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ORIGINAL ARTICLE

Effect of home-bleaching gels modified by calcium and/or fluoride and
the application of nano-hydroxyapatite paste on n vitro enamel erosion
susceptibility
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Abstract

Objective. This in virro study compared the effect of bleaching agents modified by the addition of calcium and/or fluoride and
the application of a nano-hydroxyapatite paste after bleaching, on the susceptibility of enamel to erosion. Materials and
methods. Bovine enamel cylindrical samples (3 mm diameter) were assigned to six groups (z = 20 specimens/group)
according to the bleaching agent: no bleaching (C-control), 7.5% hydrogen peroxide gel (HP), HP with 0.5% calcium
gluconate (HP+Ca), HP with 0.2% sodium fluoride (HP+F), HP with calcium and fluoride (HP+Ca+F) and HP followed by
the application of a nano-hydroxyapatite agent (HP+NanoP). The gels were applied on the enamel surface (1 h) followed by
cyclic erosive challenges (Sprite Zero®-2 min), for 14 days. The paste was applied after bleaching for 5 min (HP+NanoP). The
enamel surface alteration was measured by contact profilometry (um) (after 7 and 14 days). Results. C-control (mean + SD:
2.29 + 0.37 at 7 days/4.86 + 0.72 at 14 days) showed significantly lower loss compared to the experimental groups. HP+Ca
(3.34 £ 0.37/6.75 + 1.09) and HP+F (4.49 £ 0.92/7.61 + 0.90) presented significantly lower enamel loss than HP (4.18 + 0.50/
10.30 + 1.58) only for 14 days and HP+Ca+F (4.92 + 1.03/8.12 + 1.52) showed values similar to the HP+F group. The HP
+NanoP (5.51 +1.04/9.61 + 1.21) resulted in enamel loss similar to the HP after 14 days. Conclusions. It was found that 7.5%
hydrogen peroxide increased the susceptibility of enamel to erosion. The addition of calcium or fluoride to the bleaching gel
reduced the erosion effect, while the nano-hydroxyapatite agent did not provide any protective effect.
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Introduction

Hydrogen peroxide is considered to be an effective
dental bleaching agent, capable of whitening teeth
with minimal expense. It is able to diffuse through the
interprismatic and periprismatic enamel spaces [1].
Due to its inherent instability, it decomposes and
produces free radicals. These unstable and unspecific
released radicals oxidize the macromolecular chains
of chromogens present inside dental tissues, altering
their chemical structure by means of degradation of
the molecular moieties responsible for absorbing
visible electromagnetic radiation. This increases the
total reflectance of the tooth substrate, resulting in a
brighter appearance [2,3].

However, previous studies have reported that per-
oxides are associated with alterations of enamel sur-
face morphology [4], microhardness values [5,6] and
chemical composition [7,8]. Besides, erosion-like
changes have been observed in enamel after bleaching
treatments [9,10], especially when low pH and high-
concentrated peroxides are used [11,12]. The reduc-
tion in microhardness can be associated with a higher
susceptibility to erosive loss, since loss of surface
hardness is the first step of erosion. Thus, it might
be assumed that the bleaching agents could contribute
to further erosion development, particularly in high-
risk individuals, since, after each daily bleaching pro-
cedure, the teeth will almost certainly be exposed to
demineralizing solutions, such as acidic beverages
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[13]. Although home-bleaching treatment involves
use of low-concentrated gels, it is performed over
some weeks and there is concern that home-bleaching
procedures may represent an additional risk factor for
enamel erosion development and progression. Poten-
tially additive harmful effects of bleaching and acid
exposure on enamel have been reported, with differ-
ent results observed according to the bleaching con-
centration, the study protocol [14,15] as well as the
acid exposure regimen [13,16].

Remineralizing agents, such as fluoride and cal-
cium, have been incorporated into bleaching gels, or
applied on enamel surfaces directly after bleaching, as
attempts to minimize the potential adverse effects to
enamel during the bleaching treatment [12]. The
novel bleaching gels have shown favorable results in
reducing dental sensitivity and demineralization, as
well as supporting remineralization [5,6,9]. Neverthe-
less, the protective effect of these remineralizing
agents against potential detrimental effects of bleach-
ing of enamel, associated with normal daily erosive
challenges, is not properly investigated.

