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Effects of Remineralizing Agents
Based on Calcium Phosphate,
Sodium Phosphate, or Sodium

Fluoride on Eroded Cervical Dentin

WG Escalante-Otarola ® GM Castro-Nunez ® TP Leandrim ¢ CM Alencar
FF de Albuquerque Jasse ® MC Kuga

Clinical Relevance

Calcium phosphate-based remineralizing agents can prevent the harmful effects of erosion
challenges on the dentin collagen matrix. In addition, they may be a promising and viable
alternative for treatment of dentin hypersensitivity—and prevent the harmful impacts of

erosion challenges on the collagen matrix.

SUMMARY

Objectives: To evaluate the effect of remineralizing
agents on collagen matrix pattern, precipitate
formation, and dentinal tubule obliteration in
eroded cervical dentin.

Methods and Materials: One hundred bovine
cervical dentin specimens were previously eroded
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(0.6% hydrochloric acid, pH 2.3, 5 minutes) and
then randomized into five groups (n=20): Gl1,
control (without treatment); G2, Desensibilize
Nano P (FGM); G3, MI Paste Plus (Recaldent);
G4, Regenerate (NR-5); and G5, Desensibilize
KF 2% (FGM). These treatments were applied
in four sessions with 7-day intervals. During this
period, the samples were subjected to an erosive
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challenge with orange juice (pH 3.8, 5 minutes).
The specimens were analyzed by polarized light
microscopy with picrosirius red staining, scanning
electron microscopy (SEM), and energy-dispersive
X-ray spectroscopy (EDX).

Results: The G3 showed a higher concentration of
type I collagen than G2 and G5 (p<0.05). The G3
showed greater formation of surface precipitates
than that of G1 and G5 ($<0.05). In addition, G4
and G5 showed a greater number of open dentinal
tubules than that of G3 (p<0.05).

Conclusions: Calcium phosphate-based
remineralizing agents have shown to be a promising
alternative treatment for preventing deleterious
effects on the eroded dentin collagen matrix. In
addition, they promoted precipitate formation and
dentinal tubule obliteration on the eroded dentin.

INTRODUCTION

Awidevariety of products based on different technologies
containing phosphate and calcium are commercially
available, with the aim of providing greater resistance to
demineralization of dental substrates or even recovering
their mineralization. Among them, calcium- and
sodium phosphate-based ones have been launched,
focusing on erosion prevention and treatment. However,
most of them are limited to their role on enamel and not
on dentin."? With regard to dentin treatment, greater
complexity is involved, due to the participation and
dynamics of organic content. In addition, the available
evidence in this regard is limited.® According to the best
knowledge of the authors, to date, no evidence has been
found regarding the effect of different remineralizing
treatments on the profile of the eroded dentin
collagen matrix.

One of the most frequent causes of dental tissue loss
and exposure of cervical dentin is dental erosion.* A
previous study showed that gastroesophageal reflux
(GR) of hydrochloric acid is directly related to dental
erosion.’ At the same time, acidic foods and drinks have
been increasingly included in current diets.® Prevalence
studies have shown that erosion caused by both
intrinsic’ and extrinsic® factors have high incidences.
However, there are few materials on the market
specifically indicated for the prevention and treatment
of dental erosion. For this reason, alternative materials
with remineralizing potential have been investigated.

Materials containing calcium phosphate nanoparticles
in the form of nanohydroxyapatite (n-HAP) facilitate the
deposition of precipitateson dentinand arerecommended
for dental remineralization in patients with dentin
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hypersensitivity (DH).? This action mechanism is related
to the potential of stabilizing calcium and amorphous
phosphate ions in dental structures.” Another material
studied is casein phosphopeptide-amorphous calcium
phosphate associated with sodium fluoride (CPP-ACPF).
The remineralizing mechanism of CPP-ACPF is related
to the supply of calcium and phosphate ions on the
tooth surface. In addition, it facilitates the stabilization
of mineral precipitates that contain fluoroapatite."** Its
action mechanism is similar to n-HAP, and CPP-ACPF
has also been recommended for the treatment of DH. !¢

