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Clinical Evaluation of 10% Hydrogen Peroxide on Tooth
Sensitivity and Effectiveness in at Home Dental Bleaching
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ABSTRACT
Aim: The purpose of this study was to evaluate the dental effect
and sensitivity of at-home dental bleaching with 10% hydrogen
peroxide (H2O2).
Materials and methods: Twenty volunteers with A2 or darker
central incisors were selected for this study. Was used 10%
H2O2 for thirty minutes twice a day, for two weeks. Shade
evaluation was assessed visually by the value-oriented
shade guide Vita Classical shade guide, Vita Bleachedguide
3D-MASTER and by the Easyshade spectrophotometer at
baseline, during bleaching (first and second weeks), and
post-bleaching (one month). The perceptions of sensitivity
were recorded by the patients through the numerical rating
scale (0 to 4) and 0 to 10 visual analog scales daily. Data from
the shade guide units was subjected to a one way repeated
measures (RM) analysis of variance (ANOVA) test (α = 5%).
The overall ΔE, absolute risk and intensity of tooth sensitivity
were calculated as well as the 95% confidence interval.
Results: The absolute risk of tooth sensitivity was 65% and the
intensity was mild. Data from ΔSGU and ΔE after 1 month of
bleaching for H2O2 10% showed significant whitening, 4 units
for Vita Classical, 5 units for Vita Bleachedguide and 9.7 units
for spectrophotometer.
Conclusion: At-home bleaching using 10% hydrogen peroxide
is effective in 14 days of bleaching. The most common adverse
events were mild tooth sensitivity, and no subjects discontinued
use early because of a treatment-related adverse event.
Clinical significance: At-home dental bleaching with 10%
hydrogen peroxide gel reduces the time of use of the tray,
maintaining the effectiveness with low intensity of dental sensitivity. Brazilian clinical trials registry (REBEC) RBR-45xmzj.
Keywords: Dental bleaching, Dentin sensitivity, Hydrogen
peroxide.
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INTRODUCTION
Tooth whitening is currently one of the most popular
treatments in recent years as tooth color is considered of
great importance to oral aesthetics.1,2
There are some teeth whitening techniques for vital
teeth currently available for clinical use. Homemade
whitening techniques have been used in dental
practices for many years. At-home dental bleaching is
a popular technique that has some advantages, such
as its efficacy, low absolute risk of dentinal sensitivity,
lower cost, and time required compared to in-office
dental bleaching.3-6
Both techniques are usually performed with gels
containing H 2O 2 and carbamide peroxide (CP) in
different concentrations. The most commonly used
at-home bleaching technique is CP at concentrations
ranging from 10 to 22%. Several studies have reported
its efficacy and some adverse effects at different
concentrations.6-11
When in contact with the tooth, CP dissociates into
hydrogen peroxide and urea, which together with urea
by-products may decrease the degradation of CP.12 When
in contact with dental structures, CP releases oxygen and
peroxide in an anion hydrogen rupture and allows for the
degradation of organic material, making it smaller and
lighter. As H2O2 is known to penetrate the dental tissue
faster than CP because of its low molecular weight13,14,
it also has a shorter action time than CP, which needs
to dissociate into H2O2 and urea. Hydrogen peroxide,
when in contact with the tooth, immediately begins
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the whitening process by releasing oxygen. Thus, when
used in low concentrations, H2O2 is a good alternative
technique that requires less time to use than the tray.15
Little is said about H 2O 2 in low concentrations
regarding at-home dental bleaching’s effectiveness
and adverse effects. This study aimed to evaluate the
effectiveness of color, stability of color, and dental
sensitivity in the use of 10% H2O2 (White Class, FGM
Dental Products, Joinville, Brazil) in at-home bleaching.

MATERIALS AND METHODS
This clinical investigation was approved (protocol
number 1.009.881) by the Scientific Review Committee
and by the committee for the protection of human
subjects of the local university. This report follows the
protocol established by the Consolidated Standards
of Reporting Trials (CONSORT) statement.16 Based on
pre-established criteria, 20 volunteers who searched for
dental bleaching were selected for this study. The study
was performed between March 2015 and June 2015. All of
the volunteers received dental prophylaxis with pumice
and water in a rubber cup two weeks before the bleaching
procedures and signed an informed consent form.

Eligibility Criteria
The participants who were included in this clinical trial
had good general and oral health and were at least 18
years of age. The participants were required to have no
periodontal disease and at least six caries-free maxillary
anterior teeth. The central incisors were shade A2 or darker,
in comparison with a value-oriented shade guide (Vita
Classical, Vita Zahnfabrik, Bad Säckingen, Germany).
Participants with a dental prosthesis, orthodontic
apparatus, anterior restorations, or severe internal tooth
discoloration (fluorosis, tetracycline stains, pulpless
teeth) were not included in the study. Pregnant/lactating
women, participants with any other pathology that
could cause sensitivity (such as dentine exposure, the
presence of visible cracks in teeth or recession), bruxists,
or participants who had previously undergone dental
bleaching procedures were also excluded.

