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RESUMO 

 

A interface de união adesivo / dentina é a região mais frágil e passível de falhas das 

restaurações adesivas. Assim, é relevante testar a viabilidade de alternativas de proteção e 

preservação desta interface. A presente tese contém três capítulos que objetivaram, 

respectivamente: 1) Sintetizar e caracterizar beta fosfato tricálcico (β-TCP) e avaliar a 

interface adesiva de sistemas carregados com β-TCP e dentina; 2) Caracterizar a interface 

dentina/sistema adesivo carregado com β-TCP ou diacetato de clorexidina - DA e avaliar sua 

resistência de união imediata e após 1 ano; e 3) Sintetizar e caracterizar nano-hidroxiapatita 

(n-HA) originadas por diferentes vias de síntese. Como abordagens metodológicas foram 

realizados 3 estudos in vitro. Nos Capítulos 1 e 2, superfície dentinária de quinze molares 

humanos hígidos foram divididas em três grupos experimentais (n=5). No Capítulo 1, foram 

aplicados às superfícies: adesivo Adper Single Bond 2 puro (SB) (SB-controle); SB 30% p/v 

de β-TCP1 (40 nm) (SB-β1) ou SB 30% p/v de β-TCP2 (23 nm) (SB-β2). No Capítulo 2, 

foram aplicados: SB (Controle); SB 30% p/v de β-TCP1 (40 nm) (SB-βTCP) e SB 2% p/v de 

DA (SB-DA). Em ambos, os dentes foram restaurados e espécimes em forma de palito foram 

submetidos ao teste de microtração (24 h e 1 ano) e analisados por MEV e micro-Raman. O 

grau de conversão dos adesivos foi obtido por FTIR. No Capítulo 3, foram testados três 

diferentes métodos de síntese de nano-hidroxiapatita (n-HA). No método 1, utilizou-se 

imersão de partículas de sílica em SBF por 4 semanas, sob agitação, a 37°C. No método 2, 

utilizou-se (NH4)2HPO4, Ca(NO3)2.4H2O e NH4OH, mantendo-se a solução em repouso por 

10 dias, à temperatura ambiente. No método 3, utilizou-se H3PO4 e Ca(OH)2, permanecendo 

em repouso, à temperatura ambiente por 72 h. Análises de DRX, MET e EDS foram 

realizadas. Os dados de resistência de união dos dois primeiros capítulos foram submetidos a 

One-Way ANOVA, 2-Way ANOVA e teste Scheffe (p<0,05). Como resultados, (Capítulo 1) 

foi possível sintetizar partículas de β-TCP e incorporá-lo ao sistema adesivo (grau de 

conversão, p>0,05), sem prejudicar a resistência de união das restaurações, após 24 h e 1 ano, 

apontando maior estabilidade dos adesivos incorporados com partículas de β-TCP (p<0.05). 

(Capítulo 2) Resultados de micro-Raman e MEV demonstraram diferenças na distribuição do 

β-TCP e do DA na interface adesiva quando incorporados aos sistemas adesivos. Para o grupo 

SB, os tags de resina e a camada híbrida se formam de maneira homogênea. No SB-DA, as 

partículas de clorexidina se difundiram para o interior dos túbulos dentinários com o adesivo, 

mas permaneceram concentradas no topo da camada híbrida. No grupo SB-βTCP, as 

partículas de β-TCP não penetraram na camada híbrida e se aglomeraram na camada adesiva. 



 

Após microtração, os valores de resistência união foram estatisticamente menores para o 

grupo SB em relação aos demais grupos em ambos os tempos (p<0.05). (Capítulo 3) Foi 

possível sintetizar n-HA pelos três métodos testados. As partículas dos dois primeiros 

métodos apresentaram DRX semelhantes aos da n-HA comercial. Após MET e EDS, 

observou-se que as partículas sintetizadas apresentaram arranjo morfológico semelhante a 

prismas, diferindo das comerciais, que são esferas regulares de tamanhos diferentes. Portanto, 

conclui-se que o uso de β-TCP e DA como alternativas de proteção e preservação da interface 

adesivo/dentina é promissor. Além disso, partículas de n-HA sintetizada pelos três métodos 

utilizados podem vir a ser partículas bioativas que proporcionem estabilidade e maior 

longevidade às restaurações adesivas. 

 

Palavras-chave: Análise Espectral Raman. Clorexidina. Nanopartículas. Propriedades Físicas. 

Resistência à Tração. 



 

ABSTRACT 

 

Adhesive/dentin interface is considered the most fragile link of resin composite restorations. 

The lack of durable and effective dentin adhesives due to failure at adhesive interface is a 

great concern for resin composite restoration durability. It is relevant to develop researches to 

test alternatives of preservation and protection of this interface and its influence on bond 

strength, immediately and overtime. Thus, the present thesis was constituted by three chapters 

that aimed, respectively: 1) To synthesize and characterize beta-tricalcium phosphate (β-TCP) 

and to evaluate the interfaces of adhesive systems loaded with β-TCP bioactive particles and 

dentin; 2) To characterize the bonding interface of β-TCP loaded and diacetate chlorhexidine-

loaded adhesive systems, and to evaluate the bond strength of these materials to sound dentin 

immediate and after one year; and 3) To synthesize and to characterize nano-hydroxyapatite 

(n-HA) particles using means of different synthetic routes. Three in vitro studies were 

performed as methodological approaches, described in different chapters. In Chapter 1 and 2, 

dentinal surface of fifteen healthy human molars were divided into three experimental groups 

(n = 5). In Chapter 1, was applied to the teeth Adper Single Bond 2 adhesive system (SB) 

(SB-control); SB 30% w/v of β-TCP1 (40 nm) (SB-β1) or SB 30% w/v of β-TCP2 (23 nm) 

(SB-β2). In Chapter 2, was applied: SB (Control); SB 30% w/v of β-TCP1 (40 nm) (SB-

βTCP) and SB 2% w/v of DA (SB-DA). The teeth were restored and sticks specimens were 

prepared and submitted to bond strength test after 24 hours and 1 year. Representative 

specimens from each group were submitted to scanning electron microscopy (SEM) and 

micro-Raman spectroscopy analysis. The degree of conversion of the adhesives was 

determined using FTIR. In Chapter 3, three different methods of synthesis of nano-sized 

hydroxyapatite (n-HA) were tested. In method 1, n-HA was synthesized by immersing silica 

particles (10-20 nm) in simulated solution of body fluid for 4 weeks, under agitation and at 

37°C. In method 2, n-HA was synthesized using (NH4).2HPO4, Ca(NO3)2.4H2O and NH4OH, 

and the solution was allowed to stand for 10 days at room temperature. In method 3, n-HA 

was synthesized using H3PO4 and Ca(OH)2, and remained at room temperature for 72 h. 

DRX, TEM and EDX analyzes were carried out to characterizations. Data were submitted to 

One-Way ANOVA, 2-Way ANOVA and Scheffe tests (p<0,05). The results showed that it 

was possible to synthesize β-TCP particles and to incorporate β-TCP into the adhesive system 

(degree of conversion, p> 0.05), and that such incorporation did not impair the bonding 

strength, either after 24 h or after 1 year of storage. The microtensile results also pointed to 

high stability of the adhesives incorporated to β-TCP particles, since the bond strength values 



 

after 1 year was higher than those obtained by the control group (p <0.05) (Chapter 1). It was 

possible to incorporate β-TCP and DA to the adhesive system (degree of conversion, p> 

0.05). SEM results and micro-Raman mapping and analysis demonstrated differences in β-

TCP and DA distribution at the adhesive interface when incorporated into adhesive systems. 

For the SB group, the resin tags and the hybrid layer was homogeneously formed. In the SB-

DA group, the chlorhexidine particles remained concentrated at the top of the hybrid layer and 

diffused into the dentinal tubules with the adhesive. At the adhesive interfaces of the SB-

βTCP group, bioactive particles did not penetrate the hybrid layer and all of them 

agglomerated in the adhesive layer. After microtensile test, adhesive strength values were 

statistically lower for the SB group than for the other SB-DA and SB-βTCP groups (p <0.05) 

(Chapter 2). It was possible to sinthesize n-HA particles by the three synthetic methods tested. 

The particles synthesized by the first two methods presented similar X-ray diffraction test 

peaks pattern to those of the control (commercial n-HA). Concerning the spatial 

morphological arrangement, the synthesized particles presented a shape similar to prisms, 

different from the control, which presented a spatial arrangement in the shape of regular 

spheres and of different sizes (Chapter 3). Therefore, it is concluded that the alternative means 

of preservation and protection of the adhesive /dentin interface proposed in this work did not 

impair the physical and mechanical properties of the adhesive systems studied. The 

incorporation of bioactive particles of β-TCP into adhesive system may be able to preserve 

bonding stability overtime. 

 

Key-words: Chlorhexidine. Nanoparticles. Physical Properties. Raman Spectrum Analysis. 

Tensile Strength. 
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1 INTRODUÇÃO 

 

A diminuição da viabilidade das restaurações adesivas devido a falhas na interface 

adesivo/dentina é considerada o principal motivo de diminuição da efetividade e durabilidade 

dessas restaurações, sendo a interface adesiva a região mais frágil e passível de falhas 

(SPENCER et al., 2010). A durabilidade reduzida, o aumento da frequência de substituições 

de restaurações e a necessidade de restaurações cada vez mais complexas para reabilitação da 

saúde e função dos elementos dentários proporcionam elevados custos biológicos e 

econômicos aos pacientes e, nos casos dos serviços públicos, à sociedade como um todo. 

Clinicamente, essas falhas que ocorrem na interface adesiva refletem a ocorrência 

de fraturas, de restaurações ou de dentes, e em cáries secundárias (DEMARCO et al., 2012). 

Variáveis como erros no plano de tratamento, pouca habilidade e treinamento do operador, 

características inerentes ao próprio material restaurador ou ao paciente, bem como limitações 

socioeconômicas, também podem afetar negativamente a longevidade das restaurações 

(DEMARCO et al., 2012). Assim, na presença de fendas, o surgimento de cáries secundárias 

pode comprometer a integridade das restaurações adesivas (SHINOHARA et al., 2006). 

Apesar de já ter passado por toda uma evolução, a Odontologia estética restauradora ainda 

encontra limitações no que se refere a um bom selamento marginal entre estrutura dentária e 

material restaurador (VAN MEERBEEK et al., 2010; VAN MEERBEEK et al., 2003; 

HASHIMOTO et al., 2002) e por esse motivo a busca por um material que promova 

selamento ideal vem sendo tema de diversas pesquisas (VAN MEERBEEK et al., 2010; DE 

MUNCK et al., 2005; PEUMANS et al., 2005). 

Estudos revelam a persistência de remanescentes bacterianos nas paredes de 

preparos cavitários, mesmo após a remoção de tecido cariado (UDAY MOHAN et al., 2016; 

PRABHAKAR et al., 2015). Isso pode interferir na qualidade de união entre materiais 

adesivos e a estrutura dentária e, além disso, pode aumentar a infiltração marginal 

(BENGTSON et al., 2008; SOARES et al., 2008).  

Em função dessa possibilidade, tem sido recomendado o uso de agentes 

antimicrobianos, como a clorexidina, na desinfecção das cavidades contaminadas, no intuito 

de eliminar ou minimizar os depósitos microbianos aderidos ao preparo cavitário (UDAY 

MOHAN et al., 2016; PRABHAKAR et al., 2015; CAMILOTTI et al., 2013; BENGTSON et 

al., 2008; SAY et al., 2004). Materiais bioativos à base de cálcio e fosfato, como o beta 

fosfato tricálcico (β-TCP) e a nano-hidroxiapatita (n-HA) tem sido testados por serem capazes 

de liberar íons diante de desafios cariogênicos com a diminuição do pH e possibilitarem a 
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remineralização ou a deposição mineral em tecidos desmineralizados anteriormente expostos 

(ABUNA et al., 2016; NEDELJKOVIC et al., 2015; NIU et al., 2014; OSORIO et al., 2014; 

TAVASSOLI-HOJJATI et al., 2014; TOLEDANO et al., 2014; SAURO et al., 2013; 

PROFETA et al., 2013; PROFETA et al., 2012; COMBES, REY. 2010; KARLINSEY et al., 

2010; TAY, PASHLEY, 2009; TAY, PASHLEY, 2008; TAY, PASHLEY, 2002). Assim, é de 

relevante importância, e ainda um grande objetivo a ser alcançado, o desenvolvimento de 

produtos que sejam incorporados aos materiais restauradores, ou que sejam aplicados sobre a 

superfície a ser restaurada para desinfecção ou pré-tratamento dentinário, que tenham função 

antibacteriana e remineralizadora. 

Agentes antibacterianos podem ser benéficos como agentes desinfectantes, 

aplicados na superfície dentinária, previamente aos procedimentos restauradores adesivos 

(ABU NAWAREG et al., 2016; HASS et al., 2016), ou como agente antimicrobiano 

incorporados aos sistemas adesivos (TEKÇE et al., 2016; HASSAN et al., 2014; MANSO et 

al., 2014; TAVASSOLI-HOJJATI et al., 2014; BRESCH et al., 2010; CARRILHO et al., 

2007). Em ambas as situações, o uso de tais agentes tem como objetivo eliminar ou diminuir o 

depósito de bactérias aderidas às paredes dentinárias (CAMILOTTI et al., 2013; BENGTSON 

et al., 2008; SAY et al., 2004).  

A clorexidina a 2% tem sido utilizada de forma efetiva como agente desinfectante, 

reduzindo a microflora bacteriana residual presente nos tecidos dentais, inclusive com ação 

sobre Streptococcus mutans (MEHDAWI et al., 2009). Alguns autores também têm relatado 

sua ação adicional em reduzir a degradação das interfaces adesivo-resina por proporcionar a 

inativação de enzimas metaloproteinases da matriz extracelular (MMPs) e catepcinas ativadas 

após a aplicação do condicionamento ácido à dentina, como primeiro passo da aplicação de 

sistemas adesivos de condicionamento total (TEKÇE et al., 2016; TJADERHANE, 2015; 

HASSAN et al., 2014; BRESCH et al., 2010; HIRAISHI et al., 2008; CARRILHO et al., 

2007; PASHLEY et al., 2004). 

A discrepância entre a profundidade de dentina condicionada (com fibrilas 

colágenas expostas) e a profundidade de penetração do sistema adesivo na camada híbrida 

(PASHLEY et al., 2011; SPENCER, SWAFFORD, 1999) também é outro fator que pode 

contribuir para a degradação da interface adesiva (SPENCER et al., 2014; PASHLEY et al., 

2011; SPENCER et al., 2010; LEUNG et al., 2005).  

A remineralização das fibrilas colágenas parcialmente desmineralizadas e 

expostas pelo incompleto molhamento e penetração do sistema adesivo na camada híbrida 

pode trazer benefícios à durabilidade das restaurações (ZHONG et al., 2015). Diferentes tipos 
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de materiais à base de cálcio-fosfato têm sido adicionados a compósitos e sistemas adesivos 

experimentais com o objetivo de permitir a liberação desses íons em situações em que houver 

diminuição do pH (ABUNA et al., 2016; NEDELJKOVIC et al., 2015; NIU et al., 2014; 

OSORIO et al., 2014; TAVASSOLI-HOJJATI et al., 2014; TOLEDANO et al., 2014; SAURO 

et al., 2013; PROFETA et al., 2013; PROFETA et al., 2012; COMBES, REY. 2010; 

KARLINSEY et al., 2010; TAY, PASHLEY, 2009; TAY, PASHLEY, 2008; TAY, PASHLEY, 

2002). Na maioria dos estudos experimentais, a remineralização da dentina tem sido em 

ambiente líquido, o que impede ou dificulta sua aplicação clínica. Novos estudos têm tido 

importância por proporcionar a remineralização de tecido dentinário em delineamentos mais 

aplicáveis à prática clínica (ABUNA et al., 2016; NEDELJKOVIC et al., 2015; ZHONG et 

al., 2015). 

O beta fosfato tricálcico (β-TCP) é um cálcio ortofosfato sintético biocompatível  

e bioativo, β -Ca3(PO4)2, (TAVASSOLI-HOJJATI et al., 2014; BOHNER et al., 2013; 

DOROZHKIN, 2012; GHOSH et al., 2008; ZHANG et al., 2007), precursor da hidroxiapatita 

(TAVASSOLI-HOJJATI et al., 2014) que tem sido utilizado como agente de remineralização 

dentária e, consequentemente, com o objetivo de aumentar a longevidade das restaurações 

adesivas, já que é capaz de aumentar a concentração de íons cálcio e fosfato (TAVASSOLI-

HOJJATI et al., 2014; SAURO et al., 2013; PROFETA et al., 20012; KARLINSEY et al., 

2010; COMBES AND REY. 2010; MEHDAWI et al., 2009) na camada híbrida (BESINIS et 

al., 2016; SAURO et al., 2013). Porém, poucos estudos têm incorporado o β-TCP aos 

sistemas adesivos. 

A hidroxiapatita (HA), Ca5(PO4)3(OH), apresenta algumas vantagens sobre outras 

fontes de cálcio-fosfato, como maior biocompatibilidade e alta homogeneidade com o esmalte 

dentário. Por outro lado, possui menor solubilidade e resistência mecânica (SEQUEDA et al., 

2012; LeGEROS, 1991) do que outras fontes desses mesmos íons. No entanto, tal limitação 

pode ser resolvida com o auxílio de nanotecnologia, o que tem estimulado o uso da HA em 

estudos de reparo eficiente de lesões de cárie (TSCHOPPE et al., 2011; HUANG et al., 2010; 

YAMAGISHI et al., 2005). Adicionalmente a isto, a síntese de HA por precipitação 

proporciona melhores resultados de partículas do que as amostras de nano-HA (n-HA) 

comercialmente disponíveis, em relação às propriedades mecânicas, diretamente relacionadas 

com características como tamanho e distribuição de partículas, porosidade e outras 

características microestruturais (SHI et al., 2001; RICE, 1996). A incorporação de 

nanopartírculas de sílica (SiO2) pode ser empregada como reforço de matrizes biocerâmicas 

ou de nanocompósitos, melhorando propriedades mecânicas desses materiais, já que é um 
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material inerte quando interage com fluidos corpóreos e com compostos à base de cálcio e 

fosfato, como a n-HA (MARTIN et al., 2004). 

Por fim, para se ter certeza de como se pode melhorar a longevidade das 

restaurações, é necessário conhecer o comportamento dos sistemas adesivos e dos materiais 

restauradores no interior da interface dente/restauração (KIM et al., 2016; SABER-

SAMANDARI et al., 2013; SOARES et al., 2013; ROLLAND et al., 2010). Para esta análise, 

a espectroscopia micro-Raman pode ser utilizada como método não destrutivo da amostra, 

permitindo a obtenção de informações detalhadas acerca da composição estrutural e química 

da superfície de interesse da amostra que se quer avaliar, como por exemplo, a secção 

transversal da camada híbrida de restaurações adesivas (KIM et al., 2016; SABER-

SAMANDARI et al., 2013; SOARES et al., 2013; ROLLAND et al., 2010; WANG et al., 

2007; CUSCÓ et al., 1998). 

