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RESUMO 

Avaliação do efeito de uma pasta experimental com nanopartículas de 

hidroxiapatita e fluoreto sobre a desmineralização e remineralização dentária 

in situ 

Este estudo avaliou o potencial de uma pasta experimental contendo nano-

HAP/fluoreto sobre a redução da desmineralização e o aumento da remineralização 

dentária in situ. Treze indivíduos participaram de 4 fases cruzadas e duplo cegas (14 

dias cada). Quatro amostras hígidas (H) e quatro pré-desmineralizadas (MB) foram 

utilizadas intraoralmente por fase correspondente aos seguintes tratamentos: Nanop 

Plus (10% de hidroxiapatita + 900 ppm F), MI Paste Plus (CPP-ACP + 900 ppm F) , 

F (900 ppm F) e placebo (sem ingrediente ativos). Para isso, 480 amostras (240 de 

esmalte e 240 de dentina) foram selecionadas com base nos valores de microdureza 

de superfície, sendo a metade submetida à desmineralização (MB, solução 

desmineralizante com pH 5, durante 6 dias e 7 dias, respectivamente) e a outra 

metade permaneceu hígida (H). As amostras H foram protegidas por tela plástica 

para o acúmulo de biofilme; enquanto sobre as amostras MB, biofilme não foi 

acumulado para possibilitar a remineralização. As amostras H foram posteriormente 

expostas a um desafio cariogênico (20% de sacarose, 8x5min/dia para esmalte e 

4x5min/dia para dentina). Os tratamentos foram feitos 2x4 min/dia, extra-oralmente. 

A des-remineralização foi quantificada por microradiografia transversal. Os dados 

foram analisados estatisticamente por ANOVA de medida repetidas seguida pelo 

teste de Tukey (p <0,05). Em relação à desmineralização de dentina, a Nanop Plus 

apresentou o melhor efeito sobre a redução da ∆Z (% minxµm), enquanto que todos 

os tratamentos foram capazes de reduzir similarmente a profundidade da lesão (µm) 

em comparação ao placebo: Nanop Plus (780,5 ± 212,0; 98,8 ± 26,2); MI Paste Plus 

(876,0 ± 268,4; 95,7 ± 30,5); F (900,5 ± 236,3; 96,0 ± 26,1); Placebo (1188,2 ± 

502,5; 142,7 ± 28,0), respectivamente (p<0,05). Para a desmineralização do 

esmalte, nenhum tratamento foi capaz de reduzir o ∆Z e a profundidade da lesão em 

comparação ao placebo: Nanop Plus (1.000,9 ± 249,5; 45,0 ± 15,3); MI Paste Plus 

(883,6 ± 431,7; 60,7 ± 26,4); F (985,5 ± 313,4; 53,4 ± 21,1); Placebo (1369,6 ± 

988,3; 57,2 ± 30,6), respectivamente. No que diz respeito à remineralização da 

dentina,  todos  os  tratamentos  foram  igualmente  capazes  de  aumentar  o  ganho 

  



 

 

 

 

  



 

 

mineral (∆∆Z) em comparação ao placebo: Nanop Plus (910,1 ± 328,8); MI Paste 

Plus (964,2 ± 446,4); F (902,1 ± 606,8); Placebo (337,9 ± 408,2) (p<0,05). No 

esmalte, entretanto, apenas os tratamentos com Nanop Plus e F foram eficazes no 

aumento do ganho mineral (∆∆Z) em comparação ao placebo: Nanop Plus (549,9 ± 

405,4); MI Paste Plus (370,8 ± 230,6); F (555,5 ± 264,1); Placebo (200,4 ± 186,8) 

(p<0,05). A Nanop Plus é mais eficiente que a MI Paste Plus na redução da 

desmineralização na dentina e no aumento da remineralização do esmalte. Nenhum 

tratamento foi capaz de reduzir a desmineralização no esmalte, enquanto todos os 

tratamentos aumentaram a remineralização da dentina. 
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ABSTRACT 

Effect of an experimental paste with hydroxyapatite nanoparticles and fluoride 

on dental demineralization and remineralization in situ  

This study evaluated the potential of an experimental paste containing nano-

HA/fluoride on the reduction of dental demineralization and on the increase of dental 

remineralization in situ. Thirteen subjects took part in this crossover and double-blind 

study performed in 4 phases (14 days each). Four sound (S) and 4 pre-

demineralized (WS) specimens were worn intraorally at each phase corresponded to 

the following treatments: Nanop plus (10% hydroxyapatite + 900 ppm F), MI Paste 

Plus (CPP-ACP + 900 ppm F), F (900 ppm F) and placebo (without active 

ingredients). For that, 480 specimens (240 enamel and 240 dentin) were selected by 

using surface microhardness; half of the samples were subjected to demineralization 

(WS, demineralizing solution at pH 5, for 6 and 7 days, respectively) and the other 

half remained sound (S). S specimens were protected from disturbance by using 

plastic mesh to allow biofilm accumulation; while on WS no biofilm accumulation was 

allowed to facilitate remineralization. S specimens were further exposed to severe 

cariogenic challenge (20% sucrose, 8x5min/day for enamel and 4x5min/day for 

dentin). The treatments were done 2x4 min/day, extraorally. The de-remineralization 

was quantified by transversal microradiography. The data were statistically analyzed 

using Repeated-Measures ANOVA followed by Tukey’s test (p<0.05). In respect to 

dentin demineralization, Nanop Plus had the best effect on the reduction of ∆Z 

(%minxµm), while all treatments were similarly able to reduce to the lesion depth 

(µm) compared with placebo: Nanop Plus (780.5 ± 212.0, 98.8 ± 26.2); MI Paste Plus 

(876.0 ± 268.4; 95.7 ± 30.5); F (900.5 ± 236.3; 96.0 ± 26.1); Placebo (1188.2 ± 

502.5; 142.7 ± 28.0), respectively (p<0.05). For enamel demineralization, no 

treatment was able to reduce ∆Z and lesion depth compared to placebo: Nanop Plus 

(1000.9 ± 249.5, 45.0 ± 15.3); MI Paste Plus (883.6 ± 431.7; 60.7 ± 26.4); F (985.5 ± 

313.4, 53.4 ± 21.1); Placebo (1369.6 ± 988.3, 57.2 ± 30.6), respectively. In respect to 

dentin remineralization, all treatments were similarly able to improve mineral uptake 

(∆∆Z) compared to placebo: Nanop Plus (910.1 ± 328.8); MI Paste Plus (964.2 ± 

446.4); F (902.1 ± 606.8); Placebo (337.9 ± 408.2) (p<0.05). For enamel, only the 

Nanop Plus and F were effective in  increasing  mineral  uptake  (∆∆Z)  compared  to 

  



 

 

 

 

 

  



 

 

placebo: Nanop Plus (549.9 ± 405.4); MI Paste Plus (370.8 ± 230.6); F (555.5 ± 

264.1); Placebo (200.4 ± 186.8) (p<0.05). Nanop Plus is more effective than MI 

Paste Plus on the reduction of dentin demineralization and the increase of enamel 

remineralization. No treatments were able to reduce enamel demineralization, while 

for dentin remineralization all treatments were effective.  
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1 INTRODUCTION 

 

 

 Dental caries is a disease affecting teeth due to demineralization provoked by 

exposure to acids from microorganism metabolism, which is established in patients 

with cariogenic biofilm and high sugar intake, especially of sucrose (TEN CATE et al., 

2003; TAKAHASHI; NYVAD, 2011). The main acid produced by the bacteria is lactic 

acid, which when released reduces the biofilm pH below 5.5 (between 4.5 to 5.5), 

which associated with the concentration of fluoride, calcium and phosphate in biofilm, 

can generate a surface (in initial stages) and a subsurface demineralization (more 

advanced stages) that is clinically seen as white spot lesion (not cavitated lesion). 

