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EMERENCIANO, N.G. Efeito in situ de dentifrício fluoretado e suplementado 

com nanopartículas de trimetafosfato de sódio sobre a desmineralização do 

esmalte e biofilme. 2017 93f. Dissertação (Mestrado em Ciência Odontológica, 

área de concentração Saúde Bucal da Criança) - Faculdade de Odontologia de 

Araçatuba, Universidade Estadual Paulista, Araçatuba 2017. 

 

Objetivo: Avaliar o efeito de um dentifrício fluoretado contendo trimetafosfato de 

sódio de tamanho nanométrico (TMPnano) na desmineralização do esmalte in situ 

e composição do biofilme. Métodos: Este estudo foi duplo-cego cruzado  

consistindo em quatro fases experimentais (7 dias cada) com 12 voluntários que 

utilizavam dispositivos orais contendo quatro blocos de esmalte bovino. O desafio 

cariogênico foi realizado por solução de sacarose 30% (6x/dia). Os tratamentos 

com dentífricos (3x/dia) foram os seguintes: sem F/TMP/TMPnano (Placebo), 1100 

ppm F (1100F), 1100F mais 3% de TMP micrométrico ou nanométrico 

(1100F/TMP; 1100F/TMPnano). A porcentagem de perda de dureza da superfície 

(%SH) e a perda integrada de dureza de subsuperfície (ΔKHN), bem como o cálcio 

(Ca), o fósforo (P) e o fluoreto (F) foram determinados. Além disso, o biofilme 

formado nos blocos foi analisado quanto às concentrações de polissacarídeos 

extracelulares (EPS), F, Ca, P. Os dados foram analisados utilizando ANOVA 1-

critério de medidas repetidas seguidas pelo teste Fisher LSD (p < 0,001). 

Resultados: 1100F/TMPnano promoveu menor %SH e ΔKHN entre todos os 

grupos (p < 0,001). A adição de TMPnano a 1100F não aumentou a absorção de 

F no esmalte, mas aumentou significativamente as concentrações de Ca do 

esmalte (p <0 ,001). 1100F/TMPnano apresentou valores mais baixos de 

concentração de EPS quando comparados com 1100F (~ 80%) (p < 0,001). 
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Quanto os graus de saturação, os grupos 1100F/TMP e 1100F/TMPnano 

mostraram a maior saturação em relação ao HA e similares entre si para CaF2 (p 

> 0,001). A atividade iônica de CaF+ e HF0 para os grupos 1100F/TMP e 

1100F/TMPnano foi semelhante (p > 0,001). Conclusão: 1100F/ TMPnano 

promoveu um efeito protetor maior contra a desmineralização do esmalte e afetou 

significativamente a composição do biofilme formado in situ, quando comparado 

ao dentifrício com 1100F. Relevância clínica: Essa formulação testada pode ser 

uma alternativa viável para pacientes com alto risco de cárie. 

 

Palavras-chave: Cárie; Biofilme; Fluoreto; Desmineralização; Nanopartículas. 

 
 
 

 

 
 
 
 
 
 
 
 
 



 

Nayara Gonçalves Emerenciano 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Abstract 
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Emerenciano, NG. In situ effect of fluoride toothpaste and supplemented with 

nano-sized sodium trimetaphosphate on enamel demineralization and 

biofilm. 2017 93f. Dissertação (Mestrado em Ciência Odontológica, área de 

concentração Saúde Bucal da Criança) - Faculdade de Odontologia de Araçatuba, 

Universidade Estadual Paulista, Araçatuba 2017. 

 

Objective: To evaluate the effect of a fluoride toothpaste containing nano-sized 

sodium trimetaphosphate (TMPnano) on enamel demineralization in situ and 

composition of the biofilm. Methods: This crossover double-blind study consisted 

of four phases (7 days each) and 12 volunteers who wore oral appliances 

containing four enamel bovine blocks. The cariogenic challenge was performed by 

30% sucrose solution (6x/day). The toothpaste treatments (3x/day) were as follows: 

no F/TMP/TMPnano (Placebo), 1,100 ppm F (1100F), 1100F plus 3% micrometric 

or nano-sized TMP (1100F/TMP; 1100F/TMPnano). Percentage of surface 

hardness loss (%SH), and integrated loss of subsurface hardness (ΔKHN), as well 

as enamel calcium (Ca), phosphorus (P), and fluoride (F) were determined. 

Moreover, biofilm formed on the blocks were analyzed for F, Ca, P, and insoluble 

extracellular polysaccharide (EPS) concentrations. Data were analyzed using one-

way ANOVA, repeated measures followed by Fisher LSD test (p < 0.001). Results: 

1100F/TMPnano promoted the lowest %SH and ΔKHN among all groups (p < 

0.001). The addition of TMPnano to 1100F did not enhance enamel F uptake, but 

significantly increased enamel Ca concentrations (p < 0.001). 1100F/TMPnano 

showed lower values of EPS concentration when compared with 1100F (~80%) (p 

< 0.001). As for phase saturation, the 1100F/TMP and 1100F/TMPnano groups 

showed the highest supersaturation with respect to HA and similar to each other 
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for CaF2 (p > 0.001). The ionic activity of CaF+ and HF0 for the 1100F/TMP and 

1100F/TMPnano groups were similar (p > 0.001). Conclusion: 1100F/TMPnano 

promoted a greater protective effect against enamel demineralization and 

significantly affected the composition of biofilm formed in situ when compared to 

1100F toothpaste. Clinical Significance: This toothpaste could be a viable 

alternative to patients at high risk of caries. 

 

Keywords: Caries; Biofilm; Fluoride; Demineralization; Nano-sized. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Nayara Gonçalves Emerenciano 

 

 

    

 

 

 

 

 

 

 

 

 

 

 

 

Lista de Figuras 



 

Nayara Gonçalves Emerenciano 

 

LISTA DE FIGURAS 
 

Figure 1:  A Enamel block preparation. B Hardness analysis. C Treatments. D 

Analysis of dental biofilm composition. E Hardness Analysis. F Cross-sectional. 

G Fluoride, calcium, and phosphorus in enamel. H Integrated loss of subsurface 

hardness. 

 

Figure 2: X-ray patterns of the micrometric TMP and of the nano-sized TMP after 

milling for 48 h. 

