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RESUMO

A cérie dentéria em seu estagio inicial é vista como uma regido opaca e eshbranquigada
sem cavitacdo visivel. A prevencéo é geralmente feita com a aplicacéo de fluoretos, mas
para garantir esse efeito, os niveis de F~ sempre precisam estar elevados. O objetivo
deste estudo foi avaliar a resisténcia &cida de lesdes de mancha branca do esmalte dental
tratadas por diferentes métodos de prevencdo de carie. Foram obtidos 50 incisivos
bovinos e preparadas amostras padronizadas (5x5x3). Em seguida, realizou-se a leitura
da microdureza do esmalte dental antes de qualquer intervencéo, seguido pelo primeiro
desafio cariogénico, onde 0s espécimes permaneceram imersos por 6 horas em solugédo
desmineralizante e 18 horas em solucdo remineralizante por 14 dias. Apds, foi
conduzida uma nova avaliagdo da microdureza do esmalte, seguida da aplicacdo de
cinco tratamentos ndo invasivos: gel fluoretado (G1), verniz fluoretado (G2), dentifricio
com CPP-ACP (G3), resina infiltrante ICON (G4) e laser de ErnCr:YSGG (Gb5).
Posteriormente, todas as amostras foram submetidas a uma nova avaliagdo da
microdureza e ao ultimo desafio cariogénico, com subsequente e Ultima anélise da
microdureza. Os dados foram submetidos ao teste de normalidade D’ Agostino. ANOVA
unidirecional e teste de Tukey foram utilizados para analisar as diferencas de
microdureza de todos os grupos. O nivel de significancia estatistica foi 5%. Os
resultados revelaram que o valor da microdureza do esmalte dental do G1 (GF)
permaneceu estavel apos o tratamento (453+137%), comparavel aos valores iniciais
(457+150%), e apOs o 2° desafio cariogénico, houve um aumento da resisténcia deste
grupo (428+79?). Ja o G2 (VF), apresentou microdureza pos-tratamento (472+38%)
semelhante aos valores iniciais (498+37%), mas apds segunda acidez registrou uma
diminuiciio (420+63°). O G3 (CPP-ACP) também demonstrou um aumento na
microdureza pds-escovacdo (448+107%) seguida por uma reducdo frente a um novo
desafio acidogénico (439+111°). O G4 (ICON) recuperou a microdureza do esmalte
desmineralizado apds a infiltracdo (480+40%), além de resistir a nova desmineralizacao
(431£66%). Resultados semelhantes foram observados para o G5 (L), onde os valores de
microdureza ap0s a irradiacdo (445+47%) mantiveram-se similares aos do momento
inicial (507+85%), assim como ap6s o 2° desafio cariogénico (443+40%). Todos o0s
métodos avaliados conseguiram restaurar a dureza do esmalte dentério, contudo, 0
verniz fluoretado e a escovagdo com dentifricio CPP-ACP demonstraram uma eficacia
relativamente menor em compara¢do com as outras abordagens. Por outro lado, o gel
fluoretado, o laser Er,Cr:YSGG e o infiltrante resinoso conseguiram manter a dureza do
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esmalte dentario em niveis semelhantes aos valores iniciais. O desempenho destes
métodos pode aumentar se os tratamentos forem realizados em conjunto, portanto,
novos estudos sdo necessarios para avaliar a sinergia dessas técnicas, a fim de promover

maiores resultados na prevencéo da carie dentaria.

Palavras-chave: Carie dental; Dentifricios; Desmineralizacdo do dente; Fllor; Testes de
dureza.
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ABSTRACT

Dental caries are its early stage is seen as an opaque, whitish region without visible
cavitation. Prevention is typically done through fluoride application, but to ensure this
effect, fluoride levels must always be elevated. The aim of this study was to assess the
acid resistance of white spot lesions on dental enamel treated by different caries
prevention methods. Fifty bovine incisors were obtained and standardized samples
(5x5x3) were prepared. Subsequently, the enamel microhardness was measured before
any intervention, followed by the initial cariogenic challenge, where specimens were
immersed for 6 hours in demineralizing solution and 18 hours in remineralizing solution
for 14 days. Afterward, a new assessment of enamel microhardness was conducted,
followed by the application of five non-invasive treatments: fluoride gel (G1), fluoride
varnish (G2), CPP-ACP-containing toothpaste (G3), ICON infiltrating resin (G4), and
Er,Cr:YSGG laser (G5). Later, all samples underwent another microhardness
assessment and the final cariogenic challenge, with subsequent and final microhardness
analysis. The data were subjected to D'Agostino normality test. One-way ANOVA and
Tukey's test were employed to analyze the differences in microhardness among all
groups. The statistical significance level was set at 5%. The results revealed that the
enamel microhardness value of G1 (GF) remained stable after treatment (453+1379),
comparable to the initial values (457+150%), and following the 2nd cariogenic challenge,
there was an increase in the resistance of this group (428+79%). On the other hand, G2
(VF) showed post-treatment microhardness (472+38%) similar to the initial values
(498+379), but after the second acidity challenge, a decrease was recorded (420+63P).
G3 (CPP-ACP) also demonstrated an increase in microhardness post-brushing
(448+107%) followed by a reduction in the face of a new acidogenic challenge
(439+£111°). G4 (ICON) regained the microhardness of demineralized enamel after
infiltration (480x+40%), as well as resisting new demineralization (431+66%). Similar
results were observed for G5 (L), where microhardness values after irradiation
(445£47%) remained similar to those at the initial moment (507+85%), as well as after the
2nd cariogenic challenge (443+40%). All evaluated methods were able to restore dental
enamel hardness; however, fluoride varnish and brushing with CPP-ACP toothpaste
showed relatively lower efficacy compared to other approaches. On the other hand,
fluoride gel, Er,Cr:YSGG laser, and resin infiltrant were able to maintain dental enamel
hardness at levels similar to initial values. The performance of these methods may
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increase if treatments are performed in conjunction; therefore, further studies are needed

to evaluate the synergy of these techniques in order to promote better outcomes in

dental caries prevention.

