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Aim: The objective of this research was to compare the abrasive potential of dentifrices
containing activated charcoal with those of a conventional dentifrice on the development
of erosive tooth wear (ETW) in vitro.
Methods: Enamel and dentin samples were divided into toothpastes (n = 12): group (G)1
—Colgate Triple Action (1450 ppm F) (positive control); G2—Colgate Natural Extracts
(1450 ppm F); G3—Colgate Luminous White Activated Carbon (1450 ppm F); G4—Oral-B
Whitening Therapy Charcoal (1100 ppm F); G5—Oral-B 3D White Mineral Clean (1100 ppm
F); G6—Curaprox Black Is White (950 ppm F); and G7—erosion only (no abrasion, negative
control). All samples were submitted to erosive pH cycles and G1 to G6 to abrasive chal-
lenges (15 seconds) using toothpastes’ slurries plus 45 seconds of treatment for 7 days. The
final profile was overlaid to the baseline one for the ETW calculation (um). The data were
subjected to analysis of variance/Tukey or Kruskal-Wallis/Dunn tests (P < .05).
Results: Oral-B 3D White (13.0 & 1.0, 9.37 [1.36] xm), Oral-B Whitening Therapy (15.1 + 1.2,
8.58 [1.71] um), and Colgate Luminous White (13.6 + 1.0, 7.46 [0.94] um) toothpastes
promoted the greatest enamel and dentin wear. On the other hand, Colgate Triple Action
(12.2 £ 1.2, 5.30 [1.26] um), Colgate Natural Extracts (10.8 + 1.1, 4.16 [1.11] um), and Cura-
prox Black Is White (11.5 + 1.5, 4.06 [0.92] xm) toothpastes promoted lower wear values,
similar to erosion only (4.16 [0.94] um) in the case of dentin but not enamel (7.1 + 0.8 um).
Conclusions: Toothpastes containing charcoal combined with pyrophosphate may have a
high abrasive effect on eroded tooth surfaces. Many patients influenced by digital market-
ing use toothpastes containing activated charcoal with the aim of bleaching their teeth.
However, care should be taken when using these products, as they may have a high abra-
sive effect.
© 2022 The Authors. Published by Elsevier Inc. on behalf of FDI World Dental Federation.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

together potentiate the loss of structure.’ > This dental condi-
tion has gained special attention from researchers and clini-

Erosive tooth wear (ETW) is a clinical association between
erosive and mechanical challenges (eg, dental abrasion) that
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cians around the world due to the increase in its prevalence
and clinical detection.*”” ETW can have a negative impact on
quality of life®'° due to the loss of aesthetics or function or
the appearance of dentin hypersensitivity.

Dental abrasion, previously mentioned as a factor related
to the development of ETW, results from a mechanical pro-
cess involving objects in contact with the dental structure.
Rigorous brushing associated with the use of highly abrasive
dentifrices can cause this pathologic wear."'"** Amongst the
factors involved in abrasion, dentifrice abrasivity seems to be
the most important one.****¢
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Whitening dentifrices may be considered abrasive com-
pared to the conventional ones, especially those containing
silica associated with pyrophosphate,*’*®
taining blue covarine are not abrasive.”’~'° Recently, charcoal-
containing toothpastes have been extensivley marketed.”**!
Products containing activated charcoal have been used for a
variety of medical applications, primarily as an antidote to
acute poisoning and drug overdose. Less frequently, activated
charcoal has been used to treat foul-smelling wounds; it has
also become fashionable as a food ingredient and food
colouring.®

Dentifrices containing activated charcoal have been gain-
ing popularity amongst patients,’>*>?* especially for all the
aesthetic appeal involved. It is believed that activated char-
coal added to toothpastes binds to stains and deposits on the
tooth surface, which would then be more easily removed by
brushing.>* However, the literature is not consistent regard-
ing the safety of this compound on dental structures®®**?*2
and, in addition, another concern is the amount of nonfluori-
dated toothpastes containing activated carbon available on

the market,’>?*> which implies lower efficacy against dental
21,26,27

whilst others con-

caries.

There is no consistent information about the abrasivity
of whitening toothpastes containing charcoal and fluoride
and their effect on ETW in enamel®® and eroded or sound
dentin, respectively.?®*° Considering the need to evaluate
the abrasive potential of new dentifrices containing acti-
vated charcoal compared to other whitening dentifrices
and even to conventional ones, the aim of this work was
to compare dentifrices containing activated charcoal with
a conventional dentifrice (pyrophosphate and calcium car-
bonate) on the development of ETW in vitro. The null
hypothesis was that toothpaste containing activated char-
coal is not more abrasive than conventional toothpaste on
eroded enamel and dentin.