Assim, a incorporação de agentes antibacterianos (HASSAN et al., 2014; 

IMAZATO, 2009; MEHDAWI et al., 2009) e de agentes bioativos (IMAZATO, 2009; 

MEHDAWI et al., 2009) podem proteger fibrilas colágenas expostas contra contaminação 

bacteriana residual, têm potencial de remineralizar dentina afetada por cárie ou dentina 

parcialmente desmineralizada pelo condicionamento ácido após aplicação do sistema adesivo 

de condicionamento total, e parece ser capaz de inibir a ativação de endoenzimas como as 

metaloproteinases (MMPs), as cisteinas e as catepsinas (TEKÇE et al., 2016; TJADERHANE, 

2015; HASSAN et al., 2014; BRESCH et al., 2010; HIRAISHI et al., 2008; CARRILHO et 

al., 2007; PASHLEY et al., 2004). No entanto, o comportamento desses materiais no interior 

da camada híbrida ainda não está bem estabelecido na literatura. Por este motivo, avaliar a 

viabilidade de uso de meios alternativos de preservação e proteção da interface adesivo / 

dentina e sua influência sobre a resistência de união dessas restaurações, de forma imediata e 

ao longo do tempo torna-se um tema relevante.  
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2 PROPOSIÇÃO 

 

2.1 Objetivo Geral 

Avaliar a viabilidade de uso de meios alternativos de preservação e proteção da 

interface adesivo / dentina e sua influência sobre a resistência de união dessas restaurações, de 

forma imediata e ao longo do tempo. Além disso, propor a síntese e a aplicação de partículas 

bioativas à base de cálcio e fosfato que possam ser utilizadas em Odontologia de forma a 

promover benefícios à longevidade das restaurações, com um menor custo aos pacientes. 

 

2.2 Objetivos Específicos 

 

Nota: Os objetivos específicos ficarão divididos em três tópicos distintos, cada um 

correspondendo ao objetivo geral de cada um dos Capítulos que compõem esta tese. 

 

Capítulo 1: Sintetizar e caracterizar beta fosfato tricálcico (β-TCP) e avaliar a interface 

adesiva de sistemas convencionais de dois passos carregados com β-TCP; 

 

Capítulo 2: Caracterizar química e estruturalmente a interface de união de um sistema 

adesivo convencional de dois passos carregado com β-TCP e clorexidina, bem como avaliar a 

resistência de união desses materiais à dentina após 24 h e 1 ano; 

 

Capítulo 3: Sintetizar e caracterizar nano-hidroxiapatita (n-HA) originadas por três vias 

diferentes, bem como avaliar eventuais diferenças químicas e morfológicas das n-HA entre as 

três vias de síntese utilizadas e entre elas e a n-HA comercial definida como controle. 
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3 CAPÍTULOS 

 

Esta tese está baseada no Artigo 46 do Regimento Interno do Programa de Pós-

Graduação em Odontologia da Universidade Federal do Ceará, que regulamenta o formato 

alternativo para dissertações de Mestrado e teses de Doutorado e permite a inserção de artigos 

científicos de autoria ou coautoria do candidato, publicados ou ainda não submetidos para 

publicação em periódicos científicos, escritos no idioma exigido pelo veículo de divulgação. 

Por se tratar de pesquisas envolvendo seres humanos, ou parte deles, o projeto de pesquisa foi 

submetido à apreciação do Comitê de Ética em Pesquisa, tendo sido aprovado (Anexo A). 

Assim, esta tese é composta de três capítulos contendo três artigos científicos que serão 

submetidos para publicação nos periódicos Colloids and Surfaces. B, biointerfaces; Journal 

of Biomedical Materials Research Part B: Applied Biomaterials; e Materials Research, 

respectivamente, conforme descrito abaixo: 

 

Capítulo 1:  

“Evaluation of the longevity of adhesive systems loaded with beta-tricalcium phosphate 

(β-TCP)” 

Authors: Camila Ferraz; Jacqueline de Santiago Nojosa; Erissandra Lourenço; Silvio 

Albuquerque; Ricardo Emilio Ferreira Quevedo Nogueira; Sergio Lima Santiago; Alejandro 

Pedro Ayala; Monica Yamauti
 

 

Capítulo 2: 

“Dental adhesive loaded with functional particles: bond strength and micro-Raman 

imaging of adhesive-dentin interfaces” 

Authors: Camila Ferraz; Maria Cura; Laura Ceballos; Sergio Lima Santiago; Alejandro Pedro 

Ayala; Monica Yamauti
 

 

Capítulo 3:  

“Synthesis and characterization of nano-hydroxyapatite for use in restorative  

Dentistry” 

Authors: Camila Ferraz; Laura Ceballos; Antônio Martín; Victoria Morales; Rafael A García; 

Sergio Lima Santiago; Monica Yamauti 
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ABSTRACT 

The objective of the study was to synthesize and characterize beta-tricalcium phosphate 

(β-TCP) bioactive nanoparticles (β-TCP1, 40 nm and β-TCP2, 23nm) to be incorporated in a 

commercial dental adhesive, and to evaluate the bonding interface with dentin overtime. 

Fifteen extracted human third molars have their dentin surfaces exposed and standardized 

smear layer. They were randomly divided into three groups, according kind of adhesive 

applied (n=5): SB-CT, control - Adper Single Bond 2; SB-β1, β-TCP1-loaded adhesive 

system (SB 30% wt of β-TCP1), and SB-β2, β-TCP2-loaded adhesive system (SB 30% wt of 

β-TCP2). All dentin surfaces were applied the adhesive, restored and stored for 24 h and 1 

year at 37°C. Stick specimens with 1.0 mm² of cross-sectional area were evaluated by 

microtensile bond strength test. Representative specimens of each group for each storage time 

were prepared for SEM analysis. Micro-Raman spectroscopy analysis of adhesive interfaces 

were performed. According data of this study, after 24 h of storage, SB-β2 presented higher 

bond strength values than SB-CT. Within 1 year, SB-β1 and SB-β2 bond strength values were 

statistically similar and higher than SB-CT. There was a significant decrease on bond strength 

mean values of SB-CT overtime, but data from SB-β1 and SB-β2 were stable after 1 year. The 

24 h SEM SB-CT images indicated that the fractured surfaces presented most dentin protected 

with resin material. The portions on fractured surface of SB-β1 and SB-β2 presented dentin 

exposed. However, it could be observed an increase of fractured exposed dentin at different 

levels, including sound dentin after 1 year. Raman spectra and mapping images shown that for 

SB-CT group, the resin tags and hybrid layer were homogeneously formed. SB-βTCP clusters 

could not penetrate into demineralized dentin, and they were confined in the adhesive layer. 

β-TCP bioactive nanoparticles could be successfully synthesized and incorporated into a 

commercial dental adhesive. Bonding interfaces of loaded adhesives with dentin showed 

higher bonding strength than control group after 24h and they remained stable overtime after 

one year. β-TCP clusters could not penetrate into demineralized dentin, but this fact did not 

decrease the adhesive strength of this group in 24h or after 1 year. 

 

Keywords: Nanoparticles, remineralization agent, dentin adhesives, dentin bonding, hybrid 

layer degradation 
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INTRODUCTION 

Adhesive/dentin interface is considered the most fragile link in the composite 

restoration [1]. The lack of durable and effective dentin adhesives due to failed adhesive 

interface is a great concern for resin composite restoration durability [1]. Reduced longevity, 

increased frequency of replacement and the need for a more complex restoration and 

eventually total tooth loss, means increased biologic and economic costs to patients and to 

society [1,2].  

The main causes of resin restoration failures identified are fracture (restoration or 

tooth) and secondary caries. Early failures were more closely related to fractures, while 

studies with long periods of observation showed a trend to find more caries-related failures 

[3]. Several variables, such as clinical treatment plan, operator ability, patient characteristics, 

socioeconomic limitations, materials and adhesives features, can affect the resin composite 

restorations longevity [3].  

Shrinkage stress of resin composite polymerization and/or hydrolytic degradation of 

resin-dentin bond could jeopardize interface integrity [4,5]. Consequently, interfacial gaps 

could appear. Oral fluids, bacterial enzymes, and bacteria could penetrate into those gaps, 

leading to recurrent decay, hypersensitivity, pulpal inflammation, and restoration failure [3,5-

9]. Moreover, polymers´ hydrolytic degradation, nanoleakage, degradation of the collagen 

fibrils and intrinsic collagenolytic activity of mineralized dentin contribute to the whole 

failure of the adhesive interface [4]. 

Among other factors, nanoleakage occurs due to the discrepancy between the depths 

of dentin demineralization and adhesive penetration resulting in exposed collagen fibrils at the 

bottom of the hybrid layer (HL) [10,11]. HL can also undergo degradation [1,7,10,12]. 

Remineralization of the exposed collagen in the incompletely infiltrated areas in the HL can 

effectively improve adhesive interface durability [13]. 

Different types of calcium-phosphates have been added to several experimental 

composites and adhesives, to allow the release of calcium and phosphate ions at low pH 

[5,14-26]. Beta-tricalcium phosphate (β-TCP) is a biocompatible and bioactive synthetic 

calcium orthophosphate, β -Ca3(PO4)2, [17,27-30], precursor to hydroxyapatite formation [17] 

that improve the process of tooth remineralization and improve bonding durability due to be 

able to increase calcium and phosphate concentration [17,19,21-23,31] at HL [19,32]. The use 

of remineralizing materials as β-TCP incorporated into adhesive dentin materials could 

benefit resin restorations longevity. However, there are few studies on the incorporation of β-

TCP in dental adhesives and its effects on the adhesive/dentin interface.  
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Hence, the objective of the study was to synthesize and characterize β-TCP bioactive 

nanoparticles to be incorporated in a commercial dental adhesive, and to evaluate the bonding 

interface with dentin overtime.  

 

MATERIAL AND METHODS 

Synthesis and characterization of beta-tricalcium phosphate particles 

Beta-tricalcium phosphate (β-TCP) particles were synthesized by the aqueous 

precipitation method from 0.3 M H3PO4, 0.5 M Ca(OH)2, and 0.1 M CH3CH(0H)COOH. The 

pH value of the solution was adjusted to pH 8 by ammonium hydroxide, NH4OH addition. 

The precipitated powder was dried at 80°C for 24h and then it was sintered at 1200°C for one 

hour to obtain β-TCP 1 (40 nm/47.80 m
2
/g) and 2 (23 nm/83 m

2
/g) particles [33]. 

β-TCP particles were characterized by X-ray diffraction (X-ray, Rigaku, DMAXB), 

infrared spectroscopy (Nicolet 800 spectrometer, associated with a cell MTech PAS), 

Brunauer-Emmett-Teller (BET) analysis (MicroMetrics ASAP 2000, Londonderry, NH), 

scanning electron microscopy (SEM, INSPECT S50, FEI, Brno, Czech Republic). To SEM, 

the sample was secured with double sided carbon tape on a support and coated with a thin 

carbon layer held Bal-Tec vacuum evaporator. The microscopy observed the morphology of 

particles. The BET analysis measured different sizes of synthesized β-TCP particles at 

nanoscale range through nitrogen physical adsorption on solid particles surface. 

 

Preparation of Dental Adhesives Solutions  

An etch-and-rise adhesive system, Adper Single Bond 2
 TM

 (SB) (3M ESPE, St. Paul, 

MN, USA) was used. Adhesive solutions 30% wt β-TCP of two different size particles (β-

TCP 1 and 2) were prepared. To get complete dispersion of β-TCP particles, the adhesive 

mixture was shaken during 1 min in a tube agitator (Vortex Phoenix, Ref. 12446, Phoenix 

Ind. E Com. De Equips Científicos Ltda, Araraquara, São Paulo, Brazil), in darkness. 

Employed chemicals and adhesive descriptions are provided in Table 1. 

 

Degree of conversion (DC) of dental adhesives 

Three samples of each adhesive solution were prepared and analyzed in both uncured 

and cured stages. These samples were analyzed using Fourier Transform Infrared 

Spectrometry (FTIR) (Vertex 70 FT-IR Spectrometer, Bruker, Germany) equipped with the 

horizontal zinc selenide crystal (ZnSe) element of an Attenuated Total Reflectance (ATR) 

attachment (Miracle ATR, PIKE Technologies, Madison, WI, USA). Spectra were obtained in 



 

27 

 

the range of 4000 to 600 cm
-1 

(8cm
-1 

resolution), 64 scans and in the transmittance mode. The 

degree of conversion (DC) was calculated using standard methods that evaluated changes in 

the ratios of aliphatic (1638 cm
-1

)
 
to aromatic C=C absorption peaks (1608 cm

-1
). The uncured 

and cured states were obtained from the infrared spectra, according to the following equation: 

DC=100-[(R cured)/(R uncured) x 100], where R=ratio of peak height at 1638 cm
-1

 and 1608 

cm
-1

. 

 

Tooth Specimen Preparation 

Fifteen extracted, caries-free, human third molars were obtained with informed 

consent, under a protocol approved by the Human Research Ethics Committee of the 

Institution. Teeth were properly cleaned and were stored in 0.1% (w/v) thymol solution at 

4°C. For each tooth, the coronal portion was removed to expose a flat dentin surface using a 

low-speed diamond saw (IsoMet
TM

 Low Speed Saw, Buehler, Lake Bluff, IL, USA) under 

water-cooling. Dentin surfaces were exposed and standardized smear layer was created using 

SiC paper (600-grit), under running water, for 60 s. All of the teeth were randomly divided 

into three groups (n=5): 

- Control group (SB-CT): Application of pure adhesive system Adper Single Bond 2 
TM

 (3M 

ESPE, St Paul, MN, USA); 

- Experimental group 1 (SB-β1): Application of β-TCP1-loaded adhesive system (Adper 

Single Bond 2 ™ 30% wt of β-TCP1); 

- Experimental group 2 (SB-β2): Application of β-TCP2-loaded adhesive system (Adper 

Single Bond 2 ™ 30% wt of β-TCP2). 

All exposed dentin surfaces were prepared for the adhesive procedure according to 

manufacturer’s instructions (Table 1). The adhesive system was light activated for 10 s using 

a blue LED light source unit (1200 mW/cm
2
) (Elipar

TM 
FreeLight 2, 3M ESPE, Neuss, 

Germany). Teeth were incrementally restored with Filtek Z250 XT™ (3M ESPE, St Paul, 

MN, USA), and each increment was light activated for 40 s. After restorative procedure, all 

teeth were stored in distilled water for 24 h at 37°C. 

 

Microtensile bond strength evaluation 

After storage, bonded teeth were longitudinally sectioned across the bonded interface 

(“x” and “y” directions) using a low-speed diamond saw (IsoMet
TM

 Low Speed Saw, Buehler, 

Lake Bluff, IL, USA) under water lubrication to obtain bonded sticks specimens with a cross-

sectional area of approximately 1.0 mm². Specimens were attached to universal test machine 
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(Instron 3345, Instron Inc., Canton, MA, EUA) with cyanoacrylate resin (Super Bonder Gel, 

Loctite, São Paulo, Brazil) and were subjected to a tensile load at 0.5 mm/min until failure. 

Fracture modes of each specimen were determined using a stereomicroscope (Leica 

Microsystems, Wetzlar, Deutschland, Germany), at 60X magnification. Fracture modes were 

classified as cohesive in dentin (CD) when they were located exclusively within dentin, 

cohesive in resin (CR) when they were located exclusively within resin, adhesive (A) when 

failure occurred at the dentin/adhesive interface, or mixed (M) when modes of failure 

occurred simultaneously. Each type of failure mode was expressed as a percentage of the total 

number of specimens in that group. Specimens were stored in distilled water for 1 year at 

37°C and subjected to a microtensile bond strength evaluation too. 

 

Scaning electronic microscopy - SEM 

Three representative specimens of each group for each storage time (24 h and 1 year) 

were prepared for SEM analysis (INSPECT S50, FEI, Brno, Czech Republic) to study 

microscopic fracture patterns and the morphology of the debonded interface. Specimens were 

fixed in a solution of 2.5% glutaraldehyde in 0.1 mol/l sodium cacodylate buffer for 24 hours, 

rinsed three times in 0.1 mol/l sodium cacodylate buffer. They were then rinsed in distilled 

water and dehydrated in an ascending ethanol series 30%, 50%, 70%, 80% (for 20 min each), 

95% (two times for 15 min) and 100% (two times for 30 min). Afterwards, the specimens 

were dried with filter paper and then placed for 10 minutes in hexamethyldisilazane (HMDS). 

Subsequently HMDS was removed and the specimens were placed in contact with filter paper 

at room temperature for 24 h. They were then positioned on metal stubs with carbon tape, 

sputter-coated with gold (Q 150T ES, Quorum Tchnologies Ltd, Ashford, Kent, England) and 

analyzed in a SEM (INSPECT S50, FEI, Brno, Czech Republic).  

 

Micro-Raman spectroscopy analysis of adhesive interfaces 

One bonded dentin slab from prepared teeth of all three groups (24 h storage time) was 

separated to micro-Raman analysis (LabRam HR 800 spectrometer, Horiba Jobin Yvon, 

Kyoto, Japan). Raman spectroscopy was carried out with a 785 nm diode laser at 100 mW and 

focused through a 100X nir Leica lens (Leica Microsystems) in ScanLab scanning mode. The 

micro-Raman spectra of sound dentin slabs and pure materials were recorded mainly to find a 

micro-Raman signal from the materials and tissues, which must be distinguishable from other 

specimens’ components. Spectral information was obtained between the wavenumbers of 900 

and 1700 cm
-1

. All the measurement steps were performed using the software LabRaman
TM
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(NIH, Bethesda, USA). Spectra were obtained at room temperature and during the time 

between scanning procedures, the samples were stored in physiological solution with a 

relative humidity of 100%.  

 

Statistical analysis  

Normal distribution of data and homogeneity of variances were evaluated using 

Kolmogorov-Smirnov and Levene tests. The effects of adhesive level, storage time and their 

interaction on the mean bond strength were verified by Two-Way ANOVA and Scheffe post 

hoc test (α=0.05). Premature failure were excluded from the statistical analysis. And the 

degree of conversion (DC) of dental adhesives were verified by One-Way ANOVA. 

 

RESULTS 

Characterization of β-TCP particles 

Crystal phases of β-TCP were observed in X-ray diffractogram and FTIR (Figures 1a 

and 1b) of calcium phosphate bioceramic powder sintered at temperatures of 1200 ° C for 1 

hour. Two different sizes of β-TCP particles were synthesized at nanoscale range: β-TCP-1 

and β-TCP-2 with 40 nm and 23 nm of ratio diameter, respectively, according BET data 

analyses (Table 2). Morphological analysis of β-TCP nanoparticles revealed intertwined fine 

equiaxial spherical nanoparticles (Figure 1c) 

 

Degree of Conversion (DC) of dental adhesives 

One-Way ANOVA did not detect statistically significant difference between DC of all 

adhesive systems (p=0.64, Table 3). Data from degree of conversion are presented in Table 3. 

 

Microtensile Bond strength, failure mode and SEM images of fractured surfaces 

Comparing the effect of β-TCP-doped adhesive on the microtensile bond strength of a 

conventional two-step adhesive to dentin, Two-Way ANOVA revealed statistical significant 

differences among groups. When bond strength was measured after 24 h storage, SB-β1 and 

SB-β 2 presented higher values than SB-CT (p<0.05). Within 1 year, SB-β1 and SB-β2 bond 

strength values were statistically similar (p>0.05) and higher than SB-CT (p<0.05). There was 

a significant decrease on bond strength mean values of SB-CT overtime, but data from SB-β1 

and SB-β2 were stable after 1 year (p>0.05). There was no significant interaction between 

variables (adhesive and storage time) (Table 4). Main failure mode was mixed (76.05%) for 

all groups and times. The 24 h SEM images of all three groups showed representative mixed 



 

30 

 

failures (Figure 2). The fractured surfaces presented most dentin protected with resin material; 

in SB-CT, adhesive failure at the top of HL was observed (Figures 2A1-2). The portions on 

fractured surface of SB-β1 (Figures 2B1-2) and SB-β2 (Figures 2C1-2) where dentin was 

exposed, it was suggested that particles of β-TCP could be detected (arrows Figures B2 and 

C2). After 1 year, failure was mostly mixed, however it could be observed an increase of 

fractured exposed dentin at different levels, including sound dentin (Figures 3A1-2). Wide 

area of SB-β1 fractured surface was covered with resin material, indicating protection of the 

adhesive interface (Figures 3B1-2). There was a suggestion of β-TCP particles on small 

portions of exposed at SB-β2 fractured surface (Figure 3C1 and arrows Figure 3C2). 