 

Figure 3: SEM images of the TMP powders (a) before milling and (b) after milling 

for 48 h. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Nayara Gonçalves Emerenciano 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Lista de Tabelas 



 

Nayara Gonçalves Emerenciano 

 

LISTA DE TABELAS 
 

Table 1: Mean (SD) of variables analyzed according to the toothpaste treatments 

 

Table 2: Ionic activity of ions species and phase saturation from dental biofilms 

treated with different toothpastes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Nayara Gonçalves Emerenciano 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Lista de Abreviaturas 

 



 

Nayara Gonçalves Emerenciano 

 

LISTA DE ABREVIATURAS 
 

Am Ante Meridiem 

ANOVA Analysis of Variance 

ºC Degrees Celsius 

Ca Calcium 

Ca+2 Calcium ion 

CaF+ Calcium fluoride ion 

CaF2 Loosely bound fluoride 

CaPO4- Calcium phosphate ion 

CaPOH- Phosphate hydrogenated calcium ion 

CaHPO40 Neutral Calcium Phosphate 

CaH2PO4+ Dihydrogenated calcium phosphate 

CT Conventional toothpaste 

DS Degree of saturation 

EPS Insoluble extracellular polysaccharides 

F Fluoride  

FI Ionic fluoride 

FT Total fluoride  

g Gram  

h Hour  

HCl Hydrochloric acid 

HF0 Neutral hydrogen fluoride 

HPO4
-2  Hydrogenated phosphate ion 

H2PO4-  Dihydrogen phosphate ion 



 

Nayara Gonçalves Emerenciano 

 

KHN Knoop hardness unit 

L Liter 

IF ionic fluoride 

M Molar 

Min Minutes   

mg Milligram 

mg/g Milligram per gram 

ml Milliliter 

mm Millimeter 

Mol/L Mol/liter  

mol L-1 Mol per liter 

mol/kg Mol/kilograms 

mV Millivolts 

n Volunteers number 

Na+ Sodium Ion 

NaF Sodium Fluoride 

NaOH Sodium hydroxide 

nm Nanometers 

P Phosphor 

P2O5 Diphosphorus pentoxide 

PO4
3- Orthophosphate 

pH Hydrogen potential 

ppmF Parts per million of fluoride 

pm Post Meridiem 

s Seconds 



 

Nayara Gonçalves Emerenciano 

 

SD Standard deviation 

SHi Initial surface hardness 

SHf Final surface hardness 

%SH Surface hardness loss  

TF Total fluoride 

TISAB Total ionic strength adjuster cap 

TMP Sodium trimetaphosphate 

TMPnano Nano-sized sodium trimetaphosphate 

μg Microgram 

μg/mm3 Microgram per cubic millimeter 

μL/mg Microliters/milligram 

μm Micrometer 

ΔKHN Integrated loss of subsurface hardness 

XRD X-ray diffraction 

 

 

 

 

 

 



 

Nayara Gonçalves Emerenciano 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sumário 

 



 

Nayara Gonçalves Emerenciano 

 

SUMÁRIO 
 

  

ABSTRACT 37 

INTRODUCTION 39 

MATERIALS AND METHODS  41 

RESULTS  47 

DISCUSSION  49 

ACKNOWLEDGMENTS   55 

REFERENCES  56                                                                                              

ANEXOS  71                                                                                          

                                                                                                    

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Nayara Gonçalves Emerenciano 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Capítulo 1



36 

 

 

Nayara Gonçalves Emerenciano 

 

In situ effect of fluoride toothpaste and supplemented with nano-sized 

sodium trimetaphosphate on enamel demineralization and biofilm 
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Abstract 

Objective: To evaluate the effect of a fluoride toothpaste containing nano-sized 

sodium trimetaphosphate (TMPnano) on enamel demineralization in situ and 

composition of the biofilm. Methods: This crossover double-blind study consisted 

of four phases (7 days each) and 12 volunteers who wore oral appliances 

containing four enamel bovine blocks. The cariogenic challenge was performed 

by 30% sucrose solution (6x/day). The toothpaste treatments (3x/day) were as 

follows: no F/TMP/TMPnano (Placebo), 1,100 ppm F (1100F), 1100F plus 3% 

micrometric or nano-sized TMP (1100F/TMP; 1100F/TMPnano). Percentage of 

surface hardness loss (%SH), and integrated loss of subsurface hardness 

(ΔKHN), as well as enamel calcium (Ca), phosphorus (P), and fluoride (F) were 

determined. Moreover, biofilm formed on the blocks were analyzed for F, Ca, P, 

and insoluble extracellular polysaccharide (EPS) concentrations. Data were 

analyzed using one-way ANOVA, repeated measures followed by Fisher LSD 

test (p < 0.001). Results: 1100F/TMPnano promoted the lowest %SH and ΔKHN 

among all groups (p < 0.001). The addition of TMPnano to 1100F did not enhance 

enamel F uptake, but significantly increased enamel Ca concentrations (p < 

0.001). 1100F/TMPnano showed lower values of EPS concentration when 

compared with 1100F (~80%) (p < 0.001). As for phase saturation, the 

1100F/TMP and 1100F/TMPnano groups showed the highest supersaturation 

with respect to HA and similar to each other for CaF2 (p > 0.001). The ionic activity 

of CaF+ and HF0 for the 1100F/TMP and 1100F/TMPnano groups were similar (p 

> 0.001). Conclusion: 1100F/TMPnano promoted a greater protective effect 

against enamel demineralization and significantly affected the composition of 
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biofilm formed in situ when compared to 1100F toothpaste. Clinical Significance: 

This toothpaste could be a viable alternative to patients at high risk of caries. 

 

Keywords: Caries; Biofilm; Fluoride; Demineralization; Nano-sized. 
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Introduction 

Dental caries is a disease characterized as biofilm-sugar-dependent [Paes 

Leme et al., 2006; Sheiham and James, 2015]. The presence of biofilm in the oral 

cavity associated with the addition of sugars from the diet stimulates the 

proliferation and adhesive qualities of microorganisms [Sheiham and James, 

2015] and allows them to produce acids promoting a decrease in oral pH, 

resulting in demineralization of dental surface [Thakahashi and Nyvad, 2011]. 

Fluoride (F) is the main auxiliary in maintaining the mineral balance of the tooth 

and when incorporated into the enamel hydroxyapatite, forms fluorapatite as a 

mineral, improving resistance to acid challenge [ten Cate, 1990; Chow, 1990; 

Moreno, 1993], once its critical pH is 4.5, while for hydroxyapatite is about 5.5 

[Buzafaf et al., 2011].  

Fluoride toothpastes have been highlighted as the topical administration 

form most used by the population due to its wide availability, contributing to the 

reduction of caries [Marinho et al., 2003].  A systematic review [Walsh et al., 2010] 

evaluating the effectiveness of fluoridated toothpastes of different concentrations 

of F showed that only toothpastes with concentrations higher than 1000 ppm F 

have efficacy in the prevention of dental caries in children and adolescents. 

Despite the numerous sources of F, there is still a significant proportion of infants 

and preschoolers affected by caries disease with a strong polarization. Mattos-

Graner et al. [1996] and Vanobbergen et al. [2001] observed that 15-17% of 

children have approximately 50% of the lesions, showing that there are still 

individuals who do not have access to preventive measures and they are high-

risk of developing the disease. Therefore, it is necessary to identify these high-
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risk groups at an early stage and to use approaches more effective in these 

communities to reduce their incidence [Ferreira et al., 2007]. 

