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Abstract
Objectives This study evaluated the color alteration, cytotox-
icity, and hydrogen peroxide (HP) diffusion associated with
different in-office bleaching protocols.
Materials and methods Bovine enamel/dentin disks were sub-
jected to three bleaching sessions with 35 % HP (three 15-min
applications), 35 % HP (one 45-min application), or 20 % HP
(one 45-min application). The control group was not bleached.
Before bleaching, the disks were adapted to artificial pulp
chambers positioned in compartments containing 1 ml of
acetate buffer or medium, so that the dentin remained in
contact with these substances. Immediately after bleaching,
the HP that diffused through the disks was stabilized by
acetate buffer and was quantified (two-way repeated measures
ANOVA/Fisher’s protected least significant difference
(PLSD) test; α=5 %). Cells of mouse dental papilla cell-23
(MDPC-23) were incubated in this culture media for 1 h,
followed by analysis of cellular metabolism (methyl tetrazo-
lium assay) (one-way ANOVA/Tukey test; α=5 %) and

morphology (scanning electron microscopy). The specimen
color alteration (ΔE) was analyzed by reflection spectropho-
tometry (two-way repeated measures ANOVA/Fisher’s PLSD
test; α=5 %).
Results All protocols showed equal effectiveness at the end of
the treatment. HP diffusion was significantly higher in the
groups bleached with 35 % HP. Reapplication of 35 % HP
resulted in increased diffusion only in the first session; how-
ever, the decrease in cell metabolism was similar for all
studied protocols.
Conclusion Despite greater peroxide diffusion in the groups
treated with 35 % HP, all protocols showed the same effec-
tiveness and were cytotoxic to MDPC-23 cells.
Clinical relevance Bleaching protocols using high HP con-
centrations should be avoided because they exert aggressive
actions on odontoblast-like cells.
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Introduction

Tooth whitening is currently one of the most popular cosmetic
procedures for patients in dental clinics since it is an effective
and noninvasive treatment [1]. However, the current challenge
of bleaching treatments is to define a technique that
provides good cosmetic results without damaging the dental
tissues, promotes high levels of satisfaction for patients who
want an affordable and fast treatment, and produces minimal
side effects.

The bleaching process is believed to occur because of the
low molecular weight of hydrogen peroxide (HP), which
diffuses through the enamel and dentin [2], releasing reactive
oxygen species (ROS) that react with other free or weakly
bound substances, and there after regains molecular stability.
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This oxidant phenomenon may explain the complex mecha-
nism of dental bleaching [2].

Despite the esthetic improvement obtained from most of
the bleaching procedures currently available, the penetration
of HP and its toxic by products in the pulp-dentin complex
[3–6] is responsible for pulpal damage ranging from a tran-
sient inflammatory response to the occurrence of local necro-
sis [3, 5, 7]. The intensity of these negative effects is thought
to be closely related to the amount of ROS that come into
contact with the pulp cells; thus, the resulting damage in-
creases as the concentration and exposure time to the
bleaching product increase [3, 7–11]. Most of the in-office
bleaching products are 35 to 38 % HP based; however, new
products based on 20 % HP were placed on the market, but
there are few studies comparing the efficacy and the effects on
pulp of this new concentration to traditional products.

Within this context, although the literature questions
whether the use of bleaching agents with a high concentration
of HP is necessary or even safe, these products are being
indicated, applied, and reapplied multiple times in the same
clinical session in order to increase the speed of changing the
color of the teeth. Although the whitening effect is known to
be related to the diffusion of peroxide through the dental
tissues, studies suggest that this diffusion is not related to the
constant reapplication of the gel because good results have
been obtained with the technique of a single clinical applica-
tion [12, 13]. The continuous exchanges have been justified
by the rapid degradation of the peroxide after its application in
trays in the at home technique [14, 15]. However, recent
studies show that the rate of decomposition is relatively small
for the products used by the “in-office” technique [16, 17],
and this finding might support the adoption of a new dosage
that is based on a single application of the bleaching product.
Thus, given that high concentrations of peroxide are poten-
tially harmful to the pulp cells [3, 7, 9–11], the study of
posologies that are guided by the adoption of milder protocols
is both appealing and justifiable in an effort to find safe
alternatives to bleaching.

