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The Effect of a
Charcoal-based Powder for
Enamel Dental Bleaching

MC Franco ¢ JL.S Uehara * BM Meroni ¢ GS Zuttion * MS Cenci

Clinical Relevance

Charcoal based-powders are not effective for dental bleaching.

SUMMARY

Charcoal-based dentifrices for dental whiten-
ing are a novelty in the market. Manufacturers
claim that such charcoal-based products have
whitening, remineralization, antimicrobial,
and antifungal properties of charcoal in such
products. However, there is no substantial
scientific evidence for these claims. This labo-
ratory randomized study was designed to
evaluate the whitening properties of a char-
coal-based toothpowder. A total of 45 bovine
dental enamel discs were randomly distribut-
ed into three groups (n=15): group 1, mechan-
ical brushing with a 1450-ppm F toothpaste
(control group); group 2, mechanical brushing
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with an activated charcoal-based powder;
group 3, bleaching per the standard protocol
using 10% carbamide peroxide. The surface
roughness and color of each specimen were
analyzed at baseline and after 14 days of
experiment. The surface of one randomly se-
lected specimen from each group was exam-
ined using a scanning electron microscope
(SEM). The Kruskal-Wallis test was used to
compare groups at a significance level of 5%.
Only group 3 promoted a statistically signifi-
cant effect on AE compared with groups 1 and 2
(p<0.001 and p=0.003, respectively). No statis-
tically significant difference was found be-
tween groups for surface roughness (p>0.05).
SEM revealed a more irregular surface in
group 1 specimens compared with group 2
and 3 specimens. The charcoal-based powder
did not seem to have any bleaching effect.

INTRODUCTION

White teeth are regarded as a perfect pattern of
esthetic beauty in contemporary society.> Accord-
ing to data from published literature, 30% of patients
have a certain degree of dissatisfaction with their
dental color.®>* Therefore, the dental bleaching
procedure is a popular esthetic treatment in dental
practice.®* This procedure is conservative, safe, and
effective and is performed using gels containing
hydrogen peroxide or carbamide peroxide at differ-
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ent concentrations. Dental bleaching can be accom-
plished at the dental clinic or in the patient’s home
by following a dentist’s instructions.!*® There are
also low-cost alternatives available in the market to
treat tooth discoloration without the dentist’s super-
vision. In the last few years, the availability of a
number of alternative whitening agents, such as
prefabricated trays, whitening strips, and paint-on
applications, has considerably increased.**

The use of charcoal for oral health was recorded
for the first time in ancient Greece by Hippocrates.
Charcoal was used in many parts of the world and
different cultures as a cleaning agent. Natural
charcoal powder was used as a single-agent denti-
frice. However, studies have shown that charcoal
may not be beneficial in dental cleaning or against
dental caries.”®

Charcoal-based toothpastes and toothpowders for
dental whitening are widely available for purchase
from pharmacies, supermarkets, and e-commerce
sites. Although manufacturers promise the whiten-
ing, remineralization, antimicrobial, and antifungal
properties of charcoal-based dentifrices, there is no
substantial scientific evidence for these properties.®
This laboratory study aimed to evaluate whether
activated charcoal powder has a bleaching/whitening
effect on the dentition. We tested two hypotheses: 1)
traditional bleaching procedure with carbamide
peroxide is more effective in changing tooth color
teeth than whitening with charcoal-based powder
and 2) the use of charcoal-based powder increases
enamel surface roughness.

METHODS AND MATERIALS
Experimental Design

This laboratory randomized study was designed to
evaluate the whitening properties of a charcoal-
based toothpowder compared with dental bleaching
with a gold standard protocol using 10% carbamide
peroxide. The control group was treated with a 1450-
ppm F toothpaste. A total of 45 enamel discs were
randomly divided into three groups (n=15): group 1,
mechanical brushing using a 1450-ppm F toothpaste
(control group); group 2, mechanical brushing using
an activated charcoal-based toothpowder; group 3,
bleaching protocol with 10% carbamide peroxide.
Before- and after-treatment samples were spectro-
photometrically evaluated to determine the change
in color. In addition, potential deleterious effects of
the treatments were assessed by surface roughness
changes and scanning electronic microscopy (SEM)
images.

