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Resumo geral 
 

 



MODA, M.D. Efeito de fluoretos presentes em dentifrícios na prevenção da erosão de 

restaurações de resina composta e cimento de ionômero de vidro de esmalte e dentina 

erodidos [Tese]. Faculdade de Odontologia de Araçatuba, Universidade Estadual Paulista “Júlio de 

Mesquita Filho”; Araçatuba, 2019. 

Resumo Geral 

O objetivo desse estudo foi avaliar o desgaste, as propriedades mecânicas, topografia e 

composição química dos substratos dentários e materiais restauradores após ciclo 

erosivo/abrasivo, utilizando diferentes dentifrícios. Foram utilizados 244 blocos, sendo 122 

de esmalte e 122 blocos de dentina, medindo 4 x 4 mm, obtidos a partir de incisivos bovinos 

que foram cortados e polidos. Cada amostra continha um bloco de esmalte e um de dentina, 

entre os blocos foram confeccionadas restaurações com cimento de ionômero de vidro 

modificado por resina (CIVMR) e resina composta (RC). Após as restaurações, a hemiface 

de cada amostra foi recoberta com verniz ácido-resistente, afim de produzir o lado controle. 

Esses dois grupos foram subdivididos em três grupos, de acordo com o dentifrício utilizado 

no processo de abrasão: SF - sem flúor (controle negativo), NaF - com fluoreto de sódio 

1450 ppm de F (controle positivo) e SnF2 - com fluoreto de estanho 1100 ppm de F. O ácido 

cítrico a 0,05 M, pH= 3.2, foi utilizado nos ciclos de erosão, sendo realizados 4x/dia, 2 

minutos cada, com intervalos de 1 hora entre cada ciclo. Os espécimes foram submetidos à 

abrasão (2x/dia, ao final do primeiro e último ciclo erosivo/dia), aplicando o slurry (1:3) 

sobre as amostras por 2 minutos, seguidos de 15 segundos de escovação por espécime (200 

g por 15 s), ao longo de 5 dias. Na sequência, o verniz ácido resistente foi removido da 

hemiface de cada amostra e estas foram analisadas quanto ao desgaste das superfícies através 

de perfilometria (n=12), microdureza, apenas dos materiais restauradores (n =12), topografia 

por microscopia de força atômica (AFM) (n=2), nanodureza (H) e módulo de elasticidade 

(Er) (n=5), composição química através de energia dispersiva de raios-X (EDS) (n=3), 

microscopia Raman (n= 5). Os dados de perfilometria, microdureza dos materiais 

restauradores, (H / Er) e EDS e Raman foram submetidos a ANOVA dois fatores medidas 

repetidas e teste de Tukey (p< 0,05). Em relação às imagens de AFM foram analisadas 

apenas qualitativamente. O dentifrício NaF promoveu o maior desgaste nas superfícies 

dentinárias adjacentes ao CIVMR e RC. Apenas as interfaces adjacentes ao esmalte sofreram 

influência do dentifrício. Os mais baixos valores de microdureza foram observados para 

CIVMR quando se utilizou o dentifrício SnF2 (p < 0,05). Em relação aos valores de H e Er, 

pode-se notar que não houve diferenças entre os dentifrícios (p> 0,05), apenas entre as 

superfícies dentro de cada dentifrício (p< 0,05). Em relação às superfícies controle e erodida, 



apenas RC manteve seus valores constantes após erosão (p> 0,05). Em relação à composição 

química, os substratos dentários erodidos mostraram menores concentrações de cálcio e 

fosfato, enquanto para a superfície do material ionomérico houve uma diminuição de flúor 

e aumento de cálcio para as superfícies erodidas; as superfícies de resina composta 

mostraram-se inalteradas em sua composição química após os desafios erosivos (p > 0.05). 

Os dentifrícios não foram capazes de promover diferença nas propriedades mecânicas das 

superfícies após ciclo erosivo-abrasivo. Entretanto, promoveram diferenças quanto ao 

desgaste, composição química e topografia das superfícies, à exceção das superfícies de 

resina composta. 

Palavras – chave: Abrasão dentária. Cimentos de ionômeros de vidro. Fluoretos de 

estanho. Erosão dentária. Resinas compostas. 
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General Introduction 

Erosion tooth wear (ETW) has become an important topic in dental research over 

the past decade (SCHLUETER et al., 2019), their nomenclature was better standardized 

by these authors being that the definition of tooth wear includes all noncarious lesions, 

e.g. attrition, abrasion and abfraction. In contrast, erosive tooth wear is defined when the 

erosive process is the primary cause of injury (SCHLUETER et al., 2019). Particularly, 

ETW is attributed to the damage of chemical-mechanical process through of cumulative 

tooth surface loss caused by the intrinsic or extrinsic acids (SCHLUETER et al., 2019; 

MARRO et al., 2018; CARVALHO et al., 2015), such as gastroesophageal reflux 

disorder (e.g., bulimia nervosa) and high consumption of acidic food and drink. The made 

of consumption of soft drinks influences ETW because the erosive potential of acidic 

drinks is lower when swallowed in larger gulps and a shorter period than when sipped 

over an extended period (CARVALHO et al., 2015). Other factors may be associated with 

susceptibility to ETW, such as: saliva to dilute acidic substances, erosive episode 

intervals, and saliva proteins, which can produce a protective film that minimizes the 

erosive process (CARVALHO et al., 2015). 

Under clinical situations, the occurrence of erosion is associated with abrasion, so 

that, in vitro and in situ protocols should reproduce the clinical condition (WIEGAND et 

al., 2014; ALGHILAN et al., 2015; SCHLUETER et al., 2016). The abrasion process 

from brushing teeth can accentuate tissue loss when the it was previously softened by 

erosion (GANSS et al., 2009; GANSS et al., 2014; SCHLUETER et al., 2016). 

Teeth with ETW have a loss of morphology and contour such as flattening of the 

occlusal structures and cupping of the cusps with the presence of concavities that are 

generally more wide than deep (CARVALHO et al., 2015). The correct diagnosis of 

ETW’s initial stages can be difficult to perform, recent studies developed tools for the 

diagnosis of these lesions in the early-stages using 3D images, photographs, and 
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tomography (MARRO et al., 2018; KUMAR et al., 2018, SAHYOUN et al., 2019).  

When lesions have already formed cavities, patients usually visit a dental 

professional due to dentin sensitivity, thus, restorative treatment is necessary 

(CARVALHO et al., 2015). The objective, in these cases, is minimizing or stopping the 

evolution of the erosive process, reducing symptoms of tooth sensitivity, and 

reestablishing the shape and aesthetics (CARVALHO et al., 2015). Restoration of teeth 

with ETW is challenging because restorative materials adjacent to the dental surface may 

protrude as a result of a loss of natural tissue over time, but not the restorative material 

(CARVALHO et al., 2015). 

After restorations, ETW may continue to propagate and erode both dental tissues 

and restorative materials. Thus, the use of toothpaste is important not only for dental 

tissues but also for the maintenance of the restorative materials properties. Some studies 

evaluated the protective effects of toothpaste on the enamel or dentin using different 

active compounds, such as sodium fluoride, stannous fluoride, and chitosan (GANSS et 

al., 2016; PINI et al., 2018, GANSS et al., 2017; YOUNG et al. 2006). Furthermore, the 

concentration or even solution viscosity and frequency can promote better tissue 

protection (SAKAE et al., 2018). 

However, few studies evaluated eroded tissues in association with restorative 

materials. Thus, the present study investigated the effect of toothpaste with different 

active compounds on restorative materials by analyzing wear, mechanical properties and 

topography images (Chapter 1) and chemical composition and nanomechanical properties 

(Chapter 2). 

 

 



29 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Capítulo 1 



30 
 

 

Effects of different toothpastes on erosion protection of composite resin and glass 

ionomer cement restorations in enamel and dentin 

 

Mariana Dias Modaa, André Luiz Fraga Brisoa, Renata Parpinelli de Oliveiraa, Núbia 

Inocencya Pavesi Pinib, Diego Felipe Mardegan Gonçalvesa, Paulo Henrique dos Santosc, 

Ticiane Cestari Fagundesa 

 

aDepartment of Restorative Dentistry, Araçatuba School of Dentistry, São Paulo State 

University (UNESP), Araçatuba, São Paulo, Brazil. Rua José Bonifácio 1193 Araçatuba, 

SP, Postal code 16015-050, Brazil. 

bDepartment of Restorative Dentistry and Prosthodontics, Ingá University Center 

UNINGÁ, Maringá, Paraná. Rod. PR 317, 6114 Parque Industrial 200, 87035-510, Brazil. 

cDepartment of Dental Materials and Prosthodontics, Araçatuba School of Dentistry, São 

Paulo State University (UNESP), Araçatuba, São Paulo, Brazil. Rua José Bonifácio 1193 

Araçatuba, SP, Postal code 16015-050, Brazil. 

 

*Corresponding author  

Ticiane Cestari Fagundes 

Department of Restorative Dentistry 

Araçatuba School of Dentistry, São Paulo State University (UNESP) 

Street Address: José Bonifácio, 1193  

Araçatuba, SP, Brazil 

Postal code: 16015-050 

Phone number: (+55)183636-3347 

Email: ticiane.fagundes@unesp.br 

 

 

 

 

mailto:ticiane.fagundes@unesp.br


31 
 

 

MODA, M.D. Effects of different toothpastes on erosion protection of composite 

resin and glass ionomer cement restorations in enamel and dentin. [Tese]. Faculdade 

de Odontologia de Araçatuba, Universidade Estadual Paulista “Júlio de Mesquita Filho”; 

Araçatuba, 2019. 

 

2.1 Abstract 

Objectives: This study aimed to evaluate the effects of toothpastes on the enamel, dentin, 

composite resin, and resin-modified glass ionomer cement through analisys of wear and 

mechanical properties after cycles of erosion and abrasion.  Materal and Methods: One 

hundred fourty four bovine incisors were obtained, being 72 blocks of enamel and 72 

blocks of dentin (4×4-mm). Half of the samples were restored with composite resin (CR 

- Filtek Z350 XT) and the other half with resin-modified glass ionomer cement (RMGIC 

- Fuji II LC). After restoration, the samples were submitted to a demineralization cycle 

(5 days, 4 × 2 min/day, 1% citric acid, pH 3.2) and exposed to abrasion using different 

toothpastes (2 × 15 s/day), with n=12 for each toothpaste: without fluoride (WF), sodium 

fluoride (NaF – 1450 ppm F), and stannous fluoride (SnF2 – 1100 ppm F). Surface wear 

was investigated by profilometry (dental substrates and restorative materials), as well as 

the wear of the restorative interfaces (dental substrates/restorative materials). The surface 

microhardness of the restorative materials was also analyzed. Atomic force microscopy 

(AFM) analysis was performed on all representative surfaces. The data were analyzed by 

two-way ANOVA and Tukey tests (α = 0.05). Results: The NaF toothpaste caused the 

most wear on the dentin surfaces (p< 0.05); restorative interfaces with enamel were 

affected by the toothpastes, and the microhardness of the RMGIC was most affected by 

the SnF2 toothpaste (p< 0.05). Conclusions: The WF and SnF2 toothpastes produced 

similar results on dental surfaces. However, the SnF2 toothpaste decreased the 

microhardness of RMGIC, and had the most effect on the enamel wear of the restorative 

interface. 

Clinical relevance: Restorative materials, especially ionomeric ones, undergo changes 

when erosion is combined with Sn-based toothpaste.  

