Do bleaching dentifrices associated with a low-concentration hydrogen
peroxide gel affect the surface properties and mineral content of enamel?

Maiara Rodrigues de Freitas"*®, Kusai Baroudi**~¢, Giuseppe Minervini**#, Ana Carolina Andreucci'*-€,
Maria Julia de Carvalho Feijo de Moura"*-¢, Rodrigo Barros Esteves Lins*“?, Flavio Henrique Baggio Aguiar>8P£,
Rayssa Ferreira Zanatta®®f, Priscila Christiane Suzy Liporoni“tf

1 1 Department of Dentistry, University of Taubaté (UNITAU), Brazil

2 Department of Clinical Sciences, College of Dentistry, Ajman University, UAE

3 Multidisciplinary Department of Medical-Surgical and Odontostomatological Specialties, University of Campania Luigi Vanvitelli, Naples, Italy
*School of Dentistry, Federal University of Alagoas (FOUFAL), Brazil

3 School of Odontology of Piracicaba, State University of Campinas (UNICAMP), Brazil

6 Department of Operative Dentistry and Dental Materials, School of Dentistry, Federal University of Uberlandia (UFU), Brazil

A — research concept and design; B — collection and/or assembly of data; C — data analysis and interpretation;
D — writing the article; E — critical revision of the article; F — final approval of the article

Dental and Medical Problems, ISSN 1644-387X (print), ISSN 2300-9020 (online)

Address for correspondence
Giuseppe Minervini
E-mail: giuseppe.minervini@unicampania.it

Funding sources
None declared

Conflict of interest
None declared

Acknowledgements
None declared

Received on December 14, 2023
Reviewed on February 16, 2024
Accepted on March 28, 2024

Published online on October 31, 2025

Cite as

de Freitas MR, Baroudi K, Minervini G, et al. Do bleaching
dentifrices associated with a low-concentration hydrogen
peroxide gel affect the surface properties and mineral
content of enamel? Dent Med Probl. 2025;62(5):867—874.
d0i:10.17219/dmp/186624

DOl
10.17219/dmp/ 186624

Copyright
Copyright by Author(s)
This is an article distributed under the terms of the

Creative Commons Attribution 3.0 Unported License (CCBY 3.0)

(https://creativecommons.org/licenses/by/3.0/).

Dent Med Probl. 2025;62(5):867—874

Abstract

Background. Comparing the new and existing products is essential to identify the one that minimizes
risks to the dental structures while effectively fulfilling its intended purpose.

Objectives. The aim of the present study was to evaluate possible changes in the surface properties,
mineral loss and color of bovine enamel subjected to bleaching dentifrices used in combination with
a low-concentration hydrogen peroxide (HP) bleaching gel.

Material and methods. Bovine tooth substrates disinfected with thymol were used to make 112 cir-
cular samples with a diameter of 4 mm. After the samples were embedded in transparent acrylic resin,
they were polished with grit of decreasing granulation and divided into 8 groups (n = 14 per group),
according to the bleaching treatment (Opalescence Go (OpGo) — 10% HP or immersion in buffered water
(BW) — control) and the toothpastes used (OMW — Oral-B 3D Mineral White Clean; CLW — Colgate Lumi-
nous White Advanced; STW — Sensodyne True White; or (T — Colgate Total 12). The bleaching gel was used
for 30 min daily for 10 days. The samples were brushed using an electric brush and a slurry (3:1 ratio) for
120 s twice a day, with an interval of 12 h, with the first brushing immediately after the bleaching treat-
ment. Prior to the commencement of the treatment, the initial microhardness, surface roughness and color
data was evaluated.

Results. For microhardness, a reduction in values was observed for all groups, except for the control
(CT + salt), whereas for roughness, there was an increase in the final values for all groups. A significant dif-
ference in the post-treatment values was observed only for the lightening treatment factor (p = 0.0079).

Conclusions. There was a reduction in enamel microhardness for all groups, except for the group that used
a non-bleaching dentifrice and was treated with BW.
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https://creativecommons.org/licenses/by/3.0/

868

Highlights
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* Demand for smile and teeth-whitening treatment is rapidly increasing, making patient education more important

than ever.

* Dentists should guide patients on the safe use of over-the-counter whitening products and recommend appropriate

toothpastes.

* The combination of a whitening toothpaste and bleaching treatment does not improve results and may damage

enamel by increasing surface roughness.

