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Clinical Relevance

Dental bleaching treatment significantly decreases dentin bond strength. Bleached dentin
remineralization treatment seems to effectively promote mineral formation, increase
dentin bond strengths, and improve dentin’s chemical affinity with adhesive monomers.

SUMMARY

Objectives: This study evaluated effects of
Bioglass 45S5 (BG) and Biosilicate (BS) remin-
eralization on the chemical composition and
bond strength of control dentin (CD) and
bleached dentin (BD) surfaces.

Methods and Materials: Dentin bleaching
treatment was performed using the walking
bleaching technique with 0.01 g of sodium
perborate and 0.5 mL of 3% hydrogen peroxide
for 14 days. Remineralization treatment was

carried out by rubbing a remineralization
solution (0.015 g of BG or BS diluted in 1.35
mL of distilled water) on the etched dentin
surface for 30 seconds. Micro-Raman spectros-
copy (MRS) was used to quantitatively analyze
the mineral matrix ratios of CD and BD (n=5)
after remineralization treatment with BG and
BS over 15 days of incubation in artificial
saliva. The CD and BD discs (n=10) with and
without remineralization treatment with BG
and BS were restored using a two-step etch-
and-rinse adhesive system (Optibond S, Kerr)
and five layers of 1-mm-thick composite resin
(Filtek Z250, 3M ESPE). The restored dentin
discs were sectioned into nine bonded beams
with cross-sectional areas of approximately 0.9
mm2 and tested for microtensile bond strength
(lTBS). The dentin surface of one fractured
beam per tooth was submitted to MRS to
characterize the physicochemical composition
(n=10) at the interface. The data were analyzed
using one-way analysis of variance and the
Tukey-Kramer post hoc test (p,0.005).

Results: MRS bioactive analyses revealed that
both BG and BS promoted increased mineral
matrix ratios in the CD and BD. Significantly
higher lTBS values were found after CD treat-
ment with BG (CD: 57 MPa611; CD-BG: 78
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MPa615) and when BG and BS were applied to
the BD (BD: 42 MPa65; BD-BG: 71 MPa614; BD-
BS: 64 MPa611) (p,0.005). The MRS analysis of
the fractured dentin beam showed that the
remineralization treatment significantly in-
creased the dentin relative mineral concentra-
tion and promoted the appearance of new
interface peaks, indicating a chemical interac-
tion (p,0.005).

Conclusion: Remineralization of BD is an ef-
fective therapy to restore damage caused by
dentin bleaching and acid conditioning. This
approach not only increases dentin mineral
compounds but also improves dentin’s ability
to interact chemically with the adhesive sys-
tem.

INTRODUCTION

Restorative procedures for endodontically treated
teeth remain challenging in clinical restorative
dentistry due to the high risk of biomechanical
failure.1,2 Internal bleaching is a conservative option
to improve the esthetics of discoloured endodontical-
ly treated teeth; however, it decreases tooth fracture
strength and increases the failure rate of restorative
procedures. Additionally, internal bleaching agents
chemically interact with dentin compounds,3 thereby
promoting changes in the dentin’s organic composi-
tion by denaturing the collagen proteins4 and
causing demineralization,5 thus reducing its adhe-
sion to restorative materials.6

The hybrid layer is defined as a three-dimensional
polymer/collagen network with a continuous and
stable bond between the adhesive monomers and
dentin.7 Previous studies have indicated that this
ideal relationship is not achieved due to a discrep-
ancy between the depths of dentin demineralization
and adhesive infiltration, resulting in unprotected
collagen fiber exposure and susceptibility to deteri-
oration.8,9 Loss of integrity of the hybrid layer may
occur because of water-sorption-induced hydrolysis
of the adhesive monomers and as a result of acidic
conditioning, which activates collagen fibril degra-
dation through endogenous matrix metalloprotein-
ases (MMPs).10-12

