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Abstract: Background: To evaluate the efficacy of new over-the-counter tooth-whitening products
on enamel surface roughness and microhardness. Methods: A total of 120 enamel specimens were
prepared and randomly allocated into six groups. Group A was treated with 10% carbamide peroxide;
Group B was immersed in distilled water; Group C was treated with hydrated silica, sodium
hexametaphosphate toothpaste; Group D was treated with sodium bicarbonate; Group E was treated
with 0.25% citric acid; and Group F was treated with hydrated silica, charcoal powder. Results: A,
B, and D demonstrated decreased Ra, whereas Groups C, E, and F showed an increased Ra after
whitening. The changes in Ra from T0 to T1 in each group was statistically significant (p < 0.001)
except for Group B (p = 0.85). The groups showed decreased KHN after whitening, except for
specimens in Group B (distilled water). The KHN from T0 to T1 decreased significantly for groups A,
C, E, and F (p = 0.001). Significant difference was observed at T1 (p < 0.0001). Conclusion: Within the
limitations of this study, it could be demonstrated that surface roughness and enamel microhardness
changes were influenced by the type, composition, and exposure time of the whitening product.

Keywords: tooth whitening; over the counter; carbamide peroxide; surface roughness; microhardness;
sodium bicarbonate; charcoal powder

1. Introduction

Over the past decade, there is an upward trend among the general public to enhance
the dentofacial esthetics. This has been warranted by an increased number of patients
seeking esthetic dental procedures such as orthodontic treatment and tooth whitening [1,2].
People have placed high value on tooth color, and previous studies have suggested that
many of them are dissatisfied and want them to be improved [2,3]. Furthermore, people
judge a person’s social competence, intellectual prowess, psychosocial adjustment, and
life satisfaction more favorably when their teeth are white [3]. Therefore, tooth whitening
has become one of the most frequently sought-after dental treatment in recent years [4].
Subsequently, it has renewed the dental profession’s interest in esthetic dental treatment
due to an individual’s desire for whiter and brighter teeth.

Currently, four tooth-whitening modalities are available: professionally applied
(in-office), dentist-supervised (at-home), nonsupervised consumer-purchased/over-the-
counter (OTC), and do-it-yourself tooth whitening (DOY). However, tooth whitening
depends on several factors such as the method of application, pH of the whitening agents,
fluctuation of irradiation, length of photoactivation, tooth size, and the selective absorption
of the wavelength of the irradiation complex procedure [5,6]. With the increase in demand
for over-the-counter (OTC) products, manufacturers have developed whitening products
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in the form of rinses, chewing gums, gels, toothpaste, strips, paint-on films, and whitening
pens. These products are readily available in the market without prescription, and are also
easy to use [7]. The lack of data and ease of access to these products is concerning, as they
may harm customers’ dentition. Over-the-counter products are vulnerable to mishandling,
overuse, and abuse due to their ‘do-it-yourself’ nature [8]. Citric acid is considered as one
of the natural products for tooth whitening and many of the tooth-whitening products
contain citric acid in low concentrations to avoid enamel erosion [9,10].

Although the availability of OTC whitening products has increased their popularity,
their adverse effects and safety remain a concern due to the possibility of damaging dental
tissues [11–13]. In addition, it is worth mentioning that the Food and Drug Administration
(FDA) does not regulate the use of all tooth-whitening OTC products, and these products
do also require the American Dental Association (ADA) seal of acceptance indicating that
they are safe and effective when used as directed [14,15]. Tooth-whitening products usually
contain carbamide peroxide (CP) or hydrogen peroxide (H2O2) in different concentrations
(CP-10–20%, H2O2-30–35%) [12]. The active bleaching agent, on the other hand, is H2O2,
and its ionization releases free oxygen ions, which cause oxidation of discolored organic
pigments in dental hard tissues, resulting in tooth whitening [3].