Thus, the aim of this study was to compare the bleaching
effect, the HP diffusion, and the cytotoxicity associated with
three in-office dental bleaching protocols. Specifically, the
traditional posology based on three applications of a 35 %
HP-based product was compared with one application of the
same product and with a product with a lower concentration of
peroxide (20 % HP).

Materials and methods

Obtaining specimens

Sound permanent bovine incisors from 24 and 30-month-old
bullocks were used. Teeth with stains, excessive wear of the

incisal third of the crown, morphological changes in enamel,
or cracks were excluded.

Enamel/dentin disks with a diameter of 5.2 mm were
removed from the middle third of the labial surface of the
bovine incisor. Each bovine tooth gave rise to 1 disk. The
dentin surface was reduced with 400 and 600 grit silicon
carbide paper (T469-SF, Norton Abrasives, Saint-Gobam
Abrasivos Ltda., Jundiai, SP, Brazil) until the disk had a
thickness of 3.5 mm: approximately 1.3 mm (±0.2 mm) enam-
el and 2.2 mm (±0.2 mm) of dentin. The dentin surface of the
disks was treated with 0.5 M ethylenediaminetetraacetic acid
(EDTA), pH 7.4, for 30 s, followed by a rinse with deionized
water to remove the smear layer [18].

Preparation of the artificial pulp chamber

The artificial pulp chambers (APCs) [10, 11, 19] were made of
stainless steel and had two compartments. The upper com-
partment contained an opening with a diameter of 8 mm,
while the lower portion had a diameter of 6 mm, which
allowed appropriate positioning of the enamel/dentin disk.
Thus, the specimens were adapted in the upper compartment
between two silicon rings, which maintained fixation of the
disks. Additional sealing was performed between the disk and
the sidewall of the APC by using wax. The lower compart-
ment side had holes to allow circulation of the solutions that
remained in contact with the dentin surface (the acetate buffer
solution used in the peroxide quantification or the culture
medium for evaluation of cytotoxicity).

Bleaching procedure

Group 1 (G1), the control group, received no bleaching treat-
ment. For group 2 (G2), the specimens were treated with a
product containing 35 % HP (Whiteness HP Maxx, FGM,
Joinvile, SC, Brazil). The product was handled according to
the manufacturer’s instructions, and 0.04 ml of the product
was applied to each specimen and was kept in contact with the
enamel for 15 min. Subsequently, the gel was aspirated from
the enamel surface and the product was reapplied twice,
resulting in a total exposure period of 45 min to the bleaching
material, as indicated by the manufacturer. For group 3
(G3), the specimens were treated with the same product
described above; however, the material was applied only once
and was left on the enamel for 45 min. For group 4 (G4), the
specimens were treated with a product containing 20 % HP
(Whiteness HP Blue, FGM, Joinvile, SC, Brazil). After the
product was prepared according to the manufacturer’s instruc-
tions, 0.04 ml of the product was applied on the tooth surface
for 45 min.

The bleaching procedures were performed three times with
an interval of 1 week between treatments (three bleaching
sessions, one session per week). The enamel and the dentin
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remained moistened with artificial saliva and distilled water,
respectively, during the periods between the bleaching proce-
dures. The APCs with the disks were left in 24-well plates at
37 °C that worked like a humidified chamber.

