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Capalbo, LC. Efeito de soluções contendo hexametafosfato de sódio e quercetina, 
associados ou não ao fluoreto, sobre o desgaste erosivo dentinário in vitro. 2022. 

Tese (Doutorado em Ciência Odontológica, área de Saúde Bucal da Criança) - 

Faculdade de Odontologia de Araçatuba, Universidade Estadual Paulista, Araçatuba 

2022. 

O objetivo do presente estudo foi investigar o efeito de soluções contendo fluoreto (F), 

hexametafosfato de sódio (HMP) e quercetina (QC), sozinhos ou em associação, sobre 

a erosão dentinária e sobre a inibição de metaloproteinases da matriz (MMPs) -2 e -9, 

em protocolos in vitro. Blocos de dentina radicular bovina (4 × 4 × 2 mm; n = 96), 

selecionados por dureza superficial, foram aleatoriamente divididos em 8 grupos 

experimentais (n = 12/grupo) e tratados 2×/dia (um minuto) com as seguintes soluções: 

(1) água deionizada (controle negativo); (2) 1100 ppm F (“F”); (3) 1,0% HMP (“HMP”); 

(4) 0,03% QC (“QC”); (5) F+HMP; (6) F+QC; (7) HMP+QC; e (8) F+HMP+QC. Os blocos 

foram submetidos a desafios erosivos 4×/dia, por 5 dias (exposição dinâmica a ácido 

cítrico 50 mmol.l-1, pH 3,2, 90 s). Em seguida, foram analisados quanto à perda 

dentinária (perfilometria) e à perda de dureza integrada em profundidade (área sob a 

curva, ∆KHN). O potencial antiproteolítico das soluções contendo F, HMP e/ou QC foi 

analisado por zimografia. Os dados de perda dentinária (log10) foram submetidos a 

ANOVA um critério, seguido do teste de Tukey. Os resultados de ∆KHN (dados brutos) 

foram submetidos a ANOVA dois critérios, medidas repetidas, seguido do teste Holm-

Sidak (p<0,05). O menor desgaste erosivo foi observado no grupo F+HMP+QC. Nas 

menores profundidades (5-30 µm), os blocos tratados com a solução contendo 

F+HMP+QC apresentaram os maiores valores de ∆KHN. A análise zimográfica mostrou 

que todos os tratamentos promoveram atividade antiproteolítica total da MMP-2, com 

exceção da QC administrada sozinha (inibição de 77%). Para MMP-9, todas as soluções 

contendo HMP e a associação de F+QC apresentaram atividade antiproteolítica total. 

Conclui-se que a adição de HMP e QC a soluções contendo F levou a uma maior 

proteção contra a erosão dentinária, tanto em superfície (perda dentinária) quanto em 

relação ao conteúdo mineral do tecido remanescente (∆KHN), além de promover uma 

completa inibição da atividade de MMPs -2 e -9 in vitro. 
Palavras–chave: Erosão Dentária. Fosfatos. Quercetina. Dentina. Inibidores de 
Metaloproteinases de Matriz. 
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Capalbo, LC. Effect of sodium hexametaphosphate and quercetin, associated or 
not with fluoride, on dentin erosion in vitro. 2022. Tese (Doutorado em Ciência 

Odontológica, área de Saúde Bucal da Criança) - Faculdade de Odontologia de 

Araçatuba, Universidade Estadual Paulista, Araçatuba 2022. 

 
The aim of the present study was to investigate the effect of solutions containing fluoride 

(F), sodium hexametaphosphate (HMP) and quercetin (QC), alone or in association, on 

dentin erosion and on the inhibition of matrix metalloproteinases (MMPs) - 2 and -9, using 

in vitro protocols. Bovine root dentin blocks (4 × 4 × 2 mm; n = 96), selected by surface 

hardness, were randomly divided into 8 experimental groups (n = 12/group) and treated 

2×/day (one minute) with the following solutions: (1) deionized water (negative control); 

(2) 1100 ppm F (“F”); (3) 1.0% HMP (“HMP”); (4) 0.03% QC (“QC”); (5) F+HMP; (6) 

F+QC; (7) HMP+QC; and (8) F+HMP+QC. Blocks were submitted to erosive challenges 

4×/day for 5 days (dynamic exposure to 50 mmol.l-1 citric acid, pH 3.2, 90 s). They were 

then analyzed for dentin loss (profilometry) and integrated hardness loss in depth (area 

under the curve, ∆KHN). The antiproteolytic potential of solutions containing F, HMP 

and/or QC was analyzed by zymography. Dentin loss results (log10 transformed) were 

submitted to one-way ANOVA, followed by Tukey's test. ∆KHN data (raw) were 

submitted to two-way, repeated-measures ANOVA, followed by the Holm-Sidak test 

(p<0.05). The lowest dentin erosive wear was promoted by F+HMP+QC. At the lowest 

depths (5-30 µm), blocks treated with F+HMP+QC showed the highest values of ∆KHN. 

Zymography analysis showed that all treatments completely inhibited MMP-2 activity, 

except for QC administered alone (77% inhibition). For MMP-9, all the solutions 

containing HMP or the association of F+QC promoted total antiproteolytic activity. It was 

concluded that the addition of HMP and QC to F solutions led to greater protection 

against dentin erosion, both at the surface (dentin loss) and in relation to the mineral 

content of the remaining tissue (∆KHN), in addition to promoting a complete inhibition of 

MMPs -2 and -9 activity in vitro.  

Keywords: Tooth Erosion. Polyphosphates. Quercetin. Dentin. Matrix Metalloproteinase 

Inhibitors. 
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Effect of sodium hexametaphosphate and quercetin, associated or not 
with fluoride, on dentin erosion in vitro 

 
Abstract 

Objective: to investigate the ability of solutions containing sodium hexametaphosphate 

(HMP), fluoride (F) and quercetin (QC), alone or in association, to prevent dentin erosion 

and to inhibit MMPs -2 and -9 activity, using in vitro protocols. Methods: Root dentin 

blocks (n=96) were prepared and divided into 8 experimental groups (n=12/group), 

according to the solutions to be tested: Placebo; 1100 ppm F (“F”); 1.0% HMP (“HMP”); 

0.03% QC (“QC”); F+HMP; F+QC; HMP+QC; and F+HMP+QC. Erosive challenges were 

performed 4×/day for 5 days. Specimens were treated for one minute, twice a day, with 

the respective solutions. Next, dentin loss (profilometry) and integrated loss of hardness 

in depth (ΔKHN) were determined. The antiproteolytic potential was assessed by gelatin 

zymography. Dentin wear results (log10-transformed) were submitted to one-way 

ANOVA, followed by Tukey’s test. ∆KHN data (raw) were submitted to two-way, 

repeated-measures ANOVA, followed by Holm-Sidak’s test (p<0.05). Results: Dentin 

erosive wear was significantly lower for F+HMP+QC than for all other treatments. At the 

shallowest depths (5–30 µm), blocks treated with F+HMP+QC had the highest ∆KHN 

values. All treatments completely inhibited MMP-2 activity, except for QC administered 

alone (77% inhibition). For MMP-9, all HMP-containing solutions or the association of 

F+QC promoted total antiproteolytic activity.  Conclusion: The addition of HMP and QC 

to F solutions led to greater protection against dentin erosion, both at the surface (dentin 

loss) and in relation to the mineral content of the remaining tissue (∆KHN), in addition to 

promoting a complete inhibition of MMPs -2 and -9 activity in vitro.  

Clinical Significance: Considering the promising results, the association of F, HMP and 

QC must be considered as a valuable strategy not only for high-risk patients, but also for 

people in general, considering its benefits on dentin erosion. 
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1. Introduction 

Dental erosion is defined as the chemical loss of mineralized tooth substance 

caused by the exposure to acids not derived from oral bacteria, while erosive tooth wear 

is the cumulative surface loss of mineralized tooth substance due to physical or chemo- 

physical processes (dental erosion, attrition, abrasion) [1]. A recent review estimated a 

global prevalence of dental erosion ranging from 30-50% and 20-45%, respectively for 

deciduous and permanent teeth, with figures as high as 100% in some studies [2]. 