Material and Methods
Sample preparation

This project was submitted for approval by the Ethics Com-
mittee on the Use of Animals (#007/2021). One hundred
thirty-two enamel and root dentin samples were prepared
from bovine incisors donated by Frigol (Lengdis Paulista).

The crown and roots were separated, attached to a prefab-
ricated silicone mould, and embedded in self-curing pink
acrylic resin separately. After polymerisation, the samples
were polished in a metallographic polisher (Aropol 2V, Aro-
tec). To prevent the interference of grit of the sandpaper on
the quality of the sample’s surfaces, the tooth/disc assembly
was washed in an ultrasonic-T14 ultrasound device (L&R
Ultrasonic) at a frequency of 40 KHz for 2 minutes with deion-
ised water.

The baseline profile was measured (5 readings with
3 mm running, and the distance of 250 um between each
reading) using a contact profilometer (Marh Surf XCR 20
software). To enable the repositioning of the samples dur-
ing the different profile readings, 2 scalpel blade scratches
were done to delimit the control and exposed surfaces, in

addition to a small hole with a one-quarter drill bit, to
indicate the beginning of the readings. A positioning
device was used, from which it was possible to reproduce
the x and y positions of the samples. This repositioning
accuracy provides an adequate interposition between the
baseline and final profile, enabling a correct calculation of
tooth wear.

Then, two-thirds of the surfaces were protected with red
nail polish (Risque), to save 2 control surfaces, indispensable
for the measurement and comparison between the profiles.

Tested experimental groups

Enamel and dentin samples were randomly distributed in the
following experimental groups (n = 12/dentifrice group;
Table 1). The sample size was calculated based on previous
studies done on this topic by our research group,"”*® consid-
ering an « error of 5% and a g error of 20%. Activated charcoal
toothpastes were selected based on their availability in
the main supermarkets and pharmacies of Bauru, Sao Paulo,
Brazil.

PH cycling and abrasive challenge

The samples were subjected to pH cycling for 7 days,""*8
which was performed 4 times a day as follows: demineralisa-
tion by immersion 0.1% citric acid (pH 2.5) for 90 seconds (30
mL/sample) at 25 °C; washing in deionised water; and remi-
neralisation by immersion in artificial saliva containing only
minerals®® (pH 6.8, 2 hours, 30 mL/sample) at 25 °C. The sam-
ples were immersed in artificial saliva overnight, completing
24 hours of cycling daily.

After the first and the last exposure to acid, treatment was
performed using toothpaste suspension (1 toothpaste:3
water, 12 mL/sample) associated with abrasion. A brushing
machine (Biopdi, Sao Carlos) was used, in which 12 manual
brushes with a small head and extra-soft bristles (Curaprox,
5460 ultrasoft) were attached at an angle of 12° to the direc-
tion of brushing, allowing a better contact area of the bristles
with the tooth surface.

In addition, the toothbrush heads were aligned on the
brushing machine brackets so that they were parallel to the
tooth surface. Each abrasive challenge was performed for 15
seconds, corresponding to 45 back-and-forth movements (~3
back-and-forth movements/s),’’ through reciprocal linear
motion of the brushes, with the application of 150 g of weight
on the centre of the brush holder, to provide a force of 1.5 N
on the samples at 37 °C."7"'®3? After the abrasion procedure,
the samples remained in contact with the toothpaste slurry
for further 45 seconds, then were washed with deionised
water (5 seconds) and exposed to artificial saliva as described
above.

Wear calculation

To determine the change in the tooth surface profile, the cos-
metic nail polish was removed with an acetone solution (1:1,
acetone:water), and 5 final readings were taken on the same
areas of the baseline readings. The profiles were superim-
posed using specific software (Marh Surf XCR 20) to calculate
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Table 1 - Composition of dentifrices used in the experiment.