Color evaluation

Color assessment of the specimens (n=15) was performed by
using an ultraviolet visible spectrophotometer, Model UV-
2450 (Shimadzu, Kyoto, Japan), which uses the color model
CIE L* a* b* established by the Commission Internacionale
I ’Eclairage—CIE (Internat ional Commission on
Illumination). For this purpose, wemade a black siliconemold
containing a central hole, which allowed standard positioning
of the specimen during the readings. Three measurements
were obtained for each specimen, and the average between
them was calculated. The analyses were performed before the
initiation of treatment, 24 h after each bleaching session, and
7 days after the end of treatment. The CIE L* a* b* color
calculates the distance between two points by using the fol-
lowing formula: ΔE*=[(ΔL*)2+(Δa*)2+(Δb*)2]1/2. After
calculating the ΔE values, the data were analyzed by two-
way repeated measures ANOVA/Fisher’s protected least sig-
nificant difference (PLSD) test, with an accepted significance
level of 5 %.

Quantification of HP diffusion

To quantify the diffusion of HP (n=15), the disks of enamel/
dentin were positioned on the APCs and were placed in 24-
well plates (Costar Corp., Cambridge, MA, USA) containing
1 ml of acetate buffer solution (2 mol/M, pH 4.5). The dentin
surface remained in contact with this solution, and the enamel
was exposed to the bleaching gel. Immediately after
bleaching, 20 μl of the buffer solution was transferred to tubes
containing 100 μl of 0.5 mg/ml leucocrystal violet (Sigma
Chemical Corp., St. Louis, MO, USA), 50 μl of 1 mg/ml
horseradish peroxidase enzyme solution (Sigma Chemical
Co.), and 2,750 ml of distilled water. This method is based
on the reaction of HP with the leucocrystal violet, which is
catalyzed by the peroxidase enzyme [20]. The color of the
mixture varies in intensity according to the amount of perox-
ide, making it possible to evaluate the amount of diffused
peroxide. The optical density of the resulting blue solution
was measured in a reflection ultraviolet visible spectropho-
tometer (UV-2450, Shimadzu, Kyoto, Japan) at a wavelength
of 596 nm. A standard curve with absorbance values of known
HP concentrations was used to convert the obtained optical
density values into micrograms of peroxide per milliliter of
acetate buffer solution. The HP quantification was performed
after each bleaching session, and the data were analyzed
statistically by two-way repeated measures ANOVA/Fisher’s
PLSD test, with significance accepted at 5 %. The color

alteration analyses and quantification of HP diffusion were
done concomitantly on the same disks, while the other spec-
imens were used for cytotoxicity tests.

Cytotoxicity

Other disks were done for these tests, and different specimens
were used for each period analyzed; thus, for cytotoxicity, we
had ten groups (Table 3). Each bleaching period was carefully
programmed so that all experimental groups finished the
treatment on the same day with the purpose of applying the
extract collected on the same cell culture seeded at the same
time for all groups. Initially, cells of mouse dental papilla cell-
23 (MDPC-23) [21] were seeded (30,000 cells/cm2) into the
wells of 24-well acrylic plates using plain Dulbecco’s modi-
fied Eagle’s medium (DMEM) supplemented with 10 % fetal
bovine serum (Gibco, Grand Island, NY, USA). The plates
were maintained in an incubator (Isotemp, Fisher Scientific,
Pittsburgh, PA, USA) at 37 °C with 5 % CO2 for 72 h. The
disks/APC sets were sterilized by ethylene oxide and then
placed in 24-well plates containing 1 ml DMEM without fetal
bovine serum. Bleaching was performed on the enamel sur-
face, according to the experimental groups described above,
for one, two, or three sessions. The culture medium in contact
with the dentin was replaced in each session. Immediately
after each session, 500 μl of the extract (culture medium
containing the components of the degraded bleaching gel that
diffused through the dentin/enamel specimens) was applied on
previously cultured MDPC-23 cells for 1 h. Cell metabolism
was assessed by using the methyl tetrazolium (MTT) assay,
and cell morphology was examined by scanning electron
microscopy (SEM). Three independent experiments were per-
formed in the present investigation in order to verify the
reproducibility of data.

