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A b s t r ac t
The aim of this study was to evaluate the concentration and pH stability of four different 10% carbamide peroxide products: Opalescence
PF 10% (OP), Whiteness Perfect 10% (FGM), Potenza Bianco PF 10% (PHS), and Power Bleaching 10% (BM4). The concentration of the products
was obtained using the iodometry technique, and the pH was evaluated with a pH meter. The products were stored at room temperature and
measurements were taken every 2 months for a period of 12 months. The data were analyzed and submitted to the Kruskal–Wallis non-parametric
test complemented by Dunn (p <0.05). The results showed that all the groups presented significant variation in concentration, except group
BM4. However, groups BM4 and FGM presented slightly more acid pH values throughout the study period. It was concluded that all products
evaluated in this study presented acceptable stability within the international standards for bleaching agents. Vital tooth bleaching is usually
performed using carbamide peroxide gel, which releases free radicals that oxidize the pigment molecule, while also generating oxidative stress
in the pulp tissue. Bleaching gels that are more stable have better control of the release of these free radicals and have reduced adverse effects.
Clinical relevance: Stable bleaching gels are safer for clinical use, as they gradually release free radicals, decreasing the oxidation of pulp tissue.
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Introduction

1,2

Tooth whitening is a cosmetic treatment widely requested by
patients and performed by dentists due to its fast results, relatively
affordable cost, and for being a conservative technique in terms of
tooth structure preservation.1
Bleaching gels have oxidizing agents in their formulation that,
when dissociated, release free radicals. 2 Since they have a low
molecular weight, these radicals can penetrate the enamel, diffuse
through the organic matrix of dentin, and act on the pigment
molecules. With the oxidation and consequent rupture of these
molecules, simpler and smaller molecules are formed which change
the way light reflects on the teeth, which results in effective tooth
bleaching.3
Since the oxidation caused by these free radicals is a
nonspecific reaction, it generates oxidative stress on the pulp
tissues, with an acute inflammatory response and the potential
formation of necrotic zones. This deleterious effect can, among
other consequences, cause tooth sensitivity during and after tooth
bleaching.4–6
Despite there being practically no contraindications to
tooth whitening, it is necessary for dentists who perform it to
know not only its advantages but also all the possible biological
consequences.7,8
Therefore, the challenge of this treatment is to perform a
safe and controlled technique that allows for satisfying esthetic
results while achieving these goals with minimal pulp tissue
damage.9
As a result of its low concentration, biosafety, and proven
effectiveness, bleaching with 10% carbamide peroxide is considered
one of the most accepted bleaching treatments. Additionally, 10%
carbamide peroxide has the American Dental Association (ADA) Seal
of Acceptance, which is considered the gold standard in certifying
dental products.10

There are some criteria in the formulation of bleaching gels
that ensure its safety when used. One of them is the bleaching
agent’s stability, which guarantees a gradual release of free radicals,
favoring an esthetic result without serious pulp damage.11 Another
aspect is the gel’s pH, which influences its harmfulness to the tooth
(enamel and dentin).12–14
Considering the relevance of these aspects, it is important to
confirm the stability of these largely used products, so that tooth
bleaching continues to be a reliable and safely applied treatment.
The objective of this study was to evaluate the concentration
and pH stability of four 10% carbamide peroxide bleaching agents
for 12 months.
The null hypothesis tested in this study was that the
concentration and pH values of the bleaching gels would not exhibit
variations throughout the study period.

Department of Endodontics, São Leopoldo Mandic Research Center,
Campinas, Brazil
3
Department of Restorative Dentistry, Endodontics and Dental
Materials, Bauru Dental School, University of São Paulo (USP), Bauru,
São Paulo, Brazil
4
Thum Post Graduation Institute, Joinville, Santa Catarina, Brazil
5
Instituto de Pesquisa São Leopoldo Mandic, Faculdade São Leopoldo
Mandic, Campinas, Brazil
Corresponding Author: Vitor Mattos Rosa, Department of
Endodontics, São Leopoldo Mandic Research Center, Campinas,
Brazil, Phone: +47996544514, e-mail: vitormattosr@yahoo.com.br
How to cite this article: Rosa VM, Bueno C, Kato AS, et al. Evaluation of
Concentration and pH Stability of 10% Carbamide Peroxide Bleaching
Agents. Cons Dent Endod J 2021;6(2):27–32.
Source of support: Nil
Conflict of interest: None