Keywords: abrasion; composite resin; erosion; glass ionomer cement; stannous ions. 
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2.2 Introduction1 

The number of patients with erosive tooth wear (ETW) has increased, causing 

growing clinical concern [1]. ETW is the loss of dental substrate combined by physical 

forces, such as toothbrushing, and acids present in the oral cavity [1,2]. These acids may 

come from external sources, such as fruit juices and soft drinks that are rich in citric acid, 

or from internal sources such as the acids from gastroesophageal disorders which can 

potentially damage dental substrates over time [2-4]. The treatment of ETW relies on 

strategies to strengthen the resistance of dental tissues against erosion and the use of 

restorative treatments when necessary [5,6]. Composite resins (CR) and resin-modified 

glass ionomer cements (RMGIC) are commonly used for restoration [7], but they can be 

affected by erosive acids which could potentially decrease their clinical effectiveness and 

longevity [8], through the breakdown of its organic matrix, for example [7]. 

The erosive process on enamel and dentin is different, being that on enamel, 

erosion occurs by the dissolution of hydroxyapatite [9]. In contrast, dentin erosion begins 

in peritubular dentin, exposing the organic matrix that is rich in collagen fibers and water 

[9]. In the case of severe ETW, the exposure of the organic demineralized matrix of dentin 

results in hypersensitivity in many patients, as well as tissue loss [9,10]. Clinically, the 

tooth may develop shallow defects and even loss occlusal [11]. Several factors can affect 

the interaction between acids and dental tissues and the development of ETW such as: the 

composition of saliva and its protective capacity, the force applied during brushing, and 

the toothpaste type and abrasiveness [2]. 

Many studies have investigated various toothpastes with anti-erosive compounds 

and their action on eroded enamel and dentin [12-16]. Numerous toothpastes contain 

active compounds other than sodium fluoride (NaF), which has limited efficacy against  

1Normalização segundo a revista Clinical Oral Investigations (ANEXO E). 



33 
 

ETW, [17], such as hydroxyapatite nanoparticles, zinc-carbonate-hydroxyapatite 

nanoparticles, potassium nitrate, chitosan, and stannous salts, due to protective action on 

the eroded substrate [12,16]. These anti-erosive toothpastes, especially those containing 

stannous ions, on the enamel surface would act forming a precipitate erosion resistant and 

may reduce dentin hypersensitivity through forming a compound that potentially occludes 

the dentin tubules, thereby reducing fluid movement within tubules and the effect of 

external stimuli [18]. However, some toothpastes with anti-erosive claims may present 

high relative dentin abrasivity (RDA) [19]. Thus, there is no consensus in the literature 

about which toothpastes are the most recommended, especially when restored erosive 

lesions are present [2].  

The aim of this study was to evaluate the effects of toothpastes on the surface wear 

of enamel, dentin, composite resin, and resin-modified glass ionomer cement as well as 

the mechanical properties of restorative materials after erosive-abrasive cycles and 

topography analysis of the surfaces through representative images of Atomic force 

microscopy (AFM). Therefore, this study hypothesized that: (1) there would be no 

difference in the loss of dental tissues, restorative material surfaces, or restorative 

interfaces after erosive-abrasive cycles among the toothpastes, (2) there would be no 

differences in wear among the analyzed surfaces when a single type of toothpaste is 

evaluated after the erosive-abrasive cycles, and (3) there would be no difference in 

microhardness for the analyzed surfaces of the restorative materials among the 

toothpastes. 

 

2.3 Materials and Methods 

This study was previously approved by the local animal ethical committee 

(process # 00452-2017). Sample size was determined by the results of the pilot test (n = 
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12) with test power at 80%, utilizing the minimal difference among the averages and the 

standard deviation average. Bovine incisors were stored in a 0.1% aqueous solution of 

thymol for 30 days. The study flowchart is presented in Figure 1. 

Two specimens (one of dentin and other of enamel) were embedded in acrylic 

resin using a metal matrix with a 1-mm distance for restoration, as previously performed 

by Alghilan and others [6]. A cavity was created in the mesial side of each block using a 

diamond tip (#1090, KG Sorensen, Barueri, SP, Brazil) at high-rotation, and at the end of 

the preparation, the box-shaped cavity was 2 mm wide. The samples restored with 

composite resin were previously conditioned with phosphoric acid to 37% por 20s. Both 

the cavities were filled with respective restorative material according to the 

manufacturer’s instructions and covered with a polyester strip. A glass slide was placed 

over the strip and a static load of 0.53 kg was applied using a heavy glass slab to allow 

excess material to spill over the top of the cavity margins and to ensure that the material 

was flush with the surface of enamel and dentin [6]. Subsequently, the glass slab was 

removed and materials were cured through the polyester strip and glass slide using a light 

curing unit with irradiance of 1000 mW/cm2 (Kavo, Joinville, SC, Brazil). Seventy-two 

samples were restored using CR (Filtek Z350 XT, 3M ESPE, St. Paul, MN, USA) and 

photocured for 20 s (Kavo, Joinville, SC, Brazil). Seventy-two other samples were 

restored using RMGIC (Fuji II LC, GC Corporation, Tokyo, Japan) and photocured for 

40 s, coated with petroleum jelly, and kept under humid conditions at 37 °C for 7 days. 

After storage, the samples were polished as previously described for excess removal. A 

hemiface of each specimen was protected using an acid-resistant varnish (Colorama, São 

Paulo, SP, Brazil) to create a control surface. 

The specimens were randomly assigned to the 3 experimental groups: without 

fluoride (WF: Curaprox Enzycal Zero, Trybol AG, Neuhausen AM Rheinfall, Swiss), 
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sodium fluoride (NaF: Colgate total 12, Palmolive, Sao Bernardo do Campo, SP, Brazil.), 

and stannous fluoride (SnF2: Crest Pro-Health, P&G, Cincinnati, USA). The 

specifications of toothpastes and restorative materials are described in Table 1. 

Erosive/Abrasive Cycling 

Specimens were subjected to 5 days of erosive and abrasive cycles. Erosive cycles 

were performed four times per day and the specimen abrasion simulations were done after 

the first and last erosive cycles. The samples were eroded by immersion in 250 mL of 

citric acid (PA; Merck, Darmstadt, Germany, pH = 3.2) shaken for 2 min in an orbital 

shaker (Tecnal TE – 420, Piracicaba, SP, Brazil) and stirred (70/min) [13]. After the first 

and last erosive cycles, 2 mL of the toothpaste slurry solution, made with distilled water 

at a ratio of 1:3, was pipetted onto the samples for the dental abrasion simulations and an 

electric brush was applied, moving in a circular motion (Oral-B Plak Control Ultra; 

Braun, Frankfurt, Germany) under a weight of 200 g for 15 s. and immersion in the slurry 

until 2 min [21]. Each erosion cycle was performed at 1h intervals and in the interim the 

samples were stored at 37 ºC in artificial saliva (1,5 mmol l-1 Ca(NO3)2.4H20; 0.9 mmL 

l-1 NaH2PO4.2H2O; 150 mmol l-1 KCl, 0.1 mol l-1 Tampão Tris; 0.03 ppm F; pH 7.0) 

[13]. At the end of the 5-day experimental period, the acid-resistant layer was removed, 

and the samples were stored at 100% humidity. 

Surface Wear and Microhardness Analyses  

The surface wear was determined by a mechanical contact profilometer (Surftest 

SJ 400, Mitutoyo American Corporation, Aurora, IL, USA). In the center of each 

specimen 3 traces were made at intervals of 0.5 mm, each one 2 mm in length (1 mm for 

the control and 1 mm for the experimental area). Measurements were made on the dental 

surfaces (E and D), restorative materials (RMGIC and CR) and restorative interfaces 

(enamel/RMGIC, enamel/CR, RMGIC/dentin, CR/dentin) also at intervals of 0.5 mm. 
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The scans were interpreted with specific software (Surftest – SV 2100, Mitutoyo 

American Corporation, Aurora, IL, USA) along with the profilometer evaluation of the 

regression lines between the control and experimental sides. The wear was measured in 

micrometers and defined as the vertical distance between the regression lines on the 

control surface (previously protected by the acid resistant varnish) and the area subjected 

to erosive/abrasive cycling.   

Surface microhardness of restorative materials (control and eroded CR, control 

RMGIC and eroded RMGIC) were evaluated using five indentations (Micromet 5114 e 

OminiMet Software – Buehler, Lake Bluff, IL, EUA) in the center of the control and 

eroded surfaces with a Knoop (KHN) diamond indenter loaded with 50 g and with a dwell 

time of 15 seconds [22]. 

Atomic Force Microscopy (AFM) 

Two representative samples from each group were observed under AFM to 

visualize the topography aspect (Park NX10, Park Systems Corp. Suwon, South Korea). 

Samples were scanned with a high frequency silicon probe tip. The scan rate was 0.30 Hz 

(9 µm / s) with a resolution of 256 x 256 pixels. A three-dimensional image of 30 µm x 

30 µm was obtained of 6 regions mentioned above (software - Gwyddion 2.5, Prague, 

Czech Republic).  

Statistical analyses  

The statistical analyses were performed using Sigma Plot 12.5 software (Systat 

Software, San Jose, CA, USA). The data were submitted to Shapiro-Wilk test for 

normality, since they were within normality, the data were submitted to ANOVA. The 

profilometry data were submitted to two-way ANOVA and microhardness data to two-

way ANOVA repeated measurements. The Tukey post hoc test was used and the level of 

significance was α= 0.05. 



37 
 

2.4 Results 

The results for the surface wear on dental substrates and restorative materials are 

described in Table 2. For all toothpastes, the enamel surfaces (ECR and ERMGIC) 

showed lower wear than the dentin surfaces (DCR and DRMGIC). The NaF toothpaste 

caused more wear on the ECR, DCR and DRMGIC than the WF and SnF2 toothpastes 

(p< 0.05). In contrast, no differences were found among the toothpastes when CR, 

RMGIC, and ERMGIC surfaces were analyzed (p> 0.05). Both restorative materials had 

less wear than the enamel and dentin surfaces. However, ERMGIC presented similarity 

to RMGIC only for the SnF2 toothpaste (p> 0.05).  

The negative values of surface wear on the restorative surfaces (Table 3), show 

that tissue loss (enamel and dentin) was higher than wear on the restorative material 

surfaces, with the exception of the analysis between Enamel/RMGIC interfaces. There 

was higher wear on the NaF toothpaste than the SnF2 for the Enamel/CR (p< 0.05) and 

the SnF2 toothpaste caused the most wear in the Enamel/RMGIC, with statistical 

difference for the other groups (p< 0.05). There were no differences in the level of wear 

on dentin interfaces(p> 0.05). In comparing the interfaces with different materials within 

the same dental substrate, it is apparent that the RMGIC had more surface loss than the 

enamel. The Dentin/RMGIC interfaces showed lower values than Dentin/CR (p< 0.05). 

The surface microhardness results of the restorative materials are described in 

Table 4. Only for ionomeric surfaces did the type of toothpaste influence the results. The 

lowest microhardness values were found with the SnF2 toothpaste (p< 0.05). Comparing 

the surfaces, WF and SnF2 presented the following sequence: control CR = eroded CR > 

eroded RMGIC > control RMGIC. However, for the NaF toothpaste, the eroded CR was 

similar to the control RMGIC. 
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Representative AFM images can be seen in Figure 2. Since all eroded surfaces 

showed some differences from the control ones, only images of eroded surfaces were 

presented and the main aim is to demonstrate the differences among the toothpastes on 

the topography surfaces. Few alterations of enamel and CR surfaces was found when 

comparing the toothpastes after erosive-abrasive cycles (Figures 2 a,b,c,j,k,l). The free-

fluoride toothpaste presented large dentinal tubules with collagen fibers exposed. In 

contrast, both NaF and SnF2 toothpastes showed partially obliterated dentinal tubules, 

probably due to mineral precipitation (Figure 2 d,e,f). Greater alterations were found in 

erosive surfaces for RMGIC, indepently of toothpaste (Figures 2 g,h,i). 

