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Assessment of Peroxide in Saliva
During and After At-home
Bleaching With 10% Carbamide and
Hydrogen Peroxide Gels: A Clinical
Crossover Trial

MC Mailart « PA Sakassegawa ¢ CRG Torres « RM Palo « AB Borges

Clinical Relevance

This study suggests that at-home bleaching systems are safe in relation to toxicity based on
peroxide levels in saliva since the amount of peroxide potentially ingested is much lower

than the estimated toxic dose.

SUMMARY

Objectives: This study evaluated the presence
of peroxide in saliva using at-home bleaching
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systems containing hydrogen peroxide (HP)
and carbamide peroxide (CP) with a prefilled
tray (PT) or conventional tray (CT).

Methods and Materials: Participants received
bleaching treatments after the sequence ran-
domization (n=10): PT-HP/Opalescence-
Go010%; CT-HP/WhiteClass10%; and CT-CP/
OpalescencePF10%. Saliva was collected at
the following times: baseline; at 1, 5, 15, and
30 minutes after administration; and at 3, 5,
and 8 minutes after the tray was removed.
Colorimetric analysis using analytic spectro-
photometry was performed. The salivary flow
(SF) was monitored during use of trays. Data
about peroxide concentration (PC) were sub-
mitted to repeated-measures analysis of vari-
ance and Tukey tests (5%), and toxic dose was
calculated based on body weight. The relation
between SF and PC was verified with the
Pearson correlation test.

Results: There was a significant difference for
bleaching (p=0.0001) and time (p=0.0003) but
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not for interaction (p=0.3121). PC was lower
for CT-CP in relation to PT-HP and CT-HP.
After tray removal, expectoration, of the re-
maining gel, and mouth rinsing, no peroxide
was detected in saliva. Correlation between SF
and PC was considered weak (r=0.3379). The
overall mean SF was 50.44% during tray use. In
general, PC in saliva was 68.72% lower than the
estimated toxic dose (0.26 mg/kg/day) consid-
ering all the bleaching systems.

Conclusions: Higher peroxide levels were de-
tected in saliva with 10% HP gels. Neverthe-
less, they were below estimated toxic dose and
were considered safe in relation to toxicity.

INTRODUCTION

Tooth bleaching is an esthetic treatment frequently
performed in dental offices as it is minimally
invasive and has proven clinical efficacy.’? The most
common active ingredient in bleaching gels is
hydrogen peroxide, used in its original compound
or produced by chemical reaction of its precursor
carbamide peroxide. Due to its low molecular weight
and high instability, hydrogen peroxide is able to
diffuse into dental tissues, decomposing in free
radicals that act on chromophores.®>* As a result of
the oxidative reaction, the chromophores are con-
verted into less complex structures, resulting in
alteration of the optical properties of tooth substrate,
increasing its reflectance and consequently resulting
in a visual impression of a whiter tooth.5

Bleaching treatment can be used for teeth with
intrinsic or extrinsic discoloration, as well as vital
and nonvital teeth.>®” For vital teeth, three tech-
niques can be performed: in office; at home; and
using over-the-counter products.®® The at-home
bleaching technique was first described by Haywood
and Heymann'® in 1989 using 10% carbamide
peroxide overnight. Several bleaching systems are
available in the market with different peroxide
concentrations, presentations, and suggested proto-
cols of use. The more concentrated gels (up to 10%
hydrogen peroxide) are marketed as at-home bleach-
ing treatment alternatives to reduce the time of tray
use during the day compared with the conventional
at-home bleaching protocol.?51°

Although bleaching treatment is considered safe
and effective, %! potential adverse effects caused by
peroxide have been described in literature. The most
relevant negative consequences related to tooth
bleaching are tooth sensitivity during and after
bleaching procedures and gingival irritation. Addi-

tionally, peroxide release in saliva and potential gel
ingestion have also been described.?%1%13

The potential toxicologic effect of hydrogen perox-
ide in contact with soft tissues or swallowed is a
subject of concern by researchers and clinicians.'* A
safe hydrogen peroxide exposure level (no observed
effect level) was determined in a previous study with
catalase-deficient mice, reporting a maximum dose
of 26 mg/kg/d.'® This corresponds to the dose level in
humans, considering the conventional uncertainty
factor of 100-fold, of 0.26 mg/kg/d.'®'" Peroxide
release in the oral environment can be related to
bleaching gel composition, viscosity, hydrogen per-
oxide concentration, amount of gel dispensed in the
tray, type of tray, and adaptation in the dental
arches.'®1819 Although peroxide levels in saliva are
usually considered safe with lower-concentrated
products, the more concentrated products may reach
levels above the estimated toxic dose.'® Even though
many products are already available in the dental
market with higher peroxide concentrations and
different gel viscosity and tray designs, their safety
regarding peroxide released in saliva has not been
fully established.