© The Author(s). 2021 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (https://creativecommons.
org/licenses/by-nc/4.0/), which permits unrestricted use, distribution, and non-commercial reproduction in any medium, provided you give appropriate credit to
the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain
Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Evaluation of Concentration and pH Stability of 10% Carbamide Peroxide

M at e r ia l s

and

Methods

The concentration and pH variations of the following commercially
available tooth whitening products were investigated: Potenza
Bianco PF 10% (PHS, Joinville, Brazil), Whiteness Perfect 10% (FGM,
Joinville, Brazil), Power Bleaching 10% (BM4, Palhoça, Brazil), and
Opalescence PF 10% (Ultradent do Brasil, Indaiatuba, Brazil).
The samples were divided into four groups for concentration
and another four groups for pH evaluation (n = 21), according
to each product’s trademark, totaling 168 samples. Each group
had products with the same batch number, with a maximum
difference of 3 months in the manufacturing date between
groups, as this was the parameter used for evaluating the stability
of the products at the different evaluation times.
The products were stored at room temperature,15 and the
measurements were made every 2 months for 12 months, with a
total of seven measurements for each group. Samples of all the
products were measured in triplicate to establish a mean of the
results.16–18

Carbamide Peroxide Quantification
Iodometry was used to determine the carbamide peroxide
concentration, as recommended by the American Pharma
copeia.15,17,19 This method consists of a carbamide peroxide
reaction with potassium iodide (KI) and glacial acetic acid,
releasing iodine (I2), resulting in a dark amber color solution. The
released iodine is titrated with a standard solution of 0.1 N sodium
thiosulfate (Na2S2O3-2) until the solution turns colorless or at the
total consumption of the iodine dissolved in the solution (Fig. 1).
During this process, the following reactions occur (Formula 1):
KI→K+ + I–
H2O2 + 2I– + 2H+→I2 + 2H2O
I2 – dark amber solution
I2 + 2Na2S2O3-2→2I– + S4O6-2
I– and S4O6-2 – colorless products
Formula 1 – Formula of the reactions during iodometry
After total consumption of iodine, the volume of sodium
thiosulfate used is recorded as “A”, and the carbamide peroxide
concentration is calculated according to the following formula
(Formula 2):
(A×B×C):D=E
Formula 2 – Formula to calculate carbamide peroxide
concentration, with A being the volume of sodium thiosulfate used,
B being the normality of sodium thiosulfate, C being the factor
number for quantification of carbamide peroxide (4.704), D being

the sample weight, and E being the concentration of carbamide
peroxide (%).

pH Measurement
After calibrating the pH meter (Multimeter MM41, Crison, Alella,
Barcelona) according to the manufacturer’s instructions, each
sample was applied directly to the tip of the electrode, completely
covering it, to measure the pH of the bleaching agent. After each
measurement, the electrode was cleaned with a paper towel,
washed with purified water, and dried with tissue paper for the next
measurement. The pH values of the products were also measured
in triplicate.
Statistical analysis was performed using Biostat 4.0 software. The
descriptive analysis was performed, and the data were submitted
to the Kruskal–Wallis non-parametric test complemented by the
Dunn test with a significance level of 5%.

R e s u lts
The mean values of the carbamide peroxide degradation rate over
time are summarized in Table 1 and Figures 2 to 6.
The results showed a gradual decrease in concentration, within
normal peroxide degradation patterns for the group’s OP, FGM, and
PHS. The BM4 group had the lowest variation throughout the study.
Nevertheless, the initial concentration of this group was different
from the concentration declared by the manufacturer.
The results related to the carbamide peroxide pH over time are
shown in Table 2 and Figures 7 to 11.
All groups presented pH values close to neutral, with slight
variations throughout the study. Groups FGM and BM4 presented
lower pH values when compared to the other groups studied.