Measures used to prevent or minimize tooth erosion effects include the application of 

topical fluorides [3], especially at high concentrations, as it provides additional minerals 

(CaF2) to enamel surfaces, which reduce their rate of dissolution upon acid challenges 

[4]. However, the effects of fluoride on dentin erosion can be limited ought to the 

presence of organic matrix [3].  

Differently from what is observed for tooth enamel, dentin hydroxyapatite crystals 

are formed in a collagen matrix, which has important implications for dental caries and 

erosion. After the mineral content of the dentin surface is dissolved, a network of collagen 

fibers is exposed, which can be degraded by proteolytic enzymes (collagenases) or by 

latent enzymes in dentin [matrix metalloproteinases (MMPS)] [5]. For this reason, the 

use of antiproteolytic agents have been widely studied in recent years regarding its 

effects on proteases, such as MMPs and cysteine cathepsins [6]. Recently, polyphenolic 

flavonoids have been extensively studied, and their potential to increase dentin 

mechanical properties and to inhibit its proteases, thus controlling its biodegradation, has 

been proven [6]. 

Alternatives to enhance the effects of fluoride in vehicles for home and 

professional use have been studied, which include supplementation with calcium and/or 

phosphate salts. For tooth enamel, one of the most studied strategies is the addition of 

sodium hexametaphosphate (HMP) to fluoridated products, which has been shown to 

significantly increase their protective and therapeutic effects on enamel de- and 

remineralization [7–10] and on erosive tooth wear [11–13], both under in vitro and in situ 

conditions. 

In addition to the aforementioned strategies focusing on mineralization, the use 

of phytochemicals has been widely studied as potential antiproteolytic and antimicrobial 

agents. Quercetin (QC) is a flavonoid found in many vegetables, fruits, seeds, nuts, tea, 

grape juice, and red wine, which has received considerable attention due to its anti-

proliferative, anti-inflammatory, and anti-carcinogenic activities, its potential to modulate 

gene expression [14,15], and its positive effects both for prophylaxis and treatment of 
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patients with COVID-19 when associated with other drugs [16]. In adhesive dentistry, 

pretreatment of the dentin surface with a QC/ethanol solution has been shown to 

effectively inhibit the activity of MMPs in the hybrid layer, delaying the collapse of the 

collagen network, thus improving the longevity of dentin adhesion [17]. Also, QC was 

recently shown to promote a protective effect against dentin erosion greater than that of 

12,300 ppm NaF, Chlorhexidine or Epigallocatechin Gallate (EGCG), possibly due to its 

effects on the preservation of the exposed dentin matrix [18]. The effects of QC 

associated with other actives, however, has not yet been investigated.  

Considering the promising results of the association between F and HMP on 

enamel erosive wear [11], as well as the effects of QC alone on dentin erosion [18], it 

would be interesting to evaluate the association of F, HMP and QC  on the prevention of 

dentin erosion. Thus, the aim of the present study was to investigate the effect of 

solutions containing F, HMP and QC, alone or associated, on dentin erosion and on the 

inhibition of MMPs -2 and -9, in vitro. The study’s null hypotheses were that the addition 

of HMP and/or QC to F solutions would not (1) enhance the protective effect on dentin 

erosion, both for dentin loss and mineral loss, and (2) impact the enzymatic inhibition of 

MMPs -2 and -9 compared with their respective controls (containing F alone). 

 

2. Materials and methods  

2.1 Experimental design  

Bovine dentin blocks (n = 96) were cut, sequentially polished, and selected by 

surface hardness (SH) [19]. The blocks were randomly divided into 8 experimental 

groups according to the solutions tested: Placebo (“PLA” - without F, HMP, or QC); 

0.24% F (“F”); 1.0% HMP (“HMP”); 0.03% QC (“QC”); F+HMP; F+QC; HMP+QC; and 

F+HMP+QC. Half of the surface of each block was protected with acid resistant nail 

varnish (control area). The blocks were treated with the respective solutions for 1 min, 

twice a day (before first and third erosive challenges) and submitted to 4 daily erosive 

challenges (90 s) for 5 days. Following, profilometry and cross-sectional hardness 

analyzes were performed. The antiproteolytic potential of all the solutions on MMP-2 and 

MMP-9 was analyzed by zymography.  

 

2.2 Blocks preparation  

Dentin blocks (n = 96, 4 × 4 × 2 mm) were obtained from bovine permanent 

mandibular central incisors roots, immediately below the cementum-enamel junction, 
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from buccal and/or lingual surfaces. Polishing was performed with 320, 600, 800 and 

1200 grinder polisher (CARBIMET PaperDiscs, 30-5108-320, BUEHLER), as previously 

described [20]. The surface of each block was divided in two areas of 4 × 2 × 2 mm: (1) 

control, protected with acid-resistant nail varnish; and (2) erosion, exposed to treatments 

with the respective solutions and to erosive challenges. Sample size was based on a 

pilot study with n = 6/group, according to which 9 blocks would be required to detect 

significant differences in mean dentin loss of blocks treated with a 1100 ppm F solution 

(positive control) and F+HMP+QC (test solution containing the three actives), 

considering mean difference = 1.0, standard deviation = 0.5, and power of 80% (α=0.05). 

Due to the possibility of losses during the processing of the specimens, 12 blocks were 

included in each group. 

 

2.3 Treatment and erosive challenges  

The concentration of HMP in the solutions was determined based on a previous 

in vitro study assessing the effect of the association of 1100 ppm F + 1.0% HMP on   

enamel demineralization [7], and from a recently concluded study investigating the 

potential of the same association on dentin caries [21]. As for QC concentration, it was 

based on previous studies attesting its efficacy (dentin erosive wear) [18] and safety 

(minimum inhibitory concentration and cytotoxicity assays) [23]. Experimental solutions 

were freshly prepared using F, HMP and QC from Sigma-Aldrich Co., St. Louis, MO, 

USA. To prepare solutions containing QC, it was previously dissolved in ethanol and 

water-bath heating at 37 ºC for 15 min, and then added to deionized water under agitation 

[23]. The concentration of fluoride and HMP in each solution were determined as 

described by Amaral et al. [24] and Fiske and Subbarow [25]. 

Blocks were treated with each solution (4 mL; n = 12/group) under agitation (35 

r.p.m.; Shaker SK-300, São Paulo, Brazil) twice a day, before the first and third erosive 

challenges every day. Next, all blocks were submitted to 4 daily erosive challenges for 5 

days, which consisted of immersion in 4 mL of 50 mmol.l-1 citric acid (Synth®, Brazil), pH 

3.2, 90 s/cycle, under stirring at 35 r.p.m. Blocks were immersed in artificial saliva (1.5 

mmol.l-1 Ca(NO3)2.4H2O; 0.9 mmol.l-1 NaH2PO4.2H2O; 150 mmol.l-1 KCl; 0.1 mol.l-1 Tris 

buffer; pH 7.0; no agitation) [26] between erosive challenges (2 hours) and overnight. 

After treatments and immersion in citric acid or artificial saliva, blocks were washed with 

deionized water and gently dried with absorbent paper.  

 

 



 

 
Letícia Cabrera Capalbo 33 

 

2.4 Determination of dentin loss  

The acid-resistant nail varnish layer was carefully removed from the control 

surface with a spatula before analysis. Dentin wear was determined by profilometry 

(Surftest SJ 401, Mitutoyo American Corporation). The rugosimeter’s tip ran along the 

sound surface of the specimens towards the eroded area. Five readings were taken 0.5 

mm apart at the central area of each block, to calculate the average dentin loss for each 

specimen [27].   

