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Silva, Marjully Eduardo Rodrigues. Efeito de dentifricio fluoretado contendo
hexametafosfato de sbédio na erosdo inicial do esmalte [tese]. Aracatuba:
Universidade Estadual Paulista; 2019.

RESUMO

Este estudo in vitro avaliou o efeito de dentifricio fluoretado (F) contendo
ou nao hexametafosfato de sédio (HMP) em inibir ou reparar a erosao inicial do
esmalte. Blocos de esmalte bovino higido (n=48) e desmineralizado (n=48)
foram selecionados por dureza superficial inicial e submetidos a 4 grupos
experimentais (12 blocos/grupo): Placebo (sem F e HMP), 1100 ppm F, 1%
HMP e 1100 ppm F + 1% HMP. Para a analise do efeito protetor, os blocos de
esmalte higido foram imersos uma Unica vez em solugdo de dentifricios com
saliva humana por 2 minutos. Em seguida, os blocos foram submetidos a 4
desafios erosivos com &cido citrico (0,75%, pH 3,5) por 1 minuto, sob agitacao.
A percentagem de variacdo da dureza superficial (%SH) foi calculada apos os
tratamentos e pos desafios acidos de 1, 2, 3 e 4 minutos. Para a andlise do
efeito reparador, o esmalte desmineralizado foi tratado e submetido aos
mesmos desafios erosivos, como descritos anteriormente. A partir de entao,
%SH foi calculada ap6s a desmineralizacdo, tratamentos e desafios acidos de
1, 2, 3 e 4 minutos. Experimento adicional foi realizado para analise da
deposicédo de precipitados por microscopia eletronica de varredura (MEV) em
esmalte desmineralizado. Os dados foram submetidos a anélise de variancia
de medidas repetidas a dois critérios, seguida pelo teste de Student-Newman-
Keuls (p<0,05). Os resultados mostraram que o grupo placebo apresentou a
menor capacidade de inibir e reparar a erosdo do esmalte (p<0,001). A perda
de dureza aumentou durante repetidos desafios acidos para todos 0s grupos;
no entanto, o efeito contra a erosdo do dentifricio com F/HMP mostrou-se mais
resistente. Dentifricios contendo 1100 ppm F + 1% HMP apresentou maior
capacidade de inibir e reparar a erosdo do esmalte seguido pelos grupos 1%
HMP e 1100 ppm F (p<0,001). Na MEV observou-se deposicéo de precipitado

no esmalte para todos os grupos, formando uma camada mais espessa e



homogénea nos grupos com HMP. Concluiu-se que o dentifricio contendo 1100
ppm F e 1% HMP teve um efeito superior quando comparado ao 1100 ppm F
em inibir a erosao inicial do esmalte, reparar o esmalte previamente erodido e

resistir aos repetidos desafios erosivos.

Palavras-chave: Esmalte dentario, Fluoretos, Fosfatos, Erosdo dentaria,
Dentifricios.



Silva, Marjully Eduardo Rodrigues. Effect of fluoride toothpaste containing
sodium hexametaphosphate on initial enamel erosion [thesis]. Aracatuba: State
University of S&o Paulo; 2019.

ABSTRACT

This in vitro study evaluated the effect of fluoride (F) toothpaste containing
or not sodium hexametaphosphate (HMP) in inhibit or repair initial enamel
erosion. Sound (n=48) and demineralized (n=48) bovine enamel blocks were
selected by initial surface hardness and subjected to 4 experimental groups (12
blocks/group): Placebo (without F and HMP), 1100 ppm F, 1% HMP and 1100
ppm F + 1% HMP. For the analysis of the protective effect, sound enamel were
immersed in toothpaste slurry in human saliva once for 2 minutes. Hereatfter,
enamel blocks were submitted to 4 erosive challenges in citric acid (0.75%, pH
3.5) by 1 minute, under stirring. Percentage of surface hardness change (%SH)
was calculated after treatments and 1, 2, 3 and 4 minutes. For the analysis of
the repair effect, demineralized enamel were treated and submitted to erosive
challenges as describe previously. Hereafter, %SH was calculated after
demineralization, treatments and 1, 2, 3 and 4 minutes. Additional experimental
was performed to analysis the deposition of precipitates by scanning electronic
microscopy (SEM) on demineralized enamel. Variables were submitted to two-
way repeated measures analysis of variance followed by Student-Newman-
Keuls test (p<0.05). The results showed that the Placebo group had the lowest
capacity to inhibit and repair enamel erosion (p<0.001). Hardness loss
increased during repeated acid challenges for all groups; however the effect
against erosion of F/HMP toothpaste proved to be more resistant. Toothpaste
containing 1100 ppm F and 1% HMP presented greatest ability to inhibit and
repair enamel erosion followed by 1% HMP and 1100 ppm F groups (p<0.001).
There were deposition of precipitated on enamel for all groups, forming a thicker
layer and homogeneous HMP groups. It was conclude that toothpaste

containing 1100 ppm F and 1% HMP had a superior effect when compared to



1100 ppm F to inhibit the initial erosion on sound enamel, repair the eroded

enamel and to resist to the repeated erosive challenges.