Calcium silicate and sodium phosphate (mono and
trisodium phosphate) have been developed for the
prevention and treatment of dental demineralisation."
The probable action mechanism of this product is
related to the deposition of calcium silicate particles
and induction of hydroxyapatite formation on the
dental substrate.” This material can reduce dentin
permeability and, therefore, it is a promising alternative
for DH treatment.'®" Potassium nitrate associated with
sodium fluoride (NaF) is another material widely
studied in the current literature, but its reported effects
on DH have been controversial.®* Potassium ions
(K") are the active component of this material and
promote a reduction in the activity of dentinal sensory
nerves due to the depolarizing activity of K*. On the
other hand, NaF acts on tooth sensitivity by blocking
exposed dentinal tubules and reducing the flow of fluid
to the pulp.”

Therefore, the aim of the present study was to evaluate
the effect of remineralizing materials containing
calcium phosphate nanoparticles (Desensibilize
Nano P, FGM, ]Joinville, SC, Brazil), CPP-ACPF
(MI Paste Plus Recaldent CPP-ACP, GC Company,
Japan), calcium silicate associated with sodium
phosphate (Regenerate NR-5, Unilever, Wirral, United
Kingdom), and potassium nitrate associated with
NaF (Desensibilize KF 2%, FGM) on the presence
of collagen in eroded cervical dentin, the formation
of precipitates, and obliteration of dentinal tubules.
The null hypotheses tested were: H01—There are
no differences in the presence of collagen in eroded
cervical dentin under the different treatments tested;
HO02—There are no differences in the formation of
precipitates and obliteration of dentinal tubules under
the different treatments tested.

METHODS AND MATERIALS

Sample Preparation

One hundred bovine incisors with anatomically similar
crowns and roots were stored in 0.1% thymol solution
at 4°C until use. One hundred specimens (10 mm
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long x 10 mm wide x 5 mm thick) were obtained from
the cervical-third of the teeth using a cutting machine
(Isomet 100, Buehler, Lake Bluff, IL) under constant
refrigeration. The buccal surface of the fragments was
polished on a polishing machine (DP-10; Panambra,
Struers, Ballerup, DI) using a sequence of #600 and
#1200 granulation sandpapers, for 20 seconds each, to
expose the cervical dentin.

The dentin surface was previously eroded with
0.6% HCI and pH 2.3 (Arte & Ciéncia, Araraquara,
Sao Paulo, Brazil) by immersion for 5 minutes. Then,
the specimens were rinsed with distilled water and
stored in artificial saliva (0.375 g/1 CaCl,2H,0O, 0.125
g/l MgCL6H,0, 1.2g/1 KCIl, 0.85g/1 NaCl, 2.5g/1
NaHPO,12H,0, 1g/1 sorbic acid, 5 g/1 hydroxyethyl
cellulose-sodium, and 43 g/1 sorbitol solution) (Arte &
Ciéncia) at 37°C until use.

Treatments and Erosive Challenges

The specimens were removed from the artificial saliva
and slightly dried with soft paper. After that, the samples
still wet received the application of the treatment
materials. Table 1 shows the chemical composition of
the remineralizing agents used in this study. Twenty
specimens were used per treatment protocol (n=20),
10 specimens for polarized light microscopy, and
10 specimens for SEM/ energy-dispersive X-ray
spectroscopy (EDX) analysis. The evaluated protocols
were as follows:

¢ (G1): Specimens were kept in deionized water for
10 minutes.

* (G2): The product containing calcium phosphate
nanoparticles (Desensibilize Nano P) was applied
with a microbrush (KG Sorensen, Sao Paulo, SP,
Brazil) and rubbed on the dentin surface with a
rubber bowl (KG Sorensen) in low-speed rotation
(500 rpm for 10 seconds). Then, the material was
left in contact with the dentin for 5 minutes and was
rinsed with 10 mL of deionized water, according to
the manufacturer’s recommendations.