 

2.5 Dentin hardness analysis and estimation of mineral loss  

 Dentin blocks were cross sectioned at the center, and half of each block were 

included in acrylic resin and subsequently polished. For cross-sectional hardness, the 

micro hardness Micromet 5114 hardness tester (Buehler, Lake Bluff, USA and Mitutoyo 

Corporation, Kanagawa, Japan) and the Buehler OmniMet software (Buehler, Lake Bluff, 

United States) was employed, under a 2 g load, for 10 s. A sequence of 9 prints at 

distances of 5, 10, 15, 20, 25, 30, 40, 50 and 70 µm from the external dentin surface was 

performed in the center of each block half, for both control and test areas. Integrated 

hardness area (KHN × µm) was calculated using the trapezoidal rule (GraphPad Prism, 

version 3.02), considering two different depths (5-30 µm and 30-70 µm). The difference 

of each depth of the sound dentin and the value of the integrated loss of hardness in 

depth was calculated (ΔKHN = loss of hardness in depth in the dentin, area under the 

curve) [11]. 

 

2.6 Gelatin Zymography 

To assess the effect of HMP, QC and F as potential MMP inhibitors, purified 

human MMP-2 and MMP-9 (Sigma-Aldrich Co., St. Louis, MO, USA) were diluted in 

sample buffer at a 4:1 ratio and electrophoresed under nonreduced conditions on 10% 

sodium dodecyl sulfate-polyacrylamide gel (SDS-PAGE) containing 1 mg/mL gelatin 

from porcine skin (Sigma-Aldrich Co., St. Louis, MO, USA) as previously described by 

Gonçalves et al [28] (Figure 1). molecular-weight SDS-PAGE standards (Bio-Rad 

Laboratories, Hercules, CA, USA) were Prestained low-range used as molecular-weight 

markers. After electrophoresis, gels were washed for 1 hour in 2% Triton X-100 and 

incubated for 18 hours at 37 °C in activation solution (50 mmol.l-1 Tris HCl, 5 mmol.l-1 

CaCl2, 0.001 mmol.l-1 ZnCl2, 0.02% (w/v) NaN3, pH 7.4) containing HMP, F and QC 
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(associated or not) or deionized water (placebo – negative control). After incubation, gels 

were stained in 0.1% Coomassie Brilliant Blue R-25 for 30 min and destained (30% 

methanol, 10% acetic acid diluted in deionized water). Gelatinolytic activity was detected 

as clear bands. Gels were scanned (Densitometer DS-6000, Loccus Biotecnologia, 

Cotia, Brazil) and the intensities of the separate bands were analyzed using the software 

ImageJ (Research Services Branch, National Institutes of Health, Bethesda, MD, USA). 

Bands from the active fraction (~ 66 kDa for MMP-2 and ~77 kDa for MMP-9) were taken 

for analysis. Inhibition rates of F, HMP and/or QC were expressed as percentage 

according to the activity of MMPs without pretreatment (negative control). An overview 

of the zymographic analysis is shown in Figure 1. 

 

Figure 1. Schematic representation of the gelatin zymography protocol. MWM: 

molecular weight marker; MMP-2: matrix metalloproteinase 2; MMP-9: matrix 

metalloproteinase 9. 

  

2.7 Statistical Analysis 

SigmaPlot 12.0 software was used for statistical analysis, and a 5% level of 

significance was set. Data analysis considered the solutions as independent variables, 

and dentin loss and ΔKHN as dependent variables. All data passed normality (Shapiro-
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Wilk) and homogeneity (Barlett) tests. Dentin wear results (log10-transformed) were 

submitted to one-way ANOVA, followed by Tukey’s test. Data on integrated loss of 

hardness in depth (∆KHN, raw data) were submitted to two-way, repeated-measures 

ANOVA, followed by Holm-Sidak’s test.  

 

3. Results  

3.1 Determination of dentin loss 

 Significant differences were observed among all solutions, except between HMP 

and HMP+QC. Dentin wear was significantly higher for PLA than for all other groups. 

Also, the use of F+HMP+QC led to the lowest wear values among all study groups 

(Figure 2). 

 

 

Figure 2. Mean values of dentin loss (µm) according to the experimental solutions. 

Different letters indicate significant differences among the groups. One-way ANOVA 

(log10-transformed data) and Tukey’s test (p<0.05, n=12/group). Bars indicate SD. Pla = 

Placebo; F = 1100 ppm fluoride; HMP = 1% sodium hexametaphosphate; QC = 0.03% 

quercetin. 
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3.2 Dentin hardness analysis 

Table 1 shows mean (SD) values of integrated loss of hardness in depth (∆KHN) 

according to the experimental solutions. Variance analysis revealed significant 

differences among treatments (p<0.001) and between depths (p<0.001), with significant 

interaction between the two variables (p<0.001). The lowest ∆KHN values were 

observed for PLA, both at 5-30 µm and at 30-70 µm depths, which were significantly 

different from the other groups. At the shallowest depths (5-30 µm), blocks treated with 

solutions containing F+HMP+QC had the highest ∆KHN values. No significant 

differences were observed among groups treated with F, QC, and F+HMP; among QC, 

F+HMP, and F+QC; and between HMP and HMP+QC. At the deepest depths (30-70 

µm), significant differences were observed only between HMP and QC; and between 

HMP and F+HMP. 

 

Table 1. Mean (SD) values of dentin cross-sectional hardness (∆KHN) according to 

groups in different depths 

Different uppercase superscript letters indicate significant differences between the 
depths within each group. Different lowercase superscript letters indicate significant 
differences among the treatment groups within each depth. Two-way, repeated-
measures ANOVA and Holm-Sidak’s test (p<0.05, n=12/group). Pla = Placebo; F = 1100 
ppm fluoride; HMP = 1% sodium hexametaphosphate; QC = 0.03% quercetin. 
 

3.3 Gelatin zymography 

 Zymograms of gelatinolytic activity and band intensities determined by 

densitometry are shown in Figure 3. The enzymatic activities of MMP-2 and MMP-9 were 

visible by bands in PLA. The percentage of inhibition of MMPs -2 and -9 activity is shown 

Groups ∆KHN (5-30 µm) ∆KHN (30-70 µm) 

PLA 244.8 (30.7)Aa 1173.4 (57.1)Ba 

F 546.0 (34.9)Ab 1371.1 (76.4)Bbcd 

HMP 375.2 (52.6)Ac 1308.6 (82.8)Bb 

QC 564.3 (44.3)Abd 1422.5 (60.2)Bcd 

F+HMP 586.0 (55.1)Abd 1417.3 (90.8)Bcd 

F+QC 628.7 (42.2)Ad 1364.3 (71.7)Bbcd 

HMP+QC 391.5 (44.6)Ac 1347.8 (106.0)Bbcd 

F+HMP+QC 724.3 (31.2)Ae 1374.2 (45.3)Bbcd 
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in Figure 4. Reduced activity of MMP-9 and both MMPs was observed for F and QC 

alone, respectively. Furthermore, MMP-2 proved to be slightly more sensitive to the 

presence of F than MMP-9 (100 and 93% of inhibition, respectively). The association of 

F and QC, however, promoted a complete antiproteolytic potential (for both MMPs). Also, 

incubation buffers containing HMP (alone or associated) completely inhibited the activity 

of MMP-2 and MMP-9. 

 

Figure 3. Representative image of zymography assay gel after electrophoresis showing 

the effect of F, HMP and/or QC on the gelatinolytic activity of MMPs-2 and -9. MWM: 

molecular weight marker; MMP-2: matrix metalloproteinase 2; MMP-9: matrix 

metalloproteinase 9. Pla = Placebo; F = 1100 ppm fluoride; HMP = 1% sodium 

hexametaphosphate; QC = 0.03% quercetin. 
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Figure 4. Percentage of inhibition of gelatinolytic enzyme activities (MMP-2 and MMP-

9) according to the test solutions. MMP-2: matrix metalloproteinase 2; MMP-9: matrix 

metalloproteinase 9. Pla = Placebo; F = 1100 ppm fluoride; HMP = 1% sodium 

hexametaphosphate; QC = 0.03% quercetin. 