 

2.5 Discussion 

The aim of this study was to evaluate the effects of toothpastes on the surface wear 

of enamel, dentin, composite resin, and resin-modified glass ionomer cement as well as 

the mechanical properties of restorative materials after erosive-abrasive cycles and 

topography analysis of the surfaces through representative images of Atomic force 

microscopy (AFM). 

The specimen preparation design in this study was based on a previous study by 

Alghilan and others [6]. The use of different restoration materials optimized the number 

of samples and allowed for a correct analysis of surface wear at the same time. Citric acid 

was chosen for the erosive cycles since it is the most common type of acid found in acidic 

beverages consumed and is most-commonly used in studies about erosive challenges 

[23,24]. The present study aimed to evaluate the behavior of toothpastes that contain 

different abrasives according to the RDA provided by the manufacturers. Although they 

are toothpastes manufactured in different countries, these were chosen because they 

contain active ingredients from previous studies cited.  
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Profilometry is a quantitative method used to evaluate the loss of dental tissue in 

relation to a non-treated control area, which is considered the standard method to analyze 

tissue loss in vitro, and in situ for erosion or erosion-abrasion simulations [25,26]. 

Schlueter et al. [26] investigated the different methods of profilometry (non-contact or 

contact), differences in the dentin tissue (wet or dry), and presence or absence of the 

desmineralised organic matrix (DOM). The authors concluded that the best method to 

evaluate dentin was non-contact profilometry without DOM. Although the contact device 

may overestimate the results of tissue loss, this method allows samples to be measured in 

a wet environment unlike the non-contact method which uses a light probe [25]. 

A microhardness analysis was done to evaluate the hardness of material through 

of indentation noted on the applied load [25]. Its use was limited only to the restorative 

materials since the analysis of eroded dental substrates can be unviable if it is too eroded 

[25]. In these cases, other types of analysis of hardness may be employed, [25] such as 

ultra-microhardness utilized for the studies related to eroded dentin [24,27].  

Regarding AFM, this technique uses microscopy through a probe that can reach 

resolutions of molecular and atomic levels and provides topographic aspects, with 

possible effects of differences between demineralized and remineralized surfaces [25,28], 

as well as the influence of acids, varnishes or toothpastes [29]. This analysis allows the 

measurements under ambient conditions (air or liquid), minimizing possible artefacts; 

however, it takes a long time to scan a single region, an example of 0.5 x 0.5 mm 

consumes a time of 60 minutes [25]. 

The first null hypothesis was rejected since there were differences in wear among 

the toothpastes for dental substrates and restorative interfaces involving enamel after 

erosive-abrasive cycles. The NaF toothpaste presented higher levels of wear than the WF 

and the SnF2 toothpastes in the ECR, DCR, and DRMGIC surfaces. Corroboring with 
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Ganss and others [14]. Commonly, under demineralization conditions, NaF toothpastes 

can form prepicited CaF2 molecules on the enamel surface [5]. However, in the case of 

extreme acidic conditions, such as in the erosion cycles, this molecule is unstable, easily 

soluble, and its protective effect could be insufficient [5]. Additionally, the beneficial 

effects of fluoride on ETW is strongly dependent on the other compounds it is combined 

with [17]. Others studies have shown that fluoride and polyvalent metal ions such as 

stannous have promoted better results [15,16]. Furthermore, the concentration of the silica 

abrasive particles may affect the loss of those dental substrates [15,19], especially with 

toothbrushing [5,30].  

The WF and SnF2 toothpastes had similar wear on ECR, DCR, and DRMGIC 

surfaces. WF is a free-fluoride toothpaste, while SnF2 is considered an anti-erosive 

toothpaste. Although the SnF2 toothpastes have anti-erosive properties, silica abrasive 

particles in toothpaste may decrease their effectiveness because they bind to stannous 

ions, thereby decreasing their anti-erosive actions [15]. Additionally, these particles can 

hinder the development of an Sn-rich zone due to the removal of the most superficial 

enamel structure [15] which may have caused the SnF2 toothpastes to behave similar to a 

fluoride-free toothpaste. Ganss and others [14] compared several toothpastes (those 

without fluoride, and those containing Sn, NaF and hydroxyapatite) and showed the 

lowest enamel loss in stannous-containing toothpastes (5.4 μm), very similar to our results 

(4.95 to 5.03 μm). They also found that the concentration of abrasive components in 

stannous toothpastes has to be greater than 10%, or approximately 20% by weight, to 

achieve any beneficial effects [15]. Theorically, stannous fluoride is more resistant to 

erosion since this compound forms a layer on the demineralized enamel and occludes the 

dentinal tubules after an erosive process [5]. Stannous and sodium fluoride-based 

toothpastes appear to have acted on dentinal tubule occlusion (Figure 2d-f). For the 
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restorative materials, the toothpastes did not significantly affect their wear level and 

topography (Figure 2 g-l).  

Regarding the restorative interfaces, SnF2 promoted higher wear compared to WF 

and NaF for Enamel/RMGIC, and no difference was evident between WF and NaF. A 

synergistic effect could have also occurred between the protective action of stannous and 

the release of fluoride from the glass ionomer, acting on the eroded enamel surface and 

lessening wear [31]. However, it should be noted that the different toothpastes had no 

effect on dentin interfaces, even though the erosion and abrasion cycles could have been 

more aggressive on dentin than on enamel due to histological differences [9].  

The second null hypothesis was also rejected since there were differences in wear 

among the analyzed surfaces and interfaces the same toothpaste was used. The lowest 

wear was noted on the restorative materials (CR and RMGIC) followed by enamel and 

dentin. In another study, the same wear behavior was found by profilometry: more wear 

on enamel, followed by the glass ionomer and composite resin, especially when erosion 

was associated with abrasion [32]. This wear pattern was also observed for Salas et al. 

[33], where both restorative materials showed less loss than enamel, although 

microhardness was used to evaluate the percentage of wear after the erosive cycle. This 

study showed similar ERMGIC and RMGIC results when the SnF2 toothpaste was aplied, 

supporting a synerystic effect between RMGIC and SnF2 which may protect the enamel 

surface [31]. For demineralized enamel, the ionomeric material could promotes an 

increase in the pH of the demineralizing solution due to its buffer capacity and protects 

the substrate from mineral wear [31]. However, SnF2 toothpaste, which claims to be anti-

erosive, may have decreased effect when in contact with abrasive silica particles, since 

an ionic bond forms between the negative zeta potential of the silica particle and the 

stannous ion which is positive. This can decrease the concentration of the stannous ions 
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available, consequently affecting the efficacy of its anti-erosive properties, as described 

above [15]. Thus, the similarity in wear values between ERMGIC and RMGIC may be 

more related to the effect of the ionomeric material on the adjacent enamel than the 

toothpaste itself. 

The third null hypothesis of the study was also rejected differences in 

microhardness were found. The lowest hardness was found in RMGIC brushed with the 

SnF2 toothpaste, probably due to the silica particles [15] and because RMGIC is more 

fragile than CR [32,34]. The dissolution of its matrix after acid erosion may have affected 

its mechanical properties [32,34]. In relation to the CR, no changes were found when the 

control and eroded sides were compared. This may be related to the use of nanoparticulate 

composites, which are considered more resistant to erosion [34,35]. 

Regarding the topograpghy images performed by AFM (Figure 2), the exact 

distinction of enamel prisms after erosion was not observed, perhaps the brushing action 

may have smoothed the surface roughness caused by citric acid [36]. In relation to dentin 

surface, there was a partial obliteration of dentinal tubules for the NaF and SnF2 groups, 

corroborating with Poggio et al. [36]. It is known that obliteration could act against future 

acid attacks (Figure 2 e,f). CR had few effects of erosive/abrasive cycles probably due 

the matrix composition with the presence of aromatic rings in its chain, which become it 

more resistant and its inorganic particles which are distributed into the entire structure of 

the material, providing greater resistance to erosive-abrasive challenges [37]. On the other 

hand, the ionomeric material presented a very altered surface after the challenges with 

deep cracks, spaces between the particles with protrusion of the glass particles from 

ionomeric matrix. Guler et al. [38], investigating the effect of beverages with different 

pH on various resin-based restorative materials such as Z550 and Fuji II LC by AFM and 

SEM analysis found that the glass ionomer presented a damaged surface after erosive-
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abrasive challenges, while the composite resin showed no significant changes, regardless 

of the toothpaste used. 

One limitation of this study was the presence of DOM in the dentin substrate. 

Schlueter et al. [26] have shown that profilometry analysis with DOM leads to an 

underestimation of the actual mineral loss. However, in the present study, the sample did 

not only contain a dentin block in which the DOM could be removed, since the dentin 

would have adhered to a restorative material and alteration of its structure could 

compromise the stability of the sample. In addition, it is speculated that the collagenase 

used to remove the DOM may cause some mineral precipitation due to the long 

immersion time in a calcium-rich solution, although it would be a very small amount [26]. 

Another limitation was the use of aritificial saliva which could reduce fluoride retention 

on surfaces in erosive protocols in vitro due to the absence of dental biofilm or salivary 

pellicle [6]. 

Future studies about the chemical composition of eroded dental substrates in 

relation to restorative materials are needed. Additionally, the action of these materials on 

eroded tooth tissue as well as the chemical changes resulting from the erosive/abrasive 

process in dental substrates and restorative materials should be studied.  

2.6 Conclusion 

Toothpastes with stannous fluoride and those without fluoride caused similar wear 

on dental surfaces. 

 Restorative materials were similar in wear for all toothpastes.  