Given these findings, it would be interesting to increase the effectiveness 

of toothpastes, providing an increase in decreasing rates of disease. Recently, 

studies have demonstrated that it is possible to increase the effectiveness of a 

toothpaste without increasing the concentration of F. The addition of inorganic 

and organic phosphates to conventional toothpastes (1100 ppm F-CT) may be a 

strategy to increase their anticaries effect [de Castro et al., 2015; Danelon et al., 

2017]. Among the phosphates studied, micrometric sodium trimetaphosphate 

(TMP) has been extensively tested at different vehicle and concentrations of F, 

showing to reduce mineral loss and increase the process of remineralization, 

because it has the ability to modify the surface of the hydroxyapatite, through its 

adsorption [Danelon et al., 2014; de Castro et al., 2015].  The in vitro study, by 

de Castro et al. [2015] showed that the association of TMP at 3% concentration 

in CT reduced enamel demineralization by 61% (ΔKHN) when compared to 1100 

ppm F.  

Another strategy to increase the effect of topical formulations containing F 

would be the use of phosphate nano-sized [Danelon et al., 2015]. Studies using 

an in vitro and in situ enamel caries model [Danelon et al., 2015; Danelon et al., 

2017], found that a toothpaste formulation containing 1100 ppm F associated with 

nano-sized 3%TMP (TMPnano) showed better results in inhibiting enamel 

demineralization and promoting the remineralization of early caries lesions when 

compared to formulations containing 1100 ppm F and 1100 ppm F associated 

with 3% TMP. However, no study so far has evaluated the effect of the 

association of TMPnano to F on demineralization and biofilm in situ, under 
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conditions of high sucrose exposure, simulating a high risk of caries. Thus, the 

study of a new formulation with these characteristics would have an important 

impact on dentistry besides introduce a knowledge about the synergism between 

F and TMPnano in different formulations. 

So far, no study has evaluated whether the addition of TMPnano could 

affect the biofilm composition and enamel demineralization under cariogenic 

challenge, simulating a condition of high caries risk. Thus, this study evaluate the 

effect of a fluoride toothpaste containing nano-sized sodium trimetaphosphate 

(TMPnano) on enamel demineralization in situ and composition of the biofilm. 

The null hypothesis was that F toothpaste associated with TMPnano would 

provide similar anticaries effect when compared to F toothpaste without 

TMPnano or micrometric TMP. 

 

Material and Methods 

Experimental Design 

This study was approved by the Human Ethical Committee of Araçatuba 

Dental School, São Paulo State University, Brazil (Protocol: 

61591416.1.0000.5420) (Anexo B), and all participants read and signed informed 

consent statements prior to the study initiation. The experimental design is 

presented in Figure 1. This crossover double-blinded study was performed in 4 

phases of 7 days each [da Camara et al., 2015]. The sample size of 12 volunteers 

was based on a previous study [do Amaral et al., 2013], considering the primary 

outcome as from surface and cross-sectional hardness analysis, the mean 

difference among the groups (30 and 1300, respectively), standard deviation (20 

and 9000, respectively), an α-error of 5%, and a β-error of 20%. Volunteers 
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(n=12) aged 22-33 years, who were in good general and oral health [Delbem et 

al., 2005] were included in the study. The subjects wore an acrylic palatal 

appliance with sound bovine enamel blocks (4 mm × 4 mm, n = 192), previously 

polished (Fig. 1A) (Anexo C) and selected using an initial surface hardness (SHi) 

(baseline) (Fig. 1B). Then, the specimens were allocated to 4 treatments: no 

F/TMP/TMPnano (Placebo), 1,100 ppm F (1100F), 1100F plus 3% micrometric 

or nano-sized TMP (1100F/TMP; 1100F/TMPnano). After each phase of 7 days 

of cariogenic challenge, the biofilm was collected for the analysis of F, Ca, P, and 

insoluble extracellular polysaccharides (EPS). In the enamel blocks, Percentage 

of surface hardness loss (%SH), and integrated loss of subsurface area (ΔKHN) 

was assessed again. F, Ca, and P content in the enamel were determined. 

 

Synthesis and characterization of nano-sized sodium trimetaphosphate 

 

The synthesis and characterization of nano-sized TMP was based on the 

study by Danelon et al. [2015, 2017]. To prepare nano-sized TMP, 70 g of pure 

(micrometric) sodium trimetaphosphate (Na3O9P3, Aldrich, purity ≥ 95% CAS 

7785-84-4) was ball milled using 500 g of zirconia spheres in 1 L of isopropanol. 

After 48 h, the material was filtered and sealed with aluminum foil, and the vials 

were dried at 75°C to evaporate the hexane. The particle morphology of TMP and 

TMP milled for 48 h (TMPnano) was analyzed by scanning electron microscopy 

(SEM). The SEM images were collected using a Philips XL-30 FEG (Anexo D). 
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Toothpaste formulation and fluoride and pH assessment 

 

The experimental toothpastes were prepared in a laboratory and had the 

following ingredients: titanium dioxide, carboxymethyl cellulose, methyl p-

hydroxybenzoate sodium, saccharin, mint oil, glycerin, abrasive silica, sodium 

lauryl sulfate, and deionized water. Toothpastes containing micrometric or nano-

sized TMP were prepared (Na3O9P3, Aldrich, purity ≥ 95% CAS 7785-84-4) at 

concentration of 3% micrometric TMP (TMP) or nano-sized TMP (TMPnano). To 

these toothpastes, NaF (Merck, CAS 7681-49-4, Germany) was added to reach 

a concentration of 1100 ppm F. In addition, toothpaste without TMP/TMPnano 

and F (Placebo), as well as with 1100 ppm F (without TMP/TMPnano) were 

prepared. The toothpastes used in this study were stored at room temperature 

and kept properly closed to prevent any change of the samples (Anexo E). 

The total fluoride (TF) and ionic fluoride (IF) amounts were determined 

[Delbem et al., 2009] using a F-specific electrode (Orion 9609-BN; Orion 

Research Inc., Beverly, Mass., USA) connected to an ion analyzer (Orion 720 

A+; Orion Research Inc.). The pH levels of the toothpaste slurries were 

determined using a pH electrode (2A09E, Analyser, São Paulo, Brazil) calibrated 

with standard pH levels of 7.0 and 4.0. 

 

Palatal Appliance Preparation and Treatments 

 

The palatal appliance was prepared in acrylic resin (Fig. 1C) (Jet, Articles 

Classic Odontológico, São Paulo, Brazil), and four enamel blocks were fixed, with 

a different device used in each phase of the experiment. In order to allow biofilm 
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accumulation on the enamel blocks, a piece of plastic mesh was fixed to the 

acrylic appliance, leaving a space of 1 mm from the block surface [da Camara et 

al., 2015]. To provide a cariogenic challenge, the volunteers were instructed to 

remove the device and drip 30% sucrose solution (Sucrose, Synth, Diadema, 

Brazil) onto each enamel block 6x/day at predetermined times (8:00 am, 11:00 

am, 2:00 pm, 5:00 pm, 7:00 pm, and 9:00 pm) and five minutes later, the device 

was reinserted into the mouth [da Camara et al., 2015] (Fig. 1D). The volunteers 

were instructed to use the appliances during the entire day (including night time), 

except when drinking or eating anything, and brushed their natural teeth 3x/day 

(08:00 am, 13:00 pm, 21:30 pm) for 2 min, with palatal appliance in the oral cavity, 

allowing the natural saliva/toothpaste slurry to come into contact with the enamel 

blocks by gently squishing the slurry in the mouth. Following, the devices were 

removed from the oral cavity and gently rinsed with tap water; volunteers then 

brushed their natural teeth and rinsed the mouth as usual, returning the devices 

to the oral cavity immediately afterwards. During a 7-day pre-experimental period 

and washout periods, the volunteers brushed their teeth with the placebo 

toothpaste (Anexo F). 