 

4. Discussion  

Tooth erosion is becoming an increasing problem worldwide due to its rising rates 

over the last decades, along with its cumulative effects throughout life [2,29]. Approaches 

to increase the benefits of F have been intensively investigated, yet with much to be 

explored. When it comes to dentin, in addition to its mineral content, the use of collagen 

crosslinkers and antiproteolytic agents can be considered promising strategies and have 

been increasingly investigated for dental erosion, dental caries, and bonding systems 

[6,9,11,17,18]. Nonetheless, this is the first study evaluating the potential of F, HMP and 

QC, when co-administered, in reducing dentin erosion and in promoting an antiproteolytic 

activity. Given that the addition of HMP and/or QC to F solutions enhanced the effects of 

F for most of pairwise comparisons (except for F+HMP regarding dentin loss and ∆KHN) 

and increased the enzymatic inhibition of MMP-9 only, both null hypotheses of the study 

were partially rejected.   

Although F products have a great potential to prevent dental caries by reducing 

tooth demineralization and promoting its remineralization, its effects on tooth erosion are 

less outstanding [30], ought to the much lower pH of the erosive acids compared to those 

involved in dental caries (i.e., bacterial acids) [30]. Considering this, the use of vehicles 

with high F concentrations (professionally applied) and/or the increased frequency of use 

of F products for self-application are the most common ways to prevent or reduce the 
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progression of tooth erosion [3]. In the present study, F was used at 1100 ppm and 

applied twice a day, aiming to attain conditions closer to the most usual for self-

application by children and adults worldwide.  

The use of polyphosphate salts is a proven effective strategy to increase F 

benefits on enamel caries and erosion, both under in vivo and in situ protocols 

[7,9,11,31,32]. In dentin, there are few studies assessing its benefits either on dental 

caries or tooth erosion [13,21,33,34]. For dentin caries, a recent work proved that the 

supplementation of F solutions with sodium trimetaphosphate (TMP) led to a higher 

remineralization rate of artificial caries lesions compared to its counterparts without TMP 

[33]. As for dentin erosive wear, Danelon et al. [13] showed that F varnishes 

supplemented with TMP have a higher protective effect than varnishes containing only 

F, for specimens submitted to erosive challenges followed or not by abrasion by 

toothbrushing.  

Despite the favorable data using the cyclophosphate described above, no study 

has assessed the effects of HMP on dentin erosive wear. This polyphosphate has the 

capacity to interact with the tooth surfaces and, when adsorbed, it becomes negatively 

charged, allowing the retention of Ca2+ and CaF+ ions. For enamel, this leads to the 

formation of a protective layer that restricts acid diffusion and increases calcium and 

fluoride penetration into tooth hard tissues [35]. The mechanisms above have been 

regarded as the reasons for the synergistic effects between HMP and F on both enamel 

de- and re-mineralization and erosive wear [7,9,11]. For dentin, on the other hand, such 

effects were not observed in the present study. In fact, when associated with F, HMP 

increased dentin loss and was not able to promote significant differences in ∆KHN 

(compared with F alone). Although not investigated in the present study, it is 

hypothesized that such effects might have resulted from HMP’s chelating properties. 

Considering differences between enamel and dentin regarding mineral content and 

structure, the latter presents a more porous surface, thus with a larger surface area than 

enamel (especially considering intratubular dentin under in vitro conditions), what 

facilitates the penetration of HMP and consequent ion sequestration in deeper areas of 

dentin specimens, thus negatively interfering with F action.   

As for QC, it is a polyphenolic flavonoid with the capacity to interact and modify 

dentin matrix regarding its crosslinking properties. This plays an important role on the 

prevention and control of dentin erosion, which makes QC a suitable alternative. Jiang 

et al. [18] showed that QC alone promoted lower dentin erosion than F, EGCG or 

chlorhexidine. In the present study, however, such an effect was not observed, 

considering that the group treated with QC alone presented significantly greater dentin 
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loss than the group treated with F alone. This unexpected pattern may be due to the 

different treatment protocols and parameters for erosive challenges, as detailed below.  

In the study by Jiang et al. [18] dentin blocks were immersed in artificial saliva 

(AS) for 1 h prior to a single treatment with the solutions (2 min application with a 

microbrush under static conditions); blocks were immersed again in AS for 2 h prior to 

the first erosive challenge; and exposure to citric acid was performed under static 

conditions (5 min). Conversely, in the present study, blocks were not pre-treated with 

AS. Although immersion in AS is not able to form an acquired salivary pellicle, this may 

have led to changes in physical-chemical properties of dentin surfaces which, in turn, 

could impact the interaction between treatments and dentin [36]. Also, exposure to acid 

challenges immediately after the treatments in the present study may not have allowed 

enough time for the interaction of the actives with dentin, nor stabilization of a protective 

layer. Finally, exposure to acid challenges under dynamic conditions (as in the present 

study) is known to potentiate the dissolution of tooth minerals [37]. The factors above 

hinder any direct comparisons between the studies. 

Dentin is a complex tissue composed of apatite, water, collagen and other 

proteins. When exposed to acids, peritubuluar/intertubular dentin minerals are initially 

released, enlarging dentin tubules. Eventually, a superficial layer of demineralized 

organic matrix (DOM) can be observed, which is known to be an important protective 

barrier against erosion and abrasion [38]. However, DOM can breakdown by host-

derived salivary or endogenous dentin enzymes, such as MMPs, so that the use of MMP 

inhibitors is another potential and relevant strategy for the prevention or control of dentin 

caries and erosion. Accordingly, in the present study QC showed a partial protective 

effect against collagen matrix degradation by inhibiting 77 and 76% of MMP-2 and MMP-

9, respectively, when used alone. Furthermore, QC increases tissue inhibitor 

metalloproteinase (TIMP-2) expression [39]. Interestingly, dentin treated with QC and 

exposed to erosive challenges was previously shown to present thicker DOM compared 

to treatment with F [18]. The preservation of DOM by QC, although not investigated in 

the present study, may be considered as a possible mechanism for the protection against 

dentin erosion (bulk loss of tissue) and mineral loss (∆KHN) of the remaining tissue. It is 

also noteworthy that HMP was proven to have the capacity to completely inhibit the 

activity of MMPs -2 and -9 in vitro, in agreement with previous studies [21,40]. Incubation 

buffer containing F alone was effective at inhibiting MMP-2 (100%) and MMP-9 (93%) 

activity. When co-administered, either in pairs or all three actives together, the enzymatic 

inhibition of MMPs -2 and -9 was completely effective.  
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Despite all precautions to mimic the conditions found in the oral environment were 

taken, the in vitro nature of the present study has some inherent limitations related to 

biological events, including collagen degradation and effects of natural saliva instead of 

the artificial used in the present study. Also, the high organic content, and consequently, 

the elastic properties of the dentin [41] are factors that can influence mechanical 

measurement (profilometry and cross-sectional hardness). Marshall et al. [42] showed 

that dentin tested under hydrated conditions provides more realistic data, which are 

closer to in vivo conditions. Therefore, this approach was adopted in the present 

investigation, in order to better standardize the method of wear and hardness analysis, 

thus providing more reliable data.  

The synergistic effect of F+QC, and especially F+HMP+QC, both on dentin loss 

and on ∆KHN, is paramount from a clinical perspective, considering that the treatments 

were effective not only in leading to lower dentin loss, but also resulted in less softened 

dentin. The latter is extremely important, as it directly impacts on the resistance of the 

remaining dentin to future erosive challenges. Although the exact mechanisms were not 

investigated in the present study, the considerably better effect of the association of 

F+HMP+QC is probably due to a combination of the effects of each of the compounds, 

providing prevention in three different aspects: mineralization (F or F+HMP), crosslinking 

(QC), and MMP inhibition (F, HMP and QC).  