* (G3): The material containing CPP-ACPF
(MI Paste Plus Recaldent) was applied with a
microbrush (KG Sorensen) and left in contact
with the dentin surface for 3 minutes. The residues
were then rinsed with 10 mL of deionized water.

* (G4): The material containing calcium silicate
and sodium phosphate (Regenerate NR-5)
was previously manipulated according to the
manufacturer’s guidelines, and subsequently
applied with a microbrush (KG Sorensen) and
left in contact with the dentin for 3 minutes.
The residues were then rinsed with 10 mL of
deionized water.

¢ (G)5): The material containing potassium nitrate
and 2% NaF (Desensibilize KF 2%) was applied
to the dentin surface with a microbrush (KG
Sorensen), without friction, and left in contact
with the dentin for 10 minutes, according to the
manufacturer’s recommendations. The residues
were then rinsed with 10 mL of deionized water.

Remineralizing treatments and erosion challenges
were performed for 28 days. The specimens were

Table 1: Composition of Materials Used in the Study

Group Composition

Manufacturer

G1: Control Deionized water

G2: Desensibilize Nano
P

Calcium phosphate (nano-HAP), potassium nitrate, and 9000
ppm NaF

FGM, Joinville, Brazil
(Lot: 270417)

G3: M| Paste Plus
Recaldent

CPP-ACPF, glycerol, D-sorbitol, CMC-Na, propylene glycol,
silicon dioxide, titanium dioxide, xylitol, phosphoric acid,
flavoring, sodium saccharin, ethyl p-hydroxybenzoate,
propyl p-hydroxybenzoate, butyl p-hydroxybenzoate, 900
ppm fluoride

GC, Tokyo, Japan
(Lot: 1401221)

G4: Regenerate NR-5

Glycerin, calcium silicate, PEG-8, hydrated silica, trisodium
phosphate, sodium phosphate, aqua, PEG-60, sodium

lauryl sulfate, sodium monofluorophosphate, synthetic
fluorphlogopite, sodium saccharin, polyacrylic acid, tin oxide,
limonene, Cl 77891, 1450 ppm fluoride

Unilever, Wirral,
United Kingdom (Lot:
4175000)

G5: Desensibilize KF 2%

5% Potassium nitrate, 2% sodium fluoride (NaF), deionized
water, glycerin, neutralizing and thickening agent

FGM, Joinville, Brazil
(Lot: 131014)

Abbreviations: CPP-ACPF, casein phosphopeptide-amorphous calcium phosphate fluoride; NaF, sodium fluoride; PEG, polyethylene glycol.
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submitted to four remineralizing treatment sessions,
with 7-day intervals. Every day, the specimens were
subjected to acid challenge by immersion in orange
juice (Minute Mais, Coca Cola, SP, Brazil) at pH 3.80
for 5 minutes. After the erosive challenge, the samples
were rinsed with 10 mL of deionized water and kept
individually immersed in artificial saliva at 37°C. After
each remineralizing treatment session, the specimens
were subjected to the erosive challenge in the same way
as the other days.

Polarized Light Microscopy Analysis

After undergoing the test protocols, the specimens
were stored for 24 hours in artificial saliva. Then, they
were placed in a 10% ethylenediaminetetraacetic acid
(EDTA) solution (Merck, Darmstadt, Germany) at
pH 7.0. This solution was changed twice a week for 90
days. After that, the specimens were rinsed again with
distilled water, dehydrated in alcohol, diaphanized
in xylol, and included in paraffin (Histosec, Merck,
Darmstadt, Germany). The paraffin blocks were
subjected to semiserial histological sectioning of
5-pm thickness and submitted to the picrosirius red
staining technique.”

After histological processing, each sample was
analyzed using a microscope (Olympus BX51, Tokyo,
Japan) equipped with filters to provide circularly
polarized  illumination. All  image-acquisition
parameters were standardized, and the intensity of
illumination was calibrated by adjusting only the
microscope’s condenser opening. Digital images were
obtained at 20x magnification (DP-71, Olympus,
Tokyo, Japan). The spectra of green, yellow, and red
colors were defined following RGB values (red, green,
blue) that were standardized for all images.