There is inconsistency in the literature when reporting the adverse effects of tooth-
whitening agents (10–35%) in terms of enamel surface morphology alterations and micro-
hardness changes. Several studies have demonstrated that whitening agents negatively
affected the enamel surface morphology and microhardness [16–27], whereas a few studies
using the same concentration of whitening agents showed no such adverse effects [28–31].
Previous studies on the effect of in-office or at-home bleaching agents on enamel surface
changes are abundant and generally satisfying [16–31]. In contrast, evidence on the effects
of over-the-counter whitening products on enamel surface morphology alterations and
microhardness is lacking. According to the current knowledge of the authors, there is a lack
of information on the effect of newly introduced and readily available OTC tooth-whitening
products such as instant Dark Stains teeth-whitening kits and toothpaste and whitening
pens on enamel surface morphology alterations and microhardness.

Therefore, the aim of this in vitro study was to investigate and compare the effects
of newly introduced OTC tooth-whitening products to a dentist-supervised at-home
tooth-whitening protocol in terms of enamel microhardness and surface roughness. The
null hypothesis was that there is no significant difference in the surface roughness and
microhardness between OTC tooth-whitening products and dentist-supervised at-home
whitening products.

2. Materials and Methods
2.1. Specimen Preparation

Ethical approval was obtained from the deanship of scientific research at Prince Sattam
Bin Abdulalziz University, Al-Kharj, Saudi Arabia (PSAU2021013). Sixty sound human
molars free of enamel defects, caries, and heavy stains were collected and stored until use.
The crown of each tooth was sectioned longitudinally in a mesiodistal direction to create
a 2 mm-thick sample. The sectioning was accomplished using a diamond saw attached
to a low-speed IsoMet 1000 precision cutting machine (Buehler, Lake Bluff, IL, USA). The
roots of all the teeth were separated from the crown and the obtained crown samples
were cleaned and individually embedded in a 6 mm-thick PVC molds using clear self-cure
acrylic orthodontic resin (Techno Sin Standard Kit, Protechno, Girona, Spain). The exposed
outer enamel surfaces were polished using silicon carbide abrasive paper (grit sizes 400,
600, 1200, and 2400) accustomed to an automated polisher (Rotopol-V, Struers, Cleveland,
OH, USA). All the polished samples were then stored in distilled water until microhardness
and roughness measurement.
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2.2. Tooth-Whitening Treatment

Group A: This group served as positive control. Teeth were whitened with 10%
carbamide peroxide (Opalescence, Ultradent, UT, USA) gel placed in a custom-made
suck-down tray. The surface treatment time was 8 h/day for 10 days.

Group B: The samples were immersed in 100 mL of distilled water for 10 days.
Group C: The samples were exposed to simulated tooth brushing in a simulating

device (ZM 3, SD Mechatronik GMBH, Feldkirchen-Westerham, Germany). The device
contained 12 separate slots to attach toothbrushes and perform brushing of 12 samples at
a time. The samples were positioned inside the containers and fixed using putty (3M™
Express™ Standard Putty Kit, North Ryde, New South Wales, Australia). Next, soft and
straight-bristled toothbrushes (TARA Toothbrush Company LLC, Dammam, Saudi Arabia)
were attached to the brush slots. The simulator container was loaded with slurry of distilled
water and iWhite instant Dark Stains dentifrice (Sylphar, Deurle, Belgium) at a ratio of 2:1 by
weight. Tooth brushing was accomplished with onward and backward action under a load
of 200 g, stroke rate of 160/min, and movement length of 38 mm to cover the whole sample
surface. The total brushing time was five minutes and 900 strokes, mimicking 60 days of
brushing. The total brushing time was computed based on earlier research [32,33], which
affirms that with a twice-daily brushing practice, the maximum contact time for each tooth
surface per day is 5 s.