Product/trademark

Composition

Colgate Triple Action

pH 10.0

Batch number: 1317BR1214 - 1325BR1231 - 1322BR1211
Expiry date: 2024/11

Colgate Natural Extracts

pH7.3

Batch number: 1230BR1230 - 1284BR123D
Expiry date: 2023/08 - 2023/10

Colgate Luminous White Activated Charcoal

pH7.7

Batch number: 1203BR123B - 1260BR122B - 1281BR123B - 1321BR121B
Expiry date: 2023/07 - 2023/09 - 2023/10 - 2023/11

Oral-B Whitening Therapy Charcoal

pH7.7

Batch number: L0122GR - L1021GR / L1038GR
Expiry date: 2022/03 - 2022/12

Oral-B 3D White Mineral Clean

pH7.6

Batch number: 10704354P0 - 10684354P0
Expiry date: 2024/02

Curaprox Black Is White
pHE6.6

Batch number: 016 MHD
Expiry date: 2024/01

Water, calcium carbonate, sorbitol, sodium lauryl sulfate, sodium mono-
fluorophosphate (1450 ppm F), flavor, cellulose gum, tetrasodium pyro-
phosphate, sodium bicarbonate, benzyl alcohol, sodium saccharin,
xanthan gum, sodium hydroxide, CI 74260, CI 74160

Water, glycerin, hydrated silica, sodium lauryl sulfate, flavor (peppermint
oil), cellulose gum, xanthan gum, sodium saccharin, powdered charcoal,
benzyl alcohol, eugenol, sodium fluoride (1450 ppm F)

Water, sorbitol, hydrated silica, PEG-12, sodium lauryl sulfate, flavor, cel-
lulose gum, potassium hydroxide, tetrasodium pyrophosphatase, phos-
phoric acid, cocamidopropyl betaine, sodium saccharin, benzyl alcohol,
charcoal powder, limonene, sodium fluoride (1450 ppm F)

Water, sorbitol, hydrated silica, disodium pyrophosphate, sodium lauryl
sulfate, cellulose gum, flavor, sodium hydroxide, sodium saccharin,
carbomer, titanium dioxide, charcoal powder, mica, limonene, sucra-
lose, polysorbate 80, sodium fluoride (1100 ppm F)

Water, sorbitol, hydrated silica, disodium pyrophosphate, sodium lauryl
sulfate, cellulose gum, flavor, sodium hydroxide, sodium saccharin,
carbomer, titanium dioxide, powdered charcoal, mica, limonene, sucra-
lose, polysorbate 80, sodium fluoride (1100 ppm F)

Water, sorbitol, hydrated silica, glycerin, charcoal powder, decyl glyco-
side, cocoamidopropyl betaine, sodium monofluorophosphate (950 ppm
F), tocopherol, xanthan gum, maltodextran, mica, hydroxyapatite
(nano), acesulfame potassium, titanium dioxide, cellulose microcrystal-
line, sodium chloride, potassium chloride, lemon peel oil, sodium
hydroxide, corn starch, amyloglucosidase, glucose oxidase, urtica dioica
extract, potassium thiocyanate, cetostearyl alcohol, hydrogenated leci-
thin, methyl lactate, ethyl methane carboxamide, stearic acid, manni-
tol, sodium bisulfite, tin oxide, lactoperoxidase, limonene

the wear (um). The average wear of the 5 readings per sample
was calculated and used to compare the effect of dentifrices
on the development of ETW.

Statistical analysis

GraphPad software was used for the statistical analysis. First,
the data were analysed with respect to the normal distribu-
tion and homogeneity (Kolmogorov and Smirnov and Bartlett
tests, respectively). Enamel wear was compared by analysis
of variance followed by Tukey test. Considering the absence
of homogeneity, the dentin wear values were compared by
using Kruskal-Wallis test and Dunn multiple comparisons
test. The level of significance adopted was set at 5%.

Results

Table 2 shows the mean and standard deviation of enamel
wear (um) promoted by the tested dentifrices on the eroded
surfaces. The erosion-only group showed lower wear values
compared to all other groups. Oral-B Whitening Therapy
showed the greatest enamel wear, followed by Colgate Lumi-
nous White and Oral-B 3D White. The latter did not differ
from Colgate Triple Action and Curaprox Black Is White, but
it was different from Colgate Natural Extracts, which showed
the lowest wear value. Colgate Triple Action and Curaprox
Black Is White were similar to Colgate Natural Extracts on
enamel wear.

