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Clinical Relevance

Tooth bleaching reduces enamel microhardness and increases tooth-wear susceptibility.
The use of remineralizing gels during bleaching procedures recovers enamel microhard-
ness and reduces abrasive wear, increasing bleaching safety without compromising
efficacy.

SUMMARY

Objectives: To evaluate the effect of a remin-
eralizing gel combining fluoride and calcium
silicate/phosphate or a sodium fluoride gel on
bleached enamel microhardness, color, and
wear susceptibility.

Methods and Materials: Two hundred forty
bovine enamel-dentin samples were prepared.
Baseline analysis of Knoop microhardness, col-
or coordinates (L*a*b*), and surface profile

were performed. According to the baseline
microhardness values, specimens were strati-
fied into six groups (n=40): NC (negative con-
trol)—no treatment; BL (positive control)—
bleaching with 40% hydrogen peroxide gel
(Opalescence Boost, Ultradent); BL/Rs—bleach-
ing + application of calcium silicate/phosphate
gel (Regenerate Serum, Unilever - Rs); Rs/BL—
Rs + bleaching; Rs/BL/Rs—Rs + bleaching + Rs;
and BL/F—bleaching + 2% sodium fluoride gel.
After the treatment described for each group,
color change (DE) and microhardness were
evaluated again. To evaluate abrasion suscep-
tibility, samples were randomly divided into
two subgroups, according to the toothpaste
used (Cp—Close Up or Rt—Regenerate), and
underwent 100,000 brushing strokes. The pro-
file of each sample was evaluated and the mean
wear calculated. The data were analyzed by
ANOVA and Tukey tests.

Results: All bleached groups showed a signif-
icant reduction of microhardness in relation to
the negative control. The groups treated with
remineralizing gels showed a significantly
higher microhardness and less wear than the
positive control, although nonsignificant dif-
ferences were observed among them. Nonsig-
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nificant differences in DE were found among
bleached groups. The groups brushed with
Regenerate toothpaste showed significantly
less wear than those brushed with Close Up
toothpaste.

Conclusions: The remineralizing gels did not
interfere with bleaching efficacy. However, all
the treatments minimized the surface hardness
reduction caused by the bleaching procedure
and enamel loss after abrasion. Regenerate
toothpaste resulted in less enamel abrasion.

INTRODUCTION

Some studies have demonstrated that tooth bleach-
ing agents can produce changes in the enamel
surface properties,1-6 while others showed no alter-
ations.7,8 The changes were attributed to the low pH
of bleaching gels,2,3,9 but other studies reported that
even neutral pH bleaching gels can cause morpho-
logical alterations in the enamel surface.1,10 These
changes were characterized by increased surface
porosity, degradation of the organic matrix, and loss
of calcium and phosphate, causing reduction in
surface microhardness.1,4-6 This reduction may in-
crease enamel wear produced by tooth brushing. The
intensity of this wear depends on the pH of the
bleaching gels, the abrasive potential of the tooth-
paste, and the timing of tooth brushing after
bleaching.11-13 All these factors lead to increased
surface roughness and staining susceptibility.14

With the intention of reversing the demineralizing
effects of bleaching agents on dental enamel, several
studies have investigated the effects of treatment
using remineralizing gels after bleaching to recover
enamel surface microhardness. Many substances
were tested, such as sodium fluoride,15,16 nano-
hydroxyapatite, hydroxylated apatite, and casein
phosphopeptide-amorphous calcium phosphate.17

Fluoride is widely used in postbleaching treatment,
since fluoride-containing agents promote the deposi-
tion of calcium fluoride on the enamel surface.18 This
increases the incorporation of fluoride ions into the
demineralized area in the form of fluorapatite or
fluoridated hydroxyapatite.19,20

Other remineralizing substances have been added
to bleaching gels in an attempt to protect the enamel
surface. Borges and others13 added 0.5% calcium
gluconate to the bleaching gel and concluded that this
supplementation reduced surface wear by abrasion.
In addition, da Costa and Mazur21 tested different
carbamide peroxide bleaching gels containing 0.11%
sodium fluoride or amorphous calcium phosphate

(ACP), as well the effect of subsequent application of
1.23% acidulated phosphate fluoride gel for 5 minutes
after tooth bleaching. They concluded that fluoride or
ACP in the bleaching agent did not prevent reduction
in microhardness after bleaching. However, the final
application of a fluoride gel led to significant micro-
hardness recovery.