Key-words: Dental enamel, Fluorides, Phosphates, Dental erosion,

Toothpastes.
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Abstract

Objectives: This in vitro study evaluated the effect of fluoride (F) toothpaste
containing or not sodium hexametaphosphate (HMP) in inhibit or repair initial
enamel erosion.

Methods: Sound (n=48) and demineralized (n=48) bovine enamel blocks were
selected by surface hardness (SH) and treated with experimental toothpastes
(12 blocks/group): Placebo, 1100 ppm F, 1% HMP and 1100 ppm F + 1% HMP.
For the analysis of the protective effect, sounds enamel were immersed in
toothpaste/human saliva slurry once for 2 minutes followed by 4 erosive
challenges in citric acid (pH 3.5, 0,75%, 1 minute, under stirring). Percentage of
surface hardness change (%SH) was calculated after treatment and 1, 2, 3 and
4 minutes. For the analysis of the repair effect demineralized enamel were
treated and submitted to erosive challenges as describe previously. Hereafter,
%SH was calculated after demineralization, treatment and 1, 2, 3 and 4
minutes. Data were submitted to 2-way ANOVA followed by Student-Newman-
Keuls test (p<0.05).

Results: Placebo group showed the lowest capacity to inhibit and repair enamel
erosion (p<0.001). Hardness loss increased during repeated acid challenges for
all groups; however the effect against erosion of F/HMP toothpaste proved to be
more resistant. Toothpaste containing 1100 ppm F and 1% HMP presented
greatest ability to inhibit and repair enamel erosion followed by 1% HMP and
1100 ppm F groups (p<0.001).

Conclusions: Toothpaste containing 1100 ppm F and 1% HMP had a superior
effect when compared to 1100 ppm F to inhibit the initial erosion on sound
enamel, repair the eroded enamel and to resist to the repeated erosive
challenges.

Clinical significance: Toothpaste containing F and HMP could be an advantage
in patients affected by dental erosion, due to its higher preventive potential,

mainly those who make frequent use of acidic beverages.

Keywords: Dental enamel, Fluorides, Phosphates, Dental erosion,

Toothpastes.
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1. Introduction

Dental erosion is a multifactorial condition resulting from the cumulative
chemical and mechanical effects on the hard tissues of the teeth without the
involvement of bacteria. Erosive tooth wear is increasingly recognized as a
common condition in pediatric dentistry; its prevalence has been reported to
range from 10 to 80%, mostly diagnosed in its initial stages, and increases
significantly with age [1,2]. Advanced stages of this condition can impair
aesthetics and function, affecting the patient's quality of life [3]. Therefore, it is
necessary to establish effective preventive and therapeutic approaches focused
on the ethiopathogenicity of the lesion. Preventive measures should begin early
and involve causal measures, such as dietary advice, to reduce erosive
challenges [4,5].

Fluoride (F) has been used as a complementary preventive approach to
prevent tooth erosion. However, moderate or low concentrations of F are not
capable of promoting significant preventive effects against erosion [6]. Although
F may have a protective effect under conditions in which erosive factors are not
excessive [7], some studies have shown a limited effect of toothpaste
containing 1000 ppm F when compared to F-free toothpastes on dentin and
enamel abrasion eroded [8-10]. The addition of inorganic phosphate, such as
sodium trimetaphosphate, shows that it is possible to increase the anti-erosive
potential of fluoride toothpastes [11,12]. According to a recent study, sodium
trimetaphosphate would block acid diffusion by reducing enamel softening in
depth [12].

Another phosphate with a strong affinity for hydroxyapatite is sodium
hexametaphosphate (HMP) [13,14]. The presence of six anionic groups in the
ring of its molecule increases the possibility of binding to the amino and
hydroxyl groups of collagen [15,16]. Fluoride toothpaste containing HMP shows
an effect on the reduction of mineral enamel loss [17-19]. This effect may be
due to the capacity of HMP adsorption on the enamel surface and consequent
increase in calcium and phosphate adsorption and diffusion into the enamel
[14]. In vitro [19] and in situ [18] studies showed that the enamel depth lesions
were 53% and 25% lower, respectively, using toothpastes containing 1100 ppm

F and 1% HMP when compared to the 1100 ppm F toothpaste and without
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HMP. However, these toothpastes were tested in models that simulate the
dental caries process and are different from the dental erosion process
characterized by acidic challenges with pH below 4.0 in unsaturated medium in
relation to hydroxyapatite [20,21]. Under these conditions, the dissolution pH of
calcium fluoride, fluorapatite or calcium phosphate precipitate is exceeded
during the erosive challenge. Even though solution containing 1% HMP and
1100 ppm F decreases hydroxyapatite dissolution rate during repeated acid (pH
3.2) challenges [21], this effect needs to be tested in erosive model utilizing
tooth enamel and toothpaste formulation. Also, to verify the capacity of F-
toothpaste containing HMP in inhibiting the enamel erosion or repairs
demineralized enamel as well as resist to the repeated erosive challenges.

