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Abstract:

Background: Maintaining enamel integrity is crucial for longterm oral health. With the growing popularity of
whitening products, charcoal-containing toothpastes have emerged as a trending choice due to their purported ability
to remove stains and impurities. Howewer, concerns have been raised about their potential to increase enamel abrasion
due to their abrasive composition.

Aim: The aim of the present in vitro study was to compare the abrasiveness caused by charcoal-containing toothpaste
and conventional toothpaste on human enamel using an oscillatory toothbrush under a profilometer.

Materials and Methods: Twenty freshly extracted single-rooted human teeth were randomly divided into two groups
(n=10). Group A was brushed with Colgate® Charcoal Black Gel Toothpaste, and Group B with Colgate® Total
Advanced Health Anti-germ Toothpaste. Brushing was simulated using a powered toothbrush under a standardized
250 g force for 2 minutes twice daily over 60 days. Surface roughness (Ra) was measured using a profilometer before
and after the brushing regimen.

Results: Both groups exhibited an increase in enamel surface roughness. Group A showed a significantly higher
increase in Ra (0.21 + 0.06 um) compared to Group B (0.05 £ 0.02 um) (p < 0.05), indicating greater abrasivity
of the charcoalbased toothpaste.

Conclusion: Charcoal-containing toothpaste resulted in significantly more enamel abrasion than conventional
toothpaste. While effective in stain removal, such dentifrices may compromise enamel integrity over time. Further
clinical studies are needed to corroborate these findings and assess their implications in realaworld oral hygiene
practices.

Keywords: Charcoal toothpaste, Conventional toothpaste, Enamel abrasion, Toothpaste abrasivity, Oscillatory
toothbrush.

INTRODUCTION

Dental abrasion is an irreversible loss of dental hard tissue. It is a type of tooth surface loss (TSL) that is
caused by the sliding or rubbing of abrasive external objects against the tooth surfaces. Several factors are
reported to cause such TSL. " These factors include the use of an abrasive toothpaste, hard bristles, and
a vigorous brushing technique. Toothbrushing with toothpaste is the most common form of oral hygiene
practice, ¥ avoiding dental plaque and gingival bleeding. ¥ It is widely accepted that toothpastes require
a certain amount of abrasivity in order to reduce or prevent extrinsic stains from forming since a low or
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non-abrasive paste is unable to prevent extrinsic stains. However, the abrasivity of the toothpaste needs
to be moderated in order to prevent removal of the underlying enamel."

Toothpastes typically include ingredients such as detergents, humectants, water, colorants, fluoride, and
thickeners like silica. Silica is considered a high-quality abrasive and is often used in dentifrices to
effectively remove dental biofilm and stains. ™ Research has shown a strong connection between tooth
wear and the cleaning effectiveness of dentifrices. © Several studies have evaluated surface roughness in
vitro using automatic brushing machines to simulate toothbrushing. »*" The surface roughness created
by brushing with abrasive toothpastes is considered a major concern for oral health. "*" Most oral
microorganisms can thrive and form colonies on rough surfaces like enamel or cementum. A study
examining changes in the surface roughness of tooth enamel found that alterations in enamel texture
could promote bacterial growth, biofilm formation, and increase bacterial resistance, ultimately
heightening the risk of developing dental caries and dentinal hypersensitivity. "®

The abrasiveness of toothpaste is determined by the hardness, size, and shape of the abrasive particles it
contains. ' Other factors, such as the brushing technique, pressure applied, hardness of the toothbrush,
and the number of strokes, also contribute to tooth abrasion. "' As mentioned earlier, typical abrasive
agents used in toothpaste include silica, phosphates, carbonates, and bicarbonates. Recently, activated
charcoal has been added to some toothpastes, which are marketed as charcoal toothpastes, as it may help
with tooth whitening through its abrasive properties. Activated charcoal, a key ingredient in certain
toothpaste products, is valued for its ability to absorb impurities and help clean the teeth, including the
areas between them that are often difficult to reach with regular brushing. This makes charcoal-based
toothpaste popular for its potential to effectively remove plaque and surface stains, particularly those
caused by food, beverages, or tobacco. "' However, despite these cleaning benefits, concerns arise from
the abrasive nature of charcoal. The shape, composition, and particle size of charcoal can vary, and these
characteristics contribute to its abrasive properties. When charcoal is used in toothpaste, its particles can
potentially cause abrasion on the surface of tooth enamel. Over time, this abrasion can lead to an increase
in the roughness of enamel, making it more prone to further staining and plaque buildup. ¥