The use of agents that promote dentin reminer-
alization, such as calcium sodium phosphosilicate
glass (Bioglass 45S5 [BG]: 24.5% Na2O, 24.5% CaO,
45% SiO2, 6% P2O2 — wt%)13 and a fully crystalline
glass-ceramic (Biosilicate [BS]: 23.75% Na2O,
23.75% CaO, 48.5% SiO2, 4.0% P2O5 — wt%),14

has been shown to be an effective alternative for

preserving adhesive interface integrity.15,16 These
bioactive compounds induce a progressive dehydra-
tion mechanism and replace extrafibrillar and
intrafibrillar water, restoring the protective func-
tion of the collagen apatites17-19 and promoting the
formation of a hydroxyapatite layer on the dentin
surface.20-23

Considering that no information is available
regarding the use of remineralization agents on
bleached dentin (BD) during restorative bonding
steps, this study aimed to investigate the reminer-
alization abilities of two bioactive materials and
their potential therapeutic effects on the resin-
dentin bond when they were used as remineralizing
agents on BD. The following null hypotheses were
tested: 1) no difference exists in the quantities of
mineral components of control dentin (CD) and BD
in the presence or absence of remineralization
treatment, 2) the dentin bond strength is not altered
after internal bleaching and/or remineralization
treatment, and 3) dentin remineralization does not
change the dentin-adhesive interface composition.

METHODS AND MATERIALS

Specimen Preparation

Eighty extracted unerupted human third molars
were used following guidelines approved by the
Local Ethics Committee (research protocol:
50615715.1.0000.0104). Using a low-speed diamond
saw (Diamond Wheel 012’’x fine, South Bay Tech-
nology Inc, San Clemente, CA, USA) under water
cooling, a flat midcoronal dentin disc of 5 mm was
prepared from each tooth. From these 70 dentin
discs, 60 were set aside for microtensile bond
strength (lTBS) testing and posterior physicochem-
ical analysis using micro-Raman spectroscopy
(MRS), while 20 were cut into four small pieces
(23235 mm) and used for bioactive tests. The
specimens were divided into six groups based on
the treatment protocol (Figure 1): 1) the CD group; 2)
the CD-BG group, CD remineralized with a calcium
sodium phosphosilicate glass (BG, Vitreous Materi-
als Laboratory, São Carlos, Brazil); 3) the CD-BS
group, CD remineralized with a fully crystalline
glass-ceramic (BS, Vitrovita, São Carlos, Brazil); 4)
the BD group; 5) the BD-BG group, BD remineral-
ized with BG; and the BD-BS group, BD remineral-
ized with BS.

Dentin bleaching treatment was performed by
simulating the walking bleach technique using a
paste made with 0.01 g of sodium perborate
(Whiteness Perborato, FGM Produtos Odontológicos,
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Joinville, Brazil) and 0.5 mL of 3% hydrogen
peroxide (Rioquı́mica, São Jose do Rio Preto, Brazil).
During the 14 days of bleaching treatment, the
specimens were stored in an incubator (ProLab, São
Paulo, Brazil) with a 95% 6 5% relative humidity at
378C, and the bleaching agent was replaced after the
seventh day. After the bleaching treatment was
finished, the dentin surfaces were washed with
distilled water and air-dried for 2 seconds.

Remineralization treatment was performed with
two different agents, including the gold standard
remineralizing agent, BG,13,24,25 and the experimen-
tal remineralizing crystalline glass-ceramic, BS.24

The CD and BD surfaces were etched with 37%
phosphoric acid (Condac37, FGM Produtos Odonto-
lógicos) for 10 seconds, followed by a copious water
rinse for 1 minute. After acid conditioning, the

remineralization treatment was carried out to
induce mineral bone formation before adhesive
application. The remineralization solutions were
prepared by diluting 0.1 mg of the remineralizing
agent powder in 1 mL of deionized water immedi-
ately before application.20 A micropipette (Monoca-
nal VVCS-10, Digipet, São Paulo, Brazil) was used to
apply 10 ll of this solution to the moist dentin
surface. Using a microbrush, the solution was gently
rubbed on the dentin for 30 seconds. The surface was
then washed with deionized water for 15 seconds and
gently dried with filter paper to remove excess
water.