This randomized crossover clinical trial aimed to
evaluate the amount of peroxide released in saliva
during tray use with different bleaching systems and
compare it with the estimated toxic dose. Addition-
ally, salivary flow during tray use was measured.
The following null hypotheses were tested: 1) there is
no difference among bleaching systems in relation to
presence of peroxide in saliva, 2) there is no increase
in salivary flow of participants during tray use, and
3) there is no difference in salivary flow during the
use of the different bleaching systems.

METHODS AND MATERIALS
Ethical Aspects

This study was approved by the committee for the
protection of human participants of the local univer-
sity, and it was registered at the ReBEC website
(Brazilian Clinical Trials Registry virtual platform).
The structure of this article followed the protocol
established by the Consolidated Standards of Re-
porting Trials Statement (CONSORT).%°

Study Design

This study followed a factorial 3X8 design, consider-
ing the following as experimental factors: bleaching
systems at three levels: prefilled trays with 10%
hydrogen peroxide (PT-HP) (Opalescence Go 10%,
Ultradent Products, Inc. South Jordan, UT, USA),
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Table 1:  Eligibility Criteria

Inclusion Criteria Exclusion Criteria

Good general health Smoking or alcoholic-

dependent patients
Pregnancy
Tooth sensitivity

> 18 years old

Absence of noncarious cervical
lesions, active caries, gingival
recession, or periodontal disease
Do not use orthodontics

appliance or removable
prosthesis

Presence of all teeth from first
molar to first molar (upper and
lower) without restorations

Availability of recurring returns

Bruxism habits

Periapical alterations

Use of medicaments
that alter salivary flow

customized trays with 10% hydrogen peroxide (CT-
HP) (White Class 10%, FGM Produtos Odontoléogi-
cos, Joinville, SC, Brazil), and customized trays with
10% carbamide peroxide (CT-CP) (Opalescence PF
10%, Ultradent Products) and time at eight levels
(baseline; 1, 5, 15, and 30 minutes; and 3, 5, and 8
minutes after the tray was removed). These factors
were tested in a prospective, randomized, and
crossover clinical trial with three phases involving
participants selected according to preestablished
criteria (Table 1). To exclude a reduced salivary flow
(SF) condition (lower than 2 mL/min), the partici-
pants were submitted to an SF analysis based on
collection of unstimulated saliva during 5 minutes.
The SF was calculated considering volume of saliva
(mL) divided by time (minutes).

Participants were submitted to tooth bleaching
treatment using prefilled trays or customized trays.
Peroxide concentration in saliva measured at differ-
ent times was the main dependent variable. The
treatment sequence was randomized. The PICO

Operative Dentistry

(problem/patient/population, intervention/indicator,
comparison, outcome) question was stated, and the
parameters were defined: P = adult patients with
discolored teeth; I = 10% hydrogen peroxide in
prefilled or customized trays; C = 10% peroxide
carbamide in customized trays; and O = peroxide
concentration in saliva. The main research question
was: Does 10% hydrogen peroxide in prefilled or
customized trays present similar peroxide concen-
tration in saliva compared with 10% carbamide
peroxide in customized trays? Peroxide detected in
saliva was compared with the estimated toxic dose
ingestion. Additionally, as secondary outcomes,
salivary flow during tray use and comparison among
treatments were determined.

Sample-size Calculation

The sample size was determined using a power of
80% and alpha of 5%, considering means and
standard deviations from a previous study.?! The
calculated effect size was 0.9, which resulted in a
sample size of eight participants. Then, 10 partici-
pants were selected considering possible dropouts.
The data were obtained using the G-Power 3.1
software.??