* Activated charcoal toothpastes — even when used alone — can increase tooth surface roughness, leading to greater

biofilm accumulation.

Introduction

Tooth whitening is based on the oxidation reaction of hy-
drogen peroxide (HP). This reaction releases free radicals
of low molecular weight, capable of penetrating the den-
tal structures and causing the chemical degradation of the
chromogens. The action of HP promotes the reduction
of chromophore molecules, modifying the refractive in-
dex of light and causing the lightening effect.> Bleaching
can be done in-office, using high-concentration HP gels
or at home with lower-concentration gels. However, even
though whitening is considered the most cost-effective
procedure for treating chromatic changes, access to is re-
stricted to part of the population, as it requires professional
consultation and supervision.? In this context, alternative
methods for tooth whitening are frequently desired by pa-
tients. Over-the-counter (OTC) products comprise tooth-
pastes, whitening tapes, whitening pens, and mouthwash-
es, and are sold without professional prescription.*®

Dentifrices with whitening properties are in high de-
mand among patients.? They contain chemical and opti-
cal agents, usually with a high amount of abrasives and de-
tergents as compared to non-whitening toothpastes.® The
combination of different abrasives is usually responsible
for removing stains,? but their continuous use may be re-
lated to the abrasive wear of the tooth surface,” which can
cause a progressive dental structure loss. Consequently,
dentin hypersensitivity may develop in teeth with non-
carious cervical lesion or gingival ressession.®® Bleach-
ing procedures can also increase the surface roughness
of enamel, dentin and composite restorations,%-'2 as well
as enhance the cytotoxicity of certain restorative materi-
als when they come into contact with saliva.!3-17

According to the literature, the effectiveness of OTC
whitening products is controversial. Karadas and Duymus
reported a positive effect of a toothpaste with a whiten-
ing effect on removing superficial enamel stains.!® Rached
Dantas et al. showed opposite results, concluding that
whitening dentifrices were not effective in terms of staining
removal.l? A recent systematic review showed that whiten-
ing dentifrices could produce some level of whitening ef-
fect on enamel, yet with considerable adverse effects, with

low to moderate quality of evidence.?’ Most of the patients
do not have knowledge about the deleterious effects the
prolonged use of these products can generate.

Beside dentifrices, strips with low-concentration HP
gels are often available as an OTC option for tooth whit-
ening. Recent evidence suggests that their use presents
lower whitening efficacy than dentist-supervised at-home
bleaching, although with a lower incidence of tooth sensi-
tivity and gingival irritation.?! The associated use of whit-
ening dentifrices and HP strips might induce further ad-
verse effects on enamel, which are yet to be defined. The
industry innovations regarding OTC products always de-
mand updated research to evaluate their adverse effects
on the dental structures. In addition to abrasives, some
whitening dentifrices have active ingredients in their
composition, such as HP or activated carbon, and the side
effects on enamel related to their constant use have not
been established yet. Comparing the new and existing
products is essential to identify the one that minimizes
risks to the dental structures while effectively fulfilling its
intended purpose.

The aim of the present study was to evaluate the effects
of the concomitant use of different whitening dentifrices
and a low-concentration HP gel on the surface properties,
mineral loss and color change (AE) of bovine enamel.

Material and methods

Sample size calculation

The sample size was calculated based on the study by
Borges et al., considering the microhardness values for
calculating f (effect size).?? The G*Power software, v. 3.1
(Heinrich-Heine-Universitdt, Diisseldorf, Germany), was
used with a 95% significance level and 80% test power.
The calculation obtained was 14 samples per group.

Sample preparation

Sound bovine incisor teeth, freshly extracted and ac-
quired, were cleaned with periodontal curettes to remove



Dent Med Probl. 2025;62():867—874

any gum tissue residues adhered to the surface, and pol-
ished with a rubber cup and pumice paste and water, us-
ing Robinson brushes (Microdont, Sdo Paulo, Brazil) in
low rotation. Subsequently, 0.9% saline solution was used
to store the teeth under refrigeration until used.

The crown was separated from the root at the ce-
mentoenamel junction (CEJ) with a diamond disk (KG
Sorensen, Cotia, Brazil), and then, a circular enamel/
dentin sample with a diameter of 4 mm was obtained us-
ing a diamond trephine mill. Subsequently, the enamel
and dentin thickness were standardized at 2 mm (1 mm
of enamel and 1 mm of dentin). The sample surface was
polished in a circular polishing machine (Aropol; Arotec,
Cotia, Brazil) with a speed of 600 rpm and constant irriga-
tion, with 600-, 800- and 1,200-grit silicon carbide sand-
paper (Extec Corp., Enfield, USA) for 60 s, 90 s and 120 s,
respectively, resulting in parallel surfaces.