Keywords: Dental caries; Dentifrices; Fluoride; Hardness tests; Tooth demineralization.
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1. INTRODUCAO

A cérie dental é uma doenca dindmica, multifatorial, mediada por biofilme
bacteriano, que afeta grande parte da populacdo e promove a destruicdo localizada dos
tecidos dentarios (Cheng et al., 2022). Esse distdrbio pode ocorrer ao longo da vida,
tanto na denti¢do decidua quanto na permanente, com potencial de danificar a coroa do
dente e, posteriormente, as superficies radiculares expostas. Sua origem depende da
correlacdo entre fatores determinantes primarios, representados pelo biofilme dental, a
microbiota cariogénica, o hospedeiro (dieta) e o tempo, e pelo fator determinante
secundario, representado pela saliva (Pitts et al., 2017). Somado a eles estdo os fatores
modificadores ou confundidores, caracterizados pela renda, pelo conhecimento sobre
higiene oral, pelo comportamento do individuo e pela escolaridade (Tinanoff et al.,
2019). Na infancia a carie € vista como uma doenca cronica, sendo uma das patologias
evitaveis mais comuns, tornando-se um problema de salde publica (Seow, 2018).
Conhecida como uma "epidemia silenciosa”, a cérie afeta desproporcionalmente as
populacdes pobres, em especial criancas e jovens (Frencken et al., 2020).

As lesBes iniciais de carie sdo caracterizadas pela presenca de areas opacas no
esmalte, criadas pela perda mineral da camada subsuperficial do tecido duro, sem que
haja cavitacdo clinicamente visivel (Ebrahimi et al., 2017). Nota-se ainda uma
coloracdo mais esbranquicada em comparacdo ao esmalte sadio, devido a diferenca dos
indices de refracdo (IR) entre a regido desmineralizada (IR= 1,33 em meio aquoso e 1
em meio seco) e a area de esmalte integro (IR=1,65) (Oguro et al., 2016).

O diagnostico precoce da desmineralizacdo do esmalte dental permite que seja
empregada a terapia de remineralizacdo do tecido duro, interrompendo a progresséo da
lesdo incipiente com a menor perda tecidual possivel, utilizando diferentes abordagens
minimamente invasivas como, por exemplo, a educa¢do/motivacdo do paciente para
uma correta higiene oral, o controle da dieta e a aplicacdo de compostos a base de fltor
no dente e cavidade oral (Chan et al., 2022).

Os fluoretos, forma ib6nica do elemento quimico flGor, sdo o0s principais
responsaveis pelo declinio da cérie dentaria em paises desenvolvidos e também no
Brasil. Além da reducdo da prevaléncia da carie, o F- age reduzindo a velocidade de
progressao de novas lesdes (Clarck et al., 2020). O efeito preventivo do fluor tem sido

investigado extensivamente nos ultimos anos. Varias modalidades e métodos de
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aplicacdo dos compostos fluoretados foram estudados, cada um com sua propria
concentracdo recomendada, frequéncia de uso e esquema de dosagem (O'Mullane et al.,
2016).

A aplicacdo profissional de fluor é realizada nos consultérios odontoldgicos e é
frequentemente recomendada para individuos de alto risco/atividade de cérie. Essa
aplicacdo envolve uso de geis fluoretados, vernizes, espumas e pastas que podem, em
alguns casos, serem implementados em escolas ou outras instituicbes como parte de
programas de prevencao de carie (Soares et al., 2021).

Apesar da American Dental Association sugerir que individuos que apresentam
alto risco a cérie deveriam receber verniz fluoretado duas vezes por ano, a literatura ndo
é conclusiva sobre esse assunto, principalmente devido ao risco da fluorose dentaria,
que é o resultado da ingestdo crénica de fluor durante o desenvolvimento dental, que se
manifesta como mudancas visiveis de opacidade do esmalte devido a alteracbes no
processo de mineralizacdo do dente (Grohe e Mittler, 2021). Outro fator que pode ser
considerado uma desvantagem é a necessidade da utilizacdo constante de compostos
fluoretados para que os niveis de F- na saliva se mantenham elevados e possam atuar na
prevencdo ou na progressdo das lesdes cariosas (Benedito et al., 2023). Por esse motivo,
outras abordagens nao invasivas como, infiltrantes resinosos, dentifricios contendo
caseina (CPP-ACP) e o laser estdo sendo estudados para diminuir a utilizacdo ou
mesmo substituir o flor no processo de higienizacdo bucal (Doméjean et al., 2014;
Gulec e Goymen, 2019).

O infiltrante resinoso ICON (DMG, Chemisch — Pharmazeutische Fabrik GmbH,
Hamburgo, Alemanha) é um método promissor de tratamento minimamente invasivo,
uma vez que sua baixa viscosidade e seu poder de penetracdo permitem que ele infiltre
no corpo da lesdo de esmalte e preencha as porosidades evitando a difusdo de acidos e
sais minerais dissolvidos que levariam a uma maior desmineralizagdo e progressao da
lesdo (Askar et al., 2015). Além de impedir a progressao da lesdo, o infiltrante resinoso
(Icon®) possui um indice de refracdo muito semelhante ao do esmalte dental saudavel
(1,46-1,52) o que confere a esse material, a capacidade de mascarar o0 aspecto
esbranquicado que a lesdo incipiente apresenta devido ao didmetro aumentado de seus
poros (Andrade et al., 2020; Farias et al., 2022).