Group Division and Randomization Process

The participants underwent the bleaching treat-
ments: 10% hydrogen peroxide in prefilled tray (PT-
HP/Opalescence Go), 10% hydrogen peroxide in
customized tray (CT-HP/White Class), and 10%
carbamide peroxide in customized tray (CT-CP/
Opalescence PF). The composition and manufactur-
ers of each bleaching gel are presented in Table 2.
The sequence of treatments that each participant
received was generated using the software RAN-
DOM.ORG True Random Number Service (www.
random.org).

Table 2: Composition of the Bleaching Gels Tested

Bleaching Gel Composition

Peroxide Concentration Manufacturer

Opalescence Go
peroxide; sodium hydroxide; PVP
(polyvinylpyrrolidone); silica; xylitol; disodium

Glycerin, 20% water; carbomer; 10% hydrogen

Ultradent Products, Inc. South
Jordan, UT,/USA

10% Hydrogen peroxide

phosphate; 3% potassium nitrate; sucralose; flavor;
0.25% sodium fluoride; EDTA (ethylenediamine
tetraacetic acid); sodium lauryl sulfate.

White Class

10% hydrogen peroxide; neutralized carbopol; 5%
potassium nitrate; sodium fluoride; aloe vera; calcium
gluconate; stabilizer; humectant; deionized water.

10% Hydrogen peroxide

FGM Produtos Odontoldgicos,
Joinville, SC/ Brazil

Opalescence PF

Glycerin; 20% water; xylitol; 10% carbamide peroxide;
carbomer; propylene glycol-300; polyacrylic acid;

sodium hydroxide; EDTA (ethylenediamine tetraacetic
acid); 0.5% potassium nitrate; 0.25% sodium fluoride.

10% Carbamide peroxide

Ultradent Products, Inc. South
Jordan, UT,/USA
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Blinding
The participants and operator were not blinded for
the procedures since the type of tray used cannot be

masked. Nevertheless, the examiner was blinded for
chemical analysis.

Laboratory Procedures

Alginate impressions of maxillary and mandibular
dental arches of patients were taken to obtain casts
to produce the customized trays. Reservoirs 1 mm
(£0.1 mm) thick were created on the facial surfaces
of anterior teeth, including the first premolars in
both arches, applying a light-cured resin (Ultra-
dent LC Block-Out Resin) on the casts. The resin
layer thickness was standardized using a thickness
gauge with blunt tips that was positioned on the
thirds of the buccal surface of each tooth before and
after the resin application. Then, customized trays
were fabricated with 0.9-mm-thick vinyl acetate
sheets (Sof-Tray Regular, Ultradent Products)
using the thermoforming process. Trays were
precisely trimmed/scalloped completely involving
tooth surface (1 mm incisal or occlusal to gingival
margin), and its adaptation was verified on the
casts. A small and controlled flame was gently
applied to the edges to ensure maximum fit on
cervical area, according to manufacturer’s instruc-
tions. The trays were placed over teeth to verify the
adaptation in the participants’ mouths.

Study Intervention

The bleaching procedures were performed in three
phases, according to the treatment randomization
sequence. The participant underwent each of the
three bleaching systems on a different day, during
the morning, with a washout period of 1 week
between treatments. The operator dispensed a
standardized quantity (0.350 g for maxillary arches
and 0.250 g for mandibular arches) of the bleaching
gel inside the tray. This amount was calculated
based on the average of three participants in a pilot
study because the amount of gel present in the
prefilled trays (0.799g+0.023g for maxillary and
0.766g+0.023g for mandibular) was too high and
clinically impracticable to be applied in the custom-
ized trays. Any excess overflow of gel was carefully
removed with gauze swabs. The prefilled trays were
removed from the package and placed on the dental
arches following manufacturer’s instructions. Par-
ticipants used the bleaching systems for 30 min-
utes.

Detecting Peroxide in Saliva

A spectrophotometry method based on the reaction
of 4-aminoantipyrine and phenol with hydrogen
peroxide was adopted. This method allows the
oxidation of peroxide by peroxidase enzyme, result-
ing in solution color change from transparent to
pink.?! To detect hydrogen peroxide, an enzymatic
reagent was prepared. The amount of hydrogen
peroxide in saliva was quantified using an analytic
spectrophotometer (Bioespectro SP-22, Curitiba, PR,
Brazil), which related light absorbance with peroxide
concentration of each sample, according to the Beer-
Lambert law.