 

Hardness Analysis 

 

The enamel surface hardness was determined before (SHi) (Fig. 1B) and 

after (Fig. 1E) each phase in each specimen, using a Shimadzu HMV-2000 

microhardness tester (Shimadzu Corp., Kyoto, Japan) under a 25 g load for 10 s 

[Danelon et al., 2015] and next, calculate the percentage of surface hardness 

loss (%SH = [(SHf-SHi)/SHi] *100). For the cross-sectional hardness 
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measurements, the enamel blocks were longitudinally sectioned (Fig. 1F) through 

their center and embedded in acrylic resin with the cut face exposed and 

gradually polished. A sequence of 14 indentations was created 100 µm apart at 

different distances (5, 10, 15, 20, 25, 30, 40, 50, 70, 90, 110, 130, 220, and 330 

µm) from the outer enamel surface using a Micromet 5114 hardness tester 

(Buehler, Lake Bluff, USA) and the software Buehler OmniMet (Buehler, Lake 

Bluff, USA) with a Knoop diamond indenter under a 5 g load for 10 s. Integrated 

hardness (KHN x µm) for the lesion into sound enamel was calculated by the 

trapezoidal rule (GraphPad Prism, version 3.02) and subtracted from the 

integrated hardness for sound enamel to obtain the integrated area of the 

subsurface regions in the enamel, which was named integrated loss of 

subsurface hardness (ΔKHN; KHN x µm) (Fig. 1F) [Danelon et al., 2015] (Anexo 

G). 

 

Fluoride, calcium and phosphorus in enamel 

 

F present in the enamel was determined as described by Weatherell et al. 

[1985], as modified by Alves et al. [2007]. Self-adhesive polishing discs (diameter, 

13 mm) and 400-grit silicon carbide (Buehler) were fixed to the bottom of 

polystyrene crystal tubes (J-10; Injeplast, Sao Paulo, SP, Brazil). One layer of 

enamel (50.9 ± 0.2 µm) was removed from each block, after the addition of 0.5 

ml HCl 1.0 mol L-1, and these were kept under constant stirring for 1 hour 

[Weatherell et al., 1985, modified by Alves et al., 2007]. The analysis of F was 

performed in 0.30 mL of that solution after addition of the same volume of TISAB 

II, modified with NaOH, using an specific electrode 9409BN (Thermo Scientific, 
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Beverly, MA, USA) and microelectrode reference (Analyser, São Paulo, Brazil) 

coupled to an ion analyzer (Orion 720A+, Thermo Scientific, Beverly, MA, USA) 

was used.  The results were expressed in μg/mm3. Ca analysis was performed 

using the Arsenazo III colorimetric method [Fiske and Subbarow, 1925]. The 

absorbance readings were recorded at 650 nm, using a plate reader (PowerWave 

340, Biotek, Winooski, VT, USA). P was measured according to Fiske and 

Subbarow [1925], and the absorbance readings were recorded at 660 nm (Fig. 

1G). The results were expressed as µg/mm3 (Anexo H). 

 

Analysis of dental biofilm composition 

 

 The biofilm formed on the enamel was collected and stored in 

microcentrifuge tubes. The biofilm samples were dried in vacuum over P2O5 

(Vetec Quimica Fina Ltda., Duque de Caxias, Rio de Janeiro, Brazil) for 12 h at 

room temperature. After extraction for 3 h at room temperature with 0.5 mol/L 

hydrochloric acid (250 μL/mg, biofilm wet weight) under constant agitation, the 

same volume of NaOH (0.5 mol L-1) was added [Nobre dos Santos et al., 2002; 

da Camara et al., 2015]. The samples were then centrifuged (11,000 × g) for 1 

min and the supernatant retained for determination of F, Ca and P. F was 

analyzed using an ion specific electrode (Orion 9409 BN) and a potentiometer 

(Orion 720 Aplus). The Ca concentration was analyzed by a colorimetric test [Vogel 

et al., 1983] (Fig. 1D). The P concentration was measured using a colorimetric 

method [Fiske and Subbarow, 1925] (Fig. 1D). Insoluble extracellular 

polysaccharide (EPS) was extracted by adding 1.0 mol L-1 NaOH (10 μL/mg dry 

weight) to the biofilm [Nobre dos Santos et al., 2002; Ccahuana-Vásquez et al., 
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2007]. The amount of EPS was determined using the phenol-sulfuric acid method 

[Dubois et al., 1956] (Fig. 1D). The results were expressed as mol/kg of F, Ca, 

and P; and mg/g of EPS (dry weight) (Fig. 1D). 

 The ionic activities (IA) of the various species (Ca2+, CaPO4
-, CaHPO4

0, 

CaH2PO4+, PO4
3- , HPO4

-2, H2PO4-, CaF+, HF0, and F-) and the degree of 

saturation (DS) of the solid phases of hydroxyapatite (HA) and calcium fluoride 

(CaF2) were calculated from the concentrations (mol/kg) of F, Ca, and P on the 

biofilm of each toothpaste. All calculations were performed at 37 ºC, 7.0 pH, and 

a density of 1.0 g/cm3 using the PHREEQC Interactive (version 2.18.3) speciation 

program [do Amaral et al., 2013; da Camara et al., 2015] (Anexo I). 

 

Statistical analysis 

 

SigmaPlot 12.0 software was used for statistical analysis, and the 

significance level was set at 5%. Data from the dental biofilm analysis (Ca, P, F 

and EPS content, and ionic activities) and enamel analysis (%SH, ΔKHN and F, 

Ca, and P content) exhibited a normal (Shapiro–Wilk) and homogeneous (Bartlet) 

distribution, and were therefore subjected to one-way repeated measures 

ANOVA, followed by the Fisher LSD test. 

 

Results 

 

The milling processing reduced the particle size of the TMP powders 

without affecting its crystalline structure. The X-ray diffraction (XRD) pattern of 

the nano-sized TMP after 48 h of milling (Fig. 2) shows broader peaks due the 
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smaller crystallites, which could be used to estimate an average particle size of 

22.7 nm. The Fig. 3 shows the SEM images of the TMP powder (a) before milling 

and (b) after 48 h of milling, where it is possible to clearly see the particles 

agglomerated before the milling.  

Mean (SD) concentration of total F (TF) and ionic F (IF) (n = 3) were: 

Placebo – 10.7 (1.1) and 10.9 (0.4), 1100F - 1162.0 (44.1) and 1157.2 (16.8), 

1100F/TMP - 1162.0 (44.1) and 1157.2 (16.8), and 1100F/TMPnano - 1162.0 

(44.1) and 1157.2 (16.8). The pH value from the groups was 7.5 (0.2) ranging 

from 7.1 to 7.7. 