 

Micro-Raman spectroscopy analysis of adhesive interfaces 

Representative Raman spectra and mapping images were processed at the cross-

section interface for all groups. Adhesive polymers infiltrated properly into dentin, however 

β-TCP nanoparticles agglomerated, forming clusters (Figure 4). For SB-CT group, the resin 

tags and hybrid layer were homogeneously formed (Figure 4). SB-βTCP clusters could not 

penetrate into demineralized dentin, and they were confined in the adhesive layer (Figure 4B 

and 4C). Some small clusters could be observed at the top of the hybrid layer (Figure 4 B and 

4C). Representative Raman spectra of pure materials are presents in Figure 5. All spectra 

were recorded in the region of 700 and 1.900 cm
-1

. The principal Raman active peaks 

associates with each pure material were to mineral composed dentin, 961 cm
−1

 was assigned 

to dentin mineral phosphate; 1070 cm
−1

 was assigned to the mineral carbonate. To the dentin 

collagen matrix features, 1667cm
−1

 and 1245cm
−1

 associated with collagen, amide I and 

amida III, respectivety); to the composed resin BisGMA was assigned the 1609 cm
−1

raman 

peck; to the adhesive monomer were assigned 1113, 1454, 1609,1720 cm
-1

 spectral; and to β-

TCP, at 1326, 1395 cm
−1

. 

 

DISCUSSION 

Considering the results of this work, it was possible to observe bond strength 

durability of dentin-bonded specimens over time, and this were according to Abuna et al 

(2016) [14].  This fact can be explain because remineralization of the exposed collagen in the 

incompletely infiltrated areas in the hybrid layer can effectively improve bonding durability 

[13]. The use of Ca/P-doped adhesives provides durable resin-dentin bonds. This approach 

may represent a suitable bonding strategy for remineralization of intrafibrillar dentin collagen 

within the resin-dentin interface [14]. 
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Tay and Pashley (2009) [24] affirm that polymerized adhesives containing hydrophilic 

resin derivatives are also permeable to calcium and hydroxyl ions, which are necessary to 

remineralize dentin. Mechanical properties of demineralized dentin and/or remineralized 

dentin can also indirectly reflect the degree of demineralization/remineralization [34], but in 

this study this test were not performed. It verified that remineralization or large crystal 

formation within hybrid layers can occur with use of bioactive products like β-tricalcium-

phosphate or other calcium/phosphate materials [35]. Calcium phosphate is a major 

component of biological hard tissues, and variants of it, such as octacalcium phosphate (OCP), 

tri-calcium phosphate (TCP), hydroxyapatite (HAP), dicalcium phosphate dehydrate (DCPD), 

and tetra-calcium phosphate (Te-CP), are commonly used as bone substitute materials. HAP 

has been enthusiastically adopted for its superior bone conductivity and rapid osteoinductivity, 

but its mechanical strength is sufficient to support implant, for example, so it is predominantly 

used as a coating material for titanium surfaces. The β-TCP current commercial preparations 

are too expensive, which has limited its clinical application [36]. 

The β-TCP nanoparticles synthesis was successful in the present study, and it was 

confirmed with characterization tests. It is possible to produce synthetic β-TCP for use in 

Dentistry using alternative techniques with similar results with commercial ones [36]. So, 

according some authors, when nanofillers are added to dental adhesives sometimes they form 

clusters and agglomerated clusters of fillers. The size values of clusters formed are always 

above the dimensions of the spaces existing between the demineralized collagen fibers [37]. 

Filler aggregates may avoid the penetration of the nanoparticles into the collagen network as 

well as to improve the mechanical properties of the hybrid layer [38,39]. In the bonding 

process, the demineralized dentin serves as a screener and prevents from resin penetration in 

underneath dentin by collecting fillers on surface. Cluster formation should be prevented as 

they could act as flaws, which may induce cracks and cause decreases in bond strength [40]. 

In this study, it was tested different particles and however, the two β-TCP had been formed 

clusters, they do not affected the initial bond strength, remaining stable in the long time. 

In the present study, it has been very positive results about microtensile and stability 

when it was incorporated bioactive materials into commercial adhesive system. Moreover, in 

the majority of experimental studies, dentin remineralization required a liquid environment, 

which prevent direct clinical application. Further research will play an important role in 

facilitating dentin remineralization to clinical application [13]. 

 

CONCLUSION 
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β-TCP bioactive nanoparticles could be successful synthesized and could be 

incorporated in a commercial dental adhesive. Bonding interfaces of loaded adhesives with 

dentin were higher bond strength values than control group after 24h and they remained stable 

overtime after one year. Thus, the results presented in this article highlight the need for 

investigations on the long-lasting performance of bioactive nanoparticles incorporated in 

commercial dental adhesives applied on dentin trying to innovate with a more accurate 

clinical method to increase the longevity of adhesive restorations. 
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TABLES 

Table 1 - Materials employed in this study and respective manufactures, batch numbers, basic formulation 

and mode of application. 

Material manufacturer 

batch number 

Basic formulation Mode of application 

Adper
TM

 Single Bond 2 3M 

ESPE, St. Paul, MN, USA. 

N364098BR 

Bis-GMA, HEMA, 

dimethaclylates, ethanol, water, 

photoinitiator system, a 

methaclylate functional copolymer 

of polyacrylic, polyitaconic acids 

Etch dentin for 15 s and rinse for 30 s. 

Blot excess water using a cotton pellet 

or mini-sponge, without air drying, 

leaving a shiny surface. Apply 2-3 

consecutive coats of adhesive for 20 s 

with gentle agitation and gently air 

thin for 20 s to evaporate solvent. 

Light-cure for 10 s. 

Filtek Z250 XT
TM

 3M 

ESPE, St Paul, MN, USA. 

1229100321 

Bis-GMA, UDMA, TEGDMA, 

silanized ceramics and silica 

Apply the Filtek Z250 restorative in 

increments of less than 2.5 mm. 

Photopolymerize each increment for 

20 s. 

Attaque gel, Biodinâmica, 

Ibiporã, PR, Brazil. 

2016 01 009 13 

Ortho-phosphoric acid 37%; 

methylparaben; blue dye 

(CI52015); thickener and deionized 

water, pH 1.0. 

Apply Attaque gel in the areas to be 

treated. Time of acting is 15 s for 

dentin. Rinse off Attaque gel 

completely for at least 30 s. Dry 

blowing air (oil free). 

Abreviations: Bis-GMA: bis-phenol A diglycidylmethacrylate; HEMA: 2-hydroxyethyl methacrylate; 

UDMA: diurethane dimethacrylate; TEGDMA: triethyleneglycol dimethacrylate 

 

 

 Table 2 - BET data analyses. 
Sample Surface 

area (m
2
/g) 

Medium particle 

diameter (nm) 

β-TCP1 47.80 40 

β-TCP2 83.00 23 

 

 

 Table 3 - Degree of Conversion of dental adhesives  
 SB-CT SB-βTCP1 SB-βTCP2 

 86.91 66.22 80.42 

 50.39 62.98 80.98 

 75.21 72.13 71.90 

 

  

 

Media 70.84 67.11 77.76 

DP 18.65 4.64 5.08 

Abreviations:SB-CT, Adper Single Bond 2, control; SB-β1, β-TCP1 

(40 nm) -loaded adhesive system (SB 30% wt of β-TCP1), and SB-β2, 

β-TCP2 (23 nm)-loaded adhesive system (SB 30% wt of β-TCP2). 

 

 

Table 4: Bond strength results (MPa±SD) from all groups measured after different storage 

periods 

 SB-CT SB-B1 SB-B2 

24 hours 29.81±8.14 Aa 35.10±11.86 Ab 39.59±11.21 Ab 

1 year 25.29±11.24 Ba 34.90±12.89 Ab 39.75±9.79 Ab 

Matching capital letters refer to equality in the same column; matching lowercase letters 

refer to equality in the same row (Scheffe test, p<0.05). 
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Figure 1 – a) X-ray diffraction, b) FTIR  and c) morphological analysis by MEV of β-TCP nanoparticles sintered at 1200 °C.
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Figure 2 - The 24 h SEM images of all three groups showed representative mixed failures; 2A1-2) SB-CT, 

adhesive failure at the top of HL was observed; 2B1-2) The portions on fractured surface of SB-β1; and 

2B1-2) SB-β2  where dentin was exposed, it was suggested that particles of β-TCP could be detected 

(arrows Figures B2 and C2). 

 

 
 

Figure 3 - After 1 year, failure was mostly mixed, however it could be observed an increase of fractured 

exposed dentin at different levels, including sound dentin (Figures 3A1-2). Wide area of SB-β1 fractured 

surface was covered with resin material, indicating protection of the adhesive interface (Figures 3B1-2). 

There was a suggestion of β-TCP particles on small portions of exposed at SB-β2 fractured surface 

(Figure C1 and arrows Figure C2).
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Figure 4 - Representative Raman spectra and mapping images were processed at the cross-section interface for all groups; 4A) SB-CT control 

group. For SB-CT group, the resin tags and hybrid layer were homogeneously formed; 4B) SB-β1 group. SB-βTCP clusters could not penetrate 

into demineralized dentin, and they were confined in the adhesive layer. In all groups, adhesive polymers infiltrated properly into dentin, 

however β-TCP nanoparticles agglomerated, forming clusters (red); 4C) SB-β2 group. Some small clusters could be observed at the top of the 

hybrid layer (red). 
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Figure 5 - Representative Raman spectra of pure materials are shown. All spectra were recorded in 

the region of 700 and 1.900 cm
-1

. The principal Raman active peaks associates with each pure 

material were to mineral composed dentin, 961 cm
−1

 was assigned to dentin mineral phosphate; to 

the composed resin BisGMA was assigned the 1609 cm
−1

raman peak; to the adhesive monomer 

were assigned 1113, 1454, 1609,1720 cm
-1

 spectral; and to β-TCP, at 1326, 1395 cm
−1

. 

961 cm
−1

  

1454 cm
−1

 

1326 cm
−1
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ABSTRACT 

The aim of this study was to reveal structural and chemical profile of the adhesive 

interface using total-etch adhesive solutions loaded with functional (diacetate 

chlorhexidine – DA) and bioactive (tricalcium phosphate - β-TCP) particles, and to 

evaluate the bond strength of adhesive to sound dentin overtime (one year). Physical 

properties including microtensile bond strength, SEM, and micro-Raman spectral 

analysis were measured. Fifteen extracted, caries-free, human third molars had their 

dentin surfaces exposed. They were randomly divided into three groups (n=5). In SB-

CT was applied pure adhesive system Adper Single Bond 2 (SB); SB-DA was applied 

DA-loaded SB, and SB-βTCP was applied loaded SB. All exposed dentin surfaces were 

prepared for the adhesive procedure, restored and stored in distilled water for 24 h at 

37°C. Stick specimens with cross-section dentin of 1.0 mm² were evaluated for 

microtensile bond strength after 24 h and 1 year. Three representative specimens of each 

group were prepared for SEM and micro-Raman spectroscopy analysis. The micro-

Raman and SEM results indicated that adhesive system compounds diffuse differently 

into hybrid layer. For SB, the resin tags and hybrid layer were homogeneously formed. 

In the SB-DA group, chlorhexidine particles were concentrated on top of hybrid layer 

and spread on the adhesive. At SB-βTCP interface, particles could not penetrate into 

hybrid layer, and they were all accumulated in the adhesive layer. As bond strength after 

One-Way ANOVA and Scheffe post hoc test for 24 h and one year results, there were 

statistically significant difference for mean bond strength (p<0.05). The bond strength 

of control group (SB) was significantly lower than those of SB-DA (p<0.05) and of SB-

βTCP (p<0.05), and there were no differences between bond strength of SB-DA and 

SB-βTCP groups (p=0.580) for all times. Thus, the use of adhesives loaded with 

functional and bioactive particles is a promising material to obtain stability and 

longevity of adhesive of restorations interfaces. 

 

Key Words: chlorhexidine, dental adhesive, dentin bonding, interface, micro-Raman 

spectroscopy  
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INTRODUCTION 

Longevity of adhesive restorations relies, among other factors, on quality of 

hybrid layer and on collagen matrix integrity
1-4 

at the adhesive interface. To increase 

restorations longevity, it is essential to understand the behavior of dentin, adhesives and 

restorative materials at the interface.
5-8

 Functional and bioactive agents act protecting 

exposed collagen fibers against bacterial contamination residues. They also 

remineralizing caries affected or acid-demineralized dentin, and also inhibiting 

endogenous matrix metalloproteinases (MMPs), cysteines and cathepsins activation.
1,9-

17
 The incorporation of bioactive particles, such as antimicrobials and potentially 

remineralizing agents, to adhesives has been a common attempt to obtain better quality 

and stability of restorations interfaces.
18-20

  

Chlorhexidine (CHX) and beta-tricalcium phosphate (β-TCP) are, respectively, 

antibacterial/functional and remineralizing agents. They can be incorporated in 

adhesives, fissure sealants and glass ionomers cements 
1,11,15,16,21-22,24

 or applied as 

treatment before adhesive application. 
23,25 

CHX could also present an important role in 

preservation of resin-dentin bonds by inhibiting the collagenolytic activity of host-

derived enzymes.
1,14,16,21,24,26  

The β-TCP is a synthetic calcium orthophosphates, β-Ca3(PO4)2.,
22,27,28

 precursor 

to hydroxyapatite formation.
6,22 

β-TCP is capable of improving tooth remineralization 

process due to its ability to increase calcium and phosphate concentration
19,22 

in hybrid 

layer.
29

 

For this reason, it has been currently tested in several clinical applications in 

Dentistry.
19,22,30-32 

However, the physicochemical interaction between adhesive loaded 

with functional (CHX) and bioactive (β-TCP) particles with acid etched sound dentin is 

not clear yet. 

Thus, this study aimed to reveal structural and chemical profile of the adhesive 

interface using total-etch adhesive solutions loaded with functional (diacetate 

chlorhexidine - DA) or bioactive (β-TCP) particles and to evaluate the bond strength of 

adhesive to sound dentin. 

 

MATERIAL AND METHODS 

The materials used in this study are described in Table 1. Beta-tricalcium 

phosphate (β-TCP) particles were synthesized.
33
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An etch-and-rise adhesive system, Adper
TM

 Single Bond 2 (SB) (3M ESPE, St. 

Paul, MN, USA) was used. Adhesive solutions of 2 wt% chlorhexidine diacetate (SB-

DA) and 30 wt% β-TCP (40 nm) (SB-βTCP). To get complete dispersion of particles, 

DA and β-TCP, the adhesive mixture was shaken during 1 min in a tube agitator in 

darkness (Vortex Phoenix, Ref. 12446, Phoenix Ind. E Com. De Equips Científicos 

Ltda, Araraquara, São Paulo, Brazil). Descriptions of chemicals and adhesive employed 

are provided in Table 1. 

 

Tooth Specimen Preparation  

Fifteen extracted, caries-free, human third molars were obtained with informed 

consent, under a protocol approved by the Human Research Ethics Committee of the 

Institution. Teeth were properly cleaned with periodontal scoop and were stored in 0.1% 

(w/v) thymol solution at 4°C and used within one week after extraction. For each tooth, 

the coronal portion was removed to expose a flat, mid-coronal dentin surface using a 

low-speed diamond saw
34

 (IsoMet
TM

 Low Speed Saw, Buehler, Lake Bluff, IL, USA) 

under water-cooling. Dentin surfaces were exposed and ground using 600-grit silicon 

carbide abrasive paper under water cooling for 60 s to obtain a standardized smear 

layer.
1,34

  

Dentin surfaces were acid-etched with 37% phosphoric acid (pH 1.0) for 15 s, 

rinsed with copious water for 30 s and two layers adhesives were applied under 

agitation for 20 s as follow: (1) SB; (2) SB-DA; (3) SB-βTCP. The adhesive solvent 

was evaporated using a gentle air spray for 5 s. Adhesives were light-cured for 10 s. 

Five resin composite restorations (Filtek Z250 XT™, 3M ESPE, St Paul, MN, USA) 

were built up using increments of, approximately, 1 mm thick in all of teeth. Each 

composite increment was light activated for 40 s. All adhesives and composite 

increments were curing using a blue LED light source (Elipar
TM 

FreeLight 2, 3M ESPE, 

Neuss, Germany), and light intensity output was maintained at a minimum of 600 

mW/cm
2
. After restorative procedure, all teeth were stored in distilled water for 24 h at 

37°C. 

 

Microtensile bond strength evaluation 

After storage, bonded teeth were longitudinally sectioned across the bonded 

interface (“x” and “y” directions) using a low-speed diamond saw (IsoMet
TM

 Low 
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Speed Saw, Buehler, Lake Bluff, IL, USA) under water lubrication to obtain bonded 

sticks specimens with a cross-sectional area of approximately 1.0 mm². The exact 

dimensions of the adhesive interfaces of sticks were measured using a digital caliper 

(Mitutoyo Absolute, Mitutoyo Sul Americana Ltda, São Paulo, SP, Brazil). Five teeth 

from each group were evaluated after 24 h
20

 and 1 year. Specimens were attached to the 

universal test machine (Instron 3345, Instron Inc., Canton, MA, EUA) with 

cyanoacrylate glue and were subjected to a tensile load at 0.5 mm/min until failure. 

Bond strength values were calculated in megapascals (MPa). Fracture modes of each 

specimen were determined using a stereomicroscope (Leica Microsystems, Wetzlar, 

Deutschland, Germany), at 60X magnification. Fracture modes were classified as 

cohesive in dentin (CD) when they were located exclusively within dentin, cohesive in 

resin (CR) when they were located exclusively within resin, adhesive (A) when failure 

occurred at the dentin/adhesive interface, or mixed (M) when modes of failure occurred 

simultaneously. Each type of failure mode was expressed as a percentage of the total 

number of specimens in that group. Representative specimens of each group were 

prepared for SEM analysis (INSPECT S50, FEI, Brno, Czech Republic).  

 

Micro-Raman spectroscopy analysis of adhesive interfaces 

One bonded dentin slab from prepared teeth of all three groups (SB; SB-DA; 

SB-βTCP) (24 h storage time) was separated to micro-Raman analysis. Slabs surfaces 

were not polished because remaining debris could contaminate specimens. Bonded 

tooth sections were cleaned in distilled deionized water in an ultrasonic bath for at least 

5 min at ambient temperature before Raman spectroscopy analysis. Micro-Raman 

spectral analysis were performed to evaluate the penetration of the adhesive monomers 

and/or DA and β-TCP particles into demineralized dentin.  

Raman spectroscopy was carried out using a Horiba Jobin Yvon LabRam HR 

800 spectrometer (Horiba Jobin Yvon, Kyoto, Japan) with a 785 nm diode laser at 100 

mW and focused through a 100X nir Leica lens (Leica Microsystems) in ScanLab 

scanning mode to a beam diameter of 1 μm. Raman spectra were acquired across the 

adhesive/dentin interface at 1 μm intervals through 100 x 200 µm area scan 

perpendicular to the adhesive interface of each tooth were carefully selected. The 

spectral resolution was 8.00 cm
-1

. For each specimen, around 6000 spectra were 

recorded. Hybrid layer measurements were obtained with exposure time of 20 s with 
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two accumulations and DuoScan mode. The micro-Raman spectra of sound dentin slabs 

and pure materials were recorded mainly to find a micro-Raman signal from the 

materials and tissues, which must be distinguishable from other specimens’ 

components. Spectra were obtained at room temperature and during the time between 

scanning procedures, the samples were stored in physiological solution with a relative 

humidity of 100%. Spectral information was obtained between the wavenumbers of 900 

and 1700 cm
-1

. Mapping images were also obtained. The characteristics of the spectra 

collected, such as the integrated intensity of a particular spectral band, were examined 

with a mapping LabScan tool. All the measurement steps, including image processing, 

image analysis and area measuring were performed using the software LabRaman
TM

 

(NIH, Bethesda, USA). For each specimen, the compounds of the area of interest 

(hybrid layer) were identified and visually evaluated. 