According to the orientation of the collagen fibers,
the color of the spectrum can vary from greenish (type
III collagen) to reddish (type I collagen).** To quantify
only the greenish and reddish fibers, the images were
analyzed using Affinity Photo Software (Serif Europe
Ltd, Nottingham, United Kingdom), and the number
of pixels for each color was calculated. In the sequence,
the averages of the values obtained were calculated and
expressed as percentages.

Scanning Electron Microscopy (SEM) Analysis

After completing the treatments described, the
specimens were stored in artificial saliva for 24 hours.
Then, they were dehydrated in a closed chamber
with colloidal silica for 7 days. After assembling the
specimens in metal stubs, they were metallized with
colloidal gold (simple cycle: 120 seconds) under
vacuum in a metallization chamber (MED 010,
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Balzers Union, Balzers, Liechtenstein) and examined
by SEM with JEOL 6060 (JEOL Ltd, Tokyo, Japan)
operated at 20 kV, as described by Escalante-Otarola
and others.”

Representative images were obtained from the central
region of each specimen. First, a 500x magnification
image was obtained to evaluate and quantify the
precipitates formed on the dentin surface. Another
image was obtained from the same location with 2000x
magnification, for counting open dentinal tubules. All
images were obtained by a single operator.

Two properly calibrated independent examiners,
using the weighted Kappa test (k= 0.82), classified the
presence of precipitates formed on the dentin surface
according to the modified parameters described
by Kuga and others.” (Scores from 0 to 4): Score 0,
without precipitates; Score 1, any precipitates and all
the tubules opened; Score 2, minimum amount of
precipitates and > 30% of the dentin surface clean;
Score 3, moderate amount of precipitates and < 30%
of the dentin surface clean; Score 4, heavy precipitates
with almost all tubules obstructed.

Energy-dispersive X-ray (EDX)
Spectroscopy Analysis

Four specimens from each protocol were covered with
carbon (BalTec SCD 004 Sputter Coater, Balzers) at 15
kV for 180 seconds. Then they were analysed by EDX
(JEOL 6060; JEOL Co., Tokyo, Japan) to evaluate
the main chemical components present on the dentin
surface after performing the experimental protocols.

Statistical Analysis

Initially, all data obtained were subjected to the
Shapiro—Wilk test to ascertain the data normality.
Data on the dentin organic matrix were subjected to
two-way ANOVA and Bonferroni tests. Data on the
formation of precipitates and the number of open
dentinal tubules (SEM) were subjected to Kruskal—
Wallis and Dunn tests. All assessments were performed
with a significance level of a = 0.05.

RESULTS

Polarized Light Microscopy Analysis

G3 presented more type I (mature) collagen and less
type III (immature) collagen than that in G2 and G5
(»<0.03). In addition, G2, G3, and G5 did not show
significant differences with the other groups (p>0.05).
Figure 1 shows the percentage of the presence of type
I and type III collagen in the dentin substrate for each
group. Figure 2 shows the incidence of type I (red
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Figure 1. Results on the dentin organic matrix evaluation. a,b: Different letters indicate significant differences (p<0.05). G1, Negative
control; G2, Desensibilize Nano P; G3, Ml Paste Plus Recaldent; G4, Regenerate NR-5; G5, Desensibilize KF2%.

shade) and type III (green shade) collagen in the dentin
substrate after staining with picrosirius red.

SEM Analysis

Table 2 shows the results of the formation of immediate
precipitates in eroded cervical dentin and the occlusion
pattern of dentinal tubules. Regarding the evaluation
of dentin surface, G3 showed a higher incidence of
precipitates on the dentin surface than that of G1
and G5 (p<0.05). However, there was no difference in
precipitate formation between G2, G3, and G4 (p>0.03).
On the other hand, there was no difference between G1
and G5 data compared to G2 and G4 (p>0.05).

Regarding the number of open dentinal tubules, G3
presented the lowest incidence of open dentinal tubules
when compared to that of G1, G4, and G5 (p< 0.05).
However, there was no significant difference between
G2 and G3 (p>0.05). Figure 3 shows a representative
image of the formation of precipitates on the surface
(500x%) and obliteration of dentinal tubules (2000x) for
each evaluated group.