Bleaching Procedure
Participants were molded in the upper and lower arches
with avagel alginate (Dentsply, Petrópolis, RJ, Brazil);
they were disinfected and immediately after filled with
dental stone (Asfer, Asfer Indústria Química Ltda., São
Caetano do Sul, SP, Brazil). No block-out material was
applied to the labial surfaces of teeth to produce study
models.8 The plaster models were cut out to make the
individual 0.9-mm thick ethylene-vinyl acetate trays
(Whiteness Molding Plates–FGM, Joinville, Santa

Catarina, Brazil), provided by the manufacturer in
vacuum plasticizer (Plastivac P7, BioArt, São Carlos,
Brazil), to produce the custom-fitted tray that would
retain the whitening gel.
The trays were tested to make sure they were fully
adapted in the dental arches of participants and the extra
material from the labial and lingual surfaces was trimmed
to 1 mm from the gingival junction. The bleaching tray and
10% H2O2 gel (White Class, FGM Dental Products, Joinville,
Brazil) were delivered to each participant, with oral clear
and detailed instruction for use. All participants should
use the tray with the bleaching agent for thirty minutes
twice a day for 2 weeks. After 30 minutes of bleaching, the
participant was instructed to remove the tray and perform
a vigorous mouthwash with water, so that the whitening
gel was removed entirely, and brush their teeth as usual.
After 12 hours the procedure was repeated. In concern
to oral hygiene, all participants were instructed to brush
their teeth regularly and use toothpaste without bleaching
agents and desensitizers for daily brushing.17

Shade Evaluation
Shade evaluation was performed with the use of
subjective and objective evaluation methods. For the
subjective assessment, the 16 tabs of the shade guide
(Vita Classic, Vita Zahnfabrik)18,19 were organized from
highest (B1) to the lowest (C4) value. Despite this scale is
not linear in the truest sense, for the purpose of analysis,
the changes were treated as though they represented a
continuous and approximately linear ranking. The Vita
Bleachedguide 3D-MASTER (Vita Zahnfabrik)11,20,21
contains lighter shade tabs and is already arranged from
highest (0M1) to lowest (5M3) value. The area of color

measurement was determined in the middle third of the
vestibular face of the upper central incisor according to
the specifications of the American Dental Association
(ADA) guidelines.
Two calibrated evaluators (K.C. and M.R.) with an
agreement of at least 85% as determined by weighted
kappa statistics recorded the shade of each subject’s teeth
at baseline, during treatment (after the first and second
weeks of go through bleaching treatment), and 1 month
after completion of tooth whitening. Shade changes were
calculated from the beginning of the active phase through
the individual recall times by calculating the change in
the number of shade guide units (ΔSGU), which occurred
toward the lighter end of the value-oriented list of shade
tabs. In the event of disagreements between the examiners
during shade evaluation, a consensus was reached.
For objective evaluation, the digital Vita Easyshade
spectrophotometer (Vita Easyshade, Vita Zahnfabrik)18,19
was used right after the subjective shade evaluation.
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To standardize the color measurement, the upper arch
of the patients’ arches was molded with dense silicone
paste (Speedex Putty, Coltene, Rio de Janeiro, Brazil) to
make a matrix on the upper anterior teeth. The impression
was extended to the maxillary canine and the matrix
was punctured with the aid of a 6 mm diameter circular
scalpel, Biopsy Punch (Miltex, York, Pennsylvania, USA)
in the region corresponding to each dental component to
be evaluated in the vestibular face, the middle third of
the right upper central incisor tooth.21,22
The shade was determined using the parameters of
the Easyshade device on which the following values were
indicated: L*, a*, and b*, where L* represents the value from
0 (black) to 100 (white) and a* and b* represent the shade,
where a* is the measurement along the red-green axis
and b* is the measurement along the yellow-blue axis.
The color comparison before and after treatment is given
by the differences between the two colors (ΔE), which
is calculated using the formula ΔE = [(ΔL*)2 + (Δa*)2 +
(b*)2]1/2 (Commission Internationale de l’Eclairage 1978).23

Tooth Sensitivity Evaluation
The patients recorded the occurrence or nonoccurrence
of dental sensitivity using the five-point analogue
numerical scale (NRS), 0 = none, 1 = mild, 2 = moderate,
3 = considerable and 4 = severe,8,21,22 and visual analogue
scale (VAS), with extreme 0 representing no pain and
extreme 10 representing severe pain. Then, the distance
in mm from the zero was measured with the aid of a
millimeter ruler.21-24 The tooth sensitivity was recorded
every day, in both scales.

The mean age of the participants was 25.7 ± 7.5 years,
with a range of 18 to 51 years; 50% of the participants
were women. All of the participants attended the
recall visits during the bleaching protocol (Fig. 1). The
adherence to protocol was 90%, meaning that patients
did not use the bleaching tray sometimes during the
two-week period.