 

Statistical Analysis 

Normal distribution of data and homogeneity of variances were evaluated using 

the Kolmogorov-Smirnov and Levene tests. Difference between mean bond strength 

values was verified by One-Way ANOVA and Scheffe post hoc test (α=0.05). 

 

RESULTS 

 

Microtensile Bond Strength 

There was statistically significant difference for mean bond strength (p<0.05). 

The bond strength of control group (SB) was significantly lower than those of SB-DA 

(p<0.05) and of βTCP-SB (0.002) (Table 2). Bond strength of SB-DA and βTCP-SB 

were no statistical differences (p=0.143). Most failure was classified as mixed. SEM 

images of fractured surfaces are shown in Figures 1, 2 and 3. 

 

Degree of Conversion (DC) of dental adhesives 

One-Way ANOVA did not detect statistically significant difference between DC 

of all adhesive systems (p=0.52, Table 3). Data from degree of conversion are presented 

in Table 3. 

 

Micro-Raman analysis 
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Representative Raman spectra and mapping images were processed for adhesive 

interfaces. Figure 4 shows micro-Raman spectra of sound dentin, adhesive and bioactive 

particles profiles, and they were used as spectra control. In Figure 4, the most intense 

peak at 961 cm
−1

 (v1 symmetric stretch, PO4
3-

) is assigned to dentin mineral phosphate. 

The peak at 1070 cm
−1

 (v1 symmetric stretch, CO3
2-

) is assigned to the mineral 

carbonate and the dentin collagen matrix features are present at 1667cm
−1

 (amide I, 

associated with collagen) and 1245cm
−1

(amide III, associated with collagen). The 

Raman spectrum of the sample shows stretching vibrations on the band ratio of 1609 

cm
−1

 (phenyl C=C), associated with BisGMA). The band ratio is calculated by the 

spectral subtraction technique at 1113, 1454, 1609,1720 cm
-1

, which were assigned to 

the adhesive monomer; at 1326, 1395 cm
-1

 that referred to the β-TCP; and 1172, 1296, 

1600 cm
-1

 that corresponded to the diacetate chlorhexidine. 

According to micro-Raman mapping analysis, bioactive particles in the adhesive 

layer were identified when they were present. It was clear that adhesive system 

compounds diffuse differently into hybrid layer between experimental groups (Figures 

5A, B and C). For SB-CT, resin tags and hybrid layer were homogeneously formed 

(Figure 5A). In the micro-Raman of SB-DA interface image, chlorhexidine particles 

were concentrated on top of hybrid layer and spread on the adhesive (Figure 5B). On the 

other hand, at SB-βTCP interface, particles could not penetrate into hybrid layer, and 

they were all accumulated in the adhesive layer (Figure 5C). In all grups, adhesive 

polymers or monomers infiltrated properly into dentin, however βTCP nanoparticles 

agglomerated, forming clusters. 

 

DISCUSSION 

In adhesive Dentistry, partial or complete demineralization is a prerequisite for 

successful bonding with contemporary adhesives. Attaining and maintaining a strong 

and durable dentin-resin bond are the two important goals to be achieved.
24

 Longevity 

of restorations in dentin depends on the quality of hybrid layer and the collagen matrix 

integrity.
1-4

 Incorporation of functional and bioactive materials could have preservation 

and remineralization effect
18-20

, but could have negative influence on the adhesive bond. 

However, in the present study, microtensile bond strength results indicated that DA and 

βTCP were better than control group, and this is a positive data for successful adhesive 

procedures. 
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Though microtensile bond strength values were no different between DA and 

βTCP group in 24h and one year, there are different behaviors of these two materials 

into hybrid layer (HL), according to micro-Raman images and analysis. 

SB-DA group results suggested that chlorhexidine particles could not diffuse 

through the total depth of adhesive layer, but could partially diffuse into HL. This 

finding could indicate that DA particles might act protecting exposed collagen fibers 

against bacterial contamination residues or inhibiting the activation of endogenous 

matrix metalloproteinases (MMPs).
24,35 

These MMPs are proteolytic enzymes, which 

are activated from inactive preforms by acidic conditions. The acid etching and bacterial 

acid production at the tooth/restoration interface may activate them.
4,35

 In this study, the 

presence of DA in hybrid layer could be enough to inhibit the endogenous matrix 

metalloproteinases (MMPs) activation through diffusion into adhesive layer over time. 

About β-TCP, results from this study suggested that β-TCP particles were 

agglomerated in some regions of adhesive layer and they could not be carried into 

dentin tubules. Nevertheless, these agglomeration zones could function as a reserve of 

calcium ions inside the hybrid layer and could prevent unprotected demineralized dentin 

from enzyme degradation and the adhesive interface from cariogenic challenge. Their 

presence in this study did not show negative results about bond strength, and this was 

according to other previous studies with use of βTCP and adhesion.
19,30

  

Then, the β-TCP could maintain a strong and durable adhesive joint between 

resin-bonded dentin, the quality of hybrid layer and probably it could maintain the 

longevity of strong adhesion in dentin too.
19,30

 The medium particles diameter β-TCP 

used in this study was 40 nm, but clusters were observed in the adhesive layer. The 

formation of β-TCP clusters has probably prevented the penetration of this component 

into the total depth of HL and inside dentin tubules.  

Raman has proved to be a powerful tool in generating direct information about 

the molecules of all samples. Compared to the conventional histological and 

microscopic methods, Raman spectroscopy and cluster analysis result are advantageous 

because they are fast, nondestructive, stain-free, quantitative, and less prone to human 

subjectivity.
36-38

 Using of micro-Raman spectroscopy and microtensile test it was 

possible to evaluate and to affirm that the use of adhesives loaded with bioactive 

particles is a promising material to obtain better quality and stability of adhesive of 

restorations interfaces. 
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It is known that frequently there is a discrepancy between the depths of dentin 

demineralization and adhesive penetration, that results in exposed collagen fibrils at the 

bottom of the HL,
3,39

 which can undergo degradation.
2-4,26 

This occurs due to their 

hydrophilic nature, which allows water sorption
40

 and increases in hybrid layer 

permeability.
41

 Moreover, although the exact mechanism responsible for hybrid layer 

degradation is not completely understood yet, it has been thought that it involves 

extraction of poorly converted resins from the bonded dentin matrix via water-filled 

nanometer-sized voids within hybrid layers, followed by an enzymatic attack of exposed 

collagen fibrils.
42

 Degradation of exposed collagen fibrils at the base of the hybrid layer 

is considered an important obstacle for adhesive bond maintenance.
24

 

A new approach to stop the degradation of dentin-resin interfaces is the use of 

MMP inhibitors.
24,35,43

 Chlorhexidine (CHX) has been used in dental adhesion as an 

inespecific protease inhibitor.
1,12,14,16,21,26,44

 Chlorhexidine was first used in dentin 

bonding as a disinfectant.
44

 Application of CHX has been shown to maintain the hybrid 

layer preservation and to lead to higher aged dentin bond strength in several 

studies.
1,12,14,16,21,23,24,26,44

 However, some researches revealed that the pretreatment with 

chlorhexidine solution deposited debris on the dentin surface and within the tubules of 

etched dentin and this fact could decrease them bond strengths when it was used as a 

dentin disinfectant.
45

 

Another approach is to incorporate the CHX in the dental adhesives.
24,40,46

 This 

approach has shown promising results concerning mechanical properties, depending on 

the concentration of CHX added, as well as the chemical composition of the 

adhesive.
24,40,46 

The results of the present study showed that the direct incorporation of 

this concentration of chlorhexidine diacetate into SB enabled its penetration and 

diffusion with primer/bonding agent to form the hybrid layer (HL). Probably, or one 

possible explanation for the results of the present study, the presence of DA in hybrid 

layer could protect exposed collagen fibers against bacterial contamination residues or 

inhibiting endogenous matrix metalloproteinases (MMPs) activation. 

 

CONCLUSIONS 

Functional and bioactive particles of diacetate chlorhexidine or beta-tricalcium 

phosphate resulted in non-homogeneous distribution into the hybrid layer. β-TCP 

particles were unable to penetrate into dentin tubules. Micro-Raman images suggested 
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that pure adhesive infiltrated better than those incorporated with functional and 

bioactive particles. Bonding interfaces of loaded adhesives with dentin were better than 

control group after 24h and they remained stable overtime after one year. 
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TABLES 

 
Table 1 - Materials employed in this study and respective manufactures, batch numbers, basic 

formulation and mode of application. 

Material manufacturer 

batch number 

Basic formulation Mode of application 

Adper
TM

 Single Bond 2 3M 

ESPE, St. Paul, MN, USA. 

N364098BR 

Bis-GMA, HEMA, 

dimethaclylates, ethanol, water, 

photoinitiator system, a 

methaclylate functional copolymer 

of polyacrylic, polyitaconic acids 

Etch dentin for 15 s and rinse for 

30 s. Blot excess water using a 

cotton pellet or mini-sponge, 

without air drying, leaving a 

shiny surface. Apply 2-3 

consecutive coats of adhesive 

for 20 s with gentle agitation and 

gently air thin for 20 s to 

evaporate solvent. Light-cure for 

10 s. 

Filtek Z250 XT
TM

 3M 

ESPE, St Paul, MN, USA. 

1229100321 

Bis-GMA, UDMA, TEGDMA, 

silanized ceramics and silica 

Apply the Filtek Z250 

restorative in increments of less 

than 2.5 mm. Photopolymerize 

each increment for 20 s. 

Attaque gel, Biodinâmica, 

Ibiporã, PR, Brazil. 

2016 01 009 13 

Ortho-phosphoric acid 37%; 

methylparaben; blue dye 

(CI52015); thickener and deionized 

water, pH 1.0. 

Apply Attaque gel in the areas to 

be treated. Time of acting is 15 s 

for dentin. Rinse off Attaque gel 

completely for at least 30 s. Dry 

blowing air (oil free). 

Abreviations: Bis-GMA: bis-phenol A diglycidylmethacrylate; HEMA: 2-hydroxyethyl methacrylate; 

UDMA: diurethane dimethacrylate; TEGDMA: triethyleneglycol dimethacrylate 

 

 

 
Table 2: Microtensile results (MPa±SD) after 24 h and 1-year storages of tested groups 

 

Time Experimental Groups 

 Single Bond Single Bond+Diacetate 

Chlorhexidine 

Single Bond+ βTCP 

24 h 29.81±8.14 A  

(N=5, n=50) 

38.17±13.43 B 

(N=5, n=37) 

 

39.01±10.71 B 

(N=5, n=40) 

1-Year 26.34±10.11 A  

(N=5, n=48) 

35.99±13.55 B 

(N=5, n=34) 

 

38.98±10.02 B 

(N=5, n=37) 

Different letters mean statistical significant difference (p<0.05). N: number of teeth for group, for time; n: 

number of sticks for group, for time. 

 

 Table 3 - Degree of Conversion of dental adhesives  
 SB SB-DA SB-BTCP 

Media 70.84 78.00 67.11 

SD 18.65 3.07 4.64 

    

Abreviations: SB: Adper Single Bond 2, control; SB-DA: SB- loaded with diacetate chlorhexidine -DA, 

SB-BTCP: SB loaded with β-TCP2 (23 nm) (SB 30% wt of β-TCP2); SD: standard deviation. 
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FIGURES 
            

  
 

Figure 1 - The 24 h SEM images of control group showed representative mixed failures; A) SB-CT, 

showed dentine, adhesive and composite resin; B) The portions on fractured surface of dentin, adhesive 

and composite resin; and C)  Failure at the HL. Resin tags was observed (arrows). 

 

 
 

Figure 2 - The 24 h SEM images of SB-DA group showed mixed failures; A) SB-DA, showed adhesive 

and dentine; B) It was suggested that DA were detected on fractured surface of adhesive (pointers); C)  

Failure at the HL. Resin tags was observed (arrows). 

 

 
 

Figure 3 - The 24 h SEM images of βTCP-SB group showed adhesive failures; A), B) and C) Showed 

adhesive on fractured surface of adhesive. 
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Figure 4 - Representative Raman spectra of pure materials are shown. The principal Raman active peaks associate with each pure material were to mineral 

composed dentin, 961 cm
−1

 was assigned to dentin mineral phosphate; to the adhesive monomer were assigned 1113, 1454, 1609,1720 cm
-1

 spectral; To the 

diacetate chlorhexidine were 1172, 1296, 1600 cm
-1

and to the β-TCP at 1326, 1395 cm
-1

.  
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. 

 
 

Figure 5 - Representative Raman spectra and mapping images were processed at the cross-section interface for all groups; 5A) SB-CT control group. For 

SB-CT group, the resin tags and hybrid layer were homogeneously formed; 5B) SB-DA group. The resin tags and hybrid layer were homogeneously formed 

and there was DA into HL. Chlorhexidine particles were concentrated on top of hybrid layer and spread on the adhesive; 5C) SB-βTCP group. βTCP clusters 

(red) could not penetrate into demineralized dentin, and they were confined in the adhesive layer. 
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ABSTRACT 

Agents based on calcium phosphates have been tested to dental tissues 

remineralization. The objective of this paper was to describe the preparation of three synthetic 

nano-hydroxyapatite (n-HA) and their characterization, in order to determine which was the 

best method to obtain the materials with properties and characteristics similar to commercial 

synthetic hydroxyapatite (control) to be used as remineralizing teeth material in Dentistry. In 

method 1, n-HA was prepared by dissolving 0.2 g of silica (size 10-20 nm) in simulated body 

fluid (SBF) and maintained in agitation, at 37°C, for four weeks. Method 2, using 

Ca(NO3)2.4H2O; (NH4)2HPO4 and NH4OH, n-HA was obtained in ten days at room 

temperature. And, method 3, using H3PO4 solution with suspension of Ca(OH)2, for 72 h. The 

n-HA obtained were characterized by X-ray diffraction, transmission electron microscopy 

(TEM), and energy dispersive X-ray spectroscopy (EDX). After data, it possible to verify that 

the synthesis of n-HA was successful in three different methods tested, according X-ray 

diffraction picks. When compared with the control one, according diffraction, it is possible 

verify that the synthesis for the method one and two shown more similar picks with synthetic 

commercial n-HA. TEM results showed that there were spatial arrangement differences 

between regular spheres of control n-HA and irregular and stick forms of method 1, 2 and 3. 

By EDS, it was possible verify that the ratio Ca/P of the n-HA synthetized (3.70/1.90) was 

slightly larger than the commercial one (3.60/1.80) on three methods. Then, we concluded 

that hydroxyapatite nanoparticles synthesized through this three different methods tested have 

a promise used for dental applications as remineralizing teeth material and the method 2 

dispend less time than first one and they had DRX results more similar than commercial n-

HA. 

 

Keywords: Dentin; hydroxyapatite (HA); nano-hydroxyapatite (n-HA); remineralization. 
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INTRODUCTION 

Over the last years, the decline in dental caries experienced can be attributed to the 

widespread use of fluoride.
1 

However, the fluoride treatment has its limitations. The addition 

of fluoride accelerates the remineralization only in the beginning and in the following stages 

the process levels out and even reaches a plateau.
2
 Thus, full remineralization is unable to 

achieve even with high concentration of fluoride.
3
 It is well accepted that fluoridated water, 

systemic and topic fluoride play a limited role in caries prevention.
4,5

 So, non-fluoride agents, 

like those on calcium phosphates, have been tested to dental tissues remineralization.
6-21

 

Different types of calcium phosphates have been added to several experimental resins 

and adhesives. It is aiming to: (1) allow the release of calcium and phosphate ions at low pH; 

(2) repair enamel or dentin when gaps or microleakages were resulting of adhesive interface 

defects; (3) be able to re-calcify demineralization enamel, enamel white spot, and/or caries-

affected dentin after caries excavation; and, (4) be able to remineralize exposed collagen 

fibrils at the bottom of the hybrid layer, exposed by discrepancy between the depths of dentin 

demineralization and adhesive penetration.
6-22

  

Synthetic hydroxyapatite (HA), Ca5(PO4)3(OH), has some advantages over other 

calcium-phosphates sources. It is highly biocompatible and has high chemical homogeneity 

with sound tooth enamel.
23,24

 On the other hand, it presents lower solubility than other types 

of calcium phosphate compounds.
23

 Therefore, this low solubility limitation of HA can be 

solved by nanotechnology, as well as its low mechanical strength.
25

  

Nano-hydroxyapatite (n-HA) is a biocompatible compound that it has gained wide 

acceptance in Medicine and Dentistry in recent years.
26

 In a few previous studies, nano-sized 

HA (n-HA) has high affinity for tooth enamel and shown repairing effect on incipient 

enamel
27

 and dentin dental caries.
28-32

 The synthetic hydroxyapatite have been used as bone 

substitute when used in orthopedic, dental and maxillofacial applications.
32

 It offer high 

purity,low cost, bioactive, and biocompatible. 
25

 Silica or silicon dioxide (SiO2) is an inert 

material that when it interacts with body fluids with calcium and phosphate compounds it 

improve bioactivity and osteogenic potential of calcio phosphate based materials.
33

 Previous 

investigation affirms that nanoparticles of silica (n-Si) could assist in the organization and cell 

growth.
34

 Some studies has been load TCP with n-Si aiming this same goal
35,36

 and other 

including the improve of mechanicals proprieties.
 37,38

 

Hence, the objective of this paper was to describe the preparation of synthetic n-HA 

by three synthesis methods and their characterization, in order to determine which was the 
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best method to obtain the materials with properties and characteristics similar to commercial 

hydroxyapatite to be used as remineralizing teeth material. 

 

MATERIAL AND METHODS 

 

Synthesis 

Method 1. 

Simulated body fluid (SBF) was prepared by dissolving NaHCO3, KCl, 

K2HPO4
.
3H2O, (JT Baker, reactive grade), CaCl2

.
2H2O (reactive grade; Aldrich), 

MgCl2
.
6H2O, NaCl and Na2SO4 (reactive grade; Merck, Whitehouse Station, NJ) in distilled 

water. The concentrations of these salts are shown in Table 1.
39

  

The SBF (50 mL) was added to 0.2 g of silica (10-20 nm) and maintained in agitation, 

at 37°C, for four weeks. Every week the precipitated of one bother sample was washed with 

distilled water, dried at room temperature and analyzed. This was performed during four 

consecutive weeks. 

 

Method 2 

For the second method, 900 mL of tetrahydrate nitrate calcium, Ca(NO3)2.4H2O, at a 

concentration of 0.333 M, were poured in an erlenmeyer; 1.500 mL of monoacid 

diammonium phosphate (NH4)2HPO4 were added at a concentration of 0.12 M at a rate of 1 

mL/min. After then, 75 mL of NH4OH ammonia was added and the system, keeping at 90°C, 

under stirring for 1 h. The following chemical reaction was obtained:  

10Ca(NO3)2
.
4H2O+6(NH4)2HPO4+8NH4OH          Ca10(PO4)6(OH)2+20NH4NO3+46H20 

The solution was allowed to stand for ten days at room temperature. The precipitate 

obtained was washed several times with distilled water. After then, it was dried at 250°C, for 

1 h and then, it was calcinated at 1000°C for 3 h.
25

 

 

Method 3. 