Bioactive Test

Bioactive analysis (n=10) was performed to investi-
gate the ability of BG and BS to induce dentin

Figure 1. Diagram illustrating preparation of the specimens and the analysis sequence.
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remineralization before or after bleaching treat-
ment. MRS initial spectra were obtained before
treatment (as a control group), after the procedures
of bleaching and acid conditioning, and after the
remineralization agent was applied. To enable the
MRS analysis according to storage time after
remineralization treatment, the specimens were
adapted to fit into a plastic device and immersed in
25 mL of artificial saliva9 in a 378C water bath.
Then, long-term analyses were carried out after 1
day, 5 days and 15 days of immersion. Before
obtaining the spectra, the specimens were rinsed
with distilled water for 30 seconds and air-dried.

Raman spectra were obtained with a confocal
Raman microscope (Senterra Bruker Optik GmbH,
Ettingen, Germany). After the samples were excited
by a 785-nm laser source, spectra were recorded in
the spectral range of 450 to 1800 cm–1. The laser
(power=100 mW) was focused onto the specimen
with a 203 magnification lens. The spatial resolution
was 3 to 5 cm–1, and the integration time of the
detector was 3 seconds. Each curve resulted from an
average of 60 spectra. Reference points were deter-
mined on the specimen surface to enable the MRS
spectra to be gathered at the same position before
and after treatment, as well as during the long-term
analyses. Four spectra were obtained for each
measurement, and the final result for each specimen
was calculated by the average of these four spectra.

The spectra were baseline-corrected, and the
integrated areas of the dentin organic (amide I:
1650 cm–1) and mineral compounds (phosphate m1:
961 cm–1) were calculated. Then, the dentin struc-
tural modifications were characterized by the min-
eral matrix ratio (961 cm�1/1650 cm–1).22 To stan-
dardize the graphic visual analyses, all ratios were
normalized by the values of the control spectra.
Additionally, the MRS spectra from BG and BS were
obtained to characterize their chemical structures.

Restorative Procedures

An adhesive interface was created to enable lTBS
and physicochemical analyses. For the groups in
which dentin was tested as a control surface,
restorative treatment was conducted immediately
after specimen preparation. However, for the groups
in which the dentin tissue was bleached, restorative
treatment was carried out 14 days after the dentin
bleaching treatment was completed to eliminate any
residual by-products of the bleaching agent. During
those 14 days, the BD specimens were stored in an
incubator with a 95% 6 5% relative humidity at
378C. Restorative procedures were performed ac-

cording to the manufacturer’s instructions using a
two-step etch-and-rinse adhesive (Optibond S, Kerr,
Orange, CA, USA) and five layers of 1-mm-thick
composite resin (Filtek Z250, 3M ESPE, AG Dental
Products, Seefeld, Germany). Each layer was light-
cured for 20 seconds at 1200 mW/cm2 with a light-
emitting diode unit (Radii, Cal-SDI, Bayswater,
Australia). Specimens were stored in artificial saliva
for seven days at 378C before testing.

Microtensile Bond Strength Test (lTBS)

The restored dentin blocks (n=10) were longitudi-
nally sectioned across their interfaces in both mesial-
distal and buccal-lingual directions to obtain nine
bonded beams with cross-sectional areas of approx-
imately 0.9 mm2. The exact width of each beam was
measured with a digital caliper (Zaas Precision;
Amatools, São Paulo, Brazil).

The position of the beams was equidistant between
the jig claws and perpendicular to the tensile force.
Each restoration interface was tested under 0.5 mm/
min traction in a universal test machine (EZ Test,
Shimadzu, Kyoto, Japan) until the moment of
specimen fracture. The tensile force (newtons) was
divided by the cross-sectional area in square milli-
meters to express the bond strength value in
megapascals. The lTBS values were computed for
each tooth by averaging the values of the nine resin-
dentin beams from that tooth. Pretest failures were
included in this average by assigning to it the
minimum bond strength value found for the corre-
sponding tooth.

The failure modes were evaluated using scanning
electron microscopy (Superscan SS-550, Shimadzu)
with 1003 magnification. The fractured beam sur-
faces were placed onto aluminium discs and sputter-
coated with a gold-palladium alloy (IC-50, Shimad-
zu). The failure patterns were classified as follows: 1)
adhesive fracture when the fracture site was located
between the adhesive and dentin; 2) mixed when the
fracture involved the dentin-adhesive interface,
including cohesive failure of the dentin and compos-
ite resin; 3) cohesive dentin fracture; and 4) cohesive
fracture in the composite resin.