The aim of this in vitro study was to evaluate the effect of the F-toothpaste
(1100 ppm F) containing 1% HMP in inhibits or repair initial enamel erosion.
The null hypothesis of the study was that the toothpaste containing F and HMP
has similar capacity to the F-toothpaste without HMP to repair the

demineralized enamel and to resist to the repeated erosive challenges.
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2. Material and methods

2.1. Preparation of enamel blocks and experimental groups

Enamel blocks (4 mm x 4 mm) were obtained from bovine incisors and
were serially polished with water-cooled silicon carbide paper discs (600, 800
and 1200 grades; Extec, Enfield, CT, USA) to remove ~200 um from the enamel
surface [11,22] (ANEXO A). Sample size of 12 blocks was calculated based on
a pilot study, considering as primary result the surface hardness (KHN), the
mean difference between the groups and standard deviation of 12 KHN and 6
KHN, respectively, a-error of 0.05 and a power (1-) of 0.85, using the
statistical program Sigma Plot version 12.0 (Systat Software Inc., San Jose, CA,
USA).

Surface hardness (SH) was determined in the following way: one
reference indentation was made to 1000 uym (Knoop diamond, 500 g, 10
seconds, Shimadzu HMV-2000, Shimadzu Corporation, Kyoto, Japan) from the
central region of the enamel block (Figure 1). Hereafter, initial SH (SHi) after
200 pum of the vertex of that greater indentation, five indentations separated by
a distance of 100 ym were made (Knoop diamond, 25 g, 10 seconds, Shimadzu
HMV-2000) (ANEXO B) [23]. Blocks with average SHi between 350.0 to 380.0
KHN [11,19,22], flat enamel surfaces, without cracks, scratches or hypoplasia
were selected. All surfaces of the blocks were covered with nail polish, except
enamel surface. Enamel blocks (n=96) were randomly distributed according to
the average of SH of the total of blocks and the trust interval among four
treatments with experimental toothpastes: Placebo (without F and HMP), 1100
ppm F, 1100 ppm F + 1% HMP and 1% HMP.

2.2. Toothpaste formulation and fluoride assessment

The toothpastes were handled with the following components: titanium
dioxide, carboxymethyl cellulose, methyl-phydroxybenzoate sodium, saccharin,
mint oil, glycerin, abrasive silica, sodium lauryl sulfate, and deionized water
[11,24]. HMP (CAS 68915-31-1, Sigma-Aldrich, St. Louis, MO, USA) was added


https://software.com.br/c/fabricantes/systat-software
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at a concentration of 1% to the toothpaste containing 1100 ppm F as NaF
(Vetec Quimica Fina Ltda., Dugue de Caxias, RJ, Brazil) [18,19]. Toothpastes
without F and HMP (Placebo), containing 1100 ppm F or 1%HMP were also
prepared (ANEXO C). Total F (TF) and ionic F (IF) concentrations (ppm F,
mean [SD]) of the all toothpastes were checked [25] prior to the beginning of the
experiment using a fluoride specific electrode (9409 BN, Thermo Scientific,
Beverly, MA, USA): Placebo (18.9 [7.5] and 18.2 [2.7]); 1100 ppm F (1,373.9
[33.4] and 1,212.1 [69.9]); 1100 ppm F + 1% HMP (1,342.9 [77.4] and 1,215.5
[37.2); and 1% HMP (20.6 [0.5] and 17.5 [1.3]) (ANEXO D).

2.3. Collect of the human saliva

Human saliva paraffin-stimulated was collected in the morning 1 h after
breakfast from healthy volunteers of both genders (aged 22-28 years, n=6)
according to protocol approved by the Research Ethics Committee (CAAE:
03226118.6.0000.5420) (ANEXO E). Immediately after collection, saliva
samples were pooled and centrifuged for 10 min at 4°C and 2.000xg. The
supernatants were stored at -72°C into 50 mL bottles [26] (ANEXO F). The
pooled of saliva contained 24.0 (3.7) ug Ca/mL and 12.3 (0.1) pg P/mL at pH
7.4 (0.2).

2.4. Toothpaste treatment and analysis erosive protector effect

The enamel blocks (n=48; 12/group) were immersed (2 mL/block) in
suspension of toothpaste and human saliva (1:3 — wt:wt) once for 2 minutes,
and then washed in deionized water for 30 seconds (ANEXO G). The erosive
challenge consisted of individual immersion of each enamel block into 4 mL of
citric acid (0.75%, pH 3.5, Synth, Brazil) under agitation (100 rpm) for 1 minute
at room temperature 25°C, followed by washing with water deionized for 30 s
[27,28]. In total, the erosive challenges were performed four times, after the

treatments with the experimental toothpastes.
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measurements were performed after

toothpaste treatment and each erosive challenge at 400, 600, 800, 1000 and

1200 ym of the right apex of the largest impression (Figure 1A) to calculate the

percentage of surface hardness change (%SH=[(SHf-SHi)/(SHi)]x100) post-

treated, and 1, 2, 3 and 4 minutes of the acid challenge, respectively (ANEXO
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\ D F100pm |
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Erosive Repairer Effect i

Figure 1 — lllustration of the hardness analysis in the Protective (A) and Repair
(B) experiment after preparation of the enamel block (SHi), demineralization
(SH Demin), treatment (SH Post-treated) and SH after erosive challenge during

1,2,3e4 min.