Recently, an enamel remineralizing system has
been described, indicated for treatment of dental
erosion. It consists of a specific association of calcium
silicate and sodium phosphate salts with fluoride
ions. The same active ingredients are available as a
gel (boosting serum) and as a remineralizing tooth-
paste.22-24 Previous investigators, using this system
and comparing it with the use of regular fluoride
toothpaste after erosive cycles, have concluded that
gel application followed by the use of remineralizing
toothpaste produced a significantly higher enamel
remineralization than regular toothpaste alone.22-24

It was also shown that this system formed hydroxy-
apatite on the surface of the demineralized enamel.25

Considering the remineralizing potential of this
product, it can be speculated that the application of
this remineralizing gel immediately before or after
dental bleaching may be favorable for protecting or
remineralizing.

Considering that bleaching may promote deminer-
alization and reduction of enamel microhardness,
thus increasing its abrasion susceptibility,1,4-6 and
that some postbleaching treatments may remineral-
ize the enamel surface, the incorporation of this step
in the bleaching protocol seems highly advisable.15,16

In this sense, the use of fluoride or other remineral-
izing agents that induce deposition of hydroxyapatite
on the demineralized surface is quite promising.15,16

The aim of this study was to evaluate the
protective and remineralizing potential of the new
calcium silicate/phosphate system and the 2% sodi-
um fluoride gel on bleached enamel microhardness
and wear with different toothpastes. The interfer-
ence of remineralizing agents on the bleaching
efficacy was also investigated. The null hypothesis
tested was that treatment with remineralizing gels
would not result in significant differences in relation
to enamel microhardness reduction, color change
(DE), or wear after bleaching and that the kind of
toothpaste would not influence abrasive wear.

METHODS AND MATERIALS

Specimen Preparation

Freshly extracted bovine incisors were obtained from
animals with an average age of 3 years. The teeth
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were cleaned and stored in a 0.1% thymol solution,
pH 7.0, throughout the period of preparation of the
enamel-dentin specimens.26

Two hundred forty cylindrical specimens (enam-
el-dentin) were obtained from the labial surface of
the teeth. They were cut with a diamond trephine
mill having a 3-mm internal diameter. All speci-
mens were embedded in acrylic resin using a
silicone mold 6 mm in diameter and 3.1 mm deep.
At the bottom of the mold, there was a cavity on
the second level 3 mm in diameter and 0.1 mm
deep. In the lateral area of the mold, there was a
curved projection for producing a lateral groove in
the specimen, allowing for correct positioning of
the sample in the profilometer. The specimens
were placed inside this internal cavity with the
enamel surface facing the bottom of the mold. The
mold was then filled with self-curing acrylic resin
(Classico, Campo Limpo Paulista, SP, Brazil) and
taken to a pressure chamber (City, Guarulhos, SP,
Brazil), filled with water, and subjected to a
pressure of 30 psi for 10 minutes until total
polymerization. The resin in which the samples
were embedded worked as a reference for wear
measurement, since it was not subjected to the
abrasive challenge.

The sample side corresponding to the enamel
surface was polished with silicon carbide sandpapers
P1200, P2400, and P4000 (Extec Corp, Enfield, CT,
USA) under cooling water for 30, 60, and 120
seconds, respectively.27 After each sanding and final
polishing, the specimens were cleaned in an ultra-
sonic bath of deionized water (Odontobrás, Ribeirão
Preto, SP, Brazil) for 10 minutes to remove waste
and abrasive grains.

Two parallel scratches were then made on the
resin at the sides of the embedded tooth. These
scratches served as guides to orient superimposition
of the baseline and posttreatment profiles. To avoid a
wrong color evaluation at the baseline due to
enamel/dentin dehydration during specimen prepa-
ration, the teeth were immersed in artificial saliva
for 7 days, using the formulation proposed by Klimek
and others.28

Baseline Color, Microhardness, and Surface
Evaluation

Baseline color evaluation was performed using a
colorimetric reflectance spectrophotometer (CM
2600d, Konica Minolta, Osaka, Japan), collecting
the color data according to the CIE L*a*b* color
space. The device was connected to a microcomputer

and the SpectraMagic NX software (Konica Minolta)
was used to control the device and perform the
readings. The apparatus was adjusted to the stan-
dard illuminant D65, small area view mode, with the
specular component included. The observer angle
was set to 28. The device was adjusted to perform
three consecutive readings to obtain the mean values
of L*, a*, and b* per sample.