In relation to microhardness of restorative materials the resin-modified glass 

ionmer cement was negatively affected by the stannous-based toothpaste. 
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Figures 

 

Figure 1. Study flowchart. (a) Obtaining 144 bovine incisors, 72 enamel and 72 dentin blocks (4 

x 4 mm2). (b) After, the specimens were polished in an automatic polishing machine. (c) The, was 

performed to surface microhardness analysis to select specimens. (d) Enamel and dentin blocks 

were included in acrylic base, being two specimens (enamel and dentin) in each base with a 

distance of 1 mm between them. (e) A cavity was prepared on the walls of the specimens, with a 

total distance of 2mm between them. (f) The restorations were applied. (g) The restorations were 

polished for the removal of excess of restorative material. (h) and the hemiface of each 

specimen/restoration set was covered with an acid-resistant varnish (i). The specimens were 

submitted to erosive (4x/day). (j) and abrasive (2x/day) challenges. (k) The specimens were 

storage in artificial saliva among the erosive cycles. (l) Analysis of profilometry was performed 

for evaluate wear obtained of dental substrates and restorative materials (red arrow) as well as 

restorative interfaces (blue arrow). (m) The restorative materials were submitted to surface 

microhardness analysis. (n) Atomic force microscopy (AFM) representative images of all 

surfaces. 
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                   WF                                            NaF                                          SnF2 

 

 

Figure 2. Representative AFM images (256 X 256 pixels) of enamel, dentin and 

restorative materials. a) Eroded enamel brushed with WF presented roughness values 

(Rms): 97.40 nm. b) Eroded enamel brushed with NaF presented roughness values (Rms): 

67.17 nm. c) Eroded enamel brushed with SnF2 presented roughness values (Rms): 52.38 

nm. d) Eroded dentin brushed with WF presented roughness values (Rms): 358.8 nm. e) 

Eroded dentin brushed with NaF presented roughness values (Rms): 307.3 nm. f) Eroded 

dentin brushed with SnF2 presented roughness values (Rms): 289.9 nm. g) Eroded 

RMGIC brushed with WF presented roughness values (Rms): 488.1 nm. h) Eroded 

RMGIC brushed with NaF presented roughness values (Rms): 470 nm. i) Eroded RMGIC 

brushed with SnF2 presented roughness values (Rms): 788.6 nm. j) Eroded CR brushed 

with WF presented roughness values (Rms): 103.9 nm. k) Eroded CR brushed with NaF 

presented roughness values (Rms): 145.8 nm. l) Eroded CR brushed with SnF2 presented 

roughness values (Rms): 124.2 nm. 
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Tables 

      Table 1. Materials used in this study 

Material Application mode  Composition  Manufacturer 

Adaper Single Bond 2 

(Adhesive system) 

Apply one layer of 

adhesive, wait for 

20s, air stream for 5s, 

and polymerize for 

10s 

 

BisGMA, HEMA, 

dimethacrylates, ethanol, 

water, a novel photoinitiator 

system and a methacrylate 

functional copolymer of 

polyacrylic and polyitaconic 

acids 

3M ESPE 

St. Paul, MN, 

USA. 

Filtek Z350 XT 

(color A2B) 

Batch:672912 

Apply increments of 

2 mm and 

polymerize for 20s 

each 

 

Bis-GMA, UDMA, Bis-

EMA, TEGDMA, 

PEGDMA, Zirconia and 

agglomerates of silica, 

camphorquinone 

3M ESPE 

St. Paul, MN, 

USA. 

Fuji II LC 

(color A3) 

Batch:17051316 

GC conditioner was 

applied for 20s, 

rinsed and dried for 

10s. 1 level scoop of 

powder to 2 drops of 

liquid was dispensed 

and mixed for 15-

20s. The mixture was 

transferred to the 

centrix syringe 

 

Powder: fluor-amino-silicate 

glass. Liquid: aqueous 

solution of polycarboxylic 

acid, TEGDMA and HEMA 

GC Corporation, 

Tokyo, Japan. 

Material Type  
Composition 

Manufacturer 

Curaprox Enzycal Zero 

(RDA-60)* 

Batch:442MHDEXP112

1 

Fluoride-free 

Toothpaste 

(WF) 

 

Water, Sorbitol, Hydrated 

Silica, Glycerin, Steareth-20, 

Titanium Dioxide (Cl 

77891), Aroma, Sodium 

Phosphate, Carrageenan, 

Sodium Chloride, Citric 

Acid, Sodium Benzoate, 

Potassium Thiocyanate, 

Glucose Oxidase, 

Amyloglucosidase, 

Lactoperoxidase . 

Trybol AG, 

Neuhausen AM 

Rheinfall, Swiss. 

Colgate Total 12 

(RDA-70/80)* 

Sodium Fluoride 

Toothpaste 

(NaF) 

 

Sodium Fluoride (1450 ppm 

as NaF) 

Water, Triclosan, Sorbitol, 

Silica, Sodium Lauryl 

Colgate-

Palmolive, São 

Bernardo do 
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Batch:6184BR121R Sulfate, PMV / MA 

Copolymer, Sodium 

Hydroxide, Saccharin 

Sodium, Titanium Dioxide 

Campo, SP, 

Brazil. 

 

Crest Pro-Health 

(RDA-155)* 

Batch:6039GF 

Stannous Fluoride 

Toothpaste 

(SnF2) 

 

Stannous fluoride (1100 ppm 

F as SnF2) 

Glycerin, Hydrated Silica, 

Sodium Hexametaphosphate, 

Propylene Glycol, PEG 6, 

Water, Zinc Lactate, 

Trisodium Phosphate, 

Sodium Lauryl Sulfate, 

Sodium Lauryl Sulfate, 

Carrageenan, Sodium 

Saccharin, Xanthan Gum, 

Blue 1 

P&G, Cincinnati, 

USA. 
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Table 2. Mean (SD) of wear (μm) of dental substrates and restorative materials surfaces 

 

  WF NaF SnF2 

ECR 4.53 (0.35) Ab 7.92 (0.34) Bb 5.03 (0.32) Ab 

CR 0.13 (0.13) Aa 0.31 (0.17) Aa 0.33 (0.12) Aa 

 DCR 8.58 (0.47) Ac 14.53 (0.52) Bc 9.88 (0.38) Ac 

 ERMGIC 5.77 (0.24) Ab 6.97 (0.52) Ab 4.95 (0.38) Ab 

 RMGIC 0.96 (0.24) Aa 3.23 (0.36) Aa 1.78 (0.21) Aab 

 DRMGIC 10.15 (0.36) Ac 13.99 (0.44) Bc 9.64 (0.37) Ac 

 Upper case letters compare toothpastes into each surface. Lowercase letters compare surfaces 

into each toothpaste. There was no comparison between specimens restored with CR and 

RMGIC 

ECR: enamel adjacent to composite resin; CR: composite resin; DCR: dentin adjacent to composite resin; 

ERMGIC: enamel adjacent to resin-modified glass ionomer cement; RMGIC: resin-modified glass ionomer 

cement; DRMGIC: dentin adjacent to resin-modified glass ionomer cement 
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Table 3. Mean (SD) of wear (μm) of restorative interfaces 

 WF NaF SnF2 

Enamel/CR -15.10 (0.79) ABb -16.60 (0.89) Ab -11.60 (1.13) Bb 

Enamel/RMGIC 7.72 (0.45) Ba 8.08 (1.04) Ba 13.94 (0.59) Aa 

Dentin/CR -21.01 (0.75) Ab -22.33 (1.56) Ab -21.95 (1.33) Ab 

Dentin/RMGIC -11.74 (0.59) Aa -10,08 (0.58)Aa -11.18 (0.77) Aa 

Upper case letters compare toothpastes. Lowercase letters compare surfaces 

Enamel/CR: enamel adjacent to composite resin; Enamel/RMGIC: enamel adjacent to resin-modified glass 

ionomer cement; Dentin/CR: dentin adjacent to composite resin; Dentin/RMGIC: dentin adjacent to resin-

modified glass ionomer cement;  
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Table 4. Mean (SD) of surface microhardness (KHN – kg/mm2), according to each 

toothpaste and restorative material 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 WF NaF SnF2 

Control CR 74.1 (1.00) Aa 74.2 (1.44) Aa 73.5 (2.00) Aa 

Eroded CR 73.3 (0.70) Aa 72.8 (1.66) Aab 71.1 (1.96) Aa 

Control RMGIC 61.9 (1.25) Bb 66.7 (1.03) Ab 55.9 (1.24) Cb 

Eroded RMGIC  47.8 (1.17) Ac 51.3 (1.88) Ac 34.9 (2.07) Bc 

Upper case letters compare toothpastes. Lowercase letters compare surfaces 
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3.1 Abstract 

Objective: To evaluate nanomechanical properties and chemical composition of eroded 

restorative materials and dental surfaces using different toothpastes. Materials and 

Methods: One-hundred bovine blocks enamel (n=50) and dentin (n=50) were obtained 

to simulate restoration of cervical erosive lesions. Half of the specimens were restored 

with resin-modified glass ionomer cement (RMGIC), and the other half with composite 

resin (CR). One hemiface of each specimen was coated and submitted to erosive-

abrasive cycles using the toothpastes (n=10): without fluoride (WF), sodium fluoride 

(NaF), and stannous fluoride (SnF2). The specimens were analyzed for nanohardness 

(H) and elastic modulus (Er), chemical composition with energy-dispersive x-ray 

(EDS), and Raman microscopy. Data were analyzed by a two-way ANOVA and Tukey 

test (α = 0.05). Results: NaF presented lower values of H for the DRMGIC-C with a 

statistical difference for WF (p < 0.05). SnF2 resulted in lower values of Er for the 

ERMGIC-E and RMGIC-E, with statistical differences for the WF and NaF types of 

toothpaste (p < 0.05). WF showed lower Ca and P concentration for DCR-E than the 

other toothpaste types (p < 0.05). The phosphate and carbonate bands on the substrates 

showed minimal alterations after the erosive and abrasive cycles. Conclusion: Stannous-

based toothpaste affected the elastic modulus on the enamel and ionomeric surfaces. 

Fluoride toothpastes increased Ca and P concentration of dentin adjacent of composite 

resin. Only the resin composite was capable of maintaining its nanomechanical 

properties and chemical composition after erosive-abrasive challenge regardless of the 
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toothpaste. Clinical relevance: Stannous-based toothpaste was not able to protect the 

analyzed surfaces on nanomechanical and chemical properties. 

 

Keywords: Abrasion, Composite resin, Erosion, Glass ionomer cement, Stannous ion. 
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3.2 Introduction1 

ETW involves multiple factors and has occurred with increasing frequency over 

the past decade The etiology is related specially to eating habits due to the high 

consumption of acidic beverages [1,2] and may be associated with bulimia, anorexia, and 

gastroesophageal disorders [3]. Importantly, ETW occurs by an association between 

constant contact with acids and the mechanical forces from toothbrushing, contributing 

to the removal of surface tissue that is softened by acidic action [4]. Each of these factors 

exposes the dental elements to contact with acids, such as citric or hydrochloric acid. 

Acidic action on dental tissues may not be diagnosed early since it does not promote 

visible damage. However, as the erosive process advances, the dental substrate loss may 

occur and expose the dentin [5]. 

 Furthermore, other factors may influence the erosive progression, such as the 

dissolution rate of dental substrates influenced by the presence of impurities in the 

substrate mineral content [6]. Thus, numerous studies have investigated the erosive 

dynamics considering different aspects such as composition of eroded dental tissues, 

distinct in vitro protocols to simulate erosive process [5,7,8], action of bioactive particles 

on eroded tissues [9] as well as the action of different toothpastes, rinses or varnishes with 

various active ingredients in order to minimize tooth loss [10,11,12]. 

Thus, this study aimed to compare types of toothpaste with different active 

compounds for nanomechanical properties and chemical composition of dental and 

restorative materials after erosive-abrasive cycles; because few studies in the literature 

have investigated the effect of different types of toothpaste in terms of those factors. 

 

 1Normalização segundo a revista Journal of Dentistry (ANEXO E). 
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The null hypotheses were that (1) different types of toothpaste would not affect 

the nanomechanical properties of the dental substrates and restorative materials after 

erosive-abrasive cycles, and (2) that different types of toothpaste would not affect the 

chemical composition of the dental substrates after erosive-abrasive cycles. 

 

3.3 Materials and Methods 

Experimental design 

Two experimental factors were investigated in this in vitro study: First, 

toothpastes (WF) without fluoride, negative control; (NaF) sodium fluoride, positive 

control; and (SnF2) stannous fluoride, and second the control and eroded surfaces (E) 

enamel, (D) dentin, (RMGIC) resin-modified glass ionomer cement, and (CR) composite 

resin. The characteristics of toothpaste types and restorative materials are shown in Table 

1. 

The response variables were nanomechanical properties (H) nanohardness and 

(Er) elastic modulus of all surfaces and the chemical composition of dental surfaces and 

restorative materials (EDS) using dispersive energy x-ray spectroscopy, and the chemical 

composition only of the dental surfaces using (R) Raman spectroscopy.  

