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Abstract

Objective This study evaluated the effects of calcium gluconate (CaGlu), sodium fluoride (NaF), sodium trimetaphosphate
(TMP), and NaF/TMP added to a 35% hydrogen peroxide (HP) bleaching gel for the reduction in enamel demineralization
in vitro, with and without the use of a fluoridated dentifrice.

Design Enamel blocks (n = 100) were obtained from bovine incisors (n =200) after flattening and subjected to initial surface
hardness (SH) analysis. The blocks were divided according to the bleaching gel (35% HP; 35% HP + 0.05% NaF; 35% HP +

0.25% TMP; 35% HP +0.05% NaF +0.25% TMP; 35% HP + 2% CaGlu) and were treated with ether non-fluoridated or
fluoridated (1100 ppm) dentifrice. The bleaching gels were applied thrice (40 min/session) at the intervals of 7 days between
each application. After 21 days, the final SH for the calculation of the percentage of SH loss (%SH) and cross-sectional hardness
for the evaluation of the integrated hardness area (IH) were determined.

Results Bleaching containing HP + NaF + TMP presented lowest %SH (p <0.001), regardless of the dentifrice used. HP +

NaF + TMP bleaching gel led to lower subsurface enamel mineral loss (IH) compared to the other groups (p <0.001), and these
did not differ from each other (p > 0.05). Daily use of fluoride dentifrice led to higher IH values (p < 0.001), regardless of the
bleaching gels.

Conclusion The addition of NaF/TMP to a 35% HP bleaching gel remarkably reduced the mineral loss compared to the cases of
the other bleaching gels, regardless of dentifrice.

Clinical relevance The association of TMP/NaF can be used as a strategy for reducing mineral loss during the bleaching
procedure, even without the daily use of fluoride dentifrice.
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Introduction and patients [1]. Although dental bleaching is considered to

be a conservative and non-invasive cosmetic treatment, many
In recent years, with increasing esthetic expectations, dental ~ patients report temporary dental sensitivity during and/or after
bleaching has become increasingly important for clinicians  the procedure that requires the patient to stop the bleaching
treatment. This phenomenon has been called bleaching sensi-
tivity [2] because dental sensitivity can be a symptom of other
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adverse effects can be triggered by enamel demineralization
and trans-enamel-dentin penetration from peroxide degrada-
tion derivatives [7]. Several studies have shown that depend-
ing on the peroxide concentration, application time, non-
bleach components, and pH, tooth bleaching may give rise
to a number of adverse effects such as dental sensitivity, gin-
gival irritation, and alteration of the enamel structure (i.e.,
demineralization, reduced hardness, and increased surface
roughness) [3, 6-8]. Nevertheless, the release of H* from per-
oxides during the whitening procedure changes the pH of the
bleaching products to more acidic values which may lead to
the changes in the enamel structure [3]. By contrast, other
studies reported that peroxides do not cause any structural
alterations in the enamel [9-11] and the acidic components
present in the formulations are responsible for the observed
structural changes of the enamel [6, 8].

Despite the conflicting evidence described above,
remineralizing agents (i.e., potassium nitrate-KNOs, calci-
um chloride-CaCl,, calcium gluconate-CaGlu, and sodium
fluoride-NaF) have been added to bleaching agents in or-
der to minimize the mineral loss [12-20] and reduce the
severity of their side effects. Fluoride regimens with den-
tifrices or gels have been shown to be effective for in-
creasing enamel hardness and preventing hardness loss
during bleaching [16, 21, 22]. Nevertheless, Tschoppe
et al. [22] showed that the NaF and/or amorphous calcium
phosphate (ACP)-containing bleaching gels had no effect
on the remineralization of enamel subsurface. Thus, it is
important to elucidate whether the addition of
remineralizing agents to whitening gels leads to a demin-
eralization reduction or mineral gain, and it is also impor-
tant to determine to what degree this effect is manifested
in the presence of saliva and for patients who regularly
use fluoridated dentifrices.

When combined with fluoride, sodium trimetaphosphate
(TMP) has shown potent effects against demineralization
and in promoting the remineralization of subsurface enamel
lesions. This combination (TMP/fluoride) has enabled the re-
duction in fluoride concentration in oral care agents with
promising results in dentifrices [23, 24] and varnishes [25]
due to its ability to block acid diffusion into the deeper layers
of the enamel, so that it also exerts a protective effect against
dental erosion [23, 25]. Similar, to the undesired erosive ef-
fects, products derived from peroxide degradation lead to un-
dersaturated conditions with respect to hydroxyapatite. Thus,
it can be hypothesized that the addition of TMP/fluoride to HP
at high concentration (in-office bleaching agents) can mini-
mize structural changes in the enamel during bleaching
therapy.