Study groups

The samples were stratified and divided into 8 groups
(n = 14), considering their initial Knoop microhardness

Table 1. Composition of the dentifrices tested
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(KMH) values for enamel. The initial KMH of all speci-
mens was measured using a microdurometer with
a Knoop indenter (HMV-2T; Shimadzu, Kyoto, Japan),
with a load of 50 g and a residence time of 15 s, following
ISO 28399 (2011). Three indentations were made for each
sample, and the average with regard to them was consid-
ered. The samples showing outliers in 20% were excluded.

The group division followed the whitening treatment
and the toothpaste products. For the whitening treat-
ment variable, the use of a low-concentration HP gel
(Opalescence Go (OpGo), 10% HP; Ultradent Products,
Inc., Indaiatuba, Brazil) was considered, with the nega-
tive control (buffered water (BW), pH 7.0). For the den-
tifrice factor, the dentifrices used were as follows: OMW
— Oral-B 3D Mineral White Clean (Procter & Gamble
Company, Cincinnati, USA); CLW - Colgate Luminous
White Advanced (Colgate—Palmolive Company, New
York, USA); STW - Sensodyne True White (GSK,
Philadelphia, USA); and CT - Colgate Total 12 (non-
whitening; Colgate—Palmolive Company). The compo-
sition of all dentifrices is presented in Table 1. Figure 1
shows the group division and the study flowchart.

Dentifrice Composition

OMW - Oral-B 3D White Mineral Clean
(Procter & Gamble, Cincinnati, USA)

CLW - Colgate Luminous White Advance
(Colgate—Palmolive Company,
New York, USA)

STW - Sensodyne True White
(GSK, Philadelphia, USA)

CT - Colgate Total 12
(Colgate—Palmolive Company)

sodium fluoride (1,100 ppm), sorbitol, hydrated silica, disodium pyrophosphate, sodium lauryl sulfate, cellulose
gum, sodium hydroxide, sodium saccharin, carbomer, charcoal powder, mica, limonene, sucralose, titanium
dioxide, polysorbate 80, water, aroma

sodium monofluorophosphate (1,000 ppm fluoride), hydrogen peroxide 3%, PVP-hydrogen peroxide, propylene
glycol, calcium pyrophosphate, glycerin, sodium lauryl sulfate, silica, tetrasodium pyrophosphate, sodium
saccharin, disodium pyrophosphate, sucralose, eugenol, PVP, PEG-12, PEG/PPG-116/66 copolymer, BHT, flavor

sodium fluoride (1,426 ppm), potassium nitrate 5%, sorbitol, glycerin, hydrated silica, pentasodium triphosphate,
cocamidopropyl betaine, titanium dioxide, xanthan gum, sodium hydroxide, sodium saccharin, PEG-6, water, aroma

sodium fluoride (1,450 ppm fluoride), triclosan 0.3%, glycerin, sorbitol, hydrated silica, sodium lauryl sulfate,
carrageenan, sodium saccharin, sodium hydroxide, PYM/MA copolymer, white dye CI 77891, water, flavor
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Fig. 1. Group division and study flowchart

mineral loss analysis

KMH - Knoop microhardness; HP — hydrogen peroxide; BW — buffered water; dentifrices: OMW - Oral-B 3D Mineral White Clean; CLW - Colgate Luminous

White Advanced; STW - Sensodyne True White; and CT - Colgate Total 12.
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Initial roughness and color measurements

The initial roughness values were obtained with
a roughness tester (Surftest SJ-301; Mitutoyo, Tokyo,
Japan) and measured by the parameter Ra. Three readings
were made per sample and their average value was con-
sidered according to the provisions of ISO 28399 (2011).

