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Abstract
Aim: To evaluate enamel microhardness and morphology after bleaching with hydrogen peroxide
containing calcium in different concentrations. Methods: One hundred specimens of human
teeth were ground and polished and had the initial microhardness evaluated. The specimens
were randomly assigned into five groups (n=20): Group 1 - Control group (no treatment); Group
2 - Home Peroxide 6% (without calcium); Group 3 - Home Peroxide 7.5% (without calcium);
Group 4 - White Class 6% (with calcium); Group 5 - White Class 7.5% (with calcium). For each
group, the bleaching was performed according to the manufacturer’s specifications. The specimens
were bleached once a day for 5 days and subjected to pH cycling. Microhardness and scanning
electron microscopy (SEM) analysis were performed before and after bleaching. Results: The
results showed that groups submitted to bleaching treatment presented hardness loss compared
to the control group. The group of 7.5% hydrogen peroxide with calcium showed a lower
percentage of hardness loss in relation to other groups. Conclusion: Calcium in association
with a higher hydrogen peroxide concentration may decrease microhardness changes on
enamel.
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Several techniques have been used to promote teeth whitening, including
home bleaching technique and the one performed at the office. There are
commercially available gels in different chemical formulations and concentrations,
including carbamide peroxide (CP) from 10% to 37% and hydrogen peroxide
(HP) from 6% to 38%. Dental enamel is composed of a huge number of highly
mineralized prisms, and its hardness is due to a high percentage of inorganic
matrix (95%) made of hydroxyapatite crystals (calcium phosphate) and low
percentage of organic protein nature matrix (0.36 to 2%) together with
polysaccharides1. The enamel permeability is low, but it acts as a semipermeable
membrane allowing the diffusion of water and some ions.
Teeth whitening usually generates concern about the possibility of enamel
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chemical changes, especially when peroxides with great
diffusivity are applied in high concentrations 2-3 . Some
bleaching gels are presented in low pH solutions to ensure
the stability of hydrogen peroxide, so these bleaching
solutions with acidic pH, may promote microstructure and
chemical changes in the enamel 3 . Changes in chemical
composition of enamel may reflect on modified values of
mechanical properties, resulting in undesirable effects such
as reduction in hardness and/or flexural strength 4. On the
other hand, different authors stated that bleaching is effective
and unable to cause deleterious effects on the enamel surface57
. Thus, regardless of the aesthetic results achieved by different
whitening techniques, the effects of bleaching agents on
enamel are yet not completely understood.
Assuming that enamel is mainly composed by calcium,
phosphorus, oxygen and carbon Ca10(PO4)6(OH)2, in vitro assays
designed to identify these components are desirable to reveal
possible alterations of enamel’s chemical structure. Some studies
showed that dental bleaching alters the enamel chemically and
have shown decreased calcium values in enamel5-6,8.
In order to minimize such demineralization after contact
with bleaching agents, some biomaterials such as fluoride,
hydroxyapatite, calcium ions and amorphous calcium have
been added to the composition of those whitening agents 9.
Beneficial effects of combining these substances with
bleaching agents have been verified in previous studies 3,9-10,
which concluded that such association may protect the
enamel from demineralization and also may avoid
hypersensitivity during the procedure. However, fluoride and
calcium addition to the bleaching agents were not sufficient
to increase the microhardness of enamel 11.
Thus, the aim of this study was to evaluate the
microhardness of enamel after bleaching with hydrogen
peroxide 6% and 7.5%, with or without calcium.
Additionally, scanning electron microscopy (SEM) was
employed to analyze the structure of the enamel surface before
and after application of peroxides.

Material and methods
One hundred human permanent molars, obtained from
the local Tooth Bank, were used after approval by the Ethics
Committee in Research (protocol number 705/09).
The crowns were separated from roots and an enamel
block (3x3x2 mm) was removed from the buccal surface of