2.5. Toothpaste treatment and analysis erosive repairer effect

Sound enamel blocks were immersed in 4 mL of citric acid (0.75%, pH 3.5,

Synth, Brazil), under agitation (100 rpm) for 1 minute at room temperature, to

produce an initial erosive lesion, and washed with deionized water for 30 s.

After determination of the surface hardness of the demineralized enamel (SH

Demin), the blocks were treated with toothpaste/human saliva slurry. The blocks
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were washed and surface hardness (SH Post-Treated) performed again (Figure
1B) for calculating the percentage of repair of eroded enamel (%SHR=[(SH
post-treated—SHDemin)/(SHi-SHDemin)]x100). Next, the blocks were
submitted to four erosive challenges, as previously described, in order to verify
the residual effect of the treatments. Final surface hardness measurements
(SHf) were performed after each erosive challenge to calculate %SH and the
difference between %SHR and %SH was calculated obtaining A%SH for each
time (ANEXO ).

2.6. Scanning electron microscopy (SEM)

In order to verify the capacity of toothpastes produce precipitates on the
enamel surface, demineralized enamel blocks (n=3/group) were prepared as
previously described. Half of the surface was then insulated with nail polish and
the blocks were treated with toothpaste slurry in human saliva for 2 minutes and
washed in deionized water for 30 s. Thereafter, the nail polish was removed
with a scalpel blade and acetone and the blocks were again washed and dried
with absorbent paper. After that, enamel blocks were mounted on stubs using
carbon double - sided tape and taken to a spray coating machine (Quorum -
Q150T E) and covered with a thin layer of gold. The images of each sample
were obtained by MEV (Carl Zeiss, EVO ILS15, Carl Zeiss NTS LTD,
Germany), with a magnification of 10,000 x at 20 kv, and the presence or not of

precipitate on the enamel surface was evaluated (ANEXO J).

2.7. Statistical analysis

Experimental groups (Placebo, 1100 ppm F, 1% HMP and 1100 ppm F +
1% HMP) and challenge (Demineralization, Post-treated, 1 min, 2 min, 3 min
and 4 min) were considering as fixed factors and %SH as variable. Data
showed normal (Shapiro-Wilk test) and homogeneous (Cochran test)
distributions and thus were submitted to two-way repeated measures analysis
of variance followed by Student-Newman-Keuls test. The analysis was
performed by SigmaPlot software (version 12.0, SigmaPlot, Systat Software
Incorporation, San Jose, CA, USA) and significance level of 5%.
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3. Results

Starting from sound enamel (Table 1), it was clear for all toothpastes that
at each erosive challenge there was an increases of surface hardness loss
(p<0.001), however toothpastes with F or/and HMP led to lower hardness loss
than Placebo (p<0.001). HMP toothpastes led to higher gain of hardness post
treatment and lower hardness loss after 1 and 2 min of erosive challenge than
1100 ppm F (p<0.05). The association F/HMP reduced hardness loss in all

times compared to the others (p<0.001).

Table 1. Means values (SD) of percentage of the surface hardness (%SH)

according to toothpastes and time of acid challenge in the sound enamel (n=12)

Toothpastes
Challenge 1100 ppm F
Placebo 1100 ppm F 1% HMP +
1% HMP

0.53A 2.23B 9.23¢ 11.5%P

Post-treated 4 5y 0.7) (1.9) (0.8)

1 min -12.8A -8.7°B -6.8°¢ -4.0°P
(0.6) (0.6) (1.1) (0.7)

2 min -24.9%A -14.3%B -12.8%¢ -9.1¢P
(0.9) (1.0) (1.5) (0.7)

3 min -37.0%A -18.298 -18.7%8 -13.89¢
(1.1) (1.2) (1.6) (1.3)

4min -49.4°7 -32.5%B -32.7°B -28.9%¢
(1.7) (1.1) (1.6) (1.0

Distinct lowercase show significant difference among time challenge for each
toothpastes. Distinct uppercase letters show difference among toothpastes in
each time challenge (two-way ANOVA repeated measures, Student-Newman-
Keuls, p<0.05).

After initial demineralization, surface hardness loss showed no difference
among toothpaste treatment (p<0.05). Following the toothpaste treatment, there
was repair and gain of surface hardness for all groups, however with difference
among them (p<0.001), with higher value for 1100 ppm F + 1% HMP group
(Table 2). After the four acidic challenges, there was an increase in the
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hardness loss for all groups (p<0.05), but lower in the 1100 ppm F + 1% HMP
(p<0.001).