An aqueous solution containing aminophenazone
(4-aminoantipyrine; 4 mmol/l), phenol (24 mmol/l),
and peroxidase (0.4 U/mL) dissolved in 0.1 M
phosphate buffer at pH 7.0 was used as the enzyme
reagent. The reagents were stored at 4°C.%2% Before
the analysis, a calibration curve with a standard
hydrogen peroxide solution of known concentration
was determined to obtain accurate measurement.
The concentration of hydrogen peroxide solution was
verified with potassium permanganate titration
using a potentiometric titrator (HI 902, Hanna
Instruments, Woonsocket, RI, USA). This curve is
defined by absorbance values (optical density) of
solution in relation to hydrogen peroxide concentra-
tion.

Participants were advised not to eat or drink for 2
hours before the analysis. During the analysis, they
were instructed to swallow dry in order to collect
whole saliva.'® Thus, they should avoid swallowing
consciously even when they desired to do it, since
they needed to expectorate their saliva in graduated
tubes during the study. At the beginning of the
experiment, before insertion of the trays, partici-
pants expectorated saliva in the graduated tubes for
5 minutes. Then, the bleaching trays were inserted
in the mouth, and saliva samples were collected
again at 1, 5, 15, and 30 minutes.

After the tray was removed, the remaining gel was
removed from tooth surfaces with a toothbrush
without toothpaste for 30 seconds followed by
expectoration; and the mouth was rinsed abundantly
for 1 minute. Two minutes after the tray was
removed, saliva samples were again collected. Sub-
sequently, saliva was collected after 5 and 15
minutes, that is, 33, 38, and 48 minutes after the
beginning of the procedure. For each analysis, 1000
uL of the collected saliva was added inside acryl-
cuvettes (Sarstedt, Nimbrecht, Germany) with 1000
pL of enzymatic reagent, resulting in different
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pinkish solutions, depending on the amount of
peroxide present. After 48 minutes, total salivary
flow was measured.

Comparison With Estimated Toxic Dose

This measurement was performed based on body
weight (kg). Each participant was weighed to
determine individual safe dose. The values were
compared to safe daily dose, determined in previous
studies (0.26 mg/kg/day).!>16 To calculate the daily
dose of peroxide, the values were expressed in
milligrams of hydrogen peroxide per kilogram of
body weight.

Statistical Analysis

To analyze data distribution, the Kolmogorov-Smir-
nov normality test was applied («¢=0.05), and for
homoscedasticity calculation, the Levene test was
used (¢=0.05). The relation between salivary flow
and peroxide released in saliva was determined.

For comparison of peroxide presence in saliva and
salivary flow, according to the bleaching systems,
repeated measures analysis of variance and post hoc
Tukey test were applied (5%); the bleaching treat-
ments were the fixed factor, and the participants
were the repeated factor. The relation between
salivary flow and presence of peroxide in saliva
was verified with the Pearson correlation test. The
tests were performed using Statistica for Windows
(StatSoft, Tulsa, Oklahoma, USA) and Graphpad
Prism (Graphpad Prism Software, La dJolla, CA,
USA).

RESULTS

There was no loss of participants or missed
appointments during the study. The flow chart
shows the distribution of participants among the
groups (Figure 1). Eight participants were women
and two were men, with average age of 27.2 = 2.75
years. The average weight of participants was 57.0
+ 11.81 kg.

Peroxide Concentration in Saliva

Two-way repeated measures analysis of variance
showed significant differences for bleaching system
(p<<0.0001) and time factors (p=0.0003) but not for
interaction (p=0.3121). Hydrogen peroxide concen-
tration in saliva was lower for CT-CP/OpalescencePF
than for PT-HP/OpalescenceGo and CT-HP/White
Class. When compared to the daily estimated toxic
dose (0.26 mg/kg/d), the peroxide concentration in
saliva was 64.83% lower for PT-HP/OpalescenceGo,

Operative Dentistry

68.38% for CT-HP/White Class, and 72.97% for CT-
CP/OpalescencePF (Figure 2). After tray removal, no
peroxide was detected in saliva. Hydrogen peroxide
concentration in saliva for each bleaching system
compared with estimated toxic dose is shown in
Figure 3.

