Filtek Z350 XT (A2E shade, 3M ESPE),
which was incrementally placed using three layers,
two oblique and one horizontal, and each layer was
light cured for 20 seconds. After the placement of the
last layer (horizontal layer), it was covered with a
polyester matrix strip and a glass slab that was
pressed using a load of 3.5 kg for 10 seconds to
standardize the pressure over the glass slab and to
ensure better adaptation of the composite in the
cavity. Following removal of the glass slab, the
composite resin was light cured for 20 seconds. The
composition of the materials used is shown in Table
1. After completing the restorations, the specimens
were stored in distilled water at 378C for 7 days.

After this initial storage period, the buccal surface
of each specimen was again polished to remove
excess filling, if any, on the prepared enamel and to
expose the tooth/adhesive/restoration line. Then a
decreasing sequence of SiC paper (800, 1200, 2400,
and 4000 grit) under running water was used to
obtain a smooth and polished surface. Between each
polishing stage, the specimens were cleaned using
distilled water in an ultrasonic cleaner (Digital
Ultrasonic Cleaner CD-4820, Kondortech, São Car-

los, Brazil) for 5 minutes to remove any debris. Right
after polishing, the specimens were stored in
artificial saliva (0.213 g/L CaCl2*2H2O, 0.738 g/L
KH2PO4, 1.114 g/L KCl, 0.381 g/L NaCl, 12 g/L Tris
buffer; pH adjusted to 7.0 with KOH)9 at 378C.

The specimens were divided into four groups
(n=10) with each group corresponding to one 35%
hydrogen peroxide–based bleaching agent used:
Total Blanc Office (TB, Nova DFL, Rio de Janeiro,
Brazil), Whiteness HP Blue (HPB, FGM, Joinville,
SC, Brazil), Whiteness HP (HP, FGM), and Pola
Office (PO, SDI).

Bleaching Procedure

The bleaching gels were applied directly to the tooth
enamel and restoration 24 hours after polishing,
following the protocol of each manufacturer (Table
1), at room temperature without the use of light
sources. During this procedure, the gel was stirred
using an applicator brush to release possible oxygen
bubbles formed. The specimens were washed in
distilled water to remove the gel, air-dried, and
stored in artificial saliva at 378C for 7 days.

pH Measurement

The pH value of each bleaching agent was measured
with a calibrated pH meter (Hanna HI 2221, Hanna
Instruments, Tamboré, Brazil) on the mixture of the

Table 1: Manufacturer, Lot, Composition, and Application Protocol of the Materials Used

Materials Manufacturer/Lot Composition Application Protocol

Acid Gel Villevie (Joinville, Brazil) 37% phosphoric acid 15 s on enamel
10 s on dentin

Adper Single
Bond 2

3M ESPE (St Paul, MN, USA)
#123600553

Ethanol, Bis-GMA, HEMA, colloidal silica, 2-
hydroxyethylmethacrylate, glycerol 1,3
dimethacrylate, copolymer of acrylic acids and
itaconic acids, UDMA

Two layers
15 s on each layer

Filtek Z350 XT 3M ESPE
#1320400385

Bis-GMA, Bis-EMA, colloidal silica, zirconia
silica-oxide, silane, UDMA, polyethylene glycol
dimethacrylate, TEGDMA, 2,6-di-terc-butyl-p-
cresol (BHT), pigments

TB Nova DFL (Rio de Janeiro,
Brazil)
#13060921

35% hydrogen peroxide, thickener, vegetable
extracts, amide, chelating agent, glycol,
pigments, water

One session
Two applications of 20 min
each

HPB FGM (Joinville, Brazil)
#160913

35% hydrogen peroxide, thickeners, violet
inactive pigment, neutralizing agents, calcium
gluconate, glycol, deionized water

One session
One application of 40 min
each

HP FGM
#130213

35% hydrogen peroxide, thickener, red
pigment, glycol, water

One session
Three applications of 15 min
each

PO SDI Ltd (Bayswater, VIC,
Australia)
#122363

Liquid: 35% hydrogen peroxide, water
Powder: thickener, catalyzer, pigment,
desensitizing agent