Discussion
Based on the results of this study, the null hypothesis that the
products’ concentration and pH value would not vary throughout
the study period was partially accepted, as group BM4 had no
significant variation in concentration and group FGM had no
significant variation in pH value over time.
The controlled free radical release of stable bleaching gels
with low concentration results in a gradual whitening effect, with
a low radical diffusion through enamel and dentin, preserving the
pulp tissue.5 In addition, increased penetration of oxidative ions
through the enamel and dentin does not necessarily result in a
more effective long-term bleaching. Thus, a successful bleaching
treatment is one that not only whitens the tooth but also causes
the least possible damage to the pulp with long-lasting esthetic

Fig. 1: Iodometry flowchart
28
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Table 1: Mean carbamide peroxide concentrations (%) over time (months)*
Carbamide peroxide concentration (%)
Time (months)

OP

FGM

PHS

BM4

p

0

10.20 (0.00)A,a

10.43 (0.05)A,ab

10.26 (0.05)A,ab

11.30 (0.00)A,b

0.0155

2

         10.00 (0.00)AB,a

10.10 (0.00)AB,ab

10.00 (0.00)AB,a

11.86 (0.11)A,b

0.0125

AB,ab

AB,a

9.63 (0.05)

11.76 (0.28)A,b

0.0159

9.66 (0.25)AB,a

11.76 (0.05)A,a

0.0815

AB,a

A,b

4
6
8
10

AB,ab

      9.73 (0.05)

9.60 (0.00)AB,a
AB,ab

   9.33 (0.11)

8.40 (0.00)B,a
AB,ab

12

   9.00 (0.00)

p

  0.0029

   9.90 (0.00)

   9.66 (0.35)AB,a
AB,ab

  9.20 (0.00)

8.93 (0.05)

11.56 (0.46)

0.0169

  8.76 (0.05)AB,ab

8.43 (0.05)AB,ab

11.23 (0.58)A,b

0.0169

A,b

0.0133

B,ab

B,a

8.46 (0.05)

8.00 (0.00)

0.0034

0.0034

11.33 (0.45)
0.3010

*

Statistical significance is denoted by letters: Lower-case letters in the rows and upper-case letters in the columns indicate significant differences between
the products and time, respectively

Fig. 2: Mean carbamide peroxide concentrations (%) over time (months)

Fig. 4: Mean carbamide peroxide concentrations (%) over time (months)

Fig. 3: Mean carbamide peroxide concentrations (%) over time (months)

Fig. 5: Mean carbamide peroxide concentrations (%) over time (months)

results.9 Among the commercially available bleaching agents, 10%
carbamide peroxide, having the ADA Seal of Acceptance, is one of
the options that best meet these requirements, which is why this
product and concentration were chosen for the present study.10,20

For carbamide peroxide quantification, it is necessary to
combine it with another compound. Bowles and Ugwuneri, 21
Thitinanthapan et al.,16 Palo et al.,19 and Soares et al. 5 used the
leuco-crystal violet and horseradish peroxidase technique, a precise
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method with high sensitivity that allows for the detection of low
peroxide concentration levels, while De La Peña et al.22 and Marson
et al. 23 used the potassium permanganate titration technique.
The iodometry technique, used by authors such as Liang et al.17
and Matis et al.,15 was the method chosen for the present study, as
this is a technique recommended by the American Pharmacopeia

and by the International Organization for Standardization (ISO) for
determining the amount of peroxide in agents.
The use of triplicate measurements was adopted in this study
to obtain mean concentration and pH values with higher precision.
This method was also used by authors such as Thitinanthapan
et al.16 and Matis et al.15

Fig. 6: Mean carbamide peroxide concentrations (%) over time (months)

Fig. 8: Mean carbamide peroxide pH over time (months)

Fig. 7: Mean carbamide peroxide pH over time (months)

Fig. 9: Mean carbamide peroxide pH over time (months)

Table 2: Mean carbamide peroxide pH over time (in months)*
pH
Time (months)

OP

FGM

PHS

BM4

p

0

  6.53 (0.05)A,a

5.86 (0.05)A,b

           6.46 (0.05)A,ab

5.90 (0.10)A,b

0.0272

2

  6.90 (0.10)B,a

6.13 (0.05)A,b

6.93 (0.05)B,a

                 6.26 (0.05)AB,ab

0.0239

AB,ab

B,ab

A,a

AB,b

4

6.83 (0.05)

6.00 (0.00)

                 6.06 (0.05)