Specimen preparation 

 

This study was previously approved by the local animal ethics committee (process 

# 00243-2018). Bovine incisors were stored in a 0.1 % aqueous solution of thymol for 30 

days. A total of 50 enamel and 50 dentin blocks (4 × 4 × 2 mm) were obtained using a 

precision saw and a diamond disk (Isomet 1000; Buehler, Lake Bluff, IL, USA). The 

samples were then planed and flattened using silicon carbide papers (#320, #600, #1200, 

#2000) under constant irrigation and polished using a felt disc with 1 μm diamond paste 

(Arotec, Cotia, SP, Brazil). The blocks were sonicated to remove debris in distilled water 



63 
 

for 15 minutes. These procedures left the enamel and dentin blocks with a thickness of 1 

mm. The specimens were analyzed by Knoop microhardness (Micromet 5114 e 

OminiMet Software–Buehler, Lake Bluff, IL, USA) to standardize the samples [13] with 

enamel hardness between 320 to 360 KHN, and dentin hardness between 50 to 70 KHN. 

All specimens were stored in 100 % humidity until use. 

Restorative procedures  

Two specimens (one dentin and one enamel) were embedded in acrylic resin using 

a metal matrix with a 1 mm distance, for future restoration with different materials [14]. 

A cavity was prepared in the center of samples each block using a diamond tip (#1090, 

KG Sorensen, Barueri, SP, Brazil) operated at a high rotational speed and replaced after 

every fifth preparation. When the preparation was completed, the box-shaped cavity was 

(2 × 2 mm). The samples restored with composite resin were previously conditioned with 

phosphoric acid to 37% for 20s. Both cavities were filled with their respective restorative 

material according to the manufacturer’s instructions and then covered with a polyester 

strip. A glass slide was placed over the strip, and a static load of 0.53 kg was applied 

using a heavy glass slab to allow excess material to extrude over the top of the cavity 

margins, which ensured that the material was flush with the surface of the enamel and 

dentin [14]. Next, the glass slab was removed, and the materials were photocured through 

the polyester strip and glass slide using a light-curing unit with an irradiance of 1000 

mW/cm2 (Kavo, Joinville, SC, Brazil). Fifty samples were restored using CR (Filtek Z350 

XT, 3M ESPE, St. Paul, MN, USA) and photocured for 20 seconds (Kavo, Joinville, SC, 

Brazil). Fifty other samples were restored using RMGIC (Fuji II LC, GC Corporation, 

Tokyo, Japan), photocured for 40 seconds, protected with petroleum jelly, and kept under 

humid conditions at 37 °C for seven days. After storage, the samples were polished as 

previously described for removal of excess material (#800, #1200, #2000, and felt disc). 
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A hemiface of each specimen was protected using an acid-resistant varnish (Colorama, 

São Paulo, SP, Brazil) to create the control and eroded sides [15]. 

The specimens were randomly assigned to the three experimental groups: (1) 

without fluoride (WF: Curaprox Enzycal Zero, Trybol AG, Neuhausen AM Rheinfall, 

Swiss), (2) sodium fluoride (NaF: Colgate total 12, Palmolive, Sao Bernardo do Campo, 

SP, Brazil.) and (3) stannous fluoride (SnF2: Crest Pro-Health, P&G, Cincinnati, OH, 

USA).  

Erosive-Abrasive Cycling 

Specimens were subjected to five-days of erosive-abrasive cycles. Erosive cycles 

were performed four times per day, and abrasive cycles were applied after the first and 

last cycles each day. The samples were eroded by immersion in 250 mL of citric acid 

(PA; Merck, Darmstadt, Germany, pH = 3.2) for two minutes under agitation in an orbital 

shaker (Tecnal TE–420, Piracicaba, SP, Brazil) at 70 RPM. The toothpaste slurries were 

prepared with distilled water (1:3), and 2 milliliters of this solution was pipetted on the 

samples after the first and last erosive cycle; followed by the abrasive cycle with an 

electric brush using a circular motion (Oral-B Plak Control Ultra; Braun, Frankfurt, 

Germany), that weighed 200 grams, for 15 seconds, and immersed in the slurry for 2 

minutes [11]. Each daily challenge was performed within a one-hour interval, and the 

samples were stored at 37 ºC in artificial saliva (1.5 mmol l-1 Ca(NO3)2.4H20; 0.9 mmol 

l-1 NaH2PO4.2H2O; 150 mmol l-1 KCl, 0.1 mmol l-1 buffer Tris; 0.03 ppm F; pH 7.0) 

[16]. At the end of the experimental period, the acid-resistant layer was removed, and the 

samples were stored under 100 % humidity. 

Analyses of the nanohardness (H) and elastic modulus (Er)  

The nanomechanical properties were measured using a nanohardness tester 

(UNAT, ASMEC, Zwick-Roell, Ulm, Germany). A Berkovich diamond tip was used at 
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a load of 1000 µN and a standard trapezoidal load function of 5-2-5 seconds [17]. Three 

measurements were performed in each of following regions for each specimen: control 

and eroded dental surfaces adjacent to the restorative interface, RMGIC, and CR in the 

center of the restoration. In total, there were 18 indentations for each specimen. H and Er 

were calculated on load-displacement curves according to the following relationships [18] 

H = Pmax / A 

where PMAX is the maximum load and A is the projected contact area between the 

indenter tip and the specimen under the maximum load; and 

Er = S √π / 2 √A 

where S is the initial unloading stiffness, and A is the projected contact area between the 

indenter tip and the sample at maximum load. 

 

Analyses of energy dispersive X-ray spectroscopy (EDS) and scanning electron 

microscopy (SEM)  

The surface composition of dental substrates and restorative materials was 

obtained by X-ray EDS and SEM (EVO LS 15, Carl Zeiss, Oberkochen, Germany), and 

coated with gold through the equipment (Q150T, Quorum Technologies, Laughton, 

England). Three specimens from each group were selected for EDS analysis of the control 

and eroded surfaces of the dental substrates, and restorative materials (INCA x-act, 

Oxford Instruments, Concorde, New Hampshire, USA) over a defined area of 200 × 200 

μm, using electronic-mode (20 kV) with 2000x magnification. A representative image of 

all groups was also obtained by SEM at 2000x magnification and 5000x magnifications 

[19,20]. 

Analysis of micro-Raman spectroscopy (R) 
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Raman measurements were performed using a spectrometer (Renishaw in-Via, 

Renishaw plc, Wotton-under-Edge, UK). Analyses were made at the molecular level 

using UV absorption spectrophotometer measurements of bands located between 150 and 

1500 nm wavelengths. The excitation laser equipped with this apparatus was a He−Ne 

laser (λ = 785 nm), and 1200 lines per mm diffraction grating with exposure time was set 

at 10 seconds. Optical images were obtained using a microscope (Leica, Microsystems 

GmbH, Germany) coupled to the Raman spectrograph through a 50x objective lens and 

500x magnification [21]. Chemical mapping of the surfaces was performed by comparing 

the integrated areas of the Raman peaks in arbitrary units (a.u.) (phosphate 960 cm−1) 

(carbonate 1070 cm−1) [22], using Grams/32 AI software (Galactic Industries Company, 

Salem, NH, USA). 

Statistical Analysis  

The statistical analyses were performed using Sigma Plot 12.5 software (Systat 

Software, San Jose, CA, USA). The data were analyzed for normality using a Shapiro-

Wilk test. Nanomechanical properties data (H and Er) and chemical composition (EDS) 

of dental surfaces and restorative materials were analyzed with a two-way ANOVA 

repeated measurements and a Tukey post hoc test. Enamel, dentin, and restorative 

materials were considered separately. Data Raman integrated area peaks were submitted 

to two-way ANOVA repeated measurements and a Tukey post hoc test only for the dental 

surfaces. The level of significance was α = 0.05. 

 3.4 Results 

The nanomechanical properties (H and Er) are shown in Tables 2 and 3. There 

were significant differences only for DRMGIC-C, with lower H for NaF than WF (p < 

0.05). When comparing the control surfaces using the same toothpaste, there were 

differences for WF toothpaste between ERMGIC-C and ECR-C and among RMGIC-C 
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and CR-C for all toothpaste types (p < 0.05). The differences between restorative 

materials were also observed for eroded surfaces. Only surfaces that did altered after 

suffered by the erosion-abrasive cycling had RMGIC-E for NaF toothpaste and eroded 

CR-E for all types of toothpaste (p > 0.05).  

Er values are shown in Table 3. NaF presented lower values with statistical 

differences for WF and SnF2 for the ERMGIC-C (p < 0.05). However, WF showed lower 

values for ECR-C with a statistical difference for NaF and SnF2 (p < 0.05). Furthermore, 

SnF2 resulted in lower values of Er for the ERMGIC-E and RMGIC-E, with statistical 

differences for the WF and NaF types of toothpaste (p < 0.05). WF and SnF2 types of 

toothpaste resulted in lower values of Er for the ECR-E, which was different from NaF 

(p < 0.05). When comparing control and eroded surfaces, there was a statistically 

significant decrease in the Er (p < 0.05), except for the CR surfaces that did not undergo 

erosive-abrasive cycling (p > 0.05). 

Representative images from SEM are in Fig. 2. Since all eroded surfaces showed 

differences from the control, only images of the eroded surfaces are presented. 

Concerning the eroded enamel surfaces (Fig. 2A, 2B, and 2C), there were few differences 

among the various toothpaste types after the erosive-abrasive cycles. However, SnF2 (Fig. 

2C) showed the hastened formation. Regarding the eroded dentin surfaces, in addition to 

the differences found between control and eroded surfaces, larger dentinal tubules can be 

seen in the WF group (Fig. 2D), while partial obliteration of dentinal tubules with 

hastened formation was observed in NaF and SnF2 toothpaste types (Fig. 2E and 2F, 

respectively). Considerable alterations were found on erosive surfaces for RMGIC (Fig. 

2G, 2H, and 2I), irrespective of the toothpaste. Eroded CR surfaces showed minimal 

morphologic alterations for WF and NaF (Fig. 2J and 2K). However, SnF2 (Fig. 2L) 

presented a grooved surface. 
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EDS analysis of the dental surfaces is presented in Fig. 3, and Fig. 4. The chemical 

elements found on dental surfaces were C (carbon), O (oxygen), Ca (calcium), P 

(phosphorus), Sn (stannous), Si (silica), and Cl (chlorine). However, only Ca and P were 

considered for these analyses. No differences were found for enamel surfaces among the 

types of toothpaste. Comparing enamel surfaces brushed with the same toothpaste, in 

specimens treated with WF and NaF lower Ca and P concentrations were observed for 

ECR-E; with SnF2, this observation was found for ERMGIC-E. WF showed lower Ca and 

P concentration for DCR-E than the other toothpaste types (p < 0.05). Also, WF presented 

higher Ca and P concentration than NaF for DCR-C (p < 0.05). In relation to dentin 

surfaces using the same toothpaste, eroded dentin surfaces presented lower calcium and 

phosphorus concentrations than the control for all toothpaste types (p < 0.05). Sn was 

detected on some dentin surfaces brushed with SnF2, and Si was presented in eroded 

dentin for all toothpaste types; however, no statistical analysis was performed for these 

elements because these ions were not observed in all specimens of the study. 

EDS analysis of the restorative materials (RMGIC and CR) are presented in Fig. 