Recently, synthetic nano-hydroxyapatite (nano-
HAP) has been considered as an interesting biocom-
patible and bioactive material. Studies have demon-
strated that synthetic nano-sized hydroxyapatite
particles have similar morphology, structure and crys-
tallinity to dental apatite [17]. Recent reports have
shown that nano-HAP has good potential to reminer-
alize enamel carious lesions [18], but no information
is available with respect to its effect when applied after
bleaching on enamel erosion susceptibility.

In this study, the null hypotheses tested were that:
(a) the bleaching agent will not increase enamel
susceptibility to erosion after acid beverage exposure;
and (b) the addition of calcium and/or fluoride in
the bleaching gel and the application of nano-
hydroxyapatite paste after bleaching will not reduce
the erosion progression on enamel exposed to further
acid challenges. Thus, the aim of this iz vitro study was
to evaluate the effect of 7.5% hydrogen peroxide gel
alone and modified by the addition of calcium and/or
fluoride and of a nano-hydroxyapatite paste applied
after bleaching on the i vitro susceptibility of bleached
enamel to erosion.

Materials and methods
Experimental design

This study tested two experimental factors: bleaching
treatment with six levels (not-bleached and five dif-
ferent bleaching treatments) and time with two levels
(7 days and 14 days), in an erosive-remineralizing
cycling model using bovine enamel specimens
(n = 20). The response variable was surface loss
(in um) measured by stylus profilometry.

Enamel specimens preparation

Freshly extracted and intact bovine incisors were
stored until required in a 0.1% thymol solution,
refrigerated at 4°C. Cylindrical enamel samples
(3 mm in diameter) were prepared from the labial
surface of the tooth using a trephine mill.

The specimens were then positioned in a si/icon mold
with a cavity 6 mm in diameter and 3.1 mm in depth. On
the bottom of the mold there was a second level cavity
(3 mm in diameter and 0.1 mm in depth). The speci-
mens were placed inside the internal cavity with the
enamel surface directed towards the bottom of the
mold, which was then filled with low viscosity compos-
ite resin (Opallis Flow, FGM, Joinville, SC, Brazil). On
the side of the mold there was a projection in the shape of
aline, which produced alateral groove on the specimen.
This helped to achieve the correct position at the time of
surface profile measurements (before and after tests).

The specimens were attached to a metal holder and
the enamel surface was polished using sequential
aluminum oxide abrasive papers (1200, 2400 and
4000 grit x96 FEPA-P; Struers, Ballerup, Denmark)
in a polishing device (DP-10, Panambra, Sao Paulo,
SP, Brazil). The specimens were immersed in
an ultrasonic bath with deionized water for 5 min
(Ultrasonic Cleaner, Odontobras, Ribeirao, Preto,
Brazil) for the removal of all waste. The prepared
specimens were examined under the stereomicroscope
(Carl Zeiss - Stemi 2000-20X Tokyo, Japan) to certify
the absence of cracks or other surface defects and then
stored in deionized water to avoid dehydration.

After polishing, the enamel specimens were selected
from the average of the surface microhardness
measured using a microhardness tester (FM-700,
Future-Tech, Tokyo, Japan - Knoop tip, average of
three indentations, under 25 g-load for 10 s) with an
allowable variation within 20% of the mean. Micro-
hardness average of each specimen was used for strat-
ified allocation among six groups (z=20/group), so that
the microhardness average of the groups was similar.

In order to maintain the reference surfaces for lesion-
depth determination (profilometry) and allow exact
replacement, two parallel grooves were marked as
guides on the sides of the composite resin surface using
a scalpel blade. The baseline profiles of the enamel
surface were measured using a contact profilometer
(MarSurf GD 25, Mahr, Goéttingen, Germany). The
diamond stylus moved from the first reference (com-
posite resin) to the exposed area and then over to the
other composite resin reference area (4.2 mm long).
Three profile measurements were performed for each
specimen at intervals of 0.25 mm.

Bleaching procedure and erosive challenge

The specimens were divided in groups according to
bleaching agent used: C (control), no bleach; HP,
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Table I. Mean enamel wear (um) and standard deviation (+SD) for
each experimental group (n = 20/group), after 7 and 14 days.

Bleaching treatment 7 days* 14 days*

C 2.29 (£0.37)° 4.86 (£0.72)%
HP+Ca 3.34 (+0.37)° 6.75 (+1.09)°

HP 4.18 (+0.50)% 10.30 (+1.58)¢
HP+F 4.49 (+0.92)< 7.61 (£0.90)¢
HP+Ca+F 4.92 (+1.03)< 8.12 (+£1.52)

HP+NanoP 5.51 (£1.04)¢ 9.61 (£1.21)%

* Values followed by different letters imply significant differences
among the groups (p < 0.001).