Salivary Flow

Comparison of salivary flow before and after bleach-
ing procedures showed significant differences for all
groups (p=0.0001). Nevertheless, no differences
were observed among bleaching systems at the same
time (p=0.0342). The correlation between salivary
flow and peroxide concentration was weak for all
bleaching systems (r=0.3775 for PT-HP/Opales-
cenceGo; r=0.3322 for CT-HP/White Class; and r=
0.0162 for CT-CP/OpalescencePF). Salivary flow
increased by 42.38% for PT-HP/OpalescenceGo,
54.60% for CT-HP/White Class, and 54.34% for CT-
CP/OpalescencePF from baseline to during treat-
ment (Figure 4).

DISCUSSION

Considering the results, the first and second null
hypotheses were rejected as there was a significant
difference in presence of hydrogen peroxide in saliva
among the bleaching systems, and salivary flow
increased during tray use. The third null hypothesis
was accepted because there was no significant
difference in salivary flow during the study among
the groups. The 10 participants received three
different types of treatment as appropriate for a
crossover study. The participants were 20% men and
80% women Although there is a discrepancy in
participants’ gender, the quality of saliva samples
were not supposed to be affected as salivary flow and
proteome profile are not influenced by sex.?*?® This
model allows for spectrophotometric analysis of
peroxide in the same person, thereby decreasing
the influence of variables related to oral environ-
ment such as pH, flow, and salivary content. The 1-
week washout period was chosen to ensure that
peroxide was eliminated from saliva and teeth, since
it has been previously shown that residual oxygen
may remain in the tooth structure after bleaching
procedures. 2527

Considering possible toxicity caused by ingestion
of peroxide,>121828 this study evaluated the pres-
ence of hydrogen peroxide in saliva with a spectro-
photometric method, which is considered accurate
for this investigation.?' This analysis was based on
measuring light absorption by the dye generated by
the reaction between hydrogen peroxide and the
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I Assessed for eligibility (n=14) ‘

Excluded (n= 4)

- Not meeting inclusion criteria (n= 2)

- Declined to participate (n= 2)

l Allocation l

PT-HP/OGO
- Allocated to intervention (n=10)
- Received allocated intervention (n=10)
- Did not receive allocated intervention (n=0)

CT-CP/OPF
- Allocated to intervention (n=10)
- Received allocated intervention (n=10)
- Did not receive allocated intervention (n=0)

CT-HPWTC
- Allocated to intervention (n=10)
- Received allocated intervention (n=10)

- Did not receive allocated intervention (n=0)

PT-HP/OGO
Discontinued intervention (n=0)

CT-CP/OPF
Discontinued intervention (n=0)

CT-HPWTC
Discontinued intervention (n=0)

PT-HP/OGO

- Analysed (n= 10)
- Excluded from analysis (n=0)

CT-CP/OPF

- Analysed (n= 10)
- Excluded from analysis (n=0)

CT-HPWTC

- Analysed (n= 10)
- Excluded from analysis (n=0)

PT-HP/opalescence GO

1
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Figure 1. Flow chart of the study (CONSORT).

Figure 2.  Peroxide concentration in saliva in relation to time in comparison to toxic dose.

chemical components of the solution, using an
analytical spectrophotometer and considering the
Beer-Lambert law. Thus, the light absorption by the
molecules in a solution is directly proportional to
their absorbance, path length (how long the light
needs to overcome the solution) and concentra-
tion.2%-30

The higher concentrations of peroxide in saliva
were detected in bleaching systems with 10%
hydrogen peroxide, despite type of tray used.
Although in a lower concentration, hydrogen perox-
ide released by carbamide peroxide gel was also

detected in the first minutes of the study, but it
decreased during the analyzed period. It is impor-
tant to highlight that after the tray removal, gel
removal with toothbrush, and rinse, no peroxide was
detected in saliva with all bleaching systems. This
result was also observed in a previous study with
10% carbamide peroxide gels dispensed in custom-
ized trays.'® The presence of peroxide in saliva was
measured at 30 minutes because this is the time of
use usually recommended by the manufacturers of
10% hydrogen peroxide gels.
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Figure 3. Hydrogen peroxide concentration in saliva for each bleaching system according to time (asterisk shows significantly lower peroxide

concentration in saliva inn each time, p<0.05).