5, and Fig. 6, respectively. RMGIC surfaces showed the presence of chemical elements: 

Ca, Si, F, Al (aluminum), and Sr (strontium). NaF and SnF2 presented higher values than 

WF on the RMGIC-E for calcium (p < 0.05). SnF2 presented higher fluoride values than 

WF and NaF on the RMGIC-C (p < 0.05). However, WF presented higher fluoride values 

than NaF on the RMGIC-E (p< 0.05). WF presented higher Al and Sr values than other 

toothpaste on the eroded surfaces (p< 0.05). In relation to surfaces using the same 

toothpaste, higher Ca values were found on the eroded than the control surfaces for NaF 

and SnF2. However, the opposite occurred with F, Al, and Sr concentrations for SnF2, and 

with Al, and Sr concentrations for NaF (p< 0.05). Regarding CR surfaces, the common 

chemical elements found were Si, and Zr (zirconia); eroded CR surfaces presented similar 
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Si and Zr concentrations in relation to the control surfaces (p > 0.05), regardless of 

toothpaste. 

The common peaks and areas detected in both enamel and dentin were phosphate 

(960 cm-1) and carbonate (1070 cm-1) for the Raman analysis. There were no statistical 

differences among the toothpaste types for enamel surfaces in relation to phosphate and 

carbonate areas (p > 0.05). However, using only one toothpaste, ECR-E presented a lower 

phosphate area than SnF2 (p< 0.05), ERMGIC-C showed lower carbonate area for NaF (p 

< 0.05). In relation to phosphate areas for dentin surfaces, SnF2 showed higher area values 

than NaF (p < 0.05). Regarding dentin surfaces using only one toothpaste, control surfaces 

(DRMGIC and DCR) presented higher phosphate and carbonate area values than the 

eroded surfaces (DRMGIC and DCR), for all types of toothpaste (p < 0.05). 

 

 

 

 

 

 

 

 

 

 

1Tabelas complementares referentes as análises de EDS (ANEXO C). 
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3.5 Discussion 

  Hardness analyses are one of the most widely used quantitative methods for 

measuring the mechanical properties of a substrate or material. [23]. There are distinct 

types of hardness depending on the indenter type, as well as for the load and penetration 

depth of the indenter. [23]. Depending on the substrate to be analyzed, and the degree of 

erosion of that tissue, the surface microhardness becomes inadequate, because the limits 

of indentation are unclear. Thus, measurement is inaccurate or impossible [23]. 

Nanohardness also produces small indentation regions, enabling the differentiation of 

areas that are intertubular, peritubular, or dentinal-tubular [26=24]. In the present study 

the dentin indentations were performed on the intertubular region. It was possible to 

analyze both the elastic deformation, which is transient and plastic deformation, which is 

permanent [18,23]. Nanoindentation also allows the calculation of the elastic modulus 

(Er), offering another parameter for the evaluation of the acid impact on substrates and 

restorative materials [23].  

  The first null hypothesis was rejected, since there were differences among the 

toothpaste types for nanomechanical properties, in particular for Er. One reason for 

differences found on control DRMGIC surfaces for H and control enamel surfaces for Er 

may be associated with the diffusion of citric acid or toothpaste slurry through the control 

surface that was isolated acid-resistant varnish since the blocks were previously selected 

by surface Knoop microhardness. This effect was observed in a previous study [27=25].  

  An interesting fact about nanohardness was that although there was no statistical 

difference among the enamel surfaces when using different toothpastes, enamel surfaces 

abrasioned with stannous-based toothpaste showed a hardness reduction of about 50% 

compared to other dentifrices. The reduced effect of the stannous toothpaste might be 
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associated with the binding between negative zeta potential abrasive silica particles to 

positive stannous ions (Sn2 +) which may reduce the anti-erosive action of the toothpaste 

[10]. In the present study, regardless of the toothpaste employed, all eroded surfaces, 

except for the CR surface, showed a decrease in H and Er values. Thus, no toothpaste was 

able to maintain the nanomechanical properties, possibly because a protective layer was 

not formed. SEM images (Fig. 2A-2C) show enamel surfaces with notable irregularities 

and without the presence of a significant protective layer. A study that evaluated the 

application of NaF and TiF4 varnishes concluded that NaF was not able to form a 

protective layer on enamel [26] Moreover, it is known that H and Er values may be 

affected depending on factors such as the region where indentation was performed [24]. 

It is worth noting that no differences among these toothpaste types were found in another 

study from our group, where ultramicroharness was used to evaluated dentin surfaces 

[25]. 

  Regarding restorative materials, hardness tests allow indirect evaluation of the 

degree of monomers conversion to polymers (a material with higher hardness values has 

better polymerization conversion rate) [27]. In contrast, elastic modulus (Er) of an ideal 

restorative material should be slightly lower or similar to dentin, facilitating the 

transmission of adhesive interface forces [28]. In general, RMGIC was vulnerable to the 

erosive process, with a decrease in H and Er values, it´s important to highlight that the 

RMGIC indentations were performed on the polymeric matrix instead of inorganic 

paritcles. The ionomeric material naturally has lower hardness than CR, which was 

observed in another study [25]. In addition, the association of the erosive process with 

abrasion using toothpaste types with different abrasive levels seems to have accentuated 

the modification of its structure and contributed to the decrease of its mechanical values 

[25,29,30]; this association was more notable after brushing with stannous-based 
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toothpaste. On the other hand, the CR presented higher values than glass ionomer cement 

in terms of mechanical properties, as was seen in other studies [29,30]. Besides, no effects 

on CR of erosive -abrasive cycles were noted independently of the toothpaste. This is 

likely associated with the composition of its organic matrix (BIS-GMA) and the 

arrangement or percentage of its nanoparticles [31]. 

  Comparing the same type of surface when brushed with a single toothpaste, 

superior mechanical properties were found for ERMGIC compared to ECR in WF groups, 

except for the nanohardness of the eroded enamel. The effects of fluoride released only 

from RMGIC may act on the enamel surface when brushed with fluoride-free toothpaste 

[32].  

  The second null hypothesis was also rejected because there were differences in 

the chemical composition of the dental surfaces and restorative materials. EDS is widely 

used to investigate the chemical composition of surfaces, which uses a semi-quantitative 

or quantitative method to analyze substrates and materials [6,23,33]. Minerals from dental 

tissues are imperfect forms of hydroxyapatite; these imperfections result from the 

incorporation of ‘impure’ ion crystals from tissue fluids, as well as from mineral crystals 

during hard tissue formation [6]. Dental mineral tissues, when calcium deficient, such as 

carbonated hydroxyapatites, may contain some ions such as Na, K, Mg, Cl, Zn, Pb, Cu, 

and Al [6, 34]. It is known that this hydroxyapatite ion exchange can generate greater 

stress on enamel tissue, making it more susceptible to solubility [6]. Thus, it is possible 

to notice the presence of chemical elements of Na, Mg, Cl, and K, which corroborates the 

minerals detected through the EDS analysis in the present study. 

  Factors related to toothpaste types such as the type of fluoride compound, possible 

formation of precipitates on the surface, pH of the active agent, and duration and 
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frequency of application are characteristics influencing the potential of chemical changes 

on the surfaces [33]. Regarding eroded enamel surfaces, lower Ca and P concentrations 

were found for all types of toothpaste, and is associated with the dissolution of 

hydroxyapatite. Thus, the loss of Ca and P ions after the erosive-abrasive cycle 

demonstrate that the toothpaste types did not prevent the dissolution of hydroxyapatite in 

relation to the control surface [35]. Furthermore, the Ca and P were more evident in 

enamel than dentin, corroborating with another study that investigated the chemical 

composition of eroded dental tissues and concluded that enamel naturally has a higher 

concentration of these compounds [6]. Another relevant fact was the absence of the Sn 

on the enamel surfaces on which the stannous-based toothpaste was applied, probably due 

to the fragility of SnF2 that may have been removed after brushing [33]. Due to the 

instability of some compounds, a vehicle that can adhere to the dental surface is necessary 

such as fluoride gel and varnishes [33]; as well as the association of polymers with 

fluoride compounds, which can optimize the chemical bonding of these compounds to 

the dental surface [36]. NaF toothpaste seems have a potential effect on enamel adjacent 

to RMGIC, because no differences were found between control and eroded surfaces for 

Ca and P. 

  The presence of Sn was detected in a few eroded dentin specimens. Although it is 

an anti-erosive toothpaste, in this case, it seems to have acted more to obliterate the 

dentinal tubules (Fig. 2F) and act as a desensitizer. At least parts of the precipitates are 

loosely bound to the dentin surface and can be easily removed by brushing, since brushing 

reduced the protective effect of the test solutions in another study [33]. Lower tissue loss 

was observed in toothpaste types with lower pH values, higher fluoride concentration, 

lower Ca and P concentrations, larger solid particles, and higher surface wettability [37]. 

Dentinal tubule occlusion was also influenced by the presence of Sn+2 [37]. In present 
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study, the pH values found were WF = 5.59, NaF = 7.24 and SnF2 = 6.62, which are 

considered high pH values. This fact may also have contributed to the lower protective 

effectiveness of the toothpaste. In another study using EDS analysis, the efficacy of 

solutions contained SnF is related to the incorporation of Sn ions on the mineralized 

dentin when the organic portion is preserved on the subsurface. However, Sn precipitation 

occurred when the organic portion was removed from the surface [34]. Furthermore, 

higher Sn concentration was associated with higher fluoride ppm [34]. Another point to 

be highlighted is the presence of silica in most eroded dentin surfaces, for all toothpaste 

types. According to Ganns et al. [10], silica values of up to 10 % could be more harmful 

to surfaces than concentrations above this value. However, specific compositional 

information of the toothpastes studied were not provided by the manufactures, resulting 

in a limitation of the present study. 

  In relation to restorative materials, the ionomeric material was influenced by the 

action of the fluoride-based toothpaste types once the eroded RMGIC surfaces showed 

an increasing Ca and decreasing F for NaF and SnF2 toothpaste types after erosive-

abrasive cycling. This is probably due to ion exchange with the environment. This may 

be associated with the material's ability to stabilize the pH and at the same, time exhibit 

fluoride release to the environment [32]. In addition, NaF and SnF2 promoted higher 

alterations on eroded surfaces, which may be compatible with SEM images (Fig. 2H and 

2I), showing the greater changes suffered by the material after erosive-abrasive cycles. In 

contrast, CR showed a similar composition of Si and Zr (Fig. 2J-2L) after erosive-abrasive 

cycles, corroborating with nanomechanical properties that also remained constant. Guler 

et al. [38], investigating the effect of beverages with different pH and citric acid on 

various resin-based restorative materials such as Z550 and Fuji II LC using AFM and 

SEM analysis. They observed that the ionomeric group presented deep cracks and spaces 
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between the particles while the CR showed no significant changes, concurring with the 

images obtained in this study. Fluoride-based toothpaste affected the structural 

composition of the ionomeric material, as seen in the SEM images (Fig. 2H and 2I), 

whereas the CR showed neither changes in the chemical composition nor significant 

morphological surface alterations (Fig 2J, 2K, and 2L). 

  Raman spectroscopy is an analytical technique capable of measuring the 

molecular composition and vibration of a substrate or material, providing information 

about chemical changes in samples [22]. In dentistry, that can be useful to analyze 

calcium fluoride formation in enamel, as well as a resin-to-dentin interface in restored 

teeth [39]. Previous studies have used phosphate (960 cm-1) since that is indicative of the 

P-O stretch associated with hydroxyapatite [39]. Therefore, analysis of the concentration 

of phosphate within the enamel is a good indicator of the degree of mineralization [39]. 

