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ABSTRACT

After ozone therapy for bleaching, it is important to evaluate enamel surface properties, to ensure that
bleaching provides adequate conditions for sound dental substrate. Aim: The aim of this in vitro study
was to evaluate the effects of a bleaching treatment with 10% carbamide peroxide (CP), with or without
ozone (0), on the microhardness, roughness and micromorphology of the enamel surface. Materials
and Method: Bovine enamel blocks were planed and distributed among the following three bleaching
treatment groups (n=10): CP - 1 hour per day/14 days (Opalescence PF 10%/ Ultradent); O - 1 hour
per day every 3 days/3 sessions (Medplus V Philozon, 60 mcg/mL and oxygen flow rate of 1 L/min);
and OCP - CP with O, 1 hour per day every 3 days/3 sessions. Enamel surface microhardness (Knoop),
roughness (Ra), and micromorphology by scanning electron microscopy (5,000x magnification) were
determined before and after the treatments. Results: ANOVA and Tukey-Kramer’s test showed that
enamel microhardness remained unchanged by treatment with O and OCP (p=0.0087), but decreased
by treatment with CP. Treatment with O promoted higher enamel microhardness than the other groups
(p=0.0169). Generalized linear mixed models for repeated measures over time indicated treatment with
CP increased enamel roughness more than OCP or O (p=0.0003). CP produced slight irregularities
in enamel micromorphology after the whitening treatment. O, with or without CP, maintained the
mechanical and physical properties of microhardness and enamel surface micromorphology, and either
maintained or reduced surface roughness, compared to the conventional tray-delivered CP bleaching
treatment. Conclusions: Treatment with 10% carbamide peroxide in trays promoted greater changes
in enamel surface properties than treatments with ozone and with 10% ozonized carbamide peroxide
in the office.
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Ozonioterapia gasosa para clareamento dental preserva a
microdureza, rugosidade e micromorfologia superficial do
esmalte

RESUMO

E importante avaliar as propriedades da superficie do esmalte apés a aplicagio da ozonioterapia para
clareamento, para garantir que o efeito clareador proporcione condigoes adequadas para um substrato
dentario higido. Objetivo: O objetivo deste estudo in vitro foi avaliar os efeitos de um tratamento
clareador com peroxido de carbamida (PC) a 10%, associado ou ndo ao ozénio (O), na microdureza,
rugosidade e micromorfologia da superficie do esmalte. Materiais e Método: Blocos de esmalte bovino
foram aplainados e distribuidos entre trés grupos de tratamento clareador (n=10): PC - 1 hora por
dia/14 dias (Opalescence PF 10%/ Ultradent); O - 1 hora por dia a cada 3 dias/3 sessées (Medplus
V Philozon, 60 mcg/mL e fluxo de oxigénio de 1 L/min); e PCO - CP com O, 1 hora por dia a cada
3 dias/3 sessoes. A microdureza (Knoop), a rugosidade (Ra) e a micromorfologia da superficie do
esmalte avaliada por microscopia eletréonica de varredura (aumento de 5.000x) foram analisadas
antes e apos os tratamentos. Resultados: ANOVA e teste de Tukey-Kramer mostraram que O e PCO
mantiveram os valores de microdureza do esmalte ao final do tratamento (p=0,0087), enquanto PC
promoveu diminui¢do da microdureza. O promoveu maiores valores de microdureza do esmalte do
que os outros grupos ao final do tratamento (p=0,0169). Modelos lineares generalizados mistos para
medidas repetidas no tempo indicaram um aumento na rugosidade da superficie para PC, levando a
maior rugosidade do esmalte ao final do tratamento, em comparag¢do com PCO ou O (p=0,0003). PC
apresentou pequenas irregularidades na micromorfologia do esmalte apos o tratamento clareador.
O, com ou sem PC, manteve as propriedades mecdnicas e fisicas de microdureza e micromorfologia
da superficie do esmalte, e manteve ou reduziu a rugosidade da superficie, em comparag¢do com o
tratamento clareador a base de PC aplicado em moldeira convencional. Conclusées: O tratamento com
peroxido de carbamida a 10% para uso em moldeiras promoveu maiores alteragées nas propriedades
de superficie do esmalte do que aquelas observadas nos tratamentos com ozonio e com peroxido de
carbamida ozonizado a 10% para uso em consultorio.

Palavras-chave: esmalte dentadrio - dureza - ozonio - clareamento dental - peroxido de carbamida
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INTRODUCTION

Hydrogen peroxide and carbamide peroxide are
the agents most often used in tooth bleaching
techniques. Hydrogen peroxide is generally used
for in-office whitening procedures at concentrations
of 35 to 40%, while carbamide peroxide is used in
techniques with trays, under a dentist’s supervision,
and at lower concentrations of 10t0 22%'3. However,
these concentrations are higher than recommended
by some international control agencies, such as the
American Dental Association® and the Scientific
Committee on Consumer Products’ of the European
Union, which indicate a maximum percentage of
6% hydrogen peroxide in bleaching agents, to guard
against possible pulpal damage.