Ever since its invention, the toothbrush has been an important tool for maintaining oral health and
hygiene. Power-driven toothbrushes have been available since the 1940s and are now commonly used due
to their proven effectiveness in reducing dental plaque and gingivitis, especially when compared to
manual toothbrushes (MTBs) in both short- and longterm studies. As a result of their cleaning
performance and ease of use, power driven toothbrushes are increasingly popular. "

Although the abrasion effects of charcoal-based toothpastes have been examined through surface
roughness analysis, there is a gap in the literature concerning quantitative studies on the abrasion of
human enamel when using oscillatory toothbrushes "), specifically measured by a profilometer. In the
present study, the enamel abrasion associated with brushing with a charcoal-based toothpaste and a
conventional toothpaste was evaluated with the help of profilometer.

MATERIALS AND METHOD

The present in vitro study was conducted in the Department of Periodontology at the Himachal Institute
of Dental Sciences, Paonta Sahib (H.P.), to evaluate and compare the effect of charcoal-containing and
conventional toothpastes on enamel surface roughness following simulated toothbrushing.

Sample Selection

Twenty freshly extracted single-rooted human teeth were collected from patients undergoing extraction
for periodontal reasons in the Department of Oral and Maxillofacial Surgery.

a. Inclusion Criteria

The inclusion criteria comprised vital teeth at the time of extraction, sound single-rooted teeth that were
extracted due to periodontal disease, and teeth without any prior restorations. Only those teeth that met
all of these conditions were selected for the study to ensure uniformity and minimize variables affecting
enamel integrity.

b. Exclusion Criteria

The exclusion criteria included teeth with visible carious lesions on the crown, fractured teeth, non-vital
teeth or those with periapical infections, and teeth exhibiting developmental malformations.
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Additionally, teeth affected by wasting diseases such as erosion, attrition, or abrasion, as well as those with

congenital abnormalities of the cementum or dentin, were excluded from the sample pool. These criteria

were established to eliminate factors that could potentially compromise the accuracy of surface roughness

evaluation.

Specimen Preparation and Storage

After extraction, the teeth were thoroughly cleaned using ultrasonic scaling and root planing, rinsed with

distilled water, and stored in 10% formalin at room temperature. The specimens were then randomly

divided into two groups of ten teeth each using the coin flip method. Each tooth was mounted in an

acrylic block, exposing the coronal enamel surface, to ensure stability during brushing and accurate

profilometric analysis.

Grouping and Brushing Procedure

e Group A (Charcoal Group): Teeth were brushed using Colgate® Charcoal Clean Black Gel
Toothpaste, containing activated charcoal.

e Group B (Conventional Group): Teeth were brushed using Colgate® Total Advanced Health Anti-

germ Toothpaste.
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Brushing was simulated using an Oral-B™ Revolution AA Battery Electric Toothbrush mounted onto a
custom-made wooden brushing machine (Fig.1). A standardized brushing force of 250 g was applied using
a force gauge, as showed in Fig.2, with each brushing cycle lasting 2 minutes, twice daily, for 60 days. A
peassized amount of the assigned toothpaste was applied before each session. Between sessions, the teeth
were stored in artificial saliva to mimic oral conditions.

Fig.1: Sample placed in Fig.2: Standardized Fig.3: Evaluation
Custom-made Wooden brushing force of 250 of Sample under
Machine g applied using a Surface
force gauge Profilometer
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Surface Roughness Evaluation

Surface roughness was assessed using the Mitutoyo™ SJ-400 surface profilometer. Baseline roughness
measurements were taken before the initiation of brushing, and final readings were recorded after the 60-
day brushing regimen (Fig.3). The profilometer measured roughness parameters such as Ra to evaluate
changes in enamel surface roughness caused by the different dentifrices.

OBSERVATIONS AND RESULTS

The primary objective of this study was to compare the abrasiveness of a charcoal-containing toothpaste
and a conventional fluoride toothpaste on human enamel, using an oscillating toothbrush and
profilometric evaluation.

Group A (charcoal-containing toothpaste) demonstrated a notable increase in enamel surface roughness
over the course of the two-month brushing regimen. As shown in Table 2, the mean surface roughness
(Ra) increased from 0.31 £ 0.19 pm at baseline to 0.52 + 0.20 pm post-treatment, indicating a substantial
change in enamel roughness attributable to the charcoal-based formulation.