Mean (SD) initial surface hardness (SH) for all blocks was 366.2 (1.0), and 

the means varied between 364.5 (1.0) and 367.4 (1.1). The use of 

1100F/TMPnano resulted in a 49% and 35% decrease in %SH in comparison 

with 1100F and 1100F/TMP (p < 0.001) (Table 1). In addition, the capacity to 

reduce the lesion body (ΔKHN) was ~16% and ~60% higher with 1100F/TMP and 

1100F/TMPnano when compared to 1100F (p < 0.001) (Table 1).  

The addition of TMP and TMPnano to the CT did not influence enamel F 

concentration, so that its effect was similar to 1100F, except for the Placebo, 

which showed a lower concentration (p < 0.001). With 1100F/TMPnano, enamel 

Ca concentration was increased by ~ 62% and ~135% when compared to 

1100F/TMP and 1100F toothpastes (p < 0.001). P concentrations in enamel were 

~ 76% and ~ 58% higher than the 1100F/TMPnano when compared with the 

1100F and 1100F/TMP groups (p < 0.001). No significant difference was 

observed among the 1100F and 1100F/TMP groups regarding enamel P 

concentrations except for the Placebo, which showed a lower concentration (p < 

0.001)  
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As for the biofilm composition, 1100F/TMP and 1100F/TMPnano promoted 

the highest and similar retention of Ca (p < 0.001) and similar values of F when 

compared with 1100F (Table 1), while the P values were similar for the 

1100F/TMP and 1100/TMPnano treatments (p = 0.084). 1100F/TMPnano 

showed lower values for alkali-soluble EPS concentration, when compared with 

1100F (~ 80%) and 1100F/TMP (~ 60%) (p < 0.001).                                                                                             

The ionic activity of CaF+ and HF0 for the 1100F/TMP and 

1100F/TMPnano groups were similar (p > 0.001); no significant differences were 

seen between 1100F/TMPnano and the other fluoride groups (i.e. 1100F and 

1100F/TMP) regarding ionic activity of Ca2+, CaPO4
-, and CaH2PO4

+ (p > 0.001). 

No significant differences were observed among the four groups for ionic activity 

of PO4
3-, HPO4

2-, and H2PO4
- (p > 0.800). As for phase saturation, the 1100F/TMP 

and 1100F/TMPnano groups showed the highest supersaturation with respect to 

HA and similar to 1100F for CaF2 (p > 0.001). 

 

Discussion 

Toothpastes can be used as a vehicle for substances that contribute to 

improve the oral health of individuals [Cury and Tenuta, 2013]. The present study 

evaluated the effect of a fluoride toothpaste containing nano-sized sodium 

trimetaphosphate (TMPnano) on enamel demineralization and on the 

composition of the biofilm formed in situ. The results of this study showed that the 

addition of TMPnano 1100F showed higher anticaries effect compared to CT and 

its counterpart (1100F/TMP). Thus, the null hypothesis was rejected. 

The concentration of TMPnano tested in this study was based on the 

F/TMP and F/TMPnano ratio of the studies of Danelon et al. [2015 and 2017], 
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who demonstrated in in situ and in vitro studies that the addition of 3% TMPnano 

to a CT significantly increased the anticaries effect. Our study confirms previous 

findings [Danelon et al., 2015; Danelon et al., 2017] that when TMPnano was 

added to the CT at a concentration of 3%, it reduced enamel demineralization by 

49% when compared to the 1100F group (Table 1), even in the presence of 

biofilm. Biofilms formed in the presence of sucrose have higher cariogenicity 

when compared to those formed in the absence of sugar [Paes Leme et al., 

2006], and their cariogenic potential is directly linked to the exposure frequency 

[Paes Leme et al., 2004], since the frequent exposure to sucrose changes the 

microbiological and biochemical composition of the biofilm. Van Houte [1980] and 

Marsh [1994] reported that frequent exposure to fermentable sugars causes 

frequent reductions in pH, selecting acidogenic and aciduric microorganisms, 

making the biofilm increasingly cariogenic. In the deeper demineralization regions 

(ΔKHN), the use of 1100F/TMPnano reduced the lesion body by 51% and 60% 

when compared to 1100F/TMP and 1100F treatments (Table 1). These findings 

corroborate those of Danelon et al. [2015], who observed that CT supplemented 

with TMPnano increased the mineral gain by 44% when compared to its 

counterparts with micrometric TMP.  

The effect of TMPnano on %SH and ΔKHN may be directly related to the 

amount of Ca and P retained in enamel when this formulation was used, as there 

was an increase (62% and 58%) (Table 1) when compared to 1100F/TMP. These 

findings reinforce the hypothesis that the nano-sized phosphate salt has a higher 

adsorption capacity on the enamel surface, since its greater proportion of surface 

area by volume, as well as higher percentage of atoms in the surface compared 

to micrometric particles, favors the greater reactivity, as already demonstrated in 
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previous studies [Danelon et al., 2015; Danelon et al., 2017]. Thus, Ca++ and 

CaF+ ions present in the saliva replace the Na+ of the TMP/TMPnano molecule, 

and during pH reduction (demineralization) there is formation of neutral species 

(CaHPO4
0 e HF0) [Danelon et al., 2015; Souza et al., 2016], which have greater 

diffusion capacity in enamel in relation to the ions, leading to the reduction of 

enamel demineralization. Still, the treatment with TMPnano did not promote an 

increase in the retention of F in enamel, leading to the assumption that its effect 

is related to modification of the enamel surface, promoting the formation of a 

protective layer, as previously mentioned and demonstrated by other studies 

[Takeshita et al., 2015; Takeshita et al., 2016; Danelon et al., 2015].   

Studies show that a highly cariogenic biofilm has a low concentration of 

Ca, P and F in its matrix [Cury et al., 1997; Paes Leme et al., 2004; Paes Leme 

et al., 2006]. However, treatments with 1100F/TMP and 1100F/TMPnano led to 

a higher retention of Ca and F in the biofilm (Table 1), demonstrating that these 

associations promoted significant changes in biofilm composition. These results 

corroborate those reported by Takeshita et al. [2015], which showed an increase 

in Ca and F retention in biofilm when phosphate was used in a low fluoride 

toothpaste supplemented with TMP. The deposition of Ca is directly related to an 

increase in the retention of F in the biofilm, being responsible for the decrease of 

enamel demineralization [Souza et al., 2016], as observed for the 

1100F/TMPnano group that presented the highest values of Ca and F in the 

biofilm (Table 1) and consequently lower mineral loss in relation to 1100F, 

suggesting that in these groups the biofilm served as a reservoir of F and Ca ions 

during the high cariogenic challenge (i.e. 30% sucrose, 6x/day), which could 

contribute to minimize the enamel mineral loss. Thus, it is possible that the 
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TMPnano can be adsorbed to the biofilm in greater proportion by calcium bridging 

[Rose et al., 1996] and that, as well as for TMP, it acts as sites for further Ca2+ 

and CaF+ binding. However, the above mentioned considerations should be 

interpreted within the limitations of this study, since the correlation between F 

levels throughout the biofilm is known to be weak [Vogel, 2011]. Despite this 

limitation, whole biofilm fluoride is a useful approach when studying the effect of 

different fluoridated formulations on enamel demineralization, especially when 

little is known about a formulation to be tested, which is the case of toothpastes 

supplemented with TMPnano.  