Group D: The samples were whitened with a tooth-whitening pen (Active Wow,
Tallahassee, FL, USA). The pen was moved up and down to disseminate the gel onto the
sample surface and then the sample was allowed to dry for one minute, followed by rinsing
under tap water after 20 min. The whitening process was performed for two days.

Group E: The samples were treated with 0.25% citric acid for one hour.
Group F: The samples were whitened with iWhite instant Dark Stains whitening kit

(Sylphar, Deurle, Belgium) containing a prefabricated tray. The samples were exposed to
the whitening agent in a prefabricated tray for 20 min a day for 5 days.

All the samples were stored in distilled water in an incubator at 37 ◦C for the duration
of the experimental study. In this study, the use of distilled water instead of artificial
salvia was agreed upon to solely evaluate the effect of each tooth-whitening product and
minimize variables that could affect the outcome of this study.

2.3. Surface Roughness (Ra) Analysis

The Ra of the prepared samples was analyzed using a noncontact profilometer
(Bruker Contour GT-K, Tucson, AZ, USA). The profilometer is equipped with a 3D op-
tical microscope with a nanolens atomic force microscopy (AFM) module, which uses a
vision 64 (Bruker, Tucson, AZ, USA) to control the device settings and high-resolution
graphical output of the scanned sample surface. The sample was placed on the fully au-
tomated turret and scanned at a rate of 1× using vertical white-light interferometry with
Gaussian regression filter, 1 mm × 1 mm field of view, and broad daylight source [34,35].
Each tooth sample was scanned at three different areas and the Ra values were averaged in
µm for that specific sample.

2.4. Microhardness Measurement

Microhardness of the samples was evaluated using a hardness tester (INNOVATEST,
Borgharenweg, Maastricht, The Netherlands) equipped with a Knoops pyramid diamond
indenter tip. The enamel samples were positioned perpendicular to the long axis of the
indenter and were impressed with a load of 300 g for 10 s. The indentations were performed
on the even enamel surface for measurement accuracy [36]. Three indents were performed
for sample surfaces at different locations with a minimum spacing of twice the indent
diagonal. The indentation load and time was invariable for all samples. The measurements
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were converted into Knoop Hardness Number (KHN) by the software accustomed to the
device using Equation (1) as below:

HK = 14.229 (F/d2) (1)

where F is the indentation load (in g) and d is the diagonal of the indentation (in µm).
Microhardness and surface roughness measurements were repeated for all the samples

in each group to obtain the final or after whitening readings (T1). (Table 1).

Table 1. Materials and group coding used in the study.

Group Code/
Materials/Manufacturer Composition Delivery Method/

Duration of Use

Group A/
Opalescence™ PF/

Ultradent, South Jordan, UT, USA

10% carbamide peroxide, 0.5% potassium
nitrate, and 0.11% fluoride ions (1000 ppm)

Custom-made trays/
Eight hours per day for 10 days

Group B Distilled water Immersed in 100 mL of distilled water

Group C/
iWhite Dark Stains Toothpaste/

Sylphar, Deurle, Belgium

Hydrated Silica, Sodium
Hexametaphosphate. Mannitol, Chondrus
Crispus Powder, Charcoal Powder, Sodium

Fluoride, Sodium Saccharin.

Toothbrush/
Two brushing cycles per day for 60 days

Group D/
24 K White Charcoal Teeth-Whitening

Pen/
Active Wow, Tallahassee, FL, USA

Sodium Bicarbonate, Carbomer, Polysorbate
20, Sodium Hydroxide, Potassium Sorbate,

Organic Coconut Charcoal.

Whitening pen/One application per
day for two days

Group E 0.25% Citric acid Manual treatment for one hour

Group F/
iWhite Dark Stains Whitening Kit/

Sylphar, Deurle, Belgium

Hydrated Silica, Sodium
Hexametaphosphate. Mannitol, Chondrus

Crispus Powder, Charcoal Powder.