Sample Size Calculation

G*Power 3.1.9.4 software (Heinrich-Heine Diissel-
dorf University, Diisseldorf, Germany) was used to
determine the sample size based on a previous
study® using the following parameters: 95% power,
0.40 effect size, and three experimental groups. A
minimum sample size of 15 specimens per group
(n=45) was assessed to be appropriate.

Specimen Preparation

Forty-five enamel discs were cut from the buccal
surface of fresh bovine incisors using a water-
cooled trephine drill. To obtain standardized
enamel discs with a diameter of 5 mm and
thickness of 2.5 mm, the surfaces were ground
using #600-grit silicon carbide papers. Subsequent-
ly, all the specimens were polished by wet
grinding, sequentially, with #1200-, #1500-, and
#2000-grit silicon carbide papers to obtain a
polished and standardized surface. The specimens
were then numbered and randomly allocated in
acrylic matrices, which immobilized them on the
brushing machine, according to a list generated by
RANDOM.ORG.

Roughness Measurements

The surface roughness of each specimen was ana-
lyzed using a roughnessmeter (Hommel Tester
T1000, Hommel-Etamic, Schwenningen, Germany)
at baseline and after 14 days of the experiment.
Multidirectional readings were made for each spec-
imen from the center of the surface. Three readings
were made for each specimen, and the mean was
calculated.

Color Stability Evaluation

The specimen color was assessed at baseline and
after 14 days using a spectrophotometer (X-Rite
SP60 Series, X-Rite Inc, Grand Rapids, Michigan
USA) and D65 light against a white background. To
standardize the color measurement, the spectropho-
tometer pointer was positioned parallel to the
enamel surface of each specimen. The shade was
determined according to spectrophotometric param-
eters by considering L*, a* and b* values. L*
represents values from 0 (black) to 100 (white), a*
represents the amount of red and green, and b*
represents the amount of yellow and blue. The
difference in color before and after treatment was
provided by delta E (AE), calculated by
CIEDE2000'°,
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Table 1: Components of Products Used According to the Manufacturer’s Information

Product Manufacturer

Composition

Colgate Maximum Palmolive Company, New
anticaries protection  York, NY, USA

1500 ppm of fluoride, calcium carbonate, sodium lauryl sulfate, sodium saccharin,
tetrasodium pyrophosphate, sodium silicate, polyethylene glycol, sorbitol, carboxymethyl
cellulose, methylparaben, propylparaben, aromatic composition and water; contains
sodium monofluorophosphate

Whitemax Dermavita, Brusque, SC,

Brazil

Charcoal powder (activated carbon), kaolin, aroma, citrus aurantium dulcis peel oil

Whiteness Perfect FGM Odontology Products,

Joinville, SC, Brazil

Carbamide peroxide, neutralized carbopol, potassium nitrate, sodium fluoride,
humectant (glycol), deionized water

Mechanical Brushing and Whitening Protocol

Group 1 and group 2 specimens were submitted to
mechanical brushing cycles in a Multifunctional
Oral Cavity Simulator (Federal University of Pelo-
tas, Pelotas, Brazil). Briefly, this device comprises a
Multifunctional Oral Mouth Simulator originally
designed to allow continuous flow for biofilm growth
with modifications to enable brushing simulation.'?
Brushing simulation was performed with a load of
4.5 N using soft-bristle brushes (Sanifill Eco Dent,
Interbros GmbH, Schonau, Germany) at 0.6 Hz (36
cycles/min for three minutes).'? In group 1 (control
group), a toothpaste slurry (Colgate—maximum an-
ticaries protection, 1450 ppm F, Palmolive Company,
New York, NY, USA) was prepared with distilled
water at a 1:3 (w/v) proportion and applied during
the brushing cycles. In group 2, a charcoal-based
powder for dental whitening (Whitemax, Barueri,
Brazil) was applied on previously wet brushes with
water. Group 3 specimens were submitted to a gold
standard protocol for dental bleaching with 10%
carbamide peroxide (Whiteness Perfect, FGM, Join-
ville, SC, Brazil) for 3 h/day. The whitening gel was
removed after three hours using abundant water.
Information of the groups and products used,
including manufacturers and product components,
is provided in Table 1.