Bleaching can promote some adverse effects,
mainly sensitivity and gingival irritation' 367,
with sensitivity being the main and most common
symptom, reported by approximately 15-78% of
people undergoing this procedure, with intensities
ranging from mild to moderate®®. The intensity of
sensitivity is directly related to the concentration
used (the higher the concentration, the greater the
sensitivity), and the application time (the longer the
time, the greater the sensitivity)®!!.

The peroxides used in bleaching techniques release
freeradicals, which, inturn, release cellular metabolic
products (such as ATP and prostaglandins) that
excite or sensitize the nociceptors in the pulp'. The
resulting depolarization followed by repolarization of
the sensitive dentinal nerves stimulates pain'?. It has
therefore been recommended that the concentration
of peroxide in bleaching agents should be reduced*?,
and that further research should be conducted on
bleaching procedures without peroxide, such as
those using ozone (O,) **.

The ozone molecule, and particularly the hydroxyl
radical (OH") - a non-selective oxidant formed by
ozone decomposition — play an important role in the
oxidation process. Ozone decomposes in aqueous
solutions, triggering the formation of both peroxide
radicals (HO,) and hydroxyl radicals (OH)*"*.
Ozone can break down chromophore groups into
smaller molecules, resulting in a tooth whitening
effect through a binding, substitution or cleavage
mechanism?.?

Although some studies have observed that the
isolated use of ozone did not promote effective
bleaching!®??*, others have reported that ozone
associated with a high concentration of hydrogen

peroxide (37.5%'® and 38%""%) during in-office
bleaching techniques did so. Ozone applied together
with carbamide peroxide in the office! or by patients
on their own'®"®» has shown significant results
in inducing clinically noticeable color change, in
addition to reducing patient-reported sensitivity'.
These differences in the whitening potential
reported for ozone therapy in different studies stem
from variations in ozone or peroxide dosages or
low concentrations, low sample size, older ozone
generation devices, and ozone circulation capacity
in the application tray'>'. Among the protocols
used, Ferreira et al.'” applied office treatments with
ozone and carbamide peroxide associated to ozone
therapy for 1 hour every 3 days (total 3 applications
or 3 hours). These treatments promoted clinically
noticeable, acceptable and comparable chromatic
changes when 10% carbamide peroxide was applied
in a tray for 8 hours daily for 7 days (totaling 56
hours of application). However, the benefits of each
whitening treatment should be considered separately,
as well as the direct effects of these treatments on
tooth structure.

Regarding these effects, ozone gas therapy for
tooth bleaching was found to promote a significant
reduction in enamel microhardness. Moreover, some
bleaching agents with low pH can cause a change
in mineral content'®. Ferreira et al.'” showed that
the pH remains neutral when a carbamide peroxide
bleaching agent is associated with ozone for 60
minutes, but they also observed a slight decrease
in microhardness values, possibly associated with
the release of free radicals. This slight reduction
could lead to changes not only in the mineral
content of the enamel, but also in the roughness and
micromorphology of the enamel, characterized by
porosity and erosion.

It is therefore important to evaluate the enamel
surface properties after application of ozone therapy
for bleaching, to ensure that the bleaching effect
provides adequate conditions for sound dental
substrate. The aim of this study was to evaluate
the effects of a bleaching treatment with 10%
carbamide peroxide associated with ozone therapy
for in-office use on microhardness, roughness and
micromorphology of the enamel surface. The null
hypothesis was that there would be no difference
in microhardness, roughness and micromorphology
of enamel whitened by ozone therapy, carbamide
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peroxide associated to ozone therapy for in-office
use, or 10% carbamide peroxide for use in trays.

MATERIALS AND METHOD

Bleaching Protocols

The bleaching protocols evaluated are shown in
Table 1. The ozone concentration in the ozone gas
therapy followed protocols adapted from Tessier et
al.”, Santana et al.'®, and Ferreira et al.””. The pH
values for the 10% carbamide peroxide bleaching
agent and the ozonized 10% carbamide peroxide
were measured in triplicate, at different application
times (baseline, 30, and 60 minutes), using a pH
meter (MS Tecnopon Equipamentos Especiais,
Piracicaba, SP, Brazil).

Tooth selection

Sixty clean, extracted bovine incisors obtained from
a slaughterhouse were stored in a freezer at -18°C
no longer than two months before commencing
the experimental stage. The teeth were thawed at
room temperature, and the roots were removed from
the crown with a double-sided diamond disc (KG
Sorensen, Barueri, SP, Brazil). The crowns were
sectioned to obtain enamel blocks (5.0 mm x 5.0 mm
x 3.0 mm). The blocks were embedded in polyester
resin (Maxi Rubber, Campinas, SP, Brazil), and
polished in a pneumatic electric polisher (Ecomet
250 grinder, Buehler, Lake Bluff, IL, USA) with
600- and 1200-grit sandpaper (Buehler, Lake Bluff,
IL, USA), alumina suspension at 0.3 pm (Alfa
Micropolish, Buehler, Lake Bluff, IL, USA) and a
felt cloth (Buehler, Lake Bluff, IL, USA). The enamel
specimens were cleaned in an ultrasonic cleaner
with deionized water for 10 minutes to remove
any residue from the polishing procedure. Sixty
enamel blocks obtained at the end of this stage were
selected according to microhardness and surface
roughness values. The blocks were then immersed

in artificial saliva solution (7 mL for each tooth) (1.5
mMol/L Ca; 50 mMol/L KCI; 0.9mMol/L PO,; 20
mMol/L Tris buffer; pH=7.0), as recommended by
Featherstone et al.?® and modified by Serra & Cury?’,
for 7 days at 37°C in a bacteriological incubator.