MTT assay

Cell metabolism analysis (n=11) was performed by using the
MTT assay [22] by cytochemical demonstration of succinic
dehydrogenase enzyme (SDH), which represents the rate of
mitochondrial respiration. The cells were incubated with the
extract, which was subsequently replaced with MTT solution
(5 mg/ml, Sigma Chemical Co.) for an incubation period of
4 h at 37 °C with 5 % CO2. Then, the formazan crystals
formed by the viable cells were diluted with acidified
isopropanol solution (0.04 N HCl), and the absorbance was
measured in an ELISA reader (570 nm; Tp Reader). Themean
absorbance values of the control group were considered as
100 % cell viability. Then, the absorbance values of each
sample were transformed into percentages according to this
parameter, and the percentages values were used for statistical
analysis. The data were submitted to ANOVA and Tukey test,
with significance accepted at 5 %.
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Cell morphology (SEM)

Cell morphology (n=2) was examined with a scanning elec-
tron microscope (Philips FEG XL 30; Oxford Instruments,
Inc., Concord, MA, USA). Previously sterilized glass cover
slips (12 mm in diameter) were placed in the bottom of the
compartments immediately before cultivating the cells. After
60min of incubating the cells with the extracts, the extract was
aspirated, the cells were rinsed with phosphate buffer saline
solution, and the cells were fixed with 2.5 % buffered glutar-
aldehyde at room temperature. Subsequently, the cells were
postfixed with 1% osmium tetroxide, dehydrated in a series of
increasing ethanol concentrations (30, 50, 70, 95, and 100 %),
and immersed in 1,1,1,3,3,3-hexamethyldisilazane. The cover
glasses containing the cells were mounted on stubs, stored in a
vacuum desiccator for 72 h at room temperature, and sputter-
coated with a gold layer.

Results

All bleaching protocols evaluated promoted a significant ΔE
alteration when compared to the control group. Color alter-
ation was continuous from the first bleaching session, but
partial color rebound was observed 1 week after the end of
bleaching (Table 1). Although the group in which 20 % HP
was used (G4) showed less color change compared to the
group in which three applications of 35 % HP were used
(G2) after the last session, all treatments showed similar
performance at the other evaluated periods, including at
28 days.

The lowest HP penetration value was obtained in the 20 %
HP group (G4) in all sessions. The groups in which 35 % HP
for one application of 45 min (G3) and three applications of
15 min (G2) were used differed from each other only in the
first session, with the protocol that used the reapplication
causing the highest diffusion (Table 2).

Further, we observed a significant reduction in cell viability
in all bleached groups when compared to the negative control.
No differences were observed between sessions, as well as
when the bleaching protocols were compared (Table 3).

Representative images of the effects of each bleaching
protocol on MDPC-23 cells are shown in Fig. 1. A large
number of cells adhering to the glass substrate were observed
in the control group, and these cells exhibited a wide cyto-
plasm covering practically the entire substrate. On the other
hand, significant changes in cell morphology were observed
when the bleaching gels were applied to the enamel/dentin
disks, regardless of the bleaching protocol used. Large areas
of the glass substrate were exposed in the bleached groups,
indicating that cell death and detachment from the glass had
occurred, and the few cells that remained attached showed
profound alterations in morphology.

Discussion

The in-office bleaching technique that is performed by a
dentist in the dental office employs high concentrations of
peroxide on the enamel surface. The clinical sessions intended
for this procedure last up to 50 min, and the majority of the
manufacturers recommend frequent reapplication of the prod-
uct during the same clinical session.

Reis et al. [23] showed in vivo that 35 % HP in three 15-
min applications causedmore color alteration than a single 45-
min application. However, in our study, all bleaching tech-
niques provided similar color alterations, indicating that they
are equally effective. A similar effectiveness using protocols
with 35 % HP with and without the reapplication of the
product was reported in other studies [12, 13, 24]. This topic
is controversial and there are few studies comparing these
posologies showing the need for more research to clarify this
finding.