One session
Three applications of 8 min
each

Abbreviations: Bis-EMA, ethoxylated bisphenol A glycol dimethacrylate; Bis-GMA, bisphenol A diglycidyl methacrylate; HEMA, 2-hydroxyethyl methacrylate; HP,
Whiteness HP; HPB, Whiteness HP Blue; PO, Pola Office; TB, Total Blanc Office; TEGDMA, triethylene glycol dimethacrylate; UDMA, urethane dimethacrylate.
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bleaching gel (initial) and at the end of the first
application (20 minutes for TB, 40 minutes for HPB,
15 minutes for HP, and 8 minutes for PO).

Nanoindentation Evaluation

Nanohardness measurements were performed with
a Berkovich tip attached to an Ultra-Microhardness
Tester (DUH-211S, Shimadzu, Tokyo, Japan), using
a maximum load of 100 mN for tooth enamel and
composite resin and 10 mN for adhesive and enamel
hybrid layer. For each specimen, three regions were
selected visually using an optical microscope coupled
to the equipment. Ten indentation measurements
were performed in a region (with a 10-lm distance
between measurements), in each substrate (tooth
enamel, composite resin, adhesive, and enamel
hybrid layer), and at three different times (before
and immediately after the bleaching procedure and 7
days after the exposure to the bleaching agent and
storage in artificial saliva). The average of 10
indentations for each substrate was calculated. The
parametric nanohardness values were analyzed
using two-way analysis of variance (ANOVA) for
repeated measures and the Tukey test (p,0.05).

SEM Analysis

To evaluate the tooth-restoration interface, four
more specimens were prepared (one specimen for
each group) in the same way that the specimens
were prepared for the nanohardness test. Replicas of
these specimens were created in epoxy resin (Epofix,
Struers, Ballerup, Denmark) through a polyvinyl
siloxane impression (Express XT, 3M ESPE) for each
period of analysis. Three replicas were obtained for
each specimen. The epoxy replicas were fixed on
stubs and subjected to platinum plating, and the
analyses were performed using a Quanta 600 FEG
microscope (FEI, Hillsboro, OR, USA) and Sprit
software (Bruker, Atibaia, Brazil). Observations
were made in the tooth-restoration interface with
10003 magnification.

RESULTS

ANOVA showed a statistically significant interaction
between the nanohardness values obtained between
bleaching agents and measurement time in tooth
enamel (p=0.005) and enamel hybrid layer
(p,0.001).

Tukey test detected a significant decrease of tooth
enamel and hybrid layer nanohardness immediately
after application of the PO agent only. However,
after 7 days of storage in artificial saliva, nanohard-

ness values increased, returning to values similar to
those initially presented in these two substrates
(Table 2). The nanohardness values of these sub-
strates exposed to TB, HPB, and HP agents did not
show statistically significant differences during the
three periods of analysis.

No statistically significant difference was found
between the nanohardness values obtained in the
composite resin and in the adhesive (p.0.05). The
agent PO presented the lowest pH value (pH3.6–3.8)
when compared to other agents (Table 3).

The SEM images of the tooth-restoration interface
(Figures 1 and 2) revealed gaps between the enamel
and adhesive after being exposed to bleaching
agents; however, the most evident gap was observed
immediately after the application of agent PO
(Figure 2).