Aiming to evaluate the synergistic effect of TMPnano and F on 

toothpastes, the activity of ionic species in the biofilm was also evaluated, 

considering the fluoride, calcium and phosphate data (Table 2). Treatment with 

the 1100F/TMPnano toothpaste presented higher activity for CaF+ and HF0 

(Table 2) in relation to the other fluoridated toothpastes; namely, in the absence 

of F and TMP in the formulation (Placebo toothpaste), the activity of these ions is 

strongly reduced and consequently there is a larger lesion body (Table 1). Thus, 

we can assume that the effect of TMP/TMPnano in the demineralization process 

may be directly related to the increased activity of these species. Furthermore, 

the mechanisms proposed above need to be carefully considered, given that data 

from ionic activity were calculated based on the total ion concentration from the 

whole biofilm, which comprises not only the free ions in the biofilm fluid, but also 

ionizable and firmly bound pools. Such calculations, however, are useful for an 

overall comparison between groups, providing insights on the reasons why 

TMPnano promoted a significantly higher protective effect on enamel. 
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Regarding the effects of treatments on the concentration of alkali-soluble 

EPS in the biofilm, the high concentration observed for Placebo (Table 1) shows 

that the absence of F under cariogenic challenges leads to the formation of a 

highly cariogenic biofilm [Vale et al., 2007; Takeshita et al., 2015]. Our results 

show a significant reduction (60 and 80%) for the treatments with 1100F/TMP 

and 1100F/TMPnano when compared to 1100F. These findings agree with the 

studies of Takeshita et al. [2015] and Souza et al. [2016], confirming that both 

TMP and TMPnano present indirect action in the formation of EPS. It is worth 

mentioning that Ca concentrations varying between 1 × 10-3 and 1 × 10-4 mol/l 

(0.04 and 0.004 μg/mg) reduce EPS concentration [Boyd, 1978], thus the 

TMP/TMPnano could act on the biofilm indirectly, since high concentrations of F 

and Ca in the biofilm alter the bacterial metabolism and the biological activity, as 

well as the formation of EPS [van Loveren, 2001; Marquis et al., 2003]. Knowing 

that EPS formation is also dependent on the interaction of extracellular enzymes 

(i.e., glycosyltransferases and fructosyltransferases) with sucrose [Vacca-Smith 

et al., 1996; Zhang et al., 2015], we may suggest that TMP/TMPnano interferes 

with the action of these enzymes [Dennis et al., 1976] and consequently there is 

a reduction in the formation of extracellular polysaccharide. This reduction is of 

fundamental importance, since EPS provides binding sites and microbial 

adhesion, in addition to promoting structural changes in the matrix, facilitating 

acid diffusion and thus being a determinant virulence factor of cariogenic 

microorganisms [Koo et al., 2013]. Given that inorganic and organic phosphates 

have high affinity for hydroxyapatite, it is possible to assume that these 

substances interfere with the adsorption of organic materials and bacteria on 
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dental surfaces [Nordbö and Rölla, 1972]. This may change the formation of EPS; 

however, additional studies should be performed to confirm this hypothesis.  

An important factor to be considered is that these data are based on an in 

situ protocol for dental demineralization and, although the basic chemical 

processes are the same for all individuals, the susceptibility to dental caries 

differs significantly [ten Cate, 2015]. Thus, the protocol used in the present study 

presents some limitations, since our model did not simulate different cariogenic 

challenges and the inorganic composition of saliva and biofilm fluid was not 

evaluated. Moreover, even though in situ models are currently a great 

improvement over in vitro caries models [Higham et al., 2005], performing an in 

vivo protocol would be extremely important to confirm our findings.  

Considering the results obtained in this study, we conclude that 

1100F/TMPnano promoted a greater protective effect against enamel 

demineralization and significantly affected the composition of biofilm formed in 

situ when compared to 1100F toothpaste. Therefore, it can be considered an 

effective alternative to improve the oral health of individuals, especially those at 

high risk to dental caries. 
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Table legend 

 

Table 1: Mean (SD) of variables analyzed according to the toothpaste treatments 

 

Table 2: Ionic activity of ions species and phase saturation from dental biofilms 

treated with different toothpastes 
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Figure legends 

 

Figure 1:  A Enamel block preparation. B Hardness analysis. C Treatments. D 

Analysis of dental biofilm composition. E Hardness Analysis. F Cross-sectional. 

G Fluoride, calcium, and phosphorus in enamel. H Integrated loss of 

subsurface hardness. 

 

Figure 2: X-ray patterns of the micrometric TMP and of the nano-sized TMP after 

milling for 48 h. 

 

Figure 3: SEM images of the TMP powders (a) before milling and (b) after milling 

for 48 h. 
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Figure 1:  A Enamel block preparation. B Hardness analysis. C Treatments. D 

Analysis of dental biofilm composition. E Hardness Analysis. F Cross-sectional. 

G Fluoride, calcium, and phosphorus in enamel. H Integrated loss of 

subsurface hardness. 
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Figure 2: X-ray patterns of the micrometric TMP and 

of the nano-sized TMP after milling for 48 h. 
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Figure 3: SEM images of the TMP powders (a) 

before milling and (b) after milling for 48 h. 
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Table 1: Mean (SD) of variables analyzed according to the toothpaste treatments 

Analysis 

Toothpastes  

Placebo 1100F 1100F/TMP 1100F/TMPnano 

%SH 

(KHN) 

-52.24a 

(8.2) 

-31.5b 

(6.4) 

-24.7c 

(8.8) 

-16.1d 

(4.3) 

KHN 

(KHN x µm) 

6533.3 a 

(1008.8) 

3274.5 b 

(464.4) 

2744.8c 

(362.4) 

1321.1d 

(159.2) 

Fluoride-enamel 

          (µg/mm3) 

0.3a 

(0.1) 

0.6b 

(0.1) 

0.6b 

(0.1) 

0.6b 

(0.2) 

Calcium-enamel 

(µg/mm3) 

371.7a 

(80.3) 

548.8b 

(118.0) 

796.5c 

(289.7) 

1290.2c 

(450.7) 

Phosphorus-enamel 

(µg/mm3) 

162.4a 

(44.5) 

195.7b 

(26.0) 

218.2b 

(68.4) 

343.9c 

(116.9) 

Fluoride-biofilm 

(mol/kg) 

5.87E-05a 

(1.42E-05) 

6.86E-04b 

(4.44E-04) 

8.94E-04b,c 

(3.65E-04) 

1.31E-03c 

(9.091E-04) 

Calcium-biofilm 

(mol/kg) 

1.08E-01a 

(3.85E-05) 

1.47E-01a 

(4.36E-02) 

1.90E-01b 

(5.91E-02) 

1.91E-01b 

(5.97E-02) 

Phosphorus-biofilm 

(mol/kg) 

7.97E-02a 

(2.65E-02) 

9.10E-02a,b 

(2.60E-02) 

1.12E-01c 

(4.27E-02) 

1.07E-01c,b 

(4.14E-02) 

ESP-biofilm 

(mg/g) 

44.8a 

(10.1) 

32.9b 

(8.1) 

16.3c 

(6.2) 

6.5d 

(2.2) 

 

Different superscript letters indicate significant differences among the treatments for each variable separately. (One-

way ANOVA, repeated measures followed by Fisher LSD test; p < 0.05). 
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Table 2: Ionic activity of ions species and phase saturation from dental biofilms 

treated with different toothpastes 

 

Distinct superscript letters indicate statistical significance among the toothpastes for each ions 

species or solid phase (One-way ANOVA, repeated measures followed by Fisher LSD test; p 

< 0.05). Values between parentheses indicate the standard deviation of the mean. 