The initial color data was collected using a colorimet-
ric reflectance spectrophotometer (CM-2600d, Konica
Minolta, Osaka, Japan), according to the CIE L* a* b*
system (Commission internacionale de l'eclairage — CIE,
International Commission on Illumination). In this, the L*
axis represents the degree of luminosity and varies from
0 (black) to 100 (white), the a * axis represents the degree
of the green/red color and the b * axis — the degree of the
blue/yellow color. The initial color coordinates were mea-
sured with the equipment adjusted to the use of the D65
light source, with 100% ultraviolet, and the specular com-
ponent included (SCI) mode. The observer’s angle was
adjusted to 2° and the reading area was 12.56 mm? (con-
sidering 1 = 3.14 and the radius of 2 mm), since the read-
ing was made considering the internal diameter of 4 mm
of the sample. To standardize the position of the samples
in the spectrophotometer, each sample was marked with
a diamond tip #1012 (KG Sorensen) on one of its sides,
and a mark was made on the equipment.

Artificial sample pigmentation

The samples were immersed in a black tea coloring so-
lution for extrinsic staining. The solution was prepared
with 1.6 g of black tea (Ledo Junior S.A., Curitiba, Brazil)
in 100 ml of boiling distilled water (100°C), brewed for
5 min. The solution was renewed every 24 h and the sam-
ples were immersed for 6 days.?® After the pigmentation
process, the samples were submerged for 7 days in artifi-
cial saliva, which was daily changed.

Whitening and brushing procedures

In the bleached groups, the whitening gel was used
according to the manufacturer’s instructions in terms
of time and number of applications. A 1-millimeter-thick
layer of gel was applied over the samples for 30 min, total-
ing 9.4 mm?3, once a day for 10 days. In the control groups,
the samples were immersed in BW, with pH 7.0, for
30 min per day for 10 days, instead of the bleaching treat-
ment. Afterward, the samples were washed with mineral
water and submerged in artificial saliva (Byoférmula, Sao
José dos Campos, Brazil) for 30 min.

Regarding the abrasion protocol with the tested den-
tifrices, they were applied as a slurry (3:1 with artificial
saliva). The samples were brushed with the toothpaste
corresponding to each group twice a day, with the first
brushing immediately after the bleaching procedure, and
the other one 12 h later. The sample was in contact with

M.R. de Freitas et al. Hydrogen peroxide and enamel

the slurry for 120 s, comprising 15 s of abrasion with
an electric brush (Procter & Gamble) and 105 s of immer-
sion in the slurry.

After the first brushing, the samples were washed with
mineral water and submerged in artificial saliva for 12 h,
when they were again brushed with the toothpaste corre-
sponding to each group. In the intervals, the samples were
kept immersed in artificial saliva. The artificial saliva used
was composed of sodium carboxymethylcellulose (CMC,
10 g/L), sorbitol (30 g/L), potassium chloride (1.2 g/L),
monobasic potassium phosphate (3.42 g/L), calcium chlo-
ride dihydrate (1.46 g/L), magnesium chloride (52 g/L),
sodium chloride (84 g/L), sodium benzoate (1 g/L), so-
dium fluoride (1.25 g/L), methylparaben (1.5 g/L), and
distilled water.

Final microhardness, roughness and color
measurements

The final KMH and Ra measurement was made 7 days
after the bleaching/abrasive procedures to enable the re-
hydration and stabilization of the samples. The samples
were submerged in artificial saliva, which was changed
daily.

The final color measurement was also made 7 days after
the bleaching/abrasive procedures were completed, for
rehydration and color stabilization. The same parameters
were used as in the initial readings, and the final color was
defined by calculating the variation of L* (AL), a* (Aa) and
b* (Ab). The total color change was calculated by param-
eter AE, using the following formula (Equation 1):

AE = (AL? + Aa® + Ab?)* 1

where:

AE — color change;

AL* — difference in lightness;

Aa* — difference in the green—red axis; and
Ab* — difference in the blue—yellow axis.

Mineral loss analysis

Five samples per group were randomly selected and
were subjected to the micro-energy dispersive X-ray
(LEDX) analysis, evaluating the mineral loss as the ratio
between calcium (Ca) and phosphorus (P). The read-
ings were performed using an energy dispersive X-ray
fluorescence spectrometer (LEDX-1300; Shimadzu). The
device is equipped with a rhodium (Rh) X-ray tube and
a silicon (Si) detector, cooled by liquid nitrogen (N), and
is associated with a computer and specific software for
processing the collected data. The samples were placed
on a glass plate sequentially in the order of each group. In
each specimen, 3 readings were performed on the enamel
surface with a voltage of 15kV and current of 100 A, for
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100 s with dead time 25%. The equipment was calibrated
with stoichiometric hydroxyapatite, a certified commer-
cial reagent (Ca;o(PO4)6(OH), — synthetic hydroxyapa-
tite, 99.999% purity grade, lot 10818HA; Sigma-Aldrich,
St. Louis, USA), as a reference. The measurements were
made using the fundamental emission parameters charac-
teristic of the elements Ca and P. The element oxygen (O)
was used as a chemical balance.