Physicochemical Analysis of the Fractured
Dentin Interface

Physicochemical analysis of the fractured dentin
interface was performed on the five tested beams
that had the highest lTBS values per experimental
group (n=5). The resin-dentin interface modifica-
tions due to bleaching and/or remineralization
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treatment were analyzed through chemical mapping
using the same equipment and configuration de-
scribed for the bioactive analysis but with a 1003-
magnification lens. A scan of the entire area of the
fractured dentin (0.9 mm2) was performed, and MRS
mapping was carried out by selecting 10 points on
both the X- and Y-axes with a distance of 0.09 mm
between them. All spectra were collected systemat-
ically under the same conditions.

The MRS spectra were submitted to baseline
correction, and an average spectrum was obtained
per line on the X-axis of the spectral map. Dentin
physicochemical modifications were investigated
through analysis of the mineral matrix ratio (961
cm–1/1650 cm–1). Additionally, the Raman spectra of
CD, BD and the adhesive system were visually
compared with the average spectra obtained from
the evaluated fractured interfaces. Comparison of
the spectra demonstrated the appearance of three
new MRS bands in the dentin interface spectra;
these bands were not identified in the CD and BD
spectra or in the adhesive spectra. These new MRS
bands were centered at 1295 cm–1 (C-H bonds),26

1405 cm–1 (methylene CH2),27 and 1637 cm–1

(methacrylate monomer).10 The areas of the new
bands were measured and normalized to the area of
the amide I band of each respective spectrum.

Statistical Methods

Statistical analyses were performed using R i386
3.0.2 software (R statistical software, R Foundation
for Statistical Computing, Vienna, Austria). The
ratios obtained by the bioactive test and physico-
chemical analysis were submitted to descriptive
statistics and were presented in graphics with their
means and standard deviations. The lTBS data were
statistically analyzed with the Shapiro-Wilk normal-
ity test, two-way analysis of variance and the Tukey-
Kramer post hoc analysis (a=0.05).

RESULTS

MRS ratios obtained from the bioactive test are
illustrated in Figure 2A,B. The mineral matrix ratio
(961 cm–1/1650 cm–1) demonstrated that remineral-
ization treatment with both agents improved the
mineral content of BD after the acid conditioning
step. The relative mineral composition of the CD
remained constant during the 15 days of incubation
(Figure 2A), showing that immersion in artificial
saliva did not promote mineral formation on the CD
surface. Bleaching treatment promoted a reduction
in the dentin relative mineral content, which was not
restored to its initial value after 15 days of artificial

saliva immersion (Figure 2B). The acid-conditioning

step reduced the mineral composition of the CD

(Figure 2A) and intensified the loss of the mineral

composition of the BD (Figure 2B). Nevertheless,

remineralization with BG and BS restored this

mineral loss. Mineral deposition on the CD occurred

immediately after remineralization treatment with

BG (CD-BG), required one day of incubation when

BS solution was used (CD-BS), and was stable for

both groups after 15 days of artificial saliva

incubation (Figure 2A). BD mineral restoration was

Figure 2. Mineral matrix ratio (961 cm–1/1650 cm–1) obtained from
the bioactive test under different experimental conditions: B. before
any treatment, initial measurement; BL, after bleaching treatment; 1-
Day, after one day of artificial saliva incubation; 5-Days, after five days
of artificial saliva incubation; 15-Days. after 15 days of artificial saliva
incubation AE. after etching; RT, right after remineralization treat-
ment;. (A): Remineralization using a calcium sodium phosphosilicate
glass. (B):Rremineralization using a fully crystalline glass-ceramic.
Bleaching treatment reduced the dentin relative mineral content.
Artificial saliva immersion did not change the mineral composition of
CD or BD. The acid conditioning step reduced the mineral
compositions of CD and BD. Remineralization treatment using BG
and BS improved the mineral contents of CD and BD immediately
after agent application in groups CD-BG, BD-BG, and BD-BS and
required one day of artificial saliva incubation for CD-BS.
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more intense shortly after the BG and BS reminer-
alization treatments (BD-BG and BD-BS) and
presented continuous behavior after 15 days of
incubation. Although the remineralization approach
improved the mineral content of the BD, this
treatment was not capable of restoring the dentin
mineral components to their initial values (Figure
2B).

