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Effect of whitening
toothpastes on color
alteration and enamel and
dentin surface roughness
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Aim: To evaluate if whitening dentifrices change enamel color
and if their use induces alteration over the enamel and dentin
roughness. Methods: Forty enamel and forty dentin bovine
samples (4 mm x 4 mm, n=80) were divided into four groups
following the dentifrice tested: Char - activated charcoal (3D
White Therapy Charcoal); HP - low concentration of hydrogen
peroxide (Colgate Luminous White Advanced); Cov —blue
covarine (Close Up White Now); and Cont — control (Colgate
Total 12). Initial enamel color coordinates (L*a*b*) were
obtained, followed by enamel and dentin Ra measurements.
Specimens were submitted to an abrasive cycle (20 s
abrasion, 3x/day, 14 days). After, the final Ra and color were
obtained, and the delta E was calculated. Roughness data
were submitted to repeated measures ANOVA, and color
alterations were assessed by one-way ANOVA, followed by the
Tukey test. Results: The dentifrice Char reduced the enamel
Ra and presented lower values than the Cont and Cov, while
Contincreased the Ra and HP reduced it for dentin. Regarding
enamel color, there was no significant difference between the
dentifrices. Conclusion: The dentifrices could not promote
enamel whitening, and their use shall be cautiously indicated
as they can induce surface harm, mainly over dentin.

Key Words: Toothpastes. Charcoal. Dentifrices. Hydrogen
peroxide. Tooth bleaching.
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Introduction

Tooth whitening is a conservative, well-accepted, and indispensable cosmetic option
in aesthetic dentistry to improve the chromatic aspects of natural teeth, being highly
desirable in a modern society that values a smile with aligned, white and brilliant
teeth'2. Tooth discoloration can be classified as intrinsic or extrinsic. Intrinsic stains
occur from deposition of pigments within the enamel and/or dentin during tooth
development or after eruption, often via microstructural defects or diffusion through
interprismatic spaces. It results from developmental disturbances (amelogenesis or
dentinogenesis imperfecta), systemic exposure to high fluoride concentrations (flu-
orosis), tetracycline use, pulp necrosis or hemorrhage, and aging-related changes in
dentin. Extrinsic stains are located on the tooth surface, adhering to the acquired pel-
licle or biofilm, and result from smoking habits, antiseptic precipitation, such as chlor-
hexidine, or deposition of chromogenic substances, such as coffee, wine, tea, among
other products from the diet'®. For those cases, tooth whitening can be done by or
supervised by the dentist using bleaching gels containing hydrogen peroxide or its
precursors, such as carbamide peroxide. Hydrogen peroxide is a small, highly reactive
molecule that diffuses through enamel interprismatic spaces and dentinal tubules,
decomposing into free radicals capable of oxidizing chromophores into smaller, less
pigmented molecules, resulting in a change in the pattern of reflection and refraction
of light, causing the whitening effect'4,

In addition to using professionally applied gels, several over-the-counter (OTC) prod-
ucts are available directly to the consumer with the promise to whiten their teeth within
2-4 weeks of use, being an alternative to professional/supervised tooth whitening®®.
These products include dentifrices, mouthwashes, paint-on varnishes, and tapes, and
their success can be explained by the fact that they are considered cosmetics, so,
in most countries, they are much less regulated by regulatory agencies than phar-
maceuticals drugs, making them more accessible and more cost-effective than the
professional/supervised options®.