C, control, no bleaching; HP, 7.5% hydrogen peroxide gel; PH+Ca,
hydrogen peroxide gel with 0.5% calcium gluconate; HP+F, hydro-
gen peroxide gel with 0.2% sodium fluoride; HP+Ca+F, hydrogen
peroxide gel with calcium gluconate and sodium fluoride; HP
+NanoP, hydrogen peroxide gel followed by nano-hydroxyapatite
paste application.

bleached with 7.5% hydrogen peroxide gel (pH 5.62);
HP+Ca, 7.5% HP gel with the addition of 0.5%
calcium gluconate (pH 5.60); HP+F, 7.5% HP gel
with the addition of 0.2% sodium fluoride (pH 5.65);
HP+Ca+F, 7.5% HP gel with the addition of 0.5%
calcium gluconate and 0.2% sodium fluoride (pH
5.66); and HP+NanoP, bleached with 7.5% HP gel
followed by the application of remineralizing and
desensitizing agent (NanoP) containing 10% nano-
particles of HAP, 0.2% NaF and 2% potassium
nitrate (pH 8.60) (experimental formulation manip-
ulated by the manufacturer, for daily use) (FGM,
Joinville, SC, Brazil). The experimental gels were
modified by the manufacturer (FGM), by adding
the remineralizing agents in a 7.5% HP-based bleach-
ing gel, without adjustments of pH.

A 2 mm thicklayer of the bleaching gel was applied to
the enamel surfaces for 1 h. After this period, the
specimens were rinsed with deionized water to remove
the bleaching agent (20 s) and immersed in artificial
saliva for 2h (pH 7.0). For the group HP+NanoP, after
removal of the bleaching gel, the nano-HAP paste was
applied on the enamel surface, rubbed in for 1 min with
a micro-disposable applicator and left in place for an
additional 5 min. Thereafter, the excess was removed
from the surface with cotton pellets and the specimens
were placed in artificial saliva (2 h). Artificial saliva was
prepared according to Gohringetal. [19]: 22.1 mmol/l
NaHCO3;; 16.1 mmol/l KCl; 14.5 mmol/l NaCl;
2.6 mmol/l KH,POy,; 0.8 mmol/l H;BO3; 0.7 mmol/l
CaCL,*2H,0; 0.4 mmol/l KSCN; and 0.2 mmol/l
MgCl,*6H,0 and adjusted to pH 7.0 with HCI
solution.

After the described procedures, the specimens were
subjected to cyclic erosive challenges. The cycles
consisted of immersion in unstirred soft drink
(20 ml/sample, Sprite Zero, Companhia Fluminense
de Refrigerantes, Porto Real, R], Brazil), pH 2.6,

four-times per day for 2 min each time [20]. After
each challenge the specimens were immersed in
unstirred artificial saliva (pH 7.0, 20 ml/sample), at
room temperature, for 2 h. The samples were kept in
artificial saliva overnight. The beverage was replaced
at the end of each challenge, and artificial saliva was
renewed daily.

Profilometric analyses

After 7 and 14 days, enamel loss was measured with a
contact profilometer, with the same specifications as
performed in baseline profilometric measurements.
The specimens were placed in a custom-made setting
device in order to allow the exact replacement of the
samples after the experimental procedures. The
enamel loss was calculated after matching the baseline
and post-treatment profiles, using the previously
described grooves as guides. The depth of the
bleached and eroded area for each specimen was
calculated based on the subtraction of the two
profiles, using a software (MarSurf -XCR 20
4.50-07 SP3, 2011).

Statistical analysis

Statistical assumptions were evaluated before statis-
tical analysis. The results indicated that the data were
normally distributed and, by plotting against pre-
dicted values, the uniformity was checked. None of
the ANOVA assumptions were violated and the
mean enamel loss (um) was calculated for each
group. Data were analyzed using Repeated Measures
(RM) ANOVA and post-hoc Tukey tests. Statistics
for Windows software v. 8.0 (Statsoft, Tulsa, OK)
was used for the calculations, with a significance level
of 5%.