To sum up, it can be concluded that the addition of HMP and QC to F solutions 

led to enhanced protection against dentin erosion, both at the surface (dentin loss) and 

in relation to the mineral content of the remaining tissue (∆KHN), in addition to completely 

inhibiting MMPs -2 and -9 in vitro. Considering the promising results of the present study, 

the association of F, HMP and QC must be regarded as a valuable strategy not only for 

high-risk patients, but also for people in general, considering its benefits on dentin 

erosion. Further research on this topic employing in situ or in vivo protocols could bring 

relevant information on the actual clinical effects of the compounds when co-

administered. 
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research, industry and policy-maker level on an international basis. 
Topics covered include the management of dental disease, periodontology, 
endodontology, operative dentistry, fixed and removable prosthodontics, and dental 
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submitted solely to Journal of Dentistry and that it is not concurrently under consideration 
for publication in another journal. 
Prospective authors should confirm that the submitted work, including images, are 
original. Authors are reminded that if included images (e.g. Tables and Figures) have 
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CONSORT checklist accompanied by a flow diagram that illustrates the progress of 
patients through the trial, including recruitment, enrollment, randomization, withdrawal 
and completion, and a detailed description of the randomization procedure. The 
CONSORT checklist and template flow diagram are available online. 
Registration of clinical trials 
Registration in a public trials registry is a condition for publication of clinical trials in this 
journal in accordance with International Committee of Medical Journal Editors 
recommendations. Trials must register at or before the onset of patient enrolment. The 
clinical trial registration number should be included at the end of the abstract of the 
article. A clinical trial is defined as any research study that prospectively assigns human 
participants or groups of humans to one or more health-related interventions to evaluate 
the effects of health outcomes. Health-related interventions include any intervention 
used to modify a biomedical or health-related outcome (for example drugs, surgical 
procedures, devices, behavioural treatments, dietary interventions, and process-of-care 
changes). Health outcomes include any biomedical or health-related measures obtained 
in patients or participants, including pharmacokinetic measures and adverse events. 
Purely observational studies (those in which the assignment of the medical intervention 
is not at the discretion of the investigator) will not require registration. 
Article transfer service This journal is part of our Article Transfer Service. This means 
that if the Editor feels your article is more suitable in one of our other participating 
journals, then you may be asked to consider transferring the article to one of those. If 



