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Introduction: Nanohydroxyapatite (nano-HAp) has
been studied as a biomimetic material that promotes
remineralization of the tooth surface and
obliteration of dentinal tubules, being considered an
alternative to the use of fluoride. In addition to the
benefits to tooth structure and unlike fluoride, the
accidental ingestion of nano-HAp as a component
of toothpaste is not associated with any relevant

systemic health risk. Objective: The aim of this
study was to evaluate, in vitro, the potential of nano-
HAp to remineralize the tooth structure, comparing
three different formulations of toothpastes: pure
synthetic nanohydroxyapatite, synthetic
nanohydroxyapatite with fluoride and only fluoride,
through electron microscopy scanning (SEM) and
chemical analysis (EDS). Material and methods: A
cross-sectional experimental study with a
qualitative approach was carried out. Samples of
teeth, third molars, cut into blocks, exposing enamel
and dentin surfaces, were submitted to
demineralization by immersion in 37% phosphoric
acid for 30 seconds, followed by washing in running
water. Subsequently, brushings were performed
with the three toothpastes and in a control group, for
10 consecutive days. At the end of the experiment,
a qualitative analysis was performed with Scanning
Electron Microscopy (SEM) and chemical analysis
(EDS). Results: It can be observed that in the
control group there was no obliteration of the
dentinal tubules and no change in the morphology
of the dentin surface. In toothpastes with 5%
nanohydroxyapatite and fluoride
nanohydroxyapatite, mineral deposition on the
dentin surface and obliteration of dentinal tubules
can be observed, however, there is a more uniform
deposition in toothpaste with 5%
nanohydroxyapatite. In the fluoride toothpaste, it
was possible to observe a mineral deposition,
however, this was more subtle and only within some
dentinal tubules, without altering the morphology of
the dentin. Conclusion: It can be concluded that
nanohydroxyapatite promoted a mineral deposition
on the dentin surface and inside the dentinal tubules,
demonstrating  promising  results in  the
remineralization of the tooth structure.

nanohydroxyapatite, remineralization,
toothpaste.
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Dental caries is a complex disease that affects the majority of the population regardless of
gender, age and socioeconomic status. It is one of the most prevalent diseases worldwide and affects
even developed countries with a well-established health system, such as Germany, USA and Australia
[Paszynska et al. 2021] 2’ The demineralization of dental tissues is the main mechanism involved in
the development of caries. As such, it is the result of complex interactions that occur between hard
tissues, the microbial biofilm that colonizes surfaces, and nutrient intake [Esposti et al. 2021] .

Fluoride is considered the gold standard in Brazil as an agent that inhibits demineralization
processes. Its effects are well known and targeted at reducing the metabolic and physiological
pathways of acidogenic microorganisms. The use of fluorides for the prevention and control of carious
processes is shown to be an effective method, with the use of topical fluoride, present in the formulation
of toothpastes or under various forms of professional application, a preventive measure of paramount
importance. "The recommended level of fluoride for daily use is 0.05 - 0.07mg F/Kg/day, which is
considered to be of great help for the prevention of dental caries, acting on remineralization" [Alvarez,
2009] '. However, the administration of fluoride-containing treatments must be carefully balanced to
avoid possible side effects such as dental fluorosis or negative impact on tooth development [Esposti
et al. 2021] .

Successive exposures to high concentrations of fluoride during tooth development can cause
fluorosis, which is a disorder of tooth development that causes enamel with lower mineral content and
increased porosity [Alvarez et al. 2009] '. As a consequence, there is a change in the surface texture,
coloration (white to brown spots) and a decrease in enamel hardness, resulting in weakened teeth.

Another contraindication to oral hygiene products containing fluoride may be related to the use
of dental implants or other metallic devices in the mouth. Studies show that the presence of fluorides
can cause corrosion and release of metallic ions in the oral cavity [Schiff > et al. 2005; House ' et al.
2008; Anwar? et al. 2011; Saporeti *° et al. 2012; Yanisarapan “° et al. 2018; Chen % et al. 2020].