Marson et al. [24] evaluated the decomposition rate of the
Whiteness HP Maxx product and noted that after 45 min of
contact with the tooth surface the degradation of the product
was 11.1 %, suggesting that product replacement is unneces-
sary. However, other factors must be considered for the main-
tenance of the product on the tooth surface. The pH on the
enamel must be maintained at safe levels during product
application in order to prevent significant changes in the
surface of this tissue [16, 25]. Trentino et al. [26] evaluated
the pH of the Whiteness HPMaxx product based on 35 % HP
(with and without reapplication) and showed that maintaining
the product for an extended time does not compromise the
safety of the procedure because the pH remained above the
critical value for the enamel.

Other studies have also shown that products with different
concentrations of the active component, including those used
in at-home techniques [27–29] and in-office techniques
[28–30], have the same bleaching effect at the end of treat-
ment. Matis et al. [29] compared eight HP-based products at
different concentrations (15 to 35 %) applied for different
periods on the tooth surface. The authors suggested that, for
the in-office technique, the duration of contact of the product
with the dental tissue has a greater influence on the bleaching
effect compared to the concentration. The same authors re-
ported a color rebound rate of 51 % at 1 week after treatment
and of 65 % at 6 weeks after treatment [29]. This high color
rebound rate is probably due to the timing of the initial
readings because they were performed immediately after the
end of bleaching. This fact, associated with the use of light
sources and the high osmotic power of the products, possibly
increased dental dehydration. In this study, to avoid register-
ing a “false whitening effect” caused by dehydration after
bleaching [31], the color reading was performed 24 h after
each session. Although the analysis was performed 24 h
post treatment, color rebound was observed after a week,
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which is probably because complete rehydration occurs up to
2 weeks after bleaching [32].

Regarding HP diffusion, higher penetration was observed
in the group that received three 15-min applications of 35 %
HP compared to the group that received a single application of
45 min of 35 % HP only in the first session. Although the
statistical analysis reveals this specific difference, a global
analysis of our data produced results that were consistent with
those obtained by Kwon et al. [17]. These authors found a
constant penetration of HP during 1 h application, suggesting
the possibility of maintaining the product on the enamel for a
period longer than 15 min.

The group that was bleached with 20 % HP (G4) showed
lower diffusion compared to the two protocols in which 35 %
HP product (G2, G3) was used. The pH of Whiteness HP Blue
and Whiteness HP Maxx with or without reapplications re-
mains above the critical value for enamel (pH 5.5). Thus, we
believed that the higher penetration of 35 % HP-based product
can be explained by the different diffusion coefficients for each
product, which depends on the amount of available peroxide,
the thickness to be penetrated, and the application time. Thus,
the diffusion of the peroxide to the pulp chamber tends to be
proportional to the concentration of the bleaching agent [4].
Furthermore, there is calcium in the composition of the
Whiteness HP Blue, which tends to minimize possible struc-
tural alterations in the enamel resulting from the application of
the bleaching product by increasing the saturation of the gel,
reducing mineral loss, and increasing enamel resistance to
demineralization [33]. This fact may also have contributed to
the lower penetration of this product than that seen in other
protocols that used the Whiteness HP Maxx. However, this
difference in the amount of HP that diffused to the disks did not
significantly affect the cytotoxicity in vitro. In part, this dis-
crepancy in the results can be attributed to the fact that the

test we used detects the diffusion of HP, but it does not
register other types of ROS, which may have also
diffused and induced toxic effects in MDPC-23 cells.
Similar observations were reported by Sacono et al. [10],
who observed no significant difference in cytotoxicity on
MDPC-23 cells when using bleaching gels based on 38 and
20 % HP. Our results showed that all of the protocols used in
the experimental model were toxic to MDPC-23 cells.