Solution of 400 mL of H3PO4 at 0.6M were mixed with 400 mL suspension of calcium 

hydroxide, Ca(OH)2, at 1.0M, at a rate of 5 mL/min. The reaction obtained was as follows: 

10Ca(OH)2+6H3PO4               Ca10(PO4)6(OH)2+18H20 

The pH of the mixture was adjusted between 11 and 12; this was subjected to heating 

for 1 h at 90°C, to activate the chemical reaction; then it was stirred for another hour. After 

this, the solution was leave at room temperature for 72 h, at rest. At the end of the aging time, 
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the n-HA precipitated was washed with distilled water to the neutral pH. n-HA powder was 

calcinated at 1000°C for 3 h.
25

 

 

Characterization techniques  

The samples of n-HA particles have been characterized by means of different analytic 

techniques. Thus, X-ray diffraction (DRX) were collected using the Cu Kα line in the range 

2θ = 0.5-5.0° with a step size of 0.2°. The samples were evaluated by transmission electron 

microscopy (TEM) and energy dispersive X-ray spectroscopy (EDS).  

 

RESULTS AND DISCUSSION 

 

The synthesis of n-HA was successful in three different methods tested in this study. It 

is verified with DRX data that although all three methods can synthetize n-HA. X-ray 

diffraction showed that there were no differences between commercial n-HA (control) and the 

n-HA synthetized in the method one and two (Figures 1a-c). Method three showed that there 

was slight differences between some regions of DRX picks control and n-HA synthetized for 

this method (Figures 1b). This could be observed because there were different peaks at X-ray 

diffractgram results to this method that they were absented in DRX control (Figure 1b-c).  

According to the results of this study, when compared the commercial control n-HA, 

TEM results showed that there were spatial arrangement differences between regular spheres 

of control n-HA (Figure 2) and irregular and sticks forms of n-HA synthetized for methods 

(Figure 3). The synthetized ones presents larger surface area and irregular spatial arrangement 

and probably largest reactivity (Figure 2). Including this irregular spatial arrangement is more 

like it than enamel natural human prisms, and it could be a vantage for their experimental and 

clinical application (Figure 3)
25

 affirm that there are routes of synthesis of n-HA precipitation 

which give better results, compared to the commercial standard sample
25

 and it was confirmed 

with present data. 

Furthermore, by EDS analysis, it was possible to verify that the ratio Ca/P of the n-HA 

synthetized (Figure 4) was slightly higher than the commercial one (Figure 5). This way, it 

could increase the pattern release of calcium and phosphate ions at low pH, like occur when 

there is a cariogenic challenge.
6-21

. In some studies, n-HA particles were expected to release 

more calcium and phosphate ions than conventional microparticles.
 40,41

 In this study, the 

presence of higher ratio Ca/P of the n-HA synthetized than the commercial one could be 

another positive result about ratio expected to release calcium and phosphate ions at low pH. 
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According to the results of this study it could be better to use synthesize the n-HA than to use 

the n-HA commercial available. This could be confirmed with TEM and EDS analysis 

performed. 

So, the n-HA has been synthesized by different methods, but the ideal method will be 

the method that could be a successful syntheses in short time. In this study, the method 1 was 

performed in 4 weeks, the method 2 dispended 10 days and the last one, 72 hours. The 

methods that dispend more time were ones that showed the better DRX results, more similar 

with control group. With these data, it is not possible know if this difference bring negative 

results about materials proprieties and this point must be evaluated in future studies. It is 

known that nanoparticles have distinct properties with regard to their nanometer scale, like 

mechanical properties and solubility, for example
42

 and that the remineralization effect of n-

HA was statistically superior to amine fluoride.
29

 But the mechanical strength of n-HA 

depends on grain size, distribution, porosity and other microstructural defects
43,44

 and this 

variables did not analyzed in this study. Another interesting point to be test is if the 

nanoparticles of silica (n-Si) could improve the mechanical proprieties of method one n-HA. 

It is important known if this n-HA is better than others when it incorporated in some dental 

restorative or bone substitute materials because the silica presence in their composition.
34-38

 

Then, more future studies in vitro analysis are necessary to clear these questions and test the 

viability to use of them in clinical practice dentistry. 

 

CONCLUSION 

 

It is possible to conclude that hydroxyapatite nanoparticles were successfully 

synthesized by the three different methods tested. Particles of methods one and two were 

more similar than control one. Moreover, all of synthesized n-HA could be used for dental 

applications as promisor remineralizing teeth material. 
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TABLES 

Table 1 - Concentrations of different salts used to prepare SBF 

Reative mmol/L mg/L 

NaCl  136.80   7994.59  

NaHCO3  4.20   352.84  

KCl  3.00   223.65  

K2HPO4  1.00   174.18  

MgCl2
.
2H20  1.50   304.95  

CaCl2
.
2H2O  2.50   367.50  

Na2SO4  0.50   71.02  

Abreviations: SBF - Simulated body fluid. 
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FIGURES 

 

 

 

 

 

 

 

     
 

 

 

 

 

 

 

 

 

 

 

Figure 1 - DRX data shown that all three methods can synthetize n-HA. a) X-ray diffraction of method 1; b) X-ray diffraction of method 2; c) X-ray diffraction 

of method 3; d) X-ray diffraction of commercial n-HA (control). X-ray diffraction showed that there were no differences between commercial n-HA (control) 

and the n-HA synthetized in the method one and two (Figures 1a-b). Method three showed that there was slight differences between some regions of DRX picks 

control and n-HA synthetized for this method (Figures 1c-d). 
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   Figure 2 - TEM results showed particles of commercial n-HA (control) in different increments. TEM results showed spatial arrangement with regular   

spheres in control n-HA.  
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Figure 3 - TEM results showed n-HA synthetized for methods one, two and three. TEM results showed that there were spatial arrangement 

irregular and sticks forms of n-HA synthetized for method one (3a-3d), method two (3e-3h) and method three (3i-3m). The synthetized ones 

presents larger surface area and irregular spatial arrangement and probably largest reactivity.

3a 3b 3c 3d 

3e 3f 3g 3h 

3m 3l 3i 3j 
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      Figure 4 - EDS analysis, it was possible verify the Ca/P ratio of the synthetized n-HA in method one (a) and three (b). 
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   Figure 5 - EDS analysis, it was possible verify that the ratio Ca/P of the commercial n-HA. 
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4 CONCLUSÃO GERAL 

 

Diante dos resultados obtidos no presente estudo e considerando as condições 

experimentais empregadas, pode concluir que: 

1. Nanopartículas bioativas de β-TCP podem ser sintetizadas com sucesso, bem 

como incorporadas a sistemas adesivos comerciais de dois passos. A resistência 

de união à dentina dos adesivos incorporados foi melhor do que a apresentada 

pelos espécimes do grupo controle após 24h e se manteve estável após um ano de 

envelhecimento; 

2. Partículas bioativas de diacetato de clorexidina e de beta fosfato tricálcico 

incorporados ao sistema adesivo de dois passos apresentam distribuição distinta e 

não homogênea no interior da camada híbrida. As partículas de DA são carreadas 

com o sistema adesivo para o interior dos túbulos dentinário e as de β-TCP não 

são capazes de penetrar no interior dos túbulos, apresentando tendência a formar 

clasters. Valores de resistência união confirmam a viabilidade da incorporação 

tanto de β-TCP, quanto de DA a sistemas adesivos de dois passos, inclusive dando 

indícios de seu efeito positivo sobre a preservação e longevidade das restaurações 

após 12 meses; 

3. Nanopartículas de hidroxiapatita puderam ser sintetizadas pelos três métodos 

avaliados. Os dois primeiros originaram partículas mais parecidas à 

nonahidroxiapatita comercial, utilizada como controle para comparações; 

 

Portanto, conclui-se que os diferentes meios alternativos de preservação e proteção da 

interface adesivo / dentina são viáveis, pois além de não prejudicarem as propriedades físicas 

dos sistemas adesivos estudados, podem também proporcionar benefícios às interfaces de 

união, podendo mantê-las mais estáveis ao longo do tempo. Além disso, partículas de n-HA 

sintetizada pelos três métodos utilizados podem vir a ser testadas como futuras partículas 

bioativas em benefício à longevidade das restaurações adesivas. 

 

Assim, a relevância clínica do presente estudo é apresentar meios alternativos de 

preservação e proteção da interface adesivo / dentina através de modificações dos materiais 

utilizados na prática clínica e já disponíveis comercialmente, testados de forma mais próxima 

à realidade de aplicação clínica odontológica. Os resultados indicam não só a viabilidade da 

incorporação de partículas a sistemas adesivos, mas também o potencial que partículas 
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bioativas a base de cálcio e fosfato têm em estabilizar e preservar a integridade das 

restaurações adesivas ao longo do tempo. Outros estudos devem ser realizados para avaliar o 

desempenho das restaurações adesivas com β-TCP e DA com um maior acompanhamento de 

tempo, bem como quando submetidas a desafios cariogênicos, com redução de pH e em 

dentina afetada por cárie, para se testar o potencial remineralizador de tal material. Assim, os 

resultados e conclusões do presente trabalho apontam uma longa e promissora linha de 

pesquisa sobre a viabilidade de meios alternativos de preservação e proteção da interface 

adesivo / dentina com a manipulação e aprimoramento de materiais restauradores.  
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ANEXO A – APRECIAÇÃO DO COMITÊ DE ÉTICA EM PESQUISA 
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ANEXO B – MANUAL DE NORMALIZAÇÃO PARA DEFESA DE 

DISSERTAÇÃO DE MESTRADO E TESE DE DOUTORADO NO FORMATO 

ALTERNATIVO DO PROGRAMA DE PÓS-GRADUAÇÃO EM 

ODONTOLOGIA UNIVERSIDADE FEDERAL DO CEARÁ 

 

ESTRUTURA DO TRABALHO 

 

As teses e dissertações apresentadas ao Programa de Pós-Graduação em Odontologia 

da Universidade Federal do Ceará poderão ser produzidas em formato alternativo ou 

tradicional de acordo com o artigo 46 do Regimento Interno do Programa de Pós-Graduação 

em Odontologia da Universidade Federal do Ceará. O formato alternativo estabelece, a 

critério do orientador e com a aprovação da Coordenação do Programa, que os capítulos e os 

apêndices poderão conter cópias de artigos de autoria ou coautoria do candidato, publicados 

ou ainda não submetidos para publicação em periódicos científicos, escritos no idioma 

exigido pelo veículo de divulgação.  

§1º - O orientador e o candidato deverão verificar junto às editoras a possibilidade de 

inclusão dos artigos na dissertação ou tese, em atendimento à legislação que rege o direito 

autoral, obtendo, se necessária, a competente autorização, devendo assinar declaração de que 

não estão infringindo o direito autoral transferido à editora. 

Os formatos padrão e alternativo das dissertações de mestrado e teses e doutorado da 

UFC deverão obrigatoriamente conter: 

a) capa – cobertura externa de material flexível ou rígido que oferece melhor proteção 

ao trabalho. Usa-se a cor preta para dissertações e teses com os caracteres dourados. Nela 

devem constar, na seguinte ordem: 

- nome da instituição, seguido do centro ou faculdade, departamento e curso, todos 

centralizados a partir da primeira linha do texto, em letras maiúsculas; 

- nome do autor, centralizado e colocado após o cabeçalho inicial, em letras 

maiúsculas; 

- título em letras maiúsculas e centralizado, colocado após o nome do autor; 

- subtítulo (se houver) em letras maiúsculas, separado por dois pontos do título; 

- número de volumes (se houver) centralizado e colocado logo após o título ou o 

subtítulo; 

- local (cidade) da instituição onde vai ser apresentado o trabalho, em letras 

maiúsculas, na margem inferior e centralizado na penúltima linha; 
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- ano de entrega, seguindo o local, na margem inferior e centralizado na última linha. 

b) lombada (opcional) - de acordo com a NBR 12225/1992, é a parte da publicação 

que reúne as margens internas ou dobras das folhas, sejam elas costuradas, grampeadas, 

coladas ou mantidas juntas de outra maneira: 

- último sobrenome do autor e título do trabalho escrito longitudinalmente e legível do 

alto para o pé da lombada. Dessa forma, possibilita a leitura quando a publicação estiver no 

sentido horizontal, com a face voltada para cima; 

- ano de publicação colocado logo após o título; 

- quando necessário, identifica-se com outros elementos alfanuméricos, por exemplo: v. 

2. 

c) folha de rosto (obrigatório) – contém elementos essenciais que identificam o 

trabalho: 

O anverso da folha de rosto deve conter, na seguinte ordem: 

- nome do autor, responsável intelectual do trabalho, centralizado na primeira linha do 

texto, em letras maiúsculas; 

- título principal do trabalho em letras maiúsculas e centralizado, colocado após o 

nome do autor; 

- subtítulo (se houver) em letras maiúsculas, separado por dois pontos do título; 

- número de volumes (se houver mais de um, deve constar em cada folha de rosto) 

centralizado e colocado logo após o título ou o subtítulo acompanhado da respectiva 

especificação; 

- nota explicativa contendo a natureza e objetivo do trabalho, nome da instituição e 

área de concentração, transcrita em espaço simples e em letras normais, alinhada a partir do 

centro da folha em tipo menor que o usado para o texto; 

- nome do orientador e do coorientador (se houver) iniciando e finalizando nas 

mesmas margens da nota explicativa, distante desta por uma linha em branco; 

- local (cidade) da instituição onde será apresentado o trabalho, em letras maiúsculas e 

centralizado na penúltima linha; 

- ano de entrega, seguindo o local, na margem inferior e centralizado na última linha. 

O verso da folha de rosto deve conter: 

- ficha catalográfica no tamanho 7,5 cm x 12,5 cm, elaborada de acordo com o Código 

de Catalogação Anglo-Americano vigente e localizada na parte inferior da folha. A ficha deve 

ser feita pelo (a) bibliotecário (a) da biblioteca que serve ao curso em questão. 

d) errata (de acordo com a necessidade) – constituída pela referência do trabalho e 
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pelo texto da errata. Pode ser apresentada em papel avulso ou encartado acrescido ao trabalho 

depois da impressão do mesmo. Deve ser inserida após a folha de rosto. 

Página 6 de 21 

e) folha de aprovação (obrigatório para teses e dissertações) – colocada em folha 

distinta logo após a folha de rosto, contém: 

- autor, centralizado na primeira linha do texto, em letras maiúsculas; 

- título por extenso e subtítulo (se houver), centralizados e em letras maiúsculas, 

colocados logo após o autor; 

- o subtítulo deve ser separado do título por dois pontos; 

- nota explicativa contendo a natureza e objetivo do trabalho, nome e área de 

concentração, transcrita em espaço simples e em letras normais, alinhada a partir do centro da 

folha em tipo menor que o usado para o texto; 

- data de aprovação, colocada logo após a nota; 

- nome, titulação e assinatura dos componentes da banca examinadora e instituição a 

que pertencem, ocupando a metade inferior da folha. Os trabalhos defendidos em formato 

alternativo têm como exigência mínima: 

rtigo submetido para publicação 

em revista científica com classificação Qualis A Nacional ou superior; 

 

revista científica com classificação Qualis C Internacional ou superior. 

Obs.: A lista Qualis válida é a mais recente disponível no site da CAPES 

http://qualis.capes.gov.br/webqualis/ConsultaListaCompletaPeriodicos. 

 

Em formato alternativo: 

Capa 

Folha de rosto (primeira folha interna) 

Ficha catalográfica (verso da folha de rosto) 

Folha de aprovação 

Dedicatória (Opcional) 

Agradecimentos (Opcional) 

Epígrafe (Opcional) 

Resumo 

Abstract 

Lista de Abreviaturas e Siglas (Opcional) 
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Sumário 

1. Introdução Geral 

2. Proposição 

3. Capítulos 

4. Conclusão Geral 

Referências 

Bibliografia (Opcional) 

Glossário (Opcional) 

Apêndice (Opcional) 

Anexo (Opcional) 

 

RESUMO  

O Resumo é a síntese dos pontos relevantes do documento, em linguagem clara, 

concisa e direta. Ele transmite informações e fornece elementos para decidir sobre a consulta 

do texto completo. Seis itens são essenciais para a elaboração de um resumo: a) situar o 

trabalho; b) expor os objetivos; c) descrever a metodologia utilizada; d) expor a própria 

experiência; e) apresentar os resultados obtidos; f) conclusão. Usar, de preferência, a terceira 

pessoa do singular e empregar o verbo na voz ativa. Localizado em folha separada, limita-se a 

um parágrafo. Deve conter no mínimo 250 e no máximo 500 palavras. Logo abaixo do 

resumo, indicam-se as palavras-chave. Deve obrigatoriamente estar relacionado a todos os 

capítulos do trabalho, sejam eles experimentais ou não. 

 

ABSTRACT  

É a tradução fiel do resumo para a língua inglesa, dessa forma segue a mesma 

orientação do resumo. Logo abaixo do abstract, devem ser indicadas as key-words. 

SUMÁRIO  

É a indicação do conteúdo do documento, refletindo as principais divisões e seções na 

mesma ordem e grafia em que se apresentam no texto. O sumário deve oferecer ao leitor uma 

visão global do estudo realizado, e deve: 

• Ser localizado após todos os elementos pré-textuais, e não devem constar no sumário. 

• Ser transcrito em folha distinta, com o título centrado. 

• O título do capítulo ou seção deve aparecer no sumário com o mesmo tipo de letra 

utilizado no texto. 

• Cada parte é seguida pelo número da página em que se inicia. 
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• Usa-se o termo "sumário" (e. não a palavra índice ou lista) para designar esta parte. 

1 INTRODUÇÃO GERAL 

Parte inicial do texto, a introdução apresenta a formulação clara e simples do tema 

investigado; deve constar a delimitação do assunto tratado, sua justificativa, objetivos da 

pesquisa, rápida referência a trabalhos anteriormente realizados e outros elementos 

necessários para situar o tema do trabalho. A introdução, como primeira seção do texto, 

receberá o indicativo 1 (um), não sendo aconselhada a inclusão de figuras e/ou tabelas. 

2. PROPOSIÇÃO  

Trata-se da descrição dos objetivos da investigação – o propósito da pesquisa 

científica. Constitui a segunda parte do texto, recebendo o indicativo 2. Nesta parte será(ão) 

apresentado(s) o(s) objetivo(s) da pesquisa que será(ão) concernente(s) ao(s) capítulo(s) 

apresentado(s) subsequentemente. 

3. CAPÍTULOS  

Deve(m) ser inserida(s) a(s) cópia(s) de artigo(s) de autoria ou coautoria do candidato, 

já publicado(s) em periódicos científicos ou ainda não publicado(s). Cada capítulo deve conter 

sua indicação, seguido do número (em arábico) correspondente. Ex.: Capítulo 1, Capítulo 2, e 

assim sucessivamente, e deverá informar o nome do periódico onde o artigo foi submetido 

para publicação. O idioma e as normas de referências e de escrita devem ser as da revista à 

qual o artigo foi submetido para publicação. 

4. CONCLUSÃO GERAL 

Podendo ser apresentada de forma dissertativa ou de tópicos, a conclusão é a parte 

final do texto na qual se apresenta o fechamento das idéias correspondentes aos objetivos, 

tentando responder às hipóteses formuladas. A conclusão deve ser apresentada de maneira 

lógica, clara e objetiva, fundamentada nos resultados e na discussão. Portanto, não é permitida 

a inclusão de dados novos neste capítulo. Não deve ser uma repetição dos resultados, deve 

constar o que foi resolvido, comprovado, justificado, atingido, dificuldades encontradas, 

mudanças que se fizeram necessárias, novas indagações que surgiram durante o transcorrer do 

trabalho, que contribuições esse trabalho trouxe e sugestões de novas pesquisas. Devem ser 

referentes a todos os capítulos apresentados. 