Microhardness evaluation

Three Knoop microhardness indentations were made
at 150 pum intervals on the upper surface of each
enamel sample before applying the treatments, using
a microhardness tester (HVS-1000, Panambra, Sao
Paulo, SP, Brazil), under a load of 25 g, applied for
5 seconds. The values were tabulated, and enamel
blocks with average Knoop microhardness between
350 and 400 kgf/mm?* were selected.

Roughness evaluation

Initial surface roughness was measured with a
roughness tester (Suftest SJ-210, Mitutoyo, Suzano,
SP, Brazil) on the surface of the samples. The
roughness measurement (Ra) was made with a
static load of 5 N at a speed of 0.5 mm/s. The cut-
off value was 0.25 pm in sequential mode. Three
measurements were performed on each sample at
different locations, and the arithmetic mean was
calculated. The values were tabulated, and enamel
blocks with a mean roughness of 0.04 um + 0.01 um
were selected.

At the end of this stage, 33 enamel blocks
were selected for the experiment (30 for the
microhardness and roughness tests, and 3 for the
initial micromorphology evaluations).

Tray construction and enamel block positioning
Anatomical molding of the upper arch of a dental
mannequin (Prodens, Pronew, Sdo Gongalo, RJ,
Brazil) was performed with alginate (Hydrogum,
Zhermack, Meier, RJ, Brazil) using a metal mold
without the artificial teeth. The alveoli were

Table 1. Bleaching protocols used, materials and manufacturers

Bleaching treatment/Abbreviation

Bleaching with 10% carbamide
peroxide using a tray/CP

Bleaching with ozone gas/O

Tray bleaching with 10% ozonized
carbamide peroxide/OCP

Bleaching protocols

1 hour a day for 14 days

1 hour every 3 days, for a total of
3 applications

1 hour every 3 days, for a total of
3 applications

Trade name and manufacturer
(city, state, country)

Opalescence PF 10% - Ultradent (Indaiatuba, SP,
Brazil)

Medplus V Philozon® (Balneario Camboriu, SC,
Brazil)

Opalescence PF 10% - Ultradent (Indaiatuba,
SP, Brazil) and Medplus V Philozon® (Balneario
Camboriu, SC, Brazil)
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obliterated with utility wax. Soon after, the mold was
cast with microgranulated special type IV plaster
(Durone, Dentsply Sirona, Sao Paulo, SP, Brazil).
This special plaster model was used to perform the
whitening procedures.

The trays were made by positioning replicas of
the enamel blocks (made with composite resin
5.0 mm x 5.0 mm x 3.0 mm) on the empty alveoli
using sticky wax, with one enamel block positioned
in each dental element of the arch (from tooth 35
to 45). A new mold was made with alginate, and
cast with stone plaster to make three silicone trays
(Cristal PVC, Bioart, Sao Carlos, SP, Brazil) (3.0
mm thick), one tray for each bleaching agent under
study. The tray for the group to receive the 10%
carbamide peroxide treatment (CP group) was cut at
the limit corresponding to the division between the
free and inserted gingiva of the mannequin.

In the experimental groups O and OCP (those using
10% carbamide peroxide associated to ozone gas
therapy), both the external and internal faces of the
plaster model were ground with a number 6 spherical
bur coupled to a micromotor in the region at the end
of the vestibule bottom. Dense condensation silicone
paste (Speedex, Coltene, Rio de Janeiro, RJ, Brazil)
was applied with a thickness of 0.5 mm above the
dental block replicas, in order to provide space for
the circulation of ozone inside the tray. Afterwards,
two silicone trays (Cristal PVC, Bioart, Sdo Carlos,
SP, Brazil) were made in a vacuum plasticizer (P7,
Bio-art, Sao Carlos, SP, Brazil), by cutting the tray
at the site of the wear in the region at the end of
the vestibule. Then, four holes were drilled on
the buccal surface and two on the lingual surface
of the respective trays, through which to install
plastic cannulas (Macrogotas Descarpack Luer Slip,
Sao Paulo, SP, Brazil) to allow the ozone to enter
through the buccal surface and exit through the
lingual surface of the trays. After making the trays
on the previously prepared special plaster models,
the enamel blocks were removed from the polyester
resin, so that the resin could be fixed on a plaster
model, thus reproducing the dental arch to be used
in performing the whitening techniques (Fig. 1).