Tooth Sensitivity
The absolute risk of tooth sensitivity of the participants
was 65% (95% CI 46 to 93%), with a mean VAS intensity
of 2.0 ± 2.3 (95% CI 0.9 to 3.0) and NRS of 1.2 ± 1.2 (95%
CI 0.6 to 1.7).

Color Evaluation
Significant whitening was observed after bleaching
under the subjective and objective evaluation methods.
A change in the shade guide units within the Vita
Classical was 4.0 ± 0.9 and Bleached guide 5.0 ± 1.4.
In terms of ΔE, the change in color was 9.7 ± 5.3. Most
of the whitening occurred within the first week of
bleaching as can be observed by the three different
instruments used for evaluation of color changes, and
the color remained stable when assessed 1-month postbleaching (Table 1).

Statistical Analysis
The color change comparisons between times from
Vita Classical scale, Vita Bleachedguide, and ΔE were
performed using one-way repeated measures analysis
of variance.

RESULTS
Characteristics of Included Participants
A total of 69 participants were screened to select 20
participants who met the inclusion criteria (Fig. 1).

Fig. 1: Flow diagram of the clinical trial, including
enrollment and allocation criteria

Table 1: Means and standard deviations of ΔSGU and ΔE values obtained in subjective and objective evaluation in different periods
Evaluation period
Baseline vs. 1 week
Baseline vs. 2 week
Baseline vs. 1 month follow-up
p-value
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Vita Classical
3.0 ± 1.0 a
4.0 ± 0.9 b
4.0 ± 0.9 b
< 0.001

ΔSGU
Vita Bleachedguide
3.0 ± 2.4 a
5.0 ± 2.2 b
5.0 ± 1.4 b
< 0.001

ΔE
8.3 ± 3.8 a
9.9 ± 3.6 a
9.7 ± 5.3 a
0.10
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DISCUSSION
The protocol of at-home dental bleaching used in this
study was effective. After two weeks of bleaching, a
clinically visible color change of the teeth was verified.
Most of the sample reached B1/A1 color according to the
Vita Classical scale at the end of treatment. The findings
of this study corroborate those of a similar study of da
Costa et al.20 that used a concentration close or equal to
H2O2 10% and produced a bleaching of 3 units according
to the Vita Bleachedguide. In this study, it produced a
bleaching of 4 units with Vita Classical and 5 units of
color change with Vita Bleachedguide. Color remained
stable after 1 month of bleaching treatment.
At-home bleaching is practical in that it allows for
a protocol more flexible and adaptable to routine, and
some patients have demonstrated a preference for this
technique.20,25 The 10% carbamide peroxide has been
the peroxide of choice for at-home bleaching, considered
the gold standard by the ADA. However, the use of H2O2
for at-home bleaching may be advantageous since the
protocol requires a shorter use time of the tray,25,26 by an
action mechanism other than carbamide peroxide.18,19,26-29
The protocol of this study proved to be effective even
with the reduction of time because the degree of dental
bleaching depends on hydrogen peroxide concentration,
frequency, and time period that the bleaching agent is
in contact with macromolecules.30 Also, 10% hydrogen
peroxide is the highest concentrated at-home bleaching
agent, and as a result can require less time in contact with
the dental element to produce satisfactory whitening.
The absolute risk of dental sensitivity induced by
whitening indicated that 65% of the volunteers reported
sensitivity at some point during the protocol, which
is corroborated by the study by Bizhang et al.,31 who
reported an absolute risk of 60% to 72%. This augment
occurs because hydrogen peroxide penetrates through
enamel and dentin, expanding the dental permeability
reaching the pulp and causing the release of inflammatory
mediators in the dental pulp,32 which may cause tooth
sensitivity after bleaching.
Although most of the volunteers reported dental
sensitivity, the level of sensitivity was mild. This may
be related to the fact that the H2O2 used in this study
has in its composition potassium nitrate and sodium
fluoride as desensitizing agents. It also contains calcium
in its formula, which has the purpose of minimizing
the enamel demineralization process. In other words,
the incorporation of desensitizers into the gel, with
different mechanisms, while not reducing the risk,
reduces the sensitivity intensity. De la Peña and Cabrita33
carried out a study in which participants reported lower
incidence of dental sensitivity after at-home bleaching

with bleaching gels that contained desensitizing agents.
The study of Parreiras et al.32 also reported that the
use of 5% potassium nitrate and 2% sodium fluoride
halved the concentration of hydrogen peroxide in the
pulp chamber, and this reduction can be explained by
the increased resistance of dental enamel caused by the
presence of sodium fluoride or by its presence within the
dental structure.
Despite the findings of this study, more research
should be conducted to compare different effects,
techniques, application times, and bleaching agents.

CONCLUSION
The use of 10% hydrogen peroxide for at-home bleaching
techniques is effective when used thirty minutes twice
a day for two weeks and presents low sensitivity with
reduced time of use of the tray.

CLINICAL RELEVANCE
At-home dental bleaching with 10% hydrogen peroxide
gel reduces the time of use of the tray, maintaining the
effectiveness with low intensity of dental sensitivity.
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