PÓS-TEXTUAIS 

São elementos complementares que mantêm relação com o texto, mas que, para torná-

los menos densos e não prejudicá-los, costumam vir apresentados após a parte textual. 

REFERÊNCIAS GERAIS 

Consistem numa listagem de todo o material bibliográfico utilizado para a produção da 
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parte geral do trabalho, permitindo a identificação de publicações, no todo ou em parte. Inclui 

apenas referências das citações utilizadas no texto e não indicadas em nota de rodapé. Esta 

lista permite ao leitor comprovar fatos ou ampliar conhecimentos, mediante consulta às fontes 

referenciadas. As comunicações pessoais não fazem parte da lista de referências, sendo 

colocadas apenas em nota de rodapé. É válido ratificar que não devem ser inseridas as 

referências já relacionadas nos trabalhos apresentados nos capítulos, apenas deve conter as 

referências usadas na introdução geral e na discussão geral. As referências nos trabalhos 

apresentados à FFOE/UFC deverão ser baseadas nas normas apresentadas no Guia para 

Normatização de Trabalhos Acadêmicos da Biblioteca Universitária. 

APRESENTAÇÃO GRÁFICA 

Formato 

a) papel branco, formato A4 (210 mm x 297 mm); 

b) digitação em fonte tamanho 12 para o texto (Times New Roman ou Arial); 

c) digitação em fonte tamanho 10 (Times New Roman ou Arial) para citações longas, 

notas de rodapé, paginação, legendas de ilustrações e tabelas; 

d) a digitação é feita no anverso da folha com exceção para a folha de rosto; 

e) opcionalmente pode-se digitar no anverso e no verso da folha dependendo do tipo 

de papel utilizado; 

f) a digitação é feita na cor preta; 

g) o projeto gráfico é de responsabilidade do autor do trabalho. 

Margem 

a) margens esquerda e superior de 3 cm; 

b) direita e inferior de 2 cm; 

c) parágrafo inicial de 2 cm a partir da margem esquerda; 

d) a citação longa é destacada com recuo de 4 cm da margem esquerda. 

Espacejamento 

a) todo o texto deve ser digitado com 1,5 cm de entrelinhas; 

b) as citações longas, as notas, os resumos, as referências, as legendas das ilustrações e 

tabelas, a ficha catalográfica, a natureza do trabalho, o objetivo, o nome da instituição e a área 

de concentração devem ser digitados em espaço simples; 

c) as referências ao final do trabalho devem ser separadas entre si por espaço duplo; 

d) os títulos das seções e subseções devem ser separados do texto que os precede ou os 

sucede por um espaço duplo ou dois espaços simples; 

e) as notas de rodapé devem ser digitadas dentro das margens, separadas do texto por 



 

88 

 

um espaço simples de entrelinhas e por filete de 3 cm, a partir da margem esquerda; 

f) na folha de rosto e na folha de aprovação, a natureza do trabalho, o objetivo, o nome 

da instituição e a área de concentração devem ser alinhados do centro da folha para a margem 

direita. 

Indicativos de seção 

a) indicativo numérico de uma seção antecede seu título, alinhado à esquerda, 

separado por um espaço de caractere; 

b) os títulos sem indicativo numérico, como errata, agradecimentos, resumo, listas de 

ilustrações, listas de abreviaturas e siglas, lista de símbolos, sumário, glossário, apêndices, 

anexos e índices devem ser centralizados conforme a NBR 6024/1989. 

Paginação 

a) todas as folhas do trabalho são contadas a partir da folha de rosto, sequencialmente; 

b) a numeração é colocada a partir da primeira folha da parte textual; 

c) a numeração é em algarismos arábicos, no canto superior direito da folha a 2 

cm da borda superior, ficando o último algarismo a 2 cm da borda direita da folha, em 

tamanho menor que o do texto; 

d) em caso de digitação no anverso e no verso da folha, a numeração das páginas deve 

ser em algarismos arábicos no canto superior esquerdo (para páginas pares) e no canto 

superior direito (para páginas ímpares); 

e) para trabalhos em mais de um volume, deve ser dada uma numeração sequencial 

das folhas do primeiro ao último volume; 

f) a numeração de apêndices e anexos, quando utilizados, deve ser contínua à do texto 

principal. 

Numeração progressiva, de acordo com a NBR 6024/1989 

a) evidencia e sistematiza o conteúdo do trabalho em seções; 

b) as seções são partes em que se divide o texto de um documento e contêm as 

matérias consideradas afins na exposição ordenada do assunto; 

c) as seções primárias são as principais divisões do texto de um documento e devem 

iniciar-se em folha distinta; 

d) as seções primárias podem ser divididas em seções secundárias; as secundárias, em 

terciárias; as terciárias, em quaternárias, e assim por diante; 

e) os títulos das seções são destacados gradativamente, usando-se racionalmente os 

recursos de negrito, itálico ou grifo, caixa alta ou maiúsculas etc., conforme a NBR 6024, no 

sumário e, de forma idêntica, no texto; 
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f) quando uma seção tem título, ele é colocado na mesma linha do respectivo 

indicativo, e a matéria da seção pode começar na linha seguinte da própria seção ou em uma 

seção subsequente; 

g) o título da seção primária deve aparecer em destaque (maiúsculas e negrito); as 

seções secundárias aparecem em letras normais e em negrito; as demais seções, terciárias, 

quaternárias e assim por diante, aparecem em letras normais, sem destaque, todas alinhadas à 

margem esquerda.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

90 

 

ANEXO C – NORMAS DO PERIÓDICO “COLLOIDS AND SURFACES B: 

BIOINTERFACES, REFERENTE AO CAPÍTULO 1.  

 

GUIDE FOR AUTHORS 

Your Paper Your Way 

We now differentiate between the requirements for new and revised submissions. You 

may choose to submit your manuscript as a single Word or PDF file to be used in the 

refereeing process. Only when your paper is at the revision stage, will you be requested to 

put your paper in to a 'correct format for acceptance and provide the items required for 

the publication of your article. 

To find out more, please visit the Preparation section below. 

INTRODUCTION 

Colloids and Surfaces B: Biointerfaces is an international journal devoted to fundamental 

and applied research on colloid and interfacial phenomena in relation to systems of 

biological origin, having particular relevance to the medical, pharmaceutical, 

biotechnological, food and cosmetic fields. 

Each Editor of Colloids and Surfaces B has specific fields of expertise. To ensure a 

smooth and rapid refereeing process, please submit your article to the Editor related to the 

topic of your research (you can select the correct editor in the drop down menu in our 

online submission system: http://ees.elsevier.com/colsub): 

John Brash 

•Interactions of biomolecules (proteins, enzymes, peptides, polysaccharides, DNA) at the 

solidsolution and air-solution interfaces; 

•Surface/interfacial interactions of tissue and blood; Biomaterials development and 

interfacial properties; 

•Drug delivery/controlled release 

Henk Busscher 

•Physico-chemical mechanisms of microbial adhesion, biofilm formation and tissue cell 

interaction to surfaces 

•Microbial adhesion and biofilm formation 

•Role of surface characteristics, surface modification and protein adsorption on microbial 

adhesion and biofilm formation 

•Physico-chemical mechanisms providing biolubrication to surfaces 

Hong Chen 
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•Surface modification including structured surfaces; 

•Biocompatible materials; 

•Anti-fouling materials; 

•Bio-detection/bio-imaging materials; 

•Interactions of biomolecules and cells at interfaces. 

Dganit Danino 

•Self-assembly and molecular assemblies (proteins, polymers, peptides, surfactants) 

•Structure of biological fluids 

•Drug delivery vehicles at nano and meso scales 

•1D structures - fibrils, ribbons, nanotubes 

•Milk proteins 

Submissions that: (1) deal solely with biological phenomena and do not describe the 

physico-chemical or colloid-chemical background and/or mechanism of the phenomena, 

and (2) deal solely with colloid/ interfacial phenomena and do not have appropriate 

biological content or relevance, are outside the scope of the journal and will not be 

considered for publication. 

The journal publishes regular research papers, reviews, invited perspective articles, called 

BioInterface Perspectives, and Protocols (see below). The BioInterface Perspective 

provide researchers the opportunity to review their own work, as well as provide insight 

into the work of others that inspired and influenced the author. Regular articles should 

have a maximum total length of 6,000 words. In addition, a (combined) maximum of 8 

normal-sized figures and/or tables is allowed (so for instance 3 tables and 5 figures). For 

multiple-panel figures each set of two panels equates to one figure. Short 

communications should not exceed half of the above. It is required to give on the article 

cover page a short statistical summary of the article listing the total number of words and 

tables/figures. Short Communications submitted to this journal will be re-directed to the 

journal Colloid and Interface Science Communications, which is the dedicated letters 

journal in our family of colloid titles. 

Cover Letter 

A cover letter is mandatory and should give the justification of the submission, highlights 

of the article, and a general impact statement. A short statistical summary of the article 

listing the total number of words and tables/figures is also required. 

Protocols 
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Protocols of methods are welcome to the journal, but these articles have special 

formatting requirements. Protocols should deal with fundamental and applied research on 

colloid and interfacial phenomena in relation to systems of biological origin. Protocols 

should be relevant to the medical, pharmaceutical, biotechnological, food or cosmetic 

fields. Protocols will offer expert research guidelines on how to use an experimental set-

up. The descriptions must be in great detail and troubleshooting tips to solve problems 

need to be included. These protocols contain a summary, introduction, materials, methods 

(with crucial steps highlighted), analyzing procedure (if necessary), expected results and 

conclusions. Figures and flow charts can be included where necessary. You are 

encouraged to use video material, animation sequences and interactive plots to support 

the procedure of your protocol, please see the author information pack for detailed 

information. Title: describe the method in the title. Abstract: give a summary of the 

procedure rather than a summary of the results. Introduction: introduce the technique and 

for which applications it is and can be used. Compare the technique with other techniques 

if possible and discuss advantages and disadvantages of the different techniques. 

Materials and preparatory procedures applied are divided in Reagents used, Equipment 

used (all equipment you need for the whole protocol), Preparatory procedures applied 

(buffers, suspensions etc.), Equipment set-up (specific equipment). For reagents and 

equipment give information of the make and company. Methods according to protocol: 

give a step by step description of the procedure, number every step. Write it as in a 

protocol, the active tense, full sentences are not necessary. Highlight critical steps in 

which you can describe the points for an optimal performance of your experiment, but 

also trouble shooting points. The protocol needs to be written in such a case that it is 

accessible for non-specialists, use a flow diagram if this clarifies the multistep process. If 

there are multiple routes to perform the procedure, mention it and give suggestions when 

to choose which route. Expected results: Give some examples of results and analysis of 

the results which will give the reader an impression what to expect. 

End with Future Prospects: in which you describe possible new developments (max 150 

words). 

Submission checklist 

You can use this list to carry out a final check of your submission before you send it to 

the journal for review. Please check the relevant section in this Guide for Authors for 

more details. 

Ensure that the following items are present: 

One author has been designated as the corresponding author with contact details: 

• E-mail address 

• Full postal address 

All necessary files have been uploaded: 
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Manuscript: 

• Include keywords 

• All figures (include relevant captions) 

• All tables (including titles, description, footnotes) 

• Ensure all figure and table citations in the text match the files provided 

• Indicate clearly if color should be used for any figures in print 

Graphical Abstracts / Highlights files (where applicable) 

Supplemental files (where applicable) 

Further considerations 

• Manuscript has been 'spell checked' and 'grammar checked' 

• All references mentioned in the Reference List are cited in the text, and vice versa 

• Permission has been obtained for use of copyrighted material from other sources 

(including the Internet) 

• Relevant declarations of interest have been made 

• Journal policies detailed in this guide have been reviewed 

• Referee suggestions and contact details provided, based on journal requirements 

For further information, visit our Support Center. 

BEFORE YOU BEGIN 

Ethics in publishing 

Please see our information pages on Ethics in publishing and Ethical guidelines for 

journal publication. 

Human and animal rights 

If the work involves the use of human subjects, the author should ensure that the work 

described has been carried out in accordance with The Code of Ethics of the World 

Medical Association (Declaration of Helsinki) for experiments involving humans; 

Uniform Requirements for manuscripts submitted to Biomedical journals. Authors should 

include a statement in the manuscript that informed consent was obtained for 

experimentation with human subjects. The privacy rights of human subjects must always 

be observed. 

All animal experiments should comply with the ARRIVE guidelines and should be 

carried out in accordance with the U.K. Animals (Scientific Procedures) Act, 1986 and 

associated guidelines, EU Directive 2010/63/EU for animal experiments, or the National 
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Institutes of Health guide for the care and use of Laboratory animals (NIH Publications 

No. 8023, revised 1978) and the authors should clearly indicate in the manuscript that 

such guidelines have been followed. 

Declaration of interest 

All authors are requested to disclose any actual or potential conflict of interest including 

any financial, personal or other relationships with other people or organizations within 

three years of beginning the submitted work that could inappropriately influence, or be 

perceived to influence, their work. More information. 

Submission declaration 

Submission of an article implies that the work described has not been published 

previously (except in the form of an abstract or as part of a published lecture or academic 

thesis or as an electronic preprint, see 'Multiple, redundant or concurrent publication' 

section of our ethics policy for more information), that it is not under consideration for 

publication elsewhere, that its publication is approved by all authors and tacitly or 

explicitly by the responsible authorities where the work was carried out, and that, if 

accepted, it will not be published elsewhere including electronically in the same form, in 

English or in any other language, without the written consent of the copyright-holder. 

Contributors 

Each author is required to declare his or her individual contribution to the article: all 

authors must have materially participated in the research and/or article preparation, so 

roles for all authors should be described. The statement that all authors have approved the 

final article should be true and included in the disclosure. 

Changes to authorship 

Authors are expected to consider carefully the list and order of authors before submitting 

their manuscript and provide the definitive list of authors at the time of the original 

submission. Any addition, deletion or rearrangement of author names in the authorship 

list should be made only before the manuscript has been accepted and only if approved by 

the journal Editor. To request such a change, the Editor must receive the following from 

the corresponding author: (a) the reason for the change in author list and (b) written 

confirmation (e-mail, letter) from all authors that they agree with the addition, removal or 

rearrangement. In the case of addition or removal of authors, this includes confirmation 

from the author being added or removed. 

Only in exceptional circumstances will the Editor consider the addition, deletion or 

rearrangement of authors after the manuscript has been accepted. While the Editor 

considers the request, publication of the manuscript will be suspended. If the manuscript 

has already been published in an online issue, any requests approved by the Editor will 

result in a corrigendum. 

Copyright 
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Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing 

Agreement' (see more information on this). An e-mail will be sent to the corresponding 

author confirming receipt of the manuscript together with a 'Journal Publishing 

Agreement' form or a link to the online version of this agreement. 

Subscribers may reproduce tables of contents or prepare lists of articles including 

abstracts for internal circulation within their institutions. Permission of the Publisher is 

required for resale or distribution outside the institution and for all other derivative works, 

including compilations and translations. If excerpts from other copyrighted works are 

included, the author(s) must obtain written permission from the copyright owners and 

credit the source(s) in the article. Elsevier has preprinted forms for use by authors in these 

cases. 

For open access articles: Upon acceptance of an article, authors will be asked to complete 

an 'Exclusive License Agreement' (more information). Permitted third party reuse of open 

access articles is determined by the author's choice of user license. 

Author rights 

As an author you (or your employer or institution) have certain rights to reuse your work. 

More information. 

Elsevier supports responsible sharing 

Find out how you can share your research published in Elsevier journals. 

Role of the funding source 

You are requested to identify who provided financial support for the conduct of the 

research and/or preparation of the article and to briefly describe the role of the sponsor(s), 

if any, in study design; in the collection, analysis and interpretation of data; in the writing 

of the report; and in the decision to submit the article for publication. If the funding 

source(s) had no such involvement then this should be stated. 

Funding body agreements and policies 

Elsevier has established a number of agreements with funding bodies which allow 

authors to comply with their funder's open access policies. Some funding bodies will 

reimburse the author for the Open Access Publication Fee. Details of existing agreements 

are available online. 

Open access 

This journal offers authors a choice in publishing their research: 

Open access 

• Articles are freely available to both subscribers and the wider public with permitted 

reuse. 
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• An open access publication fee is payable by authors or on their behalf, e.g. by their 

research funder or institution. 

Subscription 

• Articles are made available to subscribers as well as developing countries and patient 

groups through 

our universal access programs. 

• No open access publication fee payable by authors. 

Regardless of how you choose to publish your article, the journal will apply the same 

peer review criteria and acceptance standards. 

For open access articles, permitted third party (re)use is defined by the following Creative 

Commons user licenses: 

Creative Commons Attribution (CC BY) 

Lets others distribute and copy the article, create extracts, abstracts, and other revised 

versions, adaptations or derivative works of or from an article (such as a translation), 

include in a collective work (such as an anthology), text or data mine the article, even for 

commercial purposes, as long as they credit the author(s), do not represent the author as 

endorsing their adaptation of the article, and do not modify the article in such a way as to 

damage the author's honor or reputation. 

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND) 

For non-commercial purposes, lets others distribute and copy the article, and to include in 

a collective work (such as an anthology), as long as they credit the author(s) and provided 

they do not alter or modify the article. 

The open access publication fee for this journal is USD 3100, excluding taxes. Learn 

more about Elsevier's pricing policy: https://www.elsevier.com/openaccesspricing. 

Green open access 

Authors can share their research in a variety of different ways and Elsevier has a number 

of green open access options available. We recommend authors see our green open access 

page for further information. Authors can also self-archive their manuscripts immediately 

and enable public access from their institution's repository after an embargo period. This 

is the version that has been accepted for publication and which typically includes author-

incorporated changes suggested during submission, peer review and in editor-author 

communications. Embargo period: For subscription articles, an appropriate amount of 

time is needed for journals to deliver value to subscribing customers before an article 

becomes freely available to the public. This is the embargo period and it begins from the 

date the article is formally published online in its final and fully citable form. Find out 

more. 
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This journal has an embargo period of 24 months. 

Elsevier Publishing Campus 

The Elsevier Publishing Campus (www.publishingcampus.com) is an online platform 

offering free lectures, interactive training and professional advice to support you in 

publishing your research. The College of Skills training offers modules on how to prepare, 

write and structure your article and explains how editors will look at your paper when it 

is submitted for publication. Use these resources, and more, to ensure that your 

submission will be the best that you can make it. 

Language (usage and editing services) 

Please write your text in good English (American or British usage is accepted, but not a 

mixture of these). Authors who feel their English language manuscript may require 

editing to eliminate possible grammatical or spelling errors and to conform to correct 

scientific English may wish to use the English Language Editing service available from 

Elsevier's WebShop. 

Submission 

Our online submission system guides you stepwise through the process of entering your 

article details and uploading your files. The system converts your article files to a single 

PDF file used in the peer-review process. Editable files (e.g., Word, LaTeX) are required 

to typeset your article for final publication. All correspondence, including notification of 

the Editor's decision and requests for revision, is sent by e-mail. 

For submitting your manuscript to Colloids and Surfaces B: Biointerfaces please go to 

our Elsevier Editorial System (EES) Website at: http://ees.elsevier.com/colsub/ . 

Referees 

Please submit, as part of the covering letter with the manuscript, the names, affiliation 

and email addresses of four potential Referees. Appropriate Referees should be 

knowledgeable about the subject but have no close connection with any of the authors. In 

addition, Referees should be from institutions other than (and preferably countries other 

than) those of any of the Authors. 

PREPARATION 

NEW SUBMISSIONS 

Submission to this journal proceeds totally online and you will be guided stepwise 

through the creation and uploading of your files. The system automatically converts your 

files to a single PDF file, which is used in the peer-review process. 