From the OTC group, the whitening dentifrices are, by far, the most consumed prod-
uct, comprising more than 50% of the options available. Besides the essential ingre-
dients found in traditional products, e.g., surfactants, thickening agents, flavor, and
fluorides, the whitening dentifrices contain several abrasives and/or other active
ingredients that promise to remove or prevent the deposition of pigments on the den-
tal enamel®, including hydrated silica, calcium carbonate, dicalcium phosphate dihy-
drate, sodium bicarbonate, perlite, and alumina. Despite abrasives, some whitening
dentifrices can also contain other active ingredients, such as pyrophosphates, that
function as anti-calculus agents and reduce stain deposition ever enamel, or dyes,
such as blue covarine, which modify the visual perception of color by creating more
light scattering, or even hydrogen peroxide in low concentration®°. Most recently,
charcoal powder or dentifrices flooded the market and was boosted by the internet
and social media with the appeal to promote tooth whitening™. This agent is a fine
powder oxidized by controlled reheating or chemical means derived from nutshells,
coconut husks, bamboo, or peat'>'3.
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Evidence regarding the whitening effectiveness and the potential to induce harm over
tooth tissues promoted by these whitening dentifrices is still controversial®®21477 |t
is suggested that although whitening toothpaste can lighten tooth color, it can also
affect the mineral content of teeth by increasing surface roughness and reducing
microhardness’, and altering the roughness of composite materials'®. Still, over
dentin, their deleterious effect is not well understood. Considering that patients may
present exposed dentin in the oral cavity due to non-carious cervical lesions or gingi-
val recession, investigating the harmful potential is of interest. Therefore, this study
aimed to evaluate the potential of whitening dentifrices to promote color alteration on
the enamel and if their chronicle use induces alteration over the enamel and dentin
surface roughness. The null hypothesis tested was that the whitening dentifrices do
not promote teeth whitening, regardless of their active agent, and that their daily use
does not cause alteration on the enamel and dentin surface roughness.

Material and methods

Specimen preparation

Forty enamel/dentin specimens were obtained from the labial surface of bovine
incisors crowns. Samples were cut using a water-cooled diamond precision saw
(Isomet, Buehler) with 4 mm x 4 mm (length x width) and grounded flat in a circu-
lar polishing machine (Aropol, Arotec, Brazil) using water-cooled silicon carbide
(SiC) sandpaper (grit #600, Extec Corp, USA) until leaving a sample with 2 mm
thick (1 mm of enamel and T mm of dentin)™. These samples were used for the
colorimetry analysis and the evaluation of enamel surface roughness. To evaluate
dentin roughness, forty additional specimens were cut from the cervical region of
the bovine incisor roots, measuring 4 mm x 4 mm (length x width), and standard-
ized to a thickness of 2 mm by flattening them in a circular polishing machine
using #600 SiC paper.

All enamel and dentin samples were then embedded in transparent acrylic resin
(Jet, Classico, Brazil) with the help of a circular silicon matrix with 40 mm in diam-
eter and then polished with sequential SiC paper (#800, #1200, #2400 and #4000)
at 300 rpm until no visible marks or scratches could be seen in the surface, follow-
ing the protocol described by Borges et al.® (2015). The specimens were embed-
ded in acrylic resin to standardize the polishing protocol, as the circular polishing
machine used in this study was equipped with a positioning device that ensured
controlled load and rotational speed. This setup facilitated both polishing and sur-
face flattening. The surfaces were verified with a stereomicroscope (x25 augmen-
tation), and the surfaces presenting cracks and imperfections were discarded®.
Specimens were sonicated in deionized water for 10 min after each paper grit
change and immersed in distilled water at and controlled temperature (37°C) for
30 days for hydration.

For the colorimetric analysis, the enamel samples were stained with a coffee solu-
tion?® made from 12g of coffee powder (Café Tradicional Melitta, Brazil) diluted
in 200 mL of boiling water. Samples were kept immersed in this solution for
three days.
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Initial roughness (Ra) and group division

The initial roughness (Ra,) values of each sample were obtained using a contact pro-
filometer (Surftest SJ-410, Mitutoyo, Japan). The parameter Ra was used, and three
measurements were obtained from each specimen with a cut-off of 0.25, length of
3.2 mm, and mean speed of 0.5 mm/s, as shown in figure 1. The average of the three
measures was considered as the mean Ra value of each specimen.