Anexos  

 
Letícia Cabrera Capalbo 51 

you agree, your article will be transferred automatically on your behalf with no need to 
reformat. Please note that your article will be reviewed again by the new journal. 
More information. 
Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing 
Agreement' (see more information on this). An e-mail will be sent to the corresponding 
author confirming receipt of the manuscript together with a 'Journal Publishing 
Agreement' form or a link to the online version of this agreement. 
Subscribers may reproduce tables of contents or prepare lists of articles including 
abstracts for internal circulation within their institutions. Permission of the Publisher is 
required for resale or distribution outside the institution and for all other derivative works, 
including compilations and translations. If excerpts from other copyrighted works are 
included, the author(s) must obtain written permission from the copyright owners and 
credit the source(s) in the article. Elsevier has preprinted forms for use by authors in 
these cases. 
For open access articles: Upon acceptance of an article, authors will be asked to 
complete an 'Exclusive License Agreement' (more information). Permitted third party 
reuse of open access articles is determined by the author's choice of user license. 
Author rights 
As an author you (or your employer or institution) have certain rights to reuse your work. 
More information. 
Elsevier supports responsible sharing  
Find out how you can share your research published in Elsevier journals. 
Role of the funding source 
You are requested to identify who provided financial support for the conduct of the 
research and/or preparation of the article and to briefly describe the role of the 
sponsor(s), if any, in study design; in the collection, analysis and interpretation of data; 
in the writing of the report; and in the decision to submit the article for publication. If the 
funding source(s) had no such involvement then this should be stated. 
Funding body agreements and policies Elsevier has established a number of agreements 
with funding bodies which allow authors to comply with their funder's open access 
policies. Some funding bodies will reimburse the author for the Open Access Publication 
Fee. Details of existing agreements are available online. 
After acceptance, open access papers will be published under a noncommercial license. 
For authors requiring a commercial CC BY license, you can apply after your manuscript 
is accepted for publication. 
Open access 
This journal offers authors a choice in publishing their research: 
Subscription 
• Articles are made available to subscribers as well as developing countries and patient 
groups through our universal access programs. 
• No open access publication fee payable by authors. 
Open access 
• Articles are freely available to both subscribers and the wider public with permitted 
reuse. 
• An open access publication fee is payable by authors or on their behalf, e.g. by their 
research funder or institution. 
Regardless of how you choose to publish your article, the journal will apply the same 
peer review criteria and acceptance standards. 
For open access articles, per permitted third party (re)use is defined by the following 
Creative Commons user licenses: 
Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND) 
For non-commercial purposes, lets others distribute and copy the article, and to include 
in a collective work (such as an anthology), as long as they credit the author(s) and 
provided they do not alter or modify the article. The open access publication fee for this 
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journal is USD 2200, excluding taxes. Learn more about Elsevier's pricing policy: 
http://www.elsevier.com/openaccesspricing. 
Green open access 
Authors can share their research in a variety of different ways and Elsevier has a number 
of green open access options available. We recommend authors see our green open 
access page for further information. Authors can also self-archive their manuscripts 
immediately and enable public access from their institution's repository after an embargo 
period. This is the version that has been accepted for publication and which typically 
includes author-incorporated changes suggested during submission, peer review and in 
editor-author communications. Embargo period: For subscription articles, an appropriate 
amount of time is needed for journals to deliver value to subscribing customers before 
an article becomes freely available to the public. This is the embargo period and it begins 
from the date the article is formally published online in its final and fully citable form. Find 
out more. This journal has an embargo period of 12 months.  
Elsevier Publishing Campus 
The Elsevier Publishing Campus (www.publishingcampus.com) is an online platform 
offering free lectures, interactive training and professional advice to support you in 
publishing your research. The College of Skills training offers modules on how to 
prepare, write and structure your article and explains how editors will look at your paper 
when it is submitted for publication. Use these resources, and more, to ensure that your 
submission will be the best that you can make it. 
Language (usage and editing services) 
Please write your text in good English (American or British usage is accepted, but not a 
mixture of these). Authors who feel their English language manuscript may require 
editing to eliminate possible grammatical or spelling errors and to conform to correct 
scientific English may wish to use the English Language Editing service available from 
Elsevier's WebShop. 
Submission 
Our online submission system guides you stepwise through the process of entering your 
article details and uploading your files. The system converts your article files to a single 
PDF file used in the peer-review process. Editable files (e.g., Word, LaTeX) are required 
to typeset your article for final publication. All correspondence, including notification of 
the Editor's decision and requests for revision, is sent by e-mail. 
Submit your article 
Please submit your article via http://ees.elsevier.com/jjod. 
Referees 
Please submit the names and institutional e-mail addresses of several potential referees. 
For more details, visit our Support site. Note that the editor retains the sole right to decide 
whether or not the suggested reviewers are used. 
PREPARATION 
Peer review 
This journal operates a double blind review process. All contributions will be initially 
assessed by the editor for suitability for the journal. Papers deemed suitable are then 
typically sent to a minimum of two independent expert reviewers to assess the scientific 
quality of the paper. The Editor is responsible for the final decision regarding acceptance 
or rejection of articles. The Editor's decision is final. More information on types of peer 
review. 
Use of word processing software 
It is important that the file be saved in the native format of the word processor used. The 
text should be in single-column format. Keep the layout of the text as simple as possible. 
Most formatting codes will be removed and replaced on processing the article. In 
particular, do not use the word processor's options to justify text or to hyphenate words. 
However, do use bold face, italics, subscripts, superscripts etc. When preparing tables, 
if you are using a table grid, use only one grid for each individual table and not a grid for 
each row. If no grid is used, use tabs, not spaces, to align columns. The electronic text 
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should be prepared in a way very similar to that of conventional manuscripts (see also 
the Guide to Publishing with Elsevier). Note that source files of figures, tables and text 
graphics will be required whether or not you embed your figures in the text. See also the 
section on Electronic artwork. 
To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 
'grammar-check' functions of your word processor. 
Introduction 
The introduction must be presented in a structured format, covering the following 
subjects, although not under subheadings: succinct statements of the issue in question, 
and the essence of existing knowledge and understanding pertinent to the issue. In 
keeping with the house style of Journal of Dentistry, the final paragraph of the 
introduction should clearly state the aims and/or objective of the work being reported. 
Prospective authors may find the following form of words to be helpful: "The aim of this 
paper is to ..." Where appropriate, a hypothesis (e.g. null or a priori) should then be 
stated. Essential title page information 
• Title. Concise and informative. Titles are often used in information-retrieval systems. 
Avoid abbreviations and formulae where possible. 
• Author names and affiliations. Please clearly indicate the given name(s) and family 
name(s) of each author and check that all names are accurately spelled. Present the 
authors' affiliation addresses (where the actual work was done) below the names. 
Indicate all affiliations with a lowercase superscript letter immediately after the author's 
name and in front of the appropriate address. Provide the full postal address of each 
affiliation, including the country name and, if available, the 
e-mail address of each author. 
• Corresponding author. Clearly indicate who will handle correspondence at all stages of 
refereeing and publication, also post-publication. Ensure that the e-mail address is given 
and that contact details are kept up to date by the corresponding author. 
• Present/permanent address. If an author has moved since the work described in the 
article was done, or was visiting at the time, a 'Present address' (or 'Permanent address') 
may be indicated as a footnote to that author's name. The address at which the author 
actually did the work must be retained as the main, affiliation address. Superscript Arabic 
numerals are used for such footnotes. 
The title page should contain the following information: 
- Title of paper 
- Short title 
- Name(s), job titles and address(es) of author(s) (no academic degrees necessary) 
- Name, address, telephone, fax and e-mail of the corresponding author 
- Up to 6 keywords 
Spelling: International English. 
Authors are urged to write as concisely as possible. 
The house style of Journal of Dentistry requires that articles should be arranged in the 
following order: Title, Abstract, Introduction, Materials and Methods, Results, Discussion, 
Conclusions, Acknowledgements, References, Tables, Figures. A cover letter should 
accompany the new manuscript submission, within which the authors should indicate the 
significance of the work being submitted in a statement no more than 100 words. A 
signed permission note (details below) must also be included. 
Abstract: should not exceed 250 words and should be presented under the following 
subheadings: 
Objectives, Methods; Results; Conclusions (For Reviews: Objectives; Data; Sources; 
Study selection; Conclusions). A 50 word 'Clinical Significance' statement should appear 
at the end of the abstract advising readers of the clinical importance and relevance of 
their work. These subheadings should appear in the text of the abstract. Please repeat 
the title of the article at the top of the abstract page. 
Introduction: must be presented in a structured format, covering the following subjects, 
although not under subheadings: succinct statements of the issue in question, and the 
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essence of existing knowledge and understanding pertinent to the issue. In keeping with 
the house style of Journal of Dentistry, the final paragraph of the introduction should 
clearly state the aims and/or objective of the work being reported. Prospective authors 
may find the following form of words to be helpful: "The aim of this paper is to ..." Where 
appropriate, a hypothesis (e.g. null or a priori) should then be stated. 
Keywords: up to 6 keywords should be supplied. 
Abbreviations and acronyms: terms and names to be referred to in the form of 
abbreviations or acronyms must be given in full when first mentioned. Units: SI units 
should be used throughout. If non-SI units must be quoted, the SI equivalent must 
immediately follow in parentheses. The complete names of individual teeth must be given 
in the test. In tables and legends for illustrations individual teeth should be identified 
using the FDI two-digit system. 
Statistics 
Statistical methods should be described with enough detail to enable a knowledgeable 
reader with access to the original data to verify the reported results. When possible, 
findings should be quantified and appropriate measures of error or uncertainty (such as 
confidence intervals) given. Details about eligibility criteria for subjects, randomization 
and the number of observations should be included. The computer software and the 
statistical method(s) used should be specified with references to standard works when 
possible (with pages specified). See http://www.icmje.org/manuscript_1prepare.html for 
more detailed guidelines. 
Illustrations: should be submitted electronically using appropriate commercial software. 
Prospective authors should follow the relevant guidelines (available from: 
http://www.elsevier.com/ artworkinstructions). In addition, it is noted that while authors 
sometimes need to manipulate images for clarity, manipulation for purposes of deception 
or fraud will be seen as scientific ethical abuse and will be dealt with accordingly. For 
graphical images, journals published by Elsevier apply the following policy: no specific 
feature within an image may be enhanced, obscured, moved, removed, or introduced. 
Adjustments of brightness, contrast, or color balance are acceptable if and as long as 
they do not obscure or eliminate any information present in the original. Nonlinear 
adjustments (e.g. changes to gamma settings) must be disclosed in the figure legend. 
Abstract 
The Abstract should not exceed 250 words and should be presented under the following 
subheadings: 
Objectives, Methods; Results; Conclusions. A 50 word 'Clinical Significance' statement 
should appear at the end of the abstract advising readers of the clinical importance and 
relevance of their work. These subheadings should appear in the text of the abstract. 
Please repeat the title of the article at the top of the abstract page. For Review Articles 
the abstract should be presented under the following subheadings: Objectives; Data; 
Sources; Study selection; Conclusions. 
Graphical abstract 
Although a graphical abstract is optional, its use is encouraged as it draws more attention 
to the online article. The graphical abstract should summarize the contents of the article 
in a concise, pictorial form designed to capture the attention of a wide readership. 
Graphical abstracts should be submitted as a separate file in the online submission 
system. Image size: Please provide an image with a minimum of 531 × 1328 pixels (h × 
w) or proportionally more. The image should be readable at a size of 5 × 13 cm using a 
regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office 
files. You can view Example Graphical Abstracts on our information site. Authors can 
make use of Elsevier's Illustration Services to ensure the best presentation of their 
images and in accordance with all technical requirements. 
Keywords 
Provide a maximum of 6 keywords, using British spelling and avoiding general and plural 
terms and multiple concepts (avoid, for example, 'and', 'of'). Be sparing with 
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abbreviations: only abbreviations firmly established in the field may be eligible. These 
keywords will be used for indexing purposes. 
Formatting of funding sources 
List funding sources in this standard way to facilitate compliance to funder's 
requirements: 
Funding: This work was supported by the National Institutes of Health [grant numbers 
xxxx, yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and 
the United States Institutes of Peace [grant number aaaa]. It is not necessary to include 