Na ultima década uma nova perspectiva de tratamento ndo invasivo de lesdes

iniciais de carie foi adotada. A caseina, uma proteina do leite, demonstrou atividade
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anticariogénica através da capacidade de estabilizar calcio e fosfato na superficie
dentéria, aumentando o gradiente destes ions e, consequentemente, promovendo a
remineralizacdo (Nakamura et al., 2021). O fosfopeptideo caseina se liga ao fosfato de
calcio amorfo, constituindo o complexo Fosfopeptideo Caseina - Fosfato de Calcio
Amorfo (CPP ACP). O fosfato de calcio amorfo é capaz de liberar ions de célcio e
fosfato, mantendo um estado supersaturado, otimizando o processo de remineralizacao.
O complexo CPP-ACP possui formulagdes em produtos como enxaguante bucal,
dentifricio, mousse e goma de mascar (Tao et al., 2018).

Outro tratamento alternativo que tem sido bastante discutido na literatura é a
utilizacdo de lasers em alta intensidade para aumentar a resisténcia acida do esmalte
dental. Os relatos da literatura ttm demonstrado que a irradiagéo do esmalte dental com
lasers de alta intensidade tem promovido reducdo significativa da perda mineral (Al-
Maliky et al., 2020). Diferentes hipoteses tém sido propostas para explicar as alteraces
do esmalte que resultam no efeito preventivo e todas elas se relacionam com o aumento
de temperatura no tecido irradiado, diminuindo a solubilidade e permeabilidade dele
(Al-Maliky et al., 2020; Luk et al., 2020).

Como discutido, varios sdo 0os métodos que se propdem a remineralizar o
esmalte dental. Em grande parte das vezes os estudos sobre prevencdo de cérie sdo
realizados em esmalte sadio (Taher et al., 2012; Abufarwa et al., 2022). No entanto,
seria interessante compreender a eficacia dessas abordagens na prevencdo da progressdo
das lesbes de cérie, ou seja, avaliar a efetividade de diferentes tratamentos no controle
de lesdes iniciais da carie dental. Dessa maneira, 0 objetivo do presente estudo € avaliar
a microdureza de lesbes de mancha branca tratadas com diferentes métodos de
prevencdo de carie. A hipotese nula é de que os tratamentos ndo sdo capazes de impedir

a desmineralizacdo das les6es de mancha branca do esmalte dental.
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2. OBJETIVOS

O objetivo do presente estudo foi avaliar a resisténcia acida de lesdes de mancha

branca do esmalte dental tratadas por diferentes métodos de prevencéo de cérie.
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4. ABSTRACT

The objective was to evaluate the surface hardness of white spot lesions (WSL)
treated with different caries prevention methods. The Knoop microhardness (UKHN) of
50 bovine dental enamel fragments was evaluated. WSL were induced (pH cycling) in
these fragments and, after pWKHN analysis, the specimens received the following
treatments (n=10): fluoride gel (NaF 2% - G1), fluoride varnish (NaF 5% - G2),
brushing with CPP-ACP dentifrice (G3), infiltrant resin (lcon-DMG) (G4) and
Er,Cr:YSGG laser (8.92 J/cm2, 0.5 W) (G5). A second cariogenic challenge was done
after treatments, and surface microhardness was measured before and after those
treatments. The Knoop hardness (KHN) values obtained were analyzed by one-way
ANOVA followed by Tukey’s test (a=5%). After treatments, the KHN was similar to
the baseline in all groups. After the second cariogenic challenge, it was observed that
G1, G4 and G5 presented KHN similar to their baseline numbers, and in G2 and G3 the
KHN was similar to the post-treatment numbers. In general, the recovery of enamel
hardness after treatment was above 86%, where fluoride gel, varnish and icon achieving
slightly better results than the CPP-ACP and Er,Cr:YSGG laser. The analysis of the acid
resistance of WSL showed that in groups 1, 3 and 5 the loss of hardness was lower than
that observed in groups 2 and 4. It was concluded that the treatments recovered the
hardness of the demineralized enamel and that, despite the methods tested did not
prevent demineralization of WSL, their effectiveness was greater than 85%.

KEYWORDS: Dental caries; Dentifrices; Fluoride; Hardness tests; Tooth

demineralization.
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5. INTRODUCTION

Dental caries is a dynamic, multifactorial disease, mediated by bacterial biofilm,
affecting a large part of the population and promoting localized destruction of dental
hard tissues [1]. Caries can occur throughout life, both in primary and permanent
dentition, and can damage the tooth crown and, subsequently, the exposed root surfaces.
Its origin depends on the correlation between primary determining factors, represented
by dental biofilm, cariogenic microbiota, sugar-based diet and time. In addition, salivary
flow, saliva components and socioeconomic factors contribute to the occurrence of the
disease [2]. Initial caries lesions, known as white spot lesions (WSL), are characterized
by the presence of opaque areas on enamel, originated through the loss of mineral from
the subsurface layer of the hard tissue, without clinically visible cavitation [3].

Early diagnosis of enamel demineralization allows the adoption of a
remineralization therapy, which often stops the progression of the lesion. Currently, the
use of fluoride-based compounds represents the main method to prevent tooth caries [4].
The preventive effect of fluoride has been extensively investigated in recent years.
Different methods of applying fluoride compounds have been studied, each one with its
own recommended concentration, frequency of use and dosage schedule. The use of
fluoride through toothpastes, varnishes, gels and mouthwashes is common in cavity
prevention programs [1,2,4]. Although the American Dental Association suggests that
individuals at high risk for caries should receive fluoride varnish twice a year, the
literature is not conclusive on this subject, mainly due to the risk of dental fluorosis in
children [5]. Another factor that can be considered a disadvantage is the need to
constantly use fluoride compounds so that fluoride levels in saliva remain high and can
act in the prevention or progression of carious lesions [6]. For this reason, other non-
invasive approaches such as resinous infiltrates, toothpastes containing casein (CPP-
ACP) and laser are being studied to reduce the use or even replace fluoride in the oral

hygiene process [7,8].