In the face of an erosive process, phosphate release can be expected once the 

hydroxyapatite is dissolved. Beyond that, biological apatite is calcium deficient and 

contains substantial amounts of carbonate (1070 cm1) [40]. The bands represent the 

intensity of the signal according to frequency, and the mathematical exploitation of this 

allows comparative and quantitative analysis. It is expected that phosphate is released in 

the erosive processes, resulting in a decrease in the intensity of this band [39]. In the 

present study, there were no differences among the types of toothpaste. However, 

phosphate areas of eroded enamel showed lower values than the control brushed with 

stannous toothpaste. Carbonate areas of eroded enamel presented lower values than the 

control brushed with sodium fluoride toothpaste, for other surfaces as well as teeth 

brushed with WF, no changes were found for phosphate and carbonate bands after 

erosion-abrasion cycles. No differences were found between intact and eroded enamel in 

extracted primary teeth either [40]. 
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Furthermore, since the volumes involved were tiny, there could be an 

overestimation of the amount of phosphate released from the apatite crystal [40]. For 

dentin surfaces, there were differences between eroded and control surfaces, since 

decreased phosphate and carbonate were observed for all types of toothpaste. In other 

words, dentin surfaces were affected by the erosive-abrasive cycle, not by the action of 

the toothpaste. 

Further in situ and in vivo studies are required to thoroughly analyze the 

mechanical and chemical alterations of composite resin and glass ionomer cement 

restorations in eroded enamel and dentin, since the presence of saliva and salivary pellicle 

influences the dissolution and abrasion behavior of dental, restorative materials surfaces, 

as well as the formations and stability of fluoride precipitates [41-43]. 

 

3.7 Conclusion 

 Regarding the nanomechanical properties, stannous toothpaste presented had a 

negative effect on elastic modulus of enamel and ionomeric eroded surfaces. However, 

the fluoride toothpastes had positive effect only on eroded dentin adjacent to composite 

resin, increasing Ca and P concentrations. The stannous toothpaste decreased the 

phosphate while the sodium toothpaste decreased carbonate on the eroded enamel. The 

composite resin showed unchanged after erosion for both nanomechanical and chemical 

properties regardless of toothpaste, while, ionomeric material presented some 

alterations in these properties. 
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Figures 

 

Figure 1. Study flowchart (a) Obtaining 120 bovine incisors, 60 enamel and 60 dentin blocks (4 

x 4 mm2). (b) After, the specimens were polished in an automatic polishing machine. (c) The, was 

performed to surface microhardness analysis to select specimens. (d) Enamel and dentin blocks 

were included in acrylic base, being two specimens (enamel and dentin) in each base with a 

distance of 1 mm between them. (e) A cavity was prepared on the mesial face of the specimens, 

with a total sharp box of 2 x 2 mm. (f) The restorations of RMGIC or CR were applied. (g) The 

restorations were polished for the removal of excess of restorative material. (h) The hemiface of 

each specimen/restoration set was covered with an acid-resistant varnish (i). The specimens were 

submitted to erosive (4x/day). (j) and abrasive (2x/day) challenges. (k) The specimens were 

storage in artificial saliva among the erosive cycles. (l) The dental substrates and restorative 

materials were submitted to nanohardness and elastic modulus analysis. (m) SEM/EDS analyses 

of the dental surfaces and restorative materials. (n) Raman spectroscopy analysis of dental 

surfaces 
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Figure 2. Representative SEM images of eroded surfaces (5,000 x). A: Eroded enamel 

surface brushing with WF toothpaste presented roughness. B: eroded enamel surface 

brushing with NaF toothpaste presented roughness. C: Eroded enamel surface brushing 

with SnF2 toothpaste having mineral precipitation. D: Eroded dentin surface brushing 

with WF, dentinal tubules large and presence of odontoblastic processes. E: Eroded dentin 

surface brushing with NaF showed partial obliteration of the dentinal tubules. F: Eroded 

dentin surface brushing with SnF2 also presented partial obliteration of the dentinal 

tubules. G: Eroded RMGIC surface brushing with WF showed some cracks. H: Eroded 

RMGIC surface brushing with NaF presented irregularities. I: Eroded RMGIC surface 

brushing with SnF2 showed cracks and concavities. J: Eroded CR surface brushing with 

WF without alterations. K: Eroded CR surface brushing with NaF without alterations. L: 

Eroded CR surface brushing with SnF2 showed a grooves. 
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Figure 3. Changes in enamel surfaces concentration [wt%] of the respective chemical 

elements by EDS analysis 
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Figure 4. Changes in dentin surfaces concentration [wt%] of the respective chemical 

elements by EDS analysis 
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Figure 5. Changes in RMGIC surfaces concentration [wt%] of the respective chemical 

elements by EDS analysis 
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Figure 6. Changes in CR surfaces concentration [wt%] of the respective chemical 

elements by EDS analysis 
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Table 1. Materials used in this study          

Material Application mode  Composition  Manufacturer 

Adaper Single Bond 2 

(Adhesive system) 

Apply one layer of 

adhesive, wait for 

20s, air stream for 5s, 

and polymerize for 

10s 

 

BisGMA, HEMA, 

dimethacrylates, ethanol, 

water, a novel photoinitiator 

system and a methacrylate 

functional copolymer of 

polyacrylic and polyitaconic 

acids 

3M ESPE 

St. Paul, MN, 

USA. 

Filtek Z350 XT 

(color A2B) 

Batch:672912 

Apply increments of 

2 mm and 

polymerize for 20s 

each 

 

Bis-GMA, UDMA, Bis-

EMA, TEGDMA, 

PEGDMA, Zirconia and 

agglomerates of silica, 

camphorquinone 

3M ESPE 

St. Paul, MN, 

USA. 

Fuji II LC 

(color A3) 

Batch:17051316 

GC conditioner was 

applied for 20s, 

rinsed and dried for 

10s. 1 level scoop of 

powder to 2 drops of 

liquid was dispensed 

and mixed for 15-

20s. The mixture was 

transferred to the 

centrix syringe 

 

Powder: fluor-amino-silicate 

glass. Liquid: aqueous 

solution of polycarboxylic 

acid, TEGDMA and HEMA 

GC Corporation, 

Tokyo, Japan. 

Material Type  
Composition 

Manufacturer 

Curaprox Enzycal Zero 

(RDA-60)* 

Batch:442MHDEXP112

1 

Fluoride-free 

Toothpaste 

(WF) 

 

Water, Sorbitol, Hydrated 

Silica, Glycerin, Steareth-20, 

Titanium Dioxide (Cl 

77891), Aroma, Sodium 

Phosphate, Carrageenan, 

Sodium Chloride, Citric 

Acid, Sodium Benzoate, 

Potassium Thiocyanate, 

Glucose Oxidase, 

Amyloglucosidase, 

Lactoperoxidase . 

Trybol AG, 

Neuhausen AM 

Rheinfall, Swiss. 

Colgate Total 12 

(RDA-70/80)* 

Sodium Fluoride 

Toothpaste 

(NaF) 

 

Sodium Fluoride (1450 ppm 

as NaF) 

Water, Triclosan, Sorbitol, 

Silica, Sodium Lauryl 

Colgate-

Palmolive, São 

Bernardo do 
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Batch:6184BR121R Sulfate, PMV / MA 

Copolymer, Sodium 

Hydroxide, Saccharin 

Sodium, Titanium Dioxide 

Campo, SP, 

Brazil. 

 

Crest Pro-Health 

(RDA-155)* 

Batch:6039GF 

Stannous Fluoride 

Toothpaste 

(SnF2) 

 

Stannous fluoride (1100 ppm 

F as SnF2) 

Glycerin, Hydrated Silica, 

Sodium Hexametaphosphate, 

Propylene Glycol, PEG 6, 

Water, Zinc Lactate, 

Trisodium Phosphate, 

Sodium Lauryl Sulfate, 

Sodium Lauryl Sulfate, 

Carrageenan, Sodium 

Saccharin, Xanthan Gum, 

Blue 1 

P&G, Cincinnati, 

USA. 
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Table 2. Mean (SD) nanohardness (H) (GPa) values of surfaces and restorative materials 

using different toothpastes. 

 

 

ECR: enamel adjacent to composite resin; CR: composite resin; DCR: dentin adjacent to composite resin; ERMGIC: 

enamel adjacent to resin-modified glass ionomer cement; RMGIC: resin-modified glass ionomer cement; DRMGIC: 

dentin adjacent to resin-modified glass ionomer cement 

 

Control 

Toothpaste ERMGIC ECR RMGIC CR DRMGIC DCR 

WF 2.97 (0.45) Aa 2.66 (0.40) Ab 0.47 (0.20) Ab 0.69 (0.12) Aa 0.68 (0.15) Aa 0.63 (0.10) Aa 

NaF 2.89 (0.73) Aa 2.96 (0.43) Aa 0.41 (0.19) Ab 0.67 (0.17) Aa 0.59 (0.12) Ba 0.61 (0.15) Aa 

SnF2 3.09 ± 0.83Aa 2.98 ± 0.63Aa 0.49 (0.21) Ab 0.70 (0.21) Aa 0.65 (0.13) ABa 0.67 (0.15) Aa 

Eroded 

Toothpaste ERMGIC ECR RMGIC CR DRMGIC DCR 

WF 0.51 (0.17) Aa* 0.55 (0.22) Aa* 0.29 (0.09) Ab* 0.64 (0.08) Aa 0.05 (0.02) Aa* 0.10 (0.05) Aa* 

NaF 0.52 (0.24) Aa* 0.50 (0.30) Aa* 0.34 (0.16) Ab 0.65 (0.18) Aa 0.08 (0.04) Aa* 0.06 (0.02) Aa* 

SnF2 0.27 (0.07) Aa* 0.23 (0.06) Aa* 0.25 (0.14) Ab* 0.63 (0.11) Aa 0.08 (0.03) Aa* 0.07 (0.02) Aa* 

Upper case letters compare toothpastes in each control or eroded side. Lowercase letters compare surfaces separately (p< 0.05). 

*Statistical difference among the control and eroded surfaces. 
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Table 3. Mean (SD) elastic modulus (Er) (GPa) of surfaces and restorative materials 

using different toothpastes. 