detailed descriptions on the program or type of grants and awards. When funding is from 
a block grant or other resources available to a university, college, or other research 
institution, submit the name of the institute or organization that provided the funding. If 
no funding has been provided for the research, please include the following sentence: 
This research did not receive any specific grant from funding agencies in the public, 
commercial, or not-for-profit sectors. 
Artwork 
Image manipulation 
Whilst it is accepted that authors sometimes need to manipulate images for clarity, 
manipulation for purposes of deception or fraud will be seen as scientific ethical abuse 
and will be dealt with accordingly. 
For graphical images, this journal is applying the following policy: no specific feature 
within an image may be enhanced, obscured, moved, removed, or introduced. 
Adjustments of brightness, contrast, or color balance are acceptable if and as long as 
they do not obscure or eliminate any information present in the original. Nonlinear 
adjustments (e.g. changes to gamma settings) must be disclosed in the figure legend. 
Electronic artwork 
General points 
• Make sure you use uniform lettering and sizing of your original artwork. 
• Embed the used fonts if the application provides that option. 
• Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, 
Symbol, or use fonts that look similar. 
• Number the illustrations according to their sequence in the text. 
• Use a logical naming convention for your artwork files. 
• Provide captions to illustrations separately. 
• Size the illustrations close to the desired dimensions of the published version. 
• Submit each illustration as a separate file. 
A detailed guide on electronic artwork is available. You are urged to visit this site; some 
excerpts from the detailed information are given here. 
Formats 
If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, 
Excel) then please supply 'as is' in the native document format. Regardless of the 
application used other than Microsoft Office, when your electronic artwork is finalized, 
please 'Save as' or convert the images to one of the following formats (note the resolution 
requirements for line drawings, halftones, and line/halftone combinations given below): 
EPS (or PDF): Vector drawings, embed all used fonts. 
TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 
dpi. 
TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum 
of 1000 dpi. 
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a 
minimum of 500 dpi. 
Please do not: 
• Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these 
typically have a low number of pixels and limited set of colors; 
• Supply files that are too low in resolution; 
• Submit graphics that are disproportionately large for the content. 
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Color artwork 
Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS 
(or PDF), or MS Office files) and with the correct resolution. If, together with your 
accepted article, you submit usable color figures then Elsevier will ensure, at no 
additional charge, that these figures will appear in color online (e.g., ScienceDirect and 
other sites) regardless of whether or not these illustrations are reproduced in color in the 
printed version. For color reproduction in print, you will receive information regarding the 
costs from Elsevier after receipt of your accepted article. Please indicate your preference 
for color: in print or online only. Further information on the preparation of electronic 
artwork. 
Illustration services 
Elsevier's WebShop offers Illustration Services to authors preparing to submit a 
manuscript but concerned about the quality of the images accompanying their article. 
Elsevier's expert illustrators can produce scientific, technical and medical-style images, 
as well as a full range of charts, tables and graphs. Image 'polishing' is also available, 
where our illustrators take your image(s) and improve them to a professional standard. 
Please visit the website to find out more. 
Figure captions 
Ensure that each illustration has a caption. Supply captions separately, not attached to 
the figure. A caption should comprise a brief title (not on the figure itself) and a description 
of the illustration. Keep text in the illustrations themselves to a minimum but explain all 
symbols and abbreviations used. 
Tables 
Please submit tables as editable text and not as images. Tables can be placed either 
next to the relevant text in the article, or on separate page(s) at the end. Number tables 
consecutively in accordance with their appearance in the text and place any table notes 
below the table body. Be sparing in the use of tables and ensure that the data presented 
in them do not duplicate results described elsewhere in the article. Please avoid using 
vertical rules and shading in table cells. 
References 
Citation in text 
Please ensure that every reference cited in the text is also present in the reference list 
(and vice versa). Any references cited in the abstract must be given in full. Unpublished 
results and personal communications are not recommended in the reference list, but may 
be mentioned in the text. If these references are included in the reference list they should 
follow the standard reference style of the journal and should include a substitution of the 
publication date with either 'Unpublished results' or 'Personal communication'. Citation 
of a reference as 'in press' implies that the item has been accepted for publication. 
Reference links 
Increased discoverability of research and high quality peer review are ensured by online 
links to the sources cited. In order to allow us to create links to abstracting and indexing 
services, such as Scopus, CrossRef and PubMed, please ensure that data provided in 
the references are correct. Please note that incorrect surnames, journal/book titles, 
publication year and pagination may prevent link creation. When copying references, 
please be careful as they may already contain errors. Use of the DOI is encouraged. A 
DOI can be used to cite and link to electronic articles where an article is in-press and full 
citation details are not yet known, but the article is available online. A DOI is guaranteed 
never to change, so you can use it as a permanent link to any electronic article. An 
example of a citation using DOI for an article not yet in an issue is: VanDecar J.C., Russo 
R.M., James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser 
Antilles slab beneath northeastern Venezuela. Journal of Geophysical Research, 
https://doi.org/10.1029/2001JB000884. Please note the format of such citations should 
be in the same style as all other references in the paper. 
Web references 
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As a minimum, the full URL should be given and the date when the reference was last 
accessed. Any further information, if known (DOI, author names, dates, reference to a 
source publication, etc.), should also be given. Web references can be listed separately 
(e.g., after the reference list) under a different heading if desired, or can be included in 
the reference list. 
Data references 
This journal encourages you to cite underlying or relevant datasets in your manuscript 
by citing them in your text and including a data reference in your Reference List. Data 
references should include the following elements: author name(s), dataset title, data 
repository, version (where available), year, and global persistent identifier. Add [dataset] 
immediately before the reference so we can properly identify it as a data reference. The 
[dataset] identifier will not appear in your published article. 
References in a special issue 
Please ensure that the words 'this issue' are added to any references in the list (and any 
citations in the text) to other articles in the same Special Issue. 
Citation in text 
Please ensure that every reference cited in the text is also present in the reference list 
(and vice versa). Any references cited in the abstract must be given in full. Unpublished 
results and personal communications are not recommended in the reference list, but may 
be mentioned in the text. If these references are included in the reference list they should 
follow the standard reference style of the journal and should include a substitution of the 
publication date with either 'Unpublished results' or 'Personal communication'. Citation 
of a reference as 'in press' implies that the item has been accepted for publication. 
Reference links 
Increased discoverability of research and high quality peer review are ensured by online 
links to the sources cited. In order to allow us to create links to abstracting and indexing 
services, such as Scopus, CrossRef and PubMed, please ensure that data provided in 
the references are correct. Please note that incorrect surnames, journal/book titles, 
publication year and pagination may prevent link creation. When copying references, 
please be careful as they may already contain errors. Use of the DOI is encouraged. 
A DOI can be used to cite and link to electronic articles where an article is in-press and 
full citation details are not yet known, but the article is available online. A DOI is 
guaranteed never to change, so you can use it as a permanent link to any electronic 
article. An example of a citation using DOI for an article not yet in an issue is: VanDecar 
J.C., Russo R.M., James D.E., Ambeh W.B., Franke M. 
(2003). Aseismic continuation of the Lesser Antilles slab beneath northeastern 
Venezuela. Journal of Geophysical Research, https://doi.org/10.1029/2001JB000884. 
Please note the format of such citations should be in the same style as all other 
references in the paper. 
Web references 
As a minimum, the full URL should be given and the date when the reference was last 
accessed. Any further information, if known (DOI, author names, dates, reference to a 
source publication, etc.), should also be given. Web references can be listed separately 
(e.g., after the reference list) under a different heading if desired, or can be included in 
the reference list. 
Data references 
This journal encourages you to cite underlying or relevant datasets in your manuscript 
by citing them in your text and including a data reference in your Reference List. Data 
references should include the following elements: author name(s), dataset title, data 
repository, version (where available), year, and global persistent identifier. Add [dataset] 
immediately before the reference so we can properly identify it as a data reference. The 
[dataset] identifier will not appear in your published article. 
References in a special issue 
Please ensure that the words 'this issue' are added to any references in the list (and any 
citations in the text) to other articles in the same Special Issue. 
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References 
Citation in text 
Please ensure that every reference cited in the text is also present in the reference list 
(and vice versa). Any references cited in the abstract must be given in full. Unpublished 
results and personal communications are not recommended in the reference list, but may 
be mentioned in the text. If these references are included in the reference list they should 
follow the standard reference style of the journal and should include a substitution of the 
publication date with either 'Unpublished results' or 'Personal communication'. Citation 
of a reference as 'in press' implies that the item has been accepted for publication. 
Reference links 
Increased discoverability of research and high quality peer review are ensured by online 
links to the sources cited. In order to allow us to create links to abstracting and indexing 
services, such as Scopus, CrossRef and PubMed, please ensure that data provided in 
the references are correct. Please note that incorrect surnames, journal/book titles, 
publication year and pagination may prevent link creation. When copying references, 
please be careful as they may already contain errors. Use of the DOI is encouraged. 
A DOI can be used to cite and link to electronic articles where an article is in-press and 
full citation details are not yet known, but the article is available online. A DOI is 
guaranteed never to change, so you can use it as a permanent link to any electronic 
article. An example of a citation using DOI for an article not yet in an issue is: VanDecar 
J.C., Russo R.M., James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of 
the Lesser Antilles slab beneath northeastern Venezuela. Journal of Geophysical 
Research, https://doi.org/10.1029/2001JB000884. Please note the format of such 
citations should be in the same style as all other references in the paper. 
Web references 
As a minimum, the full URL should be given and the date when the reference was last 
accessed. Any further information, if known (DOI, author names, dates, reference to a 
source publication, etc.), should also be given. Web references can be listed separately 
(e.g., after the reference list) under a different heading if desired, or can be included in 
the reference list. 
Data references 
This journal encourages you to cite underlying or relevant datasets in your manuscript 
by citing them in your text and including a data reference in your Reference List. Data 
references should include the following elements: author name(s), dataset title, data 
repository, version (where available), year, and global persistent identifier. Add [dataset] 
immediately before the reference so we can properly identify it as a data reference. The 
[dataset] identifier will not appear in your published article. 
References in a special issue 
Please ensure that the words 'this issue' are added to any references in the list (and any 
citations in the text) to other articles in the same Special Issue Reference management 
software Most Elsevier journals have their reference template available in many of the 
most popular reference management software products. These include all products that 
support Citation Style Language styles, such as Mendeley and Zotero, as well as 
EndNote. Using the word processor plug-ins from these products, authors only need to 
select the appropriate journal template when preparing their article, after which citations 
and bibliographies will be automatically formatted in the journal's style. If no template is 
yet available for this journal, please follow the format of the sample references and 
citations as shown in this Guide. Users of Mendeley Desktop can easily install the 
reference style for this journal by clicking the following link: 
http://open.mendeley.com/use-citation-style/journal-of-dentistry When preparing your 
manuscript, you will then be able to select this style using the Mendeley plugins for 
Microsoft Word or LibreOffice. 
Reference style 
Text: Indicate references by number(s) in square brackets in line with the text. The actual 
authors can be referred to, but the reference number(s) must always be given. Example: 
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'..... as demonstrated [3,6]. Barnaby and Jones [8] obtained a  different result ....' List: 
Number the references (numbers in square brackets) in the list in the order in which they 
appear in the text. 
Examples: 
Reference to a journal publication: 
[1] J. van der Geer, J.A.J. Hanraads, R.A. Lupton, The art of writing a scientific article, J. 
Sci. Commun. 163 (2010) 51–59. 
Reference to a book: 
[2] W. Strunk Jr., E.B. White, The Elements of Style, fourth ed., Longman, New York, 
2000. 
Reference to a chapter in an edited book: 
[3] G.R. Mettam, L.B. Adams, How to prepare an electronic version of your article, in: 
B.S. Jones, R.Z. Smith (Eds.), Introduction to the Electronic Age, E-Publishing Inc., New 
York, 2009, pp. 281–304. 
Reference to a website: 
[4] Cancer Research UK, Cancer statistics reports for the UK. 
http://www.cancerresearchuk.org/ aboutcancer/statistics/cancerstatsreport/, 2003 
(accessed 13 March 2003). 
Reference to a dataset: 
[dataset] [5] M. Oguro, S. Imahiro, S. Saito, T. Nakashizuka, Mortality data for Japanese 
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ANEXO B  
PREPARO DOS BLOCOS DE DENTINA 