Bleaching treatment with 10% carbamide
peroxide - CP

A disposable syringe (Biotecmed, Sdo Paulo, SP,
Brazil) was used to apply 0.02 mL of 10% carbamide
peroxide on the surface of the enamel blocks. The

Fig. 1: Model used to apply the treatments, showing the
positioned enamel blocks.

bleaching agent was kept on the enamel surface
for 1 hour per day, according to the manufacturer’s
recommendations. After this time, the gel was
removed from the enamel surface with deionized
water for 10 s and dried with gauze. Then, the
model was immersed in artificial saliva solution and
kept in a humid environment in a bacteriological
incubator at 37°C. This cycle was repeated for 14
days. After finishing the applications, the enamel
surface was washed with distilled water, and again
stored in artificial saliva solution for 24 hours in
a 37°C bacteriological incubator, until the final
microhardness and roughness evaluations were
performed.

Bleaching treatment with ozone - O

An ozone therapy generator (Medplus V Philozon,
Camborit, SC, Brazil) connected to an oxygen
cylinder by a standard flow meter (Nogales et al.,
2008) was used to perform the experiment. The dose
applied was adjusted according to the concentration
of the oxygen/ozone gas mixture (mcg/mL), and
the action time (min). The ozone concentration
was 60 mcg/mL, at an oxygen flow rate of 1 L/
min, according to the manufacturer’s guidelines.
The application time was 1 hour every 3 days, for
a total 3 applications. The gas was introduced by
adapting one end of the cannula to the four holes of
the tray in the vestibular region, and the other end
of the cannula to the ozone generator equipment.
The gas was released from the tray by adapting
one end of the cannulas to the tray in the lingual
area (Fig. 2), and the other end to the device itself,
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Fig. 2: Tray used for ozone application.

which has an integrated vacuum pump for gases.
The specimens were kept in artificial saliva solution
in a bacteriological incubator at 37°C between
the bleaching sessions. After the last session, the
blocks were washed with distilled water and again
stored in artificial saliva solution for 24 hours in
a 37°C bacteriological incubator, until the final
microhardness and roughness evaluations were
performed.

Bleaching treatment with 10% ozonized
carbamide peroxide - OCP

A disposable syringe (Biotecmed, Sao Paulo, SP,
Brazil) was used to apply 0.02 ml of 10% carbamide
peroxide whitening agent on the buccal enamel
surface of the teeth, and cannulas were used to
position the previously prepared tray. The tray,
together with the plastic cannulas, was connected to
the ozone generator, as mentioned above. The 10%
carbamide peroxide, together with the designated O
protocol, was left on the specimens for 1 hour. This
application was repeated every 3 days, for a total three
applications. The specimens were kept in artificial
saliva solution, in a bacteriological incubator at
37°C between the bleaching sessions. After the last
session, the blocks were washed with distilled water,
and again stored in an artificial saliva solution for 24
hours in a 37°C bacteriological incubator, until the
final microhardness and roughness evaluations were
performed.

After the bleaching treatments were completed,
the enamel blocks were submitted to final
microhardness and roughness analysis, and the
enamel micromorphology was evaluated.

Analysis of enamel surface micromorphology
The dental enamel surface of three enamel blocks
from each group were analyzed by scanning
electron microscopy (LEO Electron Microscopy/
Oxford, Cambridge, England) before and after
each whitening treatment. The specimens were
subjected to a gold metallization process. Images
were obtained at a magnification of 5000x. A single
operator evaluated the enamel surface for erosions,
irregularities and depressions.

Statistical Analyses

The analyses were performed with the R
programming resources®® at a significance level of
5%. Descriptive and exploratory analyses of the
data were made. The exploratory analysis indicated
an “outlier” (discrepant value) in the microhardness
of the 10% ozonized carbamide peroxide group at
baseline (microhardness=395 Kgf/mm?), so this
value was excluded from the analyses. Next, a
linear mixed model for repeated measures in time
(ANOVA for repeated measures in time) and the
Tukey-Kramer test were applied. The roughness
data did not meet the assumptions of a general
linear model (ANOVA), thus calling for an analysis
of generalized linear mixed models for repeated
measures over time. The percentage increase (in
positive values) or decrease (in negative values)
of microhardness and roughness between the time
periods was also calculated.

RESULTS

The triplicate means of the pH values recorded for
the bleaching treatments showed that they remained
unchanged throughout the OCP application time,
and decreased slightly during the CP application
time (Table 2). Although the pH for both treatments
was acidic, the OCP treatment was found to be
slightly more acidic.