Also, as an alternative to fluoride for caries prevention, a new approach has emerged in recent
years with biomimetic agents (inspired by nature) that promote remineralization and inhibit
demineralization of hard dental tissue. One such biomimetic agent is nanohydroxyapatite (nano-HAp),
a calcium phosphate mineral — Cas (PO4); (OH). Nano-HAp is studied in different fields of preventive
oral health. Unlike fluoride, accidental ingestion of nano-HAp as an ingredient in toothpaste is not
associated with any relevant systemic health risk, as nano-HAp exists naturally as the major inorganic
component of all human hard tissues, such as teeth and bones [Paszynska et al. 2021] 2"

Nano-HAp is one of the most studied biomaterials, given its proven biocompatibility and
because it is the main constituent of the mineral part of bones and teeth. The biomimetic function of

nano-HAp is to protect teeth by creating a new layer of synthetic enamel around the tooth, instead of
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just altering the surface layer as occurs with fluoride, which chemically transforms calcium
halophosphate [Ca5(PO4 )3F] [Pepla et al. 2014] 2%

The main objective of the work, therefore, was to qualitatively evaluate the potential of nano-
HAp in terms of its ability to remineralize and change the surface morphology of enamel and dentin,
ex vivo, in three different formulations of toothpastes: pure synthetic nanohydroxyapatite, nano
synthetic hydroxyapatite and fluoride and just fluoride. The specific objective was to analyze by
scanning electron microscopy (SEM) and chemical analysis (EDS) the effectiveness of a new
toothpaste without fluoride and with 5% nano-HAp in the mineral deposition of the tooth structure and

obliteration of the dentinal tubules.

This is a cross-sectional experimental study with a qualitative approach. The research was

submitted and approved by the Univille Research Ethics Committee, under number 4,787,854.

For the preparation of the samples, 4 mandibular third molars were selected, with a mean
mesiodistal diameter of 19 mm on the crown. The teeth came from the Biobank of the Dentistry course

at UNIVILLE.

To make the samples, the dental crowns were sectioned into 4 parts with a diamond disc,
totaling 16 samples in the experiment.

First, the teeth were positioned in PVC tubes (matrix) 18x2 1mm, vaselined, so that each sample
was centralized and included in colorless acrylic resin (Jet Classic, Sdo Paulo, SP, Brazil). The first cut
was mesio-distally (Figure 1A), separating the tooth into two halves, one buccal and one lingual. To
obtain the 2nd cut, each half of the tooth was again included in a Vaseline PVC cylinder. The embedded
teeth were positioned horizontally on the cutting machine. The cuts in this step (Figure 1B) were made
in the axial (transverse) direction. The first cut made was 1mm in order to remove only the cusp tips
to obtain a completely smooth and uniform surface. The second cut was located in the middle third of
the crown, in order to obtain two equal parts of the crown, with uniform exposure of dentin and enamel.
At the end of these cuts, 4 samples were obtained from each tooth, with exposure of enamel and dentin

(figure 2).
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Figure 1: Schematic drawing of the cuts that were made on the teeth for sample preparation. In figure 1A (on the left) there
is a representation of the first cut, performed in the mesio-distal direction. In figure 1B (on the right) there is a representation
of the second cut, performed in the axial (transverse) direction.
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Figure 2: Samples with exposed dentin and enamel.

To smooth the surfaces and remove possible grooves, the samples were polished with 600 and
1200 granulation discs until they were smooth. After performing this step, the samples were properly

cleaned by immersion in an ultrasonic tank with deionized water.

To simulate dental demineralization, the cleaned samples were submitted to an acid challenge,
in a 37% phosphoric acid solution (H3 POs4) for 30 seconds and washed in abundant running water for

60 seconds.

Each sample was placed in a Petri disc, submerged in modified saline buffer solution (PBS).
Samples in solution were stored in an oven at Certomat U (B. Braun, Germany) at 37 degrees Celsius,
to resemble human body temperature. The samples were kept throughout the study inside the
temperature-controlled machine, being removed only for brushing. All solutions used in this
experiment were prepared at Univille's Biotechnology laboratory.

The samples were randomly divided into four groups for brushing, with a negative control

(chart I).
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Table I: Experimental groups

GROUPS COMPOUND BRAND

A negative control PBS
Toothpaste with Nano

B Hydroxyapatite 5%  without | DNPRIME, Brazil - no trade name
fluoride

W Toothpaste with Nano | Be You Yellow, Curaprox,
Hydroxyapatite and Fluorine Switzerland

. Colgate Triple Action, Colgate,
D fluoride toothpaste United States

The remineralization process was carried out by manual brushing, simulating the practice of
toothbrushing. The method used to perform brushing with the 4 solutions was brushing each sample
for 1 minute, twice a day, for 10 consecutive days. These brushings were performed with medium-
sized disposable microbrushes, with about 1 ml of solution in each sample and washed after each
brushing for 1 minute in running water. Brushing was carried out on the entire surface of the samples,
both on dentin and enamel, to test enamel remineralization and obliteration of dentinal tubules.

After the last brushing, all samples were placed in a desiccator under vacuum overnight, to be

sent for scanning electron microscopy (SEM) analysis.