 

 

 
 

 

 
 

 

 

 

  

1. Bloco de dentina bovina medindo 
4×4×2 mm (acima), obtido após 
secção transversal e longitudinal 
(abaixo) de raízes de incisivos 

inferiores bovinos. 

2. Bloco fixado com cera pegajosa em suporte de acrílico 
antes (esquerda) e após (direita) polimento em politriz 

(Buehler, Lake Bluff, Illinois, Estados Unidos – ao centro) 
com lixas nas granulações 320, 600, 800, 1200 e discos 

de feltro com solução diamantada (CARBIMET 
PaperDiscs, Buehler, Lake Bluff, Illinois, Estados Unidos). 
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ANEXO C 
SELEÇÃO DOS BLOCOS QUANTO À DUREZA DE SUPERFÍCIE 

                                     
 
 
 
 
 

 
ANEXO D 

PREPARO E DOSAGEM DAS SOLUÇÕES 

         
 

 

  
As soluções de tratamento foram preparadas e, em seguida, foram 

realizadas as dosagens de: 

-  Fósforo: à direita; método colorimétrico do molibdato; 

-  Flúor: à esquerda; utilizando eletrodo específico para íon flúor 
(9609 BN; Orion Research Inc., Beverly, Mass., Estados Unidos). 

Análise de dureza de superfície utilizando microdurômetro Micromet 
5114 hardnesstester (Buehler, Lake Bluff, Estados Unidos e Mitutoyo 

Corporation, Kanagawa, Japão) (esquerda). À direita, imagem 
apresentando cinco endentações realizadas no centro dos blocos, com 

100 µm entre elas. A carga utilizada foi de 10 g, por 10 segundos. 
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ANEXO E 
TRATAMENTOS E DESAFIOS EROSIVOS 

 

           
                                               

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

1. Aplicação de esmalte de unha 
ácido-resistente em metade da 

superfície de cada bloco de dentina 
(área hígida - controle). 

2. Imersão dos blocos de dentina nas 
respectivas soluções de tratamento 

(esquerda) sob agitação a 35 r.p.m. em 
mesa agitadora (Shaker SK-300, Shaker SK-

300, Jeio Tech, Coréia) por 1 min (direita), 
2×/dia, por 5 dias.  

3. Desafios erosivos com imersão dos blocos 
de dentina em ácido cítrico (esquerda) sob 

agitação a 35 r.p.m. em mesa agitadora 
(Shaker SK-300, Jeio Tech, Coréia) por 90 s 

(direita), 4×/dia, por 5 dias.  

4. Imersão dos blocos em saliva artificial 
(esquerda) por 2 horas e overnight em estufa 

a 37 ºC (direita). 
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ANEXO F 
PERFILOMETRIA 

       
 

 

 

 

 

 

 

 

 

  

À esquerda, rugosímetro adaptado para perfilometria 
(Programa Surfpak – Surftest Mitutoyo, Japão). 

Cinco varreduras foram feitas da área hígida da dentina 
em direção à área erodida. 

 À direita, imagem do gráfico mostrando o degrau 
formado pela perda dentinária na área erodida.  
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ANEXO G 
ANÁLISE DA PERDA DE DUREZA INTEGRADA EM PROFUNDIDADE (∆KHN) 
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Os blocos foram seccionados longitudinalmente (1) e embutidos a frio em 
bases de resina acrílica com a superfície interna voltada para cima (2). Em 

seguida as bases foram polidas em politriz (Buehler, Lake Bluff, Illinois, 
Estados Unidos) com lixas nas granulações 320, 600, 800 e 1200 e discos de 
feltro umedecidos em solução diamantada (3) até que as faces internas dos 

blocos de dentina estarem expostas e livres de resina acrílica (4). 

Em seguida, os espécimes de dentina foram analisados utilizando 
o microdurômetro Micromet 5114 hardnesstester (Buehler, Lake 
Bluff, Estados Unidos e Mitutoyo Corporation, Kanagawa, Japão) 

(esquerda), com carga de 2 g, por 10 s. 
 

À direita, a imagem mostra as 9 impressões realizadas a partir da 
superfície externa do bloco nas profundidades de 5, 10, 15, 20, 

25, 30, 40, 50 e 70 µm. 
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