Table 2: Comparison of Mean Value of Change in Surface Roughness (Ra) Between Initial Values
(Before Brushing) and Final Values (After Brushing) of Group A

Group A N Min Max Mean | SD Mean tvalue | P value
difference

Initial values 10 0.14 0.76 0.31 0.19 0.000

Final values 10 0.26 0.96 0.52 0.20 0.21 10.392 S

Statistical Analysis: Paired t test. S: Statistically significant if P<0.05.

In Group B (conventional toothpaste), a comparatively smaller increase in surface roughness was
observed. According to Table 3, the mean Ra value rose from 0.37 + 0.21 um to 0.42 * 0.20 pm following
the same brushing protocol. While this change was less pronounced than that seen in Group A, it
nonetheless suggests a degree of enamel abrasion associated with long-term use of conventional dentifrice.

Table 3: Comparison of Mean Value of Change in Surface Roughness (Ra) Between Initial Values
(Before Brushing) and Final Values (After Brushing) of Group B

Group B N Min Max Mean | SD Mean tvalue | P value
difference

Initial values 10 0.18 0.73 0.37 0.21 0.000

Final values 10 0.20 0.75 042 0.20 0.05 6.029 S

Statistical Analysis: Paired t test. S: Statistically significant if P<0.05.

A comparative analysis of the mean change in surface roughness between both groups is summarized in
Table 4 and Graph 1. Group A exhibited a significantly higher mean increase in Ra (0.21 * 0.06 pm)
compared to Group B (0.05 # 0.02 pm). These findings indicate that the charcoal-containing toothpaste
produced a greater abrasive effect on enamel than the conventional toothpaste, suggesting a higher
potential for surface roughness with prolonged use.

Table 4: Intergroup Comparison of Change in Surface Roughness (Ra) Pre and Post Brushing between
Group A and Group B

Final values - Initial Values
Groups N Mean D t value P value
Group A 10 0.21 0.06 7,636 0.000
Group B 10 0.05 0.02 ) S

Statistical Analysis: Independent sample t test. S: Statistically significant if P<0.05.
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Graph 1: Bar Representation of Intergroup Comparison of Change in Surface Roughness (Ra) Pre and
Post Brushing Between Group A and Group B.

DISCUSSION

Abrasion is a frequently occurring dental issue that results in changes to the enamel surface, leading to
increased roughness. This roughened surface facilitates the retention of plaque and encourages bacterial
growth, which in turn raises the risk of developing dental caries and dentinal hypersensitivity. ' Today,
a wide array of toothpastes is available on the market, each containing various types of abrasive particles,
detergents, and therapeutic agents. Therefore, it is crucial for consumers to be well-informed about the
ingredients and functions of each toothpaste to select the most suitable one for their specific needs. An
ideal toothpaste should offer effective cleaning and protection while minimizing abrasion to the enamel.
[20]

In recent years, charcoal-containing toothpaste has gained significant popularity due to its purported
ability to whiten and clean teeth. The characteristics of charcoal particles help remove extrinsic stains,
biofilm, and food particles from the enamel surface. Despite the benefits, it is important to examine the
potential effects that charcoal toothpaste may have on tooth enamel, especially in comparison to
traditional toothpaste.

In the present study, the abrasiveness of a charcoalbased toothpaste (Colgate® Charcoal Black Gel
Toothpaste) was compared with a conventional toothpaste (Colgate® Total Advanced Health Anti-germ
Toothpaste). A total of twenty freshly extracted single-rooted teeth were collected from patients
undergoing extraction for periodontal reasons. Following ultrasonic scaling and root planing, the teeth
were rinsed and stored in artificial saliva to simulate intraoral conditions. According to Imfeld (1996) 2!,
artificial saliva is supersaturated with calcium and phosphate ions, which aid in the remineralization of
enamel surfaces.

In this study, a custom-made wooden brushing apparatus was used to ensure a consistent brushing force
across all samples, following methods used by Singh TP et al. (2021) ¥, Teche et al. (2011) ), Ganss et
al. (2009) ¥ and Dabhi et al. (2016) '*°!. The oscillatory toothbrush was fixed perpendicularly to the tooth
surface, and a pea-sized amount of toothpaste was applied before each session. Both groups used the same
soft-bristle oscillatory brush under controlled conditions. A force gauge was attached to maintain uniform
pressure of 250 g, as studies like Van der Weijden et al. (2004) * highlighted that exceeding 250 g can
impact toothbrush performance.