0.0193

6

6.86 (0.11)B,a

5.90 (0.20)A,b

        6.70 (0.00)AB,ab

                 6.20 (0.00)AB,ab

0.0133

8

6.86 (0.05)B,a

6.03 (0.15)A,b

          6.80 (0.17)AB,a

                 6.26 (0.05)AB,ab

0.0229

A,b

AB,a

AB,ab

0.0204

AB,a

           6.86 (0.05)

10

6.70 (0.10)

6.03 (0.05)

          6.76 (0.05)

12

6.73 (0.05)AB,a

5.93 (0.11)A,b

          6.73 (0.11)AB,a

p

                                                        0.0252

                                                  0.1145

                                                             0.0223

*

                 6.23 (0.05)

      6.33 (0.05)B,ab

0.0224

                                                            0.0101

Statistical significance is denoted by letters: Lower-case letters in the rows and upper-case letters in the columns indicate significant differences between
the products and time, respectively
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Fig. 10: Mean carbamide peroxide pH over time (months)

Fig. 11: Mean carbamide peroxide pH over time (months)

Despite some manufacturers’ recommendations to store
bleaching agents in refrigerated environmnent, 24 this may not
be the reality during the products transportation as well as when
they are stocked in dental stores all over the world. Thus, the
bleaching gels evaluated in the present study were stored at room
temperature throughout the study period, suffering the influence
and impact of climate changes pertinent to each season of the
year. With these temperature oscillations, the concentration and
pH stability may have been more affected than if the products
were stored under refrigeration. It is suggested that further studies
should be carried out to compare the stability of bleaching agents
stored under refrigeration with the stability of products stored at
room temperature.
Overall, even with the carbamide peroxide degradation over
time, the gels had a decrease in concentration between 12%
and 22%, which is within the tolerable range of degradation for
these products (maximum concentration decrease of 30% within
the expiration date, according to international standards). 25
The exception was the BM4 group, which had no significant
concentration variation throughout the study period. At the
same time, this group had its initial concentration measured at
11.30%, which is higher than the concentration declared by the
manufacturer.

It is essential to emphasize the manufacturers’ responsibility to
deliver products with bleaching agent concentrations that are listed
on the label, as this is an important factor related to the peroxide
performance. Thus, this study becomes relevant when analyzing the
different products in the present study and correlating the clinical
impact of these chemicals.
In addition to the concentration, another important aspect
that influences the clinical performance of the bleaching agents is
their pH, as it helps to control the release of the oxidative radicals.
These radicals are responsible not only for oxidizing the pigment
molecules but also for the possible tooth sensitivity as a result of
pulp oxidative stress. Gels with a more acidic pH have a longer
shelf life as they become less reactive. Nonetheless, when the pH
is too low, it can also cause superficial enamel damage.13
The pH values obtained in this study had discrete variations
throughout the period established. While gels with low pH can
damage the enamel surface, products with higher pH values may
promote greater instability of the free radicals, causing a more
rapid and less controlled release of these radicals, which can result
in more serious pulp damage, as long as they are not stabilized
by other methods. In this current study, the BM4 and FGM groups
presented pH values that were slightly more acid throughout the
study period, when compared to the other groups.
The present results failed to establish a relationship between
the variations of the peroxide concentration and the variations of
pH. Other aspects in addition to the pH value, such as the thickener
used in the formulation of the products,10,11 are also responsible for
the chemical behavior and stability of the concentration and ionic
release of the gels.
A less stable formulation of a bleaching gel predisposes
it to a higher ionic release (which can lead to unnecessary
pulp aggression). At the same time, a very stable product may
compromise its clinical performance in whitening teeth by reduced
or insufficient ionic release. Therefore, the manufacturers are
currently seeking a balance between these two extremes, with
the formulation of a product that can guarantee a bleaching
action with satisfactory clinical results, as well as a product with
sufficient stability to be stored with a low degradation rate, giving
practitioners the confidence to expect a safe performance and
predictable results for patients.

C o n c lu s i o n
Under the conditions of the current study, it can be concluded that
all bleaching agents evaluated presented adequate concentration
stability within the recommended international standards for
tooth-whitening agents, considering that Power Bleaching 10%
and Whiteness Perfect 10% showed slightly more acid pH values,
while Opalescence PF 10% and Potenza Bianco PF 10% showed pH
values closer to neutral throughout the study period.
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