The milk-derived protein casein demonstrated anticariogenic activity through its
ability to stabilize calcium and phosphate on the tooth surface, increasing the gradient of
these ions and, consequently, promoting remineralization [9]. The casein
phosphopeptide binds to amorphous calcium phosphate, constituting the CPP-ACP

complex, which is present in mouthwashes and dentifrices. Amorphous calcium
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phosphate is capable of releasing calcium and phosphate ions, maintaining a

supersaturated state on the tooth surface, optimizing the remineralization process [10].

The infiltrant resin is a promising technique of minimally invasive treatment,
since its low viscosity and penetrating capacity allow it to infiltrate the body of the
WSL and fill the porosities, preventing the diffusion of acids that would lead to greater
demineralization [11]. The resinous infiltrant has a refractive index very similar to that
of healthy dental enamel (1.46-1.52), which gives this material the ability to mask the
whitish appearance that the incipient lesion presents due to the increased diameter of its

pores [12].

High-intensity lasers have also been evaluated to increase the acid resistance of
tooth enamel. Literature reports have demonstrated that irradiation of dental enamel
with high-intensity lasers has promoted a significant reduction in mineral loss [13].
Different hypotheses have been proposed to explain the changes in enamel that result in
the preventive effect and all of them are related to the increase in temperature on the

irradiated tissue, which decreases the solubility and permeability of the enamel [14,15].

As discussed above, there are several methods proposed to remineralize tooth
enamel. In most cases, studies on caries prevention are carried out on healthy enamel
[16,17]. However, it would be interesting to understand the effectiveness of these
approaches in preventing the progression of caries lesions, that is, to evaluate the
effectiveness of different treatments in controlling initial dental caries lesions.
Therefore, the objective of the present study is to evaluate the microhardness of white
spot lesions treated with different caries prevention methods. The null hypothesis is that

treatments are not able to prevent the demineralization of WSL.

6. MATERIALS AND METHODS

Fifty bovine incisors without enamel defects were obtained. They were cleaned
with a Robinson brush, pumice paste and water, and then stored in distilled water at 4°C
until use. To prepare the 50 enamel samples, the crowns were separated from the roots
at the cementoenamel junction, and subsequently sectioned under water cooling with a
diamond disc mounted on a cutting machine (Cortadora Metalografica de Precisdo

ISOMET 1000, Buehler), resulting in 1 sample per tooth crown (5x5x3 mm). To
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standardize the enamel surface, samples were polished with 1200 grit sandpaper for 1
minute and, for adequate surface smoothness, polished with a felt disc and 0.3 and
0.05um grit alumina. Shortly after, the experimental area of 16.0 mm?2 was delimited
using red nail polish (Colorama) and subsequently, all specimens were stored in

distilled water and placed in an incubator at 37°C until the next stage.

6.1 Surface Microhardness Measurement

Initially, samples were evaluated for their surface Knoop microhardness (WKHN)
before any intervention (baseline). Specimens were mounted individually in 1-inch
acrylic blocks using sticky wax. Five indentations were made in the central area of the
sample with a load of 50g, during 10s and a distance of 100 pm between the markings.
The Knoop microhardness number (UKHN) for each sample was obtained by
calculating the average length of the longest diagonal of each of the five indentations
[18]. Other uKHN analyzes were performed, similarly to what was described above,
after the induction of WSL (pH cycling), after the treatments and after the second

cariogenic challenge (2nd pH cycling).

6.2 Cariogenic Challenge

White spot lesions were induced on dental enamel using a pH cycling model
previously described [14,19]. Each sample was fixed on the bottom of 24-well cell
culture plates, so that the delimited area was exposed to the demineralizing and
remineralizing solutions. The demineralization solution (pH = 5.0) consisted of 2.0
mmol/l Ca and 2.0 mmol/l phosphate in a buffering solution of 0.075mol/l acetate. The
remineralization solution (pH= 7.0) consisted of 1.5 mmol/l Ca, 0.9 mmol/l phosphate,
150 mmol/l of potassium chloride. Each specimen was cycled in 3.0 mL of both
solutions, being 6 h in the demineralizing solution and 18 h in the remineralizing
solution, at 37°C, for a period of 14 days. At the end of each 5 consecutive days of
cycling, the samples were immersed in the remineralizing solution for 2 days.
Subsequently, a new pH cycle was carried out after the proposed treatments to analyze

the therapeutic effectiveness in controlling dental caries.
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6.3 Treatments

The treatments applied are described below (Table 1)

Groups (n=10) Treatments

1 Fluoride Gel (2% NaF)

2 Fluoride Varnish (5% NaF)

3 MI Paste (CPP-ACP) Dentifrice

4 ICON Infiltrant Resin

5 Er,Cr:YSGG Laser (ED= 8.92 J/cm?, P= 0.5 W)

Table 1. Experimental groups (ED — Energy Density; P- Power)

The samples of Group 1 (G1) were treated with 2% neutral sodium fluoride gel
(2% NaF; Flugel, DFL, Rio de Janeiro, RJ, Brazil), which was placed on demineralized
enamel for 3 minutes and then removed with gauze [20]. The samples remained in
distilled water at 37°C. This procedure was repeated after 7 and 14 days, totaling 3
applications.

The samples of group 2 (G2) were treated with fluoride varnish (5% NaF;
Duraphat, Colgate-Palmolive, Sdo Bernardo do Campo-SP). The product (0.50g) was
placed on the demineralized area using a microbrush for 60 seconds [21]. Excess
varnish was removed with gauze and the samples were stored in distilled water for 7

days at 37°C. This procedure was repeated after 7 and 14 days, totaling 3 applications.