_  Enamel samples Immersion |:|
== Cofee
coffee Grey card positioned in the photo|

-- --- - solution
_C I . Specimens Ra0 readi Initial Photos
Dentin samples embed in a0 readings Asterisks shows the
acrylic resin )
@ @ regions were the L,a and

Immersion b measurements were made
in water
Bovine incisor Abrasive cycle
Abrasion 3x/day + immersion

in artificial saliva
14 days

Final Ra readings
Final photos (Enamel)

Figure 1. Schematic drawing of the sample preparation, Ra, and color coordinates readings

The values Ra, values were used to stratify the enamel and dentin samples in 4 groups
(n=10) according to the dentifrice tested: Char — Dentifrice containing activated char-
coal (3D White Therapy Charcoal — Crest/Oral B); HP — dentifrice containing a low
concentration of hydrogen peroxide (Colgate Luminous White Advanced, Colgate
Palmolive); Cov — dentifrice containing blue covarine (Close Up White Now, Close
Up Unilever); and Cont — dentifrice control without a whitening agent (Colgate Total
12, Colgate Palmolive). The composition of each dentifrice is described in Table 1.
Figure 1 shows and schematic drawing of the sample preparation and readings.

Initial color assessment

The color evaluation was made only in the enamel samples, and the colorimetric
method used was the one previously described by Bengel® (2003), Sampaio et al.??
(2019), and Garg et al.® (2020) using digital photography. Each sample was photo-
graphed individually using a digital DSLR camera (Nikon D3200, Japan) coupled with a
macro lens (AF-S Macro Nikkor 105 mm, Nikon, Japan) and circular flash (EM 140 DG,
Sigma, Japan). The pictures were taken in .raw format using the following parameters:
1/100 s, F 20, ISO 100, flash ETTL, and focal distance set to 60 cm. The camera was
positioned on a tripod, with the lens perpendicular to the ground. The samples were
placed inside a lightbox with an LED in all directions to minimize shadow formation. A
standard gray card (L=55, a=0, and b=0) was placed near the sample for gray balance
standardization, as previously described??. The samples were taken from the water,
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Table 1. Composition of the adhesive system tested

Dentifrice Composition

Water, Sorbitol, Hydrated Silica, Disodium Pyrophosphate, Sodium Lauryl Sulfate,
Sodium Hydroxide, Flavor, Cellulose Gum, Sodium Saccharin, Melaleuca Alternifolia
(Tea Tree) Leaf Oil, Carbomer, Charcoal Powder, Sucralose, Polysorbate 80, Mica,
Titanium Dioxide. Active ingredient: Sodium fluoride (1100ppm).
Whitening compounds: pyrophosphate (disodium pyrophosphate) + combination of
abrasives (titanium dioxide, mica, hydrated silica, and charcoal powder).

Propylene Glycol, Calcium Pyrophosphate, PVP, PEG/PPG-116/66 Copolymer, PEG-
12, Glycerin, Flavor, Hydrogen Peroxide, Sodium Lauryl Sulfate, Silica, Tetrasodium
Pyrophosphate, Sodium Saccharin, Disodium Pyrophosphate, Sucralose,
Phosphoric Acid, BHT, Water.

Whitening compounds: hydrogen peroxide + abrasive (silica) + pyrophosphates
(Calcium Pyrophosphate, tetrasodium pyrophosphate, disodium pyrophosphate).

Sorbitol, Water, Hydrated Silica, Sodium Lauryl Sulfate, PEG-32, Aroma (Flavor),
Cellulose Gum, Sodium Fluoride (1450 ppm), Sodium Saccharin, mica, sea salt,
Cl 77891 (Titanium dioxide), Cl 470005 (Yellow 10), citrus lemon juice extract, Cl
42090 (Blue 10) and limonene.

Whitening compounds: Blue covarine (C142090) + combination of abrasives (hydrated
silica and mica).

Char: 3D White
Therapy Charcoal
(Crest / Oral B)

HP: Luminous White
Advanced (Colgate
Palmolive)

Cov: Close Up White
Now (Close Up,
Unilever)

Cont: Control dentifrice Water, Hydrated Silica, Glycerin, Sorbitol, PVM/MA Copolymer, Sodium Lauryl
- Colgate Total 12 Sulphate, Flavor, Cellulose Gum, Carrageenan, Sodium Hydroxide, Sodium Fluoride
(Colgate Palmolive) (1450 ppm), Sodium Saccharin, Triclosan, Cl 77891 (Titanium dioxide).

placed over absorbent paper, and the photos were taken immediately after to avoid
dehydration.