During this stage, it is still possible reverse the process, and consequently the need 

of restorative treatment (TEN CATE et al., 2003, AMMARI et al., 2014; ASSUNÇÃO; 

DA COSTA; BORGES, 2014).  

In the last decades, increase in oral health levels in most industrialized and 

developing countries, like Brazil, has been observed with a significant reduction in 

the prevalence and severity of dental caries (NARVAI et al., 2006; BÖNECKER et al., 

2010; BOING et al., 2014). Face to this change in public oral health, factors 

associated with the development of the disease as social and behavioral factors, 

have been widely discussed (NARVAI et al., 2006; BOING et al., 2014). 

The decline in dental caries prevalence worldwide was accompanied by a 

phenomenon known as polarization of the disease, in which the disease and the 

need of treatment is concentrated in a small portion of the population (HOFFMANN 

et al., 2004; MARTINS et al., 2006; SALES-PERES et al., 2008; BOING et al., 2014). 

In the places with little access to fluoride and/or preventive programs, the worst case 

of the disease is seen, characterizing significantly health inequities (CARDOSO et 

al., 2003; NARVAI et al., 2006; LEMOS et al., 2014), which requires the attention of 

authorities and appropriate interventions in health (HUGO et al., 2007; SALES-

PERES et al., 2008; BOING et al., 2014). As a result of this phenomenon, treatment 

must be focused on this specific population (high-risk groups). 

 For the high-risk population, the regular fluoride exposure (from water and 

toothpaste) fails to reduce the development of new lesions and the progression of 

pre-existing lesions, especially when oral health instruction programs are not present 
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(LEMOS et al., 2014). More specific strategies associated with educational activities 

and adequate oral hygiene practices can significantly contribute to changes in the 

epidemiology of dental caries (GUSHI et al., 2008). 

 Currently new technologies and biofunctional materials have been developed 

to positively interfere in the process of tooth de-remineralization, bringing new 

perspectives in the treatment of initial caries lesions. Whereas hydroxyapatite (HA) is 

the main constituent of the inorganic phase of the tooth, products with similar 

chemical and structure characteristics able to provide calcium and phosphate ions in 

adequate concentrations and velocity could reflect on promising results in 

remineralization by replacement of calcium and phosphate ions into demineralized 

tissue and the formation of a protective layer of HA on the tooth surface with 

cohesive and acid resistance similar to the natural tooth (COCHRANE et al., 2010; 

HUANG et al., 2011; NONGONIERMA; FITZGERALD, 2012). 

 Accordingly, pastes containing different concentrations of nano-hydroxyapatite 

(Nano-HA) have shown able to remineralize enamel carious lesion in vitro, in 

particular those containing 10% Nano-HA (HUANG et al., 2011; TSCHOPPE et al., 

2011; NAJBFARD et al., 2011), but we still have limited information on their potential 

on dentin and its effect in preventing tooth demineralization (TSCHOPPE et al., 

2011) The advantage of using nano-sized particles is that they present similar 

morphology, crystal structure, solubility and biocompatibility compared with dental 

apatite, playing an essential role in the formation and remineralization of hard tissue 

(BALASUNDARAM; SATO; WEBSTER, 2006). 

 Commercial products containing other calcium phosphate salts, with similar 

mechanism of action as Nano-HA, have also been tested. Pastes containing casein 

phosphopeptide-amorphous calcium phosphate (CPP-ACP) have shown potential to 

prevent tooth demineralization and hypersensitivity and to increase remineralization 

in vitro (KUMAR; ITTHAGARUN; KING, 2008, PULIDO et al., 2008; CAO et al., 2013) 

as well to repair initial enamel caries lesion in vivo (YENGOPAL; MICKENAUTSCH, 

2009; BAILEY et al., 2009; LI et al., 2014). 

 Nano-HA (10% or 20%) has been compared to CPP-ACP, and both were not 

effective in reducing tooth demineralization in vitro (COMAR et al., 2013). However, 

we still have doubts if in the clinical situation the results would be the same. Saliva 
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and Biofilm seem to have an important interaction with Nano-HA paste in contact with 

the tooth (ZHANG et al., 2015). An in situ model would help us to understand the 

effect of Nano-HA paste in a situation closer to the in vivo condition compared to in 

vitro study, where Nano-HAP could interact with saliva and biofilm. Therefore, the 

aim of this study was to evaluate the potential of an experimental paste containing  

hydroxyapatite nanoparticles on the reduction of dental demineralization and the 

increase of dental remineralization compared to CPP-ACP paste (commercial 

control) in situ. The null hypothesis is that experimental Nano-HA paste has the same 

effect compared with CPP-ACP paste on enamel and dentin demineralization and 

remineralization. 
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Abstract  20 

This study evaluated the effect of an experimental paste containing nano-HA/fluoride 21 

on dental de-remineralisation in situ. Thirteen subjects took part in this 22 

crossover/randomised/double-blind study performed in 4 phases (14 days each). 23 

Four sound (S) and 4 pre-demineralised (PD) specimens were worn intraorally at 24 

each phase corresponded to the following treatments: Nanop Plus (10% 25 

hydroxyapatite, 0.2% NaF, nano-HA/Fluoride), MI Paste Plus (CPP-ACP, 0.2% NaF), 26 

F (0.2% NaF) and placebo. Two-hundred and forty enamel and 240 dentine 27 

specimens were selected by using surface microhardness; half of them were 28 

subjected to pre-demineralisation (PD) and the other half remained sound (S). S 29 

specimens were further exposed to severe cariogenic challenge (20% sucrose in 30 

biofilm) in situ, while PD was not. All specimens were exposed to fluoride dentifrice’s 31 

slurry 2x1 min/day. Thereafter, the treatments were done for 4 min. The de-32 

remineralisation was quantified by transversal microradiograph. The data were 33 

statistically analysed by Repeated-Measures ANOVA/Tukey’s tests (p<0.05). In 34 

respect to dentine demineralisation, Nanop Plus had the best effect on the reduction 35 

of integrated mineral loss (∆Z), while all treatments were similarly able to significantly 36 

reduce the lesion depth (LD) compared to placebo. For enamel, no treatment was 37 

able to reduce ∆Z and LD compared to the placebo. For dentine remineralisation, all 38 

treatments were similarly able to improve integrated mineral uptake (∆∆Z) compared 39 

to the placebo; while for enamel, only Nanop Plus and F were effective in increasing 40 

∆∆Z compared to the placebo. Nanop Plus seems to be a promising agent to 41 

positively influence dental de-remineralisation.  42 

43 
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Introduction 44 

 New biofunctional materials have been developed to positively interfere in 45 

dental caries development and progression, bringing new perspectives for high-risk 46 

patients. Accordingly, materials containing hydroxyapatite (HA), the main constituent 47 

of the inorganic phase of the tooth, may be able to provide calcium and phosphate 48 

ions for reducing tooth demineralisation and/or improving tooth remineralisation. HA 49 

in nanoparticles (nano-HA) may penetrate tooth porosities and produce a protective 50 

layer on the tooth surface similar to natural tooth [Cochrane et al., 2010; Huang et al., 51 

2011; Nongonierma and Fitzgerald, 2012]. The advantage of using nano-HA 52 

compared to micro-HA is that the former has similar morphology, size, crystal 53 

structure, solubility and biocompatibility compared to dental apatite [Balasundaram et 54 

al., 2006]. 55 

 Accordingly, materials containing different concentrations of nano-HA, in 56 

particular those containing 10% nano-HA, have shown the ability to remineralise 57 

bovine and human enamel and dentine carious lesion in vitro and in situ [Huang et 58 

al., 2011; Tschoppe et al., 2011; Najbfard et al., 2011]. However, we still have limited 59 

information on their effect on dentine and their potential to prevent tooth 60 

demineralisation.  61 

 Commercial materials containing other calcium phosphate salts, with a similar 62 

mode of application and indication as nano-HA, have also been tested. Pastes 63 

containing casein phosphopeptide-amorphous calcium phosphate (CPP-ACP) have 64 

shown potential to prevent tooth demineralisation and hypersensitivity and to 65 

increase tooth remineralisation in vitro [Kumar et al., 2008; Cao et al., 2013; Zhou et 66 

al., 2014]. Furthermore, CPP-ACP paste is able to increase remineralisation of initial 67 

enamel caries lesion based on in situ studies and randomised clinical trials, although 68 

it does not appear to be significantly different from that of fluorides [Yengopal and 69 