Results

The mean overall enamel losses (um) of the speci-
mens for all experimental conditions are shown
in Table I. RM ANOVA showed significant differ-
ences for both bleaching treatment and time, as well
as for the interaction bleaching treatment vs time
(p < 0.05). All the bleaching treatments (with or
without potential remineralizing agents) increased
mean enamel loss, since the control group (no bleach)
showed significantly lower mean overall enamel loss
compared to the experimental groups at both 7 and
14 days. After 7 days, group HP+Ca exhibited the
lowest mean enamel loss among the experimental
groups and group HP+NanoP exhibited the highest
mean enamel loss. After 14 days, groups HP+Ca and
HP+F presented intermediate mean enamel loss.
Group HP+Ca+F showed significantly higher mean
enamel loss than HP+Ca, but similar to HP+F.
Groups HP and HP+NanoP exhibited significantly
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higher mean enamel loss compared to all other
groups.

Discussion

The results of this study showed significantly higher
mean enamel loss in bleached and eroded groups com-
pared to the control group subjected to erosion only
after 7 and 14 days. Therefore, the first null hypothesis,
that the enamel erosion susceptibility would not be
affected by bleaching, was rejected. It can be speculated
that the accumulated enamel microstructural effects
related to the use of the bleaching agent itself, such as
mineral alterations and erosion-like characteristics
[9,10], cannotbe completely repaired by artificial saliva
exposure, leaving areas susceptible to further erosive
damage [4,21]. Thus, after extended treatment,
bleaching agents can affect the enamel surface and
subsurface [22] to a point that intensifies the severity
of the erosion induced by a soft drink on enamel.

Hydrogen peroxide diffuses into enamel, mainly
along enamel proteins (amelogenin and enamelin),
as the mineralized phase is much more compact, as
suggested by Hegedus et al. [23]. As HP is decom-
posed, it releases free radicals that can become
entrapped in the inner enamel structure, exerting a
prolonged effect and, consequently, reacting with the
organic components of enamel [23,24]. Given that
the organic content is essential to maintain enamel
integrity, this oxidizing effect can consequently affect
the mineral phase of enamel [22], resulting in loss of
carbonate [24] and increased porosity [23]. These
porosities could, likewise, promote a fast spread of
erosive agents inside enamel, resulting in faster
demineralization over time [21].

The association between bleaching and erosion was
investigated in previous studies and distinct outcomes
were obtained. Engle et al. [25] did not find increased
loss when 10% carbamide peroxide bleaching gels
were applied on an enamel surface (10 h) followed
by three erosion-remineralization-abrasion cycles/day
consisting of immersion in 1% citric acid (2 min),
brushing (40 strokes) and exposure to artificial saliva
(60 min) for 5 days. Similarly, Pretty et al. [26]
exposed enamel to 20 cycles of different concentra-
tions of carbamide peroxide gels (2 h) and brushing
(2 min), followed by immersion in 0.1% citric acid
(14 h). Both authors observed no increased risk of
enamel to demineralization. It is important to have in
mind that both studies simulated the advanced
erosion phase and possibly did not show any further
effect of bleaching because abrasion might have
removed the softened layer, minimizing the differ-
ences among the groups. Although brushing/abrasion
is related to enamel loss and fluoride toothpastes are
generally used on a daily basis, we did not include
these variables in our study, as they could represent

confounding factors when the potentially remineraliz-
ing agents were investigated.

Fluoride and calcium have been added to bleach-
ing gels in attempts to reduce enamel solubility,
promote its remineralization and reduce tooth
sensitivity. The saturation of bleaching gels with
these ions could make their uptake by enamel
possible, decreasing the deleterious effect and
further demineralization [4,6].

The results indicate that, after 7 days of bleaching,
enamel loss values were not significantly reduced with
modified HP gels compared to HP alone and the
nano-HAP did not prevent erosion at all. However,
after 14 days of bleaching, HP with added calcium,
fluoride or calcium/fluoride reduced enamel loss after
exposure to the acid beverage by 34%, 26% and 21%,
respectively, for groups HP+Ca, HP+F and HP+Ca
+F compared to HP alone. Thus, the second null
hypothesis was only proven to be incorrect for these
groups and not for the HP+nano-P group.

The efficacy of bleaching gels has been shown to be
unaffected by the addition of potentially remineraliz-
ing agents [4,27]. This supplementation is an attempt
to reduce the mineral loss caused by the peroxide
action on enamel [4] and could eventually minimize
the potential erosive effect by subsequent acids
contacting bleached enamel surface, as observed in
the present study and in previous investigations,
with different bleaching and remineralizing agents
[16,21,28].