Ready-to-use trays/
20 min per day for 5 days

2.5. Statistical Analysis

Data were coded and entered using statistical package for the social sciences (SPSS)
software (version 22, IBM SPSS Inc., Chicago, IL, USA) for data analysis. Kolmogorov–
Smirnov test demonstrated nonuniform distribution of the data, and hence nonparametric
test was applied. Quantitative variables were summarized by median as measures of
central tendency and range as measures of dispersion (min–max). The Wilcoxon test was
used to evaluate the difference between the measurements within the groups and Kruskal–
Wallis test was used to compare the difference between the groups. The Mann–Whitney
test was used for pairwise comparison between two independent groups to determine any
significant difference (α = 0.05)

3. Results
3.1. Surface Roughness (Ra)

Figure 1 box plots present the median surface roughness (Ra) of the study groups at
baseline (T0) and after whitening (T1). Three of the study groups (A, B, and D) demon-
strated decreased Ra, whereas groups C, E, and F showed increased Ra after whiten-
ing. Group B and E specimens demonstrated the lowest (0.31, 0.19–0.79) and highest Ra
(1.69, 0.84–3.19), respectively, after whitening. Among the groups whitened with OTC
products, iWhite Dark Stains whitening kit (Group D) specimens demonstrated the lowest
Ra (0.35, 0.19–1.01) and iWhite Dark Stains toothpaste (Group C) specimens demonstrated
the highest Ra (0.48, 0.19–1.24) at T1. Group A specimens whitened with profession-
ally supervised carbamide peroxide whitening product demonstrated Ra values of 0.36
(0.17–0.71).
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Figure 1. Box plots of surface roughness (Ra) of the study groups at different measurement intervals.
Group A—Opalescence™ PF; Group B—distilled water; Group C—iWhite Dark Stains Toothpaste;
Group D—24 K white charcoal teeth-whitening pen; Group E—0.

Table 2 presents the significant difference in median Ra within and between the groups
at T0 and T1 measurement intervals. When comparing Ra from T0 to T1 within each group
separately, a statistically significant difference was demonstrated among the study groups
(p < 0.001) except for Group B (p = 0.85).

Table 2. Comparison of surface roughness (Ra) of within and between the study groups, at baseline
and after treatment.

Groups T0 (Ra) T1 (Ra) Test of Significance (p)

Group A 0.5 (0.24–0.72) a 0.36 (0.17–0.71) a z = −2.13, p = 0.032 *
Group B 0.32 (0.21–0.83) a 0.31 (0.19–0.79) a z = − 0.18, p = 0.85
Group C 0.46 (0.13–1.03) a 0.48 (0.19–1.24) a z = −3.30, p = 0.001 *
Group D 0.47 (0.24–1.04) a 0.35 (0.19–1.01) a z = −3.40, p = 0.001 *
Group E 0.36 (0.22–0.99) a 1.69 (0.84–3.19) b z = − 3.35, p = 0.001 *
Group F 0.41 (0.18–0.87) a 0.45 (0.23– 1.02) a z = −3.41, p = 0.001 *

H = 3.79, p = 0.579 H = 38.7, p < 0.0001 *
Z; Wilcoxon test; * statistically significant; Different lower case within a column indicates significant difference
between the groups (p < 0.0001, pairwise comparison using Mann–Whitney test); H; Kruskal–Wallis test; Group
A—Opalescence™ PF; Group B—distilled water; Group C—iWhite Dark Stains Toothpaste; Group D—24 K white
charcoal teeth-whitening pen; Group E—0.25% citric acid; Group F—iWhite Dark Stains Whitening Kit.
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The comparison of Ra showed a non-significant difference between the groups at
T0 (H = 3.79, p = 0.579). In contrast, there was a statistically significant difference in Ra
between groups at T1 (H = 38.7, p < 0.0001) (Kruskal–Wallis test). Pairwise comparison
using the Mann–Whitney test demonstrated a significant difference between Group E and
the remaining study groups (p < 0.0001).