Mickenautsch, 2009; Bailey et al., 2009; Li et al., 2014; Meyer-Lueckel et al., 2015]. 70 

 We have compared experimental nano-HA pastes (10% or 20%, with or 71 

without F) and CPP-ACP pastes (with or without F), and both were ineffective in 72 

reducing tooth demineralisation in vitro [Comar et al., 2013]. However, we still have 73 

doubts about whether the results would be the same in the clinical situation. Saliva 74 

and biofilm seem to interfere in the interaction between nano-HA paste and the tooth 75 
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[Zhang et al., 2015]. Therefore, an in situ model would help us to improve 76 

understanding about the effect of nano-HA paste compared to our in vitro study, 77 

since the model allows for the presence of human saliva and the formation of dental 78 

biofilm in the oral cavity, better simulating the clinical condition.  79 

 Therefore, the aim of this study was to evaluate the potential of an 80 

experimental paste containing nano-HA/fluoride on the reduction of dental 81 

demineralisation and the increase of dental remineralisation compared to CPP-ACP 82 

paste (commercial control) in situ. The null hypothesis is that our experimental nano-83 

HA paste has the same effect compared with CPP-ACP paste on enamel and 84 

dentine demineralisation and remineralisation.  85 
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Material and Methods  86 

Ethical aspects and volunteers selection 87 

 The study followed a double-blind, randomised and crossover protocol, 88 

comprising 4 phases of 14 days each, with an interval of 5 days among them. 89 

Thirteen healthy adults (11 women and two men, 19-28 yr old) were included 90 

according to the inclusion and exclusion criteria. The inclusion criteria included: good 91 

oral health (no active caries or acute gingivitis or periodontics); stimulate 92 

physiological salivary flow rate of > 1 ml/min; and non-stimulated physiological 93 

salivary flow rate of > 0.25 ml/min. The exclusion criteria included: systemic illness; 94 

pregnancy or breastfeeding; use of orthodontics appliances; professional fluoride 95 

application in the last 2 months; and smokers. 96 

 A number of 12 volunteers was previously calculated based on the results 97 

(percentage of remineralisation, 29.4% MI Paste Plus and 3.7% placebo) of a 98 

previous in situ study [Shen et al., 2011], considering a power of 80% (α=0.05). 99 

 This study was conducted according to the guidelines of good clinical practice 100 

and conformed to the Declaration of Helsinki. Ethical approval for this study involving 101 

human subjects was granted by the local Ethics Committee (no. 102 

15272613.6.0000.5417; Ethics Committee of the Bauru School of Dentistry, 103 

University of São Paulo, SP, Brazil).  104 

 The subjects received written instructions, including schedules, and were 105 

trained for all procedures required during the study. Informed consent was obtained 106 

from all subjects before starting the study. 107 

Preparation of the specimens 108 

 Two-hundred and forty enamel and dentine specimens (4mm x 4mm x 3mm) 109 

were prepared from the labial surface of the bovine crown and labial/lingual surfaces 110 

of the cervical portion of bovine roots, respectively. The teeth were stored in 0.1% 111 

buffered thymol solution (pH 7.0) at 4ºC. The specimens were cut using an ISOMET 112 

Low Speed Saw cutting machine (Buehler Ltd., Lake Bluff, USA) separated by a 4-113 

mm-thick spacer. The specimens’ surfaces were ground flat with water-cooled 114 

silicon-carbide discs (320, 600 and 1200 grades of Al2O3 papers; Buehler, Lake Bluff, 115 
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USA) and polished with felt paper wetted with diamond spray (1 µm; Buehler Ltd., 116 

Lake Bluff, USA), resulting in removal of approximately 200 µm depth of the enamel 117 

and dentine. This was controlled with a micrometer. After polishing, the specimens 118 

were cleaned in an ultrasonic device with deionized water for 10 minutes. The initial 119 

surface hardness was measured at the beginning of the study (SH baseline) by the 120 

mean of five indentations (Knoop diamond, 25 g /10 s for enamel and 10 g /15 s for 121 

dentine) using a microhardness tester (HMV-2; Shimadzu Corporation, Tokyo, 122 

Japan). Specimens with microhardness values 10% lower or 10% higher than the 123 

mean of all specimens were excluded from the study. 124 

 Half of enamel and dentine specimens (n=120) were then demineralised using 125 

a solution containing 3 mM CaCl2.2H2O (Labsynth, São Paulo, Brazil), 3 mM KH2PO4 126 

(Sigma-Aldrich, St Louis, USA), 50 mM lactic acid (Sigma-Aldrich), 6 µM Tetraethyl 127 

methylhydroxidiphosphonate (Sigma-Aldrich), and traces of thymol (Sigma-Aldrich), 128 

pH 5.0 (10 M KOH to adjust pH) (30 mL per specimen), for 7 days (dentine) and 6 129 

days (enamel) at 37 ºC [Buskes et al., 1985; Magalhães et al., 2009; Moron et al., 130 

2013]. Before demineralisation, one-third of the surface was covered with nail varnish 131 

to create a sound-control surface. After demineralisation, a second third of the 132 

surface was covered with nail varnish (demineralised control surface), leaving free a 133 

central band of demineralized surface (1 mm x 4 mm) that was further treated in situ. 134 

The surface microhardness of the pre-demineralised enamel/dentine (SH lesion, 135 

%SHC, percentage of surface microhardness change) was measured immediately 136 

after demineralisation.  137 

 The other half of the specimens (n=120) remained sound. Two-thirds of the 138 

surface was also covered with nail varnish in order to create control areas (two sound 139 

surfaces) at either side of the central band of surface (1 mm x 4 mm) that was further 140 

demineralised and treated in situ. SH baseline (for S) and % SHC (for PD) means 141 

were used for the computerised random allocation sequence of the specimens in the 142 

experimental phases, volunteers and position in the appliance. 143 

In Situ Protocol 144 

 Acrylic palatal appliances were prepared individually for each subject and for 145 

each phase (author L.P.C.). They were made with eight cavities (5 mm x 5 mm x 4 146 
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mm) and distributed on the left and right sides. Before the specimens’ insertion in the 147 

palatal appliances, they were disinfected by dipping in 70% alcohol solution for 30 148 

min, in addition to the previous immersion in thymol solution, and then re-hydrated in 149 

distilled water per 30 min [Schlueter et al., 2009; Comar et al., 2012]. Enamel and 150 

dentine specimens were randomly accommodated into the cavities and fixed in place 151 

with wax, totalizing two sound (S) and two pre-demineralised (PD) enamel and 152 

dentine specimens per appliance (in each phase). For S specimens, a 4 mm-deep 153 

space was created in the acrylic appliance, leaving a 1.0 mm space for biofilm 154 

accumulation. In order to enhance the growth of dental biofilm, the samples were 155 

protected from mechanical disturbance by plastic mesh (pores area of 1mm2, 156 

Sanremo, São Paulo, Brazil) fixed with wax and acrylic resin on the acrylic surface 157 

[Magalhães et al., 2007]. The PD specimens were placed on the same level as the 158 

acrylic, with no space for biofilm accumulation, allowing remineralisation. The S and 159 

PD specimens were replaced after each phase.  160 

 The study comprised 4 crossover phases of 14 days each, with an interval 161 

period of 5 days. In each phase, three or four volunteers were randomly assigned to 162 

one of the four treatments, as following: Nanop Plus (10% HA + 0.2% NaF, nano-163 