Baseline microhardness (Knoop hardness number
[KHN]) of the enamel surfaces for all specimens was
measured with a microhardness tester (FM-700,
Future-Tech, Tokyo, Japan) using a Knoop indenter
under a 50-g load and 10-second dwell time.27 Three
indentations were performed on each specimen with
a 100-lm distance between them, and the mean
value was calculated. The indentations were made in
an area away from the reading path of the
profilometric evaluation.

The baseline profiles of the enamel surfaces were
measured. In order to ensure the exact repositioning
of the samples during the surface analyses both
before and after the experimental procedure, the
contact profilometer (MarSurf GD 25, Mahr, Göttin-
gen, Germany) was equipped with a custom-made
jig. The diamond stylus of the profilometer moved 4.2
mm from the resin surface reference on one side,
passing over the first scratch, and then toward the
enamel and over the resin and second scratch on the
other side. Three profile measurements were per-
formed for each specimen at intervals of 0.25 mm,
the second one being exactly at the center of the
enamel surface.

Distribution of Experimental Groups

According to the baseline microhardness values,
specimens were stratified into six groups (n=40) to
avoid initial differences among the groups. The
groups were NC (negative control) no treatment
performed; BL (positive control) application of 40%
hydrogen peroxide (H2O2) bleaching gel (Opales-
cence boost, Ultradent, South Jordan, UT, USA); BL/
Rs bleaching gel, followed by the application of
calcium silicate/phosphate fluoride gel Regenerate
Boosting Serum (Unilever, Le Meux, France); Rs/BL
application of the calcium silicate/phosphate fluoride
gel followed by bleaching; Rs/BL/Rs application of
calcium silicate/phosphate fluoride gel followed by
bleaching and a new application of calcium silicate/
phosphate fluoride gel; and BL/F bleaching followed
by application of 2% sodium fluoride gel. Additional
information about the products tested are shown in
Table 1.
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Surface Treatments

Opalescence boost 40% bleaching gel was applied
according to the manufacturer’s instructions. The
product comprises two syringes (red and clear), which
were attached to mix the two components and create
the gel. Next, all the content was transferred to one of
the syringes and applied on the enamel surface for 20
minutes. About 6.20 mg bleaching gel was applied per
specimen. After this period, the gel was aspirated and
a new application was performed for another 20
minutes. In total, three consecutive applications of
bleaching gel were performed, resulting in 60 minutes
of gel contact time with the enamel surface. After the
final application, the specimens were washed with an
air-water spray.

The Regenerate Boosting serum, a calcium sili-
cate/phosphate and fluoride-based remineralizing
gel, is presented in two separate tubes, one contain-
ing the serum gel and the other the activator gel.
Before using, equal amounts of the gels were
weighed on a precision scale and mixed for applica-
tion. The mixture was applied over the enamel
surface for 3 minutes, then removed with an air-
water spray. The gel was applied immediately before
or after the bleaching agent, depending on the
experimental group. In the BL/F group, a 2% neutral
sodium fluoride gel (Flugel, DFL, Rio de Janeiro,

Brazil) was applied for 3 minutes after the bleaching
agent and then washed off. In the negative control
group, the samples received no treatment.

Immediately after the treatments, the final
microhardness was measured to verify the immedi-
ate effects of the treatments on the enamel surface.
The percentage of surface microhardness change
(SMC) was calculated using the formula %SMC =
([SMbaseline-SMfinal]/SMbaseline)*100. The specimens
were then immersed in artificial saliva for 7 days
for rehydration, and a final color reading was
performed. The posttreatment readings were per-
formed in the same way and with the same
parameters used at baseline.

Based on the data of the color coordinates L*, a*,
and b*, obtained before bleaching and after the
procedures for each sample, the DE was calculated
using the formula DE = ([DL*]2 þ [Da*]2 þ [Db*]2)1/2.
This was conducted according to the instructions of
Commission Internationale de l’Eclairage.29 DE
values greater than 3.3 indicate a perceptibility
threshold for more than 50% of the observers.30

Abrasive Wear

After the final microhardness and color readings, the
specimens were submitted to abrasive wear. For
this, each group was randomly divided into two

Table 1: Composition, Manufacturer, and Batch Number of the Products Used

Product Composition Manufacturer Batch No.