 

ECR: enamel adjacent to composite resin; CR: composite resin; DCR: dentin adjacent to composite resin; 

ERMGIC: enamel  adjacent to resin-modified glass ionomer cement; RMGIC: resin-modified glass ionomer 

cement; DRMGIC: dentin adjacent to resin-modified glass ionomer cement 

 

Control 

Toothpaste ERMGIC ECR RMGIC CR DRMGIC DCR 

WF 79.92 (7.45) Aa 64.74 (7.14) Bb 12.99 (3.38) 
Aa 

13.60 (1.56) 
Aa 

21.34 (3.56) 
Aa 

18.70 (2.53) Aa 

NaF 76.25 (14.51) 
Ba 

82.37 (8.08) Aa 13.50 (3.07) 
Aa 

13.31 (2.15) 
Aa 

18.62 (2.97) 
Aa 

18.26 (2.57) Aa 

SnF2 87.73 (14.86)  

Aa 

75.22 (8.68) Aa 14.71 (4.26) 
Aa 

14.26 (2.15) 
Aa 

19.08 (3.90) 
Aa 

19.70 (3.23) Aa 

Eroded 

Toothpaste ERMGIC ECR RMGIC CR DRMGIC DCR 

WF 30.23 (8.63) Aa* 17.08 (8.22) 
Bb* 

10.18 (2.37) 
Ab* 

13.45 (1.51) 
Aa 

1.54 (0.40) 
Aa* 

2.65 (0.84) Aa* 

NaF 34.52 (12.91) 
Aa* 

34.59 (8.83) 
Aa* 

10.38 (3.55) 
Ab* 

13.52 (2.11) 
Aa 

1.97 (0.61) 
Aa* 

2.06 (0.79) Aa* 

SnF2 20.72 (9.90) Ba* 19.33 (3.26) 
Ba* 

6.47 (1.14) Bb* 13.62 (1.50) 
Aa 

2.36 (0.66) 
Aa* 

1.99 (0.40) Aa* 

Upper case letters compare toothpastes in each control or eroded side. Lowercase letters compare surfaces separately 

(p< 0.05). *Statistical difference among the control and eroded surfaces. 
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Table 4. Raman analysis in arbritary units (a.u.) of phosphate and carbonate for enamel 

surfaces 

 

 

 ECR: enamel adjacent to composite resin; CR: composite resin; DCR: dentin adjacent to composite resin; 

ERMGIC: enamel  adjacent to resin-modified glass ionomer cement; RMGIC: resin-modified glass ionomer 

cement; DRMGIC: dentin adjacent to resin-modified glass ionomer cement 

 Toothpaste ERMGIC-C ERMGIC –E ECR-C ECR-E 

 

Phosfate 

WF 21.480.48 Aa 21.233.25 Aa 22.910.76 Aa 18.867.15 Aa 

NaF 22.738.70 Aa 10.504.48 Aa 23.342.09 Aa 14.894.207 Aa 

SnF2 22.704.72 Aa 9.544.844 Ab 23.826.80 Aa 16.608.54 Ab 

 

Carbonate 

WF 8.7105.55 Aa 7.811.1 Aa 9.147.602 Aa 7.592.61 Aa 

NaF 18.827.75 Aa 9.209.123 Aab 7.863.658 Aab 6.983.297 Ab 

SnF2 19.452.03 Aa 7.437.626 Aa 9.779.156 Aa 7.191.421 Aa 

Upper case letters compare toothpastes for each enamel surface. Lowercase letters compare each enamel 

surface to single toothpaste, p< 0.05. 
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Table 5. Raman analysis in arbritary units (a.u.) of phosphate and carbonate for dentin 

surfaces 

 

      

ECR: enamel adjacent to composite resin; CR: composite resin; DCR: dentin adjacent to composite resin; ERMGIC: 

enamel  adjacent to resin-modified glass ionomer cement; RMGIC: resin-modified glass ionomer cement; DRMGIC: 

dentin adjacent to resin-modified glass ionomer cement 

 

 Toothpaste DRMGIC-C DRMGIC –E DCR-C DCR-E 

 

Phosfate 

WF 11.178.16 ABa 6.060.89 Ab 10.859.10 Aa 5.879.939 Ab 

 

NaF 9.703.929 Ba 

 

6.533.032 Ab 

 

9.935.627 Aa 

 

5.687.787 Ab 

 

SnF2 11.591.86 Aa 

 

6.534.433 Ab 

 

10.227.33 Aa 

 

5.198.953 Ab 

 

 

Carbonate 

WF 4.741.671 Aa 

 

2.126.61 Ab 

 

4.642.99 Aa 

 

1.749.055 Ab 

 

NaF 4.106.105 Aa 

 

2.385.353 Ab 

 

3.892.531 Aa 

 

1.499.997 Ab 

 

SnF2 52.757.41 Aa 

 

21.21.655 Ab 

 

42.673.69 Aa 

 

13.324.13 Ab 

 

Upper case letters compare toothpastes for each dentin surface. Lowercase letters compare each 

dentin surface to single toothpaste, p< 0.05. 
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Anexo B - Certificado do Comitê de Ética no Uso de 

Animais (CEUA) 
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Anexo C- Espectroscopias representativas e tabelas 

complementares as análises de EDS 

 
Graphic 1. Representative EDS spectroscopy for enamel surface 

 

 

 

 

 

 

 
Graphic 2. Representative EDS spectroscopy for eroded enamel surface 

 

 

 

    

 

 

Graphic 3. Representative EDS spectroscopy for dentin surface 
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Graphic 4. Representative EDS spectroscopy for eroded dentin surface 

 

 

 

 

 

 

 

Graphic 5. Representative EDS spectroscopy for RMGIC surface 

 

 

 

 

 

 

Graphic 6. Representative EDS spectroscopy for eroded RMGIC surface 
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Graphic 7. Representative EDS spectroscopy for CR surface 

 

 

 

 

 

 

 

Graphic 8. Representative EDS spectroscopy for eroded CR surface 

 

 

 

 

 

 

 

 

 

 



102 
 

 

 

Table 1. Mean (Standard Deviation) of changes in enamel surfaces concentration [wt%] 

of the respective chemical elements by EDS analysis (200×200 µm) 

 

ERMGIC-C: control enamel surface adjacent to resin-modified glass ionomer cement; ERMGIC-E: eroded 

enamel surface adjacent to resin-modified glass ionomer cement; ERC-C: control enamel surface adjacent 

to composite resin; ERC-E: eroded enamel surface adjacent to composite resin. 

 

 

 

 

 

 

 

 

 

 

 

 

 Toothpaste ERMGIC-C ERMGIC –E ECR-C ECR-E 

 

Ca 

WF 30.59 (4.55) Aa 27.46 (6.20) Aab 27.74 (4.51) Aab 23.24 (2.15) Ab 

NaF 31.13 (5.29) Aa 26.58 (6.07) Aa 31.42 (2.41) Aa 26.07 (2.71) Ab 

SnF2 31.48 (1.48) Aa 23.85 (5.55) Ab 27.51 (7.05) Aab 25.19 (5.09) Aab 

 

P 

WF 17.00 (2.52) Aa 15.32 (2.88) Aab 15.44 (1.88) Aab 12.91 (0.55) Ab 

NaF 17.69 (1.79) Aa 14.76 (2.26)Aab 17.48 (0.96) Aa 13.96 (1.53) Ab 

SnF2 17.32 (0.60) Aa 13.85 (2.62) Ab 15.60 (3.02) Aab 14.22 (2.64) Aab 

Upper case letters compare toothpastes for each enamel surface. Lowercase letters compare each enamel 

surface to single toothpaste, p< 0.05. 
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Table 2. Mean (Standard Deviation) of changes in dentin surfaces concentration [wt%] 

of the respective chemical elements by EDS analysis (200×200 µm) 

 Toothpaste DRMGIC-C DRMGIC –E DCR-C DCR-E 

 

Ca 

WF 25.65 (1.91) Aa 4.09 (2.59) Ab 23.64 (1.29) Aa 3.51 (1.36) Bb 

NaF 23.51 (3.48) Aa 5.12 (2.56) Ab 20.36 (2.71) Ba 8.06 (3.05) Ab 

SnF2 24.09 (1.39) Aa 5.09 (2.18) Ab 22.59 (2.38) ABa 7.20 (3.79) Ab 

 

P 

WF 14.77 (1.45) Aa 1.33 (2.24) Ab 13.86 (1.02) Aa 0.92 (1.42) Bb 

NaF 13.94 (1.77) Aa 2.24 (2.15) Ab 10.88 (3.08) Ba 4.50 (1.48) Ab 

SnF2 14.21 (0.36) Aa 1.59 (2.50) Ab 13.01 (0.77) ABa 3.43 (2.84) Ab 

Upper case letters compare toothpastes for each dentin surface. Lowercase letters compare each dentin 

surface to single toothpaste, p< 0.05. 

 

DRMGIC-C: control dentin surface adjacent to resin-modified glass ionomer cement; DRMGIC-E: eroded 

dentin surface adjacent to resin-modified glass ionomer cement; DRC-C: control dentin surface adjacent to 

composite resin; DRC-E: eroded dentin surface adjacent to composite resin. 
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Table 3. Mean (Standard Deviation) of changes in RMGIC surfaces concentration [wt%] 

of the respective chemical elements by EDS analysis (200×200 µm) 

 Toothpaste RMGIC-C RMGIC –E 

 

Si 

WF 9.94 (3.99) Aa 10.99 (1.75) Aa 

NaF 11.75 (3.22) Aa 10.61 (2.58) Aa  

SnF2 10.58 (2.03) Aa 9.96 (1.35) Aa 

 

Ca 

WF 0.90 (0.89) Aa 0.80 (0.63) Ba 

NaF 0.94 (0.98) Ab 1.89 (0.85) Aa 

SnF2 0.21 (0.19) Ab 1.44 (0.43) ABa 

 

F 

WF 5.49 (4.23) Ba 4.69 (0.59) Aa 

NaF 5.06 (4.78) Ba 2.09 (1.97) Ba 

SnF2 8.30 (4.71) Aa 3.55 (1.33) ABb 

 

Al 

WF 4.98 (3.23) Aa 5.97 (1.00) Aa 

NaF 5.39 (1.55) Aa 3.46 (1.11) Bb 

SnF2 6.65 (1.48) Aa 3.84 (1.53) Bb 

 

Sr 

           WF 6.86 (4.35) Aa 8.09 (1.64) Aa 

NaF 6.99 (2.23) Aa 4.04 (1.81) Bb 

SnF2 9.12 (0.65) Aa  4.65 (1.32) Bb   

Upper case letters compare toothpastes for each dentin surfaces. Lowercase letters compare each 

dentin surface to single toothpaste, p< 0.05.  

 

RMGIC-C: control resin-modified glass ionomer cement; RMGIC-E: eroded resin-modified glass ionomer 

cement. 
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Table 4. Mean (Standard Deviation) of changes in CR surfaces concentration [wt%] of 

the respective chemical elements by EDS analysis (200×200 µm) 

 

 Toothpaste CR-C CR–E 

 

Si 

WF 25.78 (1.49) Aa 28.19 (6.12) Aa 

NaF 23.26 (3.45) Aa 23.70 (4.54) Aa 

SnF2 23.46 (2.27) Aa 20.67 (1.06) Aa 

 

Zr 

WF 7.21 (7.93) Aa 10.75 (8.36) Aa 

NaF 13.62 (3.66) Aa 13.48 (3.56) Aa 

SnF2 13.50 (1.81) Aa 11.23 (0.66) Aa 

Upper case letters compare toothpastes for each dentin surface. Lowercase letters compare each dentin 

surface to single toothpaste, p< 0.05. 

 

CR-C: control composite resin surface; CR-E: eroded composite resin surface. 
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Anexo D- Espectroscopias representativas de micro-Raman  

 
Graphic 1. Representative micro-Raman spectroscopy for enamel surface showing 

phosphate (960 cm-1) and carbonate (1070 cm-1) bands.  

 

 

 

 

 

 

 

 

 

 

 
Graphic 2. Representative micro-Raman spectroscopy for dentin surface showing the 

phosphate (960 cm-1) and carbonate (1070 cm-1) bands. 
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Anexo E - Normas das revistas selecionadas para a 

publicação dos artigos. 

 

Capítulo 1 

 

Periódico: Clinical Oral Investigations 

https://www.springer.com/journal/784/submission-guidelines 

Capítulo 2 

 

Periódico: Journal of Dentistry 

https://onlinelibrary.wiley.com/page/journal/10970029/homepage/forauthor

s.html 

https://www.springer.com/journal/784/submission-guidelines
https://onlinelibrary.wiley.com/page/journal/10970029/homepage/forauthors.html
https://onlinelibrary.wiley.com/page/journal/10970029/homepage/forauthors.html