DISCUSSION

The hardness of dental tissues is related to mineral
gain or loss,10,11 and in studies using resinous
materials, the hardness has been applied to gain
knowledge of properties regarding the composition,12

degree of polymerization,13,14 and superficial degra-
dation of the material.15 The nanoindentation test,
also known as the ultra-microhardness test, has
been introduced as a reliable method to study the
changes in the mechanical properties of dental
mineralized tissues.16-18 Since tooth enamel is not a
homogeneous tissue, the use of extremely low loads
may be related to the property analysis of isolated
components of tooth enamel,19 thus not reflecting the
properties of this tissue as a whole. Like the enamel
tissue, the composite resin is also not a homogeneous
material because it has inorganic particles immersed
throughout an organic matrix. According to Masou-
ras and others,20 the increase of the indentation area
guarantees the inclusion of a wider material area,
which is most likely to cover resinous matrix and
inorganic particles. Accordingly, a 100-mN load was
used in this study, as we understood it would be able
to promote a visible and significant indentation to
obtain readings of tooth enamel and composite resin.
This 100-mN load is within the range established by
Elfallah and Swain21 as a low load, which is up to
500 mN. A 10-mN load was used for the nanohard-
ness evaluation of the adhesive and the enamel
hybrid layer; this value was established in order to
not exceed the thickness of these thin layers.

One of the variables of this study was the
bleaching agent. Hydrogen peroxide–based agents
at 35% have been used because such agents at higher
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concentrations would cause more significant chang-
es.21,22 The four bleaching agents used (TB, HPB,
HP, and PO) have differences in their compositions
and pH value.

The HPB bleaching agent has calcium in its
composition, and this substance was added in the
formulation of dental bleaching gels in order to
minimize mineral loss of the tooth during the dental
whitening procedure.23-25 The results obtained in the
current study revealed that the nanohardness of
tooth enamel exposed to this agent remained
statistically similar to the nanohardness observed
prior to its application. The above-mentioned similar
nanohardness could be related to the beneficial effect
of calcium addition to bleaching agents because, in
fact, no decrease in tooth enamel nanohardness has
been observed. However, the nanohardness values of
the enamel exposed to TB and HP agents also
evidenced no decrease. Since the above-mentioned
agents have no calcium in their composition, it is not
possible to state that the addition of calcium to the
bleaching gel was able to minimize mineral loss
during the bleaching procedure.

It is important to know the pH value of dental
bleaching agents because it has a strong effect on
hydrogen peroxide chemistry. Different oxygen-re-
active molecules can be formed, depending on the
solution pH value. In a basic environment, only low
energy is necessary to start the hydrogen peroxide

degradation. According to Malkondu and others,26 in

the pH range of 9.5–10.8, the ionization of buffered

hydrogen peroxide produces more perhydroxyl free

radicals, resulting in 50% greater bleaching effects

in the same period compared to other pH levels.

Despite higher pH levels producing more oxidative

free radicals, at acidic pH levels, the hydrogen

peroxide is more stable, and many bleaching prod-

ucts are formulated at lower pH values to ensure the

stability of hydrogen peroxide.27,28 However, more

severe changes in the tooth enamel topography were

observed when samples were exposed to low-pH

products.28,29 The bleaching agent PO was the only

agent that presented pH values lower than the

critical pH of 5.5 (pH 3.6–3.8) and the only one to

reduce the nanohardness of tooth enamel and the

enamel hybrid layer immediately after its applica-

tion. These findings support the theory of other

Table 3. Initial and Final pH Values of Bleaching Agents

Bleaching
Agents

Initial pH Final pH

TB 7.22 6.33

HPB 8.89 8.85

HP 6.65 6.04

PO 3.56 3.80

Abbreviations: HP, Whiteness HP; HPB, Whiteness HP Blue; PO, Pola
Office; TB, Total Blanc Office.

Table 2: Mean Nanohardness Values and Standard Deviations of the Tested Substrates at Different Measurement Times