Table 2. Means values (SD) of percentage of the surface hardness according

to toothpastes and challenge in the previously demineralized enamel (n=12)

Toothpastes
Challenge 1100 ppm F
Placebo 1100 ppm F 1% HMP +

1% HMP
Demin -10.434 -11.0%4 -11.134 -11.43A
(%SH Demin) (0.4) (0.7) (0.7) (0.8)
Post-treated 4.9°A 32.5°8 47.7°C 76.2°P
(%SHR) (0.9) (1.7) (1.4) (2.2)
1 min -7.4%A 23.7°B 32.9%C 64.2¢P
(A%SH) (0.8) (1.8) (2.5) (4.5)
2 min -20.3%4 16.9%8 18.0%8 55.24¢
(A%SH) (1.0) (2.3) (2.1) (3.1)
3 min -36.284 1.3%B 9.3%¢ 42.8°P
(A%SH) (1.5) (2.1) (2.2) (4.1)
4 min -44.9"A -9.2'B 5.5"C 39.1P
(A%SH) (1.4) (2.2) (2.4) (3.7)

Distinct lowercase show significant difference among time challenge for each
toothpastes. Distinct uppercase letters show difference among toothpastes in each
time challenge (two-way ANOVA repeated measures, Student-Newman-Keuls,
p<0.05).

Distinct precipitates were evident by SEM on the treated demineralized
enamel surfaces by the different toothpastes (Figure 2). In contrast, apatite
crystals expose and fish-scale “keyhole” or honeycomb structure appeared on
the untreated demineralized surface. For Placebo and 1100 ppm F, the
precipitated produced a thinner layer, more homogeneous with fluoride
toothpaste (Figure 2B). A precipitated thicker layer and homogeneous was

observed with toothpastes containing HMP (Figure 2C and 2D).
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Figure 2 — SEM images of a representative specimen in different groups: (A)
Placebo, (B) 1100 ppm F, (C) 1% HMP and (D) 1100 ppm F + 1% HMP. Black
asterisk indicates eroded enamel. White asterisk indicates precipitated formed
after the treatments. Arrow indicates the limit between eroded enamel and

precipitated formed after treatments.
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4. Discussion

The results showed that the addition of 1% HMP to 1100 ppm F
toothpaste presented the lowest softening of enamel and the highest ability to
repair the erosion lesion in the enamel compared to F toothpaste without HMP.
Moreover, F/HMP toothpaste did present superior results over subsequences
acid challenges in previously demineralized enamel. Thus, the null hypothesis
was rejected. Furthermore, toothpastes containing HMP produced great
guantities of precipitated on enamel demineralized surface.

Even if prior had studies showed a restricted or none effect of F toothpaste
(>1000 ppm F) against enamel wear [9-11,29,30], in an initial erosive process
that exhibit an enamel softened without loss of structure, the 1100 ppm F
demonstrated a significant higher protective effect compared with Placebo. As
known the effect of F toothpaste is due the precipitation of calcium fluoride
(CaF,-like) on enamel [9,31]. Furthermore, higher deposition of CaF, occurs on
demineralized enamel due the great availability of calcium and phosphate and
area of reactivity [32-34]. This corroborates the mineral gain 15 times higher in
the demineralized enamel than in the sound enamel when treated with a
toothpaste containing 1100 ppm F (post-treatment value from Table 2 over
post-treatment value from Table 1). Moreover, those deposits did show the
greater resistance to erosive challenge than sound enamel. Comparably, the
precipitates induced by 1% HMP toothpastes that led to superior mineral gain
than F toothpaste on enamel demineralized also were more durable over time.

In addition to producing initial erosion repair greater than 1100 ppm F
toothpaste, 1% HMP group performed better on subsequent acid challenges.
HMP has ability to adsorb on enamel creating a protective layer that hinders
acid diffusion into the enamel [18,19]. HMP-layer presents larger quantities of
electron-donor sites that enhance the adsorption of ionic species as Ca?*,
H,PO, and CaH,PO4;" on enamel [14]. To confirm this ability, the additional
experiment showed a massive deposition of that calcium phosphate layer on
demineralized enamel for the HMP toothpastes (Figure 1C and 1D). Based on
this, HMP demonstrated significant capacity to induce enamel remineralization
in depth in the enamel [35]. However, it had not yet been shown how the

product of the repair would withstand subsequent erosive challenge. Besides
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leading to a higher hardness, the product consisting primarily of calcium
phosphate by HMP was more resistant to erosive challenge (sound or
demineralized enamel) than the fluoride-based product induced by the
fluoridated toothpaste. Unlike calcium phosphate deposits formed in Placebo
(Figure 1A), the presence of HMP leaves this layer less susceptible to acids.
Previous study has shown that the treatment of hydroxyapatite with HMP or
1100 ppm F associated with HMP reduces its dissolution by forming a barrier
that limits acid diffusion [21]. In this case, HMP-Ca-PO, layer minimize the
exposition to acid on enamel surface by retains in its structure H* [17,18],
leading to a slower dissolution of the sound enamel.