After the bleaching procedure and mechanical
brushing cycles, the specimens were stored in
distilled water at 37°C for 23 hours until the next

Table 2: Results for AE Values Based on Treatment

Groups?
Median Mean (SD)
(Quartiles 25%-75%)
Control 0.74 A (0.83-1.69) 0.95 (0.51)
Charcoal-based powder 1.24 A (0.83-1.69) 1.28 (0.50)
Carbamide peroxide 2.36 B (2.00-3.60) 2.65 (1.11)

2 Means followed by equal letters indicate no statistically significant
differences in each column (p>0.05).

exposure to whitening protocol and new brushing.
This process was repeated daily for 14 days.

Surface Morphology

The surface of one randomly selected specimen from
each group was examined for finished surface
morphology. The specimens were subjected to vacu-
um in a sputter coater (SCD 050 Sputter Coater,
Capovani Brothers Inc, New York, USA) to deposit a
thin layer of gold before submitting to SEM (JSM
5600LV, JEOL, Tokyo, Japan).

Statistical Analysis

The data obtained were double entered and analyzed
using SPSS Statistics software (SPSS, Inc, Cary, NC,
USA). Descriptive analysis was performed by esti-
mating the mean and SD for all groups. Data of all
parameters were examined for normality using the
Shapiro-Wilk test. Because the color evaluation data
presented nonparametric distributions, the Kruskal-
Wallis test was used to compare groups. Surface
roughness was evaluated using one-way analysis of
variance (ANOVA), followed by Tukey post hoc tests.
For all analyses, an o value of 0.05 was used to
determine statistical significance.

RESULTS

The Kruskal-Wallis test results for AE are presented
in Table 2. Statistical differences were observed
between group 3 and group 1 (»p<<0.001) and between
group 3 and group 2 (p=0.003). No statistically
significant difference was observed between group 1
and group 2 (p=0.546).

No statistically significant difference was noted
between the groups for surface roughness (group 1
vs group 2: p=0.623; group 1 vs group 3: p=0.157;
group 2 vs group 3: p=0.613; Table 3).

Figure 1 is an SEM image of enamel surface (A,
group 2; B, group 1; and C, group 3). Photomicro-
graphs of representative areas were taken at 35X
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Table 3: Mean, SD, and Confidence Interval for

Roughness (ra) Evaluation Based on Treatment

Groups?

Mean SD Confidence
Interval (95%)

Control 140.14 A 4137 (117.23-163.05)
Charcoal-based powder  128.57 A 25.36  (114.53-142.62)
Carbamide peroxide 116.80 A 33.33 (98.34-135.26)
2 Means followed by equal letters indicate no statistically significant
differences in each column (p>0.05).

and 500X magnification for all groups. SEM charac-
terization of the enamel surfaces after different
surface treatments revealed a more irregular surface
in group 1 specimens (Figure 1B) compared with
group 2 and group 3 specimens. Group 2 and group 3
specimens (Figure 1A and 1C, respectively) seemed
to have a smooth surface.

DISCUSSION

This study showed that the charcoal-based tooth-
powder was not effective for dental bleaching,
corroborating the first hypothesis. To the best of
our knowledge, only one study'® has assessed the
potential whitening effects of charcoal powder to
date. Four groups were tested in that study: water
(negative control), activated charcoal (experimental
group), coconut oil (positive control), and hydrogen
peroxide (positive control). The study concluded that
activated charcoal and coconut oil were not effective
for dental bleaching, corroborating the results of our
study.