Statistical analysis

After analyzing data normality, the KMH values were
subjected to the two-way repeated measures analysis
of variance (ANOVA) with the Bonferroni correction.
For the Ra values, the Friedman and Kruskal-Wallis tests
were used, and the color data was analyzed with the one-
way ANOVA and Tukey’s test (AL and AE), or the Krus-
kal-Wallis test and Dunn’s test (Aa and Ab). For the EDX
values, the data underwent a descriptive analysis. The
confidence level was set at a = 0.05.

Results

The results of the analysis of surface microhardness are
available in Table 2. After bleaching, the samples showed
a significant difference in microhardness after the abra-
sive protocol, regardless of the dentifrice tested (p < 0.05).
When the samples were not bleached, there was a sig-
nificant difference only in the case of the abrasive proto-
col carried out with the toothpaste containing charcoal
(p < 0.05). A statistically significant difference was found
comparing the bleached and non-bleached groups, re-
gardless of the toothpaste used. The dentifrices showed

Table 2. Knoop microhardness (KHN) values [HK] obtained at different
times of evaluation

Group Baseline value Final value p-value (time)
BW + OMW 265.85 £36.1% 25861 +32.95 0.049*
BW + CLW 258.87 +40.5% 253.88 +40.8%P 0.184
BW + STW 257.85 +36.4 25340 £29.9%b 0.173
BW +CT 268.56 +£45.3A2 272.07 £40.5% 0.204
OpGo + OMW 254.18 £38.6" 23275 +33.7% <0.001*
OpGo + CLW 256.61 +36.2° 24047 +34.8%° <0.001*
OpGo + STW 25842 +34.5% 24335 +39.58° 0.004*
OpGo + CT 258.12 +33.6" 23742 £34.6%° <0.001*

Data presented as mean + standard deviation (M £SD).

OpGo - Opalescence Go, a low-concentration HP gel (10% HP);

* statistically significant. Different letters in superscript indicate statistically
significant differences at 5%, according to two-way repeated measures
ANOVA and the Bonferroni post-hoc test: uppercase letters — between
different times of evaluation (baseline and final) (lines); lowercase letters

- between different groups at each time point (columns).

87

no statistically significant difference between each other
in the final values. When whitening was used concomi-
tantly with the toothpaste with charcoal, a significant
difference was found as compared to the use of charcoal
alone, without bleaching taking place.

As the roughness data did not meet the normality cri-
teria, non-parametric tests were applied; the Friedman
test was used to compare between the time points, and
for groups, the Kruskal-Wallis test was employed. There
were statistically significant differences between the base-
line and final values in the bleached groups using the
OMW and CLW toothpastes (p < 0.05) (Table 3).

Regarding AE, there were no statistically significant dif-
ferences between the tested groups (p > 0.05) (Table 4).

The Ca/P data revealed no differences between the
dentifrices studied (p > 0.05). Figure 2 shows the absolute
mean values of the 5 samples tested in each group, assess-
ing the mineral loss as the ratio between CA and P for the
treatment performed.

Table 3. Surface roughness values [Ra] obtained at different times of evaluation

Group Baseline value Final value p(t\:::]l:;!
BW + OMW 040 (0.2;1.1)A 0.56 (0.2;1.4)% 0.782
BW + CLW 043 (0.1,0.7)% 048 (0.4;1.1)%0 0.166
BW + STW 040 (0.2,2.2)% 0.71(0.3;1.5)A0 0.166
BW +CT 0.51(0.2,2.0 065 (0.3;1.1)A0 0.166
OpGo + OMW 0.52(0.2;1.7 0.93 (0.6;2.3)% <0.001*
OpGo + CLW 041 (0.1,0.8)% 0.68 (0.5;1.5)8 0.001*
OpGo + STW 042 (0.3,0.9)% 0.68 (0.4;1.1)Asb 0.052
OpGo +CT 041 (0.1;1.00% 0.57 (0.4;2.1)A 0.052

Data presented as mean (minimum-maximum) (M (min;max)).