Microtensile Bond Strength Test

The lTBS results are shown in Tables 1 and 2 . The
statistical analysis indicated that bleaching treat-
ment significantly decreased the dentin lTBS
values (CD: 57.4611.3 MPa; BD: 42.265.5 MPa)
(p,0.05). Remineralization treatment with BG
promoted a significant increase in the CD lTBS
values (57.4611.3 MPa; CD-BG: 78.5615.2 MPa)
(p,0.05), and both BG and BS treatments resulted
in significantly higher BD lTBS values (BD:

42.265.5 MPa; BD-BG: 70.9613.7 MPa; BD-BS:
63.8611.0 MPa) (p,0.05). The 2-way ANOVA
(Table 3) indicated a significant effect for the
bleaching (p=0.001) and the remineralization treat-
ment (p,0.001). The interaction term was not
significant (p=0.60). Scanning electron microscopy
analysis of the fractured surfaces revealed that
most failures in groups CD, CD-BG, and CD-BS
were at the adhesive interface, while the failure
patterns were mostly mixed for group BD-BG
(Table 2). The types of failures in all experimental
groups are illustrated in Figure 3A through D.

Physicochemical Analysis of the Fractured
Dentin Interface

A qualitative comparison of the spectra of the dentin
surface, adhesive system, and fractured interface is
illustrated in Figure 4. Physicochemical analysis of
the fractured dentin beam showed an increased
mineral matrix ratio (961 cm–1/1650 cm–1) at the
interfaces in groups CD-BG and BD-BS (Figure 5A).
The new MRS peak ratio analyses revealed that the
C-H band (1295 cm–1) was most evident among the
new peaks and presented a higher value in the
groups treated with the remineralizing agents (CD-
BG, BD-BG, and BD-BS) (Figure 5B).

DISCUSSION

This study showed higher dentin mineral matrix
ratios when the CD and BD tissues were treated
with both of the tested bioactive agents. Dental
bleaching treatment significantly decreased the
dentin bond strength; however, the mineral forma-
tion induced by remineralization treatment not only
increased the BD mineral content but also mediated
dentin bond strengths. The fractured dentin surface
analysis proved that mineral deposition was im-
proved due to remineralization agent application
and demonstrated that the dentin tissue presented a
greater chemical affinity with adhesive monomers
after the remineralization approach. Remineraliza-

Table 1: Effect of Bleaching and Remineralization
Treatment on Dentin Microtensile Bond Strength
(MPa) According to Experimental Groups

Group Mean6SD Premature
failure

Total
Beams*

CD 57.4611.3 5 85 AB

CD-BG 78.5615.2 0 90 C

CD-BS 73.7614.7 0 90 BC

BD 42.265.5 10 80 D

BD-BG 70.9613.7 3 87 BC

BD-BS 63.8611.0 5 85 BC

Abbreviations: CD, control dentin; CD-BG, control dentin with bioglass; CD-
BS, control dentin with crystalline glass-ceramic; BD, bleached dentin; BD-
BG, bleached dentin with bioglass and BD-BS, bleached dentin with
crystalline glass-ceramic.
* Different capital letters indicate the significant statistical difference
(p,0.05), after two-way analysis of variance and Tukey tests.

Table 2: Failure Modes Distribution According to
Experimental Groups

Group Failure Mode, n (%)a

1 2 3 4

CD 40 (47) 33 (39) 7 (8) 5 (6)

CD-BG 50 (56) 36 (40) 2 (2) 2 (2)

CD-BS 48 (54) 36 (40) 4 (4) 2 (2)

BD 45 (56) 30 (38) 3 (4) 2 (2)

BD-BG 37 (42) 42 (48) 5 (6) 3 (4)

BD-BS 43 (50) 30 (36) 8 (9) 4 (5)

Abbreviations: CD, control dentin; CD-BG, control dentin with bioglass; CD-
BS, control dentin with crystalline glass-ceramic; BD, bleached dentin; BD-
BG, bleached dentin with bioglass and BD-BS, bleached dentin with
crystalline glass-ceramic.
a Failure modes: 1, adhesive failure; 2, mixed failure; 3, cohesive failure in
the dentin; 4, cohesive failure in composite resin.