Figure 4. Mean baseline salivary flow and salivary flow during the study (mL/min) for different bleaching systems and results of the Tukey test

(different letters mean significant differences, 5%).

Carbamide peroxide decomposes, generating ap-
proximately 3.5 parts of hydrogen peroxide and 6.5
parts of urea,'* resulting in a real concentration of
3.5% of hydrogen peroxide versus the 10% hydrogen
peroxide of the other two products tested. In this
way, it was in fact expected that hydrogen peroxide
detected in saliva would be lower than the 10%
carbamide peroxide gel.

Human saliva is considered an effective defense
against possible toxic effects due to the presence of
enzymes such as peroxidase and catalase, which
degrade peroxide.'*% Additionally, salivary flow can
be influenced by several factors, including drugs,
taste sensations, olfactory stimulus, circadian cycle,
as well as movements and tactile stimulation of

mucosa.>! The trays are considered a tactile stimu-
lation inside the mouth, and this is related to the
overall 50% increase in salivary flow of participants
in this study compared with initial salivary flow
(before the use of trays). The relation between
bleaching system and salivary flow was considered
weak. Although prefilled trays are adaptable, they
cannot accurately copy a patient’s dental arch
compared with customized trays; however, this did
not influence salivary flow change in participants.

Even though peroxide was detected in partici-
pants’ saliva, the peroxide concentration was con-
sidered much lower than the estimated toxic dose.
Different protective mechanisms are related to
peroxide degradation in organisms, such as oxida-
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tion reaction by salivary peroxidases, catalase
reaction from bacteria, consumption of peroxide
due to its antimicrobial action, and the diffusion of
peroxide through the tooth.?! Bleaching gels also
have different viscosities, which can favor or not the
retention of gels inside the trays.!® Nevertheless,
bleaching systems containing the same hydrogen
peroxide concentration did not show differences
regarding the presence of peroxide in saliva, even
with prefilled trays containing a higher amount of
bleaching agent compared with customized trays.
Although the prefilled tray is universally designed
and presents a higher amount of bleaching gel, the
gel is more viscous and is concentrated in the incisal/
occlusal region of the tooth, which does not favor its
overflow to saliva. Moreover, the tray extends
beyond marginal gingiva and therefore acts as an
external barrier, reducing the eventual contact
between saliva and bleaching gel.

In this study, peroxide concentration in saliva was
considered low and safe in relation to estimated toxic
dose, even using at-home gels with higher concen-
trations of peroxide. Thus, at-home bleaching proce-
dures are not expected to produce significant risk to
human health under present conditions tested. Care
should be taken to ensure these favorable results.
When customized trays are used, they should be
properly manufactured, and trimmed, and the
adaptation to dental arches should be checked. Also,
the patient must be oriented regarding the correct
gel application, avoiding excessive amounts that
may promote overflow. It is important to highlight
that even though reservoirs may not interfere with
bleaching efficacy and gel degradation,'®*? when
they are not present, more gel could be lost to the
oral environment, thereby increasing the risk of
peroxide contact with soft tissues, release to saliva,
and, consequently, ingestion.?? Additionally, pa-
tients must be instructed to rinse the mouth
abundantly and expectorate after tray removal as
our findings indicate no detectable presence of
peroxide in saliva after these procedures.

Considering that the peroxide concentration in
saliva within the tested parameters was extremely
low, it can be inferred that the bleaching agent is
retained within the tray, suggesting that the amount
of gel does not decrease significantly during the time
of use, maintaining the bioavailability of the bleach-
ing agent to interact with the tooth surface without
compromising bleaching efficacy. Indeed, in addi-
tional studies conducted by our research group,
whitening efficacy was also not influenced by the
type of tray used or the gel degradation pattern.3334

CONCLUSIONS

Higher peroxide levels were detected in saliva with
10% hydrogen peroxide at-home bleaching gel
compared with 10% carbamide peroxide gel, despite
the type of tray used. Nevertheless, a sufficiently
large margin of safety was observed with all
bleaching systems tested compared with the esti-
mated toxic dose. Salivary flow increased around
50% during tray use, independent of the bleaching
system tested.
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