Color analysis was made using the CIEL*a*b* color system (International Commis-
sion on lllumination), where the L* axis indicates the value (lightness or darkness),
the a* axis represents the redness (+a*) or the greenness (-a*), and the b* axis
demonstrates the yellowness (+b*) or the blueness (-b*). The initial L, a; and b, color
coordinates were obtained for each sample with the help of image editing software
(Adobe Photoshop v.6) following the parameters described in%. The grey balance was
adjusted following the parameters of the grey card in each photo, and the L, a, and b,
values were obtained at two points in the sample and averaged. The measurements
were made by two previously calibrated researchers blinded to the treatment. The
final value for each sample was considered the average between them, and outliers of
10% were measured again by a third researcher. Figure 1 shows the points measured
in the sample.

Surface treatment

After the initial Ra and color measurements, the enamel and dentin samples were
subjected to an abrasive cycle for 14 days. They were brushed 3x/day using a slurry
made from the respective dentifrice of each group and artificial saliva (1:3). Between
each brush, they were immersed in artificial saliva. The artificial saliva formulation
used was the one described by Eisenburger et al. (Batista et .24, 2023). Still, once a
day, the enamel samples were immersed in the staining coffee solution for 2 minutes,
simulating the contact with pigments from the diet. The colorimetric analysis was not
made in dentin samples.
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The brushing events were made with an electric brush (EDA-10, Techline) with oscil-
latory movements for 20 seconds, followed by 100 seconds of contact with the den-
tifrice slurry, resulting in 2 minutes of contact with the dentifrice. The brushing events
were performed on a digital scale to standardize the brush weight at 200 grams. A sin-
gle operator performed the brushing of all samples to avoid bias.

Final roughness (Ra) and color assessment

After the abrasive cycle, the final Ra, measurements were measured at the enamel and
dentin samples, following the same parameters for the initial measurements. Regarding
the color alteration, new photos of all samples were taken following the same param-
eters adopted for the initial ones. In each picture, the color coordinates (L, a, and b))
were measured in the same 2 points used in the initial measurements by two calibrated
and blinded operators and averaged. The color change was calculated by the difference
between the final and initial values (A) for L, a, and b, and the total change was calcu-
lated through the delta parameter E (AE) using the formula AE = V(AL? + Aa? + Ab?).

Statistical Analysis

Descriptive statistics consisted of calculating the mean and standard deviation of
the values of roughness and color alteration and evaluating their normal distribu-
tion (Kolmogorov Smirnov test). Roughness data were submitted to repeated mea-
sures ANOVA separately for enamel and dentin substrates, followed by Tukey Test.
Color alteration (AE) was assessed by one-way ANOVA, while the individual param-
eters (L*a*b*) was assessed by repeated measures Anova, all followed by the Tukey
test. In all analyses, the significance level was set at p < 0.05. The analyses were made
with the Jamovi software (v. 1.8 - The jamovi project - 2021).

Results

The influence of the dentifrices tested over the tooth surface was evaluated at both
enamel and dentin and the repeated measures ANOVA showed significant differences
for the time factor (p = 0.026) and dentifrice (p = 0.030) but not for their interaction (p
=0.089) in the enamel. The Tukey test revealed that the dentifrice containing activated
charcoal (Char) reduced the enamel roughness and presented lower values than the
Cont and Cov dentifrices (Table 2). For dentin, the RM ANOVA showed no significant

Table 2. Mean and standard deviation of enamel Ra values and the result of the Tukey test

Ra, Ra,
Cont 0.278 (20.042) Aa 0.284 (¢0.038) Aa
Char 0.250 (¢0.066) Aa 0.188 (+0.046) Bb
HP 0.272 (20.075) Aa 0.215 (£0.081) ABa
Cov 0.267 (20.071) Aa 0.268 (¢0.049) Aa
Pooled data 0.267 (+0.063) a 0.239 (£0.067) b

Uppercase letters show the difference between the dentifrices, while lowercase letters show the difference
between the initial and final roughness values.
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differences for the time (p = 0.308) and the dentifrices (p = 0.473), but there were for
their interaction (p = 0.0002). The Tukey test revealed that the Cont dentifrice increased
the dentin Ra, while HP reduced it compared to the initial condition. Char and Cov den-
tifrices did not change Ra after brushing, compared with the initial condition. Consider-
ing the dentifrices, the HP and Cov presented lower Ra values after the abrasive cycle
compared to the control, and the Char presented similar values with all others (Table 3).