HA/Fluoride), MI Paste Plus (Recaldent technology, CPP-ACP + 0.2% NaF; GC 164 

America, St. Alsip, USA), F (0.2% NaF) and placebo (paste without active 165 

ingredients). The experimental pastes (Nanop Plus, F and placebo) were prepared 166 

by FGM-Denstcare (Joinvile, Brazil) with the following composition: nanometer 167 

calcium phosphate (hydroxyapatite, 100 nm size, for Nanop Plus), sodium fluoride 168 

(Nanop Plus and F), potassium nitrate, distilled water, thickener, surfactant, moist, 169 

flavour, sweetener and preservative. 170 

 During the in situ phase, the S specimens were exposed to severe cariogenic 171 

challenge (20% sucrose, 8x5min/day for enamel and 4x5min/day for dentine, 172 

extraorally, 1 drop/specimen) [Ccahuana-Vasquez et al., 2007]. The sucrose solution 173 

was renewed every 3 days of the experiment [Aires et al., 2006; Comar et al., 2012]. 174 

No sucrose solution was applied to PD specimens.  175 

 The subjects applied 1 drop of fluoride dentifrice slurry (1 g dentifrice: 3 ml 176 

water), 2 times x 1 minute per day, extraorally, and then washed the specimens. 177 

Thereafter, 1 drop of the treatment slurries (1 g paste: 3 ml water) was applied per 178 
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specimen, extraorally, 2 times x 4 minutes per day, once in the morning (before the 179 

first cariogenic challenge) and once in the evening (after the last cariogenic 180 

challenge). After 4 minutes of treatment, the volunteers repositioned the appliance in 181 

the mouth and were instructed not to rinse or take it off for the next 30 minutes. All 182 

treatment slurries were placed in similar tubes to allow blindness (authors C.F.N. and 183 

M.V.).  184 

 During the in situ phases, the appliance was only removed for the main meals 185 

(four times a day, maximum 1-hour duration each, 2-3 h interval between meals) and 186 

for the extraoral treatment times (sucrose, dentifrice and paste applications). The 187 

subjects were instructed to keep their usual eating habits and to perform oral hygiene 188 

using a toothbrush (Colgate, São Bernardo, Brazil), dental floss and fluoridated 189 

dentifrice (1500 ppm F, NaF, Crest, Procter & Gamble, Cincinnati, USA) provided by 190 

the researchers during all stages of the study. Only the palatal surface of the 191 

appliance could be brushed. The subjects were also instructed not to use any other 192 

type of fluoride or antibacterial product during the study. At the end of each phase, 193 

the appliances of all subjects were collected and washed with deionised water, and 194 

the specimens were prepared for transverse microradiography (TMR) analysis 195 

(author L.P.C.). 196 

TMR analysis 197 

 The specimens were perpendicularly sectioned to the orientation of the 198 

protective nail varnish, allowing all areas to be included in the TMR specimen (sound, 199 

demineralised and de-remineralised surfaces). The fragments were then handily 200 

polished to obtain a specimen of an approximate thickness of 100 µm using water-201 

cooled silicon-carbide discs (600-grade papers ANSI grit; Buehler, Lake Bluff, USA). 202 

The final thickness of each specimen was checked with a micrometer (author L.P.C.). 203 

The dentine specimens were immersed in ethylene glycol (Sigma-Aldrich, Steinheim, 204 

Germany) for 24 h before the analysis to avoid shrinkage during X-ray exposure due 205 

to dehydration [Buchalla et al., 2003].  206 

 Microradiographs were made of each tooth fragment in combination with 207 

“stepwedge” (14 slices, ± 30 µm thick, 99.9% Al) for calibration, using glass plates 208 

that were exposed to X-ray Cu Ka (20 KV and 20 mA) for 13 min. Each plate 209 
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contained 32 enamel and 60 dentine specimens per exposure. The X-ray was 210 

directed perpendicularly to the lesion at a distance of 30 cm. After each exposure, 211 

the glass plate was developed (7 min, 20 ° C), fixed (7 min, 20 ° C) and washed with 212 

running water (10 min). 213 

  The developed plate was analysed using a transmitted light microscope fitted 214 

with a 20x objective (Axioplan, Zeiss, Oberkochen, Germany) and a CCD camera 215 

(XC-77 CE, Sony, Tokyo, Japan) coupled to a computer with software for calculations 216 

(TMR 2012 and TMR 2006 software, Inspector Research BV, Amsterdam, 217 

Netherlands) (author B.M.S.). The microradiography were saved as images with a 218 

640x480 pixels resolution and 256 grey scales [Buchalla et al., 2008; Magalhães et 219 

al., 2009]. 220 

 We calculated the integrated mineral loss (∆Z) and lesion depth (µm) using the 221 

formula by Angmar et al. [1963]. The ∆Z (%min.volxµm) is the product of the 222 

difference between the percentage of mineral volume of sound tooth (87% and 50% 223 

for enamel and dentine, respectively) and the percentage of mineral volume of 224 

demineralised tooth (%min.vol) in relation to the lesion depth (µm). The lesion depth 225 

(LD) is defined by the distance from the surface (0 vol% min) to the depth at which 226 

the enamel/dentine again has a mineral content equal to or greater than 95% of the 227 

mineral content of sound tooth (> 82.5% and > 47.5% mineral content, for enamel 228 

and dentine, respectively). For PD specimens, we further calculated the difference 229 

between demineralised area and de-remineralised area: ∆∆Z/∆L was calculated by 230 

the difference between ∆Z/LD lesion and ∆Z/LD effect after the treatments in situ. 231 

The maximum mineral content of the surface layer (Z max, %min.vol), the thickness 232 

of the pseudo-intact surface layer (SL, µm) and R-value (∆Z/depth, %min.vol, 233 

representing the average mineral loss) were also calculated [Schirrmeister et al., 234 

2007]. 235 

Statistical analysis 236 

 Data were statistically analysed using the software Graph Pad Instat for 237 

Windows (GraphPad Software, San Diego, USA). Repeated measures ANOVA 238 

followed by Tukey’s test were applied to compare the different treatments, 239 

considering separately each substrate (S and PD, enamel and dentine) (author 240 
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A.C.M.). The sample size was 13 (considering the number of subjects as sample), 241 

and the significance level for all tests was set at 5%. 242 

Results 243 

 No volunteers dropped out or were excluded from the study. However, we lost 244 

some specimens during TMR preparation (around 28% enamel and 10% dentine 245 

specimens). 246 

 Generally, the treatments were more effective on dentine than on enamel. In 247 

respect to dentine demineralisation, Nanop Plus was the unique treatment with 248 

significant effect on the reduction of ∆Z and R when compared with placebo, while all 249 

treatments were similarly able to reduce the LD compared with the placebo (Table 1, 250 

p<0.05). Fluoride alone had a superficial effect by increasing SL and Z max 251 

parameters of dentine. For enamel demineralisation, no treatment was able to reduce 252 

∆Z and LD compared to the placebo (Table 2). Figures 1 and 2 show a 253 

representative microradiography picture and the mineral profile for dentine and 254 

enamel S (after demineralisation), respectively.  255 

 In respect to remineralisation, the pre-demineralised specimens did not have 256 

significant differences among them with respect to the baseline integrated mineral 257 

loss (Enamel: [Nanop Plus ∆Z= 2724.08±501.21; MI Paste Plus ∆Z= 258 

2937.08±545.35; F ∆Z= 2688.77±633.15; Placebo ∆Z= 2453.77±757.15 259 

%min.volxµm] dentine: [Nanop Plus ∆Z= 2554.17±750.36; MI Paste Plus ∆Z= 260 

2254.55±624.50; F ∆Z= 2325.00±623.30; Placebo ∆Z= 2160.46±393.99 261 

%min.volxµm]).  262 

 For dentine, all treatments were similarly able to improve the integrated 263 

mineral uptake (∆∆Z) compared to the placebo (p<0.05); F alone also improved 264 

mineral uptake mean (∆R); no effect was found among the treatments for ∆LD (Table 265 