Therefore, the aim of this study was to evaluate the
effects of the CaGlu, NaF, TMP, and NaF/TMP added
to a 35% HP bleaching gel for the reduction in enamel
demineralization in vitro, both with and without the use of

@ Springer

a fluoridated dentifrice. The null hypotheses tested were:
(1) enamel demineralization will not be affected by expo-
sure to the type of bleaching gel and (2) enamel demin-
eralization associated with the use of the bleaching treat-
ment will not be affected by the use of a fluoridated
dentifrice.

Material and methods
Experimental design

For this study, enamel blocks (4 mm x 4 mm, » = 100) were
obtained from bovine incisors (n=200), and were stored in
2% formalin at pH 7.0 for 30 days [23, 24]. The enamel
surface of the blocks was ground flat using water-cooled car-
borundum disks (400, 600, 800, and 1200 grades of Al,O3
papers; Buehler, Lake Bluff, IL, USA) in order to remove
approximately 200 um of the surface enamel. The surface
was then polished with a polishing cloth (Polishing Cloth
Buehler 40-7618; Buehler, Lake Bluff, IL, USA) and a dia-
mond suspension (MetaDi Diamond Suspension 1 um Blue
Color Polish Spray, Water Base 40-653; Buehler, Lake Bluff,
IL, USA). Next, enamel blocks were subjected to the initial
surface hardness analysis (SHi), allowing the selection of the
blocks with the surface hardness values in the 326-369 Knoop
hardness (KHN) range without cracks, scratches, or hypopla-
sia. The enamel blocks were randomly assigned into five
groups (n = 10) with the mean hardness values ranging from
337.8t0 341.0 KHN (p =0.766) (ANOV A one-way, Student-
Newman-Keuls test). The experimental design was random-
ized, and the blocks were divided according to the bleaching
gel: 35% hydrogen peroxide (HP) (35% HP); 35% HP +
0.05% sodium fluoride-NaF (HP + NaF); 35% HP + 0.25%
sodium trimetaphosphate (TMP) (HP + TMP); 35% HP +
0.05% NaF +0.25% TMP (HP + NaF + TMP); 35% HP +
2% calcium gluconate (HP + CaGlu; Whiteness HP Blue,
FGM, Joinville, SC, Brazil). A TMP/NaF concentration of
0.05% NaF + 0.25% TMP was used based on the previous
studies [23, 24]. The blocks were further divided into two
conditions of either non-fluoridated or fluoridated dentifrice
treatment. The bleaching gels were applied once (40 min/ses-
sion) every 7 days for a total of 3 sessions (21 days). Prior to
the application of the gels and throughout the experiment, the
blocks in the “dentifrice” subgroup were treated with a 1100-
ppm fluoride dentifrice slurry (1:3) twice a day. The blocks
remained in the artificial saliva between the treatment ses-
sions, and the artificial saliva was renewed on a daily basis.
After 21 days, the final surface hardness (SHf), percentage of
the surface hardness loss (%SH), and integrated subsurface
hardness loss (AKHN: hardness values were calculated by
the trapezoidal rule in each depth of the demineralized enamel
into sound enamel) were evaluated.
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Formulation of the bleaching gels and fluoride
dentifrice

The experimental bleaching gels were manipulated at each
application session because they did not contain a stabilizer
agent. The base of the gels consisted of a thickener (15%
Carbopol 960, Pharmacy Apothicario, Aracatuba, Brazil),
bleaching agent (35% hydrogen peroxide, Pharmacy
Apothicario, Aracatuba, Brazil), glycerin (Sigma Aldrich, St.
Louis, MO, USA), and deionized water (q.s.p.), to obtain an
optimal consistency and homogenous mixing of the gel. Their
solid components were weighed on a precision scale
(Adventurer, Ohaus, Parsippany, NJ, USA) and placed in a
plastic flask to which 35% HP was added with a pipette for
weighing, and then were mixed thoroughly. The pH of the
bleaching gels was adjusted with 4 mol/L NaOH (Sigma
Aldrich, St. Louis, MO, USA), using pH indicator strips
(Merck, Darmstadt, Germany), until reaching a final pH of
approximately 7.0. In total, four different compositions were
used according to the concentrations of TMP (Sigma Aldrich,
St. Louis, MO, USA) and NaF (Merck, Darmstadt, Germany).