the crowns. The specimens (enamel blocks) were ground wet
in a mechanical grinding machine with aluminum oxide discs
of sequentially decreasing granulation and polished with
diamond pastes and felt discs under mineral oil cooling.
The specimens were identified and remained stored in
humidified atmosphere at 37 °C during the experiment.
Surface microhardness was assessed before the bleaching
and pH cycling procedures. The measurements were performed
in 3,500 blocks using a microhardness tester (Future Tech FM
- 300; Shimadzu, Tokyo, Japan) with a Knoop indenter (25 g/
5 s). Three lines with five indentations each were made on the
enamel surface at a distance of 100 µm, resulting in fifteen
indentations. After obtaining the initial microhardness, one
hundred blocks were selected (153 ± 10 KHN – baseline)
and randomly divided into five groups (n=20) in according
to the bleaching treatment. The control group was subjected
to pH cycling, but not to bleaching (Table 1). The basic
composition of bleaching agents is shown in Table 1.
The specimens were submitted to pH cycling for 5 days
at 37 °C, in order to simulate the effects of demineralization
and re-mineralization that occur in the oral cavity. The
specimens were immersed in a demineralizing solution (2.0
mM Ca and P in 0.075 M acetate buffer, pH 4.3 - 6.25 mL/
mm2) for 6 h and immersed in remineralizing solution (1.5
mM and 0.9 mM P in 0.1 M tris buffer, pH 7.0) for 17 h12.
The specimens had the bleaching agent applied for 1 h,
between the demineralizing and remineralizing solutions,
once daily for five days. Bleaching technique was carried
out according to the manufacturer’s specifications after
prophylaxis with pumice stone and water. A calibrated syringe
was used to place 0.02 mL of each bleaching agent on the
specimen. The bleaching agents were removed from the dental
specimens with distilled deionized water, causing no changes
on the enamel surface.
After pH cycling, surface microhardness was again
assessed on each specimen as previously mentioned. Five
specimens from each group were randomly chosen and
analyzed by SEM (SSX – 550, Shimadzu) and just one
unbleached specimen served as control group. The specimens
were dried, fixed on aluminum stubs and sputter-coated with
gold. The surface morphology of enamel was qualitatively
examined at 5000 x magnification.
Statistical analysis was carried out by ANOVA in a split
plot randomized design, considering the bleaching product (gel)
factor. The Tukey’s test was used for comparison with a 5%

Table 1. Basic composition and manufacturer of each bleaching agent.
Groups
1 - Control*
2 - Home Peroxide 6% - DMC®

Calcium
No

3 - Home Peroxide 7.5% - DMC®

No

4 - White Class 6% - FGM®
5 - White Class 7.5% - FGM®

Yes
Yes

* Control group - no bleaching treatment and subjected to pH cycling.
The manufacturers do not provide all components of the formulations.
Braz J Oral Sci. 14(2)154-158

Composition
Hydrogen peroxide, sodium fluoride, potassium nitrate, water, carbomer,
preservative,flavorizer.
Hydrogen peroxide, sodium fluoride, potassium nitrate, water, carbomer,
preservative,Flavorizer.
Hydrogen peroxide, sodium fluoride, potassium nitrate, water , Aloe vera,
Hydrogen peroxide, sodium fluoride, potassium nitrate, water , Aloe vera,

amine,
amina,
calcium.
calcium.
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Table 2. Initial and final microhardness means and standard deviations and
percentage loss of surface microhardness (%SML) in experimental groups
Groups
1-Control
2-Home Peroxide 6.0% (without calcium)
3- Home Peroxide 7.5% (without calcium)
4-White Class 6.0% (with calcium)
5- White Class 7.5% (with calcium)

Initial
Final*
337.45 ± 17.37
221.90 ± 16.34a
281.43 ± 21.57
87.54 ± 3.07b
309.89 ± 13.70
85.09 ± 2.78b
307.96 ± 25.79
95.97 ± 3.63b
272.31 ± 18.20
110.95 ± 7.43c
* Mean values with different letters differ statistically from each other (p<0.05).

%SML
-34.72
-59.61
-71.23
-64.05
-53.43

confidence level (α=0.05). The percentage of hardness reduction
(mean) was assessed by the microhardness values. The
statistical program was SAS 7.0 (SAS Institute, Cary, NC, USA).

Results
Groups treated with bleaching gels showed a statistically
significant hardness loss compared to the control group
(Table 2). Comparison of groups treated with Home Peroxide
without calcium at 6.0% and 7.5%, showed no statistically
significant differences (Table 2). Groups treated with Home
Peroxide with calcium at 6.0 and 7.5%, showed different
values (p<0.05). However, only the 7.5% group with calcium
was statistically different (p<0.05) from the others (Table
2). The control group lost 35% of the enamel hardness; the
groups without calcium at 6.0% and 7.5% lost 60% and
71% respectively. Groups with calcium at 6.0% and 7.5%
lost 64% and 53% respectively (Table 2).
The SEM images revealed changes in the enamel
structure as result of bleaching with Home Peroxide and
White Class with or without calcium (Figures 1 – 5).

Fig. 2. Home peroxide 6.0% - without calcium.

Discussion
Bleaching agents are primarily made of hydrogen
peroxide and are classified by the U.S. Food and Drug
Administration – FDA - as Class I agents, i.e., products
generally recognized as safe and effective. However, their

Fig. 3. Home peroxide 7.5% - without calcium.