Table 3: Two-way Analysis of Variance

Source df Type III
Sum of
Squares

Mean
Square

F p*

Bleaching
treatment

1 1786.9 1786.9 11.71 0.001

Remineralization
treatment

2 6733.21 3366.6 22.06 ,0.001

Interaction 3 154.07 77.03 0.5 0.6

Abbreviation: df, degrees of freedom.
* p,0.05 indicates significant difference.
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tion treatment with BG demonstrated better results
as it increased both the CD and BD bond strengths
and improved tissue chemical interactions with
adhesive monomers. This is the first study to test
BD remineralization effects.

Compared with other bioactive materials, BG
presents the highest bioactivity index (IB=12.5)
and is still considered the gold standard agent.13,24,25

BS was developed with the goal of combining the
high bioactivity of BG with the good mechanical
strength and toughness of glass-ceramics.24 Based
on the results of this study, both BG and BS can be
used to restore dentin mineral compounds after
internal bleaching. The two tested agents promoted
mineral deposition on demineralized dentin and BD,
increased the BD bond strength, and improved the
chemical interactions between this mineral tissue
and adhesive monomers. Nevertheless, only BG
yielded significant results for CD bond strength
and physicochemical interactions with the adhesive
system.

Bioactive glass and glass-ceramic remineralization
processes involve the exchange of ions (Si4þ, OH�,
Naþ, Ca2þ, PO4

3�) between the glass silicate network
and the surrounding fluid body.13,14 This process

induces calcium phosphate (Ca/P) precipitation and

its subsequent crystallization into hydroxycarbonate

apatite on the mineral tissue surface.13,22,28 Glass

dissolution during the remineralization reaction

depends on the presence of an aqueous medium.17,24

Considering that fluoride is not a functional com-

pound for biomineralization,11 artificial saliva was

selected as the aqueous medium to simulate the oral

environment because its ionic composition is compa-

rable to that of plasma.29

Dentin consists of a heterogeneous tissue with

high water content, and its remineralization is a

challenging process not only because of its mineral

and organic composition but also because of its tissue

design, that is, the intrafibrillar orientation of the

minerals in the collagen network.14 Improvement of

the dentin mechanical properties depends on extra-

fibrillar deposition, particularly intrafibrillar miner-

als, as a consequence of biomimetic remineraliza-

tion.30 Mineral deposition around the denuded

collagen fibrils protects the resin-dentin interface

from water and enzymatic degradation, restores

dentin mineral compounds, and consequently im-

proves tissue dynamic behavior.31

Figure 3. Scanning electron microscop failure analysis of the fractured specimens (3100). (A) Adhesive failure along the dentin surface for CD-BG.
(B) Mixed failure for CD with a fracture at the dentin surface (d) and in the adhesive interface (a), and cohesive failure in the composite resin (c). (C)
Cohesive failure within dentin for CD. (D) Cohesive failure within the composite resin for BD-BS.
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The bioactive test results led to rejection of the
first null hypothesis of the study as the CD and BD
remineralization treatments with BG and BS dem-
onstrated increases in the dentin mineral contents.
The mineral content of the CD specimens was
reduced after the etching step; however, this loss
was restored one day after the remineralization
treatments were performed. The improved mineral
matrix ratio corroborates the findings of an attenu-
ated total reflection Fourier transform infrared
spectroscopy study that confirmed the BG reminer-
alization effect on a partially demineralized dentin
surface during a seven-day treatment.22 This long
period of time required for evidence of mineral
deposition to emerge may be explained by the use
of a 0.5-mM ethylenediamine tetra-acetic acid
solution rather than a phosphoric acid gel during
the demineralization step. Additionally, the ability of
BS to induce hydroxycarbonate apatite precipitation
on the dentin surface was also evaluated by a
Fourier transform infrared spectroscopy study,
which was found to occur one day after remineral-
ization treatment.17