The dentifrice had the following composition: titanium di-
oxide, carboxymethyl cellulose, methyl p-hydroxybenzoate
sodium, saccharin, peppermint oil, glycerol, abrasive silica,
sodium lauryl sulfate, deionized water, and NaF at the con-
centration of 1100 ppm fluoride (Merck, Darmstadt,
Germany) [23, 24]. The total (TF) and ionic (IF) fluoride
concentrations were evaluated [24-26] using a fluoride ion-
specific electrode (Orion 9609 BN, Orion Research Inc.,
Beverly, Mass., USA) coupled to an ion analyzer (Orion 720
A+, Orion Research Inc.) previously calibrated with five stan-
dard solutions (0.25, 0.5, 1.0, 2.0, and 4.0 png F/mL). The total
and ionic fluoride concentrations (TF and IF) (mean [SD];
ppm F ; n=3) were, respectively, 1102.1 [5.2] and 1102.4
[3.5]. All of the experimental and commercial bleaching gels
had a final pH of approximately 7.0. The pH (mean [SD]; n =
3) of the 1100 ppm fluoride dentifrice was 7.0 [0.2].

Treatment with dentifrice and bleaching gels

After the determination of SHi, the blocks were treated with a
slurry of the dentifrice prior to the study and during the 21-day
time period of the experiment. To prepare the slurry, the den-
tifrice was weighed daily, placed in a glass beaker, and added
to deionized water at a ratio of 1:3, and shaken to obtain a
homogeneous suspension. Each enamel block was immersed
in the slurry (4 mL) in individual vials under agitation on an
orbital shaker (SK300, Nova Analitica, Sdo Paulo, SP, Brazil)
for 1 min. Then, bleaching gels were applied to the enamel
surface for 40 min. Then, the gels were removed with gauze
and rinsed with deionized water for 30 s in order to remove
any residue on the blocks. Then, the blocks were stored in
individual containers containing artificial saliva (5 mL) [23]

and were kept in an incubator at 37 °C until the next day. The
blocks were then treated with the dentifrice slurry twice a day,
and artificial saliva was renewed daily. The bleaching gels
were applied every 7 days for 21 days for a total of 3 sessions.
The composition of the artificial saliva was 1.5 mmol/L
Ca(NO;3), x4 H,0, 0.9 mmol/L NaH,PO x2 H,O,
150 mmol/L KCl, 0.1 mol/L Tris buffer, 0.03 ppm fluoride,
pH 7.0 [24, 25].

Enamel hardness analysis

The surface hardness of the enamel was determined using a
Shimadzu HMV-2000 hardness tester (Shimadzu, Kyoto,
Japan) under a 25-g load for 10 s. Five indentations at the
intervals of 100 um were made in the center of the enamel
block (SHi). After the treatments, five indentations (SHf)
spaced at the intervals of 100 pm from the baseline indenta-
tions were made to calculate the percentage of surface hard-
ness loss (%SH = [(SHf — SHi)/SHi] x 100) [26]. Then, the
blocks were cross-sectioned, and half of each block was em-
bedded in acrylic resin and gradually polished. One sequence
of 14 indentations at different distances (5, 10, 15, 20, 25, 30,
40, 50, 60, 80, 100, 120, 140, 160 and 180 um) [20, 25, 26]
was made in the surface of the enamel in the central region.
This was achieved using a Micromet 5114 hardness tester
(Buehler, Lake Bluff, IL, USA) with a Knoop diamond in-
denter under a 5-g load for 10 s and the Buehler OmniMet
software program (Buehler, Lake Bluff, IL, USA). The inte-
grated area above the curve (KHN x um) using the hardness
values was calculated by the trapezoidal rule [24, 25] at the
depths of 5-180 wm in the inner part of the enamel and named
the integrated hardness area (IH).

Statistical analysis

For statistical analysis, the values of SHf, %SH, and IH were
considered as variables, and the whitening gel and dentifrice
were considered as variation factors. The statistical SigmaPlot
software version 12.0 (SigmaPlot, Systat Software, San Jose,
CA, USA) was used with the significance at 5% level. The
variables presented a normal distribution (Shapiro-Wilk test)
and were homogeneous (Cochran test) and were subjected to
two-way analysis of variance followed by the Student-
Newman-Keuls test.