3.2. Microhardness (KHN)

Figure 2 box plots present the median Knoop hardness (KHN) of the study groups
at baseline (T0) and after whitening (T1). The study groups showed decreased KHN after
whitening, except for specimens immersed in Group B (distilled water), which showed an
increased KHN (341.5, 314.7–371.2). The lowest KHN was observed for Group E specimens
(227.9, 202.3–272.3). Among the groups whitened with OTC products, iWhite Dark Stains
Whitening Kit (Group D) specimens demonstrated the highest KHN (328, 314–340) and
whitening pen (Group F) specimens demonstrated the lowest KHN (318.8, 311.4–323.7).
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Group A—Opalescence™ PF; Group B—distilled water; Group C—iWhite Dark Stains Toothpaste;
Group D—24 K white charcoal teeth-whitening pen; Group E—0.25% Citric.

Table 3 presents the significant difference in median KHN within the groups and
between the groups at T0 and T1 measurement intervals. The comparison of KHN within
the groups from T0 to T1 revealed a significant decrease in the hardness for Groups A, C,
E, and F (p = 0.001). Group B specimens showed increased KNH from T0 to T1; however,
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the difference was not statistically significant (p = 0.112). Similarly, group D specimens
demonstrated a nonsignificant decrease in KHN from T0 to T1 (p = 0.29).

Table 3. Comparison of Knoop hardness (KHN) within and between the study groups.

T0 T1 Test of Significance (p)

Group A 333.2 (323.7–346.5) a 320 (311.1–329.1) a z = −3.41, p = 0.001 *
Group B 332.5 (322.7–343.5) a 341.5 (314.7–371.2) b z = −1.59, p = 0.112
Group C 331.9 (323.2–372.6) a 325.5 (314–330.1) a,b z = −3.23, p = 0.001 *
Group D 329.5 (307.1–357.7) a 328 (314–340) a,b z = −1.05, p = 0.29
Group E 335.4 (330.5–340.4) a 227.9 (202.3–272.3) c z = − 3.41, p = 0.001 *
Group F 335.7 (331.6–347) a 318.8 (311.4–323.7) a,d z = − 3.41, p = 0.001 *

H = 8.449, p = 0.133 H = 55.83, p < 0.0001*
Z; Wilcoxon test; * statistically significant; different lower case within a column indicates significant difference
between the groups (p < 0.0001, pairwise comparison using Mann–Whitney test); H; Kruskal–Wallis test; Group
A—Opalescence™ PF; Group B—distilled water; Group C—iWhite Dark Stains Toothpaste; Group D—24 K white
charcoal teeth-whitening pen; Group E—0.25% citric acid; Group F—iWhite Dark Stains Whitening Kit.

The comparison of KHN showed no significant difference between the groups at T0
(H = 8.449, p = 0.133). However, the Kruskal–Wallis test demonstrated significant difference
in KHN between the groups at T1 (H = 55.83, p < 0.0001). Hence, pairwise comparison was
performed between the groups using the Mann–Whitney test, which showed significant
difference in KHN between Group E vs. [Group A (p = 0.012), Group B (p < 0.0001), Group C
(p < 0.0001), Group D (p < 0.0001), and Group F (p = 0.032)]; Group F vs. Group B (p = 0.005)
and Group A vs. Group B (p < 0.013).

4. Discussion

Different tooth-whitening techniques and products have become popular with both
the dental professionals and the public. However, chemical intervention has been found
to be the most effective approach in altering both extrinsic and intrinsic tooth stain and
discoloration [37]. Bleaching vital teeth entails direct contact of a highly oxidizing whitening
agents with the enamel surface for an extended period of time that varies depending on the
product used, raising concerns about potential enamel damage [38]. In the current study,
dentist-supervised at-home whitening with a 10% carbamide peroxide, which is considered
the gold standard for whitening treatment [39–42], and three new OTC whitening products
with no existing literature were tested and compared with regard to surface roughness and
enamel microhardness. There was a significant change in surface roughness and Knoop
hardness from pre- to post-bleaching among the study groups. Based on the outcome, the
null hypothesis was rejected.