In group 3 (G3), brushing was carried out with a CPP-ACP based dentifrice (Ml
PASTE, GC America, Alsip-IL, United States). Brushing was performed with an
electric brush (Oral-B Pro-Saude Power, Procter and Gamble), which was attached to a
standardized fixed support. The brush head has 3 sets of bristles of different shapes and
positioned at different angles and heights. During brushing, the soft bristles of the brush
came into contact with the surface of the samples for 210 seconds, with a force of
1.96N, at room temperature. Taking into consideration that an individual brushes each
tooth 3 times a day, during 5 seconds on each side of the tooth, this brushing protocol
simulated a total toothbrushing period of 14 days [22,23]. A solution (slurry) was
obtained by mixing the dentifrice (Table 1) and distilled water in a 1:2 weight ratio (200
mL of distilled water and 100 g of dentifrice — ISO Specification #145669-1),

respectively. This solution was prepared just before use. During brushing, 1.0 mL of the
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slurry was injected laterally to the sample, between the restorative material and the
toothbrush, every 30 seconds. At the end, the excess dentifrice was removed under

running water and the samples were stored in distilled water at 37°C.

The application of the infiltrant resin (ICON - DMG, Chemisch -
Pharmazeutische Fabrik GmbH, Hamburg, Germany) was done on specimens of group
4 (G4) according to the manufacturer's instructions. White spot lesions were cleaned
and etched 15% hydrochloric acid (Icon-Etch) for 2 minutes. The acid was removed
with water jets and the enamel surface was dried with air jets. Ethanol (99%, Icon-Dry)
was applied on WSL for 30 seconds. Then, the surface was dried with air jets and the
Icon-Infiltrant resin was applied during 3 minutes and, then, light cured for 40s. A
second application of the infiltrant resin was carried out for a period of 1 minute. The
surface was polished with felt discs and the samples were immersed in distilled water at
37°C.

The samples of group 5 (G5) were irradiated with an Er,Cr:YSGG laser (A= 2.78
um; Waterlase™, Biolase™ Technology Inc., San Clemente, CA, USA), with an energy
density of 8.92J/cm2, power of 0.5 W, 20 Hz repetition rate, with water cooling, using a
sapphire tip of 600um diameter in a non-contact mode [14]. To standardize the
irradiation distance, a device was used that attached the laser handpiece to a pre-
established distance from the surface of the sample. Irradiation was carried out for 30s,
with the fiber positioned perpendicular to the enamel surface and moved in the
horizontal and vertical directions, so that the entire pre-established area of 16mm?
received the irradiation. Finally, the samples were placed in distilled water and kept at
37°C.

At the end of the treatments, all samples were subjected to a second cariogenic
challenge, in the same way as was done previously. The uKHN of the samples was

analyzed after the treatments and after this second pH cycling.

6.4 Statistical analyses

The data were submitted to the D Agostino normality test. One-way ANOVA
and Tukey's test, when necessary, were used to analyze the differences in Knoop

microhardness numbers (ULKHN) of all groups. The level of statistical significance was
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set at 5%. All analyses were done using Bioestat 5.3 (Instituto Mamiraua, Tefe-AM,
Brazil).

7. RESULTS

Table 2 shows the (LKHN) of enamel, in the initial situation (baseline) and after
the white spot lesion induction (1st Cariogenic Challenge). The values obtained in all
samples before treatments were compared. This table shows that the method used to
demineralize the enamel samples was effective. It should be noted that no cavitation
was observed in the samples after the acid challenge. However, an opaque white area

was created, characteristic of the white spot lesion.

Baseline 1% Cariogenic Challenge p-value

MKHN 498+90 334+71 <0.0001

Table 2. Mean Knoop microhardness numbers (UWKHN) + standard deviation of enamel
found in all groups, considering the initial analyzes (Baseline) and after artificial white

spot lesion induction (1st cariogenic challenge).

The longitudinal analysis of enamel hardness in each group is shown in table 3.
It was observed, for group 1 (fluoride gel), that enamel pKHN after treatment
(453+137) was similar to that found in baseline (457+150), suggesting that this method
was effective in remineralizing enamel. uKHN analysis after the second cariogenic
challenge indicated that fluoride gel increased the acid resistance of the white spot
lesion (428+79), as in that situation the values were similar to that of the post-treatment
situation, but different from those found after the first cariogenic challenge (289+44).
The analysis of the enamel pKHN treated with fluoride varnish (group 2) showed that
the treatment recovered the enamel hardness (472+38). As observed for group 1, enamel
hardness after the second cariogenic challenge (420£63) was similar to the value found
after treatment, but lower than that observed at baseline (498+37). This indicated that
the varnish was effective in increasing the acid resistance of the white stain. Samples
from group 3 were treated with a dentifrice composed by the bioactive remineralizing

agent casein phosphopeptides-amorphous calcium phosphate (CPP-ACP). This group
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also demonstrated an increase in microhardness post-brushing (448+107ab) followed by
a reduction in the face of a new acidogenic challenge (439+111b). The infiltrant resin
(ICON) was used in samples of group 4. Similar to what was observed for group 1, the
infiltrant recovered the hardness of the demineralized enamel (480+40), and also
prevented the demineralization of the white spot lesions (431+66). The same situation
was observed in samples irradiated by the Er,Cr:YSGG laser (group 5), where pKHN
after treatment (445+47) was statistically similar to baseline (507+85), as well as after

the second cariogenic challenge (443+40).