Opalescence Boost 40% 40% hydrogen peroxide, 3% potassium nitrate, 1.1%
sodium fluoride (4950 ppm fluoride ions), thickener,
pH regulators

Ultradent, South Jordan, UT, USA BBWBT

Regenerate Boosting Serum NR-5 Serum: glycerin, calcium silicate, PEG-8,
trisodium phosphate, sodium phosphate, water, PEG-
60, sodium lauryl sulfate, aroma/flavor, hydrated
silica, synthetic flurophlogopite, sodium saccharin,
polyacrylic acid, CI 77891, limonene, sodium
monofluorophosphate (1450 ppm fluoride ions)
Activator gel: Water, glycerin, cellulose gum, benzyl
alcohol, ethylhexylglycerol, phenoxyethanol, CI
42090, sodium fluoride (1450 ppm fluoride ions)

Unilever, Le Meux, France 41929CYB

Flugel Neutral 2% 2% sodium fluoride (9000 ppm fluoride ions), sodium
saccharin, hydroxyethyl cellulose, propylene glycol,
glycerin, deionized water

DFL, Rio de Janeiro, RJ, Brazil L16101442

Regenerate Enamel Science
Advanced toothpaste

Glycerin, calcium silicate, PEG-8, silica hydrate,
trisodium phosphate, sodium phosphate, water, PEG-
60, sodium lauryl sulfate, aroma, synthetic
fluorphlogopite, sodium saccharin, polyacrylic acid, tin
oxide, limonene, CI 77891, sodium
monofluorophosphate (1450 ppm fluoride ions)

Unilever, Le Meux, France L: 50348CB

Close Up Bioactive Protection
Toothpaste

Calcium carbonate, water, sorbitol, hydrated silica,
sodium lauryl sulfate, aroma, cellulose gum,
potassium citrate, benzyl alcohol, sodium silicate,
sodium saccharin, Cl12490, CL74160, lanolin, sodium
monofluorophosphate (1450 ppm fluoride ions)

Unilever, Ipojuca PE, Brazil 118210322019
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subgroups (n=20). In the first subgroup (Rt), the
remineralizing toothpaste Regenerate (Unilever, Le
Meux, France) was used, while in the second
subgroup (Cp) a regular fluoride-containing tooth-
paste, Close Up Bioactive protection (Unilever,
Ipojuca, PE, Brazil), was used. The specimens were
placed on a holder with a metal perforated mask
protecting the acrylic resin and the scratches of the
abrasion, exposing only the enamel area. They were
placed into a brushing machine (MEV-2T, Odeme,
Luzerna, Santa Catarina, Brazil) and underwent
100,000 brushing strokes12 receiving 50,000 strokes
for two consecutive days, with a load of 200 g,
according to ISO/TS 14569-1.31 During brushing, the
samples were immersed in a toothpaste slurry,
prepared with toothpaste diluted in artificial saliva
(1:2 w/w).12 The specimens were stored in a closed
container at 100% relative humidity overnight.

In order to obtain a homogeneous wear, the
toothbrushes were fixed in an automatic brushing
machine so that their long axes were at an angle of
128 to the brushing direction. This avoided the
formation of nonbrushed tracks induced by the
bristles on the enamel surface.32 In addition, the
brushing direction was perpendicular to the reading
direction of the profilometer.

After tooth brushing, the final profile reading of
each sample was performed. The final profiles were
superimposed on the corresponding baseline ones,
using dedicated software for contour evaluation
(MarSurf XCR 20, 4.50-07 SP3, Mahr, Göttingen,
Germany). The parallel scratches were used as a
reference for profile superimposition. For each pair
of superimposed profiles in the area corresponding to

the wear, regression lines were calculated in both
the baseline and final profiles. The distance between
these lines was measured in micrometers by the
same software (Figure 1). Three values were ob-
tained for each specimen, and the mean was
calculated.

Statistical Analysis

The baseline and after-treatment microhardness
data, as well the percentage of surface microhard-
ness change, were compared with one-way ANOVA,
followed by the Tukey test. To analyze the baseline
color of the samples and the DE after bleaching, one-
way ANOVA was performed followed by the Tukey
test. For the wear analysis, data were submitted to
two-way ANOVA (treatment x type of toothpaste),
followed by the Tukey test. The software Statistica
for Windows (Statsoft, Tulsa, OK, USA) was used for
all the analyses with a significance level of 5%.