The same Table shows the median and interquartile range
of wear (um) promoted by the tested dentifrices on the

Table 2 - Mean and SD or median and interquartile range of
eroded enamel and dentin samples, respectively.

erosive tooth wear (um) promoted by the tested dentifrices on

Groups Colgate Colgate Colgate Oral-B Oral-B 3D Curaprox Erosion
Triple Natural Luminous Whitening White Black Is
Action Extracts White Therapy White
Mean + SD for enamel 122 +1.2°° 10.8+1.1° 13.6 +1.0¢ 15.1+1.2¢ 13.0 + 1.0° 11.5+1.5° 7.1+08°
Median (interquartile 5.30 (1.26)°  4.16 (1.11)? 7.46 (0.94)*° 8.58 (1.71)° 9.37 (1.36)° 4.06(0.92)® 4.16 (0.94)

range) for dentin

For enamel: One-way analysis of variance/Tukey test (P < .0001). Different letters within the same line show significant differences between the

dentifrices.
For dentin: Kruskal-Wallis/Dunn (P < .0001). Different letters within the

same line show significant differences between the dentifrices.
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eroded dentin samples. The Oral-B 3D White, Oral-B Whiten-
ing Therapy, and Colgate Luminous White toothpastes pro-
moted the greatest dentin wear compared to erosion only;
the first 2 toothpastes were more abrasive than Colgate Triple
Action. On the other hand, Colgate Triple Action, Colgate Nat-
ural Extracts, and Curaprox Black Is White toothpastes pro-
moted wear similarly to erosion only, showing no additive
effect on dentin wear (Table 2).

Discussion

The null hypothesis tested was partially rejected because the
dentifrices containing activated charcoal were more abrasive
than traditional ones on eroded tooth surfaces, but not com-
pared to other whitening toothpastes. Colgate Triple Action,
Colgate Natural Extracts, and Curaprox Black Is White did not
potentialise dentin wear; they enhanced enamel wear com-
pared to erosion only, but at lower level compared to the
whitening dentifrices containing activated charcoal. On the
other hand, Colgate Luminous White, Oral-B Whitening Ther-
apy, and Oral-B 3D White dentifrices significantly enhanced
ETW when compared to the erosion-only group. Oral-B whit-
ening dentifrices were even more abrasive than the conven-
tional dentifrice from Colgate (Colgate Triple Action). A
conventional toothpaste containing monofluorophosphate
was chosen due to its great popularity and low cost. Despite
that the hydrolyse of monofluorophosphate is dependent on
the enzymatic action, we did not include this control tooth-
paste focusing on a possible protective effect of fluoride,
because conventional fluoride toothpastes, even those with
sodium fluoride, have no relevant protective effect against
ETW.3*73° In addition, the effect of fluoride is influenced or
even counteracted by the presence of abrasives.*”

Oral health is an important issue related to the general
health, well-being, and quality of life of individuals. Sev-
eral dental products are commercially available for main-
taining oral hygiene, including whitening dentifrices. The
marketing of these products has been influenced by social
media and celebrities, and amongst the current trends are
dentifrices containing activated charcoal, with the promise
of bleaching.

Some studies in the literature criticise the use of this type
of dentifrice,’®?*** for reasons that include the unproven
whitening effect,”>*** the abrasive behaviour,>*” and the
lack of fluoride in some of them.?®?* In our study, fluoride-
free dentifrices were not included precisely because they are
against what is recommended in the literature for prevention
of dental caries.””

Activated charcoal has been added to potentially whiten-
ing dentifrices with the premise of binding the deposits pres-
ent on the tooth surface that, after brushing, would
supposedly be more easily removed.”* However, no data in
the literature support this mechanism, and it is also not
known whether brushing in the presence of charcoal could
potentiate ETW.

Whilst some studies carried out on sound teeth
reported no substantial difference in surface roughness or
profile of tooth surfaces mechanically brushed either by
conventional or charcoal-based dentifrice,?>*® several

other studies, also performed on sound surface, show the
opposite,”®*”**% which is in agreement with the findings
of the present study.

Of interest, Koc Vural et al*’ compared the effects of differ-
ent charcoal-based whitening dentifrices on colour and sur-
face roughness of sound human enamel after 12 weeks of
brushing. No differences were found amongst the groups in
terms of colour change. However, a substantial increase in
surface roughness was found by the action of charcoal. Cor-
roborating this, Palandi et al*®* showed that although charcoal
powder did not increase enamel roughness when included
into toothpastes, the topography was negatively impacted by
charcoal. Furthermore, charcoal was not able to achieve the
whitening effectiveness of carbamide peroxide.”?