EDX Analysis

The EDX analysis showed that G3 presented higher
concentrations of Ca/P (atomic ratio: Ca/P=1.93)
when compared to the other groups. In addition, it
demonstrated the presence of silicon (Si), magnesium
(Mg), and sodium (Na). G1, G2, G4, and G5 groups
showed the following concentration values between
Ca/P atomic ratio: (G1), Ca/P=2.02; (G2), Ca/P=1.78;
(G4), Ca/P=1.95; and (G5), Ca/P=1.89.

Figure 4 shows the relationship between Ca/P after
the use of the tested materials. On the other hand,
Figure 5 shows a representative image of the precipitate
composition.

200 pm

200 pm

o™ R :
—
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2 , :" 7 .. 2 ," 7 -
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Figure 2. Representative image of the eroded cervical dentin
organic matrix after treatments. G1, Negative control; G2,
Desensibilize Nano P; G3, Ml Paste Plus Recaldent; G4,
Regenerate NR-5; G5, Desensibilize KF2%. Scale 200 mm.
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Dentinal Tubules?

Table 2: Quantitative Determination of Precipitates Formation (Average Scores) and Number of Open

G1 G2 G3 G4 G5
Precipitates over dentin (score) Median 1b 2 ab 3a 2 ab 1b
Min/Max 1-2 1-3 2-3 1-3 1-2
1Q/3Q 1-1 2-3 2-3 2-3 1-1
Open dentinal tubules Mean 61.71c | 26.86 ab 18.57 a 43.14 bc 45.29 bc
SD 6.90 8.57 4.76 9.12 9.55

Abbreviations: 1Q and 3Q, first and third quartile; Min, minimum value; Max, maximum value; SD, standard deviation; G1, Negative

control; G2, Desensitize Nano P; G3, Ml Paste Plus Recaldent; G4, Regenerate NR-5; G5, Desensitize KF2%.

aDifferent lowercase letters on the same line indicate significant differences (p<0.05).

Figure 3. Representative image of the eroded cervical dentin
surface treatments, at 500x and 2000x. G1, Negative control;
G2, Desensibilize Nano P; G3, M| Paste Plus Recaldent; G4,
Regenerate NR-5; G5, Desensibilize KF2%. Scales 50 mm and
10 mm.

DISCUSSION

Currently, the management of dental erosion is a
challenge for the clinician, and several forms of treatment
and prevention have been investigated." ™ The severity of
erosive tooth loss depends on several parameters, such
as quality and quantity of saliva, type of nutrition, and
association with abrasion and mechanical friction.* In the
present study, remineralizing treatments were performed
on previously eroded dentin. This methodology was
carried out to simulate the clinical situation of patients
with erosion, which is unlike many previous studies that
carried out treatment experiments with healthy dentin.

The erosive demineralization of dentin results in
the exposure of an outer layer of fully demineralized
and often denatured organic matrix.”’ For this
reason, the process of remineralization and biological
reconstruction of this eroded substrate is crucial for its
treatment.”® The main organic component of dentin
is type I collagen, which has a complex structure with
four levels of hierarchical organization. One of the
levels is in the molecular category formed by fibrils or
collagen fibers.” These collagen fibrils are arranged
both linearly and laterally in a hydrogel network
under suitable physical-chemical conditions.* The
distribution pattern of hydroxyapatite in type I collagen
is distinguished in intrafibrillar and extrafibrillar
mineralization. In the first case, hydroxyapatite is
deposited within the gap area of the collagen fibrils,
and, in the second case, it is deposited on the surface of
the collagen fibrils.*"*