Fig. 1. Control Group - No bleaching treatment.

indiscriminate use, especially at higher concentrations, led
the scientific council of the American Dental Association to
establish criteria for bleaching agents’ approval, since it
should have neutral pH, its formula must be specified because
of each ingredient function, the action mechanism of active
agents and user’s instructions.
Oxidation-reduction reaction of bleaching agents
produce hydrogen ions (H + ) that can create an acidic
environment and lead to dissolution of the organic and
inorganic enamel 13-14 . The action of acid on the enamel
Braz J Oral Sci. 14(2)154-158
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Fig. 4. White class 6.0% - with calcium.

Fig. 5. White class 7.5% - with calcium.

structure may result in erosion that reduces its translucency,
promoting opacity, which is a common effect in bleaching
treatments5. However, whether this erosion is caused directly
by the bleaching agent’s pH, is still controversial.
Enamel re-mineralization is expected due to the action
of saliva, especially in the case of agents used in this study,
with concentrations advised for home technique, which
usually lasts between 14 and 30 days. In this technique, the
tooth enamel in contact with the whitening gel is subject to
the action of the demineralization and re-mineralization
processes in the oral environment, factors that can greatly
affect the results of erosion on dental enamel3. The pH changes
that occur in the mouth may interfere with the action of
bleaching agents, thus the pH cycling was performed in this
study in an attempt to simulate the clinical condition 15.
Several studies have shown enamel microhardness loss
after the use of bleaching agents 16. Thus, a microhardness
test is often used for in vitro studies to evaluate possible
deleterious effects of tooth whitening 17.The results of this
study showed that treatment with hydrogen peroxide gels
may decrease the microhardness values, which was observed
Braz J Oral Sci. 14(2)154-158

in previous findings17-20. The control group showed a decrease
of 34.7% between the initial and final microhardness values.
This change was also demonstrated in another study 20 .
Although the demineralizing (De) and remineralizing (Re)
solutions were buffered to regular pH, it is believed that
washing with distilled water and the six hours’ time of the
De solution, exceeds the mineral replacement action of the
mineral Re solution.
In order to minimize the enamel mineral loss during
tooth whitening, introduction of calcium in its composition
was proposed21-22. According to our results, 7.5% hydrogen
peroxide-based whitening gel with calcium showed the
smallest microhardness decrease (p<0.05), while the
whitening gel at 6,0% with calcium showed the same behavior
as the one without calcium. The concentration of hydrogen
peroxide (7.5%) may lead to greater enamel demineralization
and promote ionic imbalance, so the calcium contained in
the composition of the bleaching agent may be more effective
incorporating into the enamel surface. Some studies pointed
out that different bleaching agents have reduced the enamel
microhardness values, although these values were recovered
after treatment by contact with saliva19.
An ideal system of remineralization should provide not
only calcium ions, but also phosphorus and fluoride ions,
since they are also lost by enamel11. The amorphous calcium
phosphate (ACP) is a remineralizing substance and when
stabilized by casein phosphopeptide (CPP), its remineralizing
potential is higher (calcium, phosphorus and fluoride ions)
compared with the ACP and sodium fluoride 23 . The same
authors also related the positive effects of ACP incorporation
as more important to low concentrations of hydrogen peroxide
in combination with saliva. For this reason, the authors believe
that incorporating one or more biomaterials such as calcium,
hydroxyapatite or fluoride in the bleaching agents composition
is quite promising. The present study showed that a higher
concentration of hydrogen peroxide (7.5%) with calcium was
more effective; however, comparison must be viewed with
caution, because the authors used amorphous calcium in saliva
and not calcium ions in artificial saliva.
The SEM analysis revealed structural changes on the
enamel surface after bleaching agent application. The images
corresponding to the experimental groups show erosions and
discontinuities on enamel surface compared to the control
group. Others authors identified craters, depression areas,
erosion, aprismatic layer removal and exposure of the enamel
rods24. This may be explained by the radicals stemming from
oxidizing agents, i.e., diffusion of them at about 100 ìm on
the enamel surface23. Thus, according to our results it may
be suggested that the enamel’s external surface is more
susceptible to bleaching.
According to the results and inherent limitations of this
research, further studies should be carried out to minimize
the change in enamel mechanical and structural properties
when subjected to bleaching agents, either by incorporating
remineralizing components, or using them in association with
the whitening techniques. All bleaching gels cause loss of
hardness on human dental enamel. However, the inhibition
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of enamel demineralization may be related not only to the
presence of calcium, but to the concentration of bleaching gel.
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