RESULTS

There were no statistically significant differences
among the groups in relation to the baseline micro-
hardness (p=0.1119) or color coordinates (p.0.05 for
L*, a*, and b*). After the treatments, an ANOVA test
showed statistically significant differences for abso-
lute microhardness values (p=0.0001), percentage of
surface microhardness change (p=0.0001), and DE
(p=0.0001) among the groups. All groups that were
bleached showed a significant reduction of final
microhardness in relation to the negative control
(Table 2). However, all groups that received the
treatment with remineralizing gels showed a signif-
icantly smaller percentage of microhardness reduc-

Figure 1. Superimposition of the baseline (blue) and final (green) profiles for quantification of wear using the scratches marked with asterisks as
guides. Regression lines for each profile are shown in red. The surface loss is determined by the distance between the regression lines.
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tion than the positive control, which received only
the bleaching gel. Regarding color difference, the
bleached groups showed a significantly higher DE
than did the negative control group. The DE was
produced by the reduction of values on the b*
coordinate and an increase on the L* coordinate,
which means a reduction of chroma and an increase
of lightness. No significant differences in DE were
found among bleached groups, regardless of whether
remineralizing gels were used (Table 2).

Results of the two-way ANOVA test concerning
abrasive wear showed significant differences among
the treatments (p=0.0001) and between toothpastes
(p=0.0001). No interactions were observed between
the two factors (p=0.4860). Results of the Tukey test
for the factor treatment showed that the groups
treated with remineralizing gels had significantly
less wear than did the group only bleached. Howev-
er, nonsignificant differences were observed among
them. Only the positive control, just bleached,
showed greater wear than did the negative control
group (Table 2). In relation to the factor type of
toothpaste, the groups brushed with Regenerate
showed significantly less wear (2.0460.80 lm) than
those that brushed with the regular toothpaste (2.92
60.88 lm). The means (lm) of surface loss for each
group and toothpaste are shown in Figure 2.

DISCUSSION

In the present study, dental bleaching caused a
significant reduction in enamel microhardness of
about 23.16%. Similar percentages were found in
other studies, ranging from 11.12% to 25%, increas-
ing with application time.10,33 The literature is
inconsistent as to which percentage of enamel
microhardness reduction is considered clinically
relevant. Acid etching of enamel surfaces for adhe-
sive purposes, a common clinical procedure in daily
dental practice, effects a microhardness reduction of
73.78%.34 In a previous in vitro study, the correla-

tion between microhardness of eroded enamel sur-
faces with toothbrush wear was investigated. The
specimens were immersed in carbonated beverage
(pH=2.91) for 1, 5, or 15 minutes before brushing
(8000 strokes).35 The percentage of microhardness
reduction and wear after treatments were, respec-
tively, 11.52% (0.63lm), 14.18% (1.19 lm), and
30.69% (2.22 lm). Regression analysis showed a
significant negative linear correlation between hard-
ness and abrasive wear. Therefore, even a micro-
hardness reduction of only 11% can significantly
influence enamel wear.

Another study showed a positive correlation
between peroxide concentration and microhardness
reduction.36 We tested the most concentrated prod-
uct on the market, containing 40% H2O2, which is a
nonspecific oxidizing agent that acts not only on the
decomposition of chromophore molecules but also on
tooth structure.2 H2O2 can penetrate enamel struc-
ture mainly via proteins (amelogenin and enamelin),
causing fragmentation of the polypeptide chain due
to cleavage of the peptide bonds.37 As the organic

Table 2: Means (Standard Deviation) of Baseline and Final Microhardness, Percentage of Surface Microhardness Change
(SMC), Color Difference, and Wear

Groups* Baseline Microhardness (KHN) Final Microhardness (KHN) % SMC Color Difference (DE) Wear (lm)**

BL 325.68 (13.14) a 246.28 (30.46) a 23.16 (9.15) a 3.75 (1.04) b 3.36 (0.84) c

Rs/BL/Rs 318.25 (12.18) a 263.55 (18.66) b 17.12 (5.87) b 3.72 (1.28) b 2.19 (0.70) a

BL/Rs 323.83 (11.47) a 264.06 (28.54) b 18.43 (8.55) b 3.87 (0.91) b 2.23 (0.91) a

Rs/BL 320.54 (13.26) a 265.22 (23.58) b 17.19 (7.32) b 3.88 (0.94) b 2.13 (0.85) a

BL/F 323.51 (16.34) a 269.10 (25.66) b 16.73 (7.82) b 4.03 (1.22) b 2.12 (0.71) a

NC 325.68 (13.14) a 323.28 (10.96) c 0.70 (1.66) c 1.31 (0.58) a 2.85 (0.98) b

* Groups followed by the same letters in columns do not present significant differences according to the Tukey test.
** Results of Tukey test for the factor treatment in relation to wear.