The at-home dental bleaching under professional
supervision using 10% carbamide peroxide and
custom trays is safe and presents excellent esthetic
results. Therefore, it is considered the gold standard
for treating tooth discoloration.? Although associated
with high cost and need for professional supervision,
dental bleaching with 10% carbamide peroxide is the
most preferred procedure in dental practice.’* The
interest for low-cost alternatives to dental bleaching
and the search for organic and natural ingredients
brought attention to charcoal-based preparations.

Charcoal is used for several medical indications,
including poisoning and drug overdose. Charcoal is
also recognized as a food ingredient and a food
coloring agent in oriental countries for its claimed
health benefits.’®"'7 Its use for dental cleaning has
been known for many years in different cultures.” In
the last few years, a few charcoal-based products
were disseminated as an organic and safe alternative
to conventional dental bleaching techniques. The use

Figure 1. Scanning microscopy of enamel surface per group (A/a
group 2; B/b group 1; and C/c group 3) at 35x (uppercase letters) and
500x magnification (lowercase letters).

of these products claimed to result in whiter teeth
with affordable cost and without professional super-
vision. However, there are no studies in the
literature on the beneficial effects of charcoal on
teeth.” 8

A few studies have presented inconclusive results
regarding the effect of charcoal on oral hygiene,
evaluating outcomes for caries, enamel abrasion,
halitosis, and periodontal disease.® Limited informa-
tion is available regarding controlled clinical studies
that may provide evidence for the use of these
products. A laboratory study evaluated the bleaching
effect of a charcoal-based toothpaste and demon-
strated a small whitening effect.® However, this was
a subjective color evaluation using the VITA Classi-
cal Shade Guide.

In our results, only group 3 presented a statistical
difference in the final color for AE parameters.
There was no difference in the final color in group 1
and group 2 specimens. This might be because of
the absence of a whitening agent in the charcoal-
based powder and the apparent feeling of whiter
teeth due to the contrast with the dark color of the
powder.

Considering the parameters established by Para-
vina and others,'® the acceptability threshold is a AE
of 1.8. Accordingly, only group 3, with a AE of 2.65,
showed a significant color change. According to these

$S920B 93l) BIA | 0-60-GZ0Z 1e /wod Aiojoeignd-poid-awnudylewlarem-jpd-awind//:sdny woly papeojumoq



622

parameters, a AE of 0.8 is considered clinically
perceptible. Thus, the color change promoted by
the charcoal-based powder, although not statistically
detectable, was clinically perceptible, but it is not
comparable to a bleaching effect. This slight color
change may have been caused by enamel wear,
which typically occurs following the use of abrasive
toothpastes and could be easily confused as whiten-
ing conferred by the substance.'®2°

In this study, enamel roughness was also evalu-
ated. We examined whether the abrasiveness of the
charcoal-based powder causes alteration in the
enamel roughness. However, there was no statistical
difference between the groups in enamel roughness.
Similar results were found in a review by Demarco
and others,* which concluded that dental bleaching
with 10% carbamide peroxide has no harmful effects
on enamel roughness. However, no study to this date
has evaluated the effects of charcoal powder on the
enamel surface.

SEM revealed a smooth surface in group 2 and
group 3 specimens. This might have been due to a
greater loss of tooth enamel. Therefore, both
treatments seem to promote a certain degree of
damage in the tooth enamel. However, SEM is a
qualitative analysis, which does not allow data
collection. Quantitative surface analysis such as
profilometry may present more specific results in
such studies.?!

CONCLUSION

The charcoal-based toothpowder had a certain degree
of whitening effect, but it was not as effective as dental
bleaching. The study results indicate that charcoal
might not have any dental bleaching properties.
However, further studies are warranted to determine
the effect of charcoal on the dental surface.
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