The application of bleaching agents to dentin
tissue may promote changes in the dentin surface
morphology and structure.32 Modifications of the
dentin structure not only change the ratio between
its organic and inorganic components33 but also
increase dentin collagen degradation by activation of
MMPs,4 which then decrease dentin bonding effica-
cy.5,32 Although remineralization treatment of BD
with bioactive agents has not been tested previously,
different studies34,35 have evaluated the use of BG
and BS as desensitizing agents after enamel bleach-
ing and concluded that remineralization treatment
reduced enamel mineral loss and preserved enamel
surface integrity.

Dentin bleaching treatment resulted in a decrease
in the mineral matrix ratio that was accentuated by
the acid conditioning step. Application of both
bioactive agents generated the remineralization
effect one day after the treatment was completed,
restoring the dentin structural components that
were lost due to acid etching. Nevertheless, this
mineral formation was not sufficient to reestablish
the components present in dentin before the bleach-

Figure 4. Comparison of the MRS spectra of the adhesive system,
CD and fractured dentin (interface average spectrum). The new MRS
bands are indicated by the black arrows, C-H (1295 cm–1), CH2 of
methylene (1405 cm–1) and C=C of methacrylate bonds (1637 cm–1).

Figure 5. The mean values (DP) of the fractured dentin MRS
physicochemical composition. The vertical axis represents the
normalized intensity of the assessed rates, and the horizontal axis
presents the experimental groups. (A): Mineral matrix ratio (961 cm–1/
1650 cm–1). When all groups were compared, the dentin mineral
composition was higher for CD treated with BG and BD remineralized

 
with BS. (B): New MRS peak ratio (1295 cm–1/1650 cm–1). These
peak ratio analyses showed that the new band was more evident in
CD treated with BG and that BD was remineralized with both BG and
BS. The results of both ratio analyses corroborate the microtensile
bond strength findings, indicating that when dentin mineral com-
pounds are more intense, the substrate more readily interacts with
adhesive monomers, increasing resin-dentin bond strength.
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ing treatment. When non-remineralized BD was
stored in artificial saliva, the mineral matrix ratio
did not change and remained constant during the 15
days of bioactive analysis. The remineralization
reaction is known to occur only when bioactive
agents are in contact with body fluids.24 Several
liquids have been used to induce this reaction, such
as water, simulated body fluid, or artificial saliva.36

Considering that saliva compounds are readily avail-
able to remineralize dental tissue, the use of artificial
saliva can be listed as a limitation in a remineraliza-
tion study. Although fluoride participates in conven-
tional tooth remineralization through a top-down
approach, its action on biomineralization has not
been proven.11 This fact corroborates these research
results since the bioactive analysis showed that the
remineralization effect occurred only in remineralized
specimens.

The second null hypothesis of this study was
rejected because the dentin bond strength was
reduced after dentin bleaching and improved with
remineralization treatment. These data are consis-
tent with the findings of other studies reporting that
dentin bleaching significantly decreases the dentin
bond strength.37,38 This reduction in the dentin
lTBS has been related to adhesive polymerization
inhibition caused by oxygen and free radicals
resulting from the bleaching reaction. Therefore,
some studies have reported that lTBS values were
restored when such components were eliminated,
which was achieved by postponing the restorative
procedures to 7-14 days after bleaching treatment.39

Nevertheless, the reduced adhesive bonding with BD
has also been associated with the oxidizing effect of
peroxide,40 which promotes the dissolution of dentin
mineral compounds and dentin collagen denatur-
ation and activates organic enzymatic degradation of
dentin by MMPs.4 The bioactive test results revealed
that the decreases in the dentin mineral matrix were
not reversible even after 14 days of specimen
immersion in artificial saliva, corroborating the
lTBS findings that only remineralization treatments
were able to improve the BD bond strength values.