The technique used for the qualitative analysis was the Scanning Electron Microscopy (SEM)
(JEOL, JSM-6701F), to evaluate the mineral deposition on the surface of the sample and the
obliteration of the dentinal tubules. Chemical analysis (EDS) was also used to identify

nanohydroxyapatite depositions on the surface of the sample.

The analysis of mineral deposition on the surface of the samples and obliteration of dentinal
tubules by Scanning Electron Microscopy (SEM) is shown in figure 1, with magnifications of 1000
and 5000x.

In the control group (figure 4 - images A1 and A2), it is observed that the dentinal tubules were
not obliterated and the morphology of the dentin surface was not altered.

Figure 4 - images B1, B2, C1 and C2 (referring to the toothpaste with 5% nano-HAp without
fluoride and the toothpaste with nano-HAp and fluoride) shows a mineral deposition on the surface of
the dentin and on the inside the dentinal tubules, causing changes in the surface and morphology of
the dentin, as well as the obliteration of the dentinal tubules. There is a difference in the appearance of
the mineral deposition on the dentin surface between group B and group C, where in group B we can

observe a more uniform deposition than in group C. At 5000x magnification (figure 4 - images B2 and
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C2) it was identified the presence of nano-HAp within the dentinal tubules in these two groups

(signaled by the red arrows), according to the result of the EDS analysis.

Figure 4: Images obtained by SEM with magnification of 1000x (left column) and 5000x (right column), referring to the
different sample treatments. Images A1 and A2 refer to the control group. Images B1 and B2 refer to the fluoride-free 5%
nano-HAp toothpaste (No trade name, DNPRIME, Brazil). Images C1 and C2 refer to the toothpaste with nano-HAp and
fluoride (Be You Amarela, Curaprox, Switzerland). Images D1 and D2 refer to the fluoride toothpaste (Colgate Triple
Action, Colgate, United States).
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In figure 4 - images D1 and D2 (referring to the fluoride toothpaste), although it is also possible
to visualize the deposition of mineral material, this occurred in a more subtle way and only within

some dentinal tubules, not causing alteration in the morphology of the dentin.

Interdisciplinarity and Innovation in Scientific Research
Study of the potential of nano hydroxyapatite in dental remineralization: An ex vivo study



Figure 5: Image obtained by SEM, referring to a 10,000x magnification of S2 (figure 1). This image refers to the DNPRIME
toothpaste sample, with 5% fluoride-free nano-HAp.

In Figure 5, it is possible to observe that the tubules are filled with material, this filling is
uniform and from the “inside out”. It can be observed that the dentin is also filled with material in a
homogeneous way, therefore, it can be said that there is a homogeneous interaction between the

material and the dentin surface.

Figures 6 and 7: Image with 5000x magnification and graph referring to the EDS analysis of group B (toothpaste with 5%
nano-HAp without fluoride).
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In Figure 6, the image with a magnification of 5,000x of the sample in which toothpaste with 5%
nano-HAp without fluoride was used, in which 3 points were randomly chosen (points 1 and 2 marked
in blue and point 3 marked in yellow) for qualitative elemental analysis by EDS. The graph
demonstrates the presence of phosphorus and calcium (main components of the nano-HAp),
confirming the deposition of the nano-HAp on the dentin surface and within the dentinal tubules. The
presence of sodium and phosphate is also observed, which may be residues of the modified saline

buffer solution (PBS).
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In 1970, the Japanese company Sangi Co Ltd was the first to become interested in
hydroxyapatite, after buying the rights from NASA (National Aeronautics and Space Authority of the
USA). Astronauts lost minerals from teeth and bones in weightlessness, and NASA proposed a
synthetic hydroxyapatite as a repair material. The Sangi Co. Ltd came up with the idea in 1978 to
launch toothpaste that could repair tooth enamel, which for the first time contains nano-HAp. In 2006,
the first biomimetic toothpaste containing synthetic hydroxyapatite as an alternative to fluoride for the
remineralization and repair of tooth enamel appeared in Europe.

Thus, the greatest contribution to the development of these biomimetic agents occurred with
the advent of nanotechnology. Nano-HAp toothpaste (nano-HAp) toothpastes were first introduced
and studied in Japan in the 1980s. Since then, several studies have reported greater or equal
remineralization potential of nano-HAp toothpastes compared to conventional toothpastes containing
fluoride, both in in vitro studies [Li ** et al. 2008; Tschoppe *® et al. 2011; Sadiasa > et al. 2013; Ebadifar
8etal. 2017] and in vivo [Najibfard *? et al. 2011; Bossu ° et al. 2019; Badiee *et al. 2020 Paszynska ?’
etal. 2021], and in vivo.