Substrates Bleaching Agents Measurement Times

Initial Postbleaching After 7 d

Tooth enamel TB 314.4 6 23.65 A 329.3 6 29.32 A 342.5 6 25.93 A

HPB 341.0 6 25.45 A 342.8 6 18.52 A 344.3 6 19.97 A

HP 327.8 6 32.10 A 320.0 6 31.93 A 325.2 6 31.23 A

PO 343.2 6 27.39 A 298.6 6 25.75 B 347.8 6 27.38 A

Enamel hybrid layer TB 470.0 6 48.9 A 454.0 6 73.26 A 488.9 6 68.03 A

HPB 494.5 6 84.16 A 479.1 6 64.61 A 453.3 6 68.68 A

HP 408.1 6 51.37 A 439.7 6 67.01 A 465.2 6 60.17 A

PO 391.4 6 51.24 A 225.3 6 30.61 B 376.2 6 75.64 A

Composite resin TB 71.0 6 1.17 70.9 6 2.4 71.6 6 1.87

HPB 70.3 6 2.13 69.8 63.5 70.9 6 1.44

HP 71.0 6 1.07 71.8 6 1.3 70.7 61.87

PO 70.4 6 1.64 70.7 6 2.07 70.5 6 2.87

Adhesive TB 20.6 6 3.61 19.3 6 2.14 21.2 6 2.28

HPB 21.9 6 2.68 21.0 6 3.52 19.9 6 3.55

HP 22.1 6 3.12 21.9 6 2.54 22.7 6 2.36

PO 21.8 6 2.85 23.3 6 1.92 23.0 6 1.69

Abbreviations: HP, Whiteness HP; HPB, Whiteness HP Blue; PO, Pola Office; TB, Total Blanc Office.
Different letters in the row indicate a significant difference (p,0.05). No statistical differences were found between measurement times and bleaching agents for the
substrates composite resin and adhesive.
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authors27,29-31 that the demineralization of tooth

structure is related more to dental erosion due to low

pH values of the bleaching solutions than to the

effect of peroxide itself. So the null hypothesis tested

in the current study was rejected.

Other studies that used the nanoindentation test

to evaluate the mechanical properties of tooth

enamel exposed to hydrogen or carbamide peroxide
presented a decrease of superficial nanohardness of
tooth enamel after being exposed to bleaching
agents.17,18,32,33 These results were different from
those observed in this study because no changes
were observed after the use of the three bleaching
agents TB, HPB, and HP. The fact that these studies
identified a decrease in nanohardness with the use of
all bleaching agents can be explained by the loads
used in nanohardness measurement: these were
much lower (up to 20 mN) than the load used in
this study (100 mN). Thus, lower loads may have
evidenced changes that were restricted solely to the
surface and that may be less clinically significant.

Although PO caused a significant nanohardness
reduction of tooth enamel and enamel hybrid layer,
after the 7-day storage in artificial saliva, the
superficial hardness value of these substrates in-
creased significantly and returned to the original
value. The hardness recovery can be attributed to
the storage in artificial saliva because according to
Sa and others,28 artificial saliva is able to promote a
certain level of mineralization of tooth enamel
surface due to the high level of calcium and
phosphate in this solution, which can interact with
enamel during the storage and induce mineraliza-
tion. However, in other studies,33,34 the storage of
specimens in artificial saliva did not increase the
hardness of tooth enamel exposed to bleaching
agents; therefore, there is still no consensus on the
beneficial action of storage in artificial saliva.

The tooth enamel and enamel hybrid layer
presented similar nanohardness behaviors in rela-
tion to the action of bleaching agents. However, the
nanohardness values obtained were different, being
higher in the hybrid layer than in enamel. This
difference in hardness values can be related to the
size of indentation. In the enamel hybrid layer, a 10-
mN load was applied, and the indentation depth in
this substrate was lower than the indentation depth
observed in tooth enamel. According to Zhou and
Hsiung,35 there is a relationship between hardness
and indentation depth of crystalline tissues, and
hardness level decreases as indentation depth
increases.