The physical and mechanical properties of enamel are affected by changes in enamel
morphology and microstructure caused by tooth whitening [43]. The reaction between
peroxide and organic molecules on the surface or in the subsurface of the enamel could
cause morphological changes in the enamel. When teeth are exposed to peroxide, an initial
process of enamel demineralization occurs, resulting in the loss of calcium in the teeth [44].
Apart from the dentist-supervised carbamide peroxide group and the OTC groups, the
enamel specimens in this study were also exposed to citric acid and distilled water to better
understand the effect of these whitening agents on the enamel surface.

The Ra outcome showed no statistically significant difference between groups before
whitening. In contrast, there was a highly statistically significant difference between the
groups after whitening. Previous studies have reported an increase in enamel surface
roughness following bleaching [45–48]. Surprisingly, the control Group A and the whiten-
ing pen group among the OTC groups in this study showed significantly decreased Ra after
whitening. Additionally, there was a statistically significant difference in median roughness
from pre- to post-whitening among the groups, except for the distilled water group, which
showed no statistically significant difference before and after the treatment. Therefore,
the outcomes of the present study are in partial agreement with previous studies that
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demonstrated changes of negligible quantity or no significant changes in enamel surface
roughness following bleaching [49–52].

The differences in the results across different studies could be attributed to the study
design, composition of the bleaching materials, relationship established between concen-
tration of the bleaching agent and duration of use, and also the bleaching agent diffusion
capacity and pH [53]. The active ingredients in the whitening products used in this study
are varied. Group A contains 10% carbamide peroxide, equivalent to 3.62% H2O2; iWhite
instant Dark Stains whitening kit and iWhite instant Dark Stains toothpaste are activated
by hydrated silica, sodium hexametaphosphate, and charcoal powder; and the whitening
pen is activated by sodium bicarbonate and organic coconut charcoal. However, in recent
years it has been well-established that polishing, fluoride application, and remineralizing
solutions can significantly reduce the roughness of bleached enamel [47].

Surface hardness measurement is a reasonably easy way of determining the mechanical
property of enamel and dentin to withstand plastic deformation from a reference sample,
and it is strongly related to mineral component loss or gain [22]. The enamel microhardness
measurement results showed no statistically significant difference between groups before
experimental treatment. On the other hand, there was a highly statistically significant
decrease in KHN between groups after whitening, except for the Active Wow whitening
pen group, where the decrease was negligible and nonsignificant. The distilled water group
showed an increased hardness, which was nonsignificant.

The contact time of bleaching agent with enamel, the active ingredients of bleaching
gels and their concentration, pH, activators, and thickeners are related to the decrease in
hardness [46,47]. In addition to affecting the bleaching efficiency, the pH of the whitening
agent can also alter the morphology of the enamel surface and the hardness of teeth [46].
The pH of the vast majority of bleaching products on the market is neutral or slightly
acidic. Nonetheless, the medium becomes acidic over time following application [54],
which causes hardness reduction. Based on the outcome of this study, all whitening agents
demonstrated reduced enamel hardness following whitening, which is in agreement with
previous studies [38,46,48,55–57]. The concentration of citric acid for effective whitening
is reported to be at 5% [9]. In the current study, only 0.25% of the citric acid was used for
whitening, but still there was highly significant decrease in hardness compared to other
groups (335.4 to 227.9 KHN). This study is in disagreement with previous studies that
reported no changes in hardness following bleaching [21,28]. Exposing teeth to saliva
after bleaching, on the other hand, promotes remineralization and stabilization of enamel
hardness [58]. This was further confirmed in a review that used microhardness testing for
structural enamel defects after whitening found that those studies that used human saliva
and fluoride to closely simulate an intraoral environment and a post-treatment evaluation
phase had a lower risk of enamel microhardness reduction than the others [20].