There was significant interaction between the
factors “treatment” and “evaluation time” for the
microhardness response variable (p<0.0001). There
was no significant difference between the enamel
microhardness values for the O and OCP treatments
at baseline versus final times (p>0.05), whereas CP
promoted decreased microhardness at the end of
treatment (p=0.0087), with a mean percentage of
9.94% (Table 3). Treatment with O produced higher
enamel microhardness values than the other groups
by the end of the treatment (p=0.0169).
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Table 2. pH values for 10% carbamide peroxide and 10% ozonized carbamide peroxide according to time

Treatment
Baseline
CP 6.32
OCP 5.52

Time
30 minutes 60 minutes
6.12 6.06
5.55 5.54

Table 3. Mean (standard deviation) microhardness (in Kg/mm2) according to treatment and time

Treatment Time Average percentage (in %)
Baseline Final
cP 359.40 (19.22) Aa 323.67 (22.87) Bb -9.94
o) 356.70 (16.67) Aa 376.03 (33.87) Aa 5.41
OCP 360.04 (12.86) Aa 338.33 (18.29) Ab -6.02

Different letters (uppercase horizontally and lowercase vertically) indicate statistically significant differences (p<0.05).

There was significant interaction between the factors
“treatment” and “evaluation time” for the roughness
response variable (p<0.0003). In addition, there was
a significant increase in surface roughness for CP
at the end of the bleaching treatment (percentage
increase of 66.66%), as well as greater enamel

roughness for this group at the end of the treatment,
compared to OCP and O (p=0.0003) (Table 4).
The surface micromorphology images showed
that CP caused slight irregularities in the enamel
micromorphology after the bleaching treatment

(Fig. 3).

Table 4. Mean (standard deviation) roughness (in um) according to treatment and time

Treatment Time Average percentage (in %)
Baseline Final
CP 0.039 (0.015) Ba 0.065 (0.025) Aa 66.66
(0] 0.055 (0.012) Aa 0.037 (0.012) Bb -32.72
OCP 0.046 (0.017) Aa 0.051 (0.022) Aab 10.86

Different letters (uppercase horizontally and lowercase vertically) indicate statistically significant differences (p<0.05).

Fig. 3: Enamel surface micromorphology of the different treatments.
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DISCUSSION

Although it has been reported that ozone gas therapy
is capable of bleaching by binding, substitution or
cleavage mechanisms?!*, there is still no consensus
regarding the best bleaching protocol to apply ozone
therapy for tooth whitening!”. Moreover, there
can be variations in the dosages or concentrations
of ozone or peroxide in the ozone generation
devices, and in the ozone circulation capacity
of the application tray'>'"”. The protocol used by
Ferreira et al."” promoted noticeable, acceptable and
perceptible bleaching effects of CP (8 hours daily
for 7 days). However, O and OCP treatments were
shorter (both applied for 1 hour in the sessions), thus
enabling a reduction of 53 hours in the bleaching
treatment compared to CP. However, changes may
occur in the enamel microhardness, roughness
and micromorphology using this protocol, calling
for evaluation of these effects. Differences were
observed in these enamel surface properties when
different treatments were used. We therefore reject
the null hypothesis of this study.

The bleaching treatment with CP significantly
reduced microhardness, possibly related to the pH
of the bleaching agent and the treatment time, even
considering that this protocol was adapted from
Ferreira et al.'. In the present study, CP application
time was shorter (1 hour daily for 14 days) than in
the study by Ferreira et al.", so we conclude that a
shorter application time can promote effective color
change'®? in addition to lowering tooth sensitivity
to CP'°. However, it should be noted that the pH
of this bleaching agent is slightly acidic, thereby
promoting solubility of the calcium and phosphate
present in dental enamel*. Furthermore, the change
in mineral content can also lead to changes in the
enamel surface micromorphology'®*' and increase
enamel roughness®, as observed in the present study.
Treatment with O and OCP did not alter the enamel
microhardness. Although OCP was more acidic
than CP, the contact between bleaching agent and
enamel surface did not promote significant changes,
possibly due to the shorter application time (3 hours
altogether for OCP versus 14 hours for CP). Thus,
the protocol and treatment time may influence
enamel properties, considering that all the samples
remained immersed in artificial saliva during the time
between applications, thus allowing a balance to be
maintained between the enamel demineralization-
remineralization processes'®.

However, by the end of the treatment, microhardness
was higher in the enamel treated with O than with
the other protocols. Ozone decomposes in aqueous
solution, releasing free radicals as a result of its high
oxidation capacity, and these free radicals can act in
the cleavage of organic or inorganic components's,
Tahmassebi et al.** observed that the oxidation of
organic compounds present in enamel can lead to
increased permeability of the substrate, thereby
facilitating the process of remineralization and
deposition of calcium and phosphate, of which
compounds were present in the artificial saliva used.
This mechanism of action may also explain the
decrease in O roughness values at the end of treatment
(by 32.72%), contrary to what occurred with the CP
and OCP groups. Specifically in relation to CP, the
reduction in microhardness at the end of treatment,
related to mineral loss, explains the increase in
roughness (by 66.66%), confirmed by changes
(irregularities) in surface micromorphology, as
corroborated by other studies***. These irregularities
may be related to byproducts resulting from the
oxidizing reaction of the bleaching agent, mainly
urea and oxygen. Urea can denature proteins present
in organic portions of the tooth structure***’, and has
the potential to penetrate the enamel, affecting not
only the surface but also the interprismatic portion
of the enamel. Urea penetration may thus contribute
to higher enamel permeability and microstructural
changes®*. As for OCP, although it was associated
to the ozone application, its contact with the enamel
surface may have led to increased roughness (by
10.86%); however, micromorphological changes
were not observed, possibly due to the use of ozone
therapy.