As part of the Your Paper Your Way service, you may choose to submit your manuscript 

as a single file to be used in the refereeing process. This can be a PDF file or a Word 

document, in any format or layout that can be used by referees to evaluate your 
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manuscript. It should contain high enough quality figures for refereeing. If you prefer to 

do so, you may still provide all or some of the source files at the initial submission. 

Please note that individual figure files larger than 10 MB must be uploaded separately. 

References 

There are no strict requirements on reference formatting at submission. References can be 

in any style or format as long as the style is consistent. Where applicable, author(s) 

name(s), journal title/book title, chapter title/article title, year of publication, volume 

number/book chapter and the pagination must be present. Use of DOI is highly 

encouraged. The reference style used by the journal will be applied to the accepted article 

by Elsevier at the proof stage. Note that missing data will be highlighted at proof stage 

for the author to correct. 

Formatting requirements 

There are no strict formatting requirements but all manuscripts must contain the essential 

elements needed to convey your manuscript, for example Abstract, Keywords, 

Introduction, Materials and Methods, Results, Conclusions, Artwork and Tables with 

Captions. 

If your article includes any Videos and/or other Supplementary material, this should be 

included in your initial submission for peer review purposes. 

Divide the article into clearly defined sections. 

Figures and tables embedded in text 

Please ensure the figures and the tables included in the single file are placed next to the 

relevant text in the manuscript, rather than at the bottom or the top of the file. 

Use of word processing software 

Regardless of the file format of the original submission, at revision you must provide us 

with an editable file of the entire article. Keep the layout of the text as simple as possible. 

Most formatting codes will be removed and replaced on processing the article. The 

electronic text should be prepared in a way very similar to that of conventional 

manuscripts (see also the Guide to Publishing with Elsevier). See also the section on 

Electronic artwork. 

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 

'grammar-check' functions of your word processor. 

Subdivision - unnumbered sections 

Divide your article into clearly defined sections. Each subsection is given a brief heading. 

Each heading should appear on its own separate line. Subsections should be used as much 

as possible when crossreferencingtext: refer to the subsection by heading as opposed to 

simply 'the text'. 
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Introduction 

State the objectives of the work and provide an adequate background, avoiding a detailed 

literature survey or a summary of the results. 

Material and methods 

Provide sufficient detail to allow the work to be reproduced. Methods already published 

should be indicated by a reference: only relevant modifications should be described. 

Results 

Results should be clear and concise. 

Discussion 

This should explore the significance of the results of the work, not repeat them. A 

combined Results and Discussion section is often appropriate. Avoid extensive citations 

and discussion of published literature. 

Conclusions 

The main conclusions of the study may be presented in a short Conclusions section, 

which may stand alone or form a subsection of a Discussion or Results and Discussion 

section. 

Appendices 

If there is more than one appendix, they should be identified as A, B, etc. Formulae and 

equations in appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in 

a subsequent appendix, Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; 

Fig. A.1, etc. 

Essential title page information 

• Title. Concise and informative. Titles are often used in information-retrieval systems. 

Avoid abbreviations and formulae where possible. 

• Author names and affiliations. Please clearly indicate the given name(s) and family 

name(s) of each author and check that all names are accurately spelled. Present the 

authors' affiliation addresses (where the actual work was done) below the names. Indicate 

all affiliations with a lowercase superscript letter immediately after the author's name and 

in front of the appropriate address. Provide the full postal address of each affiliation, 

including the country name and, if available, the e-mail address of each author. 

• Corresponding author. Clearly indicate who will handle correspondence at all stages of 

refereeing and publication, also post-publication. Ensure that the e-mail address is given 

and that contact details are kept up to date by the corresponding author. 

• Present/permanent address. If an author has moved since the work described in the 

article was done, or was visiting at the time, a 'Present address' (or 'Permanent address') 
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may be indicated as a footnote to that author's name. The address at which the author 

actually did the work must be retained as the main, affiliation address. Superscript Arabic 

numerals are used for such footnotes. 

Abstract 

A concise and factual abstract is required. The abstract should state briefly the purpose of 

the research, the principal results and major conclusions. An abstract is often presented 

separately from the article, so it must be able to stand alone. For this reason, References 

should be avoided, but if essential, then cite the author(s) and year(s). Also, non-standard 

or uncommon abbreviations should be avoided, but if essential they must be defined at 

their first mention in the abstract itself. 

The abstract should be no longer than 250 words 

Graphical abstract 

A Graphical abstract is mandatory for this journal. It should summarize the contents of 

the article in a concise, pictorial form designed to capture the attention of a wide 

readership online. Authors must provide images that clearly represent the work described 

in the article. Graphical abstracts should be submitted as a separate file in the online 

submission system. Image size: please provide an image with a minimum of 531 × 

1328 pixels (h × w) or proportionally more. The image should be readable at a size of 5 

× 13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, 

PDF or MS Office files. You can view Example Graphical Abstracts on our information 

site. 

Authors can make use of Elsevier's Illustration and Enhancement service to ensure the 

best presentation of their images also in accordance with all technical requirements: 

Illustration Service.  

Highlights 

Highlights are mandatory for this journal. They consist of a short collection of bullet 

points that convey the core findings of the article and should be submitted in a separate 

editable file in the online submission system. Please use 'Highlights' in the file name and 

include 3 to 5 bullet points (maximum 85 characters, including spaces, per bullet point). 

You can view example Highlights on our information site. 

Keywords 

Immediately after the abstract, provide a maximum of 6 keywords, using American 

spelling and avoiding general and plural terms and multiple concepts (avoid, for example, 

'and', 'of'). Be sparing with abbreviations: only abbreviations firmly established in the 

field may be eligible. These keywords will be used for indexing purposes. 

Acknowledgements 
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Collate acknowledgements in a separate section at the end of the article before the 

references and do not, therefore, include them on the title page, as a footnote to the title 

or otherwise. List here those individuals who provided help during the research (e.g., 

providing language help, writing assistance or proof reading the article, etc.). 

Formatting of funding sources 

List funding sources in this standard way to facilitate compliance to funder's requirements: 

Funding: This work was supported by the National Institutes of Health [grant numbers 

xxxx, yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and 

the United States Institutes of Peace [grant number aaaa]. 

It is not necessary to include detailed descriptions on the program or type of grants and 

awards. When funding is from a block grant or other resources available to a university, 

college, or other research institution, submit the name of the institute or organization that 

provided the funding. 

If no funding has been provided for the research, please include the following sentence: 

This research did not receive any specific grant from funding agencies in the public, 

commercial, or not-for-profit sectors. 

Nomenclature and Units 

The use of nomenclature and symbols adopted by IUPAC is recommended (Quantities, 

Units and Symbols in Physical Chemistry, Blackwell Scientific, Oxford, 1988). 

Math formulae 

Please submit math equations as editable text and not as images. Present simple formulae 

in line with normal text where possible and use the solidus (/) instead of a horizontal line 

for small fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. 

Powers of e are often more conveniently denoted by exp. Number consecutively any 

equations that have to be displayed separately from the text (if referred to explicitly in the 

text). 

Footnotes 

Footnotes should be used sparingly. Number them consecutively throughout the article. 

Many word processors can build footnotes into the text, and this feature may be used. 

Otherwise, please indicate the position of footnotes in the text and list the footnotes 

themselves separately at the end of the article. Do not include footnotes in the Reference 

list. 

Artwork 

Electronic artwork 

General points 
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• Make sure you use uniform lettering and sizing of your original artwork. 

• Embed the used fonts if the application provides that option. 

• Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, 

Symbol, or use fonts that look similar. 

• Number the illustrations according to their sequence in the text. 

• Use a logical naming convention for your artwork files. 

• Provide captions to illustrations separately. 

• Size the illustrations close to the desired dimensions of the published version. 

• Submit each illustration as a separate file. 

A detailed guide on electronic artwork is available. 

You are urged to visit this site; some excerpts from the detailed information are given 

here. 

Formats 

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, 

Excel) then please supply 'as is' in the native document format. 

Regardless of the application used other than Microsoft Office, when your electronic 

artwork is finalized, please 'Save as' or convert the images to one of the following formats 

(note the resolution requirements for line drawings, halftones, and line/halftone 

combinations given below): 

EPS (or PDF): Vector drawings, embed all used fonts. 

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 

dpi. 

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a 

minimum of 1000 dpi. 

TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a 

minimum of 500 dpi. 

Please do not: 

• Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these 

typically have a low number of pixels and limited set of colors; 

• Supply files that are too low in resolution; 

• Submit graphics that are disproportionately large for the content. 

Color artwork 
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Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or 

PDF), or MS Office files) and with the correct resolution. If, together with your accepted 

article, you submit usable color figures then Elsevier will ensure, at no additional charge, 

that these figures will appear in color online (e.g., ScienceDirect and other sites) 

regardless of whether or not these illustrations are reproduced in color in the printed 

version. For color reproduction in print, you will receive information regarding the costs 

from Elsevier after receipt of your accepted article. Please indicate your preference for 

color: in print or online only. Further information on the preparation of electronic artwork. 

Figure captions 

Ensure that each illustration has a caption. Supply captions separately, not attached to the 

figure. A caption should comprise a brief title (not on the figure itself) and a description 

of the illustration. Keep text in the illustrations themselves to a minimum but explain all 

symbols and abbreviations used. 

Tables 

Please submit tables as editable text and not as images. Tables can be placed either next 

to the relevant text in the article, or on separate page(s) at the end. Number tables 

consecutively in accordance with their appearance in the text and place any table notes 

below the table body. Be sparing in the use of tables and ensure that the data presented in 

them do not duplicate results described elsewhere in the article. Please avoid using 

vertical rules. 

Citation in text 

Please ensure that every reference cited in the text is also present in the reference list (and 

vice versa). Any references cited in the abstract must be given in full. Unpublished results 

and personal communications are not recommended in the reference list, but may be 

mentioned in the text. If these references are included in the reference list they should 

follow the standard reference style of the journal and should include a substitution of the 

publication date with either 'Unpublished results' or 'Personal communication'. Citation of 

a reference as 'in press' implies that the item has been accepted for publication. 

Reference links 

Increased discoverability of research and high quality peer review are ensured by online 

links to the sources cited. In order to allow us to create links to abstracting and indexing 

services, such as Scopus, CrossRef and PubMed, please ensure that data provided in the 

references are correct. Please note that incorrect surnames, journal/book titles, publication 

year and pagination may prevent link creation. When copying references, please be 

careful as they may already contain errors. Use of the DOI is encouraged. 

A DOI can be used to cite and link to electronic articles where an article is in-press and 

full citation 
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details are not yet known, but the article is available online. A DOI is guaranteed never to 

change, so you can use it as a permanent link to any electronic article. An example of a 

citation using DOI for an article not yet in an issue is: VanDecar J.C., Russo R.M., James 

D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser Antilles slab 

beneath northeastern Venezuela. Journal of Geophysical Research, 

http://dx.doi.org/10.1029/2001JB000884i. Please note the format of such citations should 

be in the same style as all other references in the paper. 

Reference management software 

Most Elsevier journals have their reference template available in many of the most 

popular reference management software products. These include all products that support 

Citation Style Language styles, such as Mendeley and Zotero, as well as EndNote. Using 

the word processor plug-ins from these products, authors only need to select the 

appropriate journal template when preparing their article, after which citations and 

bibliographies will be automatically formatted in the journal's style. If no template is yet 

available for this journal, please follow the format of the sample references and citations 

as shown in this Guide. 

Users of Mendeley Desktop can easily install the reference style for this journal by 

clicking the following link: 

http://open.mendeley.com/use-citation-style/colloids-and-surfaces-b-biointerfaces 

When preparing your manuscript, you will then be able to select this style using the 

Mendeley plugins for Microsoft Word or LibreOffice. 

Reference formatting 

There are no strict requirements on reference formatting at submission. References can be 

in any style or format as long as the style is consistent. Where applicable, author(s) 

name(s), journal title/book title, chapter title/article title, year of publication, volume 

number/book chapter and the pagination must be present. Use of DOI is highly 

encouraged. The reference style used by the journal will be applied to the accepted article 

by Elsevier at the proof stage. Note that missing data will be highlighted at proof stage 

for the author to correct. If you do wish to format the references yourself they should be 

arranged according to the following examples: 

Reference Style 

1. All references made to publications in the text should be presented in a list of 

references following the text of the manuscript. The manuscript should be carefully 

checked to ensure that the information given in the text is exactly the same as that given 

in the reference list. 

References to the literature should be made according to the numerical system described 

below. 



 

105 

 

2. In the text refer to the subject or to the author's name (without initial), followed by the 

reference number in square brackets. 

3. If reference is made in the text to publications written by more than two authors, the 

name of the first author should be used, followed by "et al.". Note that in the reference 

list the names of authors and co-authors should be given in full. 

4. References should be arranged in the order in which they appear in the text. 

5. Use the following system for arranging the references: 

(i) For journals 

N. Levy, N. Garti and S. Margdassi, Colloids Surfaces A: Physicochem. Eng. Aspects, 97 

(1995) 91. 

(ii) For monographs 

B.E. Conway, Ionic Hydration in Chemistry and Biophysics, Elsevier, Amsterdam, 1981. 

(iii) For edited books 

R.D. Thomas, in E. Buncel and J.R. Jones (Eds.), Isotopes in the Physical and Biomedical 

Sciences, Vol. 2, Elsevier, Amsterdam, 1991, Chapter 7. 

For conference proceedings, symposia etc. 

A.G. Marshall, in P.G. Kistemaker and N.M.M. Nibbering (Eds.), Advances in Mass 

Spectrometry, Proc. 12th International Mass Spectrometry Conference, Amsterdam, 26-

30 August 1991, Elsevier, Amsterdam, 1992, p. 37. 

6. Abbreviations of journal titles should conform to those adopted by the Chemical 

Abstract Service 

(Bibliographic Guide for Editors and Authors, The American Chemical Society, 

Washington, DC, 1974). 

If the correct abbreviation is not known, the title should be given in full. 

7. Reference to a personal communication should be followed by the year, e.g. A.N. Other, 

personal communication, 1989. 

Journal abbreviations source 

Journal names should be abbreviated according to the List of Title Word Abbreviations. 

Video 

Elsevier accepts video material and animation sequences to support and enhance your 

scientific research. Authors who have video or animation files that they wish to submit 

with their article are strongly encouraged to include links to these within the body of the 

article. This can be done in the same way as a figure or table by referring to the video or 

animation content and noting in the body text where it should be placed. All submitted 
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files should be properly labeled so that they directly relate to the video file's content. In 

order to ensure that your video or animation material is directly usable, please provide the 

files in one of our recommended file formats with a preferred maximum size of 150 MB. 

Video and animation files supplied will be published online in the electronic version of 

your article in Elsevier Web products, including ScienceDirect. Please supply 'stills' with 

your files: you can choose any frame from the video or animation or make a separate 

image. These will be used instead of standard icons and will personalize the link to your 

video data. For more detailed instructions please visit our video instruction pages. Note: 

since video and animation cannot be embedded in the print version of the journal, please 

provide text for both the electronic and the print version for the portions of the article that 

refer to this content. 

Supplementary material 

Supplementary material can support and enhance your scientific research. Supplementary 

files offer the author additional possibilities to publish supporting applications, high-

resolution images, background datasets, sound clips and more. Please note that such items 

are published online exactly as they are submitted; there is no typesetting involved 

(supplementary data supplied as an Excel file or as a PowerPoint slide will appear as such 

online). Please submit the material together with the article and supply a concise and 

descriptive caption for each file. If you wish to make any changes to supplementary data 

during any stage of the process, then please make sure to provide an updated file, and do 

not annotate any corrections on a previous version. Please also make sure to switch off 

the 'Track Changes' option in any Microsoft Office files as these will appear in the 

published supplementary file(s). For more detailed instructions please visit our artwork 

instruction pages. 

Database linking 

Elsevier encourages authors to connect articles with external databases, giving readers 

access to relevant databases that help to build a better understanding of the described 

research. Please refer to relevant database identifiers using the following format in your 

article: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053; PDB: 1XFN). More 

information and a full list of supported databases. 

ARTICLE ENRICHMENTS 

AudioSlides 

The journal encourages authors to create an AudioSlides presentation with their published 

article. AudioSlides are brief, webinar-style presentations that are shown next to the 

online article on ScienceDirect. This gives authors the opportunity to summarize their 

research in their own words and to help readers understand what the paper is about. More 

information and examples are available. Authors of this journal will automatically receive 

an invitation e-mail to create an AudioSlides presentation after acceptance of their paper. 

3D molecular models 
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You can enrich your online articles by providing 3D molecular models (optional) in PDB, 

PSE or MOL/MOL2 format, which will be visualized using the interactive viewer 

embedded within the article. Using the viewer, it will be possible to zoom into the model, 

rotate and pan the model, and change display settings. Submitted models will also be 

available for downloading from your online article on ScienceDirect. Each molecular 

model will have to be uploaded to the online submission system separately, via the '3D 

molecular models' submission category. More information. 

Interactive plots 

This journal enables you to show an Interactive Plot with your article by simply 

submitting a data file. Full instructions. 

AFTER ACCEPTANCE 

Online proof correction 

Corresponding authors will receive an e-mail with a link to our online proofing system, 

allowing annotation and correction of proofs online. The environment is similar to MS 

Word: in addition to editing text, you can also comment on figures/tables and answer 

questions from the Copy Editor. Web-based proofing provides a faster and less error-

prone process by allowing you to directly type your corrections, eliminating the potential 

introduction of errors. 

If preferred, you can still choose to annotate and upload your edits on the PDF version. 

All instructions for proofing will be given in the e-mail we send to authors, including 

alternative methods to the online version and PDF. 

We will do everything possible to get your article published quickly and accurately. 

Please use this proof only for checking the typesetting, editing, completeness and 

correctness of the text, tables and figures. Significant changes to the article as accepted 

for publication will only be considered at this stage with permission from the Editor. It is 

important to ensure that all corrections are sent back to us in one communication. Please 

check carefully before replying, as inclusion of any subsequent corrections cannot be 

guaranteed. Proofreading is solely your responsibility. 

Offprints 

The corresponding author will, at no cost, receive a customized Share Link providing 50 

days free access to the final published version of the article on ScienceDirect. The Share 

Link can be used for sharing the article via any communication channel, including email 

and social media. For an extra charge, paper offprints can be ordered via the offprint 

order form which is sent once the article is accepted for publication. Both corresponding 

and co-authors may order offprints at any time via Elsevier's Webshop. Corresponding 

authors who have published their article open access do not receive a Share Link as their 

final published version of the article is available open access on ScienceDirect and can be 

shared through the article DOI link. 
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AUTHOR INQUIRIES 

Visit the Elsevier Support Center to find the answers you need. Here you will find 

everything from Frequently Asked Questions to ways to get in touch. 

You can also check the status of your submitted article or find out when your accepted 

article will be published. 

© Copyright 2014 Elsevier | http://www.elsevier.com 
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ANEXO D – NORMAS DO PERIÓDICO “JOURNAL OF BIOMEDICAL 

MATERIALS RESEARCH PART B: APPLIED BIOMATERIALS”, REFERENTE 

AO CAPÍTULO 2.  

 

Author Guidelines  

  

Journal of Biomedical Materials Research Part B: Applied Biomaterials Information for 

Contributors  

  

Aims and Scope Journal of Biomedical Materials Research Part B: Applied Biomaterials 

is anofficial journal of the Society for Biomaterials, the Japanese Society for Biomaterials, 

the Australasian Society for Biomaterials, and the KoreanSociety for Biomaterials. It is a 

peer-reviewed journals serving the needs ofbiomaterials professionals who devise, 

promote, apply, regulate produce, andmarket new biomaterials and medical devices. 