3). For enamel, only Nanop Plus and F were effective in significantly increasing ∆∆Z 266 

compared to the placebo; however, only Nanop Plus significantly reduced ∆LD 267 

(p<0.05). Fluoride alone significantly increased the mineral content at the enamel 268 

surface layer (Zmax). For ∆R and ∆SL parameters, there were no differences among 269 

the treatments. Figures 3 and 4 show a microradiograph picture and mineral profile of 270 

dentine and enamel PD (before and after remineralisation), respectively. 271 
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Discussion 272 

 Previous studies have shown that pastes and toothpastes containing nano-HA 273 

have some potential to increase enamel and dentine remineralisation in vitro and in 274 

situ [Huang et al., 2011; Tschoppe et al., 2011; Najibfard et al., 2011; Pepla et al., 275 

2014]. However, there are few studies about its effect on dentine de-remineralisation, 276 

and most of them analysed the desensitising effect or morphological changes on 277 

dentine [Wang et al., 2012; Cao et al., 2013; Orsini et al., 2013; Wang et al., 2014].  278 

 Products containing CPP-ACP have also shown some potential to prevent 279 

dental demineralisation and hypersensitivity as well as to increase remineralisation in 280 

vitro [Kumar et al., 2008; Cao et al., 2013; Zhou et al., 2014]. Furthermore, CPP-ACP 281 

paste is able to increase remineralisation of initial enamel caries lesion based on in 282 

situ studies and randomised clinical trials, although it does not appear to be 283 

significantly different from fluorides [Yengopal and Mickenautsch, 2009; Bailey et al., 284 

2009; Li et al., 2014; Meyer-Lueckel et al., 2015]. There is no scientific evidence for 285 

the benefit of the application of CPP-ACP, according to Systematic Reviews [Chen et 286 

al., 2013; Li et al., 2014].  287 

 Despite this clinical limitation, CPP-ACP is a commercial product whose 288 

modes of application and indication are similar to nano-HA. Therefore, we have 289 

chosen this product as a commercial control. The placebo paste was produced 290 

without active ingredients but with the same basic components as the experimental 291 

pastes containing nano-HA/Fluoride and F. Except the placebo, all pastes have the 292 

same fluoride concentration (0.2% NaF, 900 ppm F).  293 

 In the present study, the experimental pastes were applied twice a day per 4 294 

minutes, following the company’s guidelines, and as slurry, to simulate its dilution by 295 

saliva. We decided to include the application of dentifrice slurry before the treatment 296 

to simulate the residual effect of fluoride after toothbrushing as done by Meyer-297 

Lueckel et al. [2015]. It is also important to highlight that the experimental pastes are 298 

not dentifrices; therefore, they must be applied after oral hygiene by the patient 2 299 

times a day (in early morning and late evening before sleeping) [Behnan et al., 2010; 300 

Comar et al., 2013]. After finger application, the patient is advised to wait 4 minutes 301 

to remove the excess of paste. 302 
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 While enamel is a highly mineralised tissue containing more than 95% of 303 

minerals (such as hydroxyapatite) organised in nanostructure crystals arranged in 304 

parallel arrays-enamel rods [Baldassarri et al., 2008], dentine is a calcified collagen 305 

matrix, in which hydroxyapatite is classified as intrafibrillar crystallites found within the 306 

hole zones and pore spaces of collagen fibrils [Cao et al., 2013]. 307 

 Due to the morphological characteristic, the diffusion process in dentine is 308 

more facilitated than it is with enamel; larger and more-porous lesions can be more 309 

easily remineralised than smaller and less-porous lesions [Strang et al., 1987]. This 310 

might be the reason for a better effect of the nano-HA/Fluoride on dentine (both 311 

sound and pre-demineralised) than on enamel, in which the paste was only effective 312 

for remineralisation of PD specimens due to the presence of large pores compared to 313 

S specimens.  314 

 Initial caries lesions can be re-hardened by the deposition of hydroxyapatite 315 

that first happens near the surface layer but then is gradually transferred inward and 316 

finally precipitated in the dark zone during the long-term remineralisation [Huang et 317 

al., 2010]. We expected that nano-HA acts in depth, because of its size, infiltrating in 318 

the pores of the lesion [Huang et al., 2011]. In our study, nano-HA/Fluoride improved 319 

in 3-folders and 2-folders dentine and enamel remineralisation compared to the 320 

placebo, respectively. Figure 3 shows that the mineral volume of dentine specimens 321 

remineralised by nano-HA/Fluoride was increased up to 110 µm; while for the 322 

placebo, it was restricted to 10-µm depths. For enamel, the remineralisation was very 323 

superficial, as shown by Figure 4. 324 

 Fluoride, on the other hand, acts mainly in the surface layer, which is 325 

incorporated into the crystal structure, forming fluorapatite more resistant to acid 326 

dissolution [Buzalaf et al., 2011]. We have confirmed this statement since F paste 327 

had a significant effect on the tooth surface (SL and Zmax), especially on the sound 328 

dentine subjected to demineralisation (Table 1). Figure 1 also shows a 329 

microradiography picture, where the thickness of the surface layer is greater for the 330 

specimen treated with F compared to the other groups. 331 

 Our in situ results were more promising than those found for the in vitro study 332 

[Comar et al., 2013], as saliva and biofilm may have modulated the effect of paste on 333 
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the tooth. Salivary proteins may stabilise the particles and precipitates on tooth 334 

surface in situ, while these particles may be lost to de-remineralising solutions in vitro 335 

[Wang et al., 2012; Comar et al., 2013].  336 

 Dental biofilm is a diffusion barrier for calcium and phosphate from saliva, but 337 

at the same time it is a good mineral reservoir. A recent study has shown that in the 338 

presence of a biofilm the efficacy of nano-HA was improved, while the opposite 339 

happens for F [Zhang et al. 2015]. In the case of dentine demineralisation in our 340 

study, the percentage of preventive effect was about 33% for nano-HA/Fluoride 341 

compared to the placebo. Figure 1 also confirmed the effect in depth of nano-342 

HA/Fluoride compared to F paste, considering the mineral volume from 50 to 110 µm 343 

depth. Despite that no treatment was effective against enamel demineralisation, 344 

Table 2 and Figure 2 show that the lesions treated with nano-HA/Fluoride are more 345 

superficial than those from MI Paste Plus and placebo. 346 

 In respect to CPP-ACP, Vanichvatana and Auychai [2013] in their in situ study 347 

demonstrated that CPP-ACP with F has a remineralising effect on the enamel lesions 348 

as well as F, but no additional benefit of CPP-ACP with F associated with fluoride 349 

dentifrice was seen compared to fluoride dentifrice only. Another in situ study using 350 

CPP-ACP without fluoride showed that this product was less effective than fluoride 351 

dentifrice (long-term use) in remineralising caries lesions [Meyer-Lueckel et al., 352 

2015]. These studies are in agreement with our results, showing limited benefit of the 353 

application of CPP-ACP with F (MI Paste Plus). 354 

 In conclusion, Nanop Plus (nano-HA/Fluoride) is more effective than MI Paste 355 

Plus on the reduction of dentine demineralisation and the improvement of enamel 356 

remineralisation. No treatments were able to reduce enamel demineralisation, while 357 

for dentine remineralisation all treatments were effective when compared to the 358 

placebo. Additional randomised clinical trials are needed to confirm our findings. If it 359 

is proven that Nanop Plus has a good clinical effect, it can be further prescribed for 360 

patients with a high risk for caries.  361 
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Table 1. Mean and standard deviation of the values obtained in TMR for sound dentin 

subjected to demineralization and the treatments in situ 

Treatments ∆Z 

(%vol.µm) 

LD 

(µm) 

R 

(%vol) 

SL  

(µm) 

Z max  

(%vol) 