Ozone therapy for in-office bleaching did not
cause changes in enamel microhardness or
surface micromorphology. It led to greater surface
smoothness, with a shorter treatment time, compared
to the conventional bleaching procedure using tray-
delivered carbamide peroxide. This makes it safer
in terms of changes in enamel surface properties.
However, ozone application requires greater control
and the use of a specific tray to prevent inhalation.
Further studies are therefore needed to ensure a
protocol that is safe, effective, and more convenient
for both patient and professional.

It can be concluded that treatment with 10%
carbamide peroxide for use in trays changed enamel
surface properties more than treatments with ozone
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or with 10% ozonized carbamide peroxide for use
in the office. Gaseous ozone therapy for bleaching
treatment, with or without carbamide peroxide,
maintained the mechanical and physical properties
of microhardness and micromorphology of the

DECLARATION OF CONFLICTING INTERESTS
The authors declare no potential conflicts of interest regarding
the research, authorship, and/or publication of this article.

REFERENCES

1. Basting RT, Amaral FL, Frangca FM, Flério FM. Clinical
comparative study of the effectiveness of and tooth
sensitivity to 10% and 20% carbamide peroxide home-use
and 35% and 38% hydrogen peroxide in-office bleaching
materials containing desensitizing agents. Oper Dent.
2012;37(5):464-473. https://doi.org/10.2341/11-337-C

2. Dourado Pinto AV, Carlos NR, Amaral FLBD, Franga FMG,
Turssi CP, Basting RT. At-home, in-office and combined
dental bleaching techniques using hydrogen peroxide:
Randomized clinical trial evaluation of effectiveness,
clinical parameters and enamel mineral content. Am J Dent.
2019;32(3):124-132.

3. Carlos NR, Bridi EC, Amaral F, Franca F, Turssi CP, Basting
RT. Efficacy of Home-use Bleaching Agents Delivered in
Customized or Prefilled Disposable Trays: A Randomized
Clinical Trial. Oper Dent. 2017;42(1):30-40. https://doi.
org/10.2341/15-315-C

4. ADA. Whitening [Internet]. 2023. Avaiable from: https://
www.ada.org/resources/research/science-and-research-
institute/oral-health-topics/whitening

5. SCCP The Scientific Committee on Consumer Products.
Opinion on Hydrogen Peroxide in Tooth Whitening
Products [Internet]. 2005; Available from: https://
ec.europa.cu/health/ph_risk/committees/04_sccp/docs/
sccp_o_022.pdf

6. Mailart MC, Sakassegawa PA, Santos KC, Torres CRG, Palo
RM, Borges AB. One-year follow-up comparing at-home
bleaching systems outcomes and the impact on patient’s
satisfaction: Randomized clinical trial. J Esthet Restor Dent.
2021;33(8):1175-1185. https://doi.org/10.1111/jerd.12814

7. Luque-Martinez I, Reis A, Schroeder M, Muiloz MA,
Loguercio AD, Masterson D, Maia LC. Comparison of
efficacy of tray-delivered carbamide and hydrogen peroxide
for at-home bleaching: a systematic review and meta-
analysis. Clin Oral Investig. 2016;20(7):1419-1433. https://
doi.org/10.1007/s00784-016-1863-7

8. Kielbassa AM, Maier M, Gieren AK, Eliav E. Tooth sensitivity
during and after vital tooth bleaching: A systematic review
on an unsolved problem. Quintessence Int. 2015; 46(10):881-
897. https://doi.org/10.3290/j.qi.a34700

9. de Geus JL, Wambier LM, Kossatz S, Loguercio AD, Reis A.
At-home vs In-office Bleaching: A Systematic Review and
Meta-analysis. Oper Dent. 2016;41(4):341-356. https://doi.
org/10.2341/15-287-LIT

enamel surface, and either maintained or reduced
surface roughness, compared to the conventional
tray-delivered carbamide peroxide whitening
treatment.

FUNDING

This study was supported by grant from CNPq foundation
(Conselho Nacional de Desenvolvimento Cientifico e
Tecnologico - N° 136997/2021).