Regarding the color analysis, the one-way ANOVA revealed no significant differ-
ences between the dentifrices (p = 0.579) tested for color alteration measured by
AE (Table 4). The descriptive values of L*, a*, and b* coordinates for all samples are
shown in the graphs of Figure 2. Considering the statistical analysis of the coordi-
nates, no significant differences were found between them, with all values of p >0.05
(L: p=0.703; a: p=0.405; b: p=0.851), and the mean values are disposed in table 4.

Table 3. Mean and standard deviation of dentin Ra values and the result of the Tukey test

Ra, Ra,
Cont 0.226 (£0.085) Aa 0.326 (£0.032) Ab
Char 0.247 (+0.086) Aa 0.242 (+0.098) ABa
HP 0.276 (0.082) Aa 0.185 (0.055) Bb
Cov 0.286 (£0.079) Aa 0.222 (£0.094) Ba
Pooled data 0.259 (+0.083) a 0.244 (+0.089) a

Uppercase letters show the difference between the dentifrices, while lowercase letters show the difference
between the initial and final roughness values.

Table 4. Results of color alteration parameters.
AE L, L a, a, b, b,
Cont 2,68(x0,81)A 751(+32)Aa 752(x24)Aa 29(x09)Aa  2,5(x0,9)Aa 13,4(+2,1)Aa 11,9(¢2,2)Aa
Char 342(+1,12)A 764(+23)Aa 76,2(+2,1)Aa 2,3(+1,2)Aa  1,8(x0,6)Aa 10,8(+2,0)Aa 9,7(1,3)Aa
HP  290(x 1,46)A 74,4(+1,6)Aa 74,7(+14)Aa 2,5(x0,9)Aa  1,8(x0,8)Aa 12,1(x1,5)Aa 10,7(1,3)Aa
)

Cov  297(+135)A 76,6(22)Aa 756(+17)Aa 2,3(:x05)Aa 1,7(x07)Aa 113(+2,0)Aa 10,1(+2,1)Aa

Discussion

The continuous use of the whitening dentifrices tested was able to cause alteration
in enamel and dentin roughness, thus denying the first null hypothesis, but the differ-
ences found depended on the tooth substrate and the type of dentifrice. For enamel|,
the dentifrice containing activated charcoal induced a reduction of the surface rough-
ness compared with the initial condition and presented lower Ra values compared with
the others, while for dentin, this was not observed (Tables 2 and 3). Although described
in the recent literature as an innovation, charcoal has been used since ancient Greece
as an oral hygiene product'>'®. The rationale behind the use of charcoal relies on its
capacity to adsorb pigments and stains?, but evidence shows that its ability to induce
tooth whitening is limited or non-existent'?’, as also demonstrated by our results.
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Control Charcoal
100,0 100,0
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Figure 2. Descriptive values of the color coordinates (L, a, and b) measured for all samples in the groups tested.

Besides not resulting in teeth whitening, in this study, the enamel Ra reduction caused
by charcoal-containing dentifrice might indicate a potential to polish the surface, and,
although this may cause difficult biofilm formation and deposition of new extrinsic
stains, long-term use can lead to significant wear, inducing surface loss. This agrees
with previous studies, which found that dentifrices with charcoal do not harm enamel
in the short term??’, but other suggests that they can induce alteration in the enamel
mineral content after long exposure'?'8?6. For dentin, literature is also controver-
sial?6?9%0, and, in this study, the fact that the roughness changes observed for enamel
were not replicated in dentin may be related to differences in the mechanical behav-
ior and composition of both substrates. Despite its lower mineral content, dentin’s
higher organic matrix and smear layer formation during brushing may have partially
protected the surface from abrasion, masking potential alterations detectable under
the tested conditions. These products’ harmful potential is usually related to the type
and quantity of abrasives in the formulation, which, in the case of charcoal, depends
on the source and the methods used to prepare and mill it’2'%, thus possibly explaining
the divergent findings regarding their deleterious effects. Also, a few evidence suggest
that the charcoal particles are very small and can cause marginal staining of resin
composite restorations'®, gingival irritation, and inflammation's, and some products
available in the market present lower amounts or even no fluorides. Therefore, long-
term use of these products shall not be indicated for patients who might benefit from
using products that exhibit further protective effects.