Nanop 

Plus 

780.46±212.01a 98.76±26.19a 8.58±3.48a 14.89±4.51ab 49.67±10.09ab 

MI Paste 

Plus 

875.91±268.44ab 95.65±30.53a 11.68±3.52ab 12.89±4.20ab 58.28±5.61a 

F 900.46±236.30ab 96.02±26.06a 10.54±3.76ab 24.56± 5.48a 54.06±8.69a 

Placebo 1188.18±502.52b 142.67±27.93b 12.60±2.69b 15.94±3.92b 43.22±4.15b 

Different superscript letters indicate significant differences among the treatments for each 
column (ANOVA, p<0.022). n = 13 for all parameters except SL and Z max (n = 9). Positive 
values indicate demineralisation. 
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Table 2. Mean and standard deviation of the values obtained in TMR for S enamel subjected 

to demineralisation and the treatments in situ 

Treatments ∆Z 

(%min.volx µm) 

LD 

(µm) 

R 

(%min.vol) 

Presence of 
Surface Layer 

(%) 

Nanop Plus 1000.91±249.51a 45.01±15.31a 24.87±6.49a 0% 

MI Paste Plus 883.63±431.67a 60.72±26.43a 24.23±6.20a 23.1% 

F 985.45±313.37a 52.36±21.06a 25.15±3.71a 0% 

Placebo 1369.55±988.34a 57.23±30.55a 25.80±7.29a 15.4% 

Similar superscript letters indicate no significant differences among the treatments for each 
column (repeated measures ANOVA, p>0.1890). n = 13 for all parameters. Positive values 
indicate demineralisation. 
The parameters of the surface layer were not evaluated (SL and Z max), since we could 

analyse only few samples in this regard. 
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Table 3. Mean and standard deviation of the values obtained in TMR for the PD dentine 

subjected to remineralisation and the treatments in situ 

Treatments ∆∆Z 

(%min.volxµm) 

∆LD 

(µm) 

∆R 

(%min.vol) 

Presence of 
surface Layer 

(%) 

Nanop Plus 910.09±328.75a 22.28±17.56a 5.82±3.11ab 69.2% 

MI Paste Plus 964.15±446.36a 19.64±18.77a 6.10±3.54ab 53.8% 

F 902.08±606.83a 18.54±34.05a 8.85±5.19a 61.5% 

Placebo 337.92±408.24b 4.85±13.41a 3.99±4.07b 53.8% 

Different superscript letters indicate significant differences among the treatments for each 
column (ANOVA, p<0.029). n=13 *∆∆Z= ∆Z baseline – ∆Z final (the same for the other 
parameters). Positive values indicate remineralisation and negative values mean 
demineralization. 
The parameters of the surface layer were not evaluated (∆SL and ∆Z max), since we could 
analyse only few samples in this regard. 
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Table 4. Mean and standard deviation of the values obtained in TMR for the PD enamel 

subjected to remineralisation and the treatments in situ 

Treatments ∆∆Z 

(%min.volxµm) 

∆LD 

(µm) 

∆R 

(%min.vol) 

∆SL  

(µm) 

∆Z max  

(%min.vol) 

Nanop Plus 549.92±405.40a 24.30±14.02a 1.13±5.66a 0.05±2.23a 4.86±5.31ab 

MI Paste Plus 370.83±230.58ab 8.63±12.50b 1.30±6.10a -0.06±3.07a -0.78±4.50b 

F 555.54±264.12a 13.11±8.28ab 2.74±4.85a -0.52±1.53a 8.91±5.93a 

Placebo 200.35±186.78b 7.99±6.45b -1.34±5.97a 0.07±1.66a 2.19±10.36b 

Different superscript letters indicate significant differences between the groups for each 
column (repeated measures ANOVA, p<0.0019). n = 13 *∆∆Z= ∆Z baseline – ∆Z final (the 
same for the other parameters). Positive values indicate remineralisation and negative 
values mean demineralisation. 
 
 



Artigo  45 

 

Figure 1. Microradiograph pictures of sound dentin subjected to demineralization and the 
treatments in situ  

 

Figure 2. Microradiograph pictures of sound enamel subjected to demineralization and the 
treatments in situ  

 

Figure 3. Microradiograph pictures of pre-demineralized dentin subjected to remineralization 
and the treatments in situ (A-demineralized area, B- de-remineralized area) 
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- 

Figure 4. Microradiograph pictures of pre-demineralized enamel subjected to 
remineralization and the treatments in situ (A-demineralized area, B- de-remineralized area) 
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3 DISCUSSION 

 

 Previous studies have shown that nano-HA has some potential in increase 

enamel remineralization (HUANG; GAO; YU, 2009; HUANG et al., 2010; HUANG et 

al., 2011; TSCHOPPE et al., 2011; NAJIBFARD et al 2011, PEPLA et al., 2014) 

However, there are few studies about its effect on dentin remineralization, and most 

of them analyzed the desensitizing effect or morphological changes (WANG et al., 

2012; CAO et al., 2013; ORSINI et al., 2013; WANG et al., 2014).  

 Products containing casein phosphopeptide-amorphous calcium phosphate 

(CPP-ACP) have also shown potential to prevent dental demineralization and 

hypersensitivity and to increase remineralization in vitro (YAMAGUCHI et al., 2007; 

RAHIOTIS; VOUGIOUKLAKIS, 2007; KUMAR et al., 2008, PULIDO et al., 2008; 

CAO et al., 2013) as well to repair initial enamel caries lesion in vivo (MORGAN et 

al., 2008; YENGOPAL; MICKENAUTSCH, 2009; BAILEY et al., 2009). However, 

there is no scientific evidence for the benefit of the application of CPP-ACP by 

looking at Systematic Reviews (CHEN et al., 2013; LI et al., 2014). Despite this 

clinical limitation, CPP-ACP is a commercial product whose mechanism of action is 

similar to Nano-HA. Therefore, we have chosen it as a positive control. The placebo 

paste was produced without active ingredient, but with the same basic components 

as the pastes containing Nano-HA and F only. Except the placebo, all pastes have 

the same fluoride concentration (0.2% NaF, 900 ppm F).  

 In the present study, the experimental pastes were applied twice a day per 4 

minutes, following the company's guidelines, as slurry, to simulate its dilution by 

saliva. We decide to include the application of dentifrice slurry before the treatment, 

to simulate the residual effect of fluoride after toothbrushing. It is also important to 

highlight that the experimental pastes are not dentifrices; therefore, they must be 

applied after oral hygiene by the patient 2 times a day (BEHNAN et al., 2010; 

COMAR et al., 2013). 

 To provoke demineralization, S samples were exposed to 20% sucrose 

solution per 5 minutes, 4 x day for dentin and 8 x day for enamel, to allow the 

formation of cariogenic dental biofilm able to cause demineralization within 14 days 
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(AIRES et al., 2006; TENUTA et al., 2006; CURY et al., 2010; COMAR et al., 2012). 

For provoke remineralization, the WS samples were not covered with biofilm to 

simulate a patient who changed his/her caries risk and activity.  

 While enamel is a highly mineralized tissue containing more than 95% of 

mineral (hydroxyapatite) organized in nanostructure crystals arranged in parallel 

arrays-enamel rods (BALDASSARRI, MARGOLIS, BENIASH, 2008), dentin is a 

calcified collagen matrix, in which hydroxyapatite is classified as intrafibrillar 

crystallites found within the hole zones and pore spaces of collagen fibrils (CAO et 

al., 2013). 

 Due to the morphological characteristic, the diffusion process in dentin is more 

facilitated than on enamel; larger and more porous lesions can be more easily 

remineralized than smaller and less porous lesions (STRANG et al., 1987). This 

might be the reason for a better effect of the Nano-HA on dentin (both sound and 

pre-demineralized) than on enamel; in which the paste was only effective for 

demineralized samples due to the presence of large porous.  