The results showed that in-office bleaching agents
did not change the superficial nanohardness of
nanofilled composite resin. The literature has no
studies evaluating the superficial changes in this
type of composite through the nanoindentation test.
The studies found in the literature are related to the
superficial microhardness of these composite resins,
and the effects of bleaching agents on such restor-

Figure 1. Scanning electron micrograph of the tooth-restoration
interface before being exposed to bleaching agents. No gap was
observed. E, enamel; A, adhesive; RC, composite resin. 10003
magnification.
Figure 2. Scanning electron micrograph of the tooth-restoration
interface immediately after being exposed to agent Pola Office. A well-
defined gap may be observed between tooth enamel and adhesive. E,
enamel; A, adhesive; RC, composite resin. 10003 magnification.
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ative material are still controversial. Most studies
did not present changes in the superficial micro-
hardness of nanofilled composite resins after expo-
sure to hydrogen and carbamide peroxide in vitro36

and in situ.37 However, a microhardness decrease of
this material was also presented in other stud-
ies.26,38 This divergence of results can be explained
by the presence of different components in both the
organic and the inorganic matrix of composite resins;
thus, even materials of the same classification can
react differently to a bleaching agent.39

Better mechanical properties of the adhesive
interface can be related to better adhesion stability
and longevity of restorations.40-42 However, the
adhesive interface is the most susceptible to degra-
dation, and its exposure to bleaching agents may
affect the longevity of the restoration.43,44 Aiming to
evaluate the mechanical properties of the tooth-
restoration interface after being exposed to different
bleaching agents, this study was the first to evaluate
the effects of bleaching agents on this interface
through the nanoindentation test.

The behavior of the two-step etch-and-rinse adhe-
sive Adper Single Bond 2 versus the action of
bleaching agents was similar to the behavior of the
composite resin because no hardness changes were
found. Adhesive hardness is directly related to the
bond strength.42 Lower bond strength is related to a
higher susceptibility to adhesive degradation, which
depends on the composition and application of the
adhesive system.44 Accordingly, etch-and-rinse ad-
hesives are less susceptible to degradation due to
peroxide than self-etch adhesives.45 Since there were
no changes in the adhesive hardness, we can add
that there were no demonstrated changes in its
mechanical properties; thus, the exposure to 35%
hydrogen peroxide–based bleaching agents did not
cause adhesive degradation and did not compromise
the longevity of the restoration.

However, by analyzing the SEM images of the
epoxy replicas, it is possible to visualize the
formation of small cracks between tooth enamel
and adhesive in the samples exposed to the four
bleaching agents used. These results may be related
to the results of Dudek and others,44 who found
imperfections mostly between tooth enamel and
adhesive by analyzing crack patterns of the speci-
mens subject to shear bond strength testing.
Through SEM images, it is possible to evaluate the
marginal quality of restorations, which is one of the
factors responsible for its clinical success. The
presence of cracks in tooth enamel and the adhesive
interface can be related to the penetration of

bacteria, fluids, and other liquids that can cause
sensitivity, marginal staining, restoration detach-
ment, and even secondary caries.46

The most evident gap was observed immediately
after exposure to the agent with the lowest pH value
(PO). Despite the observation of small gaps between
enamel and adhesive, it is still not possible to state
that the bleaching agents cause deterioration of the
marginal integrity of restorations. In clinical prac-
tice, it is common to perform dental bleaching
treatments on teeth with restorations. The nano-
hardness evaluation showed that despite the de-
crease of values on dental tissues, there was a
recovery after the storage period. Accordingly, it
would be possible to infer that restorations were not
compromised after bleaching procedures. However,
the observation of small cracks between enamel and
adhesive after bleaching procedures shows that
there has been some change in this interface; thus,
clinical studies are necessary to evaluate possible
deleterious effects in teeth restored with composite
resin and subject to bleaching treatment; that is, it is
not yet possible to predict how the presence of these
small gaps can affect the longevity of these restora-
tions.

CONCLUSION

Under the conditions of this study, the bleaching
agent with lower pH value was the only one to
decrease tooth enamel and enamel hybrid layer
nanohardness immediately after its application and
the one to promote the most evident gap in the tooth-
restoration interface. However, the nanohardness
values returned to their original values after 7 days
of storage in artificial saliva. None of the bleaching
agents used changed the composite resin and
adhesive nanohardness.
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