Figure 2. Means of wear for all groups with the two different
toothpastes.
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content also affects enamel integrity, its changes by
oxidization may also indirectly alter the mineral
content.2

It has been reported that bleaching gels with an
acidic pH cause more demineralization and reduc-
tion of enamel surface microhardness than those
with a higher pH.2,3,10 However, some bleaching
agents with a pH close to neutral also cause some
changes in the enamel by decreasing its surface
microhardness.1,10 In the present study, Opalescent
Boost bleaching gel has a pH of 7.4, yet it reduced
enamel microhardness. It is speculated that, besides
the nonspecific oxidative effect, the low concentra-
tion of calcium and phosphate in the whitening gel
formulation makes it undersaturated compared with
hydroxyapatite, promoting its demineralization re-
gardless of the pH.10

When a solid is immersed in a solution, the
interface between the two phases becomes a site for
continuous exchange of the components from solid
(in the case of enamel, Ca2þ, PO4

3-, and OH- ions).38

The ions are released from the solid surface and
dissolve in the solution (dissolution) and, in the same
way, other ions leave the solution to attach to the
solid surface (crystal growth). When the rate at
which ions enter the solution equals that at which
they attach to the crystal surface, the solid and
solution are in a state of equilibrium and there is no
net change in the solid. At equilibrium, the solution
is said to be saturated with respect to the solid.38 If
the solution is undersaturated, the solid loses ions to
the solution until a balance is reached, and if the
solution is supersaturated, the solution loses ions to
the solid until, again, equilibrium is reached.38

Remarkably, this balance varies according to the
pH and background ion concentration.38 Lussi and
Hellwig39 studied the effects of various beverages on
promoting enamel softening during the erosive
process and observed that it depends not only on
the pH of the substances, but also on the concentra-
tion of Ca2þ ions in their composition.

Studies have found that remineralization by saliva
can recover the microhardness reduced by the
bleaching procedure, repairing the lost calcium and
phosphate ions.40 However, this process can take up
to 15 days before the surface microhardness returns
to baselines values.41 During this period in which
the enamel is not completely repaired, teeth would
be more susceptible to loss of structure due to
abrasive wear, such as during toothbrushing.12,13,42

The abrasive wear can be intensified, for example, if
highly abrasive toothpastes and strong brushing
forces are used. A study suggested delaying tooth

brushing at least 1 hour after bleaching in order to
reduce enamel wear.13 However, more studies are
needed to confirm the effectiveness of brushing
delay.

The application of fluoridated agents in a gel or
solution on the enamel surface after bleaching is
being recommended for remineralization and in-
creasing microhardness.15,21,33,43-45 This procedure
can promote formation of calcium fluoride deposits
on the enamel surface.18 When the local pH
decreases, F� ions are released from calcium fluoride
deposits; this release is accompanied by Ca2þ ion
release from the tooth surface due to demineraliza-
tion. The presence of these ions changes the fluoride
content into hydroxyapatite molecules by replacing
OH� ions for F� ions, forming fluorapatite or
fluoridated hydroxyapatite.46 Fluorapatite is formed
when all hydroxyl ions of the hydroxyapatite
molecule are replaced by fluoride, while fluoridated
hydroxyapatite is formed when this replacement by
fluoride is partial.47 Fluorapatite is less soluble and
more acid resistant than fluoridated hydroxyapa-
tite.47 These ionic changes lead to a greater tendency
for the ions to join the structure, repair the enamel
surface, and produce an increase in microhard-
ness.19,20 Lewinstein and others33 observed that
exposure, even to a low concentration of fluoride,
can restore surface microhardness after bleaching.
However, China and others15 concluded that only a
neutral fluoride increases the microhardness of
enamel bleached with 35% H2O2, while the applica-
tion of acidulated fluoride causes an even greater
reduction. In the present study, the effect of a
neutral 2% fluoride gel33 (9000 ppm fluoride ions)
on the surface of the bleached enamel was tested. It
is a highly concentrated fluoride compound common-
ly applied in-office for caries prevention. This
postbleaching application increased the surface
microhardness compared with the positive control
group, but the surface did not return to its baseline
surface microhardness values.