In the present study, 2 mm-thick enamel specimens were used to determine the
whitening products’ effect on enamel microhardness and surface roughness. One of the
important factors contributing to the effectiveness of whitening products on the tooth
surface is the enamel and dentine thickness. Randomized clinical investigations have found
that tooth sensitivity after bleaching treatments is only present in the anterior teeth, with
the severity of this side effect being directly correlated with the thickness of the enamel and
dentin [59,60]. The diffusion of chemicals generated by bleaching gels through enamel and
dentin may also be influenced by variations in the thickness of enamel and dentin. The
degree of pulp damage can vary as a result of these variations. As a result, the combination
of these factors may cause sensitivity following tooth whitening [59].

According to a review of the literature by Haywood [61], bleaching-induced tooth
sensitivity typically affects the smaller teeth, namely the mandibular incisors and maxillary
laterals. In contrast to premolars, incisors have thinner enamel and dentine layers, which
may facilitate the rapid flow of whitening agents to the pulp and leave less time for the
production and release of enzymes that protect against damage from whitening agents [62].
In a recent study by Públio et al. [63], the authors demonstrated that the presence of at least
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0.5 mm enamel reduced the bleaching effectiveness (higher ∆E) at all measured intervals
for both carbamide peroxide and hydrogen peroxide bleaching gels. Furthermore, the
thickness of dentin can negatively interfere with color changes of enamel. D’Arce et al.
showed that 35% hydrogen peroxide with calcium showed lower bleaching on the enamel
surface in 3.5 mm-thickness samples compared to 2 mm [64].

Concerns were raised about the damaging potential of the tooth-whitening agent on
the tooth surface and subsurface; the incorporation of fluoride, casein phosphopeptide-
stabilized amorphous calcium phosphate nanocomplexes (CPP-ACP), and other remineral-
ization agents aided in the prevention of such outcome. The use of fluoride in conjunction,
before, or after the tooth-whitening treatment is beneficial. Fluoride application promotes
remineralization and inhibits demineralization of the tooth hard tissues by resisting acid
attacks. Fluoride interacts with the mineral portion of the tooth and produces fluorohy-
droxyapatite mineral, in which it results in a stronger enamel crystal network that is more
resistant to acid dissolution caused by demineralization [55]. CPP-ACP is a complex rich of
calcium and phosphate, derived from milk, which can aid in the remineralization and in-
hibit demineralization of the tooth when applied topically or systemically [65]. Recently the
introduction of the biomimetic effect of nanohydroxyapatite was effective in reducing tooth
surface hypomineralization due to its complete integration within the enamel structure [66].

Future studies directed towards evaluating the whitening effects of the OTC products
and the determination of pH would be helpful to better understand the effectiveness of
these products. Despite following the manufacturers’ recommendation for the application
of the whitening products and testing in accordance with ISO guidelines, the study has
a few limitations. Firstly, the samples in between the whitening process were stored in
distilled water but not in artificial saliva, which could have promoted remineralization
and thereby demonstrated a different outcome. Secondly, the results could have been
different in the intraoral environment, which is greatly influenced by enamel structure,
salivary composition, and dietary habits. Thus, relating the outcome of this study to clinical
conditions should be carried out with extreme consideration.

5. Conclusions

Within the limitations of this study, it could be demonstrated that surface roughness
and enamel microhardness changes were influenced by the type, composition, and exposure
time of the whitening product. Among the OTC products, the Active Wow whitening pen
demonstrated better outcome compared to other OTC products and dentist-supervised
10% carbamide peroxide whitening agent.

Further investigation is needed for the colorimetric and remineralization evaluation of
the OTC products used in this study.
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