) 1st Cariogenic 2" Cariogenic
Groups Baseline Treatment p-value
Challenge Challenge
457+
1 289+44° 453+1372 428+792 0,009
1502
<
2 498372 339+51° 472+38% 420+63°
0,0001
3 516+51° 356+92° 448+107% 439+111° 0,0046
4 490+76% 334+82° 4801402 4311662 0.0003
<
5 507+85? 343+41° 445+472 4431402
0,0001

Table 3. Mean Knoop microhardness numbers (UKHN) * standard deviation of enamel
found in each group. Different letters on the table represent differences statistically

significant (p<0.05).

Table 4 shows the percentage of hardness recovery of the enamel samples in all
groups. This percentage was calculated by comparing the hardness of the treated enamel
with that of the sound enamel (baseline). In general, the recovery of enamel hardness
was above 86%, that is, the baseline uKHN was always greater than the treated value. It
was observed that gel (98.9£0.9%) and icon (97,9+0.5%) presented slightly better
results than the CPP-ACP dentifrice (86,7£2.0%) and Er,Cr:YSGG laser (87.7+0.5%).
The percentage of acid resistance of the white spot lesion is also shown in table 3. This

percentage was calculated by comparing the hardness of the treated enamel with that of
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the 2nd cariogenic challenge. The data showed that the uKHN of the enamel after the
cariogenic challenge was always lower than after treatments (values less than 100%). In
groups 1 (94.4+0.5%), 3 (97.9+1.2%) and 5 (99.5+0.8%) the loss of hardness was lower
than that observed in groups 2 (88.9+1.6%) and 4 (89.7£1.6%).

Group Recovery of initial uKHN (%) Acid resistance of white spot lesion (%)

1 98.9+0.9% 94.4+0.5°
2 94.7+1.0% 88.9+1.6"
3 86.7+2.0° 97.9+1.22
4 97.940.5% 89.7+1.6°
5 87.7+0.5° 99.5+0.82
p-value 0.004 0.03

Table 4. Percentage of recovery of initial uKHN (treatment/baseline) and percentage of
demineralization resistance of white spot lesions (2nd cariogenic challenge/treatment).
Different letters in the same column represent differences statistically significant
(p<0.05).

8. DISCUSSION

This research aimed to evaluate the effectiveness of different caries prevention
methods to stop the progression of WSL. It was observed that the methods used here
were able to fully or partially recover the microhardness of the demineralized enamel
and, in some cases, increase the acid resistance of the WSL. Thus, the null hypothesis
that treatments would not be able to prevent the demineralization of white spot lesions

was rejected.

The initial manifestation of caries is represented by the formation of WSL on the
enamel surface, resulting from the loss of minerals from the hard tissue due to an
imbalance in the demineralization and remineralization process [3]. Under a high
cariogenic challenge, there is a rapid loss of minerals that leads to the softening of the
enamel surface, altering its integrity. The Knoop microhardness test (UKHN) is one

method used to quantitatively evaluate the degree of enamel mineralization [24,25].
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As previously mentioned, if the white spot lesion is not properly treated, the
hard tissue may become cavitated and the tooth will need to be restored [26]. Several
methods have been recommended to prevent the initiation or to interrupt the progression
of white spot lesions [27,28]. The present study evaluated five different treatments for
controlling or reversing the initial lesions of dental caries, and found that gel fluoride,
infiltrant resin and laser were capable of recovering the baseline numbers of enamel
hardness (Table 3).

Fluoride represents the most used preventive method to control the caries
process. The mechanism of action of fluoride in caries prevention is well described in
the literature. Fluoride compounds promote enamel remineralization, preventing the
destruction of tooth structure or even the need for tooth restoration. It is a simple, non-
invasive and low-cost treatment and can be applied by the dentist (high concentrations)
or by the patient (low concentrations) [4]. The present study evaluated the application of
fluoride gel (group 1 - 2% NaF) and varnish (group 2 - 5% NaF) on demineralized
enamel. It was observed that both compounds, after their application on demineralized
enamel, were able to recover the uKHN of the hard tissue. Similarly, after the second
cariogenic challenge, it was observed that the white spot lesion treated with both
fluoridate compounds resisted demineralization (Table 3), which is in accordance with
the literature [4].

Studies have shown that the effectiveness of fluoride arises from the ability of
the ion to form fluoridated apatite instead of hydroxyapatite in the enamel
remineralization process. It is assumed that this new surface containing fluoride is less
soluble than the original enamel surface, since this newly formed mineral reduces the
critical pH of enamel to 4.5, when the sound enamel begins to demineralize when the
salivary pH is 5.5 or under. The continuous presence of fluoride in saliva throughout the
individual's life is, therefore, essential for the preventive effect, with the formation of
calcium fluoride in the remineralization stage [29]. In the present work, fluoride
compounds were applied at 3 different times, and between these times the samples
remained immersed in distilled water. However, as both the gel and varnish were
removed with gauze, it is possible that an excess of fluoride remained in the test tube,

and this may have contributed to the remineralizing effect on the surfaces.



28

The literature suggests that higher concentrations of fluoride mainly allow the
remineralization of the superficial layer of the carious lesion, preventing the penetration
of the ion into the body of the lesion due to external obstruction of the porosity [29,30].
This information explains the results of the present research because, when compared,
the fluoride gel obtained superior results in relation to the varnish after a new cariogenic

challenge (table 4).

The CPP-ACP (casein phosphopeptide-amorphous calcium phosphate) is a
complex formed from the milk protein casein. These compounds were created to replace
fluoride in toothpastes, since fluoridated compounds, if used indiscriminately, can cause
intoxication, promoting hypermineralization and staining on teeth (fluorosis) [31].
According to the literature, it binds to enamel and releases calcium and phosphate when
needed. The released calcium and phosphate ions penetrate the enamel crystals and
increase the density and hardness of the hydroxyapatite crystals it maintains the stability
of these ions, ensuring supersaturated levels, thus favoring the formation of
hydroxyapatite and promoting remineralization [10,27].