 Initial caries lesions can be re-hardened by the deposition of hydroxyapatite 

that first happens near the surface layer, but then it is gradually transferred inward 

and finally precipitated in the dark zone during the long-term remineralization 

(HUANG et al., 2010). We expected that Nano-HA acts in depth, because of its size, 

infiltrating in the pores of lesion (HUANG et al., 2011). In our study, Nano-HA 

improved in 3-folder and 2-folder dentin and enamel remineralization compared to 

placebo, respectively. 

 Fluoride, on the other hand, acts mainly in the surface layer, which is 

incorporated into the crystal structure forming fluorapatite more resistant to acid 

dissolution (BUZALAF et al., 2011). We have confirmed this statement since Fluoride 

paste had a significant effect on the surface by the analysis of SL and Zmax. 

 Our in situ results were more promising than those found for in vitro study 

(COMAR et al., 2013), as saliva and biofilm may modulate the effect of paste on the 

tooth. Salivary proteins may stabilize the particles and precipitates on tooth surface in 

situ, while these particles may be lost to de-remineralizing solutions in vitro (WANG 

et al., 2012; COMAR et al., 2013).  
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 Dental biofilm is a diffusion barrier for calcium and phosphate from saliva, but 

at the same time is a good mineral reservoir. A recent study shows that in the 

presence of a biofilm the efficacy of Nano-HA was improved, while the opposite 

happens for Fluoride (ZHANG et al., 2015). In the case of dentin, the % preventive 

effect was about 33% for Nano-HA compared to placebo in our study. 

 Vanichvatana and Auychai [2013] in their in situ study demonstrated that CPP-

ACP plus has remineralizing effect on the enamel lesions as well as fluoride, but no 

additional benefit of CPP-ACP plus associated with fluoride toothpaste was seen 

compared to fluoride toothpaste only. Another in situ study using CPP-ACP without 

fluoride showed that this product was less effective than fluoride dentifrice (long-term 

use) in remineralizing caries lesions (MEYER-LUECKEL et al., 2015). These studies 

are in agreement with our results, showing limited benefit of the application of CPP-

ACP. 

 In conclusion, Nanop Plus is more effective than MI Paste Plus on the 

reduction of dentin demineralization and improving of enamel remineralization. No 

treatments were able to reduce enamel demineralization, while for dentin 

remineralization all treatments were effective. Additional randomized clinical trials are 

needed to confirm our findings. If it is proved that Nanop Plus has a good clinical 

effect, it can be further indicated for patients with high-risk for caries.  
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APÊNDICE A- TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO 

 

Nome do participante da pesquisa_______________________________________ 

1 - Título do Trabalho Experimental 

Avaliação do efeito de uma pasta experimental com nanopartículas de 
hidroxiapatita e fluoreto sobre a desmineralização e remineralização dentária in 
situ 

2 - Objetivo 

O objetivo deste estudo é avaliar o efeito de um novo tratamento para cárie: pasta 
experimental com nanopartículas de hidroxiapatita 10% e 900 ppm de flúor (NOVO), 
pasta comercial MI Paste Plus (fosfato de cálcio amorfo+ caseína+ 900 ppm de flúor, 
CONTROLE POSITIVO), pasta contendo  900 ppm de flúor e pasta placebo (sem 
princípios ativos) (CONTROLE NEGATIVO). 

3 - Procedimentos da Fase Experimental 

 Você utilizará, durante quatro períodos de 14 dias de duração cada um, com 
um período de descanso de 5 dias entre eles, um aparelho de acrílico no céu da boca, 
no qual serão fixados 4 blocos de esmalte bovino e 4 blocos de dentina bovina 
previamente desinfetados. Uma semana antes do início de cada período, você deverá 
utilizar pasta de dente, escova e fio dental fornecidos pela pesquisadora para a 
higiene bucal. O aparelho será instalado um dia antes do início de cada período, à 
noite, após a última higiene bucal.  

Durante o período experimental, você só poderá remover o aparelho para a 
realização das 4 principais refeições (1h no máximo cada uma, seguida pela 
higienização bucal), sendo que neste período o aparelho deverá ficar envolvido em 
gaze umedecida por água de abastecimento. Em todas as fases do experimento, você 
deverá aplicar 1 gota de SACAROSE sobre cada bloco COM tela plástica; para o 
esmalte (cor verde) 8 vezes ao dia e para dentina (cor azul) 4 vezes aos dia. A 
sacarose deverá permanecer durante 5 minutos sobre os blocos, com o aparelho fora 
da boca. O intervalo entre as exposições à sacarose deve ser de 30 minutos. Nas 
amostras sem tela plástica, a sacarose não deverá ser aplicada. Adicionalmente, você 
deverá pingar uma gota de pasta fluoretada em TODAS as amostras (1gota/amostra 
COM e SEM tela) por 1 minuto, 2 vezes ao dia, e enxaguar. Na sequência, você 
deverá aplicar a solução de TRATAMENTO em TODAS as amostras (1 gota/amostra 
2 vezes ao dia), durante 4 minutos cada, sem enxaguar. A exposição à pasta 
fluoretada e ao tratamento deverá ser feita no começo da manhã e outra a noite 
(ambas após a higienização), com o aparelho fora da boca. Na sequência, o aparelho 
deverá ser recolocado na boca. Estes procedimentos serão repetidos em todas as 
fases diariamente durante os 14 dias. Ao final das fases experimentais, os aparelhos 
deverão ser devolvidos aos pesquisadores. 
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4 - Benefícios do Experimento 

O uso da pasta experimental e da pasta MI Paste Plus vem de encontro com a 
necessidade de proteção do dente contra cárie dentária. Dessa forma, o 
entendimento mais detalhado do papel do fluoreto, e das novas tecnologias, como as 
nanopartículas de hidroxiapatita, na prevenção e tratamento da cárie dentária, tem 
suma importância para reduzir a progressão da lesão e a necessidade de tratamentos 
mais invasivos. Não há benefício direto para o participante dessa pesquisa. 
 
5 - Riscos do Experimento 
Não há riscos aos participantes pelo uso dos aparelhos palatinos com dentes 
desinfetados, procedimento comumente realizado em estudos desta natureza. Alguns 
participantes podem eventualmente apresentar enjoos ou dor de garganta. Nestes 
casos, o participante irá comunicar o responsável pela pesquisa, que irá acompanhá-
lo até um médico. E então será liberado da participação na pesquisa, sem 
penalização alguma. Os gastos que forem gerados por este trabalho ficará a cargo da 
responsável pelo projeto. Importante ressaltar que não está sendo considerado 
nenhum pagamento ou recompensa material pela participação do sujeito neste 
estudo. Você terá garantido o direito à indenização compensatória caso fique 
comprovado que a sua participação acarretou algum problema a você. 

Fica claro que o você poderá, a qualquer momento, retirar seu 
CONSENTIMENTO LIVRE E ESCLARECIDO e deixar de participar do estudo alvo da 
pesquisa e ciente que todo trabalho realizado torna-se informação confidencial 
guardada por força do sigilo profissional (Art. 9o do Código de Ética Odontológica). 

Qualquer dúvida ou maiores esclarecimentos o participante da pesquisa poderá 
recorrer a qualquer um dos membros da equipe do projeto (Laboratório de Bioquímica 
14-3235-8247) ou a pesquisadora responsável Beatriz Martines de Souza (telefone 14 
981548927/ 98168-3023, e-mail beatriz.martines.souza@usp.br). Caso queira 
apresentar reclamações em relação a sua participação na pesquisa, poderá entrar em 
contato com o Comitê de Ética em Pesquisa em Seres Humanos, da FOB-USP, pelo 
endereço da Al. Dr. Octávio Pinheiro Brisolla, 9-75 (sala no prédio da Pós Graduação 
FOB/USP) ou pelo telefone (14)3235-8356, ou por e-mail (cep@fob.usp.br). 