The average decrease in cell viability observed in this study
was 35.49 % for G2 (treatment with three 15-min applications
of 35 %HP), 37.10 % for G3 (a single application of 35 %HP
for 45 min), and approximately 30 % for G4 (an application
for 45 min of 20 % HP). The aggressive effect of high
concentrations of peroxide has been highlighted by several
researchers. Coldebella et al. [11] and Trindade et al. [3]
observed decreases of 62.09 and 92.03 % in MDPC-23 cell
metabolism after one and three 15-min applications of 35 %
HP, respectively. Sacono et al. [10] found a reduction of
97.18 % in the metabolism of the same cells after three 10-
min applications of 38 % HP and 96.29 % after a 45-min
application of 20 % HP. However, the cells had contact with
the extract containing HP for 24 h in these studies, whereas the
cells had contact for 1 h in the present study. In a recent study,
Soares et al. [19] observed a reduction of approximately
40.4 % in MDPC-23 cell metabolism after contact for 1 h
with the extract obtained from three applications of a gel with
35 % HP in enamel/dentin disks adapted in the APCs. Thus,
HPmay remain active for long periods in culture medium, and
the major in vitro toxic effects may increase as the contact
time with the cells increases.

The SEM images of the bleached groups revealed that the
components of the gels that diffused through the enamel and
dentin had deleterious effects on MDPC-23 cells. These ef-
fects were characterized by severe morphological alterations

Table 2 Mean (SD) of the HP content (μg/ml) detected after bleaching

No. of days Control 35 % HP 3×15 min 35 % HP 45 min 20 % HP 45 min

7 0.32 (0.136) D a 6.22 (0.27) A b 5.58 (0.51) B c 4.70 (0.20) B ab

14 0.30 (0.114) C a 6.16 (0.16) A b 6.04 (0.17) A b 5.19 (0.15) B a

21 0.39 (0.114) C a 6.40 (0.14) A a 6.34 (0.17) A a 4.69 (0.16) B b

Different uppercase letters within rows columns indicate statistical difference (p<0.05); different lowercase letters within rows indicate statistical difference

Table 1 Mean (SD) of ΔE values for groups at different times

No. of days Control 35 % HP 3×15 min 35 % HP 1×45 min 20 % HP 45 min

7 1.47 (0.72) B a 4.64 (0.93) A d 4.18 (0.84) A d 4.27 (0.93) A d

14 1.80 (0.29) B a 6.45 (1.14) A c 6.15 (1.04) A c 5.84 (1.02) A c

21 1.52 (0.31) C a 7.61 (0.98) A a 7.37 (0.91) AB a 6.88 (1.07) B a

28 1.18 (0.48) B a 7.29 (0.97) A b 7.01 (0.92) A b 6.54 (1.12) A b

Different uppercase letters within rows columns indicate statistical difference (p<0.05); different lowercase letters within rows indicate statistical difference
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in MDPC-23 cells that remained attached to the glass sub-
strate. Only cell membrane remnants were observed in the
cell-free areas, showing that local toxicity caused the death of
a large number of MDPC-23 cells. These effects can be

attributed to the action of the peroxide itself, as well as to
hydroxyl radicals (OH−) and other ROS resulting from the
degradation of the bleaching gel [2]. The presence of high
concentrations of these substances in contact with the cells has
been shown to cause oxidative stress [34], which may
result in a decrease in cell proliferation [35], lipid peroxidation
and protein fragmentation, with consequent injury to the cel-
lular membrane [8], causing cell death by necrosis or apopto-
sis [36].

In general, it can be speculated that the technique with a
single application provides benefits such as reducing the clinical
time and treatment costs because a smaller amount of material
would be required for the patient. Furthermore, the risks of
accidents due to possible contact of the gel with the adjacent
soft tissues would be reduced. However, in the experimental
model used in this study, it was found that all of the techniques
were cytotoxic to odontoblast-like cells. Thus, the negative
results observed in this study corroborate with previous studies
[3, 7, 9–11, 19, 37] and indicate the necessity of reassessing the
safety of the currently used in-office bleaching technique.