However, when compared to other treatments, this group showed lower
performance, as also identified in other researches [24,32]. This can be justified by the
short exposure of the specimens to CPP-ACP, with a single brushing using the material
for a period of 3 minutes and 50 seconds. A previous study suggested that prolonged
use of MI Paste to ensure remineralization should last up to 4 weeks [33]. However,
Table 4 suggests that CPP-ACP acts better on demineralized tissue than on sound tissue.
The studies that present the best results are those that use CPP-ACP associated with F-,
thus forming CPP-ACPF (Ml Paste Plus) [34,35]. In the present study, this association

was not made because the objective here was to test a compound other than fluoride.

One of the most promising therapeutic methods for treating WSL is the infiltrant
resin technique. This low viscosity resin penetrates the porosities of the demineralized
enamel and restores the morphology of the tissue, making it difficult for acids to
penetrate the enamel. Furthermore, the resinous infiltrant restores the color of the tooth,
as it masks the whitish appearance of the demineralized enamel [12]. Previous studies
have demonstrated that the microhardness of demineralized enamel is increased after
application of the infiltrant. This occurred because the infiltrant fills the porosities of the
WSL, making the enamel more cohesive [36,37]. However, it is important to highlight
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that, despite the performance observed here, the infiltrant resin showed a decrease in
acid resistance and, consequently, in microhardness when subjected to a new acid
challenge. This can be attributed to the composition of the material, which
predominantly contains low-molecular weight monomer (TEGDMA), known for its
high hydrophilicity which contributes to the reduction of the material's hardness when
exposed to acidic environments, in addition to presenting greater polymerization
contraction [38]. Artificial WSLs induced on bovine enamel were used in this study and
it has differences when compared with natural WSLs. As artificial WSLs have smaller
depth than natural WSLs, the thickness of the infiltrant is lower, and the effect of its

degradation may be more pronounced in artificial lesions [39].

The Er,Cr:YSGG laser is used in the minimally invasive therapy of dental caries
due to its affinity with water and hydroxyapatite present in hard tissues [40]. Previous
studies have shown that erbium lasers increase the acid resistance of sound enamel and
dentin by heating/melting the tissues, and by altering the chemical structure of the
enamel, forming more acid-resistant crystals [41,42]. To increase the temperature on the
tissue surface and to avoid enamel ablation, irradiation was performed with low energy
density (8.92J/cm?) and without water cooling, as described in the literature [14]. After
irradiation, no thermal damage or dark spots were observed on the samples. According
to table 4, it was observed that Er,Cr:YSGG laser recovered the initial hardness of the
samples by almost 88%, while the resistance to demineralization of the irradiated WSL
was 99%. This can be explained by the rapid heating and melting of the enamel during
irradiation. Melting changes the morphology of the enamel, causing the obliteration of
the pores present in WSLs, which prevents the penetration of acids into the hard tissue.
As enamel pores are filled with air, eliminating the porosities and filling them with hard

tissue may increase the WKHN numbers of the irradiated area [43].

The results found here showed that all methods were able to recover the
hardness of tooth enamel. Fluoride varnish and CPP-ACP showed less potential to
prevent the demineralization of the WSL after a new cariogenic challenge. In general,
the recovery of the initial uKHN of the enamel after the treatments was higher than
86%, and the methods were able to prevent the demineralization of WSL with
performance higher than 88%. The effectiveness of these methods can increase if the

treatments are carried out together, for example, irradiating surfaces with a laser or
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applying an infiltrant resin followed by tooth brushing with dentifrices containing
fluoride or CPP-ACP. Therefore, new studies are necessary to evaluate the synergy of

these techniques, in order to promote greater results in dental caries prevention.

9. CONCLUSIONS

Considering the limitations of this in vitro study, it is concluded that all methods
tested here were able to recover the hardness of tooth enamel, but fluoride varnish and
toothbrushing with a CPP-ACP dentifrice appear not to have the same effectiveness in
protecting WSL in a new cariogenic challenge than the other techniques. In turn,
fluoride gel, Er,Cr:YSGG laser and the resinous infiltrant were able to keep the
hardness of dental enamel to levels similar to its baseline. Although the tested methods
did not fully prevent the demineralization of white spot lesions in tooth enamel, their

performance was higher than 85%.
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14. CONCLUSAO

Considerando as limitacbes deste estudo in vitro, conclui-se que todos os
métodos aqui testados foram capazes de recuperar a dureza do esmalte dentério, mas o
verniz fluoretado e a escovagdo com dentifricio CPP-ACP parecem ndo ter a mesma
eficacia na protecdo do WSL em um novo desafio cariogénico do que as outras técnicas.
Entretanto, o gel fluoretado, o laser Er,Cr :YSGG e o infiltrante resinoso foram capazes
de manter a dureza do esmalte dentario em niveis semelhantes a sua linha de base.

Embora os métodos testados ndo tenham evitado totalmente a desmineralizacao
das lesdes de manchas brancas no esmalte dentario, o desempenho deles foi superior a
85%.
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APENDICES

Figura 1. Preparo das amostras. A- Remocgédo dos restos de ligamento periodontal e 0sso
alveolar dos dentes bovinos com a maquina Moto Esmeril. B- Profilaxia da cora dental com
pasta de pedra pomes e &gua utilizando a escova Robson em baixa rotacdo. C- Corte na
juncdo amelocementaria para separacao de raiz e coroa. D- Fixacdo das coroas em laminas
com cera pegajosa. E- Corte da coroa dental utilizando a maquina de corte ISOMET 1000
com disco diamantado. F- Resultado parcial dos cortes. G- Nova fixagdo em Iamina com
cera pegajosa. H- Novos cortes. I- Confeccdo dos espécimes logo ap6s os cortes.