 

Pelo presente instrumento que atende às exigências legais, o Sr. (a) 
___________________________________________________________________, 
portador da cédula de identidade ________________________________, após 
leitura minuciosa das informações constantes neste TERMO DE CONSENTIMENTO 
LIVRE E ESCLARECIDO, devidamente explicada pelos profissionais em seus 
mínimos detalhes, ciente dos serviços e procedimentos aos quais será submetido, 
não restando quaisquer dúvidas a respeito do lido e explicado, DECLARA e FIRMA 
seu CONSENTIMENTO LIVRE E ESCLARECIDO concordando em participar da 
pesquisa proposta. Fica claro que o participante da pesquisa, pode a qualquer 
momento retirar seu CONSENTIMENTO LIVRE E ESCLARECIDO e deixar de 
participar desta pesquisa e ciente de que todas as informações prestadas tornar-se-
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ão confidenciais e guardadas por força de sigilo profissional (Art. 9º do Código de 
Ética Odontológica).  

Por fim, como pesquisador(a) responsável pela pesquisa, DECLARO o cumprimento 
do disposto na Resolução CNS nº 466 de 2012, contidos nos itens IV.3, item IV.5.a e 
na íntegra com a resolução CNS nº 466 de dezembro de 2012. 

Por estarmos de acordo com o presente termo o firmamos em duas vias igualmente 
válidas (uma via para o sujeito da pesquisa e outra para o pesquisador) que serão 
rubricadas em todas as suas páginas e assinadas ao seu término, conforme o 
disposto pela Resolução CNS nº 466 de 2012, itens IV.3.f e IV.5.d. 

 

Bauru, SP, ________ de __________________ de ________. 

 

____________________________    ________________________ 

Assinatura do Participante da Pesquisa          Beatriz Martines de Souza 

 

O Comitê de Ética em Pesquisa – CEP, organizado e criado pela FOB-USP, em 
29/06/98 (Portaria GD/0698/FOB), previsto no item VII da Resolução nº 466/12 do 
Conselho Nacional de Saúde do Ministério da Saúde (publicada no DOU de 
13/06/2013), é um Colegiado interdisciplinar e independente, de relevância pública, 
de caráter consultivo, deliberativo e educativo, criado para defender os interesses 
dos participantes da pesquisa em sua integridade e dignidade e para contribuir no 
desenvolvimento da pesquisa dentro de padrões éticos. 
Qualquer denúncia e/ou reclamação sobre sua participação na pesquisa poderá ser 
reportada a este CEP: 
Horário e local de funcionamento: 
Comitê de Ética em Pesquisa 
Faculdade de Odontologia de Bauru-USP - Prédio da Pós-Graduação (bloco E - 
pavimento superior), de segunda à sexta-feira, no horário das 13h30 às 17 horas, 
em dias úteis. 
Alameda Dr. Octávio Pinheiro Brisolla, 9-75 
Vila Universitária – Bauru – SP – CEP 17012-901 
Telefone/FAX(14)3235-8356 
e-mail: cep@fob.usp.br 
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APÊNDICE B – Orientações entregue aos voluntários da pesquisa 

ORIENTAÇÕES AO VOLUNTÁRIO 

 Você, voluntario, irá dormir com o aparelho na boca na noite do dia 

______(______________). Irá colocar o aparelho após a higiene bucal noturna e 

não ingerir nenhum alimento após este procedimento. 

O experimento iniciará no dia ____/___, ___________, com duração de 14 dias. 

Portanto, terminará no dia _____/____ (_____________). O voluntário deverá dormir 

com o aparelho e  na manhã do dia ____/_____ (_____________), o voluntario, ao 

acordar, deverá retirar o aparelho e enrolar em gaze umedecida com água e guardar 

na caixa e trazer para o responsável da pesquisa (não realizar nenhum tratamento 

no aparelho neste dia da entrega)  

Entregar o aparelho no dia ____/____ (___________) no laboratório de bioquímica 

em um dos seguintes horários. (9h30-10h ou 13h-14h30 ou 17h30-18h30) 

Qualquer dúvida, entrar em contato com a pesquisadora responsável Beatriz 

Martines de Souza (contato: 14 981548927 (OI) / 98168-3023 (TIM) / 14-3235-8247 

(Laboratório de Bioquímica) ou pelo e-mail beatriz.martines.souza@usp.br) 
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1. ORIENTAÇÕES GERAIS: 

• O aparelho deverá permanecer na boca durante todo o período experimental. 

• Remover durante as 4 refeições diárias (1 h de duração cada NO MÁXIMO, 

tempo total por dia:4h). Durante o período de refeições, o aparelho deverá ser 

armazenado em gaze umedecida com água. O intervalo entre as refeições 

deverá ser de 2-3h.  

• Após as refeições, realizar higiene bucal com dentifrício fluoretado 5 minutos 

antes de o aparelho ser recolocado na boca. 

• Não usar produtos fluoretados ou anti-placa durante o experimento. Caso algum 

dos materiais esteja acabando, por favor entrar em contato imediato com a 

pesquisadora. 

2. ORIENTAÇÕES ESPECÍFICAS: 

2.1 APÓS O CAFÉ DA MANHÃ E REALIZAÇÃO DA HIGIENE BUCAL: 

◊ Mexer o pote com as soluções para homogeneização antes das aplicações; 

◊ Aplicar 1 gota de solução fluoretada (pasta de dente) em cada amostra durante 

1 minuto, em TODAS AS AMOSTRAS (N=8). Decorrido o 1 minuto de 

tratamento, enxaguar as amostras, para remoção do excesso da pasta.  

◊ Aplicar 1 gota de solução de tratamento em TODAS AS AMOSTRAS (N=8) 

durante 4 minutos. Decorridos os 4 minutos de tratamento, NÃO LAVAR. 

Recolocar o aparelho na boca e não retirá–lo nos próximos 30 minutos para 

alimentação ou aplicação de sacarose.  

2.2 APÓS DECORRIDOS OS 30 MINUTOS da aplicação da pasta de tratamento, 

pode-se iniciar a aplicação de sacarose. 

• Pingar 1 gota de sacarose 8 x/dia em cada um dos dois blocos verdes. Aguardar 5 

minutos, e recolocar na boca (Tomar cuidado para a solução de sacarose não ir para 

bloco do lado) 

• Pingar 1 gota de sacarose 4 x/dia em cada um dos dois blocos azuis. Aguardar 5 

minutos, e recolocar na boca. (Tomar cuidado para a solução de sacarose não ir 

para bloco do lado) 
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O Intervalo entre as aplicações de sacarose deve ser de no mínimo 1 h. Agitar o pote 

antes da aplicação e anotar os horários de aplicação. Após a aplicação permanecer 

pelo menos 30 minutos com o aparelho. Não lavar o aparelho após a aplicação da 

sacarose. Não aplicar sacarose sobre os blocos VERMELHOS! 

2.3 ANTES DE DORMIR: 

◊ Mexer o pote com as soluções para homogeneização antes das aplicações; 

◊ Realizar  higiene bucal e repetir o mesmo procedimento descrito no item 2.1. O 

desafio com sacarose deverá ter terminado antes do último tratamento.  

◊ Aplicar 1 gota de solução fluoretada (pasta de dente) em cada amostra durante 

1 minuto, em TODAS AS AMOSTRAS (N=8). Decorrido o 1 minuto de 

tratamento, enxaguar as amostras, para remoção do excesso da pasta. 

◊ Aplicar 1 gota de solução de tratamento em TODAS AS AMOSTRAS (N=8) 

durante 4 minutos. Decorridos os 4 minutos de tratamento, NÃO LAVAR. 

Recolocar o aparelho na boca e não retirá–lo nos próximos 30 minutos.  

 

 

 

 

 

 

 

 

 

 

 

Blocos sem tela plástica 

(cor vermelha): 

- Não pingar sacarose!!!! 

Blocos com tela na cor verde: 

Pingar sacarose 8vezes/dia 

Blocos com tela na cor azul: 

Pingar sacarose 4vezes/dia! 
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ANEXO A – Parecer Consubstanciado do CEP 
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