* statistically significant. Different letters in superscript indicate statistically
significant differences at 5%, according to the Friedman and Kruskal-Wallis
tests: uppercase letters — between different times of evaluation (baseline
and final) (lines); lowercase letters — between different groups at each time
point (columns).
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for the treatment performed
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Table 4. Color change values (AL, Aa, Ab, AE)

M.R. de Freitas et al. Hydrogen peroxide and enamel

Color parameters
Group

I O S O -

BW + OMW 16.97 £7.12 -2.15(-3.2,-0.9)° -523(-174,6.8) 18.03 £7.6°
BW + CLW 1552 £5.72 -1.65 (-5.2,-1.3)° -7.55(-12.7; .5 1771 £4.4°
BW + STW 16.64 £5.0° -1.71(-4.3;-0.2) -6.83 (-18.8,-4.0) 19.81 £4.9°
BW+CT 17.04 £5.8° -2.17 (-4.3,-0.3)° 751 (-9.1,-3.1)° 18.00 £5.12
OpGo +OMW 16.77 £4.0° -1.63 (-4.6,0.2) -6.90 (-15.0,-3.8) 20.17 £3.9°
OpGo + CLW 17.09 £7.4° -2.26 (-5.1,0.5) -8.99 (-11.8;4.4) 19.13 £6.1*
OpGo + STW 1745 £5.8* -1.55 (-4.4,-04)° -7.53 (-14.3,5.7) 20.68 £2.6%
OpGo + CT 15.83 £5.2° -2.29(-3.7,-1.2° -8.39(-14.63.2)° 19.54 £4.9°

Data presented as M £SD for AL and AE, and as M (min;max) for Aa and Ab.

Different lowercase letters in superscript indicate statistically significant differences between different groups for each color parameter (columns) at 5%,
according to the one-way ANOVA and Tukey's post-hoc test (AL and AE), or the Kruskal-Wallis test and Dunn’s post-hoc test (Aa and Ab).

Discussion

This in vitro study evaluated the effects of whitening
strips with 10% HP associated or not with brushing with
toothpastes containing different active ingredients on
enamel. Regarding toothpastes, apart from active ingre-
dients, they also presented differences in their formula-
tion; however, the results were interpreted considering
that differences in performance between the formulations
were due exclusively to their operating principles (char-
coal, low-concentration HP and whitening abrasives).

Regarding microhardness, the differences found for all
the samples bleached with 10% HP were significant in re-
lation to the dentifrices tested; for roughness, there were
significant differences for the groups of samples bleached
with 10% HP, and brushed with the toothpastes contain-
ing activated charcoal (OMW) and a low concentration
of HP (CLW); the color analysis being the exception, since
between the baseline and final values, there were no dif-
ferences, regardless of the dentifrice used. As mentioned
above, for the samples brushed with the toothpaste con-
taining HP, the difference was statistically significant.
There is evidence that HP can increase enamel roughness
due its ability to demineralize hydroxyapatite crystals,?
and the association of the gel and the toothpaste contain-
ing this ingredient induced a more pronounced adverse
effect. There is no specific clinical protocol described
to overcome this, and patients should be aware that in-
creased roughness can enhance biofilm formation and
staining.

When the toothpastes were used immediately after
whitening with 10% HP, a decrease in the surface mi-
crohardness values of tooth enamel was observed when
compared to the groups where there was no whitening,
with the exception of the dentifrice containing activated
charcoal, which showed a reduction in microhardness
(p < 0.05).

The methodology in the present study was designed to
simulate the performance of supervised home whitening
treatment, in which the patient uses a tray pre-loaded
with the gel, and, in an attempt to enhance the effect
of this whitening product, without the guidance and per-
mission of their dentist, makes use of toothpastes freely
available in the market that are advertised as making the
teeth whiter.

In this study, the reduction in enamel microhardness
promoted by the whitening gel was less than 10%, which
is below the safety limit allowed by the American Dental
Association (ADA). In fact, previous data showed that
the use of HP does not promote significant changes in
the histomorphology and microhardness of enamel,?*?°
and even if any changes occur with regard to the initial
microhardness and roughness, they are reversed by the
action of saliva within a certain time.?® As the toothpaste
was used immediately after removing the gel, there may
not have been enough time for saliva to produce its rem-
ineralizing effect.