In an attempt to protect the enamel during
bleaching, 1.1% of sodium fluoride (4950 ppm of
fluoride ions) was incorporated in the bleaching gel
analyzed in this study. However, it did not prevent
enamel surface demineralization, indicating that
something was interfering with its protective effect,
possibly an interaction with H2O2 or other ingredi-
ents of the formulation.

The calcium silicate/phosphate fluoride gel was
tested as a protective agent when applied before
bleaching, as a remineralizing agent when applied
after, and with both actions when applied before and
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after the bleaching procedure. This double applica-
tion was tested in an attempt to intensify its effect on
the enamel microhardness. In all cases, its applica-
tion resulted in statistically higher final values of
microhardness compared with the group that was
only bleached. Based on this, in relation to micro-
hardness, the null hypothesis was rejected. The use
of this gel before bleaching significantly reduced the
demineralizing effect of the H2O2 gel, while its use
afterward promoted enamel remineralization. How-
ever, the use prior and after did not show any
significant differences in relation to when it was
used only once.

The remineralization process using this system
starts when calcium silicate is deposited onto the
enamel surface, causing an exchange of calcium ions
with the hydrogen ions in the oral fluid, leading to
the formation of silanol groups (Si-OH) in the surface
layer of deposited calcium silicate. This causes an
increase in the local pH, generating a negatively
charged surface with the formation of silicon oxide
(Si-O) groups. The calcium ions in the oral fluid are
attracted to the surface of the calcium silicate layer.
Consequently, the concentration of calcium and
phosphate ions in the oral fluid is high enough to
nucleate hydroxyapatite on the calcium silicate
surface.20,25,48 The formation of hydroxyapatite over
the enamel using this system has been demonstrated
in both in vitro and in situ studies.25,49

The mode of action of calcium silicate/phosphate
fluoride formulations on enamel remineralization by
the deposition of hydroxyapatite has been investi-
gated. This effect was observed after the use of
toothpaste alone24,25 and after the use of toothpaste
followed by the boosting gel.22,23 Both the gel and the
toothpaste have fluoride in their composition, which
may allow an additional mode of action for repair
and protection by promoting the formation of
calcium fluoride deposits on the enamel surface.18

A previous study found that the minimum concen-
tration of fluoride necessary for the formation of
calcium fluoride deposits on the enamel surface is
0.1%, and the first globules will be precipitated in
the first 20 seconds.49 These two mechanisms acting
together may increase remineralization of the enam-
el surface. It must be noted that applying calcium
silicate/phosphate fluoride gel over the bleached
enamel, even though containing only 1450 ppm of
fluoride ions, did not show statistically different
mineralization effects in relation to the neutral 2%
fluoride gel containing 9000 ppm of fluoride ions
(Table 1). This might be related to the synergistic
action of the hydroxyapatite formation with the

fluoride mineralization mechanism of the boosting
serum gel.

It could be supposed that the mineralizing poten-
tial of boost serum gel, applied before bleaching,
could interfere with tooth enamel permeability, or
even prevent the penetration of H2O2 into the tooth
structure and reduce its bleaching effect. Addition-
ally, when applied after bleaching, some ingredient
in both gels’ formulation could produce some kind of
tooth staining, impairing the whitening results. In
the present study, the previous application of
calcium silicate/phosphate fluoride gel did not
interfere with the DE promoted by bleaching.
Studies evaluating the use of desensitizing agents
containing 2% sodium fluoride before bleaching with
35% H2O2 also showed no interference with the
DE.50 However, no previous studies have analyzed
the interference of the calcium silicate/phosphate
fluoride gel on the bleaching effect. It has been
observed that the application of both remineralizing
gels postbleaching did not interfere with the DE of
the tooth structure. Sodium fluoride gel is colorless,
while calcium/phosphate silicate gel is slightly milky
white. All bleached groups, despite the remineraliz-
ing treatments, presented statistically similar DE
overall. The bleaching effect was related to a
reduction in the b* coordinate and an increase in
the L* coordinate. The a* value was not significantly
influenced by the bleaching procedure. Thus, in
relation to DE, the null hypothesis was accepted.