Considering that root dentin can be exposed due to gingi-
val recession caused by inflammatory processes or mechani-
cal trauma,”* this tissue can be easily lost due to the
association between erosive and abrasive challenges.’ > Also,
dentin has a lower surface hardness than enamel, as well as
different anatomy and physiology. Thus, dentifrice with char-
coal may be more harmful to this tissue than to enamel. In
the literature, there is a recent study that evaluated the effect
of dentifrices containing activated carbon on erosive/abrasive
tooth wear by optical profilometry. When dentin was ana-
lysed, Viana et al?® showed that Colgate Luminous White and
Oral-B 3D White dentifrices promoted significantly less wear
than the control, which differs from our results. Furthermore,
for dentin, not only Colgate Luminous White and Oral-B 3D
White but also Elmex Caries, Colgate Natural Extracts, and
Curaprox Black Is White exhibited lower dentin loss values
than the artificial saliva group.”®

The difference between our work and the aforementioned
study may be due to methodological issues. Viana et al*® per-
formed more aggressive erosive challenges than our study, so
the erosion probably had more influence on tooth wear than
the abrasive action. In our study, the treatment was per-
formed in a total time of 1 minute, whilst in the work by
Viana et al?® the treatment lasted for 2 minutes. Furthermore,
after the erosive challenge, Viana et al*® left the specimens
for 60 minutes in artificial saliva to later submit them to the
abrasive challenge. This may have allowed a different action
of the dentifrices on the surface affected by mineral pre-
sented in saliva in a way that resulted in nondifferentiation
between activated charcoal-based toothpastes and brushing
with artificial saliva in their study.

The size, distribution, shape, and hardness of activated
carbon particles present in dentifrices, along with the force
applied in brushing, can also influence the abrasiveness.’’ In
addition, silica plays a very important role in the abrasive
action of charcoal.?® In our work, we did not have access to
the details about the characteristics of the coal particles or
about the abrasive agent; these factors should be investigated
in the future.

So-called whitening dentifrices act via abrasive components
to eliminate stains.’®*” Thus, the presence of abrasive particles
in the formulations of these dentifrices can increase their
potential for damage when applied during brushing, especially
when associated with an erosive challenge.** Previous work by
our group has shown that some commercial whitening denti-
frices, especially those containing pyrophosphate associated
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with hydrated silica, are capable of enhancing ETW,"*® in
agreement with the present data, which showed that Colgate
Luminous White, Oral-B Whitening Therapy, and Oral-B 3D
White dentifrices were the dentifrices that induced the greatest
tooth wear, due to the presence of hydrated silica and pyro-
phosphate in addition to activated carbon powder.

In fact, it is very complicated to explain the different abra-
sive potentials of each dentifrice due to the complex compo-
sition and interaction between ingredients. Furthermore, due
to their complex composition, it is very challenging to find a
suitable standard control dentifrice that is representative of
all those tested.

On the other hand, Colgate Natural Extracts and Cura-
prox Black Is White dentifrices did not enhance ETW. Col-
gate Natural Extracts contains only hydrated silica in its
composition; it does not contain pyrophosphate, which
may explain the result. Curaprox Black Is White dentifrice,
despite not having pyrophosphate, contains hydrated sil-
ica and also has hydroxyapatite (HA) in its composition.
HA is a stable and biocompatible calcium phosphate with
low solubility and is used for various applications such as
tooth remineralisation, tooth sensitivity reduction, dental
biofilm control, and even tooth whitening.** The nanocrys-
talline form of HA has a high surface area that can
improve remineralisation and reduce sensitivity.** Cur-
rently, nanohydroxyapatite (nano-HA) has been used as a
protective agent for oral care products because it is more
reactive than the conventional particle** and can have a
significant remineralising effect.*>™*’

In addition, nano-HA penetrates into the demineralised
collagen matrix of dentin, acting as a support for reminerali-
sation and providing a source of calcium and phosphate
locally.** In this study, we did not evaluate possible effects of
each compound present in the dentifrices with respect to the
abrasive-erosive challenges; however, the presence of nano-
HA in the Curaprox Black Is White dentifrice may have been
important to minimise its abrasive potential.

In vitro models do not simulate some salivary properties
such as acquired pellicle formation and buffering capacity.
Furthermore, in clinical situations, saliva is present during
both erosive and abrasive challenges, which was not simu-
lated in the present study, since the samples were exposed to
the remineralising solution only between challenges. There-
fore, the results must be confirmed using in situ models in
future works.

Conclusions

Within the limitations of the present study, it can be con-
cluded that dentifrices containing activated charcoal associ-
ated with pyrophosphate increase ETW under this model.
Therefore, it is important to raise awareness of patients with
high susceptibility to ETW when choosing a dentifrice.
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