The aim of this study was to evaluate the potential of nano-HAp to remineralize tooth structure
after acid challenge. Analyzing the results of the present study, it was observed that in the control group
(Figures A1 and A2), the tubules were not obliterated and the morphology of the dentin surface was
not altered, which was already expected, since no agent with remineralizing capacity was used. As for
groups B (toothpaste with nano-HAp 5%) and C (toothpaste with nano-HAp and fluoride), it was
possible to observe a mineral deposition on the surface of the dentin and inside the dentinal tubules,
altering the morphology of the dentin, thus obliterating the dentinal tubules, which leads to a
remineralization of the tooth structure. However, in this study, it was not possible to observe a
synergistic effect when nano-HAp was associated with fluoride.

Currently, synthetic nano-HAp is accepted as a remineralizing agent, and its efficacy is widely
described and validated in vitro and in vivo in the scientific literature. Different modes of nano-HAp
activity in the oral cavity have already been established: (1) physical restoration, which is the fixation
of nano-HAp particles to the tooth surface and cleaning properties; (ii) biochemical effect by releasing
calcium and phosphate ions under acidic conditions forming an interface between nano-HAp particles
and enamel; and (ii1) biological interaction of nano-HAp particles with microorganisms. Furthermore,
nano-HAp-based materials can desensitize exposed dentinal tubules, thus forming a mineralized
barrier [Enax & Epple 2018] *

In figure 1D (fluoride toothpaste), although it is also possible to visualize the deposition of
mineral material, evidencing a remineralization process, this occurred more subtly and only in the

dentinal tubules, not causing a change in the morphology of the dentin. Similar results were also
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observed by Yuan #* et al. (2012), the authors compared the use of a common dentifrice with a dentifrice
added with nano-HAp (3%) in samples of discs of molar and premolar teeth, and also observed a
change in the surface of the dentin and a reduction in the diameter of the teeth. dentinal tubules.

Najibfard®* et al. (2011) performed a double-blind in situ study with thirty participants using
enamel plates with and without artificial caries injuries. Participants brushed for at least 28 days with
a fluoride toothpaste (1100 ppm fluoride) or a HAP toothpaste (5% HAP and 10% HAP, respectively).
Plaques were analyzed by microradiography to quantify mineral loss and lesion depth. Results showed
that HAP toothpaste prevented enamel demineralization.

One of the first studies into the potential of nano HAp as a remineralizing agent demonstrated
that synthetic nanometer hydroxyapatite (nano-HAp) can rebuild human enamel without prior
excavation, in a process that not only repairs early caries lesions, but also helps to prevent its
recurrence, strengthening the natural enamel [Yamagishi et al. 2005] * Similar results were also
observed in bovine teeth [Huang et al. 2009] !> in which they not only verified the remineralization
process, but also demonstrated the ability of nano-HAp to significantly increase surface microhardness.

The effect of nano-HAp on the in vitro remineralization of bovine enamel and dentin was
evaluated by microradiography [Tschoppe et al. 2011] *® Nano-HAp toothpastes demonstrated greater
dentin remineralization capacity and similar enamel remineralization capacity when compared to
fluoride dentifrices.

In this study, dentin remineralization was evident with the use of nano-HAp. However, as it is
an in vitro study, the samples were only subjected to a single acid challenge, which provided controlled
demineralization. This situation does not occur in the oral cavity, where the process of demineralization
and remineralization is constant. From this premise, clinical studies are recommended, with patients,
in order to prove and deepen these results. Another important issue, observed from this study, which
evidenced the obliteration of dentinal tubules, is the suggestion of studies on the use of nano-HAp in
dentin sensitivity, which today affects a significant portion of the population and constitutes a challenge
in relation to the treatment of dental surgeon. From the results, it is believed that products with nano-
HAp may have promising results in dentin desensitization, whose main cause is the exposure of

dentinal tubules.

There is a growing demand for biomimetic materials in oral care products. Also, it was seen
that nano-HAp has promising results to promote remineralization of tooth structure. The resemblance
of nano-HAp to the enamel and dentin of natural teeth has been a focus in recent years. Therefore, its

non-toxic and biomimetic property offers an advantage over conventional products.
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From the results obtained in this study, through scanning electron microscopy (SEM) and
chemical analysis (EDS), it can be concluded that nano-HAp has remineralizing potential, proving the
effectiveness of a new toothpaste without fluoride and with 5% nano-HAp in mineral deposition of

tooth structure and obliteration of dentinal tubules.
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