Still, these results highlight an alert for the dental community, as charcoal-containing
products intended to promote teeth whitening recently flooded the market, and their
indication exploded in social media and the internet™. Currently, these platforms are
tools with a high capacity for reaching and engaging people, widely used in dissem-
inating and creating content on the most diverse topics. Most of the procedures or
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products displayed on these platforms are not endowed with any proof or scientific
rigor, and the public is usually unaware of their indication or even possible sequelae
caused by their use™?!, such as those shown by our results.

Regarding the dentifrice containing hydrogen peroxide tested, it could not induce color
alteration, possibly due to the low concentration of the hydrogen peroxide (<1%) avail-
able as an active ingredient for whitening and the relatively short exposure compared
to the professional options®. Few studies show that these dentifrices can promote
tooth color alteration?5%235, but with no consensus in the literature?*. In addition, the
meta-analysis from Devila et al.®” (2020) indicates that any overall color change result-
ing from whitening dentifrices use is likely due to stain removal rather than a true
bleaching effect. Interestingly, this dentifrice promoted a significant reduction in den-
tin roughness without altering enamel roughness. The abrasive components of the
dentifrice, combined with dentin’s susceptibility to wear, may have removed the smear
layer and smoothed the surface, resulting in the observed Ra reduction. This behavior
reinforces the need for careful indication of such products in patients with exposed
dentin or at high risk for non-carious cervical lesions.

Finally, the dentifrice containing blue covarine also did not promote any significant
whitening effect, not being able to improve staining removal or avoid the enamel pig-
mentation, presenting similar values with the control dentifrice (Table 4). The use of
blue covarine or similar pigments in these dentifrices aims to modify the perception
of yellowish discoloration by forming a thin and semi-transparent film over tooth sur-
face, thus creating the visual appearance of brighter teeth by shifting the net color
towards white?. The literature provides conflicting reports concerning the effective-
ness of these pigments in promoting tooth whitening*%4° with suggestions that this
effect can be achieved with progressive use, which was not evident from our results,
as the dentifrices were tested for only 14 days with concomitant staining events were
performed, suggesting that they cannot remove the staining properly to form an ade-
guate pigment film. Also, the concentration of this active ingredient is not informed by
the fabricant, and it is suggested that it plays an important role in the product’s effi-
cacy*. Still, this dentifrice did not cause a significant alteration of enamel and dentin
roughness when compared with initial values, indicating that its abrasiveness is not
too high to induce a deleterious effect over enamel or dentin. Despite that, in general,
all dentifrices tested were not able to induce satisfactory enamel whitening, and as
some might induce adverse effects over tooth tissues, mainly dentin, the use shall be
indicated and supervised by the dentists, considering the patient’s risks for caries and
non-carious cervical lesions, as well as its periodontal needs.

A limitation of the present study is related to the staining protocol used prior to the
brushing cycles. Although the procedure was designed to simulate clinical discolor-
ation and allow comparison among groups, the literature does not provide a stan-
dardized methodology for staining in in vitro whitening dentifrice evaluations. There is
no consensus regarding the most appropriate staining solution, immersion time, or
duration of the staining phase, and these factors can influence the baseline color
change, the interaction between pigments and dental substrates, and ultimately the
apparent whitening effect of the products. Such methodological variability among
studies makes direct comparison of results challenging and may partially explain the
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conflicting evidence reported in the literature on the efficacy of whitening dentifrices.
Also, this study did not calculate AE , or AWI values, as these usually are made with
spectrophotometric acquisition of CIELAB coordinates, which was not part of the
photographic-based protocol employed.

In conclusion, the dentifrices tested were not able to induce a whitening effect over
enamel, presenting similar values to the control. Their use shall be cautiously indi-
cated as they can cause surface harm, mainly over dentin, and therefore shall not
be used by patients presenting dentin exposure in the oral cavity. The dentifrice con-
taining blue covarine and hydrogen peroxide reduced dentin roughness, indicating
possible polishing of the structure, while the one containing charcoal presented this
behavior only for enamel.
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