10. Cardoso PC, Reis A, Loguercio A, Vieira LC, Baratieri
LN. Clinical effectiveness and tooth sensitivity associated
with different bleaching times for a 10 percent carbamide
peroxide gel. J Am Dent Assoc. 2010; 141(10):1213-1220.
https://doi.org/10.14219/jada.archive.2010.0048

11. Pontes M, Gomes J, Lemos C, Ledo RS, Moraes S,
Vasconcelos B, Pellizzer EP. Effect of Bleaching Gel
Concentration on Tooth Color and Sensitivity: A Systematic
Review and Meta-analysis. Oper Dent. 2020 May/Jun;
45(3):265-275. https://doi.org/10.2341/17-376-L

12. Markowitz K. Pretty painful: why does tooth bleaching
hurt? Med Hypotheses. 2010;74(5):835-840. https://doi.
org/10.1016/j.mehy.2009.11.044

13. Al-Omiri MK, Abul Hassan RS, AlZarea BK, Lynch E.
Improved tooth bleaching combining ozone and hydrogen
peroxide. A blinded study. J Dent. 2016; 46:30-35. https://
doi.org/10.1016/j.jdent.2016.01.010

14. Al-Omiri MK, Al Nazeh AA, Kielbassa AM, Lynch
E. Randomized controlled clinical trial on bleaching
sensitivity and whitening efficacy of hydrogen peroxide
versus combinations of hydrogen peroxide and ozone. Sci
Rep. 2018; 8(1):2407. https://doi.org/10.1038/s41598-018-
20878-0

15. Al-Omiri MK, Lamfon HA, Al Nazeh AA, Kielbassa AM,
Lynch E. Randomized clinical trial on the comparison
of bleaching outcomes using either ozone or hydrogen
peroxide. Quintessence Int. 2018;49(8):625-634. https://
doi.org/10.1038/541598-018-20878-0

16. Aykut-Yetkiner A, Ertugrul F, Eden E, Aladag A, Ergin E,
Ozcan M. Color assessment after bleaching with hydrogen
peroxide versus ozone: a randomized controlled clinical
trial. Gen Dent. 2017 Jul-Aug;65(4):e12-el17.

17. Dietrich L, de Assis Costa MDM, Blumenberg C,
Nascimento GG, Paranhos LR, da Silva GR. A meta-
analysis of ozone effect on tooth bleaching. Sci Rep. 2021
Jun 23;11(1):13177. https://doi.org/10.1038/s41598-021-
92733-8

18. Santana MS, Bridi EC, Navarro RS, de Lima CJ, Fernandes
AB, do Amaral FL, et al. Dental bleaching with ozone:
effects on color and enamel microhardness. Acta Odontol
Latinoam. 2016; 29(1):68-75.

19. Ferreira Neves Dias TDRFZ, Ferreira de Campos FU, Turssi
CP, Botelho do Amaral FL, Gomes Franga FM, Basting RT.
Color change after tooth bleaching with ozone and 10%

Acta Odontol. Latinoam. 2023

ISSN 1852-4834

Vol.36 N° 1 / 15-23


https://doi.org/10.2341/11-337-C
https://doi.org/10.2341/15-315-C
https://doi.org/10.2341/15-315-C
https://www.ada.org/resources/research/science-and-research-institute/oral-health-topics/whitening
https://www.ada.org/resources/research/science-and-research-institute/oral-health-topics/whitening
https://www.ada.org/resources/research/science-and-research-institute/oral-health-topics/whitening
https://ec.europa.eu/health/ph_risk/committees/04_sccp/docs/sccp_o_022.pdf
https://ec.europa.eu/health/ph_risk/committees/04_sccp/docs/sccp_o_022.pdf
https://ec.europa.eu/health/ph_risk/committees/04_sccp/docs/sccp_o_022.pdf
https://doi.org/10.1111/jerd.12814
https://doi.org/10.1007/s00784-016-1863-7
https://doi.org/10.1007/s00784-016-1863-7
https://doi.org/10.2341/15-287-LIT
https://doi.org/10.2341/15-287-LIT
https://doi.org/10.14219/jada.archive.2010.0048
https://doi.org/10.2341/17-376-L
https://doi.org/10.1016/j.mehy.2009.11.044
https://doi.org/10.1016/j.mehy.2009.11.044
https://doi.org/10.1016/j.jdent.2016.01.010
https://doi.org/10.1016/j.jdent.2016.01.010
https://doi.org/10.1038/s41598-018-20878-0
https://doi.org/10.1038/s41598-018-20878-0
https://doi.org/10.1038/s41598-018-20878-0
https://doi.org/10.1038/s41598-018-20878-0
https://doi.org/10.1038/s41598-021-92733-8
https://doi.org/10.1038/s41598-021-92733-8

Ozone gas therapy for tooth bleaching

23

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

ozonized carbamide peroxide for in-office use. Med Gas
Res. 2022;12(3):100-106. https://doi.org/10.4103/2045-
9912.330693

Zanjani VA, Ghasemi A, Torabzadeh H, Jamali M,
Razmavar S, Baghban AA. Bleaching effect of ozone on
pigmented teeth. Dent Res J (Isfahan). 2015; 12(1):20-24.
https://doi.org/10.4103/1735-3327.150295

Nogales CG, Ferrari PH, Kantorovich EO, Lage-Marques
JL. Ozone therapy in medicine and dentistry. J Contemp
Dent Pract. 2008; 9(4):75-84. https://doi.org/10.5005/jcdp-
9-4-75

Saini R. Ozone therapy in dentistry: A strategic review.
J Nat Sci Biol Med. 2011; 2(2):151-153. https://doi.
0rg/10.4103/0976-9668.92318