Figura 2. Padronizagdo dos espécimes. A-B- Polimento das superficies amostrais.
C- Amostras padronizadas nas dimensdes preconizadas (5x5x3). D- Delimitagdo da
area que foi envolvida na pesquisa (16mm?). E- Espécimes pintados com esmalte
de unha vermelho para a delimitacdo. F- Corpos de prova finalizados com a
delimitacéo.

498.3mH HK@.
10 sec

S e

Figura 3. Avaliacdo da microdureza superficial do esmalte. A- Dureza Knoop
estabelecida no microdurémetro com forca de 50g e duracdo de 10 segundos. B-
Indentador incidindo sobre a superficie do espécime. C- Imagem geométrica de um
losango formada ap6s a indentacdo.



Figura 4. Ciclagem de pH. A-B- Componentes quimicos para producdo das solucdes
desmineralizante e remineralizante. C- Amostras nas solucdes para simulacdo da leséo de

mancha branca.

4

Figura 5. Tratamentos. A- Aplicacdo do Flior Gel Neutro 2% - Flugel. B- Aplicacdo do
verniz fluoretado 5% Duraphat. C-D- Escovagdo utilizando o creme dental contendo o
CPP-ACP. E-L- Aplicagéo do infiltrante resinoso. M- Aplicacdo do Laser Er,CR:YSGG



ANEXOS

Carta de aprovagio do Comité de Etica em Experimentac&o Animal

=, UnIUbe Comité de Etica em Experimentacio Animal

Oficio CEEA-001/2023 Ubecraba, 10 de abnl de 2023.

CERTIFICADO

Certificamos que o protocolo n® (02/2023 relativos ao projeto intitulado “Avaliacdo da Eficicia
dos Tratamentos Preventivos no Controle da Cirie Dental™ que tem como responsavel o Prof.
Vinicius Rangel Geraldo Martins, esti de acordo com os Principios Eticos da Experimentacio
Animal, adotados pelo Comité de Etica em Experimentagdo Animal (CEEA/UNIUBE) regido pela
lei n° 11.794/08.

CERTIFICATE

We hereby certify that the protocol n® 0022023 related to the project entitled “Evaluation of the
Effectiveness of Preventive Treatments in the Control of Dental Caries” under the supervision
of Prof. Vinicius Rangel Geraldo Martins, is in agreement with the Ethical Principles in Animal
Experimentation, adopted by the Ethics Committee in Animal Expermentation (CEEA/UNIUBE)
according to the law n® 11.794/08.

Atenciosamente,

4

Profa. Joely Ferreira Figueiredo Bittar
Coordenadora do CEEA-UNIUBE
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Anexo 2: Normas para publicacdo no periddico Lasers in Medical Science

in
Medical Science

Impact factor: 2.1 (2022)
5 year impact factor: 2.5 (2022)

Submission to first decision (median): 31 days

Lasers in Medical Science (LIMS) is the leading international journal in the rapidly
expanding field of medical and dental applications of lasers and light. It provides a
forum for the publication of papers on the technical, experimental, and clinical aspects
of the use of medical lasers. Applications include lasers in surgery, endoscopy,
angioplasty, hyperthermia of tumors, and photodynamic therapy. -In addition to medical
laser applications, LIMS publishes high-quality manuscripts on a wide range of dental

topics, including aesthetic dentistry, endodontics, orthodontics, and prosthodontics

Instructions for Authors

Types of papers
Original Article — limited to 4000 words, 45 references, no more than 5 figures
Review Article — limited to 5000 words, 50 references, no more than 5 figures
Brief Report - limited to 2000 words, 25 references, no more than 4 figures -
Case Reports will not be accepted!
Letter to the Editor — up to 600 words
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Title Page

Please make sure your title page contains the following information.

Title
The title should be concise and informative.
Author information
e The name(s) of the author(s)
o The affiliation(s) of the author(s), i.e. institution, (department), city, (state),
country
e Aclear indication and an active e-mail address of the corresponding author
« If available, the 16-digit ORCID of the author(s)

If address information is provided with the affiliation(s) it will also be published.

Abstract
Please provide a structured abstract of 150 to 250 words which should be
divided into the following sections:
o Purpose (stating the main purposes and research question)
e Methods
e Results

e Conclusion

Keywords
Please provide 4 to 6 keywords which can be used for indexing purposes.

Statements and Declarations
The following statements should be included under the heading "Statements and
Declarations™ for inclusion in the published paper. Please note that submissions that do

not include relevant declarations will be returned as incomplete.

Competing Interests:
Authors are required to disclose financial or non-financial interests that are

directly or indirectly related to the work submitted for publication. Please refer to
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“Competing Interests and Funding” below for more information on how to complete
this section.

Please see the relevant sections in the submission guidelines for further
information as well as various examples of wording. Please revise/customize the sample

statements according to your own needs.

Text

Text Formatting
Manuscripts should be submitted in Word.
e Use anormal, plain font (e.g., 10-point Times Roman) for text.
e Use italics for emphasis.
» Use the automatic page numbering function to number the pages.
« Do not use field functions.
o Use tab stops or other commands for indents, not the space bar.
o Use the table function, not spreadsheets, to make tables.
« Use the equation editor or MathType for equations.
« Save your file in docx format (Word 2007 or higher) or doc format (older Word

Versions).

Reference list

The list of references should only include works that are cited in the text and that
have been published or accepted for publication. Personal communications and
unpublished works should only be mentioned in the text.

The entries in the list should be numbered consecutively.

If available, please always include DOls as full DOI links in your reference list

(e.g. “https://doi.org/abc”).