Ion activity, 

mol/Kg 

Toothpastes  

Placebo 1100F  1100F/TMP 1100F/TMPnano 

Ca2+ 

2.05E-02a 

(5.42E-03) 

2.46E-02a,b 

(1.03E-02) 

2.92E-02b 

(8.66E-03) 

3.00E-02b 

(1.06E-02) 

CaPO4
- 

1.27E-03a 

(6.74E-04) 

1.80E-03b 

(4.99E-04) 

2.36E-03b 

(9.28E-04) 

2.20E-03b 

(9.39E-04) 

CaHPO4
0 

4.32E-02a 

(2.29E-02) 

6.91E-02b 

(1.70E-02) 

8.03E-02b 

(3.34E-02) 

7.5E-02b 

(3.19E-02) 

CaH2PO4
+ 

3.06E-03a 

(1.63E-03) 

4.35E-03b 

(1.20E-03) 

5.69E-03b 

(2.37E-03) 

5.32E-03b 

(2.26E-03) 

PO4
3- 

1.82E-08a 

(1.07E-08) 

2.42E-08a 

(1.06E-08) 

2.35E-08a 

(7.45E-09) 

2.33E-08a 

(1.14E-08) 

HPO4
2- 

3.21E-03a 

(1.89E-03) 

4.26E-03a 

(1.86E-03) 

4.14E-03a 

(1.31E-03) 

4.10E-03a 

(2.01E-03) 

H2PO4
- 

4.84E-03a 

(2.85E-03) 

6.43E-03a 

(2.81E-03) 

6.26E-03a 

(1.98E-03) 

6.19E-03a 

(3.04E-03) 

F- 

3.56E-05a 

(9.96E-06) 

3.85E-04b 

(2.52E-04) 

4.71E-04b,c 

(1.90E-04) 

7.19E-04c 

(5.42E-04) 

CaF+ 

8.07E-06a 

(2.21E-06) 

1.06E-04b 

(7.58E-05) 

1.56E-04b,c 

(7.57E-05) 

2.10E-04c 

(1.36E-04) 

HF0 

6.66E-09a 

(1.86E-09) 

7.20E-08b 

(4.72E-08) 

8.81E-05b,c 

    (3.55E-05) 

1.35E-04c 

(1.01E-04) 

Degree of 

Saturation 
   

 

HA 

16.03a 

(1.57) 

16.99b 

(0.46) 

17.47c 

(0.65) 

17.39c 

(0.59) 

CaF2 

-0.16a 

(0.22) 

1.79b 

(0.72) 

2.16b,c 

(0.54) 

2.39c 

(0.61) 
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ANEXO A 

 
INSTRUÇÕES AOS AUTORES 

 

 
 

Guidelines for Authors 

www.karger.com/cre_guidelines 

 

Aims and Scope 

'Caries Research' is an international journal, the aim of which is to promote 

research in dental caries and related fields through publication of original 

research and critical evaluation of research findings. The journal will publish 

papers on the aetiology, pathogenesis, prevention and clinical control or 

management of dental caries. Papers on health outcomes related to dental caries 

are also of interest, as are papers on other disorders of dental hard tissues, such 

as dental erosion. Aspects of caries beyond the stage where the pulp ceases to 

be vital are outside the scope of the journal. The journal reviews papers dealing 

with natural products and other bacterial inhibitors against specific criteria, details 

of which are available from the Editor. 

 

Submission 

Manuscripts written in English should be submitted online: 

Should you experience problems with your submission, please contact: 

Prof. David Beighton 

(Editor-in-Chef, Caries Research) 
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Department of Microbiology 

The Henry Wellcome Laboratories for Microbiology and Salivary Research 

KCL Dental Institute, Floor 17, Guys Tower 

London Bridge SE1 9RT (UK) 

Tel. +44 2071887465 

Fax +44 2071887466 

david.beighton@kcl.ac.uk 

During the online submission you will be asked to list complete mailing 

addresses, including e-mail addresses of three potential reviewers for your 

manuscript. Copies of any 'in press' papers cited in the manuscript must 

accompany the submission. Manuscripts reporting on clinical trials must be 

accompanied by the CONSORT checklist (see below). 

 

Plagiarism Policy 

Whether intentional or not, plagiarism is a serious violation. We define plagiarism 

as a case in which a paper reproduces another work with at least 25% similarity 

and without citation. If evidence of plagiarism is found before/after acceptance or 

after publication of the paper, the author will be offered a chance for rebuttal. If 

the arguments are not found to be satisfactory, the manuscript will be retracted 

and the author sanctioned from publishing papers for a period to be determined 

by the responsible Editor(s). 

 

Conditions 

All manuscripts are subject to editorial review. Manuscripts are received with the 

explicit understanding that the data they contain have not previously been 
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published (in any language) and that they are not under simultaneous 

consideration by any other publication. Submission of an article for publication 

implies the transfer of the copyright from the author to the publisher upon 

acceptance. Accepted papers become the property of Caries Research and may 

not be reproduced by any means, in whole or in part, without the written consent 

of the publisher. It is the author's responsibility to obtain permission to reproduce 

illustrations, tables, etc., from other publications. Authors of papers describing 

research on human subjects are required to state that they have adhered to the 

Declaration of Helsinki. 

 

Types of Papers 

Original papers or Short Communications are reports of original work (including 

systematic reviews and meta-analyses). Both have the structure outlined below 

but for Short Communications the abstract should be less than 100 words and 

the manuscript should not exceed 3 printed pages, equivalent to about 9 

manuscript pages (including tables, illustrations and references). 

Reviews can have a freer format but should nevertheless commence with a Title 

page, an Abstract and an Introduction defining the scope. Current topics are 

concise articles that present critical discussion of a topic of current interest, or a 

fresh look at a problem, and should aim to stimulate discussion.  

 

Letters to the Editor, commenting on recent papers in the journal, are published 

occasionally, together with a response from the authors of the paper concerned. 

 

Preparation of Manuscripts 
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Text should be one-and-a-half-spaced, with wide margins. All pages and all lines 

must be numbered, starting from the title page. A conventional font, such as 

Times New Roman or Arial, should be used, with a font size of 11 or 12. Avoid 

using italics except for Linnaean names of organisms and names of genes. 