Contrary to previously stated in studies utilizing caries models [17,18], and
based on the data discussed above, the results of the present study
demonstrated that the F/HMP association has an additive effect on the erosive
process. Although studies have shown that cyclic phosphates compete with the
adsorption of fluoride on enamel [19,36], the presence of F would induces an
increase in HMP adsorption in healthy enamel and, consequently, a greater
amount of calcium phosphate nucleating sites (unpublished data). Probably, the
structural arrangement of the HMP layer formed in the presence of fluoride is
different from HMP alone. The studies have hypothesized that a HMP-Ca-F
layer would be formed [17,18]. This layer enhance the diffusion and deposition
of calcium phosphate rich in F into the enamel (Figure 1D) that would explain
the ability 2-fold higher of F/HMP association (Table 2) to repair the initial
erosive lesion than 1100 ppm F toothpaste (Figure 1B). Furthermore, the
inhibitory effect persisted during repeated acid challenges as observed in
previous study utilizing hydroxyapatite [21].

Clinically the use of this toothpaste would have a major impact on initial
erosive lesions or immediately upon ingestion of acidic beverages during meals.
However, the present in vitro model does not fully reproduce acid challenges
occurring in vivo, as the abrasive effect during the teeth brushing. Thus, would
be interesting verify if HMP-Ca-F layer is present and protect the enamel and

dentin against erosion when the toothpaste is applied through brushing.
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5. Conclusion

It was conclude that 1100 ppm F toothpaste containing 1% HMP had a
superior effect when compared to toothpaste with 1100 ppm F to inhibit the
initial erosion on sound enamel, repair the eroded enamel and to resist to the

repeated erosive challenges.
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ANEXOS
ANEXO A
OBTENCAO E PREPARO DOS BLOCOS DE ESMALTE

Confeccao dos blocos de esmalte bovino

Coroa do dente bovino incisivo central inferior,
separada da raiz através de disco diamantado de
duas faces (KG Sorensen D 91), montado em
motor de bancada (Nevoni), mantido sob
refrigeracdo (dgua destilada/deionizada).

Seccdo da coroa utilizando disco diamantado
(série 15 HC Diamond - n. 11-4244 Buehler)
separando a superficie vestibular da lingual.

Face vestibular fixada na placa de acrilico.

Seccdao da face vestibular no sentido longitudinal,
na porcdo mais plana, utilizando-se 2 discos
diamantados (série 15 HC Diamond — n. 11-4243
Buehler), montados em cortadeira sob
refrigeracdo com agua destilada/deionizada e
separados por um disco espacgador de aluminio
com 4 mm de espessura. Em seguida, foi
realizado o corte no sentido transversal.

Fragmento vestibular do dente bovino, fixado
sobre placa de resina. Ao lado, bloco de esmalte
dentério.
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PLANIFICACAO DA DENTINA E POLIMENTO DO ESMALTE

Bloco de esmalte fixado em disco de resina
acrilica pré-fabricada (3 cm de diametro por 8 mm
de espessura), com auxilio de cera pegajosa
(Kota Ind. e Com. LTDA), com a superficie
dentinéaria voltada para cima.

Polimento de dentina, utilizando Politriz Grinder-
Polisher Buehler com lixa de granulacdo 320
(CARBIMET Paper Discs, 30-5108-320,
BUEHLER), durante 20 segundos sob baixa
rotacao e refrigeracéo.

Blocos fixados com a superficie do esmalte
voltada para cima, a qual foi polida para andlise
de dureza.

SEQUENCIA DO POLIMENTO DE ESMALTE

A. Limpeza da superficie de esmalte com pedra-pomes, agua deionizada e
taca de borracha montada em contra-angulo em baixa-rotacao.

B. Na Politriz Grinder — Polisher Buehler - lixa de granulacdo 600, 800 e 1200
(30 segundos) refrigeracdo a agua, e para finalizar acabamento final com disco
de papel feltro TEXMET 1000 (Buehler Polishing Cloth) (1 minuto) e suspensao

de diamante 1 micron base-agua (Buehler).