Papers are published on devicedevelopment, implant retrieval and analysis, 

manufacturing, regulation ofdevices, liability and legal issues, standards, reviews of 

different deviceareas, and clinical applications. Published manuscript fit into one of 

sixcategories: original research reports, clinical device-related articles, shortresearch and 

development reports, review, special report, or columns andeditorials. Manuscripts from 

all countries are invited but must be in English.Authors are not required to be members of 

a Society for Biomaterials.  

  

Types of Articles Considered for Publication Original Research Reports: Full-length 

papers consisting of complete anddetailed descriptions of a research problem, the 

experimental approach, thefindings, and appropriate discussion. Findings should 

represent significantnew additions to knowledge.  

  

Clinical Device-Related Articles: Full-length papers addressingsuch issues as material 

processing, device construction, regulatorymatters,clinical trials, and device retrieval.  

  

Reviews: Scholarly and critical topic-oriented reviews thatpresent a state-of-the-art view. 

While most reviews are solicited, personsinterested in contributing may contact the Editor.  

 

Special Reports: Reports of special topic-oriented symposia,deviceretrieval protocols, or 

other special reports not described in the abovecategories, yet of interest to the applied 

biomaterials research anddevelopment community. Potential contributors should contact 

the Editor beforesubmitting special reports.  



 

110 

 

  

Columns and Editorials: While columns and guest editorials arepreponderantly solicited, 

persons interested in becoming columnists orcontributing editorials are encouraged to 

contact the Editor.  

  

Submission of Manuscripts Online Submission: Journal of Biomedical Materials 

Research Part B: Applied Biomaterials is now receiving submitted manuscripts online at 

http://mc.manuscriptcentral.com/jbmr-b.  

  

Submit all new manuscripts online. Launch your web browser and go 

tohttp://mc.manuscriptcentral.com/jbmr-b. Check for an existing user account. Ifyou are 

submitting for the first time, and you do not find an existingaccount, create a new account. 

Follow all instructions.  

  

At the end of a successful submission, a confirmation screen withmanuscript number will 

appear and you will receive an e-mail confirming thatthe manuscript has been received by 

the journal. If this does nothappen,please check your submission and/or contact tech 

support using the GetHelp Now link in the right corner of any screen.  

  

Upon Acceptance: Manuscript files will now automatically be sentto the publisher for 

production. It is imperative that files be in the correctformat to avoid a delay in the 

production schedule.  

  

JBMR Part B has adopted a policy that requires authors to make a statement concerning 

potential conflict of interest relating to theirsubmitted articles. The Editorial Board asks 

authors of original reports andreviews to disclose, at the time of submission: (1) any 

financial oremployment arrangements they may have with a company whose product 

figuresprominently in the submitted manuscript or with a company making a 

competitiveproduct; and (2) any grants or contracts from a government agency, a 

nonprofitfoundation, or a company supporting the preparation of the manuscript or 

thedescribed research. This information will be available to the reviewers of 

themanuscript. If the article is accepted for publication, the editor willdiscuss with the 

authors the manner in which such information may becommunicated to the reader.  
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At the time of submission, JBMR Part B asks authors to certify that all animals utilized in 

their research were cared for according to thepolicies and principles established by the 

Animal Welfare Act and the NIHGuide for Care and Use of Laboratory Animals.  

  

Review Process: All original reports and reviews receive criticalreview by at least two 

reviewers with expertise in the major subject area ofthe paper. Reviewers may 

recommend "Acceptance as is," "Acceptance withmodification," or "Rejection." If 

modification is required, the manuscript isreturned to the author(s). The revised 

manuscript is then re-reviewed by theoriginal reviewers, and even re-revised if necessary. 

Differences in opinionare resolved by submission either to a third reviewer or the Editor.  

  

Copyright/Licensing If your paper is accepted, the author identified as the formal 

corresponding author for the paper will receive an email prompting them to login into 

Author Services; where via the Wiley Author Licensing Service (WALS) they will be able 

to complete the license agreement on behalf of all authors on the paper.   

  

For authors signing the copyright transfer agreement: If the OnlineOpen option is not 

selected the corresponding author will be presented with the copyright transfer agreement 

(CTA) to sign. The terms and conditions of the CTA can be previewed in the samples 

associated with the Copyright FAQs below: CTA Terms and Conditions 

http://authorservices.wiley.com/bauthor/faqs_copyright.asp  

  

For authors choosing OnlineOpen: If the OnlineOpen option is selected the corresponding 

author will have a choice of the following Creative Commons License Open Access 

Agreements (OAA): Creative Commons Attribution Non-Commercial License OAA 

Creative Commons Attribution Non-Commercial -NoDerivs License OAA  

 

To preview the terms and conditions of these open access agreements please visit the 

Copyright FAQs hosted on Wiley Author Services 

http://authorservices.wiley.com/bauthor/faqs_copyright.asp and visit 

http://www.wileyopenaccess.com/details/content/12f25db4c87/Copyright-License.html. 

If you select the OnlineOpen option and your research is funded by The Wellcome Trust 

and members of the Research Councils UK (RCUK) you will be given the opportunity to 

publish your article under a CC-BY license supporting you in complying with Wellcome 

Trust and Research Councils UK requirements. For more information on this policy and 

the Journal ’ s compliant self-archiving policy please visit: 

http://www.wiley.com/go/funderstatement. For RCUK and Wellcome Trust authors click 

on the link below to preview the terms and conditions of this license: Creative Commons 
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Attribution License OAA To preview the terms and conditions of these open access 

agreements please visit the Copyright FAQs hosted on Wiley Author Services 

http://authorservices.wiley.com/bauthor/faqs_copyright.asp and visit 

http://www.wileyopenaccess.com/details/content/12f25db4c87/Copyright-License.html.  

  

Organization and File Formats Manuscript: For optimal production, prepare manuscript 

text in size 12 font on 8-1/2 x 11 inch page, double-spaced, with at least 1-inch margins 

on all sides. Text files should be formatted as .doc or .rtf files. The results and discussion 

sections must be written separately and cannot be combined. Refrain from complex 

formatting; the Publisher will style your manuscript according tot the Journal design 

specifications. Do notuse desktop publishing software such as PageMaker orQuark 

Xpress or other software such as Latex. If you prepared your manuscript with one of 

these programs, export the text to a word processing format. Please make sure your word 

processing programs “fast save” feature is turned off. Please do not deliver files that 

contain hidden text: for example, do not use your word processor’s automated features 

to create footnotes or reference lists. Manuscripts including references (but not figures or 

tables) should be no longer than 18 pages.  

 

Please be sure to submit your illustrations and tables as separate files;the system will 

automatically create a pdf file of your paper for thereviewers.  

  

Original research and short reports should appear in the followingorder:title page 

(including authors and affiliations), abstract,keywords,introduction, materials and 

methods, results, discussion,acknowledgments,references, figure legends. Number pages 

consecutively starting with the titlepage as page 1. Abbreviations must conform to those 

listed in Council of Biology Editors' CBE Style Manual, 5th Edition.  

  

When mentioning a material, chemical reagent, instrument, orother product, use the 

generic name only. If further identification (proprietaryname, manufacturer's name and 

address) is absolutely required,list it in parentheses.  

  

Title Page: List the full title of the paper and each author's full name (first name, middle 

initial(s), surname),department,institution, city, and state (and country if other than the 

UnitedStates).Indicate the name and address of the author to whom reprint requests 

should besent.  
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Abstract and Keywords: Include an abstract of about 200words maximum summarizing 

the aims, findings, and conclusions of thepaper. Below the abstract, list five keywords or 

phrases that best characterize the subject matter of the manuscript.  

  

Running Heads: Supply a short title of no more than 65 characters, including spaces and 

punctuations, to be used for running head copy.  

  

References: Number references consecutively as they appear in the text. Material 

accepted for publication but not yet published may be listed in the References, but 

unpublished observations, personal communications, and material submitted for 

publication but not yet accepted should becitedparenthetically within the text (and not 

included among the numbered references). Style references entries using the Council of 

Biology Editors Style Manual, 5th Edition formats: For journal articles: Alexander A, 

Green WS. Total hip replacements: A second look. JSocBiomater 1989;45:345–366.  

 

For books/chapters: Ricci JL, Guichet J-M. Total hip replacement: A third look.CindraAB, 

Franklin DE, editors. State of the art orthopaedics, vol 3, Hips.NewYork: Wiley; 1988:56

– 59. For abstracts: Davidson GRH. Total hip replacement: A fifth look. 

TransABCS1987;22-341–345. For presentations: Goodenough T. Total hip replacement: 

A sixth look. Presented atthe3rd Annu Mtg Orthop Res Soc, Boston, December 5–7, 

1989.  

  

Figure Legends: Please supply complete captions for allfigures.Captions are to appear on 

a separate page at the end of the manuscript.  

  

Tables: Please save Tables separately and supply numbers andtitlesfor all. All table 

columns should have an explanatory heading. Tablesshould besubmitted as doc or rtf files 

(it is preferred that tables areprepared usingWord’s table edit tool.)  

  

Illustrations: When preparing digital art, please consider:  

  

Resolution: The minimum requirements for resolution are: 1200 DPI/PPI for black and 

white images, such as line drawings or graphs. 300 DPI/PPI for picture-only photographs 

600 DPI/PPI for photographs containing pictures and line elements,i.e.,text labels, thin 
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lines, arrows. These resolutions refer to the output size of the file; if youanticipatethat 

your images will be enlarged or reduced, resolutions should beadjustedaccordingly.  

  

Formats: For the editorial review process, GIF and JPEG filesareacceptable; upon 

submission of a revision, TIFF or EPS files will berequired.For the editorial review 

process, color images may be submitted inRGB color;upon revision, CMYK color will be 

required. Delivery ofproduction-qualityfiles early in the review process may facilitate 

smooth andrapid publicationonce a manuscript has been accepted.  

 

Note that these file formats are not acceptable for printing: JPG, GIF, ONG, PCX, PNG, 

XBM, Word, and Excel. We recommend creating your graphicsinPhotoshop, Illustrator, 

or Freehand and importing them into yourpageapplications as TIFFs with all fonts 

included. Do not scan figures asJPEGsand convert to TIFFs. For further guidance on 

preparing digital figurefiles,authors are encouraged to visit 

http://cjs.cadmus.com/da/applications.asp .  

  

To ensure that your digital graphics are suitable for printpurposes,please go to 

RapidInspector™ at http://rapidinspector.cadmus.com/zwi/index.jsp. Thisfree,standalone 

software application will help you to inspect andverifyillustrations right on your computer.  

  

A legend must be provided for each illustration and must defineallabbreviations used 

therein. Legends should be placed at the end ofthemanuscript text file.  

  

Color Illustrations: Color figures are generally printedinthe Journal at the author’s 

expense. The published will provide costestimatesprior to printing. A limited number of 

color figures that are ofcriticalimportance and that significantly enhance the presentation 

will beconsideredfor publication at the publisher ’ s expense subject 

toeditorialrecommendation. Final decision on publication of color figures willbe at 

thediscretion of the Editor. All color figures will be reproduced infull colorin the online 

edition of the journal at no cost to authors. Forbestreproduction, bright, clear colors 

should be used. Dark colors against a dark background do not reproduce well; please 

place your color images againstawhite background wherever possible.  

  

Reprints: Reprints may be ordered at 

https://caesar.sheridan.com/reprints/redir.php?pub=10089&acro=JEMB.  
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Note to NIH Grantees: Pursuant to NIH mandate, Wiley-Blackwell will post the accepted 

version of contributions authored by NIH grant-holders to PubMed Central upon 

acceptance. This accepted version will be made publicly available 12 months after 

publication. For further information, see www.wiley.com/go/nihmandate.  
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ANEXO E – NORMAS DO PERIÓDICO “MATERIALS RESEARCH”, 

REFERENTE AO CAPÍTULO 3.  

 

INSTRUCTIONS TO AUTHORS 

 

    Scope and Policy 

    Form and preparation of manuscripts 

    Send of the manuscripts 

 

Updated: 10/11/2016 

 

Scope and Policy 

 

Materials Research Ibero-american Journal of Materials is devoted to the publication of 

original papers on experimental, theoretical and simulation research on the processing, 

structure and properties of materials. Original contributions (Articles and Letters) are 

solicited. Review papers require an invitation from the Editors. 

 

Materials Research Ibero-american Journal of Materials adopts iThenticate system for 

plagiarism identification. 

 

The submission of a paper implies that it has not been previously published, that it is not 

under consideration for publication elsewhere, and that it will not be published elsewhere 

in the same form without the written permission of the Editors. By submitting a 

manuscript, the authors agree that the copyright for their article is transferred to Materials 

Research Ibero-american Journal of Materials if and when the article is accepted for 

publication. Accepted articles and illustrations become the property of Materials Research 

Ibero-american Journal of Materials. 

 

Form and preparation of manuscripts 

 

Language and style: All submissions should be in English, double spaced and typed on an 

A4 (209 x 296 mm) paper, with Times New Roman font-size 12, and with ample (~2.5 

cm) top, bottom and left-hand margins. In general, the typescript for articles should 

follow the conventional form: title, authors' names and complete affiliations, abstract, 

introduction, literature review, experimental, simulation or calculation procedures, results 

and discussion, conclusions, acknowledgments, references, tables, figure captions, and 

figures. 

 

Letters are restricted to reports of unusual urgency, significance or interest, and should be 

limited to 1000 words or the equivalent. A statement from the authors as to why the 

manuscript meets these criteria will be helpful to the Editor. Letters will not be accepted 
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if, in the opinion of the Editor, the principal content has previously been released or 

publicized in any other published medium. In estimating the length of a Note, an average 

sized figure is counted as 100 words and separate formulae and lines of a table are 

counted as 8 words per line, including headings and horizontal rulings. The title, authors' 

names, and literature references are not counted. 

 

Title: This should be brief and convey the contents of the paper. 

 

Abstract: An Abstract in English must be included. It should be short, not more than 150 

words for an Article and 50 words for Letters, and should contain numerical and factual 

data only. 

 

Keywords: The authors should indicate a minimum of three keywords. 

 

Illustrations: All necessary illustrations should be submitted with at least 300 dots per 

inch (600 dpi recommended). Graphs and diagrams should be consecutively numbered in 

Arabic numerals in the order in which they appear in the text. The submitted illustrations 

will be reduced and directly reproduced in the published paper, so authors should take 

particular care to ensure that all lettering of an illustration (particularly the smallest ones) 

are clearly legible. Figures should be supplied on separate pages, which are the same size 

as those of the manuscript. Each illustration should be marked with the names of the 

authors and the illustration number. 

 

Tables: Each table should be typed or printed on a separate sheet, and should have a 

caption in addition to its sequence number. 

 

Photographs: Photographs should be submitted with at least 300 dots per inch (600 dpi 

recommended), high contrast and positive. When necessary, the scale should be drawn on 

the photograph itself, and not below. Color photographs may be published at additional 

cost. 

 

Captions for figures: These should give sufficient information to make the illustration 

comprehensible. 

 

Bibliography: The references should be in accordance with the standard Vancouver (see 

examples below). Reference numbers in the text should be typed as superscripts without 

parentheses. The literature cited should be printed on a separate page (double-spaced), 

and should be listed in the order in which it appears in the text. 

 

Articles: 
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    Chiu KY, Cheng FT, Man HC. Laser cladding of austenitic stainless steel using NiTi 

strips for resisting cavitation erosion. Materials Science and Engineering: A. 2005;402(1-

2):126-134. 

    Sun GF, Zhang YK, Zhang MK, Zhou R, Wang K, Liu CS, et al. Microstructure and 

corrosion characteristics of 304 stainless steel laser-alloyed with Cr-CrB2. Applied 

Surface Science. 2014;295:94-107. 

    Srivastava U, Kawatra SK, Eisele TC. Study of organic and inorganic binders on 

strength of iron oxide pellets. Metallurgical and Materials Transaction B. 2006 Nov 15. 

[Epub ahead of print] 

 

Books: 

 

    Khatak HS, Raj B, eds. Corrosion of Austenitic Stainless Steels: Mechanism, 

Mitigation and Monitoring. Cambridge: Woodhead Publishing; 2002. 

 

Book chapter: 

 

    Michot LJ, Villieras F. Surface area and porosity. In: Bergaya F, Theng BKG, Lagaly 

G, eds. Handbook of Clay Science. Amsterdam: Elsevier; 2006. p. 965-978. 

 

Proceedings: 

 

    Nagaya Y, Nurase M, Mizuyama S, Hattori S. Evaluation of incipient cavitation 

erosion for pipe wall at downstream of an orifice. In: Proceedings of the 7th International 

Symposium on Cavitation; 2009 Aug 16-20; Ann Arbor, Michigan, USA. p. 1-5. 

 

Thesis: 

 

    Mantovani MC. Comportamento a frio e a quente de pelotas auto-redutoras de resí

duo de aciaria elétrica. [Dissertation]. São Paulo: Polytechnic School of University of 

São Paulo; 1998. 

 

Function of Referees: The Editor seeks the advice of experts in the research areas of the 

submitted manuscripts. Referees should estimate the originality, soundness and scientific 

value of the work, together with some basis for their opinion. They should also indicate 

whether the writing is clear and concise. Improperly used space merely restricts the 

amount of useful material which can be published. The Editor, who accepts full 

responsibility for decisions about manuscripts, may not always follow the 

recommendations from the referees. Papers which are not accepted by the Editor will be 

returned to the authors, and there will be no communication about them with the editors 

of other journals. 
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General Considerations: Authors should present their materials with the utmost 

conciseness and clarity. Extensive reviews of the literature cannot be accepted, however, 

the state-of-art on the specific subject covered by the article must be clearly stated. Well-

known procedures should either be designated by name or literature references. Notes 

acknowledging technical assistance for the research or indicating presentation at a 

meeting should be brief. The name of the author to whom inquiries about the paper may 

be addressed should be marked with an asterisk. The authors' official titles should not be 

included. Introductions should contain only enough background material to show why the 

work was done and why it is worth publishing. This information should also be addressed 

in the cover letter sent to the editor. 

 

Experimental results are of lasting value and should be clearly and logically presented in 

a separate section. Results and discussions should be sequential. The addition of a final 

section at the end of the paper, which briefly summarizes the main conclusions of the 

work, is recommended. 

 

General Instructions: Contributions will only be considered for publication when 

submitted in our online submission website located at 

https://mc04.manuscriptcentral.com/mr-scielo. File types accepted for submission: .doc 

and .docx to manuscripts and .jpg/jpeg, .tiff and .png to images. The first page should 

contain the title and authors' names and addresses, the title, the abstract and the keywords. 

The text should start on the second page. All pages of the manuscript should be numbered 

consecutively, including references and notes, tables, figure captions and figures, which 

should be presented in this sequence. The submission should also include the original 

graphs, drawings of apparatus, and structural formulae. The authors should indicate in the 

text itself or in marginal notes in the typescript where the tables and figures are to be 

inserted. 

 

The attention of contributors is particularly directed to the requirement that all 

nomenclature should be consistent, clear, unambiguous, and conform to the rules of 

nomenclature established by the International Union of Pure and Applied Chemistry, the 

International Union of Biochemistry, the Abstracts Service (see Index Guide to Chemical 

Abstracts, 1987), the Nomenclature Committee of the American Chemical Society, or 

other appropriate bodies. 

 

Galley Proofs and Reprints: Galley proofs are provided for the correction of printing 

errors. The correction of proofs should not be used for improvement in the language or 

substance of the paper. The cost of changes considered to be excessive will be charged to 

the author(s). If changes in the conclusions are necessary due to work done or published 

since the manuscript was prepared, it is preferable that a brief Note Added in Proof be 

prepared. Corrected galley proofs should be returned promptly, preferably within 48 

hours by e-mail or as instructed by the desktop publishing company. Since page charges 
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