Regarding abrasive wear, the group that received
only bleaching treatment showed a significantly
higher wear than the nonbleached one (Table 2). A
negative correlation between hardness and wear was
observed, since the reduction of surface microhard-
ness caused by bleaching increases the enamel loss
by toothbrush abrasion. Other studies showing the
relation between enamel bleaching and wear have
obtained similar results.11-13 In addition, the
bleached groups in which the remineralizing gels
were applied showed less wear than did the group
that was only bleached, indicating that this proce-
dure could offer some clinical benefits to the patients
subjected to this kind of treatment. Thus, in relation
to wear, the null hypothesis was rejected.

Another important aspect in relation to abrasive
wear is that the groups that were bleached and
received the remineralizing gels showed less wear
than did the negative control group (Table 2). This
might be due to the fact that after bleaching
treatments and before the color reading, the speci-
mens were immersed in artificial saliva for 7 days.
The artificial saliva may have interacted with any
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calcium fluoride deposited on the enamel, forming
fluorapatite or fluoridated hydroxyapatite, or con-
tinued to promote hydroxyapatite formation/deposi-
tion when the calcium silicate/phosphate fluoride gel
was used.40,41 Both these processes may have further
increased remineralization and enamel surface mi-
crohardness, leading to less enamel wear than the
bleached as well as the nonbleached groups.

Significant differences were observed in the wear
caused by the toothpastes tested. The groups that
were brushed with Regenerate showed less wear
than those brushed with Close Up. The use of a less
abrasive toothpaste after bleaching might be clini-
cally relevant, avoiding additional tooth wear on
those patients receiving this kind of treatment,
although this should be confirmed in controlled
clinical trials. Thus, in relation to the kind of
toothpaste, the null hypothesis was rejected. Two
suppositions could be made about this result. The
first is that the remineralizing effect of Regenerate
could protect the surface from abrasion by hydroxy-
apatite formation,25,48 increasing enamel microhard-
ness.33 The second is probably related to lower
abrasivity of the abrasive particles in this tooth-
paste.

One factor that impacts toothpaste abrasivity is
the relative hardness of the abrasive particles.
Regenerate contains hydrated silica as an abrasive,
while the Close Up used in this study has a
combination of hydrated silica and calcium carbon-
ate. Moh’s hardness is used to measure material
hardness on a scale of 0 to 10, wherein 10
represents the hardness of a diamond. In this scale,
the hydrated silica has a hardness of 2.5 and the
calcium carbonate, 3.51 However, previous studies
have tested various toothpastes having calcium
carbonate and hydrated silica alone or in combina-
tion, but no statistically significant differences
between the toothpastes in terms of enamel wear
were found.52-54 In contrast, the relation between
toothpaste abrasiveness and wear was evaluated by
Borges and others,13 who subjected bleached enam-
el and dentin to brushing abrasion with slurries
having different degrees of abrasivity; they ob-
served that the higher the abrasiveness, the greater
the tooth wear. However, it should be noted that the
relationship between toothpaste abrasivity and
dental wear is complex; it depends on the concen-
tration and size of the abrasive particles.53 In
addition, the presence of the acquired pellicle has
been shown to reduce enamel wear from toothpaste
abrasion.54

It should be emphasized that this is an in vitro
study, which has limitations in reproducing condi-
tions found in the oral cavity, eg, the presence of
saliva. The acquired pellicle and its action, together
with bleaching and remineralization treatment, may
modify the results of the current study such that
complementary investigations are necessary to con-
firm their impact. The importance of clinical studies
to evaluate the performance of calcium silicate/
phosphate fluoride formulations or fluoride gels for
longer periods of use after the bleaching treatment is
worthy of further study.

CONCLUSIONS

Considering the limitations of this in vitro study, we
concluded that

1. Bleaching reduced enamel microhardness and
increased abrasion suitability.

2. Although the remineralizing gels tested did not
prevent microhardness reduction and wear of
bleached enamel, they did bring about their
decrease without interfering with the bleaching
efficacy.

3. Regenerate toothpaste resulted in less enamel
abrasive wear than did Close Up.

4. There were no significant differences among the
remineralizing gels in their effect on microhard-
ness, color, or wear.
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