Results

Commercial 35% HP bleaching led to lower values of SHf
compared to other groups (p <0.001) when non-fluoridated
dentifrice was used (Table 1). SHf increased for the 35% HP
and HP + CaGlu bleaching groups with daily use of fluoride
dentifrice (p = 0.006). Bleaching containing HP + NaF + TMP
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Table 1

Mean values (SD) of final surface hardness (SHf), percentage of surface hardness loss (%SH), and integrated hardness area (IH) according to

the treatments with the bleaching gels and use of fluoridated dentifrice (1100 ppm)

Variables Treatment with Bleaching gels
fluoridated dentifrice
35%HP HP + NaF HP + TMP HP + NaF + TMP HP + CaGlu
SHf (KHN) No 270.5a,A 290.1b,A 281.6¢,A 315.3d,A 256.4¢,A
(6.1) (5.3) (34) (3.5) (19.2)
Yes 285.0a,B 289.7a,A 282.7a,A 314.3bA 287.9a,B
(5.7) (10.7) (8.0 (6.3) 9.8)
%SH (KHN) No —20.4a,A —14.9b,A —17.0b,A —7.5¢.A —25.5d,A
(2.0 (34) (1.0) (1.8) (4.9)
Yes —16.0a,B —14.7a,A —16.2a,A —7.7b,A —15.2a,B
(3.2) (2.9) (3.5) (3.0) (2.9
IH (KHN X pm) No 53,384.4a,A 52,539.7a,A 53,127.8a,A 55,121.7b,A 52,750.4a,A
(2,142.3) (1,178.8) (911.3) (1,146.0) (870.6)
Yes 57,081.8a,.B 56,199.3a,B 56,927.2a,B 58,969.2b,B 56,369.7a,B
(2,272.2) (1,328.0) (1,356.4) (1,206.2) (895.2)

Distinct lowercase letters indicate significant different among treatments (within each row). Uppercase letters indicate significant differences between
values found for specimens treated or not with fluoridated dentifrice (within each treatment) (Two-way ANOVA, Student-Newman-Keuls; p < 0.05, n =

10/group)

presented the highest values of SHf (p < 0.001) regardless of
the dentifrice used. Compared to other groups, the surface
hardness loss (%SH) was lower for the bleaching containing
HP + NaF + TMP and higher for the commercial 35% HP
(p <0.001). The use of fluoridated dentifrice did not influence
the SHf and %SH values of the HP + NaF, HP + TMP, and
HP + NaF + TMP groups.

The cross-sectional hardness profiles from the different
bleaching gels are displayed in Fig. 1. The hardness values
were lower and showed greater oscillations in the depth of
enamel when the fluoride-free dentifrice was used. Lower
hardness values were more evident at the depth of 5-30 um
in the enamel (Fig. 1). The integrated hardness (IH) was
higher when HP + NaF + TMP bleaching gel was applied on
enamel (p <0.001), while the other bleaching agents showed
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no effect (p =0.995; Table 1). Daily use with fluoride denti-
frice led to higher IH values (p <0.001) regardless of the
bleaching gels.

Discussion

Tooth sensitivity is a possible side effect of whitening gels that
can occur due to the mineral loss of enamel because many
formulations have active agents with low pH, in addition to
the factors specific to each individual patient [2, 3, 6, 8, 9].
The present study showed that the application of a bleaching
gel containing NaF and TMP led to lower surface and depth
demineralization. Furthermore, the daily use of dentifrice con-
taining 1100 ppm fluoride was shown to promote a protective

Fluoridated dentifrice
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Fig. 1 Cross-sectional hardness profiles as a function of depth (5 to 180 um) in enamel blocks treated with different bleaching gels and non-fluoridate (a)

or fluoridate dentifrice (b)
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effect during bleaching. Thus, both null hypotheses were
rejected.

In the present study, artificial saliva was used to simulate
intraoral conditions, particularly with respect to ionic compo-
sition and pH [13, 19, 21]. In this sense, saliva increases the
hardness of the bleached enamel through the supply of calci-
um and phosphate ions, but the remineralization process may
not be complete under some conditions [13, 20]. Furthermore,
the addition of fluoride to the bleaching gel can contribute to
the microstructural repair of defects in the demineralized
enamel during gel application, because F ions can decrease
the dissolution of enamel minerals and increase crystalline
growth [20]. However, in the present study, the effect of fluo-
ride at such low concentrations (0.05% NaF) was only ob-
served on the enamel surface, but not deep in the enamel. It
is possible that the deposition of high amounts of calcium
fluoride may have occurred due to the availability of calcium
from the demineralized enamel resulting from the action of the
bleaching agent [27]. Following this rationale, when enamel
was immersed in saliva, such calcium fluoride deposits in-
creased the precipitation of calcium and phosphate mainly
on the surface enamel layers. Under similar experimental con-
ditions, other studies using higher fluoride concentrations
(0.2% or 0.5% NaF) in 35% hydrogen peroxide (in-office
bleaching agents) also reported lower surface hardness loss
compared to using fluoride-free gels without reversal of the
surface demineralization [19, 20], and no effect was observed
deep in the enamel [20].