Previous studies have already investigated the use
of some materials with remineralizing potential on
demineralized dentin; however, the investigations
of these treatments on dentin collagen are scarce.”*
Although a given material has good remineralizing
properties on the dentin surface, it is crucial that it does
not cause deleterious effects to the collagen matrix.
In case of damage to the matrix, it may compromise
the longevity of future restorations.”® In the present
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Figure 4. Images of X-ray energy dispersion [energy-dispersive X-ray spectroscopy (EDX)] analysis. Ca, calcium; Ca/P, atomic ratio; G1,
Negative control; G2, Desensibilize Nano P; G3, Ml Paste Plus Recaldent; G4, Regenerate NR-5; G5, Desensibilize KF2%; P, phosphorus.
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Figure 5. Image of X-ray energy dispersion [energy-dispersive
X-ray spectroscopy (EDX)] analysis of the eroded cervical dentin
surface after treatments. G1, Negative control; G2, Desensibilize
Nano P; G3, Ml Paste Plus Recaldent; G4, Regenerate NR-5; G5,
Desensibilize KF2%. Scale 500 mm.

study, polarized light microscopy and staining with
the picrosirius red system was used to detect collagen,
where red—yellow pigmentation and yellow—green
pigmentation show type I and type III collagen,
respectively. This method has been recommended by
previous studies.”?**

The results of the present investigation showed that the
dentin substrate in G3 showed a higher incidence of type
I collagen without abnormalities. However, in G2 and
G5, there was a higher incidence of type III collagen,
probably due to the presence of potassium ions, which
can trigger changes in the organic matrix of the dental
substrate.” Therefore, the null hypothesis H01 was
rejected. A previous study conducted by Osorio and
others™ showed that the use of silver-loaded nanoparticles
contributed to improve the interconnection, nature, and
secondary structure of collagen in demineralized dentin.
These results can be justified due to the use of polymeric
nanoparticles, which are materials that sequester
calcium and phosphate, facilitating the remineralization
of dentin.?”* In the present study, only the group treated
with CPP-ACPF showed the type I collagen pattern
without changes even in face of the erosive challenge. It
is possible to hypothesize that the presence of calcium
and phosphate ions in this material contributed to an
effective remineralization and stabilization of type I
collagen fibrils. However, further studies are necessary
for a definitive conclusion on this issue.

In addition, G3 protocol demonstrated greater
formation of precipitates on the dentinal surface and a
lower incidence of open dentinal tubules than those of
the G1 and G5. Therefore, the null hypothesis HO2 was
rejected. This can be explained by the mechanism of
action of this material on eroded dentin. G3 contains in
its chemical composition the CCP-ACPF and 900 ppm
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of fluorine,** and when applied to the dental substrate,

it forms fluorapatite, which is a more stable and less
soluble mineral than hydroxyapatite.”* In addition, the
fluorapatite layer has acid-resistant properties,”* which
could justify G3 results in this study.

EDX analysis showed a higher incidence of Ca and
P on the dentin surface treated with CCP-ACPF, when
compared to that of the other treatments. This finding
shows that the presence of these ions is directly related
to the presence of a layer of stable precipitates as well as
resistance to the acid challenge in the dentin studied in
G3. In addition, this material contains the milk protein
casein, which could stabilize calcium phosphate in a
solution and increase the level of calcium phosphate in
enamel and dentin.® A previous study conducted by
Alencar and others" evaluated the antierosive potential
of CPP-ACPF on dentin, and concluded that this
material is capable of obliterating dentinal tubules and
promoting an increase in Ca and P ions on the dental
surface. These results corroborate the findings of the
present study.

G2 treated with n-HAP associated with 9000 ppm of
Nal' also showed promising results in the formation
of superficial precipitates and the obliteration of
dentinal tubules in this study. The nanoparticulate
hydroxyapatite is morphologically similar to enamel
apatite crystals and has high biocompatibility with
dental tissues. Initially, n-HAP was studied as a
biomimetic material for the reconstruction of lost
enamel because of its high remineralizing potential.**
The phosphate and hydroxide anions released by
n-HAP trap the hydrogen cations of the acid, and this
reaction may be related to a decrease in the titratable
acidity of saliva due to the increase in the concentration
of n-HAP.* This could explain the antierosive effect of
this material on dentin in the present study. However,
a recent study showed that although n-HAP shows
promising results in preventing dental erosion, it should
not be used as the only treatment in the management
of erosive tooth loss. It should be part of a preventive
program associated with other strategies.”” Another
recent study showed that n-HAP applied only once did
not show positive results in the obliteration of dentinal
tubules.” Tt is possible that this material needs more
applications to show an effective result.