The results of this study should be interpreted cautiously
because it was an in vitro study. This study had several

Table 3 Representation in percentage of the cell metabolism (means and
standard deviation of absorbance in nm) as a function of the different
treatments

Groups Mean

Control 100.00 (5.45) A

35 % HP 3×15 min, 1 session 63.33 (10.97) B

35 % HP 3×15 min, 2 sessions 68.24 (11.16) B

35 % HP 3×15 min, 3 sessions 61.96 (10.84) B

35 % HP 1×45 min, 1 session 62.89 (9.54) B

35 % HP 1×45 min, 2 sessions 61.73 (9.79) B

35 % HP 1×45 min, 3 sessions 64.08 (15.64) B

20 % HP 45 min, 1 session 68.63 (6.43) B

20 % HP 45 min, 2 sessions 73.52 (7.91) B

20 % HP 45 min, 3 sessions 67.85 (8.90) B

Different letters indicate statistical differences (Tukey; p<0.05)

Fig. 1 SEM×1,000. Representative micrographs of the control and
experimental groups. a Control: MDPC-23 cells exhibited a wide cyto-
plasm and covered the glass of the substrate on which they had been
cultured, with visible cell proliferation (mitosis) (asterisks). b 35 % HP
3×15 min: Numerous cells that had been attached to the substrate died
and detached from the glass substrate (GS). The few cells that remained
on the substrate exhibited remarkable shrinkage of the cytoplasm. This
cellular reaction caused the rounded morphology of the cells, and some

thin cytoplasmic processes originating from the cell membranes appeared
to adhere these cells to the glass substrate (arrow). c 35 % HP 1×45 min:
Similar to the observations in image b, a decreased number of cells
adhered to the glass, and these cells exhibited a more rounded morphol-
ogy. Large areas of the cover glass were exposed (GS). d 20 % HP:
AlthoughmoreMDPC-23 cells remained on the glass substrate compared
to the images of the 35 % HP groups, these cells showed significant
morphological changes (arrow)
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limitations. First, bovine teeth were used because human teeth
are more susceptible to penetration of peroxide than bovine
teeth [4]. Further, because the data on peroxide diffusion and
cytotoxicity only refer to the last application of the product, it
was not possible to assess the cumulative effect of the ses-
sions, in which the bleaching procedure may have been more
aggressive. In addition, several factors such as intrapulpal
pressure, the presence of cytoplasmic prolongations in dentin-
al tubules [38, 39], antioxidant enzymes, and the defense
mechanisms of the pulp [40] could decrease the diffusion of
peroxide as well mitigate the intensity of the aggression.

Although physiological mechanisms exist that make it
difficult for HP and its by-products to diffuse through the
enamel and dentin and reach the pulp, in an in vivo study,
de Souza Costa et al. [7] observed an intense inflammatory
reaction associated with areas of coagulation necrosis in the
coronal pulp tissue of human mandibular incisors subjected to
38 % HP applied by the 30-min technique, which is similar to
the techniques evaluated in this research. In the study by Sato
et al. [37], the premolars of young patients subjected to 45min
of treatment with 35 % HP showed induction of oxidative
stress in the pulp tissue that was associated with the intense
activity of metalloproteinase and cathepsin B, which are pro-
teases closely associated with extracellular matrix degrada-
tion. Thus, according to the results of the present study and the
results of other laboratory and clinical studies in the literature,
the evaluated techniques present risks such as pulp tissue
damage, especially when the thickness of the enamel and
dentin of the targeted teeth is small.

Conclusion

According to the methodology used in this study, it was
concluded that all treatments using bleaching gels with high
concentrations of HP (20–35 %) result in the same color
change in tooth structure and result in diffusion of HP through
the enamel and dentin, which significantly reduces the metab-
olism of MDPC-23 odontoblast-like cells.
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