By contrast, despite showing similar results for surface
hardness, and lack of an effect on the demineralization in the
inner region of the enamel compared to fluoride-containing
bleaching gels [19, 20], the CaGlu-based bleaching agent con-
taining 35% HP led to the highest surface hardness loss in the
present study. Moreover, the studies reported in the literature
have shown that bleaching agents containing 2% of calcium
gluconate did not exert a positive effect on the enamel [16,
28], mainly for products containing HP at low concentrations
[19]. The results of the present study confirm the previous
findings that saturating the medium with a calcium source
does not guarantee an effect (Table 1). The addition of
remineralizing agents must be able to react with enamel in
the presence of hydrogen peroxide and at the same time resist
the action of its degradation products. Fluoride or TMP ap-
pears to have the ability to be adsorbed to enamel and reduce
mineral loss than calcium [29, 30]. According to previous
studies [18-20], CaGlu is incompatible with strong oxidizing
agents and may not be released during the bleaching decom-
position [12, 26]. Nevertheless, the addition of calcium or
fluoride sources in the bleaching gels did not lead to an addi-
tional benefit in the case of the daily exposure to the non-
fluoride or fluoride (1100 ppm) dentifrice. Our findings are
similar to those reported by Tschoppe et al. [22] who verified
that the use of calcium and/or fluoride-containing bleaching

gels had only minimal effects on the remineralization of the
enamel subsurface and suggested that different concentrations
of fluoride in bleaching gels should be tested for improvement
in reducing enamel demineralization. Treatment of bleached
enamel with fluoridated dentifrice was shown to minimize
both surface and cross-sectional hardness loss, in line with
previous studies [22] or during bleaching treatment [21]. It is
important to note that the cross-sectional hardness shows good
correlation with the mineral concentrations when analyzed by
transversal microradiography [31, 32], synchrotron
microcomputed tomography [29], or X-ray microcomputed
tomography [33, 34]. Thus, our findings showed that the SH
test is a highly sensitive and reproducible method for studying
the early stages of enamel demineralization in vitro.

It is noteworthy that calcium or fluoride-based bleaching
agents or the simultaneous use of fluoridated dentifrice do not
interfere with the bleaching potential of the gels [14, 17, 22].
Moreover, the addition of TMP and NaF to the bleaching gel
led to the lowest mineral loss among all of the test groups,
regardless of the use of fluoride dentifrice. Previous studies
have shown that TMP is effective for the prevention of enamel
demineralization and in promoting enamel remineralization
when co-administered with fluoride at the appropriate
fluoride/TMP molar ratios [23, 24]. There is evidence that
TMP binds to the OH groups on the hydroxyapatite molecule
[30, 35] and, once adsorbed, it has the ability to reduce H*
diffusion, facilitate calcium and phosphate diffusion, and form
a TMP-Ca™"-PO, and/or TMP-Ca**-fluoride layer on the
enamel [23, 24]. Based on the present results, we hypothesize
that anions and cations derived from hydrogen peroxide deg-
radation will bind to the TMP layer deposited on enamel. This
may affect the diffusion of the HP-derived products into the
enamel by reducing both enamel demineralization and aggres-
sion to the pulp tissues. The data from the cross-sectional
hardness measurements support the previous hypothesis,
since mineral loss was reduced deep in the enamel, regardless
of the exposure to the fluoride dentifrice. Nonetheless, two
important aspects must be addressed regarding the addition
of NaF/TMP to bleaching agents. First, despite similar
bleaching effects that were visually observed for all of the gels
tested, colorimetric readouts established by the Comission
Internacionale de I’Eclairage (CIE) [7, 17] need to be used
in order to determine the actual effects of such compositional
change on the resulting bleaching effect of the formulations.
Furthermore, the effect of NaF/TMP on the diffusion of HP-
derived products through tooth hard tissues must be verified
through cytotoxic assays or/and trans-enamel/dentin penetra-
tion of hydrogen peroxide.

Within the limitations of this in vitro study, we can con-
clude that the addition of 0.25% TMP and 0.05% NaF to a
35% hydrogen peroxide bleaching gel significantly reduced
both the surface and cross-sectional hardness compared to the
cases of the other bleaching gels. The calcium-based, fluoride-
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based, or TMP-based bleaching gels did not provide any ben-
efit in the cases where fluoride dentifrice (1100 ppm fluoride)
was used daily.
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