C. Limpeza em lavadora ultrassdnica (Ultramet Sonic Cleaning Solution -

Buehler) em agua destilada/deionizada (20 minutos);



ANEXO B
DUREZA DE SUPERFICIE INICIAL

Microdurémetro SHIMADZU

Base acrilica com bloco de dente
bovino pds dureza inicial
n=48
n=12/grupo
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ANEXO C
GRUPOS EXPERIMENTAIS

PLACEBO 1100 1% HMP 1100
ppm F ppm F +
1% HMP

Dentifricios - Grupos Experimentais

Composicao dos dentifricios dos grupos experimentais

Dentifricios (g/100g)

1 *

Ingredientes Placebo 1% HMP 1100 ppm F 0 PP F
Agua deionizada 59,12 58,12 58,88 57,88
Glicerina 26,6 26,6 26,6 26,6
Fluoreto de sodio** - - 0,24 0,24
Hexametafosfato de sédio - 1,0 - 1,0
g/léedtil:)-p-Hldroxmenzoato de 0.08 0.08 0.08 0.08
Sacarina sodica 0,1 0,1 0,1 0,1
Carboximetilcelulose 1,4 1,4 1,4 1,4
Silica abrasiva (Tixosil 73) 10,0 10,0 10,0 10,0
Dioxido de titanio 0,5 0,5 0,5 0,5
Lauril sulfato de sédio 1,7 1,7 1,7 1,7
Flavorizante (6leo de menta) 0,5 0,5 0,5 0,5

*(Sigma-Aldrich, St. Louis, MO, USA). **(Vetec Quimica Fina Ltda., Duque
de Caxias, RJ, Brasil).

Obs: Os dentifricios foram manipulados no laboratério de
Odontopediatria - UNESP/FOA.




ANEXO D
ESQUEMA REPRESENTATIVO DA DOSAGEM
DO F NOS DENTIFRICIOS

0,100-0,110 g de dentifricio + H,O deionizada

qg.s.p. (10 mL)

Vortex - homogeneizacao

Suspensao - dentifricio

Centrifugacdo 250 ul da
906xg 20min

suspensdo

250 ul do +250 ul
sobrenadante de HCI 2M

+250 ul Agitacdo
de HCI 2M 1h/45 °C

+500 ul +500 ul
de NaOH 1M de NaOH 1M

1000 pl 1000 plL
de TISAB II de TISAB II

Leitura do F Leitura do F
iénico/mv total/mv
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ANEXO E
COMITE DE ETICA

UNESP - FACULDADE DE
ODONTOLOGIA-CAMPUS DE W"“‘
ARAGATUBA/ UNIVERSIDADE

PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Efeito de dentifricios fluoretados contendo hexametafosfato de sédio na erosdo do
esmalte.

Pesquisador: Denise Pedrini

Area Tematica:

Versao: 1

CAAE: 03226118.6.0000.5420

Instituicao Proponente: Faculdade de Odontologia do Campus de Aracatuba - UNESP
Patrocinador Principal: Financiamento Proprio

DADOS DO PARECER

Ndamero do Parecer: 3.064.283

Apresentacido do Projeto:

Para este estudo in vitro, blocos de esmalte bovino serao selecionados pela dureza de superficie inicial
(SHi) e divididos em 4 grupos (n=12/grupo):

placebo (sem F e sem HMP), 1100 ppm F (1100), 1100 ppm F associado a 1% HMP (1100HMP) e 1% HMP
(HMP). Para a anélise do efeito protetor

em lesBes erosivas iniciais (n=48), os dentifricios serdo aplicados uma vez nos blocos e a seguir serdo
realizados 4 desafios erosivos (acido citrico,

0,75%, pH = 3,5, 1 minuto, sob agitacdo). Dureza de superficie final (SHf) sera realizada apés cada desafio,
para calcular a porcentagem de

alteragdo da dureza de superficie (%SHC). Para a andlise do efeito reparador em lesdes erosivas iniciais
(n=48), apds os blocos serem imersos em

acido citrico, sera determinada a dureza de superficie do esmalte erodido (SHE). A seguir, os blocos serao
tratados com os dentifricios e

determinada novamente a dureza para o calculo da porcentagem de reparacdo do esmalte erodido (%SHR).
Serédo realizados 4 desafios erosivos

com &acido citrico e SHf apds cada desafio. Os dentifricios e o tempo de exposigdo ao acido serdo
considerados os fatores de variagdo e, como

variaveis, as %SHC e %SHR em cada tempo. Os dados serdo submetidos a analise de varidncia de

medidas repetidas a dois critérios seguidas pelo
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UNESP - FACULDADE DE
ODONTOLOGIA-CAMPUS DE W‘m
ARACATUBA/ UNIVERSIDADE

Continuagéao do Parecer: 3.064.283

teste Student-Newman-Keuls (p<0,05.

Objetivo da Pesquisa:
O objetivo deste estudo sera avaliar in vitro o efeito do dentifricio fluoretado contendo hexametafosfato de
sodio na eroséo inicial do esmalte.

Avaliacao dos Riscos e Beneficios:

Riscos:

Havera risco minimo, pois havera coleta de saliva que sera estimulada com auxilio de parafina, sendo
expectorada em frasco estéril.

Beneficios:

O beneficio sera entender melhor o mecanismo de agdo da associagéo fluoreto/hexametafosfato de sédio
no processo da erosdo do esmalte.

Comentarios e Consideragdes sobre a Pesquisa:
Projeto cientifico dentro das normas da CONEP.
A metodologia proposta é capaz de atender os objetivos do estudo.

Consideracdes sobre os Termos de apresentacao obrigatdria:
Os termos obrigatérios foram apresentados.