 

Manuscripts should be prepared as a text file plus separate files for illustrations. 

The text file should contain the following sequence of sections:  Title page; 

Declaration of interests; Abstract; Introduction; Materials and Methods; Results; 

Discussion; Acknowledgements; References; Legends; Tables. Each section 

should start on a new page, except for the body of the paper (Introduction to 

Acknowledgements), which should be continuous. Lines in the manuscript must 

be numbered consecutively from the title page until the last page. Submissions 

which do not conform to these simple guidelines will be returned to the author. 

Title page: The first page of each manuscript should show, in order: 

_ the title, which should be informative but concise; 

_ the authors' names and initials, without degrees or professional status, followed 

by their institutes; 

_ a short title, maximum length 60 characters and spaces, for use as a running 

head; 

_ a list of 3-10 key words; 

_ the name of the corresponding author and full contact details (postal address, 

telephone and fax numbers, and e-mail address). 

Declaration of Interests: Potential conflicts of interest should be identified for each 

author or, if there are no such conflicts, this should be stated explicitly. Conflict of 

interest exists where an author has a personal or financial relationship that might 
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introduce bias or affect their judgement. Examples of situations where conflicts 

of interest might arise are restrictive conditions in the funding of the research, or 

if an author or their employer holds patente (s) on a product used in the study, or 

payment to an investigator from organisations with an interest in the study 

(including employment, consultancies, honoraria, ownership of shares, travel 

grant). Investigators should disclose potential conflicts to study participants and 

should state whether they have done so. The possible existence of a conflict of 

interest does not preclude consideration of a manuscript for publication, but the 

Editor might consider it appropriate to publish the disclosed information along 

with the paper.  

 

Abstract: The abstract should summarise the contents of the paper in a single 

paragraph of no more than 250 words (to ensure that the abstract is published in 

full by on-line services such as PubMed). No attempt should be made to give 

numerical results in detail. References are not allowed in the abstract.  

 

Introduction: This section should provide a concise summary of the background 

to the relevant field of research, introduce the specific problem addressed by the 

study and state the hypotheses to be tested. 

 

Materials and Methods (or Subjects and Methods): All relevant attributes of the 

material (e.g. tissue, patients or population sample) forming the subject of the 

research should be provided. Experimental, analytical and statistical methods 

should be described concisely but in enough detail that others can repeat the 
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work. The name and brief address of the manufacturer or supplier of major 

equipment should be given. 

 

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. Sole reliance on 

statistical hypothesis testing, such as the use of P values, should be avoided. 

Details about eligibility criteria for subjects, randomization and the number of 

observations should be included. The computer software and the statistical 

methods used should be specified. See Altman et al.: Statistical guidelines for 

contributors to medical journals [Br Med J 1983;286:1489–93] for further 

information. 

 

Manuscripts reporting studies on human subjects should include evidence that 

he research was ethically conducted in accordance with the Declaration of 

Helsinki (World Medical Association). In particular, there must be a statement in 

Materials and Methods that the consent of an appropriate ethical committee was 

obtained prior to the start of the study, and that subjects were volunteers who had 

given informed, written consent. Information detailing the power and sample size 

calculations must be included in the manuscript. 

 

Randomized clinical trials should be reported according to the standardised 

protocol of the CONSORT Statement. The CONSORT checklist must be 

submitted together with papers reporting clinical trials. Randomized clinical trials 
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must be registered at clinicaltrials.gov or similar national authority and the trial 

number included in the manuscript. Trials beginning after 1 July 2012 must be 

registered before recruitment of the first patient. Caries Research will accept 

'retrospective registration' of trials that began before 1 July 2012 (retrospective 

meaning registration occurs after patient enrolment begins). When submitting a 

paper on a clinical trial, the trial registration number should be stated at the end 

of the abstract in the following format: Trial registration: [name of the trial registry, 

the registry URL and the trial registration number]. 

 

In studies on laboratory animals, the experimental procedures should conform to 

the principles laid down in the European Convention for the Protection of 

Vertebrate Animals used for Experimental and other Scientific Purposes and/or 

the National Research Council Guide for the Care and Use of Laboratory 

Animals. Unless the purpose of a paper is to compare specific systems or 

products, commercial names of clinical and scientific equipment or techniques 

should only be cited, as appropriate, in the 'Materials and Methods' or 

'Acknowledgements' sections. Elsewhere in the manuscript generic terms should 

be used. In any manuscript involving microradiography, the following information 

must be included: the radiation source and filters used and the kV used (this 

determines the wavelength of radiation and hence the validity of using Angmar's 

equation). 

 

Manuscripts on experimental enamel caries should show that the lesions retain 

a relatively well-preserved surface layer, i.e. are not surfacesoftened lesions. 

Proof of surface integrity can be provided either as illustrations in the paper or as 
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supplementary material for the reviewers. Transverse microradiography, 

polarized light microscopy of a section immersed in water or backscattered 

scanning electron microscopy of a polished cross-section can be used to provide 

the necessary proof. To allow the nature of experimental changes to be 

assessed, microradiographs or micrographs should be provided to show part of 

the experimental lesion and the adjacent control (e.g. figure 2 of Zaura et al.: 

Caries Res 2007;41:489–492). Again, these images can be provided as part of 

the paper or as supplementary material for review purposes. Results: Results 

should be presented without interpretation. The same data should not be 

presented in both tables and figures. The text should not repeat numerical data 

provided in tables or figures but should indicate the most important results and 

describe relevant trends and patterns. Discussion: This section has the functions 

of describing any limitations of material or methods, of interpreting the data and 

of drawing inferences about the contribution of the study to the wider field of 

research. There should be no repetition of preceding sections, e.g. reiteration of 

results or the aim of the research. The discussion should end with a few 

sentences summarising the 

conclusions of the study. However, there should not be a separate 'Conclusions' 

section. Acknowledgements: Acknowledge the contribution of colleagues (for 

technical assistance, statistical advice, critical comment etc.) and provide the 

position(s) of author(s) employed by commercial firms. This section should 

describe the source(s) of funding that have supported the work inlcuding relevant 

grant numbers. Please also include this sentence: "The funders had no role in 

study design, data collection and analysis, decision to publish, or preparation of 

the manuscript." If this statement is not correct, you must describe the role of any 
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ANEXO B 
 

COMITÊ DE ÉTICA 
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ANEXO C 
 

PREPARO DOS BLOCOS DE ESMALTE  
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ANEXO D 
 

SÍNTESE DO TRIMETAFOSFATO DE SÓDIO 
NANOPARTICULADO 
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ANEXO E 
 

DOSAGEM DE FLUORETO NOS DENTIFRÍCIOS 
EXPERIMENTAIS 
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ANEXO F 
 

DISPOSITIVO PALATINO 
 
 
 
 

 
Kit fornecido ao voluntário a cada período experimental. 
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ANEXO G 
 

ANÁLISE DA DUREZA SUPERFICIAL E 
LONGITUDINAL DO ESMALTE  
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ANEXO H 

 
ANÁLISE DE FLUORETO, CÁLCIO E FÓSFORO NO 

ESMALTE  
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ANEXO I 
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