Although soft-bristle brushes are generally preferred for minimizing trauma to gingival tissues, studies by
Pertiwi et al. (2017) "9, Kumar et al. (2015) *") Teche et al. (2011) ¥, and Dyer et al. (2000) *® have
highlighted that their flexibility and broader contact area may actually contribute to increased enamel
surface loss when used with abrasive toothpaste formulations. The greater flexibility of the bristles allows
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for more toothpaste retention and increased exposure to abrasive particles, enhancing surface wear.
Furthermore, oscillatory toothbrushes have been shown to produce more abrasion than linear ones due
to their rotating and oscillating motion, which rapidly moves across the enamel surface and increases the
brushing surface area.

After completing the brushing regimen of 2 minutes twice daily for 60 days, as outlined by Singh TP 12/,
the enamel surface roughness was reassessed using the same profilometer. The results revealed that both
types of toothpaste increased enamel surface roughness over time. In Group A (charcoal toothpaste), the
mean Ra value increased from 0.31 £ 0.19 pm to 0.52 + 0.20 pm, while in Group B (conventional
toothpaste), it rose from 0.37 + 0.21 pm to 0.42 + 0.20 pm. These findings were statistically significant (p
= 0.000) and demonstrated that while both toothpastes caused enamel abrasion, the charcoal-based
formulation led to more pronounced changes.

The increased abrasion observed in the charcoal toothpaste group can be attributed to its composition.
Colgate® Charcoal Black Gel Toothpaste contains common abrasives such as silica, as well as activated
charcoal particles. Studies by Garza (2019) ' and Pertiwi et al. (2017) " have shown that the shape, size,
and structure of charcoal particles, often irregular and star-shaped, can significantly influence surface
roughness. Larger and more angular particles tend to cause more surface disruption. Particle size analysis
by Pertiwi indicated that charcoal-based toothpaste had larger abrasive particles (7.853 pm) compared to
conventional toothpaste (4.625 pm), which likely contributed to the greater increase in Ra values. "
Similar results were reported by Koc Vural (2021) ") Greuling et al. (2021) ", and Sanusi et al. (2019)
BO " all of whom found that long-term use of charcoal-containing toothpaste could lead to progressive
enamel wear.

In contrast, the conventional toothpaste group, though also containing silica-based abrasives, exhibited
significantly less increase in enamel roughness. Silica abrasives can still cause micro-scratches and mineral
loss on the enamel surface but to a lesser degree than charcoal. " Additionally, abrasive hardness plays a
key role in enamel wear. As noted by Patni et al. (2008) ", charcoal has a Mohs hardness of 2-3, which,
despite being softer than enamel (5), can still contribute to significant wear due to particle shape and
application technique. Silica, on the other hand, ranges from 5-7 on the Mohs scale, making it closer in
hardness to enamel and more capable of producing micro-abrasions, especially under sustained brushing.
[16]

The comparative analysis between both groups revealed a highly significant difference in Ra values, with
Group A showing greater surface abrasion than Group B (p = 0.000). This indicates that charcoal-
containing toothpaste exerts a more aggressive mechanical action on enamel, leading to increased surface
roughness. This roughened surface not only predisposes the tooth to further wear but also enhances
plaque retention and bacterial colonization, as surface roughness values exceeding 0.2 um have been
associated with increased microbial adherence (Kumar et al., 2014). P!
risk of dental caries, gingival inflammation, dentinal hypersensitivity, and pigmentation.

"' Over time, this can escalate the

LIMITATIONS

This study had a few limitations. The teeth used were randomly selected, with unknown dental histories,
which may have contributed to variability in initial enamel roughness. Additionally, the in vitro setup did
not fully replicate natural oral conditions, such as continuous saliva flow, dietary factors, or bacterial
activity. As a result, the findings, while informative, should be interpreted with caution when applying
them to real-world scenarios.

CONCLUSION

This study found that both charcoal-based and conventional toothpastes increase enamel surface
roughness, but charcoal toothpaste caused significantly greater abrasion. The abrasive nature of larger,
irregular charcoal particles contributes to more pronounced enamel wear, which may promote plaque
buildup and increase the risk of caries and sensitivity. While charcoal toothpaste may offer whitening
benefits, its frequent use should be approached with caution. Consumers should choose toothpastes that
clean effectively without compromising enamel integrity, and dental professionals should provide
guidance based on individual oral health needs.
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LIST OF ABBREVATIONS

1. Surface Roughness (Ra)

2. Tooth Surface Loss (TSL)
3. Manual Toothbrush (MTB)
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