Perincek SD, Duran K, Korlu AE, Bhatiyari IM. An
investigation in the use of ozone gas in the bleaching of
cotton fabrics. Ozone: Science & Engineering. 2007,
29:325-333. https://doi.org/10.1080/01919510701509578
Manton DJ, Bhide R, Hopcraft MS, Reynolds EC. Effect
of ozone and Tooth Mousse on the efficacy of peroxide
bleaching. Aust Dent J. 2008; 53(2):128-132. https://doi.
org/10.1111/7.1834-7819.2008.00021.x

Tessier J, Rodriguez PN, Lifshitz F, Friedman SM, Lanata
EJ. The use of ozone to lighten teeth. An experimental
study. Acta Odontol Latinoam. 2010; 23(2):84-89.
Featherstone JDB, O’Really MM, Shariati M, Brugler
S. Enhancement of remineralization in vitro and in vivo.
In: Leach AS. Factors relating to demineralization and
remineralization of the teeth. IRL, Oxford. 1986.

Serra MC, Cury JA. The in vitro effect of glass-ionomer
cementrestoration on enamel subjected to a demineralization
and remineralization model. Quintessence Int. 1992 Feb;
23(2):143-147.

R Core Team. R: A language and environment for statistical
computing. R Foundation for Statistical Computing, 2021.
Vienna, Austria.

Loépez Darriba I, Novoa L, de la Pefia VA. Efficacy of

30.

31.

32.

33.

34.

35.

36.

37.

different protocols for at-home bleaching: A randomized
clinical trial. Am J Dent. 2017; 30(6):329-334.

Zanolla J, Marques A, da Costa DC, de Souza AS,
Coutinho M. Influence of tooth bleaching on dental enamel
microhardness: a systematic review and meta-analysis.
Aust Dent J. 2017; 62(3):276-282. https://doi.org/10.1111/
adj.12494

Basting RT, Rodrigues Junior AL, Serra MC. The effect
of 10% carbamide peroxide bleaching material on
microhardness of sound and demineralized enamel and
dentin in situ. Oper Dent. 2001; 26(6):531-539.

Cvikl B, Lussi A, Moritz A, Flury S. Enamel Surface Changes
After Exposure to Bleaching Gels Containing Carbamide
Peroxide or Hydrogen Peroxide. Oper Dent. 2016;41(1):E39-
47. https://doi.org/10.2341/15-010-L

Tahmassebi JF, Chrysafi N, Duggal MS. The effect of ozone
on progression or regression of artificial caries-like enamel
lesions in vitro. J Dent. 2014; 42(2):167-174. https://doi.
org/10.1016/j.jdent.2013.11.011

Sasaki RT, Arcanjo AJ, Florio FM, Basting RT.
Micromorphology and microhardness of enamel after
treatment with home-use bleaching agents containing
10% carbamide peroxide and 7.5% hydrogen peroxide. J
Appl Oral Sci. 2009 Nov-Dec; 17(6):611-616. https://doi.
org/10.1590/S1678-77572009000600014

Pimenta-Dutra AC, Albuquerque RC, Morgan LS, Pereira
GM, Nunes E, Horta MC, Silveira FF. Effect of bleaching
agents on enamel surface of bovine teeth: A SEM study. J
Clin Exp Dent. 2017;9(1):e46-¢50.

Goldberg M, Arends J, Jongebloed WL, Schuthof J,
Septier D. Action of urea solutions on human enamel
surfaces. Caries Res. 1983;17(2):106-112. https://doi.
org/10.1159/000260657

Hegediis C, Bistey T, Flora-Nagy E, Keszthelyi G, Jenei A.
An atomic force microscopy study on the effect of bleaching
agents on enamel surface. J Dent. 1999; 27(7):509-515.
https://doi.org/10.1016/S0300-5712(99)00006-8

Vol.36 N° 1 / 15-23

ISSN 1852-4834

Acta Odontol. Latinoam. 2023


https://doi.org/10.4103/2045-9912.330693
https://doi.org/10.4103/2045-9912.330693
https://doi.org/10.4103/1735-3327.150295
https://doi.org/10.5005/jcdp-9-4-75
https://doi.org/10.5005/jcdp-9-4-75
https://doi.org/10.4103/0976-9668.92318
https://doi.org/10.4103/0976-9668.92318
https://doi.org/10.1080/01919510701509578
https://doi.org/10.1111/j.1834-7819.2008.00021.x
https://doi.org/10.1111/j.1834-7819.2008.00021.x
https://doi.org/10.1111/adj.12494
https://doi.org/10.1111/adj.12494
https://doi.org/10.2341/15-010-L
https://doi.org/10.1016/j.jdent.2013.11.011
https://doi.org/10.1016/j.jdent.2013.11.011
https://doi.org/10.1590/S1678-77572009000600014
https://doi.org/10.1590/S1678-77572009000600014
https://doi.org/10.1159/000260657
https://doi.org/10.1159/000260657
https://doi.org/10.1016/S0300-5712(99)00006-8