Dentin mechanical properties are directly affected
by the degree and quality of the dentin mineral
content. Mineral deposition resulting from reminer-
alization treatment protects the resin-dentin inter-
facial integrity from adhesive hydrolysis through its
dehydration mechanism and protects denuded colla-
gen from MPP degradation.14 Although treatment
with both bioactive agents increased the lTBS
values of CD and BD, the difference was not
significant when BS was applied to CD. Microtensile

studies have revealed that dentin treatment with an
experimental primer or adhesives containing BG did
not change the lTBS values over 24 hours but
provided durable resin-dentin bonds when long-term
analyses were conducted.20,28 In the present study,
significantly improved lTBS values were obtained
seven days after remineralization treatment, which
differed from the results when BG was introduced
into the adhesive compounds. This fact may indicate
that the bioactive components are more reactive
when available in a separate solution and are not
associated with other chemical molecules. To date,
the use of BS to improve resin-dentin bonds has been
tested in only one study,19 which found higher lTBS
values after six months when BS was used as a
dentin remineralization solution after the acid
treatment approach of self-etching and etch-and-
rinse adhesives.

Dentin remineralization not only changed the
mineral composition (961 cm–1/1650 cm–1) of the
fractured dentin interface but also induced new
physicochemical interactions of the dentin tissue
with adhesive monomers (1295 cm–1/1650 cm–1),
thus leading to rejection of the third hypothesis of
this study. Physicochemical analysis of the fractured
dentin beam confirmed the findings of the bioactive
test as both analyses demonstrated the same
mineral matrix ratio patterns in the CD and BD
before and after remineralization treatment. Micro-
mechanical retention of the etch-and-rinse adhesives
is improved when methacrylate monomers and/or
carboxylic esters chemically interact with the etched
inorganic dentin compounds.41 Considering that the
MRS bands are fingerprints of specific specimen
molecules, they provide chemical information ex-
pressed by changes in or the appearance of new
peaks.42 Therefore, the new peaks observed in the
remineralized groups in the present study (CD-BG,
BD-BG, and BD-BS) demonstrated that the adhesive
methacrylate monomers are more susceptible to
interacting with dentin when its mineral compounds
are present in larger quantities. Additionally, the
presence of these new peaks was more evident on the
dentin beams of the groups with higher lTBS values,
proving their association with an improved dentin-
adhesive bond.

CONCLUSION

Both bioactive materials tested in this study (the
calcium sodium phosphosilicate glass and the fully
crystalline glass-ceramic) present a high remineral-
ization ability on bleached dentin surfaces. Remin-
eralization treatment of BD promoted mineral
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deposition on the dentin surface, improved dentin’s
ability to chemically interact with adhesive mono-
mers, and consequently increased the resin-dentin
bond strength.
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DH, & Tay FR (2010) Implication of ethanol wet-bonding
in hybrid layer remineralization Journal of Dental
Research 89(6) 575-580.

16. Ryou H, Niu LN, Dai L, Pucci CR, Arola DD, Pashley DH,
& Tay FR (2011) Effect of biomimetic remineralization on
the dynamic nanomechanical properties of dentin hybrid
layers Journal of Dental Research 90(9) 1122-1128.

17. Tirapelli C, Panzeri H, Soares RG, Peitl O, & Zanotto ED
(2010) A novel bioactive glass-ceramic for treating dentin
hypersensitivity Brazilian Oral Research 24(4) 381-387.

18. Tirapelli C, Panzeri H, Lara EHG, Soares RG, Peitl Filho
O, & Zanotto ED (2011) The effect of a novel crystallised
bioactive glass-ceramic powder on dentine hypersensitiv-
ity: a long-term clinical study Journal of Oral Rehabili-
tation 38(4) 253-262.

19. de Morais RC, Silveira RE, Chinelatti M, Geraldeli S, &
de Carvalho Panzeri Pires-de-Souza F (2017) Bond
strength of adhesive systems to sound and demineralized
dentin treated with bioactive glass ceramic suspension
Clinical Oral Investigations 22(5) 1923-1931.

20. Profeta AC, Mannocci F, Foxton R, Watson TF, Feitosa
VP, De Carlo B, Mongiorgi R, Valdré G, & Sauro S (2013)
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