It is argued that the viscosity of the whitening gel may
be directly related to the deleterious effects.?” The pH
of Opalescence Go used in this study, according to the
manufacturer, is neutral. Therefore, any expected delete-
rious effect on enamel was minimal, which corroborates
previous studies.?’~% Bistey et al. reported that, in addi-
tion to these factors, structural changes to the enamel sur-
face also depend on the contact time, with considerable
alterations occurring when the time of exposure to HP
exceeds 60 min.*® The exposure time used in this study
was 30 min, which may also have been the reason for not
promoting changes in the studied surface properties.

However, there was a statistically significant difference
in microhardness in the group with no bleaching, us-
ing the toothpaste containing activated charcoal. Char-
coal is an abrasive that can be manufactured from a va-
riety of carbon-rich materials, including walnut shells,



Dent Med Probl. 2025;62():867—874

coconut shells, bamboo, peat, and wood.?! When it is
used for toothbrushing, it is manufactured as a fine pow-
der of varying abrasiveness, depending on the source and
the methods used to prepare and grind it.3? The charcoal-
based toothpaste used in this study has also other abra-
sives in its formulation, such as silica, titanium dioxide
and mica, enhancing the abrasive potential of this tooth-
paste, thus making it more harmful to enamel. It is known
that the abrasiveness offered by toothpastes is normally
the determining factor for the removal of extrinsic stains
and, consequently, the whitening sensation promoted.3*34
However, the findings of this study indicate that the com-
bined effects of toothpaste abrasiveness and pH can lead
to greater tooth tissue loss when applied to enamel with
a softened surface layer.

Although the toothpaste used in this study contains flu-
oride, its high adsorption capacity raises concerns about
the actual availability and benefits of fluoride and other
active ions in the dentifrice, as these may have been ab-
sorbed by charcoal.?? Furthermore, despite fluoride so-
dium present in the composition of the toothpaste used
in this study, it is reported in the literature that only 8%
of charcoal toothpastes contain fluoride.3"*? Fluorides
that are present in conventional toothpastes have an ac-
knowledged anti-cariogenic potential, and offer protec-
tion, even if limited, against erosion and cariogenic mi-
croorganisms, forming fluoride precipitates of calcium
(CaF,).?® These benefits are not available if fluoride inac-
tivation by charcoal occurs, leaving the tooth more sus-
ceptible to acid attacks.

Brushing with the toothpaste containing a low concen-
tration of the active ingredient HP immediately after us-
ing the whitening gel resulted in significant changes in the
surface roughness of enamel. This tested toothpaste, in
addition to having 3% HP, contains a combination of abra-
sives (sodium and tetrasodium pyrophosphate and silica),
which may have been responsible for the significant in-
crease in roughness.

The p-EDX analysis indicates the Ca/P ratio in the den-
tal structures. The literature shows that a sound enamel
has similar Ca and P concentrations.?® In this study, the
analysis was conducted after the procedures, and the
results indicated no significant changes to enamel in all
groups after the bleaching treatment and the abrasion
with the tested dentifrices.

Finally, regarding color alteration, there were no signifi-
cant differences between the groups, indicating that the
toothpastes tested did not enhance color alteration when
used with the bleaching tray tested. All kinds of treatment
produced high AE values, indicating effective whitening;
however, these results should be interpreted with caution,
as the staining protocol used may have overestimated the
extent of extrinsic staining. Future studies should include
polishing of the enamel surface previous to the initial col-
or measurement to remove loosely bounded staining, and
be closer to clinical conditions.
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The aim of this study was to evaluate the concomitant
effect of the whitening treatment and the abrasive action
of toothpaste; therefore, the brushing period was limited to
the recommended period of the whitening treatment used,
i.e,, 10 days. Hence, the results obtained after longer periods
of use could demonstrate greater deleterious effects on the
surface of tooth enamel. Even though it is an in vitro study,
the findings show that the use of toothpastes without guid-
ance from a dental surgeon, especially when it is carried out
concomitantly with supervised whitening treatment, can be
harmful to enamel. As a limitation, this study was conducted
in vitro, using artificial saliva in the bleaching and abrasion
protocol; therefore, the presence of the acquired pellicle was
not considered. Additionally, although the staining protocol
employed is commonly cited in the literature, it may overesti-
mate the physiological staining that occurs in the oral cavity.

Conclusions

Within the limitations of this study, it might be con-
cluded that the association of whitening dentifrices with
a low-concentration HP gel does not improve bleaching
effectiveness, and might induce more negative effects on
the enamel surface. Thus, this combination might not be
clinically viable, and patients shall be advised of possible
side effects when using OTC whitening products without
a proper supervision of a dentist.
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