Thematerial used in G2 also contains 9000 ppm of NaF
in its composition. It is possible that the remineralizing
effect of NaF associated with n-HAP promoted a
synergistic effect, potentiating the remineralizing effect
of the material. NaF interacts with saliva and forms
a layer of calcium fluoride (CaF,) over the dentin.
During an erosive challenge, this layer protects the
dental structure from acid-induced degradation. Thus,
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the presence of NaF in the oral cavity can prevent the
acid from causing irreversible damage to dentin.**
On the other hand, this protective layer did not show a
significant presence of Ca and P ions when compared
to that of G3. It is possible that materials containing
n-HAP and NaF are more susceptible to the erosive
challenge than CPP-ACPF. This result corroborates
with the findings of Alencar and others."

Although the compound with calcium silicate
and sodium phosphate used in G4 induced the
formation of precipitates on dentin, it demonstrated
a high number of open dentinal tubules. This can
be explained by the treatment strategy used in this
study, as the manufacturer recommends home and
daily use of the material.’*"” Therefore, it is possible
that the precipitates formed were constituted by weak
chemical bonds and present high sensitivity to the acid
challenge. A study conducted by Poggio and others®
showed that regenerated toothpaste (NR-5) was able to
prevent erosion in the face of an erosive challenge with
soft drinks. However, that study carried out only one
erosive challenge, while this present study subjected
the samples to erosion for 28 days. The methodological
differences in laboratory erosion studies hinder the
interrelation between data presented in the literature.

G5 treated with 5% potassium nitrate associated
with 2% NaF showed the worst antierosive results and
was similar to the control group. Potassium nitrate
acts specifically on the polarity of the nerve fiber
stimulated during DH,* and there is no evidence that
it can form mineralized precipitates on the dental
surface. Previous studies have shown that desensitizing
toothpastes containing potassium nitrate have shown
promising results in the obliteration of dentinal
tubules.?”! As already stated by some studies, they can
promote effective obliteration when associated to other
components.” For this reason, studies that showed
tubular occlusion after the use of materials containing
Na“ ions attributed this effect to the deposition of solid
particles in the products and not to the influence of
potassium.*”' However, further studies must be carried
out to clarify this issue.

The materials used in G2 and G3 proved to be
remineralizing agents with potential antierosive effects.
That is, they provide satisfactory precipitate formation
in the intertubular dentin and occlusion of the
dentinal tubules. Therefore, they can be an interesting
alternative to assist in the prevention and treatment of
dentin erosion. However, G2 showed a negative impact
on the collagen matrix, unlike that of G3. Therefore,
CPP-ACPF seems to be more indicated as an antierosive
alternative, as it does not damage collagen. In addition,
an evaluation of dentin permeability could complement
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our results of dentin tubule obliteration, as it was done
in preliminary studies on the use of desensitizing agents
in eroded dentin.”*”® Future studies are necessary to
corroborate and consolidate the results obtained in
this study, as well as to deepen the knowledge about
the impact of remineralizing agents on the dentin
collagen matrix.

Saliva plays a significant role in the formation of
the acquired film on the teeth. This semipermeable
membrane makes it difficult for acid to contact the
dental surface during an erosive challenge.” Therefore,
one of the limitations of laboratory erosion studies
would be the impact of this protective film on the
observed results. To achieve this, all groups studied
were subjected to the same conditions. In addition, it
was observed that the control group showed significant
superficial damage after the erosion challenge. This
demonstrates that the saliva used in this study did not
prevent erosive damage from occurring.

CONCLUSION

Calcium phosphate-based remineralizing agents showed
to be a promising alternative treatment for preventing
deleterious effects on the eroded dentin collagen matrix.
In addition, they promoted precipitate formation and
dentinal tubule obliteration on the eroded dentin.
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