Recomendacdes:

Nao ha.

Conclusdes ou Pendéncias e Lista de Inadequacées:

Nao havendo pendéncias, recomenda-se a aprovagéo do projeto.

Consideragodes Finais a critério do CEP:

Nao havendo pendéncias, o CEP propde a aprovagéo do projeto de pesquisa salientando que, de acordo
com a Resolugéo 466 CNS de 12/12/2012 (titulo X, secdo X.1., art. 3, item b, e, titulo XI, se¢do XI.2., item
d), ha necessidade de apresentagéo de relatérios semestrais, devendo o primeiro relatério ser enviado até
01/06/2019. O CEP reitera a necessidade de entrega de uma via (n&o cépia) do TCLE ao sujeito participante
da pesquisa e solicita ao pesquisador responsavel leitura da carta circular 003/2011 CONEP/CNS antes do
inicio do projeto.

Este parecer foi elaborado baseado nos documentos abaixo relacionados:
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Tipo Documento Arquivo Postagem Autor Situacao
Informagdes Basicas| PB_INFORMACOES_BASICAS_DO_P | 21/11/2018 Aceito
do Projeto ROJETO 1233171.pdf 17:07:21
Folha de Rosto folhaderosto.pdf 21/11/2018 | Denise Pedrini Aceito

17:05:50
TCLE / Termos de | termo.pdf 21/11/2018 | Denise Pedrini Aceito
Assentimento / 16:13:46
Justificativa de
Auséncia
Projeto Detalhado / | Projetodepesquisa.pdf 21/11/2018 | Denise Pedrini Aceito
Brochura 11:49:59
Investigador

Situagédo do Parecer:
Aprovado

Necessita Apreciagao da CONEP:

Nao
ARACATUBA, 07 de Dezembro de 2018
Assinado por:
Aldiéris Alves Pesqueira
(Coordenador(a))
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Bairro: VILA MENDONCA CEP: 16.015-050
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ANEXO F
COLETA SALIVA HUMANA

Frente a aprovacao pelo comité de ética em pesquisa humana, a coleta
da saliva humana foi feita em varios dias, no periodo da manha, pelo menos uma
hora apods a ingestdo do café da manha. Cada voluntario recebia um pedaco de
parafilme para ajudar na producdo da saliva e um recipiente plastico onde
depositavam por 20 minutos toda saliva produzida. Ao final, toda saliva coletada foi
homogeneizada num becker e vertidas em varios falcons de 15 mL. Em seguida, 0s

falcons eram levados a um centrifuga, por 10 min, a 2000 rpm. O sobrenadante foi

congelado a -72°C.

Voluntario doando Preparo da saliva em
saliva tubos

Centrifugagao da saliva em
2000 rpm por 10 min.

Tubo Falcon com armazenamento do
sobrenadante

Mantidos em freezer — 72°C

Separagao do liquido sobrenadante
e pellet
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ANEXO G
ESQUEMA DE CICLAGEM DE EFEITO PROTETOR

Bloco de dente bovino com Fixacao do bloco de Bases fixadas em
protecdo com esmalte cosmético esmalte na base acrilica dispositivos para
realizacao do
tratamento

N4

Dispositivo com bases acrilicas

coladas com blocos de dentes bovinos
sendo imersas em solugéo 2 mL na
suspensao, por 2 minutos

Diluicdo do dentifricio em
saliva humana (1:3)

Agitadora com dispositivo em 100 rpm,
em temperatura ambiente_de 25°C
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ANEXO H
CICLOS DE EROSAO DE EFEITO PROTETOR
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Blocos de dente
bovino colado em
base
n=48

Adigao do acido citrico
(4 mL) 0,75%; pH 3,5

Repetir o ciclo
por 4 vezes

Microdurémetro
Carga25¢g
Tempo 10 s

Agitagao dos blocos por
100 rpm, 1 min
Temp. ambiente 25°C

' 4

Lavado por 30s
em agua
deionizada
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CICLOS DE EROSAO DE EFEITO REPARADOR

Imagem da dureza
inicial
n=48

Acido citrico (4 mL)
0,75%; pH 3,5

Imagem da dureza inicial (SHi)
e Po6s erosao (SHDemin)

Solucéao de saliva humana
+ dentifricio (1:3)

Carga25¢g
Tempo 10 s

”‘” T

R JHEaE 1T
P %00 09 ™

Agitagao em 100 rpm,
por 1 min
Temp. ambiente 25°C

' 4

Lavado por 30 s
com agua
deionizada

Dureza pos tratamento com
dentifricio e realizou 4
desafios acidos.
Dureza final apds cada ciclo.

Imerséo dos blocos em
2 mL na solugao e agitagao
por 2 min.




ANEXO J

MICROSCOPIA ELETRONICA DE VARREDURA

Metalizagdo da amostra
com ouro

Microscopio Eletrénico de
Varredura — MEV (Carl
Zeiss, EVO ILS15)
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