Although calcium and phosphate are naturally
present in saliva, the addition of calcium gluconate
in the bleaching gel could represent an extra source of
these ions in the mouth. In the present study, HP
supplemented with Ca was shown to be the most
effective modified gel tested. Different forms of cal-
cium have been added to bleaching gels, in an
attempt to increase the chemical properties of
bleached enamel [5,29]. The presence of calcium
in the gel is expected to maintain the enamel calcium
saturation during bleaching [6]. This may reduce
changes produced by the bleaching itself and, con-
sequently, the susceptibility to further erosion, by
means of inhibiting the softening of the enamel sur-
face. A similar mechanism is observed in the erosion
modifying effect of calcium supplements to acidic
preparations or solutions [30,31].

The protective effect of calcium compounds in
enamel erosion has also been related to the deposition
of calcium crystals on demineralized enamel [32,33],
since a softened enamel structure can probably be
re-hardened by either mineral precipitation on top
of the surface or mineral deposition within the porous
zone [34]. Nevertheless, this process is not able
to restore the enamel original surface structure
completely [34].

Additionally, the low amount of available calcium
in the surrounding saliva may represent a limiting
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factor in the enamel potential remineralization action
of fluoride [35]. Thus, calcium has been added to
fluoride-based preventive agents, as an attempt to
increase their remineralizing potential. Accordingly,
the present study tested the supplementation of
bleaching gel with Ca+F. Although the HP gel
modified by Ca+F decreased enamel loss compared
to HP only gel, this effect was limited and did not
provide any additional protection compared to HP
+Ca. This might be attributed to a possible premature
reaction between calcium and fluoride in the HP gel,
limiting the ions available for reacting with the enamel
surface. Indeed, the contact between these two ions
should be avoided until their application on the tooth
surface, in order to improve their action [36].

The use of hydroxyapatite preparations has been
investigated in initial enamel caries remineralization
models [18,37,38]. In addition to its desensitizing
effect, these products were developed to act in the
remineralization process, by providing calcium, phos-
phate and fluoride to dental tissues. It is reported that
the size of the hydroxyapatite particles influences the
remineralization ability [18]. The nano size tends to
potentiate the chemical, biological and physical
behavior of the nano-structured particles, due to
the higher surface area, the hydration ability and to
wetness and solubility properties.

It is hypothesized that nano-hydroxyapatite pene-
trates the enamel porosities of demineralized teeth,
acts as a template allowing the precipitation process
and attracts calcium and phosphate ions from the
remineralizing solution, filling the pores of enamel
crystals [37]. However, in the present study, the
application of the Nano-P paste after the bleaching
procedure did not significantly reduce the enamel loss
compared to the unmodified HP group. This may be
related to the high pH of the paste tested (8.60). It was
previously demonstrated that an increase of pH from
4.0 to 7.0 resulted in a decrease of calcium and
phosphate released from nano-hydroxyapatite [18].

Additionally, i vitro experimental conditions can-
not simulate all the complexities of the i vivo oral
environment. Therefore, in further studies, the effect
of the Nano-P paste must be tested i situ or in vivo, to
check whether the reaction between the paste and the
enamel surface would be better in the presence of
human saliva and acquired pellicle, which could sta-
bilize the HAP particles on the enamel surface. Also,
while calcium added in the bleaching gel inhibits the
softening of the surface, the hydroxyapatite prepara-
tion is applied after bleaching, in order to achieve
enamel re-hardening, which is a different mode of
action, and can also explain the difference in the
results.

Thus, it is suggested that the supplementation of
bleaching gels with calcium or fluoride is of interest to
minimize the erosion susceptibility of bleached
enamel, especially considering the accumulated

detrimental effect of HP. It has to be noted, however,
that this i witro study used a bleaching/erosion/
remineralization model and that i wvivo there are
additional factors that may interfere in both de- and
remineralization dynamics, such as the presence of
saliva and enzymes which could dilute or modify the
bleaching gel, the protective effect of pellicle [39] and
a possible effect of fluoride toothpaste abrasion [40].
Hence, caution should be taken to extrapolate results
to the clinical scenario. Within the limits of this iz vizro
study, 7.5% hydrogen peroxide increased the enamel
susceptibility to erosion over time and the addition of
calcium or fluoride to the bleaching gel reduced the
surface loss of bleached enamel after acid beverage
exposure. The use of a remineralizing paste with
nano-hydroxyapatite after bleaching did not offer
protection against enamel erosion.
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